Pearson BTEC
International Level 3 in

Engineering

Specification

First teaching from September 2020







Pearson

BTEC International
Level 3 Qualifications
in Engineering

Specification

First teaching April 2020

[ssue 7



About Pearson

We are the world’s leading learning company operating in countries all around
the world. We provide content, assessment and digital services to learners,
educational institutions, employers, governments and other partners globally.
We are committed to helping equip learners with the skills they need to enhance
their employability prospects and to succeed in the changing world of work.

We believe that wherever learning flourishes so do people.

This specification is Issue 7. We will inform centres of any changes to this issue.
The latest issue can be found on our website.

References to third party materials made in this specification are made in good faith.
Pearson does not endorse, approve or accept responsibility for the content of materials,
which may be subject to change, or any opinions expressed therein. (Materials may
include textbooks, journals, magazines and other publications and websites.)

All information in this specification is correct at time of publication.

ISBN 978 1 446 96101 8

All the material in this publication is copyright
© Pearson Education Limited 2023



Welcome

With a track record built over 40 years of learner success, our BTEC International Level 3
qualifications are recognised internationally by governments, industry and higher
education. BTEC International Level 3 qualifications allow learners to progress to the
workplace - either directly or via study at a higher level. Over 100,000 BTEC learners
apply to university every year. Their Level 3 BTECs, either on their own or in combination
with International A Levels, are accepted by UK and international universities, and
higher-education institutes for entry to relevant degree programmes.

Career-ready education

BTECs enable a learner-centred approach to education, with a flexible, unit-based
structure and knowledge applied to project-based assessments. BTECs focus on the
holistic development of the practical, interpersonal and thinking skills required to be
successful in employment and higher education.

When creating the BTEC International Level 3 qualifications in this suite, we worked with
many employers, higher-education providers, colleges and schools to ensure that we
met their needs. Employers are looking for recruits who have a thorough grounding in
the latest industry requirements and work-ready skills, for example teamwork. Learners
who progress to higher education need experience of research, extended writing and
meeting deadlines. BTEC qualifications provide the breadth and depth of learning to
give learners this experience.

BTEC addresses these needs by offering:

o arange of BTEC qualification sizes, each with a clear purpose, so that there
is something to suit each learner’s choice of study programme and
progression plans

e internationally relevant content, which is closely aligned with employer and
higher-education needs

e assessments and projects chosen to help learners progress; this means that
some assessments and projects are set by you to meet local needs, while others
are set by Pearson, ensuring a core of skills and understanding common to all
learners.

We provide a full range of support, both resources and people, to ensure that learners
and teachers have the best possible experience during their course. See Section 10
Resources and support, for details of the support we offer.



Collaborative development

Learners who complete their BTEC International Level 3 qualification in Engineering

aim to go on to employment, often via the stepping stone of higher education. It was,
therefore, essential that we developed these qualifications in close collaboration with
experts from professional bodies, businesses and universities, and with the providers
who will be delivering the qualifications. We engaged experts in the development of
these qualifications to ensure that the content meets providers’ needs and gives learners
quality preparation to help them progress. We are grateful to all the university and
further-education lecturers, teachers, employers, professional body representatives

and other individuals who have generously shared their time and expertise to help us
develop these new qualifications.



Summary of Pearson BTEC International Level 3 Qualifications in

Engineering specification Issue 7 changes

Summary of changes made between the previous issue and this
current issue

Page number

Examples 1 and 2 of the grade calculations.

Missing Grading Criterion D.M6 has been added to the Assessment | Page 167
criteria grid for Unit 8: Further Engineering Mathematics
Anomalies in Unit GLH and Unit points have been corrected in Page 886

Summary of Pearson BTEC International Level 3 Qualifications in

Engineering specification Issue 6 changes

Summary of change made between Issue 5 and Issue 6

Page number

criterion BC.C2 has been clarified in respect of a comparison,
not analysis, of microprocessors is required.

Optional Unit 7: Calculus to Solve Engineering Problems has been Pages 6, 20

added to the 360 GLH Subsidiary Diploma.

Optional Units 33: Computer Systems Security, 47: Composites Pages 8, 9, 10,

Manufacture and Repair Processes and 48: Aircraft Flight Principles and | 19, 20, 21

Practice have been added to the 180 GLH Certificate and 360 GLH

Subsidiary Diploma.

Optional Units 33: Computer Systems Security and 47: Composites Pages 8, 23

Manufacture and Repair Processes have been added to the 540 GLH

Foundation Diploma.

New optional Unit 59: Principles of Electrical Machines and new Pages 11, 21,

optional Unit 60: Autonomous Mobile Robotics have been added to all | 23, 24, 26, 27,

of the Diplomas. 29, 30, 31, 33,
36, 39, 41, 43,
46, 49, 51, 53,
54, 56, 57, 59

In Unit 32: Computer System Principles and Practice, assessment Page 483

Summary of Pearson BTEC International Level 3 Qualifications in

Engineering specification Issue 5 change

Summary of change made between Issue 4 and Issue 5

Page number

Assessment Criterion P3 has been replaced/corrected in Unit 10, to
focus solely on 2D drawings.

Page 189

If you need further information on these changes or what they mean, contact us via our

website at: qualifications.pearson.com/en/support/contact-us.html.
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Introduction to the BTEC International Level 3
qualifications for the engineering sector

This specification contains all the information you need to deliver the Pearson BTEC
International Level 3 Qualifications in Engineering. We also refer you to other handbooks
and policies. This specification includes all the units for these qualifications.

These qualifications are part of the suite of engineering qualifications offered by
Pearson. In this suite, there are qualifications that focus on different progression routes,
allowing learners to choose the one best suited to their aspirations. These qualifications
are not regulated in England.

All qualifications in the suite share some common units and assessments, which gives
learners some flexibility in moving between sizes.

In the engineering sector, these qualifications are:

Pearson BTEC International Level 3 Certificate in Engineering (180 GLH)

Pearson BTEC International Level 3 Subsidiary Diploma in Engineering (360 GLH)
Pearson BTEC International Level 3 Foundation Diploma in Engineering (540 GLH)
Pearson BTEC International Level 3 Diploma in Engineering (720 GLH)

Pearson BTEC International Level 3 Diploma in Electrical and Electronic Engineering
(720 GLH)

Pearson BTEC International Level 3 Diploma in Mechanical Engineering (720 GLH)
Pearson BTEC International Level 3 Diploma in Digital Engineering (720 GLH)
Pearson BTEC International Level 3 Diploma in Manufacturing Engineering (720 GLH)
Pearson BTEC International Level 3 Diploma in Aeronautical Engineering (720 GLH)
Pearson BTEC International Level 3 Diploma in Mechatronic Engineering (720 GLH)
Pearson BTEC International Level 3 Extended Diploma in Engineering (1080 GLH)

Pearson BTEC International Level 3 Extended Diploma in Electrical and Electronic
Engineering (1080 GLH)

Pearson BTEC International Level 3 Extended Diploma in Mechanical Engineering
(1080 GLH)
Pearson BTEC International Level 3 Extended Diploma in Digital Engineering (1080 GLH)

Pearson BTEC International Level 3 Extended Diploma in Manufacturing Engineering
(1080 GLH)

Pearson BTEC International Level 3 Extended Diploma in Aeronautical Engineering
(1080 GLH)

Pearson BTEC International Level 3 Extended Diploma in Mechatronic Engineering.
(1080 GLH)

This specification signposts the other essential documents and support that you need
as a centre in order to deliver, assess and administer the qualifications, including

the staff development required. A summary of all essential documents is given in
Section 7 Administrative arrangements. Information on how we can support you with
these qualifications is given in Section 10 Resources and support.

The information in this specification is correct at the time of publication.
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Qualifications, sizes and purposes at a glance

Title

Pearson BTEC
International
Level 3 Certificate
in Engineering

‘ Size and structure

180 GLH

Equivalent in size to 0.5
of an International
A Level.

180 GLH of units, of which
120 GLH are mandatory

(at least 60 GLH being
assessed through a Pearson
Set Assignment) and 60 GLH
selected from given
optional units.

Mandatory content (66.6%).

‘ Summary purpose ‘

An introduction to a vocational
sector through applied
learning.

This qualification is intended
for post-16 learners who want
to continue their education
through applied learning and
who aim to progress to higher
education and/or employment.
It aims to provide a coherent
introduction to study of the
engineering sector.

Pearson BTEC
International
Level 3 Subsidiary
Diploma in
Engineering

360 GLH

Equivalent in size to one
International A Level.

360 GLH of units of which
240 GLH are mandatory

(at least 180 GLH assessed
through a Pearson Set
Assignment) and 120 GLH
selected from given
optional unit list.
Mandatory content (66.6%).

This qualification provides a
broad basis of study for the
engineering sector. It has
been designed to support
progression to higher
education when taken as part
of a programme of study that
includes other appropriate
Level 3 qualifications.

Pearson BTEC
International
Level 3 Foundation

540 GLH

Equivalentin sizeto 1.5
International A Levels.

Designed as a one-year,
full-time course, covering the
fundamentals in engineering,

Diploma in 540 GLH of units of which which supports progression to
Engineering 300 GLH are mandatory a work-based learning
(240 GLH are assessed qualification in engineering
through Pearson Set sectors, to a further year of
Assignments) and 240 GLH study at I._eveI 3. .It supports
selected from given progression to higher
optional unit list. education if tak(;ntazpi;t (t)f
0 a programme of study tha
Mandatory content (50%). includes other BTEC
International Level 3
qualifications or International
A Levels.
2 Pearson BTEC International Level 3 Qualifications in Engineering -
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Title

Pearson BTEC
International

Level 3 Diplomas

in Engineering,
Electrical/Electronic,
Mechanical, Digital,
Manufacturing,
Aeronautical,
Mechatronic

‘ Size and structure

720 GLH

Equivalent in size to two
International A Levels.

720 GLH of units of which
360 GLH are mandatory
(240 GLH are assessed
through Pearson Set
Assignments) and 360 GLH
selected from the given
optional unit lists.
Mandatory content (42%).

‘ Summary purpose

For learners who want to
prepare for roles in
engineering, for example,
engineering technician or
operative.

There are eight specialisms
available from which to choose
from. Each qualification
represents a distinct discipline
of engineering with specialised
learning to facilitate
progression into focused job
roles/further learning. These
specialisms also have access to
certain common units, shared
between qualifications, such as
‘Computer Aided Design in
Engineering’ which are written
to allow contextualisation of
learning and assessment by
outcome in specific
engineering disciplines.
Learners gain relevant skills
and knowledge from studying
a range of content focused on
engineering disciplines, for
example electrical machines or
maintenance of mechanical
systems.

Designed to be the substantive
part of a 16-19 study
programme for learners who
want a strong core of sector
study and a focus on
engineering.

Pearson BTEC International Level 3 Qualifications in Engineering -
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Title

Pearson BTEC
International

Level 3 Extended
Diplomas in
Electrical/Electronic
Engineering

‘ Size and structure

1080 GLH

Equivalent in size to three
International A Levels.

1080 GLH of units of which
480 GLH are mandatory
(360 GLH are assessed
through Pearson Set
Assignments) and 600 GLH
selected from the given
optional unit lists.
Mandatory content (44%).

‘ Summary purpose ‘

A two-year, full-time course for
learners who want to progress
to employment in a range of
engineering roles. Progress
could be either directly to
employment in Level 3 roles,
or via higher-education
engineering courses.

Pearson BTEC
International

Level 3 Extended
Diplomas in
Engineering, Digital,
Manufacturing,
Aeronautical and
Mechatronic

1080 GLH

Equivalent in size to three
International A Levels.

1080 GLH of units of which
540 GLH are mandatory
(360 GLH are assessed
through Pearson Set
Assignments) and 540 GLH

A two-year, full-time course for
learners who want to progress
to employment in a range of
engineering roles. Progress
could be either directly to
employment in Level 3 roles,
or via higher-education
engineering courses.

A A selected from the given
optional unit lists.
Mandatory content (50%).
a Pearson BTEC International Level 3 Qualifications in Engineering -
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Structures of the qualifications at a glance

This table shows all the units and the qualifications to which they contribute. The full structure for this Pearson BTEC International
Level 3 in Engineering is shown in Section 2 Structure. You must refer to the full structure to select units and plan your programme.

Key
Pearson Set Assignment M | Mandatory units O | Optional units
E | Engineering EE | Electrical/Electronic ME| Mechanical D | Digital
MA| Manufacturing AE | Aeronautical MT| Mechatronic
Uni Unit |Certificate [Subsidiary | Foundation Diploma Extended Diploma
L i . size Diploma | Diploma
(numberand title) (g1 1) | (180 GLH) | (360 GLH) | (540 GLH) (720 GLH) (1080 GLH)
E | EE/ ME| D MA| AE|MT| E | EE ME| D (MA| AE | MT
Mechanical 60 0 0 M MMM M M M M M MM MM M M
Principles
Delivery of
Engineering 60 M M M MMM/ MM M M M MM MM M M
Processes Safely as
a Team
Product Design and
Manufacture in 120 M M M M M M MM M M M MMM M M
Engineering
Applied Commercial
and Quality 60 0 0 M M
Principles in
Engineering
A Specialist
60 (o) o ojojojojojojojojojo/o|o0o|j0|O
Engineering Project
Microcontroller 120 0 o/lo/o(o|/o|o|/o/M/M/ M| MM M| M
Systems

Pearson BTEC International Level 3 Qualifications in Engineering -
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Uni Unit |Certificate |Subsidiary | Foundation Diploma Extended Diploma
L " o size Diploma | Diploma
(numberand title) | G H)| (180 GLH) | (360 GLH) | (540 GLH) (720 GLH) (1080 GLH)
EE |[ME| D |[MA| AE | MT EE |ME| D [MA| AE | MT
7 Calculus to Solve
Engineering 60 (o) (o) O/ ojoj o0o|0|O M MM M M M
Problems
8FurtherEng|neer|ng 60 olololololo olololololo
Mathematics
9 Work Experience in
the Engineering 60 (o) (o) O/ ojoj o0o|0|O oOjojojo0ojo0|O
Sector
10 Computer Aided
Design in 60 (o) (o) o oO/oj|o0oj0|O o(ojojo0|O
Engineering
11 Engineering
Maintenance and
Condition 60 (o) o oOo/ojo0oj0|O o/ o0o|ojo0|O
Monitoring
Techniques
12 Pneumatic and 60 0 0 ololo|o|o|o olo/lo|lo|o|o
Hydraulic Systems
13 Welding Technology | 60 (o) (o) (o) O/ o0 O (o) O/ 0O
14 Electrical Installation
of Hardware and 60 (o) (o) o (o) OO (o)
Cables
15 Electrical Machines* | 60 (o) O 0O O|O oO|o0|O OO
16 Three-Phase 60 o ojlo|o|o o o/o|o|o
Electrical Systems
17 Power ahd Energy 60 0 0 0 0 0
Electronics

Pearson BTEC International Level 3 Qualifications in Engineering -
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Uni Unit |Certificate |Subsidiary | Foundation Diploma Extended Diploma

L . et size Diploma | Diploma

(numberand title) (g1 H)| (180 GLH) | (360 GLH) | (540 GLH) (720 GLH) (1080 GLH)

EE |[ME| D |MA| AE | MT EE |ME| D |MA| AE | MT

18 Electrical Power

Distribution and 60 (o) (o) (o) (o) (o) (o)
Transmission

19Electronic Devices | ¢4 o o o o/lo/lo|lo|lo]|o olo/o|lo|lo|o
and Circuits

ZOApalggueEIectronlc 60 ololo 0 ololo o
Circuits

21 Electronic

Measurement and 60 (o) oO(O0O|0O0|O (0) O OO0/ 0O 0O0|O
Testing of Circuits

22 Electronic Printed

Circuit Board Design | 60 (o) (o) O| O (o) (o) O|O (o)
and Manufacture

23D|g|talandAnangue 60 0 o o 0
Electronic Systems

24Ma|nten.anceof 60 o olo 0 o ol o o o
Mechanical Systems

25 Mechanical

Behaviour of 60 (0] (o) (0] O | O O 0| O O | O O 0| O
Metallic Materials

26 Mechanical

Behaviour Non- 60 (o) O/ 0| O OO O 0| O
metallic Materials

27Static Mechanical | o 0 olo o 0 oo 0 o
Principles in Practice

28Dy-na'm|cl\{lechan|.cal 60 0 ololo ol o ololo
Principles in Practice

Pearson BTEC International Level 3 Qualifications in Engineering -
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Uni Unit |Certificate |Subsidiary | Foundation Diploma Extended Diploma

L . et size Diploma | Diploma

(number and title) |, | (180 GLH) | (360 GLH) | (540 GLH) (720 GLH) (1080 GLH)

EE (ME| D MA|AE|MT| E |EE | ME| D [MA| AE  MT

29 Principles and

Applications of Fluid | 60 o O/ o0 0|O (o) O 0| O
Mechanics

30 Mechanical

Measurementand | g, o) o) o|o o) o|lo|o|o o) o)
Inspection

Technology

31 Thermodynamic

Principles and 60 (o) O|/0|O (o) OO
Practice

32 Computer System

Principles and 60 (o) M M | O M M
Practice

33Computer Systems | gq o o o o|lo/o|o o/lo|olo|o]|o o
Security

34 Computer Systems

Support and 60 o/ o0/ 0|O o/ o o ojo0|O (o)
Performance

35Computer 60 o) o) o) o/lolo|o|/o|/o|lo|lo|o|o|o|0|O
Programming

36 Programmable Logic| g o) o) o) o/o|olo|o/o|o|o|lo|o|o|o0]|oO
Controllers

37 Computer Networks | 60 (o) o 0O/ 0|0 (o) (o)

38 Website Produ.ctlon 60 0 0 ololo 0 0
to Control Devices

39 Modern

Manufacturing 60 (o) M 0| O M (o)
Systems

8 Pearson BTEC International Level 3 Qualifications in Engineering -

Specification - Issue 7 - January 2023 © Pearson Education Limited 2023




Unit
(number and title)

Unit
size
(GLH)

Certificate

(180 GLH)

Subsidiary
Diploma

(360 GLH)

Foundation
Diploma

(540 GLH)

Diploma

(720 GLH)

Extended Diploma

(1080 GLH)

ME| D MA

AE

MT

EE |ME| D MA| AE

MT

40 Computer Aided
Manufacturing and
Planning

60

O | O

O/ 0 O

41 Manufacturing
Secondary
Machining
Processes

60

42 Manufacturing
Primary Forming
Processes

60

43 Manufacturing
Computer
Numerical Control
Machining
Processes

60

44 Fabrication
Manufacturing
Processes

60

45 Additive
Manufacturing
Processes

60

46 Manufacturing
Joining, Finishing
and Assembly
Processes

60

47 Composites
Manufacture and
Repair Processes

60

Pearson BTEC International Level 3 Qualifications in Engineering -
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ME

48 Aircraft Flight
Principles and
Practice

60

49 Aircraft Workshop
Methods and
Practice

60

50 Aircraft Gas Turbine
Engines

60

51 Aircraft Propulsion
Systems

60

52 Airframe
Construction and
Repair

60

53 Airframe Mechanical
Systems

60

54 Aircraft Electrical
and Instrument
Systems

60

55 Aircraft First Line
Maintenance
Operations

60

56 Industrial Robotics

60

57 Electrical and
Electronic Principles

60

10
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E |ee |ME| D |[MA|AE|MT| E | EE [ME| D |MA| AE
58 Entrepreneurship

and . 60 o o olo|o/o/o|/o|lo|o|/o|o|o|lo]|o
Intrapreneurship in

Practice

59Principles of 60 o o olo|o/o/o|/o|lo|o|/o|/o|o|o]|o
Electrical Machines*

60 Autonomous Mobile | £ ) 0 olo|lo/olo/o|o|/o|lo|lo|o|o]o
Robotics

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles of Electrical Machines, they cannot take both.

Pearson BTEC International Level 3 Qualifications in Engineering -
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Qualification and unit content

Pearson has developed the content of the new BTEC International Level 3 qualifications
in collaboration with employers and representatives from higher education, and relevant
professional bodies. In this way, we have ensured that content is up to date and that

it includes the knowledge, understanding, skills and personal attributes required in

the sector.

The mandatory content ensures that all learners are following a coherent programme of
study and that they acquire knowledge, understanding and skills that will be recognised
and valued by higher education and employers. Learners are expected to show
achievement across mandatory units as detailed in Section 2 Structure.

BTEC qualifications encompass applied learning that brings together knowledge and
understanding with practical and technical skills. This applied learning is achieved
through learners performing vocational tasks that encourage the development of
appropriate vocational behaviours and transferable skills. Transferable skills are those
such as communication, teamwork and research and analysis, which are valued in both
higher education and the workplace. Opportunities to develop these skills are
signposted in the units.

Our approach provides rigour and balance, and promotes the ability to apply learning
immediately in new contexts.

Centres should ensure that content, for example content that references regulation,
legislation, policies and regulatory/standards organisations, is kept up to date. The units
include guidance on approaches to breadth and depth of coverage, which can be
modified to ensure that content is current and reflects international variations.

Assessment

Assessment is designed to fit the purpose and objective of the qualification. It includes
a range of assessment types and styles suited to vocational qualifications in the sector.
All assessment is internal but some mandatory units have extra controls on assessment
and are assessed using Pearson Set Assignments. Additionally, some units are synoptic.

Set assignment units

Some mandatory units in the qualifications are assessed using a set assignment.
Each assessment is set by Pearson and may need to be taken under controlled
conditions before it is marked by teachers.

Set assignment units are subject to external standards verification processes common to
all BTEC units. By setting an assignment for some units, we can ensure that all learners
take the same assessment for a specific unit. Learners are permitted to resit set
assignment units during their programme. Please see Section 6 for further information.

Set assignments are available from September each year and are valid for one year
only. For detailed information on the Pearson Set Assignment, please see the table
in Section 2 Structure. For further information on preparing for assessment,

see Section 5 Assessment structure.

12 Pearson BTEC International Level 3 Qualifications in Engineering -
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Internal assessment

All units in the sector are internally assessed and subject to external standards
verification. Before you assess you will need to become an approved centre,

if you are not one already. You will need to prepare to assess using the guidance
in Section 6 Internal assessment.

For units where there is no Pearson Set Assignment, you select the most appropriate
assessment styles according to the learning set out in the unit. This ensures that
learners are assessed using a variety of styles to help them develop a broad range
of transferable skills. Learners could be given opportunities to:

e write up the findings of their own research

e use case studies to explore complex or unfamiliar situations

e carry out projects for which they have choice over the direction and outcomes

o demonstrate practical and technical skills using appropriate
(tools/processes etc.).

For these units, Pearson will provide an Authorised Assignment brief that you can use.

You will make grading decisions based on the requirements and supporting guidance
given in the units. Learners may not make repeated submissions of assignment
evidence. For further information, please see Section 6 Internal assessment.

Language of assessment

Assessment of the units for these qualifications are available in English but can be
translated as necessary.

All learner work must be available for standardisation in English. A learner taking
the qualification/s may be assessed in sign language where it is permitted for the
purpose of reasonable adjustment. For information on reasonable adjustments,
see Section 7 Administration arrangements.

Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023
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Grading for units and qualifications

Achievement of the qualification requires demonstration of depth of study in each
unit, assured acquisition of a range of practical skills required for employment or for
progression to higher education, and successful development of transferable skills.
Learners who achieve a qualification will have achieved across mandatory units,
including synoptic assessment, where applicable.

Units are assessed using a grading scale of Distinction (D), Merit (M), Pass (P) and
Unclassified (U). All mandatory and optional units contribute proportionately to the
overall qualification grade, for example a unit of 120 GLH will contribute double that
of a 60-GLH unit.

Qualifications in the suite are graded using a scale of P to D*, or PP to D*D*, or PPP

to D*D*D*. Please see Section 9 Understanding the qualification grade, for more details.
The relationship between qualification grading scales and unit grades will be subject to
regular review as part of Pearson’s standards monitoring processes, on the basis of
learner performance and in consultation with key users of the qualifications.

14 Pearson BTEC International Level 3 Qualifications in Engineering -
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1 Qualification purpose and progression

Pearson BTEC International Level 3 qualifications in Engineering

Who are these qualifications for?

The Pearson BTEC International Level 3 qualifications in Engineering are designed either
for learners in the 16-19 age group, who wish to pursue a career in engineering via
higher education to access graduate entry employment with engineers, or alternatively
through junior engineering employment.

Which size qualification to choose?

Choosing the most suitable size of qualification will depend on the learner’s broader
programme of study. For example, a learner who wishes to focus solely on engineering
may take the Diploma or Extended Diploma, while a learner who selects a smaller
qualification, such as the Certificate or Subsidiary Diploma, may choose to combine it
with qualifications from other sectors, in order to support their desired progression.
Smaller qualifications are also suitable for learners who are in employment and studying
part-time.

Qualification structures have been designed to enable a learner who starts with the
smallest qualification to progress easily to the larger qualifications.

What do these qualifications cover?

Engineering covers a broad variety of roles and involves the application of scientific
principles and practical knowledge to transform ideas and materials into products and
systems safely, and support them during their lifetime. These qualifications focus

on a broad range of engineering specialist areas, including electrical and electronic,
mechanical, and others, for example manufacturing.

Learners study seven mandatory units, including the following topics:

e engineering principles and mathematics

e health and safety, team work and interpreting and creating
computer-aided engineering

e drawings

o design and manufacture of products

e microcontroller systems design and programming.

Through the optional units, learners will study a mix of electrical and electronic,
mechanical and other engineering specialist areas, which include: electronic devices and
circuits, electronic measurement and testing of circuits, behaviour of metallic materials,
maintenance of mechanical systems, programmable logic controllers, secondary
machining processes.

The content of these qualifications has been developed in consultation with employers
and professional bodies to ensure relevance to current industry practice in engineering
occupational disciplines. In addition, academics have been consulted on the content

development to ensure that the qualifications support progression to higher education.

Pearson BTEC International Level 3 Qualifications in Engineering - 15
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What could these qualifications lead to?

These qualifications support progression to job opportunities in the engineering sector
at a variety of levels. Jobs available in these areas include:

e engineering operative

e manufacturing operative
e semi-skilled operative

e engineering technician

o electronics technician

e IT support technician

e mechatronics technician.

These qualifications also support those following an apprenticeship in engineering who
are looking to work and progress in the engineering sector as an engineering technician
or as an engineering operative. After completing this qualification, learners can progress
directly to technician roles, but it is likely that many will do so via higher education study.
These qualifications are recognised by higher education providers as contributing to
meeting admission requirements for many relevant courses in a variety of areas of the
engineering sector, for example:

o BEng (Hons) in Engineering

e BENg (Hons) in Electronics Engineering
e BENng (Hons) in Aerospace Engineering
e BSc(Hons) in Computer Science

e BSc (Hons) in Mathematics.

Learners should always check the entry requirements for degree programmes with
specific higher education providers.

How do these qualifications provide transferable employability skills?

In the BTEC International Level 3 units, there are opportunities during the teaching and
learning phase to give learners practise in developing employability skills. Where we
refer to employability skills in this specification, we are generally referring to skills in
the following three main categories:
e cognitive and problem-solving skills - using critical thinking,

approaching non-routine problems, applying expert and creative solutions,

using systems and technology
« interpersonal skills - communicating, working collaboratively,

negotiating and influencing, self-presentation

e intrapersonal skills - self-management, adaptability and resilience,
self-monitoring and development.

There are also specific requirements in some units for assessment of these skills where
relevant, for example where learners are required to undertake real or simulated
activities. These skills are indicated in the units and in Appendix 2: Transferable
employability skills.
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How do the qualifications provide transferable knowledge and skills for
higher education?

All BTEC International Level 3 qualifications provide transferable knowledge and skills
that prepare learners for progression to university. The transferable skills that
universities value include:

e the ability to learn independently
o the ability to research actively and methodically
o the ability to give presentations and be active group members.

BTEC learners can also benefit from opportunities for deep learning, where they are able
to make connections across units and select areas of interest for detailed study. BTEC
International Level 3 qualifications provide a vocational context in which learners can
develop the knowledge and skills required for particular degree courses, including:

e research skills

e presentation skills

e decision making skills

o selection of appropriate tools and processes used in engineering
o effective writing

e self-management and planning skills

e analytical skills

e preparation for assessment methods used in a degree

o ability to work in legal, ethical and moral manner.
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2  Structure

Qualification structures

The structures presented below are for the following qualifications in this specification:
e Pearson BTEC International Level 3 Certificate in Engineering (180 GLH)

e Pearson BTEC International Level 3 Subsidiary Diploma in Engineering (360 GLH)

e Pearson BTEC International Level 3 Foundation Diploma in Engineering
(540 GLH)

e Pearson BTEC International Level 3 Diploma in Engineering (720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Engineering
(1080 GLH)

e Pearson BTEC International Level 3 Diploma in Electrical and Electronic
Engineering (720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Electrical and
Electronic Engineering (1080 GLH)

e Pearson BTEC International Level 3 Diploma in Mechanical Engineering
(720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Mechanical
Engineering (1080 GLH)

e Pearson BTEC International Level 3 Diploma in Digital Engineering
(720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Digital Engineering
(1080 GLH)

e Pearson BTEC International Level 3 Diploma in Manufacturing Engineering
(720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Manufacturing
Engineering (1080 GLH)

e Pearson BTEC International Level 3 Diploma in Aeronautical Engineering
(720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Aeronautical
Engineering (1080 GLH)

e Pearson BTEC International Level 3 Diploma in Mechatronic Engineering
(720 GLH)

e Pearson BTEC International Level 3 Extended Diploma in Mechatronic
Engineering (1080 GLH).
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Pearson BTEC International Level 3 Certificate in Engineering (180 GLH)

Mandatory units
Learners must complete and achieve a Pass or above in the mandatory unit.

Optional units
Learners must complete at least 120 GLH of optional units.

Pearson BTEC International Level 3 Certificate in Engineering

Unit GLH | Type How assessed
number

Mandatory unit

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

Optional units Group A - learners complete at least 60 GLH

1 Mechanical Principles 60 Optional Set assignment

57 Electrical and Electronic Principles | 60 Optional Set assignment

Optional units Group B - learners complete up to 60 GLH

10 Computer Aided Design in 60 Optional Internal
Engineering

13 Welding Technology 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials

33 Computer Systems Security 60 Optional Internal

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

56 Industrial Robotics 60 Optional Internal
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Pearson BTEC International Level 3 Subsidiary Diploma in Engineering
(360 GLH)

Mandatory units
Learners must complete and achieve a Pass or above in both mandatory units.

Optional units
Learners must complete at least 180 GLH of optional units.

Pearson BTEC International Level 3 Subsidiary Diploma in Engineering

Unit GLH | Type How assessed
number

Mandatory units Group A- learners complete all units

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

Optional units Group B - learners complete at least 60 GLH

1 Mechanical Principles 60 Optional Set assignment

57 Electrical and Electronic Principles | 60 Optional Set assignment

Optional units Group C - learners complete up to 120 GLH. Learners can only
import a Meeting Local Need unit into Group C.

4 Applied Commercial and Quality 60 Optional Internal
Principles in Engineering

5 A Specialist Engineering Project 60 Optional Internal

7 Calculus to Solve Engineering 60 Optional Internal
Problems

9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

33 Computer Systems Security 60 Optional Internal

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal
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Optional units Group C - learners complete up to 120 GLH. Learners can only
import a Meeting Local Need unit into Group C. (continued)

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal
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Pearson BTEC International Level 3 Foundation Diploma in Engineering
(540 GLH)
Mandatory units

There are four mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete a Pass or above in all mandatory units.

Optional units

Learners must complete at least 240 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Foundation Diploma in Engineering

Unit Unit title How assessed

number

Mandatory units Group A - learners complete all units
1 Mechanical Principles 60 Mandatory | Set assignment
2 Delivery of Engineering Processes | 60 Mandatory Internal
Safely as a Team
3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering
57 Electrical and Electronic Principles | 60 Mandatory | Set assignment
Optional units Group B - learners complete 240 GLH.
Learners can only import units into Group B as part of Meeting Local Needs.
4 Applied Commercial and Quality 60 Optional Internal
Principles in Engineering
5 A Specialist Engineering Project 60 Optional Internal
Microcontroller Systems 120 Optional Set assignment
7 Calculus to Solve Engineering 60 Optional Internal
Problems
9 Work Experience in the 60 Optional Internal
Engineering Sector
10 Computer Aided Design in 60 Optional Internal
Engineering
1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques
12 Pneumatic and Hydraulic Systems | 60 Optional Internal
13 Welding Technology 60 Optional Internal
15 Electrical Machines* 60 Optional Internal
19 Electronic Devices and Circuits 60 Optional Internal
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Optional units Group B - learners complete 240 GLH. Learners can only import
units into Group B as part of Meeting Local Needs. (continued)

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

27 Static Mechanical Principles 60 Optional Internal
in Practice

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

32 Computer System Principles 60 Optional Internal
and Practice

33 Computer Systems Security 60 Optional Internal

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

39 Modern Manufacturing Systems 60 Optional Internal

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles 60 Optional Internal
and Practice

55 Aircraft First Line Maintenance 60 Optional Internal
Operations

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles

of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Diploma in Engineering (720 GLH)

Mandatory units

There are four mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 360 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Engineering

Unit GLH | Type How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

4 Applied Commercial and Quality 60 Mandatory Internal
Principles in Engineering

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least 60 GLH

6 Microcontroller Systems 120 Optional Set assignment

14 Electrical Installation of Hardware | 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue Electronic 60 Optional Internal
Systems

59 Principles of Electrical Machines* 60 Optional Internal
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Optional units Group C (mechanical) - learners complete at least 60 GLH

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials

26 Mechanical Behaviour 60 Optional Internal
Non-Metallic Materials

27 Static Mechanical Principles 60 Optional Internal
in Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

31 Thermodynamic Principles 60 Optional Internal
and Practice

Optional units Group D - learners complete up to 240 GLH.
Learners can only import Meeting Local Need units into Group D.

5 A Specialist Engineering Project 60 Optional Internal

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal
Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

13 Welding Technology 60 Optional Internal

32 Computer System Principles 60 Optional Internal
and Practice

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support 60 Optional Internal
and Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal
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Optional units Group D - learners complete up to 240 GLH.
Learners can only import Meeting Local Need units into Group D. (continued)

38 Website Production to Control 60 Optional Internal
Devices

39 Modern Manufacturing Systems 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal
and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

55 Aircraft First Line Maintenance 60 Optional Internal
Operations

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal

Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in Engineering

(1080 GLH)

Mandatory units

There are seven mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.
Optional units

Learners must complete at least 540 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in Engineering

Unit GLH | Type How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

4 Applied Commercial and Quality 60 Mandatory Internal
Principles in Engineering
Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve 60 Mandatory Internal

Engineering Problems

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least 60 GLH

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue 60 Optional Internal
Electronic Systems

59 Principles of Electrical Machines* 60 Optional Internal
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Optional units Group C (mechanical) - learners complete at least 60 GLH

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

31 Thermodynamic Principles and 60 Optional Internal
Practice

Optional units Group D - learners complete up to 300 GLH.
Learners can only import Meeting Local Need units into Group D.

5 A Specialist Engineering Project 60 Optional Internal

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

11 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

13 Welding Technology 60 Optional Internal

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

32 Computer System Principles 60 Optional Internal
and Practice

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal
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Optional units Group D - learners complete up to 300 GLH.
Learners can only import Meeting Local Need units into Group D. (continued)

38 Website Production to Control 60 Optional Internal
Devices

39 Modern Manufacturing Systems 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal
and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

55 Aircraft First Line Maintenance 60 Optional Internal
Operations

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.

Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023

29



Pearson BTEC International Level 3 Diploma in Electrical and Electronic
Engineering (720 GLH)
Mandatory units

There are four mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 420 GLH of optional units. Please see

minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Electrical and
Electronic Engineering

Unit title

Mandatory units Group A - learners complete all units

How assessed

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least
240 GLH

6 Microcontroller Systems 120 Optional Set assignment

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue Electronic 60 Optional Internal
Systems

56 Industrial Robotics 60 Optional Internal

59 Principles of Electrical Machines* 60 Optional Internal
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Optional units Group C - learners may select up to 180 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in Electrical and
Electronic Engineering (1080 GLH)

Mandatory units

There are six mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.
Optional units

Learners must complete at least 600 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in Electrical and
Electronic Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least 360 GLH

8 Further Engineering Mathematics 60 Optional Internal

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue Electronic 60 Optional Internal
Systems

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal
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Optional units Group B (electrical/electronic) - learners complete at least
360 GLH (continued)

56

Industrial Robotics

60

Optional

Internal

59

Principles of Electrical Machines*

60

Optional

Internal

Optional units Group C - learners may select up to 240 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials

26 Mechanical Behaviour 60 Optional Internal
Non-Metallic Materials

27 Static Mechanical Principles 60 Optional Internal
in Practice

28 Dynamic Mechanical Principles 60 Optional Internal
in Practice

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Diploma in Mechanical Engineering

(720 GLH)

Mandatory units
There are four mandatory units of which three are assessed through a Pearson set

assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 420 GLH in optional units. Please see

minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Mechanical Engineering

Unit Unit title How assessed
number
Mandatory units Group A - learners complete all units
1 Mechanical Principles 60 Mandatory | Set assignment
2 Delivery of Engineering Processes | 60 Mandatory Internal
Safely as a Team
3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering
57 Electrical and Electronic Principles | 60 Mandatory | Set assignment
Optional units Group B (mechanical) - learners complete at least 240 GLH
10 Computer Aided Design in 60 Optional Internal
Engineering
11 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques
12 Pneumatic and Hydraulic Systems | 60 Optional Internal
24 Maintenance of Mechanical 60 Optional Internal
Systems
25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials
26 Mechanical Behaviour 60 Optional Internal
Non-Metallic Materials
27 Static Mechanical Principles 60 Optional Internal
in Practice
28 Dynamic Mechanical Principles 60 Optional Internal
in Practice
29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

34

Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023




Optional units Group B (mechanical) - learners complete at least 240 GLH
(continued)

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology
31 Thermodynamic Principles 60 Optional Internal

and Practice

Optional units Group C - learners may select up to 180 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal
6 Microcontroller Systems 120 Optional Set assignment
7 Calculus to Solve Engineering 60 Optional Internal
Problems
Further Engineering Mathematics 60 Optional Internal
9 Work Experience in the 60 Optional Internal
Engineering Sector
13 Welding Technology 60 Optional Internal
15 Electrical Machines* 60 Optional Internal
19 Electronic Devices and Circuits 60 Optional Internal
20 Analogue Electronic Circuits 60 Optional Internal
21 Electronic Measurement and Optional Internal
. o 60
Testing of Circuits
33 Computer Systems Security 60 Optional Internal
34 Computer Systems Support and 60 Optional Internal
Performance
35 Computer Programming 60 Optional Internal
36 Programmable Logic Controllers 60 Optional Internal
41 Manufacturing Secondary 60 Optional Internal
Machining Processes
42 Manufacturing Primary Forming 60 Optional Internal
Processes
43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes
44 Fabrication Manufacturing 60 Optional Internal
Processes
45 Additive Manufacturing Processes | 60 Optional Internal
55 Aircraft First Line Maintenance 60 Optional Internal

Operations
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Optional units Group C - learners may select up to 180 GLH. Learners can only
import units into Group C as part of Meeting Local Needs. (continued)

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in Mechanical
Engineering (1080 GLH)
Mandatory units

There are six mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units
Learners must complete at least 600 GLH of optional units.

Please see minimum/maximum specific Optional Group requirements in the
tables below.

Pearson BTEC International Level 3 Extended Diploma in Mechanical Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (mechanical) - learners complete at least 360 GLH

8 Further Engineering Mathematics 60 Optional Internal

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice
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Optional units Group B (mechanical) - learners complete at least 360 GLH
(continued)

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

31 Thermodynamic Principles and 60 Optional Internal
Practice

Optional units Group C - learners may select up to 240 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

13 Welding Technology 60 Optional Internal

15 Electrical Machines* 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

55 Aircraft First Line Maintenance 60 Optional Internal
Operations
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Optional units Group C - learners may select up to 240 GLH. Learners can only

import units into Group C as part of Meeting Local Needs. (continued)

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Diploma in Digital Engineering (720 GLH)

Mandatory units

There are five mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 360 GLH optional units. Please see minimum/maximum
specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson set
assignment.

Pearson BTEC International Level 3 Diploma in Digital Engineering

Unit
number

m

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

32 Computer System Principles and 60 Mandatory Internal
Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (digital) - learners complete at least 180 GLH

6 Microcontroller Systems 120 Optional Set assignment

19 Electronic Devices and Circuits 60 Optional Internal

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

56 Industrial Robotics 60 Optional Internal
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Optional units Group C - learners may select up to 180 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

14 Electrical Installation of Hardware | 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

45 Additive Manufacturing Processes | 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in Digital Engineering
(1080 GLH)
Mandatory units

There are seven mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 540 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in Digital Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes | 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

32 Computer System Principles and 60 Mandatory Internal
Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (digital) - learners complete at least 300 GLH

8 Further Engineering Mathematics 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

40 Computer Aided Manufacturing 60 Optional Internal

and Planning
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Optional units Group B (digital) - learners complete at least 300 GLH (continued)

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

56 Industrial Robotics 60 Optional Internal
Optional units Group C - learners may select up to 240 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.
5 A Specialist Engineering Project 60 Optional Internal
9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

18 Electrical Power Distribution and 60 Optional Internal
Transmission

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

45 Additive Manufacturing Processes | 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Diploma in Manufacturing Engineering

(720 GLH)

Mandatory units

There are five mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 360 GLH optional units. Please see minimum/maximum
specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Manufacturing Engineering

Unit
number

Unit title

How assessed

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes | 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

39 Modern Manufacturing Systems 60 Mandatory Internal

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (manufacturing) - learners complete at least 180 GLH

10 Computer Aided Design in 60 Optional Internal
Engineering

13 Welding Technology 60 Optional Internal

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes
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Optional units Group B (manufacturing) - learners complete at least 180 GLH
(continued)

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal
and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

56 Industrial Robotics 60 Optional Internal

Optional units Group C - learners may select up to 180 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

6 Microcontroller Systems 120 Optional Set assignment

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour 60 Optional Internal
Non-metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance
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Optional units Group C - learners may select up to 180 GLH. Learners can only
import units into Group C as part of Meeting Local Needs. (continued)

35 Computer Programming 60 Optional Internal
36 Programmable Logic Controllers 60 Optional Internal
58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice
59 Principles of Electrical Machines 60 Optional Internal
60 Autonomous Mobile Robotics 60 Optional Internal
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Pearson BTEC International Level 3 Extended Diploma in Manufacturing
Engineering (1080 GLH)
Mandatory units

There are seven mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 540 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in
Manufacturing Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

39 Modern Manufacturing Systems 60 Mandatory Internal

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (manufacturing) - learners complete at least 300 GLH

8 Further Engineering Mathematics 60 Optional Internal

10 Computer Aided Design in 60 Optional Internal
Engineering

13 Welding Technology 60 Optional Internal

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

36 Programmable Logic Controllers 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes
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Optional units Group B (manufacturing) - learners complete at least 300 GLH
(continued)

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal

and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

56 Industrial Robotics 60 Optional Internal

Optional units Group C - learners may select up to 240 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

14 Electrical Installation of Hardware | 60 Optional Internal
and Cables

16 Three-Phase Electrical Systems 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

33 Computer Systems Security 60 Optional Internal
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Optional units Group C - learners may select up to 240 GLH. Learners can only
import units into Group C as part of Meeting Local Needs. (continued)

34 Computer Systems Support 60 Optional Internal
and Performance

35 Computer Programming 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal
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Pearson BTEC International Level 3 Diploma in Aeronautical Engineering
(720 GLH)
Mandatory units

There are five mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 360 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Aeronautical Engineering

Unit title How assessed
Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

48 Aircraft Flight Principles and 60 Mandatory Internal
Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (aeronautical) - learners complete at least 180 GLH

10 Computer Aided Design in 60 Optional Internal
Engineering

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

49 Aircraft Workshop Methods and 60 Optional Internal
Practice

50 Aircraft Gas Turbine Engines 60 Optional Internal

51 Aircraft Propulsion Systems 60 Optional Internal

52 Airframe Construction and Repair | 60 Optional Internal

53 Airframe Mechanical Systems 60 Optional Internal

54 Aircraft Electrical and Instrument 60 Optional Internal
Systems

55 Aircraft First Line Maintenance 60 Optional Internal
Operations
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Optional units Group C - learners may select up to 180 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

6 Microcontroller Systems 120 Optional Set assignment

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

11 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

13 Welding Technology 60 Optional Internal

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

31 Thermodynamic Principles and 60 Optional Internal
Practice

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

47 Composites Manufacture and 60 Optional Internal
Repair Processes

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in Aeronautical
Engineering (1080 GLH)

Mandatory units

There are seven mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.
Optional units

Learners must complete at least 540 GLH optional units. Please see minimum/maximum
specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in
Aeronautical Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

48 Aircraft Flight Principles 60 Mandatory Internal

and Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (aeronautical) - learners complete at least 300 GLH

10 Computer Aided Design 60 Optional Internal
in Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

19 Electronic Devices and Circuits 60 Optional Internal

25 Mechanical Behaviour of 60 Optional Internal
Metallic Materials

36 Programmable Logic Controllers 60 Optional Internal

49 Aircraft Workshop Methods 60 Optional Internal
and Practice

50 Aircraft Gas Turbine Engines 60 Optional Internal

51 Aircraft Propulsion Systems 60 Optional Internal

52 Airframe Construction and Repair 60 Optional Internal

53 Airframe Mechanical Systems 60 Optional Internal

54 Aircraft Electrical and Instrument 60 Optional Internal
Systems
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Optional units Group B (aeronautical) - learners complete at least 300 GLH
(continued)

55

Aircraft First Line Maintenance
Operations

60

Optional

Internal

Optional units Group C - learners may select up to 240 GLH.
Learners can only import units into Group C as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

13 Welding Technology 60 Optional Internal

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

31 Thermodynamic Principles 60 Optional Internal
and Practice

35 Computer Programming 60 Optional Internal

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

47 Composites Manufacture and 60 Optional Internal
Repair Processes

56 Industrial Robotics 60 Optional Internal

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

59 Principles of Electrical Machines* 60 Optional Internal

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Diploma in Mechatronic Engineering
(720 GLH)
Mandatory units

There are five mandatory units of which three are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.

Optional units

Learners must complete at least 360 GLH of optional units. Please see
minimum/maximum specific Optional Group requirements in the tables below.

If learners select Unit 6 as an optional unit, this will be assessed through a Pearson
set assignment.

Pearson BTEC International Level 3 Diploma in Mechatronic Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes | 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture 120 Mandatory | Set assignment
in Engineering

32 Computer System Principles and 60 Mandatory Internal
Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least 60 GLH

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution 60 Optional Internal
and Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue Electronic 60 Optional Internal
Systems

59 Principles of Electrical Machines* 60 Optional Internal
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Optional units Group C (mechanical) - learners complete at least 60GLH

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

31 Thermodynamic Principles and 60 Optional Internal
Practice

Optional units Group D (digital) - learners must complete at least 120 GLH

6 Microcontroller Systems 120 Optional Set assignment

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

56 Industrial Robotics 60 Optional Internal

Optional units Group E - learners can complete up to 120 GLH.
Learners can only import units into Group E as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

7 Calculus to Solve Engineering 60 Optional Internal
Problems

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques
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Optional units Group E - learners can complete up to 120 GLH. Learners can only
import units into Group E as part of Meeting Local Needs. (continued)

12 Pneumatic and Hydraulic Systems | 60 Optional Internal

13 Welding Technology 60 Optional Internal

39 Modern Manufacturing Systems 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary Forming 60 Optional Internal
Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal
and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

58 Entrepreneurship and 60 Optional Internal

Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Pearson BTEC International Level 3 Extended Diploma in
Mechatronic Engineering (1080 GLH)

Mandatory units

There are six mandatory units of which four are assessed through a Pearson set
assignment. Learners must complete and achieve a Pass or above in all mandatory units.
Optional units

Learners must complete at least 540 GLH optional units. Please see minimum/maximum
specific Optional Group requirements in the tables below.

Pearson BTEC International Level 3 Extended Diploma in Mechatronic
Engineering

Unit Unit title How assessed
number

Mandatory units Group A - learners complete all units

1 Mechanical Principles 60 Mandatory | Set assignment

2 Delivery of Engineering Processes 60 Mandatory Internal
Safely as a Team

3 Product Design and Manufacture | 120 Mandatory | Set assignment
in Engineering

6 Microcontroller Systems 120 Mandatory | Set assignment

7 Calculus to Solve Engineering 60 Mandatory Internal
Problems

32 Computer System Principles and 60 Mandatory Internal
Practice

57 Electrical and Electronic Principles | 60 Mandatory | Set assignment

Optional units Group B (electrical/electronic) - learners complete at least 60 GLH

14 Electrical Installation of Hardware 60 Optional Internal
and Cables

15 Electrical Machines* 60 Optional Internal

16 Three-Phase Electrical Systems 60 Optional Internal

17 Power and Energy Electronics 60 Optional Internal

18 Electrical Power Distribution 60 Optional Internal
and Transmission

19 Electronic Devices and Circuits 60 Optional Internal

20 Analogue Electronic Circuits 60 Optional Internal

21 Electronic Measurement and 60 Optional Internal
Testing of Circuits

22 Electronic Printed Circuit Board 60 Optional Internal
Design and Manufacture

23 Digital and Analogue Electronic 60 Optional Internal
Systems

59 Principles of Electrical Machines* 60 Optional Internal
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Optional units Group C (mechanical) - learners must complete at least 60 GLH

24 Maintenance of Mechanical 60 Optional Internal
Systems

25 Mechanical Behaviour of Metallic 60 Optional Internal
Materials

26 Mechanical Behaviour Non- 60 Optional Internal
Metallic Materials

27 Static Mechanical Principles in 60 Optional Internal
Practice

28 Dynamic Mechanical Principles in 60 Optional Internal
Practice

29 Principles and Applications of 60 Optional Internal
Fluid Mechanics

30 Mechanical Measurement and 60 Optional Internal
Inspection Technology

31 Thermodynamic Principles and 60 Optional Internal
Practice

Optional units Group D (digital) - learners must complete at least 120 GLH

33 Computer Systems Security 60 Optional Internal

34 Computer Systems Support and 60 Optional Internal
Performance

35 Computer Programming 60 Optional Internal

36 Programmable Logic Controllers 60 Optional Internal

37 Computer Networks 60 Optional Internal

38 Website Production to Control 60 Optional Internal
Devices

56 Industrial Robotics 60 Optional Internal

Optional units Group E - learners complete up to 240 GLH.
Learners can only import units into Group E as part of Meeting Local Needs.

5 A Specialist Engineering Project 60 Optional Internal

8 Further Engineering Mathematics 60 Optional Internal

9 Work Experience in the 60 Optional Internal
Engineering Sector

10 Computer Aided Design in 60 Optional Internal
Engineering

1 Engineering Maintenance and 60 Optional Internal
Condition Monitoring Techniques

12 Pneumatic and Hydraulic Systems | 60 Optional Internal
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Optional units Group E - learners must complete up to 240 GLH. Learners can
only import units into Group E as part of Meeting Local Needs. (continued)

13 Welding Technology 60 Optional Internal

39 Modern Manufacturing Systems 60 Optional Internal

40 Computer Aided Manufacturing 60 Optional Internal
and Planning

41 Manufacturing Secondary 60 Optional Internal
Machining Processes

42 Manufacturing Primary 60 Optional Internal
Forming Processes

43 Manufacturing Computer 60 Optional Internal
Numerical Control Machining
Processes

44 Fabrication Manufacturing 60 Optional Internal
Processes

45 Additive Manufacturing Processes | 60 Optional Internal

46 Manufacturing Joining, Finishing 60 Optional Internal
and Assembly Processes

47 Composites Manufacture and 60 Optional Internal
Repair Processes

48 Aircraft Flight Principles and 60 Optional Internal
Practice

58 Entrepreneurship and 60 Optional Internal
Intrapreneurship in Practice

60 Autonomous Mobile Robotics 60 Optional Internal

* Learners may only take one unit from Unit 15: Electrical Machines and Unit 59: Principles
of Electrical Machines, they cannot take both.
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Set assignment units

This is a summary of the type and availability of set assignment units. For more
information see Section 5 Assessment structure and the units and sample assessment

materials.

Unit

Unit 1: Mechanical
Principles

Type

An assignment set by Pearson
and marked by the centre.

The advised period is
two hours.

Availability

Two available for
each one-year
period.

Unit 3: Product Design
and Manufacture in
Engineering

An assignment set by Pearson
and marked by the centre.

The advised period is
three hours for Part A
and eight hours for Part B.

Two available for
each one-year
period.

Unit 6: Microcontroller
Systems

An assignment set by Pearson
and marked by the centre.

The advised period is
12 hours.

Two available for
each one-year
period.

Unit 57: Electrical and
Electronic Principles

An assignment set by Pearson
and marked by the centre.

The advised period is
two hours.

Two available for
each one-year
period.

Employer involvement in assessment and delivery

You are encouraged to give learners opportunities to be involved with employers.
For more information, please see Section 4 Planning your programme.
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3 Units

Understanding your units

The units in this specification set out our expectations of assessment in a way that helps

you to prepare your learners for assessment. The units help you to undertake
assessment and quality assurance effectively.

Each unit in the specification is set out in a similar way. This section explains how the
units work. It is important that all teachers, assessors, internal verifiers and other staff
responsible for the programme review this section.

Section

Unit number

‘ Explanation

The number is in a sequence in the sector. Numbers may
not be sequential for an individual qualification.

Unit title This is the formal title that we always use, it appears
on certificates.

Level All units are at Level 3.

Unit type This shows if the unit is internal or assessed using a

Pearson Set Assignment. See structure information in
Section 2 Structure for details.

Guided Learning Hours
(GLH)

Units may have a GLH value of 120 or 60. This indicates
the numbers of hours of teaching, directed activity and
assessment expected. It also shows the weighting of the
unit in the final qualification grade.

Unit in brief

This is a brief formal statement on the content of the
unit that is helpful in understanding its role in the
qualification. You can use this in summary documents,
brochures, etc.

Unit introduction

This is written with learners in mind. It indicates why the
unit is important, how learning is structured and how it
might be applied when they progress to employment or
higher education.

Assessment

For internal set assignment units, this section states
whether set assignments are required to be completed.

Learning aims

These help to define the scope, style and depth of
learning of the unit. You can see where learners should
be learning standard requirements (‘'understand’) or
where they should be actively researching (investigate’).
You can find out more about the verbs we use in
learning aims in Appendix 3: Glossary of terms used.

Summary of unit

This section helps teachers to see at a glance the main
content areas given against the learning aims and the
structure of the assessment. The content areas and
structure of assessment must be covered. The forms of
evidence given are suitable to fulfil the requirement.
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Section Explanation

Content

This section sets out the required teaching content of
the unit. Content is compulsory except when shown as
‘e.g.’. Learners should be asked to complete summative
assessment only after the teaching content for the unit
or learning aim(s) has been covered.

Assessment criteria

Each learning aim has Pass and Merit criteria. Each
assignment has at least one Distinction criterion.

A full glossary of terms used is given in Appendix 3:
Glossary of terms used. All assessors need to understand
our expectations of the terms used.

Distinction criteria represent outstanding performance
in the unit. Some criteria require learners to draw
together learning from across the learning aims.

Essential information
for assignments

This shows the maximum number of assignments
that may be used for the unit to allow for effective
summative assessment and how the assessment
criteria should be used to assess performance.
For set assignment units, this section will include
any conditions for taking the assignment.

Further information for
teachers and assessors

This section gives you information to support the
implementation of assessment. It is important that
this is read carefully alongside the assessment criteria,
as the information will help with interpretation of the
requirements.

Resource requirements

Any specific resources that you need to be able to teach
and assess are listed in this section. For information on
support resources, see Section 10 Resources and support.

Essential information for
assessment decisions

This section gives guidance on and examples for each
learning aim or assignment of the expectations for Pass,
Merit and Distinction standard.

Assessment controls

This section gives details of the rules that learners need
to abide by when taking the assessment.

Links to other units

This section shows you the main relationships between
different units. This helps you to structure your
programme and make best use of available materials
and resources.

Employer involvement

This section gives you information on the units, which
can be used to involve learners with employers. This will
help you to identify the kind of involvement that is likely
to be most successful.

Opportunities to
develop transferable
employability skills

This section gives you guidance on how transferable
employability skills might be developed in teaching and
assessment of the unit.
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Index of units

This section contains all the units developed for these qualifications. Please refer to
pages 4-10 to check which units are available in all qualifications in the engineering
sector.
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Unit 39: Modern Manufacturing Systems 571
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UNIT 1: MECHANICAL PRINCIPLES

Unit 1: Mechanical Principles

Level: 3
Unit type: Internal set assignment
Guided learning hours: 60

Unit in brief

Learners will develop the skills and knowledge required to solve mechanical-based
engineering problems by applying mathematical and physical science principles.

Unit introduction

Modern life depends on engineers to develop, support and control the mechanical
products and systems that are all around us, for example cars, machinery and
manufacturing and transport systems. To make a contribution as an engineer, you must
be able to draw on an important range of principles developed by early engineering
scientists, such as Archimedes, Isaac Newton and James Watt.

There is an increasing demand for ‘multi-skilled’ engineers who can apply principles from
several engineering disciplines to develop solutions to engineering problems. This unit
will develop your mathematical and physical scientific knowledge, and understanding to
enable you to solve problems set in an engineering context. You will explore and apply
the algebraic and trigonometric mathematical methods required to solve engineering
problems. The mathematical and physical science principles covered in this unit’ or ‘the
engineering principles covered in this unit.

This sits at the heart of the qualification and gives you a foundation to support you in
any engineering technician role, a trainee job role with an employer, or to help with your
progression to higher education.

Assessment

This unit has a set assignment. Learners must complete a Pearson Set Assignment Brief.

Learning aims

In this unit you will:

A Examine how algebraic and trigonometric mathematical methods can be used to
solve engineering problems

B Examine how static engineering systems can be used to solve engineering problems

C Examine how dynamic engineering systems can be used to solve
engineering problems

D Examine how fluid engineering systems can be used to solve engineering problems.
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UNIT 1: MECHANICAL PRINCIPLES

Summary of unit

Learning aim

A Examine how algebraic
and trigonometric
mathematical methods
can be used to solve
engineering problems

Key content areas

A1 Algebraic methods
A2 Trigonometric methods

B Examine how static
engineering systems
can be used to solve
engineering problems

B1 Static engineering
systems

B2 Loaded components

C Examine how dynamic
engineering systems
can be used to solve
engineering problems

C1 Kinetic parameters
C2 Dynamic parameters
C3 Angular parameters
C4 Lifting machines

D Examine how fluid
engineering systems
can be used to solve
engineering problems

D1 Fluid systems
D2 Immersed bodies

Assessment approach

This unit is assessed
through a Pearson Set
Assignment.
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UNIT 1: MECHANICAL PRINCIPLES

Content

Learning aim A: Examine how algebraic and trigonometric mathematical
methods can be used to solve engineering problems

Application of appropriate units. Application of rounding: decimal places and
significant figures.

A1 Algebraic methods

Solve, transpose and simplify equations.
Routine methods:

(o}

linear equations and straight-line graphs
- linear equations of the formy=mx + ¢

- straight-line graph (coordinates on a pair of labelled Cartesian axes, positive or
negative gradient, intercept, plot of a straight line)

Pythagoras' theorem

standard mensuration formulae to solve surface areas and volumes of regular
shapes and solids:

- areas of squares, rectangles, circles and triangles
- volume of a cylinder V = nrth
- total surface area of a cylinder TSA = 2xrh + 2xr2

- volume of sphere V = % r

- surface area of a sphere SA = 4nr?
- volume of a cone V = %nrzh

curved surface area of cone CSA = nrl

Factorisation and quadratics:
Routine methods:

(o}

multiply expressions in brackets by a number, symbol or by another expression
in a bracket

grouping ax - ay + bx - by
roots of an equation, including quadratic equations with real roots by
factorisation.

Non-routine methods involve the following topics and/or multiple steps to
make connections:

0 mensuration
- standard formulae to solve surface areas and volumes of compound solids
formed from:
o cuboids
o triangular prisms
o spheres and hemispheres
o cylinders
o cones
o factorisation and quadratics
- extraction of a common factor ax + ay, a(x + 2) + b(x +2)
- expressions a? + 2ab + b% a? - bx + ¢
- roots of an equation, including quadratic equations with real roots by the use
of formula
- quadratic formula x = _bi‘/:#
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UNIT 1: MECHANICAL PRINCIPLES

A2 Trigonometric methods
e Routine methods:
o circular measure

- radians, where 2r radians = 360°

360 Oradians

- conversion of radian measure to degree measure Ogegrees = P

. : 21 0
- conversion of degree measure to radian measure Gradians = ”—‘;‘;-g%
- angular rotations (multiple number (n) of radians)
- problems involving areas and angles measured in radians:

o length of arc of a circles=r¢

o areaof asectorA-= % r’0

o triangular measurement
- functions (sine, cosine and tangent)
- sine/cosine wave over one complete cycle
- values of the trigonometric ratios for angles between 0° and 360°
e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o triangular measurement

- graph of tanA as A varies from 0° and 360°, tanA = 5"‘7?
cos

. b .
- the sine — = —— = ——and cosine rule a? = b2 + ¢ — 2b cosA
Ssin A sinB sinC
- application of vectors
o diagrammatic representation of vectors

o resolution of forces/velocities.

Learning aim B: Examine how static engineering systems can be used to
solve engineering problems

Application of appropriate units. Application of rounding: decimal places and
significant figures.

B1 Static engineering systems

Recall, perform procedures, demonstrate an understanding of and analyse information
and systems, involving the following.
e Routine methods:
o non-concurrent coplanar forces
- representation of forces using space and free body diagrams
- resolution of forces in perpendicular directions F, = Fcosé, F, = Fsind
- conditions for static equilibrium £F, =0, ZF, =0, EM =0
o simply supported beams involving either
- concentrated loads
- uniformly distributed loads (UDL)
o reactions
- support reactions
- pin reaction forces
- roller reaction forces.
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UNIT 1: MECHANICAL PRINCIPLES

e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o non-concurrent coplanar forces
- turning moments
- vector addition of forces: resultant, equilibrant and line of action
o simply supported beams
- beams with combinations of concentrated loads and uniformly distributed
loads (UDL).
B2 Loaded components
Recall, perform procedures, demonstrate an understanding of, and analyse information
and systems involving the following.

e Routine methods:

. . , Fo. ) Al
o direct stress and strain: direct stress ¢ = X direct strain e = 7

o definitions of tensile and shear strength

e Non-routine methods involve the following topics and/or multiple steps to
make connections:

. F .
o shear stress and strain: shear stress = a shear strain y= %

o elastic constants: modulus of elasticity E = < ; Modulus of rigidity G =
&

z
v

Learning aim C: Examine how dynamic engineering systems can be used to
solve engineering problems

Application of appropriate units. Application of rounding: decimal places and
significant figures.

C1 Kinetic parameters
Recall, perform procedures, demonstrate an understanding of and analyse information
and systems involving the following.
e Routine methods:
o kinetic parameters and principles

- displacement (s)

- velocity - initial velocity (u), final velocity (v)

- acceleration (a)

- equations for linear motion with uniform acceleration

v=u+at s=ut+ %atz,v2=u2+2as,s= %(u+v)t

C2 Dynamic parameters
Recall, perform procedures, demonstrate an understanding of, and analyse information
and systems, involving the following.
e Routine methods:
o dynamic parameters and principles

- acceleration due to gravity (g = 9.81 m/s?)

- force F=ma

- torque T =Fd

- mechanical work W = Fs (on a horizontal plane)
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UNIT 1: MECHANICAL PRINCIPLES

- mechanical power (average and instantaneous)

- mechanical efficiency q:%

in

1
- energy - gravitational potential energy PE = mgh, kinetic energy KE = — mv?

2
- Momentum = mv
e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o dynamic parameters and principles
- Newton's laws of motion
- Mechanical work (on an inclined plane)
- principles of conservation of momentum myu; + myu, = myv; + myv,
- principles of conservation of energy

- Rotational inertia | = kmr? where the inertial constant for a solid cylinder
(flywheel) k = %2 and for a thin walled hollow cylinder k = 1 (along the axis
of rotation).

C3 Angular parameters
Recall, perform procedures, demonstrate an understanding of and analyse information
and systems involving the following.
e Routine methods:
o angular parameters

. 6 s v
- angularvelocityw =-===-
t rt r

r =

. . 2
- centripetal accelerationa= a?r= Y

r
e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o angular parameters
- uniform circular motion
- power=Tw
- rotational kinetic energy KE = %
- angular frequency o = 2xf

C4 Lifting machines

Recall, perform procedures, demonstrate an understanding of, and analyse information
and systems involving the following routine methods:

Routine methods:
e Lifting machines:

o inclined planes, scissor jacks, pulleys
driver _ distance moved by effort

° VeIOCIty ratio VR = driven  distance moved by load

load

effort

mechanical advantage MA =

- effort and load motion
- friction effects on a horizontal plane

- force to overcome friction on a horizontal plane F = uN (where N is the
normal force).
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e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o friction effects on aninclined plane

o force to overcome friction on aninclined plane F = uN (where N is the
normal force)

Learning aim D: Examine how fluid engineering systems can be used to
solve engineering problems

Application of appropriate units. Application of rounding: decimal places and
significant figures

D1 Fluid systems
Recall, perform procedures, demonstrate an understanding of and analyse information
and systems involving the following.
e Routine methods:
o submerged surfaces in fluid systems
- density of fluid p =
- hydrostatic pressure and hydrostatic thrust on an immersed plane surface
F = pgAx
- centre of pressure of a rectangular retaining surface with one edge in the free
surface of a liquid
- centre of pressure of a rectangular retaining surface with one edge in the free
surface of a liquid x = g

o fluid flow in a gradually tapering pipe
- volumetric flow rate
- flow velocities (input and output)
- input and output pipe diameters
- incompressible fluid flow (continuity of volumetric flow Awvi = Ayvo)
e Non-routine methods involve the following topics and/or multiple steps to
make connections:
o submerged surfaces in fluid systems
- overturning moments
o fluid flow in a gradually tapering pipe
- mass flow rate (volumetric and mass [pAvi = pAsv2]).

D2 Immersed bodies
Recall, perform procedures, demonstrate understanding of and analyse information
and systems involving the following.
e Routine methods:
o Immersed bodies:

- Archimedes' principle

- determination of density using flotation methods

- relative density of liquids and solids.
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Assessment criteria

Learning aim A: Examine how algebraic and
trigonometric mathematical methods can be used to
solve engineering problems

A.P1 Solve given routine
problems using
algebraic methods.

A.P2 Solve given routine
problems using
trigonometric
methods.

A.M1 Solve routine
problems accurately
and non-routine
problems using both
algebraic and
trigonometric
methods.

A.D1 Solve routine and
non-routine problems
accurately, using algebraic
and trigonometric
methods.

Learning aim B: Examine how static engineering
systems can be used to solve engineering problems

B.P3 Solve routine
problems that involve
static systems.

B.P4 Solve routine
problems that involve
loaded components.

B.M2 Solve routine
problems accurately
and non-routine
problems that
involve both static
systems and loaded
components.

Learning aim C: Examine how dynamic engineering
systems can be used to solve engineering problems

C.P5 Solve routine
problems that involve
kinetic and dynamic
parameters.

C.P6 Solve routine
problems that involve
angular parameters.

C.M3 Solve routine
problems accurately
and non-routine
problems that
involve dynamic
systems.

Learning aim D: Examine how fluid engineering
systems can be used to solve engineering problems

D.P7 Solve routine
problems that involve
fluid systems.

D.P8 Solve routine
problems that involve
immersed bodies.

D.M4 Solve routine
problems accurately
and non-routine
problems that

involve fluid systems.

BCD.D2 Solve routine and
non-routine
problems
accurately using
mechanical
engineering
methods.
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UNIT 1: MECHANICAL PRINCIPLES

Essential information for assignments

This unit is assessed using a Pearson Set Assignment Brief. A set assignment must be
used to assess learners.

Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to scientific calculators.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners must show a full range of progressive steps when
producing solutions to problems that may include minimal errors such as those
associated with transposition, rounding and standard form, particularly for the
non-routine problems. They will demonstrate good use of methods, including a concise
approach to reaching solutions. Working will be neat and well presented, and will follow
a logical structure.

Learners will demonstrate an appropriate choice of units and, where necessary, accurate
use of standard form. Solutions will be provided to an appropriate degree of precision
and be presented in their simplest form. Learners may also include some evidence of
checking answers and they will possibly make amendments as a result.

For Merit standard, learners must produce solutions for routine and non-routine
problems. For routine problems, most working should be completed with accuracy,
and will demonstrate correct use of appropriate methods.

For non-routine methods, learners may demonstrate some errors in their working,
such as obvious omissions and transposition, rounding and/or conversion errors. Some
inappropriate use of standard form is also likely, although where arithmetic errors have
been made, these are likely to be carried through in subsequent working.

For Pass standard, learners must show solutions that are logical in the choice of
methods to be followed. Solutions to problems that involve routine methods are likely to
involve some errors but will be followed through to a plausible solution. Use of standard
form will not be evident or may be used inaccurately.

Learning aims B, C and D

For Distinction standard, learners must show a full range of progressive steps when
producing concise solutions for a range of mechanical engineering problems. They will
interpret the information provided and then demonstrate correct use of methods,
although some minor errors may be present in working such as those associated with
transposition, rounding and standard form for non-routine problems. Learners will
recognise links between different aspects of mechanical engineering problems and will
produce solutions that follow a logical structure.

Learners will demonstrate an appropriate choice of units and, where necessary, accurate
use of standard form. Solutions will be provided to an appropriate degree of precision
and will be presented in their simplest form. Learners may also include some evidence
of checking answers and they will possibly make amendments as a result.
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For Merit standard, learners must produce solutions to a range of static, dynamic and
fluid engineering problems that involve the use of both routine and non-routine
methods. For routine methods, most working will be completed with accuracy and
learners will demonstrate correct use of appropriate methods to solve each type of
problem.

For non-routine methods, learners may demonstrate some errors in their working, such
as obvious omissions and transposition, rounding and/or conversion errors, or taking
approaches that are not obvious but which arrive at suitable solutions. Some
inappropriate use of standard form is also likely, although where arithmetic errors have
been made these are likely to be carried through in subsequent working.

For Pass standard, learners must show solutions to routine static, dynamic and fluid
engineering problems that are logical in the choice of methods to be followed.

Solutions to routine problems are likely to include some errors but be followed through
to a plausible solution. Use of standard form will not be evident or may be used
inaccurately.

Assessment controls
Time: this assighment has a recommended time period. This is for advice only and can
be adjusted depending on the needs of learners.

Supervision: you should be confident of the authenticity of learner's work. This may
mean that learners be supervised.

Resources: all learners should have access to the same types of resources to complete
the assignment.

Research: learners should be given the opportunity to carry out research outside of the
learning context if required for the assignment.

Links to other units

This unit links to:

e Unit 2: Delivery of Engineering Processes Safely as a Team

e Unit 3: Product Design and Manufacture in Engineering

e Unit 4: Applied Commercial and Quality Principles in Engineering
e Unit 57: Electrical and Electronic Principles.

Opportunities to develop transferable employability skills
Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Learners will use formal written documentation to present research findings from
intensive investigations into topics and themes. From conducting this documentation
learners will be able to apply mathematical methods to solve engineering problems.

e Learners will take part in structured activities and tasks to enable them to solve static,
dynamic and fluid engineering problems, using routine and non-routine operations.

e Independent tracking and monitoring of project work as it develops.
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UNIT 2: DELIVERY OF ENGINEERING PROCESSES SAFELY AS A TEAM

Unit 2: Delivery of Engineering Processes Safely
as a Team

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners explore how processes are undertaken by teams to create engineered products
or to deliver engineering services safely.

Unit introduction

The use of engineering processes is integral to the manufacture of engineered products
and the delivery of engineering services. Thousands of engineering processes are used
in the manufacture and service of a complex product such as an aeroplane. To ensure
that these engineering processes can be planned and carried out safely and effectively,
engineers must be able to work together to get the job done. It is for this reason that so
many engineering companies focus time and effort on understanding engineering
processes and developing teamwork.

In this unit, you will examine common engineering processes, including health and safety
legislation, regulations that apply to these processes and how individual and team
performance can be affected by human factors. You will learn the principles of another
important process, engineering drawing, and develop two-dimensional (2D) computer-
aided drawing skills while producing orthographic projections and circuit diagrams.
Finally, you will work as a team member and team leader to apply a range of practical
engineering processes to manufacture a batch of an engineered product or to safely
deliver a batch of an engineering service. To complete the assessment task within this
unit, you will need to draw on your learning from across your programme.

It is important that engineers understand how engineering processes are used to safely
transform ideas and materials into products and services, and how critical it is to be able
to work as a valuable member of an effective team or as a team leader. This unit will
enable you to apply the knowledge and understanding you gained in Unit 1: Mechanical
Principles and Unit 57: Electrical and Electronic Principles. The unit will help to prepare you
for an engineering traineeship, a higher education engineering degree or a technician-
level role in a wide range of specialist engineering areas.

Learning aims

In this unit you will:

A Examine common engineering processes to create products or deliver
services safely and effectively as a team

B Develop two-dimensional computer-aided drawings that can be used in
engineering processes

C Carry out engineering processes safely to manufacture a product or to deliver a
service effectively as a team.
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Summary of unit

Learning aim

A Examine common
engineering processes
to create products or
deliver services safely
and effectively as a team

Key content areas

A1 Common engineering
processes

A2 Health and safety
requirements

A3 Human factors
affecting the
performance of
engineering processes

Assessment approach

A report, prepared as

an individual, detailing
engineering processes and
the impact that human
factors can have on their
performance, using a case
study based on a given
engineered product/
products or a given
engineering
service/services.

B Develop two-
dimensional computer-
aided drawings that can
be used in engineering
processes

B1 Principles of
engineering drawing

B2 2D computer-aided
drawing

Practical activities to

be undertaken as an
individual to produce 2D
computer-aided drawings.
The drawings should
include an orthographic
projection and an electric
circuit diagram. The
evidence will include the
drawings, observation
records/witness
statements and annotated
screenshots.

C Carry out engineering
processes safely to
manufacture a product
or to deliver a service
effectively as a team

C1 Principles of effective
teams

C2 Team set-up and
organisation

C3 Health and safety risk
assessment

C4 Preparation activities
for batch manufacture
or batch service
delivery

C5 Delivery of
manufacturing or
service engineering
processes

Complete practical
engineering processes as a
leader and as a member of
a team. The evidence will
include records of team
meetings (minutes), activity
logs, a risk assessment,
set-up planning notes,
quality control charts/
annotated drawings,
modified production plans,
annotated photographs of
the processes and
observation
records/witness
statements.

76

Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023
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Content

Learning aim A: Examine common engineering processes to create products
or deliver services safely and effectively as a team

A1 Common engineering processes
e Transforming ideas and materials into products or services, including:

o preparation processes undertaken before manufacture or service delivery - use
of information sources and the creation of technical specifications, engineering
drawings, work plans and quality control documentation with due regard to the
scale of production (one-off, small batch, large batch, mass or continuous)

o standards relevant to the specialist area of study - guidelines/rules to
ensure conformity in processes or outputs, e.g. BS 8888, reference charts
(limits and fits, tapping drills, bend allowances), procedure specifications.

e Aproduct and a service are closely aligned concepts, define:

o a product as a tangible and discernible item, e.g. a car

o aservice as an intangible benefit, either in its own right or as a significant
element of a tangible product, e.g. a car service.

o Common processes used to create engineered products, including:

fitting, e.g. at a bench using manual tools (drilling, cutting, filing)
machining, e.g. turning, milling, grinding

fabrication, e.g. welding, sheet metal work (bending, stamping, punching)
electrical, e.g. installation of looms, use of connectors/cables

forming, e.g. casting, forging, moulding.

o Common processes used in engineering services, including:

o disassembly, e.g. use of general tools and special tools to strip or remove

o inspection, e.g. checking for faults/correct operation, testing

o systems servicing, e.g. capture of fluid, depressurisation

o installation/replacement, e.g. rigging, assembly, refitting.

©O O O 0o ©

A2 Health and safety requirements

The general contents of legislation and regulations or other relevant international
equivalents and how they are satisfied by safe systems of work/procedures, including:

e current Health and Safety at Work legislation - duties of employers, employees,
the Health and Safety Executive (HSE) and others, general prohibitions

e current Reporting of Injuries, Diseases and Dangerous Occurrences Regulations
(RIDDOR) - duties of employers, the self-employed and people in control of
work premises (the Responsible Person) to report certain serious workplace
accidents, occupational diseases and specified dangerous occurrences

e current Personal Protective Equipment (PPE) at Work Regulations -
appropriateness if risk cannot be controlled in any other way, types of PPE,
assessing suitable PPE given the hazard, supply, instructions/training, correct
use, maintenance and storage

e current Control of Substances Hazardous to Health Regulations (COSHH) -
identifying harmful substances, assessing risks of exposure, types of exposure,
safety data sheets, using/checking/maintaining control measures/equipment,
training/instruction/information
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e current Manual Handling Operations Regulations (MHOR) - avoiding the need
for manual handling, types of hazard, assessing risk of injury when manual
handling is required, controlling and reducing the risk of injury, training in the
use of techniques/mechanical aids.

A3 Human factors affecting the performance of engineering processes

e Understanding that human factors affect the productivity of processes,
including conformance to quality standards, reliability and the safety of
individuals.

e Understanding that human factors affect the performance of individuals and
teams, including:

o professionalism - adherence to codes of conduct, acting with due care, skill
and diligence by recognising appropriate behaviours and possible limitations,

preventing avoidable dangers/adverse impact on the environment, enhancing
operational competence

o ethical principles - rigour, honesty, integrity, respect, responsibility
o behaviours - values, attitude, persuasion, coercion, rapport, authority

o limitations - stress, time pressure, fatigue, memory, capability, motivation,
knowledge, experience, health, inhibitors, e.g. alcohol and drugs.

Learning aim B: Develop two-dimensional computer-aided drawings that
can be used in engineering processes

B1 Principles of engineering drawing
o Attributes of orthographic projections, including:

o geometry - shape of the component represented as different views, how the
component is viewed from various angles, visibility of component features
dimensions - size of the component in defined units
tolerances - allowable variations for defined dimensions
material - what the component is to be made from
surface texture - surface quality required, e.g. roughness, flatness
scale - relative to actual dimensions.

o Drawing conventions or other relevant international equivalents, including:

o standards including BS 8888 and BS 60617 or other relevant international

equivalents

o title block/layout - drawing number(s), projection symbols, scale, units,
general tolerances, name of author, date, border, parts referencing

o views - elevation, plan, end, section, hatching style, auxiliary
o line types - centre, construction, outline, hidden, leader, dimension

o common features, e.g. screw threads, springs, splines, repeated items, holes,
chamfers, radii

o circuit diagram symbols and components, e.g. cell/battery, switch, resistor,
diode, capacitor, transistor, integrated circuit, light-emitting diode (LED),
motor, buzzer

o lettering - titles, notes, annotation

o abbreviations - A/F, CHAM, DIA, R, PCD, M.

O 0O O O ©O
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B2 2D computer-aided drawing

Using a computer-aided design (CAD) system to produce engineering drawings and
circuit diagrams, including:

e coordinates - absolute, relative, polar

o drawing template - border, title block with all necessary information

e layers - names, line types, colours, visibility

e commands - line, circle, arc, polygon, chamfer, fillet, grid, snap, copy, rotate,
erase, stretch, trim, scale, dimensioning, text, pan, zoom-in, zoom-out, insertion
and editing commands to produce and erase circuit components and
connections

e cross-hatching - simple and complex areas, predefined hatch patterns,
application to cross-sectioning.

Learning aim C: Carry out engineering processes safely to manufacture a
product or to deliver a service effectively as a team
C1 Principles of effective teams

e Good communication - verbal, written (e.g. electronic documents and data,
activity logs, meeting minutes), effective listening, respect for others’ opinions,
negotiation, assertiveness and non-verbal actions, e.g. smiling.

e Planning - thinking ahead, organisation, consideration of alternatives.

e Motivation - shared goals, collaboration, reaching agreements, adapting
behaviour, fairness and consideration, opportunities to take responsibility,
constructive feedback.

e Working with others - team player, flexibility/adaptability, social skills,
supporting others.

e Working environment - conducive to successful outcomes, safe, supportive,
challenging, opportunities to show initiative and leadership.
C2 Team set-up and organisation

e Ateam is defined as containing three or more individual members who have a
shared common objective to complete.

e Strengths and limitations of team members - perceived competencies and
constructive peer feedback.

o Allocation of responsibilities - roles, activities.
o Timescales - planning the activities.
e Objectives - team targets.

C3 Health and safety risk assessment

Risk assessment in an engineering workshop and for specific engineering processes,
following guidance from the HSE (or other relevant international equivalents), including:
e identification of hazards - bad housekeeping, poor lighting, lack of grip/uneven

surfaces/heights, lifting and handling operations, hand tools, machines,
substances, heat/flammability

e assessing risk by determining how hazards can cause injury - contact, being
struck, lifting and handling injury, fall, slip, trip, trap, exposure
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choosing and using appropriate control measures and precautions to reduce
risk - good work area design, substitution, safe means of access and egress,
safe system of work (permits to work), periodic inspection, testing and
maintenance, physical barriers (guarding), PPE, supervision and training,
good housekeeping, cleaning regime

recording all findings - standard HSE (five steps) pro forma

reviewing the risk assessment after new equipment/work activities have been
undertaken, at regular intervals.

C4 Preparation activities for batch manufacture or batch service delivery

A batch is defined as a quantity of three or more of a product or service
delivered together.

Understanding the requirements of production plans, specifications,
engineering drawings and other technical documentation, including:

o operations - sequence of production

o health and safety factors - product or service based

o processes - disassembly, mechanical, electrical, assembly, testing

o

materials, parts and components - to be disassembled, worked on,
processed, joined, assembled and checked

equipment - marking out, hand tools, machinery, measuring

o quality checks - critical production control points, how quality will be checked
and inspected.

o

C5 Delivery of manufacturing or service engineering processes

80

For engineered products or engineering services.

Examples of engineered products, e.g. screwdriver, toolmakers’ clamp,
fabricated box/enclosure, outside calipers, ball joint splitter, clamp stand,
assembling looms.
Selecting, setting up and using engineering equipment to manufacture
engineered products, including:
o marking out processes, e.g. using a scriber, rule/tape, punch, square,
vernier height gauge, marking out medium
o manual processes, e.g. using shears, punch, guillotine, bender, saw, tap, die, file
o machining processes, e.g. using a drill, lathe, milling machine
o assembly processes, e.g. using adhesive, mechanical fasteners,
cables/connectors
o quantity production, e.g. using form tools, template, jig, mould, fixture, stops
0 measuring processes, e.g. using a micrometer, vernier calipers, comparators.

Examples of engineering services, e.g. dismantling/assembly of alternators,
including replacing worn parts and testing, removing and replacing fluid
plumbing and checking for leaks, stripping out a variety of hardware and
reinstalling/testing, assembly of pipework, including the connection of valves
and operational checks, assembly and testing of electrical switch panels.

Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 2: DELIVERY OF ENGINEERING PROCESSES SAFELY AS A TEAM

e Selecting, setting up and using engineering equipment to deliver engineering
services, including:
o disassembly/removal/strip processes, e.g. using a screwdriver, wrench, spanner,
sockets, pliers/grips, keys
o manual processes, e.g. using snips, cutters, knives, punch, saw, file, hammer
o assembly processes, e.g. using a soldering iron, mechanical fasteners,
cables/connectors, crimping tools, pneumatic tools, clamps

o inspection/testing processes, e.g. using a multimeter, flow meter, torque meter,
pressure sensor/gauge.
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Assessment criteria

Learning aim A: Examine common engineering
processes to create products or deliver services
safely and effectively as a team

A.P1 Explain how
three engineering
processes are
used safely when
manufacturing a
given product or
when delivering a
given service.

A.P2 Explain how human
factors, as an
individual or as a
team, affect the
performance of
engineering
processes.

A.M1 Analyse why
three engineering
processes are used
to manufacture a
product or to deliver
a service and how
human factors, as an
individual and as a
team, affect the
performance of
engineering
processes.

A.D1 Evaluate, using
language that is technically
correct, the effectiveness
of using different
engineering processes to
manufacture a product or
to deliver a service and
how human factors, as an
individual and as a team,
affect the performance of
engineering processes.

processes

Learning aim B: Develop two-dimensional computer-
aided drawings that can be used in engineering

B.P3 Create an
orthographic
projection of a
given component
containing at least
three different
feature types.

B.P4 Create a diagram
of a given electronic
circuit containing at
least six different
component types.

B.M2 Produce, using
layers, an accurate
orthographic
projection of a
component
containing at least
three different
feature types and
a circuit diagram
containing at least six
different component
types that mostly
meet an
international
standard.

B.D2 Refine, using layers,
an accurate orthographic
projection of a component
containing at least three
different common feature
types and a circuit diagram
containing at least six
different component types
to an international
standard.
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Learning aim C: Carry out engineering processes
safely to manufacture a product or to deliver a
service effectively as a team

C.P5 Manage own
contributions to set
up and organise a
team in order to
manufacture a
product or deliver
a service.

Produce, as an
individual team
member, a risk
assessment of at least
one engineering
process.

Set up, as an
individual team
member, at least one
process safely by
interpreting technical
documentation.

Manage own
contributions safely,
as a team member
and as a team leader,
to manufacture a
batch of an
engineered product
or to deliver a batch
of an engineering
service.

C.P6

C.P7

C.P8

C.M3 Manage own
contributions safely
and effectively using
feedback from peers,
as a team member
and as a team leader,
to manufacture a
product or to deliver
a service.

C.D3 Consistently manage
own contributions
effectively using feedback
from peers, as a team
member and as a team
leader, to set up, organise
and manufacture a
product or deliver

a service safely,
demonstrating forward
thinking, adaptability or
initiative.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, A.D1)
Learning aim: B (B.P3, B.P4, B.M2, B.D2)
Learning aim: C (C.P5, C.P6, C.P7, C.P8, C.M3, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:

e arange of technical documentation (such as engineering drawings, production
plans, specifications, health and safety regulations), components and circuits

e suitable CAD workstations and output devices, e.g. printers and plotters, and
2D CAD software that is capable of professional 2D drawings and their output,
e.g. AutoCAD 2D, AutoCAD Lt, TurboCAD Deluxe, DraftSight®

e standard engineering workshop equipment and resources (as specified in the
learning aims and unit content section), so learners can carry out common
engineering processes to manufacture an engineered product batch or deliver
an engineering service as a member of a team.

Essential information for assessment decisions

Learning aim A

The processes to be considered for learning aim A do not have to be the same as those
used for learning aim C.

For Distinction standard, learners will produce evidence that evaluates the relative
merits of using different common engineering processes to manufacture a given product
or deliver a given service, by comparing and contrasting the advantages and limitations
of the chosen processes and of using other possible processes. Learners will provide
detailed and justified reasons as to which processes are most effective, by referring to
the specific requirements of the given product or service, for example by considering
why a product is cast rather than machined, or whether to test or disassemble at a given
interval.

Learners will also produce evidence that shows they can evaluate the impact that a
range of human factors, as an individual and as a team, can have on the performance of
engineering processes, for example how coercion by someone in authority could lead to
an individual or team introducing unnecessary hazards and risks into the engineering
processes.

Overall, the evidence will be easy to read by a third party, who may or may not be an
engineer, and will be easily understood. It will be logically structured and will use correct
technical engineering terms and consistent use of correct grammar and spelling.

For Merit standard, learners will produce evidence that shows they can give detailed
reasons as to why three common engineering processes have been chosen to
manufacture a given product or to deliver a given service. The analysis will be consistent
across all the processes and will include a contextual commentary. For example, for each
process it will refer to scale of manufacture, the achievement of accuracy in comparison
to a standard, and specific health and safety requirements.

Learners will also produce contextual evidence that shows they can analyse how human
factors, as an individual and as a team, can impact on the performance of the three
common engineering processes, for example by anticipating and preventing common
errors, avoidable dangers or adverse impacts on the environment.

Overall, the analysis should be logically structured, technically accurate and easy to
understand.
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For Pass standard, learners will produce evidence that shows they understand how
three common engineering processes are used to manufacture a product or deliver a
service. The evidence will be factually accurate and will include clear references to health
and safety legislation and regulations, for example how drilling, turning and milling are
used to produce a given product/products, or how to dismantle and replace worn parts
and test an item using safe working practices and personal protective equipment,
including why and how to report a dangerous occurrence during a process.

Learners will also produce evidence that shows they recognise the impact that human
factors, either as an individual or as a team, can have on the three common engineering
processes, for example the productivity of the processes being affected by an
individual's attitude or capability, or safety being affected by fatigue.

Overall, the explanations may be basic in parts and may have some inaccuracies relating
to engineering terminology.

Learning aim B

The orthographic drawings must be created on a 2D CAD package and not on a 3D CAD
package. The component and electrical circuit to be drawn for learning aim B do not
have to be used for learning aims A or C. The drawing should be created from an actual
engineered component that must contain at least three different types of common
feature. Learners will create the drawings using the knowledge and understanding
gained in Unit 1: Mechanical Principles and Unit 57: Electrical and Electronic Principles.

For example, taking measures from and performing calculations using the physical
component, which could include geometry/vectors, basic arithmetic, trigonometry,

and surface area and volume.

For Distinction standard, learners will show in their evidence that they used a full
range of CAD commands when generating the drawings and prepared and used
additional layers as required for the drawing template, dimensioning and annotation.

Overall, all details in the 2D CAD orthographic projection and the electrical circuit
diagram must be produced to typically represent the standards found in BS 8888
and BS 60617 (or other relevant international equivalents), with no omissions or
errors evident.

For Merit standard, learners will show in their evidence that they used a layer for a
drawing template with a full title block, border and appropriate text.

Overall, all details in the 2D CAD orthographic projection and the electrical circuit
diagram must be produced to typically represent the standards found in BS 8888 and
BS 60617 (or other relevant international equivalents), although there may be some
minor errors evident, such as the lack of a visible gap between some features of the
component and extension lines, or some text that is incorrectly orientated.

For Pass standard, learners will produce elevations that are technically correct but
there may be some errors, such as a repeated dimension or inaccurate annotation.

Overall, all details in the 2D CAD orthographic projection drawing and the electric circuit
diagram must be suitable for a competent third party to manufacture the component or
the electric circuit from the drawings.
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Learning aim C

Learners will work as a team to deliver an engineering service or to manufacture a
product. They will use the knowledge and understanding gained in Unit 1: Mechanical
Principles and Unit 57: Electrical and Electronic Principles to undertake and manage a
practical service or manufacturing task. During assessment, a team should manufacture
a batch of an engineered product or deliver a batch of an engineering service, not both.
The choice is likely to be dependent on the sector context and/or the resources
available. All planning and manufacturing or service activities should take no more than
15 hours in total. A team should consist of three or four learners and it is expected that
the role of team leader will be undertaken by all team members (in rotation) after the
initial planning activities. The number of items in a batch, and the number of processes
in a product or service, should be between three and six.

Teams should be given a range of technical documentation (such as engineering
drawings, production plans and specifications) prior to the manufacture of a batch of an
engineered product or the delivery of a batch of an engineering service. Materials can be
prepared and engineering equipment can be laid out prior to team activities, but each
learner must set up and undertake at least one engineering process.

For Distinction standard, learners will consistently demonstrate at least one of the
following traits during the planning and manufacturing or service activities: forward
thinking, adaptability or initiative. For example, learners may respond to opportunities
as they arise by convincing the team to adopt a more efficient approach to the
manufacturing or service activities, or a different approach if a lack of equipment or
resources demands it, or they may adapt to circumstances quickly by providing feedback
to team members or by coaching others who are struggling with an activity or process.
Learners may also prove their capability to adapt a process and/or machines to
manufacture quantities of a product, for example by setting stops or by using simple
techniques to process components at the same time. Similar approaches could be used
in the delivery of a batch of an engineering service.

Learners will show their ability to objectively review team targets at suitable points and
reach agreements with other team members as to an appropriate way forward given
current progress.

Overall, the evidence should be presented clearly and in a way that would be
understood by a third party who may or may not be an engineer.

For Merit standard, learners will demonstrate an active role in making decisions
concerning the allocation of roles and responsibilities, time planning and setting team
targets, for example by explicitly taking into account the preferences and perceived
strengths of team members.

Learners will produce a risk assessment, which will be laid out on an appropriate
industry-standard template and will include detailed attention to all five steps, for
example clear identification of all significant hazards, who might be harmed and how,
current precautions in place, further control measures needed and a suitable time
period until review.

Learners will interpret technical documentation to set up safely and effectively at least
one engineering process, so that others in the team could also carry out the process with
minimal explanation required.
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During the delivery of manufacturing or service processes, learners will show that they
can work effectively as a team member and as a team leader to make effective progress
towards team targets. For example, they will modify their approach based on feedback
from peers and will generate a progress log to allow team members to quickly review
progress.

Overall, the evidence will be clear, but some parts of it may be presented in an
inconsistent fashion, making it more difficult for a third party to understand.

For Pass standard, learners will manage their contribution to making decisions
concerning the allocation of roles and responsibilities, time planning and setting team
targets. These activities will be completed as a minimum to set up and organise the team
to manufacture a batch of an engineered product or to deliver a batch of an engineered
service.

It will be essential to ensure that each team member has clear responsibilities and that
everyone makes a contribution to the end result during the manufacture of a batch of an
engineered product or the delivery of a batch of an engineering service. All individual
team members must be clear about who is responsible and accountable for each aspect
of the work, and team targets should be set and reviewed. To facilitate this, each team
must carry out a series of meetings both prior to and during the manufacture of a batch
of an engineered product or the delivery of a batch of an engineering service. Each
member of the team must produce their own evidence against the assessment criteria,
as evidence cannot be shared.

Learners will produce their own risk assessment to show how health and safety is
managed in the engineering workplace, for at least one engineering process to be used
when manufacturing the engineered product or when delivering the engineering service.
The risk assessment should consider the most significant hazards with details of suitable
control measures and be laid out on an appropriate industry-standard template. It will
be appropriate, but may lack detail. For example, it may focus on the more obvious
hazards and control measures, including those already in place.

Learners will also interpret technical documentation, including a production plan and
an engineering drawing given to them, to set up safely at least one engineering process,
so that they can carry out the process in a consistent manner.

During the delivery of manufacturing or service processes, learners will show that they
can act independently as a team member and as a team leader to make progress
towards team targets, although learners may demonstrate some reluctance to adapt to
changing circumstances. The products or services delivered by the team do not have to
be accurate and do not need to be tested for functionality, but teams must keep quality
records. For example, the dimensions of a hole would be checked for conformance
against the technical documentation and notes would be made on the outcome of the
quality check. Also, teams do not need to rework any non-conforming product or service
outcomes.

Overall, the evidence will be logically structured but may be imprecise and basic in some
parts, meaning that only a third party with technical knowledge can understand aspects
of it.

38 Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 2: DELIVERY OF ENGINEERING PROCESSES SAFELY AS A TEAM

Links to other units

In the Certificate (180 GLH) qualification, this unit should be completed towards the
end of the programme. In order to complete the synoptic assessment task in this unit,
learners should select and apply relevant knowledge and skills from other areas of
the mandatory content. Learners should build on their knowledge of engineering
approaches and their applications from Unit 1: Mechanical Principles and

Unit 57: Electrical and Electronic Principles.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

Learners will use formal written documentation to present research findings
from intensive investigations into given topics or themes.

Learners will be able to use appropriate computer aided design (CAD) packages
to create two dimensional (2D) drawings using a range of industrial standards
and drawings conventions.

Learners will take part in structured practical tasks and be able to complete a
range of prescribed activities.

Learners will be able to work safely in an engineering environment and ensure
that themselves, and others around them are safe, when completing
engineering operations and maintenance procedures.

Independent tracking and monitoring of project work as it develops.
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Unit 3: Product Design and Manufacture in
Engineering

Level: 3
Unit type: Internal set assignment
Guided learning hours: 120

Unit in brief

Learners will explore engineering product design and manufacturing processes, and will
complete activities that consider function, sustainability, materials, form and
other factors.

Unit introduction

Engineering products are part of our daily lives, from aircraft to the smallest electronic
circuits found in medical devices. Engineering products are designed as a result of the
identification of a need or opportunity, and then engineers use creative skills and
technical knowledge to devise and deliver a new design or improvements to an existing
design. For example, advances in the development of fuels led to the first internal
combustion engine, and engineers have been improving its design ever since.

In this unit, you will examine what triggers changes in the design of engineering products
and the typical challenges that engineers face, such as designing out safety risks. You will
learn how material properties and manufacturing processes impact on the design of

an engineering product. You will also use an iterative process to develop a design

for an engineering product by interpreting a brief, producing initial ideas and then
communicating and justifying your suggested solution. You will draw on your learning
from across your programme to complete the assessment tasks.

It is important that engineers use creative and technical knowledge, understanding and
skills to transform ideas into viable products, and that they understand the critical
importance of this activity in ensuring that products are both safe and effective. This unit
will help prepare you for an engineering apprenticeship, engineering courses in higher
education and for technician-level roles in a variety of engineering sectors.

Assessment

This unit has a set assignment. Learners must complete a Pearson Set Assignment Brief.

Learning aims

In this unit you will:

A Explore design triggers, challenges, constraints, opportunities and
operational requirements

B Use an iterative process to develop ideas and a modified product design
C Generate technical justifications and validations for the design solution.
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Summary of unit

Learning aim

A Explore design triggers,
challenges, constraints,
opportunities and
operational
requirements

Key content areas

A1 Design triggers
A2 Design challenges

A3 Equipment level and
system level
constraints and
opportunities

A4 Design for a customer

A5 Regulatory constraints
and opportunities

A6 Market analysis

A7 Performance analysis
A8 Manufacturing analysis
A9 Statistical methods

B Use an iterative process
to develop ideas and a
modified product design

B1 Design proposals

B2 Communicating
designs

B3 Iterative development
process

B4 Material properties

B5 Mechanical power
transmission

B6 Manufacturing
processes

C Generate technical
justifications and
validations for the
design solution

C1 Technical justifications
and validating designs

Assessment approach

This unit is assessed
through a Pearson Set
Assignment.
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Content

Learning aim A: Explore design triggers, challenges, constraints,
opportunities and operational requirements

A1 Design triggers

The triggers that stimulate engineering design activity, including:
o market pull/technology push (product and process)

» demand

o profitability

e innovation

e market research

e product/process performance issues

e sustainability (carbon footprint)

e designing out risk.

A2 Design challenges

Commercial-, regulatory- or public policy-based trends that challenge current technology
or design, including:

e reduction of energy wasted during design of an engineered product

e reduction of energy wasted during operation of an engineered product
e reduction of physical dimensions

e reduction of product mass

e increase in component efficiency

e energy recovery features

e reduced product life cycle costs

e integration of different power sources for vehicles

e reduced use of resources in high-value manufacturing

e sustainability issues throughout the product life-cycle (raw materials,
manufacture, packaging and distribution, use and reuse, end of life)

e designing out risk (for individual employees and customers).

A3 Equipment level and system level constraints and opportunities

Factors that place limitations and offer opportunities at equipment level on the design of
engineering products, including:

e reasons for selecting different solutions for equipment interfaces (mechanical,
electrical, hydraulic, software)

e systems integration compromises (cooling, location for optimum equipment
performance, bonding, centre of gravity, electrical and electronic compatibility)

e equipment product design specification (PDS) (shortcomings absorbed at
system level, electromagnetic compatibility (EMC), mass, cooling)

o cost-effective manufacture (capital outlay, use of tooling, set-up cost).
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A4 Design for a customer
Meeting customer needs during engineering design activity, including:
o types of customer (internal, external)

e product and service requirements (performance specifications, compliance to
operating standards, manufacturing quantities, reliability/product support,
product life cycle, usability, anthropometrics)

e product design specification/criteria (cost, quantity, maintenance, finish,
materials, weight, aesthetics, product life cycle, sustainability, carbon footprint,
reliability, safety, testing, ergonomics, usability, competition, market,
manufacturing facility, manufacturing constraints, manufacturing processes)

e commercial protection (patents, registration, copyright, trademarks).

AS Regulatory constraints and opportunities

Regulatory factors that place limitations and opportunities on the design of engineering
products, including:

o legislation, standards, codes of practice, national and international certification
requirements

e environmental constraints (sustainability, carbon footprint, product life cycle)
e health and safety, security (product and process).

A6 Market analysis

Engineering goals in terms of marketing when designing an engineering product,
including:

e unique selling point (USP)

e benefits and improved features of the design

e obsolescence.

A7 Performance analysis

Engineering goals in terms of performance when designing an engineering product,
including:

e product form

e product functionality

o technical considerations

e choice of materials and components

e environmental sustainability (impact, carbon footprint)

e interactions with other areas/components

o likelihood of failure or wear.

A8 Manufacturing analysis

Engineering goals in terms of manufacturing when designing an engineering product,
including:

e processes for manufacturing/assembly

e manufacturing requirements

e quality indicators

e environmental sustainability (impact, carbon footprint)

o design for manufacture.
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A9 Statistical methods
Statistical techniques as applied to engineering problems/design activity, including:
o statistical measurement (discrete/continuous, mean, median, mode, variance)

o data handling and graphical representation (bar chart, pie chart, frequency
table, histogram, cumulative frequency diagram or graph).

Learning aim B: Use an iterative process to develop ideas and a modified
product design

B1 Design proposals

Initial and developed propositions to improve an engineering product, including:

o technical design criteria

o idea generation (context, creativity, range)

 initial design ideas (fitness for purpose, refinements, recognition of constraints)

o developed design idea (aesthetics, ergonomics, sizes, mechanical and electronic
principles, material requirements, manufacturing processes, assembly
arrangements, cost estimations, factor of safety, safety, selection procedures
for bought out components)

e use of information sources.

B2 Communicating designs

Communication of an initial and a developed proposition to improve an engineering
product, including:

o freehand sketching and diagrams (2D and 3D, illustrations, technical)

e graphical techniques (charts, keys, shading, symbols, conventions)

e written skills (annotation, technical language, interpreting results)

o documentation (detail and assembly orthographic projections, specifications,
parts list, materials list, production plan, circuit/block diagrams, flow chart,
design log).

B3 Iterative development process

Using an iterative process to improve an engineering product, including:

o refining a task or process (analysing, adapting, enhancing)

e cyclic process (logical non-linear approach, focus on product design
specification/criteria).

B4 Material properties

Properties, modes of failure, protection and lubrication of engineering materials and

components that impact on their selection when designing an engineering product,

including:

e mechanical properties

e physical properties

e thermal properties

e electrical and magnetic properties

e behaviour of advanced materials (bio materials, smart alloys,
nanoengineered materials)

e modes of failure
o surface treatments and coating
e lubrication (purposes, regimes).
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B5 Mechanical power transmission

Characteristics of an engineering system that makes use of forces and movement that
impacts on mechanical power transmission component selection when designing an
engineering product, including:

e linkages (types, mechanical advantage, examples from nature)

e mechanical motion (linear, rotary, reciprocating, oscillating)

e power sources (mechanical, electrical, energy from nature)

e control of power transmission (sensors, actuators, servomotors).

B6 Manufacturing processes

Characteristics and effects of manufacturing processes that impact on the selection of

engineering materials and components when designing an engineering product,

including:

e processes for metals (additive, moulding, machining, forming, casting, powder
metallurgy, joining, assembly)

e processes for polymers (additive, casting, moulding, extrusion, thermoforming)

e processes for ceramics (additive, casting, forming)

e processes for composites (layup, moulding, automated tow placement)

o effects of processing (recrystallisation, grain structure, alloying elements,
material combinations, process parameters)

e scales of manufacture (one-off, small batch, large batch, mass, continuous).

Learning aim C: Generate technical justifications and validations for the
design solution
C1 Technical justifications and validating designs

Rationalise choices made when generating a developed proposition to improve an
engineering product, including:

o objective referencing against product design specification/criteria
e oObjective referencing against weighted matrix
e indirect benefits and opportunities

e balancing improved features and opportunities with constraints and limitations
(aspects that cannot be redesigned, cost-benefit analysis, environmental
benefits, health and safety risks, product life cycle considerations)

e design for manufacturing
o further opportunities/modifications (technology-led adaptations).
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N U S [

requirements

Learning aim A: Explore design triggers, challenges,
constraints, opportunities and operational

A.P1 Interpret the numerical
data from the client
brief into a set of
partially valid findings.

A.P2 Interpret the client brief
into some appropriate
requirements and
opportunities or
constraints.

A.P3 Interpret the brief into
some appropriate
health and safety
factors and
sustainability
considerations.

A.M1 Interpret the
numerical data from
the client brief into a
set of mainly valid
and accurate findings.

A.M2 Interpret the client
brief into a mostly
cohesive set of
appropriate product
requirements,
opportunities,
constraints, health
and safety factors and
sustainability
considerations.

A.D1 Interpret the
client brief into a
comprehensive and
mostly justifiable set of
requirements,
opportunities,
constraints, health and
safety factors and
sustainability
considerations that
should provide for
enhanced product
performance.
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Learning aim B: Use an iterative process to develop
ideas and a modified product design
B.P4 Produce a range of B.M3 Produce a range of
design ideas, with some mostly feasible design
differences in form, ideas, with some
that addresses some differences in form B.D2 Produce arange
aspects of the client and approach, that of mostly clear, feasible
brief. addresses most and fit-for-purpose
B.P5 Communicate the aspects of the client design ideas, with
design ideas using brief. differences in form and
simplistic sketches and | B.M4 Communicate the approach, that
annotation with limited design ideas using comprehensively
reference to existing easy to understand addresses the client
products. sketches and brief, showing suitable
B.P6 Produce a design annotation with some | reference to existing
solution that shows a reference to existing | products.
variation in form and products. B.D3 Produce a design
addresses some B.M5 Produce an improved | solution that is
aspects of the client design solution with a | optimised, with a
brief. clear variation in form | justified variation in
B.P7 Communicate the and approach thatis | form and approach,
design solution so that communicated soa | thatis communicated
a competent third party competent third party | concisely and with
could understand its could interpret how | clarity so that a
purpose. to manufacture it. competent third party
B.P8 Select, from a limited B.M6 Justify, from an could effectively
investigation of options, investigation of TIPSt e 13
suitable materials for options, the selection | Manufacture it.
the design solution that of materials and B.D4 Optimise the
meet some of the manufacturing selection of materials
requirements of the processes for the and manufacturing
client brief. design solution that | process for the design
B.P9 Select, from a limited meet most of the solution that meets the
investigation of options, requirements of the requirements of the
suitable manufacturing client brief. brief.
processes for the
design solution that
meet some of the
requirements of the
client brief.
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Learning aim C: Generate technical justifications and
validations for the design solution

C.P11

C.P10 Provide a partial

rationale for why the
design solution should
be more effective than
the original product.
Provide an appraisal
of the design solution
that considers some
features, limitations,
constraints and
further opportunities.

C.M7 Provide a clear

rationale for why the
design solution
should be more
effective than the
original product.

C.M8 Provide a clear

appraisal of the
design solution that
considers features,
limitations,
constraints and

further opportunities.

C.D5 Provide a justified
rationale for why the
design solution is more
effective than the
original product,
through a balanced
appraisal of features,
limitations, constraints
and further
opportunities.
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Essential information for assignments

This unit is assessed using a Pearson Set Assignment Brief. A set assignment must be
used to assess learners.

Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to engineering design information from the
internet and in the form of printed resources.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners must use their interpretation of the numerical data
to articulate how the results could be used when designing an enhanced product. The
interpretation of the client brief will cover the full range of issues and will be evaluative
and feed forward, leading to operational requirements that will facilitate the generation
of a range of design ideas that are different in both form and approach, and a clear
enhancement on the original product.

For Merit standard, learners must carry out some accurate calculations based on the
numerical data in the client brief and state some sensible conclusions. The interpretation
of the client brief will cover most of the issues and will be accurate, leading to
operational requirements that will facilitate the generation of a range of design ideas
that are an improvement on the original product.

For Pass standard, learners must carry out some calculations based on the numerical
data in the client brief and state some subsequent conclusions, which may not be
entirely valid or accurate. The interpretation of the client brief will cover a range of issues
but may include statements that directly use the wording in the brief, leading to
operational requirements that are limited in scope and/or non-contextual, and will
facilitate the generation of design ideas that may be similar to the original product
and/or each other.

Learning aim B

For Distinction standard, the design ideas will be different in both form and approach
as they will include a range of adaptations that are major improvements when compared
to the original product and the client brief, and they will appropriately utilise suitable
features of existing products. The design ideas will be communicated using sketches and
annotations that are clear and detailed. Learners will fully justify their choice of the most
appropriate design idea and then develop it into a safe and optimised design solution,
using a comprehensive range of relevant formal documentation (including technical
drawings) to communicate it effectively. The design solution will also include clear and
concise annotation which would allow a competent third party to effectively interpret
how to manufacture it, and the use of technical terminology will be accurate and
extensive throughout. The annotation will include accurate reasons for the choice of
materials and manufacturing processes selected for the design solution and will show
that the learner discounted several other options because those chosen were the most
suitable given the context.
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For Merit standard, the design ideas will be different in both form and approach, and
will include some adaptations that are clear improvements when compared to the
original product and the client brief, and they will utilise some features from existing
products. The design ideas will be communicated using sketches and annotations that
are straightforward to understand. Learners will explain their choice of design idea,
which will be the most appropriate, and then develop it into an improved design solution
that is safe, using a suitable range of formal documentation (including drawings) to
communicate it. The design solution will also include sufficient annotation to allow a
competent third party to interpret how to manufacture it, by making some assumptions,
and the use of technical terminology will be accurate. The annotation will include
sensible and justifiable reasons for the choice of materials and manufacturing processes
selected for the design solution, with some reference to others that were not chosen
and why.

For Pass standard, the design ideas will show some differences in form and will include
adaptations that are minor improvements when compared to the original product and
the client brief. They will reference the features of existing products, but this may be
implicit. The design ideas will be communicated using simplistic sketches and
annotations but they will be understandable. Learners will state their choice of design
idea, which may not be the most appropriate, and then develop it into a practical and
safe design solution, using some formal documentation (including sketches) to
communicate it. The design solution will also include annotation that would allow a
competent third party to understand it, and the use of technical terminology will be
limited but mainly accurate. The annotation will include some sensible reasons for the
choice of materials and manufacturing processes stated for the solution but those
chosen may be generic and may not be specific to the context.

Learning aim C

For Distinction standard, learners will generate an objective rationale that justifies why
the design solution is more effective than the original product by directly referencing the
full range of operational requirements (from Activity 1) and the client brief. The appraisal
will be both evaluative and contextual, and will cover, in an explicit and consistent
fashion, the full range of summary judgements and validations.

For Merit standard, learners will generate a rationale that gives clear and accurate
reasons why the design solution is more effective than the original product by
referencing most aspects of the client brief and the operational requirements (from
Activity 1), but the statements generated may not always be objective. The appraisal will
be accurate and contextual, and will cover the full range of summary judgements and
validations, but it may be inconsistent in places.

For Pass standard, learners will generate a rationale that gives some reasons why the
design solution is more effective than the original product by referencing some aspects
of the client brief and/or the operational requirements (from Activity 1), but the
statements generated may not be entirely valid or accurate. The appraisal will provide
some clear summary judgements and validations, but it may focus more on the
perceived successes, and less on the possible ongoing issues and/or future
opportunities related to the design solution.
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Assessment controls

Time: this assignment has a recommended time period. This is for advice only and can
be adjusted depending on the needs of learners.

Supervision: you should be confident of the authenticity of learner's work. This may
mean that learners be supervised.

Resources: all learners should have access to the same types of resources to complete
the assignment.

Research: learners should be given the opportunity to carry out research outside of the
learning context if required for the assignment.

Links to other units

This mandatory unit links to most other units in the suite of qualifications, including:
e Unit 1: Mechanical Principles

e Unit 2: Delivery of Engineering Processes Safely as a Team

e Unit 4: Applied Commercial and Quality Principles in Engineering
e Unit 5: A Specialist Engineering Project

e Unit 6: Microcontroller Systems

e Unit 7: Calculus to Solve Engineering Problems

e Unit 32: Computer System Principles and Practice

e Unit 39: Modern Manufacturing Systems

e Unit 48: Aircraft Flight Principles and Practice

e Unit 57: Electrical and Electronic Principles.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Learners will be able to conduct thorough investigations and examination of
given themes and topics.

e Learners will use formal written documentation to present research findings
from intensive investigations of given topics or themes. They will be able to
organise and prioritise their study time when working towards an
externally-assessed examination.

e Learners will become familiar with, and develop their skills regarding, iterative
design.
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Unit 4: Applied Commercial and Quality
Principles in Engineering

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners explore commercial engineering, for example key business activities,
cost control, quality systems and value management, which is used by engineering
organisations to create value.

Unit introduction

Engineering organisations use a wide range of systems and methods to ensure that they
are competitive. For example, organisations can develop a competitive advantage by
increasing the quality of their products, innovating with new product designs or reducing
the cost of their operations. Well-known brands that have successfully produced a
competitive advantage in this way include Dyson, Rolls-Royce and Skoda.

In this unit, you will explore how key business activities and trade considerations
influence engineering organisations and are used to create a competitive advantage.
You will understand why organisations need to control costs and how they make
decisions, applying an activity-based costing methodology. You will also understand
what is meant by quality and why it means different things to different people; you will
investigate quality systems, including quality assurance and control. Finally, you will
explore value management as a process to create value in an organisation.

The quality systems and value management principles and processes provide a
foundation for business process improvement techniques, such as Lean and Six Sigma,
which many engineering organisations follow to ensure continuous improvement. It has
not been possible to include these methodologies as part of this unit; however, should
you encounter them in the workplace then this unit provides a basis for understanding
and applying them.

As an engineer, it is important that you understand some of the commercial and
competitive considerations that ensure that engineering organisations thrive. You will
need to apply these principles to technical engineering projects to ensure that they add
value to the organisation and are profitable. This unit will help to prepare you for an
engineering traineeship, higher education and technician-level engineering roles.

Pearson BTEC International Level 3 Qualifications in Engineering - 103
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 4: APPLIED COMMERCIAL AND QUALITY PRINCIPLES IN ENGINEERING

Learning aims

In this unit you will:

A Examine business functions and trade considerations that help engineering
organisations thrive

B Explore activity-based costing as a method to control costs and to determine if an
engineering product or service is profitable

C Explore how engineering organisations use quality systems and value management to
create value.
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Summary of unit

Learning aim

A Examine business
functions and trade
considerations that
help engineering
organisations thrive

UNIT 4: APPLIED COMMERCIAL AND QUALITY PRINCIPLES IN ENGINEERING

Key content areas

A1 Business functions and
key activities

A2 Trade considerations

A3 Competitive advantage

Assessment approach

A written report that
evaluates how key
business activities and
trade considerations
influence a local
engineering organisation
and can create competitive
advantage.

B Explore activity-based
costing as a method to
control costs and to
determine if an
engineering product or
service is profitable

B1 Reasons for cost
control and types of
costs

B2 Activity-based costing
method

Aresearch and problem-
solving project to explore
the costs associated with
engineering activities and
the completion of an
activity-based cost model
for a product or service.

C Explore how
engineering
organisations use
quality systems and
value management
to create value

C1 Quality systems

C2 The principles and
processes of value
management

A research activity to
explore quality systems
and value management
processes. In addition,
an applied value analysis
exercise to determine if
further value can be
created from an
engineering product

or service.
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Content

Learning aim A: Examine business functions and trade considerations that
help engineering organisations thrive
A1 Business functions and key activities

Functions within an engineering organisation, including human resources (HR), finance,
sales, marketing, operations, research and development, and purchasing.

Key activities of business functions, to include:

o manufacturing of products and delivering services, e.g. forming, fabrication,
removal of material, addition of material, assembly processes, quality control

e supply chain management, e.g. outsourcing decisions, supplier appraisal

e marketing and sales, e.g. brand awareness, market research, sales,
customer feedback

e customer relations, e.g. meeting expectations, being proactive

e resource management, e.g. sources of funding, resource allocation,
stock control

o staff recruitment, e.g. internal and external recruitment,
apprenticeships/traineeships

» staff management, e.g. appraisals, support and training
(continuing professional development)

e financial, e.g. financial statements (profit and loss, break-even).

A2 Trade considerations

Tendering and contracting, or other relevant international equivalents, including:
o terms, both expressed and implied, e.g. breach of contract, force majeure

e warranties and conditions, e.g. indemnities, guarantees, insurance

e consequences of non-performance, e.g. rejection of goods/services,
financial penalty clauses

o documentation, e.g. drawings, estimates, quotations, specifications.
Definition and purpose of intellectual property rights, including patents,
registered designs and trademarks.

A3 Competitive advantage

Competitive advantage is the term used to describe what an organisation does that
allows it to outperform competitors. It can be created by all functions and/or any
combination of activity and trade consideration:

e by innovating

e using new technology

e protecting intellectual property
e managing costs.

106 Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 4: APPLIED COMMERCIAL AND QUALITY PRINCIPLES IN ENGINEERING

Learning aim B: Explore activity-based costing as a method to control costs
and to determine if an engineering product or service is profitable

B1 Reasons for cost control and types of costs

Reasons for cost control:

o identifying hidden costs and managing all costs

o informed decision making, e.g. investment, withdrawal, make or buy

o improving competitiveness.

Types of costs, including:

direct costs, e.g. raw materials, work in progress (WIP), direct labour costs
indirect costs, e.g. energy, insurance, wages, consumables

variable costs, e.g. raw materials, consumables

semi-variable costs, e.g. overtime costs, commission, maintenance

fixed costs, e.g. overheads, rent, machinery costs, depreciation, insurance

general/administration costs, e.g. human resources (HR), finance and
information technology.

©O O O 0O 0o

B2 Activity-based costing method
Stages of implementing activity-based costing:

identifying activities, including the processes and activities required to produce
an output

assigning resource costs to activities, including direct costs, indirect costs and
general/administration costs

identifying outputs, including products, services or customers

assigning activity costs to outputs, including using activity drivers to assign costs
to outputs (cost objects)

activity cost pools, including material handling, set-up costs, and procurement
application of activity-based costing to determine profitability.

Learning aim C: Explore how engineering organisations use quality systems
and value management to create value

C1 Quality systems

Quality standards and accreditation include international quality standards that
can be applied for voluntarily by engineering organisations, allowing them to
show that they have quality management systems in place. Quality standards
associated with engineering activities include:
o the International Organization for Standardization (ISO) 9000 series, a quality

assurance system for the manufacturing and service industries, including:

- 1SO 9000 - knowledge of the 20 requirements for a quality management system

- 1SO 9001 - a planning tool for quality, and to support continual improvement
o the ISO 14000 series, an environmental management system, including:

- 1SO 14001 - a method of reducing waste

- 1SO 14006 - to improve product quality in an environmentally positive way

- 1SO 14040 series - for life-cycle assessments.
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Quality assurance:

o definition - planned activities to ensure that the quality requirements of a
product or service are met

o quality assurance as a company-wide philosophy

o total quality management (TQM) - PDCA cycle (plan, do, check, act).

Purposes of implementing a quality system, including:

o benchmarking against other organisations

ensuring consistency of processes

ensuring conformity of the product or service to a standard

reducing unnecessary waste, e.g. inventory, over processing and
overproduction

improving the effectiveness of the engineering organisation
gaining a competitive advantage

achieving customer satisfaction

ensuring that a product or service is fit for purpose.

Quality control:

o definition - the testing and monitoring of activities that are used to check the
quality of a product or service outcome

o inspection, sampling and testing

o condition monitoring, e.g. vibration or thermal analysis

o planned maintenance

o applying a 'right first time' philosophy.

O O O

O O O O

C2 The principles and processes of value management

Principles of value management:

o definitions of cost, value, value added and non-value added activities

o concepts of function, process and product

o reasons for poor value, e.g. lack of innovation, poor communication.

Phases in the process of carrying out a value analysis exercise on a product

or service:

o information phase, e.g. identification of key issues, identification of added and
o non-value added processes, and cost overviews

o analysis phase, e.g. functional analysis, which existing processing methods are
used, identifying features or parts that are unnecessary

creative phase, e.g. generating alternatives for better value solutions,
problem-solving tools and methods, developing a least-cost solution
evaluation phase, e.g. assessing and prioritising ideas

development and reporting phase, e.g. refining ideas and developing
action plans.

©O O O O
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Assessment criteria
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organisations thrive

Learning aim A: Examine business functions and
trade considerations that help engineering

A.P1 Explain how key
business activities
influence an
engineering
organisation.

A.P2 Explain how trade
considerations
influence an
engineering
organisation.

A.M1 Analyse how key
business activities
and trade
considerations
influence an
engineering
organisation,
which can create
a competitive
advantage.

A.D1 Evaluate, using
language that is technically
correct, how key business
activities and trade
considerations combine to
influence an engineering
organisation,

which can create

a competitive advantage.

Learning aim B: Explore activity-based costing as a
method to control costs and to determine if an
engineering product or service is profitable

B.P3 Explain why an
engineering
organisation controls
costs.

B.P4 Produce an activity-
based cost model
for an engineering
product or service.

B.M2 Produce accurately
an activity-based
cost model for an
engineering product
or service, explaining
the reasons for cost
controls.

B.D2 Produce an accurate
and refined activity-based
costing model, for a
product or service to
determine the major cost
areas that could impact on
profitability, explaining the
reasons for cost controls.

Learning aim C: Explore how engineering
organisations use quality systems and value
management to create value

C.P5 Explain the purposes
of different quality
management systems
and value
management used
by engineering
organisations.

C.P6 Complete a value
analysis exercise on
a given engineering
process.

C.M3 Analyse the purpose
of different quality
management
systems and value
management used
by engineering
organisations.

C.M4 Complete accurately
a value analysis
exercise on a given
engineering process.

C.D3 Evaluate the
outcome of a value
management exercise for
a given engineering activity
and make
recommendations that
include the use of quality
systems

to implement efficiencies
in the engineering activity.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, A.D1)
Learning aim: B (B.P3, B.P4, B.M2, B.D2)
Learning aim: C (C.P5, C.P6, C.M3, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:
e case studies outlining the operations of engineering organisations
» financial statements for engineering activities

e products or services to analyse, including details of the processes used
to achieve

e the outcomes.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, learners will provide a balanced and thorough evaluation

of how key business activities and trading considerations combine to influence an
organisation. The evaluation will explore, for example, the joint decision of finance,
purchasing and operations functions within the organisation to outsource an activity or
service, the consideration of whether the organisation has the resources to undertake
the activity in-house, and, if suitable suppliers are available, whether they would be able
to meet the expectations of the organisation, and agree suitable trading terms. Learners
will evaluate whether the use of outsourcing would give the organisation a competitive
advantage, for example by lowering costs.

Overall, the evaluation will use correct technical terms, be easy to read and be logically
structured. It will be written in a way that is easy to understand for a third party who
may or may not be an engineer.

For Merit standard, learners will provide a thorough analysis of business activities and
trading considerations, using examples to demonstrate that a range of factors impact
on the organisation. For example, learners will explain how decisions regarding staff
recruitment made by the HR function will impact on financial cash flow. Also, learners
will explain the purpose of intellectual rights and how the protection of such rights can
be used by engineering organisations to develop a competitive advantage, for example
by protecting a brand name through the use of trademarks.

Overall, the analysis will be logically structured and use correct technical terms.

For Pass standard, learners will explain how key business activities influence an
engineering organisation. For example, learners will explain that the finance function
produces a range of financial statements, such as profit and loss reports, to determine
the financial viability of the organisation.

Learners will also explain how tendering, contracting and other trade-related
considerations influence a business organisation. For example, learners will identify and
explain the main terms used in contracts or the types of documents used for contracts
and tenders, and how these are used by the organisation. For intellectual rights, learners
will explain how each of the intellectual rights is used, and how this could benefit the
organisation.

Overall, the evidence will be logically structured, and make appropriate use of technical
terms. Some explanations may have minor technical inaccuracies, such as using the
term ‘warranties’ when ‘guarantees’ is more appropriate.
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Learning aim B

For Distinction standard, learners will provide an accurate activity-based cost model
for a given engineering product or service that is refined during the process, to include
all of the activities required to produce the final output. Learners will record all costs,
assigning them to the correct cost type, and use the model to identify any hidden costs,
for example maintenance of equipment or staff training.

Learners’ evidence will explain why costs are controlled and will evaluate how the cost
model can be used to improve the profitability of an engineering product or service.
The evidence will explain how costs are categorised, and give specific examples from
an engineering activity for each cost category. For example, raw materials can be
apportioned directly to an engineering activity; however, these costs are also variable
since they are dependent on the amount of product being manufactured.

The cost model will be used to identify cost areas that have the greatest impact on the
profitability of the product or service. For example, learners may identify that the biggest
cost area is energy consumption but that there is scope to reduce it.

Overall, the cost model will be clearly presented, thorough and accurate. There will be
no arithmetic and/or follow-through errors and all costs will be identified and assigned
appropriately. The evidence will contain the correct technical terms, be easy to read and
be logically structured.

For Merit standard, learners will produce an accurate activity-based cost model for

a given engineering product or service. The model will include all of the engineering
activities that contribute to the output and will assign the majority of these correctly to
appropriate cost types. Learners will explain the reasons for producing an activity-based
cost model, for example as part of an investment decision-making process to evaluate
how costs could be reduced.

Overall, the activity-based cost model and evidence will be clearly presented, and use
correct technical terminology throughout. The model may contain some minor
arithmetic and/or follow-through errors.

For Pass standard, learners will explain why it is important for an engineering
organisation to analyse and control costs. For example, learners will explain that cost
control information can be used for decision-making purposes, including make or buy
decisions for a new engineering-based product or service.

An activity-based cost model will be produced for a given product or service. The model
may contain some errors, such as assigning a couple of costs inappropriately and/or
omitting some activities that contribute to the output.

Overall, learners must be able to demonstrate the correct use of method when applying
activity-based costing and use the correct units. The cost model and evidence should be
logically structured, although basic in parts, and it may contain minor arithmetic and/or
follow-through errors.
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Learning aim C

For Distinction standard, learners will use evidence to evaluate the outcomes

of a value analysis exercise and consider the results alongside the use of quality
management systems. They will identify and explain, using evidence, how efficiencies
can be made for a given engineering product or service. Learners will evaluate how
quality management tools, such as the ISO 9000 and ISO 14000 groups of international
standards can improve a given engineering activity. For example, learners may include
how the problem will be defined and the data collected during the planning stage, how a
solution will be developed during the implementation stage, comparisons to the original
process will be considered during the checking stage, and recommendations should be
made in the acting stage. Learners will use the findings of this activity, in conjunction
with the outcomes of a value analysis activity, to evaluate methods of implementing
efficiencies for an engineering activity. They will identify where there is scope to improve
quality or where meeting aspects of the ISO 9000/14000 standards will bring an
improvement to the product or service.

Learners will complete a value analysis exercise for the same product or service and
present their results covering the appropriate phases of the process. An example
would be a simple engineered product where the cost of the product is the amount
paid to manufacture it, its value is how much it is worth, value added activities include
machining and processing, and non-value added activities such as transportation or
inspection and testing are also included. Learners will include a functional analysis of
the processes involved in producing the outcome, for example considering if different
materials which offer better value could be used, with the results being used to generate
alternatives which would offer better value solutions. They will use their analysis to
identify where waste, such as excessive manufacturing techniques, occurs during the
activity, and identify improvements that could be made to the process to improve
efficiency and develop a lower-cost alternative solution.

Finally, learners will evaluate their findings from the quality management activity and the
value analysis task to identify which areas can increase the profitability and efficiency of
the process being investigated. They will suggest methods to improve the activity, and
prioritise those aspects that will offer the greatest benefit to the organisation.

Overall, the evidence will be logically structured and clearly presented. The evaluation
will be written using accurate technical language.

For Merit standard, learners will analyse the quality management and value analysis
tools that an engineering organisation uses to improve efficiency and gain a competitive
advantage. For example, learners will analyse the potential benefits of implementing a
quality system for an activity and how this would relate to the quality assurance and
control checks that are already applied to the process. Learners will evaluate what may
be achieved by gaining ISO 9001 accreditation and continue to analyse the reasons why
value management methods, such as value analysis, are applied to the same
engineering activities.

Learners will complete an accurate value analysis exercise for a given engineered
product or service. The major value added and non-value added activities will be
identified, with cost assumptions for each being made. Learners will produce ideas to
improve the value of the processes, for example by suggesting the use of standardised
components or removing some non-value added features of the product or service.

Overall, the value analysis and associated report will be clearly presented and use
correct technical language throughout. The value analysis will be accurate, but may omit
some minor aspects of the engineering activity.
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For Pass standard, learners will explain how an engineering organisation can use
quality and value management systems to create a competitive advantage. For example,
learners will explain that quality assurance and quality control are used to improve

the outcomes of the product or service, and will give the organisation a competitive
advantage, as the product or service being provided will then have greater value.
Learners will make reference to relevant ISO standards, such as the ISO 9000 group,
which offer engineering organisations the potential to improve quality. Further, they will
explain that improving the efficiency of the activity will also improve the competitiveness
of the organisation by increasing the value of the outcome compared to the initial cost.

Learners will complete a value analysis exercise for a given engineered product or
service. Most of the key stages of the process will be identified, with costs associated to
each activity. There may be some errors, and some non-value added activities may be
missed, but overall the analysis will result in the identification of opportunities for a
better value solution.

Links to other units

This unit links to Unit 5: A Specialist Engineering Project.

Employer involvement

This unit would benefit from employer involvement in the form of:
e guest speakers

o technical workshops involving staff from local engineering organisations with
commercial and quality systems expertise

e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the

completion and assessment of this unit.

e Learners will be able to conduct thorough investigations and examinations of
given themes and topics.

e Learners will use formal written documentation to present research findings
from intensive investigations into given topics or themes.

o Learners will take part in structured costing tasks and briefs which will enable
them to investigate and analyse factors associated with engineering activities.
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Unit 5: A Specialist Engineering Project

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners apply project-management principles to undertake a 30-hour individual project
and will produce a product, system or process relevant to their specialist area of study.

Unit introduction

Project management, and understanding the project life cycle, is a fundamental part
of all engineering disciplines, from aerospace and computing - which may involve the
development of new products and services - to the manufacturing sector, which may
involve refurbishing or installing equipment. The output from a project is varied and
could be a product/service, system or process that is relevant to your specialist area
of study.

There are many approaches to project management, and in this unit you will understand
and apply one project-management approach over the life cycle of a project to solve an
engineering-based problem on a given theme or idea. This will involve you researching
an engineering-based problem and using your creative skills to generate a range of
solutions to the problem. You will produce a feasibility study to select the most
appropriate solution given the known constraints. Over the life cycle of the project you
will make use of project-management processes, such as monitoring progress and
managing risks, to design and develop a solution that is fit for audience and purpose.
You will demonstrate high-standard behaviours during the development of your solution
and will present your solution in a portfolio of evidence. In this unit, you will draw on
your learning from across your programme to complete assessment tasks.

The purpose of the specialist engineering project is for you to consolidate and build on
the knowledge and skills gained throughout your BTEC National programme of study.
The completion of this unit will help you to progress to employment as an engineering
technician, or to a traineeship/apprenticeship or higher education.

Learning aims

In this unit you will:

A Investigate an engineering project in a relevant specialist area

B Develop project-management processes and a design solution for the specialist
engineering project as undertaken in industry

C Undertake the solution for a specialist engineering project and present the solution as
undertaken in industry.
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Summary of unit

Learning aim

A Investigate an
engineering projectin a
relevant specialist area

Key content areas

A1 Project life cycle

A2 Project idea generation
and solution
development
Feasibility study of
solutions

A3

Assessment approach

Research evidence,
investigating an initial idea
and possible solutions,
scoping out alternative
technical solutions and
completing a feasibility
study report of the
possible solutions.

B Develop project-
management processes
and a design solution
for the specialist
engineering project as
undertaken in industry

B1 Planning and
monitoring project-
management

processes

Risk and issue project-
management
processes

B3 Technical specification
B4 Design information

B2

Evidence of applying
project-management
processes, such as
planning during the design
of a solution. Also, the
development of a technical
specification that may
include design
documentation, such as
orthographic projections
of the chosen solution.

C Undertake the solution
for a specialist
engineering project and
present the solution as
undertaken in industry

C1 Undertake and test the

solution to the problem

Demonstrate relevant
behaviours

Present a solution to
the problem

Cc2

c3

Evidence of applying
project-management
processes, such as project
monitoring, and applying
relevant behaviours during
the development and
testing of a solution.

A portfolio of evidence
generated while
completing the specialist
project, reviewing the
processes and reflecting
on own performance.
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Content

Learning aim A: Investigate an engineering project in a relevant
specialist area

A1 Project life cycle
An approach to a project life cycle is to split a project into the following four stages:

initiation, to include identifying a problem, research and clarification of a
problem, establishing key design features of possible solutions and constraints,
idea generation and a feasibility study

planning and design, to include resource and time planning for the chosen
solution and creating a design based on the customer's requirements

implementation, to include undertaking project processes to develop the
solution while controlling the project by monitoring it against the plans and
managing risks and issues

evaluation, to include reviewing the outcome of the project, e.g. whether the
customer requirements were met, whether the project was delivered on time
and to budget, and how the project was delivered to the given theme or
specification.

A2 Project idea generation and solution development

Identification of a suitable problem, perhaps based on a theme, and creation of
alternative solutions, including:

researching a given project theme or initial idea and identifying problems to be
solved using tools, e.g. the internet, journals, databases, libraries, publicly
available company information

creativity tools to solve problems, e.g. rewording problems, challenging
assumptions, thinking in reverse, mind mapping, drawing a diagram, group
discussion, brainstorming and Edward De Bono's Six Thinking Hats®

a specification that scopes out alternative technical solutions, using outline
information to define what possible, as yet undesigned, products, systems or
processes are intended to contain and do. The specification could include:
graphic solutions, e.g. sketches, diagrams, photographs and storyboards

an outline of the required processes, e.g. machine tools, systems, assemblies
a high-level flow chart

an outline of costings, e.g. spreadsheet, material cost, budgets

initial technical information, e.g. approximate mass, approximate volume

o suggested materials, outline performance parameters.

©O O O 0o ©

A3 Feasibility study of solutions
Criteria to determine the feasibility of different solutions to a problem, including

the potential
o size and complexity of the problem to be solved

o size of the benefit and performance improvement, e.g. how well a
solution solves a problem

o cost and time required to develop each solution, available time,
available budget

o expertise required to develop a solution
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risks in developing a solution, e.g. unknowns, unproven technology, equipment
time and cost

sustainability, e.g. environmental impact of mass production, waste material
choice of materials, recycling

legal constraints, e.g. the current data protection legislation, health and safety
at work legislation or other relevant international equivalents.

O O O O ©O

Selection of the proposed solution:
o objective testing
o design analysis, e.g. iterative steps, feasibility assessment.

Learning aim B: Develop project-management processes and a design
solution for the specialist engineering project as undertaken in industry

B1 Planning and monitoring project-management processes

Tools to plan and monitor a project:

resource plan, to include the internet, humans, peers, books and equipment
time plan, to include a Gantt chart and critical path analysis to set priorities for
different activities

project contingency, e.g. an amount of time or additional budget that is
included in the plan to manage unforeseen events

project constraints, including time, budget, scope, sustainability, ethics

and legality

scheduled and frequent monitoring and management of the project, including
o alogbook of problems and solutions, technical support, progress, discussions
o group activities and development iterations

o progress against the plan, project milestones, modifications

o teacher monitoring, peer reviews.

B2 Risk and issue project-management processes

The purpose of risk and issue management:

o avoiding 'crisis management'

o improving the probability of success and increasing competitive advantage.
Arisk is an event that adversely impacts on the project processes or outcome,
and an issue is a future event which could adversely or positively impact project
processes or outcome.

Risk and issue measures, including:

o risk and issue severity = low, medium, high and extreme

o probability of occurrence = unlikely, likely and very likely

o expected project impact = minor, moderate and major.

The risk or issue severity = probability of the occurrence x expected impact

on the project, e.g. on the customer's requirements, delivery to time and
to budget.

The resultant risk and issue severity is illustrated in the following matrix:

Very likely Medium High ;
Probability of Likely Low Medium High
threat occurring | ypikely Low Low Medium
Minor Moderate Major
Expected impact on the project
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e Risks and issues should be assessed throughout the delivery of the project and
medium, high and extreme severity risks and issues should be managed.
e Management of risks and issues (mitigation), including:

o prevention (to eliminate the threat of a risk occurring)
o reduction (to reduce the likelihood of a risk occurring or to reduce the impact of
a risk or issue)
o acceptance (to do nothing about a risk or issue) or transference (to transfer the
risk to a third party).
e Allowing contingency in the plans provides some flexibility in the event that
risks and issues occur.

B3 Technical specification

Technical specification for the chosen product, system or process being developed,

e.g. function and features, interfaces (physical, software, human and

electrical/electronic), materials, tolerances, standards, security, environmental

considerations and sustainability, operational conditions, process capability, reliability,

capacity (current and future), maintenance and performance.

B4 Design information

Tools to design a solution to the problem:

e engineering drawings, computer-aided design (CAD), e.g. 3D, 2D and diagrams

e simulations, e.g. pneumatic circuits, hydraulic circuits, electrical/electronic
circuits and software models

e physical modelling, e.g. 3D rapid prototyping (also known as 3D printing or
additive manufacturing), mock-ups in wood, cardboard and modelling material

e processes or computer program, e.g. detailed flow chart(s), planning,
operation sheets

o documents, e.g. tables, formulas, pseudocode, outline of key algorithms,
description and record of ergonomic analysis

o safety and sustainability considerations, including

o regulations, e.g. health and safety legislation relevant to the specialist
engineering sector and country

o demand and costs, e.g. possible demand, material costs, manufacturing costs
o culture, e.g. beliefs, laws, customs.

Test plans to relevant British Standard (BS) or International Standard (IS) where
appropriate, e.g. destructive and non-destructive test inspection methods and data
(normal, extreme and erroneous).

Learning aim C: Undertake the solution for a specialist engineering project
and present the solution as undertaken in industry

C1 Undertake and test the solution to the problem

Undertake and test the final solution against the technical specification, including:

o the use of project-management processes during the development of a
solution, to include status reporting and management of risks and issues

o the safe use of resources, e.g. machines, workshops, tools and consumables

e troubleshooting methods to resolve problems, e.g. expected behaviour,
half-split, cause and effect, 5 Whys
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fitness for purpose, e.g. quality, usability, functionality, performance,
compliance to customer requirements (see technical specification)

testing methods, e.g. destructive, non-destructive, inspection, measurement
fitness for audience, e.g. end-user customer testing.

C2 Demonstrate relevant behaviours

Relevant behaviours include:

time planning and management to complete all the different activities within an
appropriate time frame and in an appropriate order

communication and literacy skills to follow and implement instructions
appropriately, interpret documentation and communicate effectively with
others in writing and verbally

commercial and customer awareness to ensure the product, process or system
is fit for purpose and meets the brief

observable emotions linked to successes and issues during the project
development, including personal successes and issues as well as attitudes
and behaviour

individual support required to complete the project, e.g. practical support,
academic support, external support.

C3 Present a solution to the problem
Collation of a project portfolio, including:

thematic title and/or initial idea

research and clarification of the problem

possible solutions and constraints

initial specification of alternative technical solutions

feasibility study

technical specification

project-management documents, including plans and a risk and issues log
logbook of events, e.g. diary, outline sketches, notes, records

design documents, e.g. sketches, engineering drawings, simulation and
flow charts

artefacts for a product, service or process, e.g. prototype product, computer
program, pneumatic or hydraulic circuit, electronic circuit, experiment process
demonstration

test documentation, e.g. results, video, customer feedback and photographs
peer reviews and tutor monitoring

conclusions on the success of the solution against the project theme and
initial idea.
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a relevant specialist area

Learning aim A: Investigate an engineering project in

A.P1 Research an
engineering problem
based on a given
theme and scope
out at least three
alternative solutions.

A.P2 Outline at least three
alternative solutions
to an engineering
problem and select a
preferred solution.

A.M1 Assess consistently
at least three
solutions to an
engineering problem
on a given theme
and recommend a
preferred solution.

A.D1 Evaluate, using
language that is technically
correct, at least three
realistic solutions

to an engineering problem
on a given theme and
justify a preferred
solution.

Learning aim B: Develop project-management
processes and a design solution for the specialist
engineering project as undertaken in industry

B.P3 Implement project-
management
processes, including
planning, monitoring
and risk and issue
management.
Produce the technical
specification for a
solution to an
engineering problem
Produce design
documentation to
detail the solution,
including a test plan
and taking account of
sustainability

B.P4

B.P5

B.M2 Implement project-
management
processes, including
detailed planning
and monitoring and
proactive risk and
issue management.

B.M3 Design a coherent
solution, considering
alternative
approaches.

B.D2 Optimise the
project-management
processes and design
solution while allowing
for reasonable
contingency and
considering constraints

Learning aim C: Undertake the solution for a
specialist engineering project and present the
solution as undertaken in industry

C.D3 Optimise the

C.P6 Produce a solution
safely using project-
management
processes while
recording progress.

C.P7 Perform relevant
behaviours effectively
while developing a
solution safely.

C.M4 Perform effective
project-management
processes while
justifying
refinements and
demonstrating
effective behaviours
consistently, to
develop a solution
that is fit for
audience and
purpose.

project-management
processes to develop a
solution that is fit for
audience and purpose
while anticipating and
resolving risks

and issues, demonstrating
behaviours to a
professional standard.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, A.D1)
Learning aim: B (B.P3, B.P4, B.P5, B.M2, B.M3, B.D2)
Learning aim: C (C.P6, C.P7, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

Learners will need access to a wide variety of physical resources, dependent on the type
of project they pursue. Many of these resources are detailed in the other units in the
qualification. Learners may also require access to workshops, laboratories and specialist
software and databases.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, learners will produce research evidence containing a series of
at least three possible solutions to the given theme or initial idea. The research evidence
and alternative solutions to an engineering problem will be realistic, accurate and
concise. For example, a project to design and manufacture a scale model (1:43)

body shell of a Formula 1® racing car will involve researching computer-aided design
(CAD)/computer-aided manufacturing (CAM) processes, as well as manufacturing

the model using a vacuum-forming process. Also, the CAD/CAM processes will be
appropriate to the task, and problems relating to its integration with the moulding
processes will be considered and resolved. Learners will provide an outline specification
of the solution to include sketches, required processes, outline costs and technical
information.

The feasibility study will be fully supported by research applied consistently across each
solution. A range of criteria will allow good justification for the preferred solution to be
presented. For example, the outline sketches and specification of the model body shell
will be assessed against the availability and suitability, in terms of size and capability,

of the computer numerical control (CNC) machines and vacuum-forming machine at the
centre. Also, costs will be calculated and compared to the budget allocated by the centre.

Overall, the evidence, including the research and feasibility study, will be easy to read
and understand by a third party who may or may not be an engineer. It will be logically
structured and use correct technical engineering terms. Consideration will also be given
to the number of possible design iterations required while developing the solution.

For Merit standard, learners will produce research evidence covering at least three
possible solutions to an engineering problem. All solutions will be investigated
consistently (to a similar breadth and depth) but one solution may not be realistic.
A high-level specification scoping out alternative technical solutions to the problem
will also be given.

The feasibility study will assess each of the alternative solutions in turn. The study will
be supported by research evidence of consistent breadth and depth across the three
solutions. Sufficient criteria will be used in the assessment to make an informed
rationale for the preferred solution. For example, for the manufacturing cost (including
materials and tooling) the model body shell will be estimated and compared against
the budget. Also, the appropriateness of the centre’s resources, including CAD systems,
CNC machines and a vacuum-forming machine, will be assessed against their suitability
to manufacture the model body shell, for example in terms of size.

Overall, the evidence will be logically structured, technically accurate and easy to
understand. However, learners may not appreciate the number of design iterations
required to scope out three different solutions.
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For Pass standard, learners will produce research evidence covering at least three
possible solutions to an engineering problem. The research will be patchy in some areas
and it may not support all the solutions given. At least one solution may not be realistic.
For example, the CAD and CAM process may not be totally appropriate for the model
body shell of a Formula 1 racing car as it does not consider the working envelope of the
CNC machine. A high-level specification scoping out alternative technical solutions to the
problem will be produced.

The feasibility study will assess each of the alternative solutions in turn. The study will be
supported by the research although the depth of evidence will be inconsistent across
the three solutions and the study will not cover enough criteria to make an informed
decision on which solution to develop. A preferred solution will be selected. For example,
for the model body shell learners will have taken into consideration the suitability of the
human resources and materials and the capability of some machines but will not have
estimated the costs.

Overall, the evidence will be logically structured, although basic in parts, and may
contain minor technical inaccuracies relating to engineering terminology such as stating
‘lines of code within the CNC program’ instead of ‘blocks within the CNC program'.

Learning aim B

For Distinction standard, learners will produce an optimised project time and resource
plan, outlining the critical path and suitable milestones and breaking down the activities
in an appropriate way given the constraints, allowing a reasonable contingency. Most
time and resource estimates will be reasonable and consideration will be given to
optimising the plan so that it can be implemented in an efficient and effective way.

Throughout the project, progress will be monitored and risks and issues managed by
anticipating some problems before they become issues and categorising risks and issues
appropriately.

The technical specification will detail the customer’s operational requirements that link
together to create a functioning and coherent solution given the known constraints.

For example, the model body shell of a Formula 1 racing car will be vacuum formed,

and details of appropriate mould materials, typically aluminium or wood, and working
tolerances, such as draft angles, will be provided to an international standard.

The design evidence, which may be included in the technical specification, will provide
details of the proposed solution and appropriate tools will be used given the nature of
the product, system or process. The design evidence will consider sustainability and
contain appropriate detail. The solution will be optimised by iteration, within given
constraints, by considering the merits of alternative approaches to achieving the chosen
solution. For example, the CNC program for manufacturing a mould for a model body
shell will be optimised by manual coding to improve the post-processed program which
may be inefficient, if for example it is too long as canned cycles were not used. An
outline test plan with parameters that demonstrate a fully functioning product, system
and process will be given.

Overall, the evidence will be logically structured, technically accurate and easy to
understand by a third party who may or may not be an engineer.
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For Merit standard, learners will produce a detailed project time and resource plan,
outlining the critical path and suitable milestones and breaking down the activities in

an appropriate way. Most time and resource estimates will be reasonable. For example,
the estimated start and finish times to produce CAD drawings and use CNC and vacuum-
forming machines to manufacture a model body shell will be realistic. Project-monitoring
documentation will also be prepared.

Risk and issue management processes will be set up and major risks and issues will be
recorded and proactively managed with effective mitigation to prevent some major risks
becoming issues.

The technical specification will detail the customer’s operational requirements that link
together to create a functioning and coherent solution. For example, to manufacture a
model body shell to a scale of 1:43 will be necessary to meet the customer’s
requirements.

The design evidence, which may be included in the technical specification, will provide
details of the proposed solution, and appropriate tools will be used given the nature of
the product, system or process. The design evidence will consider sustainability and
contain appropriate detail while considering the merits of alternative approaches to
achieving the chosen solution. For example, one alternative approach in a CNC program
used to manufacture a mould for a model body shell would be to use canned cycles.

An outline test plan with parameters that demonstrate a fully functioning product,
system and process will be given. For example, the inspection and proving methodology
for the CNC program used to manufacture a mould for a model body shell will be given,
including dry runs, simulations, mechanical inspection methods and documentation for
the mould and final product, complete with relevant tolerances.

Overall, the evidence will be logically structured, technically accurate and easy to
understand.

For Pass standard, learners will produce evidence containing a project time and
resource plan outlining the critical path. The plan will be sufficiently detailed to track the
project, although some tasks may be omitted and the time and resource estimates for
several tasks may be extreme, making them unrealistic. For example, the time estimated
to produce the CAD drawings for the model body shell of a Formula 1 racing car may be
specified as a couple of hours when a realistic estimate would be two days to complete
and edit the drawings. Project-monitoring documentation will also be prepared.

Risk and issue management processes will be set up and major risks and issues will be
recorded, although actions taken to prevent risks becoming issues are unlikely to be
implemented and/or the mitigating actions will not be successful.

The technical specification will outline operational customer requirements that may not
link together to create a functioning and coherent solution. For example, the
manufacture of a model body shell may include the tooling required for the CNC
machine but not other processes.

The design evidence, which may be included in the technical specification, will provide
details of the proposed solution and appropriate tools will be used given the nature of
the product, system or process. The design evidence may lack appropriate detail to
implement the solution and some consideration for sustainability will be made. For
example, the material used for proving the CNC program to manufacture a model body
shell may be wax as it can be recycled easily.
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An outline test plan with parameters that demonstrate a limited understanding of a
functioning product, system and process will be given. For example, no inspection
methodology will be specified for the CNC program used to manufacture a mould of the
model body shell, such as undertaking dry runs and simulations. However, consideration
of the final product with relevant tolerances will be given.

Overall, the design will be logically structured and will be generally fit for purpose given
the constraints. However, it may be basic in parts, it may contain minor inaccuracies
such as rounding errors or inconsistent units and some engineering terminology may
be inaccurate. For example,

learners may have used the term ‘absolute’ when ‘relative’ was intended within a

CNC program.

Learning aim C

For Distinction standard, learners will produce evidence showing how the project
solution was developed effectively and efficiently using project-management processes
to produce a product/ service, system or process. The implementation of tasks will be
structured and carried out in an appropriate order. There will also be evidence of
refinements being made to the solution during the process to optimise it. For example,
during the moulding process for a model body shell of a Formula 1 racing car, bubbles
may form within the skin of the polymer creating an undesirable finish. The solution to
the issue would be to dry the polymer thoroughly prior to moulding the body shell.

Appropriate tests will be completed on the product, system and process and against the
test plan. For example, final measurements will be taken on the model body shell. If
some of the measurements are marginally above learners’ permitted tolerance they may
decide that the product is fit for purpose and audience or they may rework the mould.

Relevant behaviours will be applied to a professional standard throughout the process.
For example, learners will anticipate risks before they arise, taking appropriate action to
resolve risks and issues in a structured way and acting appropriately at all times in the
workshop.

Overall, the final solution will be presented in a concise portfolio of evidence that is
logically structured, and conclusions will demonstrate that the solution is fit for audience
and purpose. Any minor inaccuracies, such as rounding errors or follow-through errors,
will occur infrequently if at all. Units and engineering terminology will be accurate and
used appropriately throughout. For example, all drawings for the model body shell will
be dimensioned in millimetres, with tight and reasonable tolerances. If errors are
identified then learners will identify the source of the error, for example a programming
mistake, and take corrective action.

For Merit standard, learners will produce evidence detailing the project-management
processes, including monitoring progress and risk and issue management that were
used effectively during the development of the product, process or system. The
implementation of tasks will be structured and carried out in an appropriate order.
Any changes made to the solution during the process will also be justified and risks and
issues managed. For example, if the final model body shell contained webs (unplanned
folds in the plastic) then learners will identify the issue of inappropriate moulding
temperatures or the mould being too tall in relation to the base and justify a solution
to the issue.
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Appropriate tests will be completed on the product, system and process and against the
test plan. These will demonstrate that the final solution is fit for audience (the end users)
and purpose (functionality and technical specification). For example, the output of a
scale-model body shell of a Formula 1 racing car will be dimensionally accurate as
demonstrated by the inspection evidence that may cover the final product and the
mould.

Relevant behaviours will be effectively applied throughout the process. For example,
learners will take the initiative to resolve issues as they occur, tracking the project and
undertaking the project in a structured way.

Overall, the final solution will be presented in a portfolio of evidence that is logically
structured, and conclusions will demonstrate that the solution is fit for audience

and purpose. It will include justification of any improvements to the processes and
behaviours that could be applied next time. However, the evidence may contain minor
inaccuracies, such as rounding errors or a limited number of follow-through errors.
Units and engineering terminology will be accurate and used appropriately.

For Pass standard, learners will produce evidence detailing the project-management
processes, including monitoring progress, and risk and issue management processes
used during the development of a product, process or system. For example, a product
could be to produce a model body shell of a Formula 1 racing car. However, the
implementation of tasks will be unstructured and may not be carried out in an
appropriate order. This will result in some inefficiency and there will be limited evidence
of refinements being made to the solution during the process. For example, if the design
of the model body shell did not take into account the size of the vacuum-forming
machine, the CNC-machined mould would not then fit within the working envelope

of the machine, resulting in some rework to the mould.

Using the test plan, appropriate tests will be completed on the product, system or
process. However, the final solution may not be fully fit for audience (the end users)
and purpose (functionality and technical specification). For example, the manufactured
model body shell may not conform to specification due to minor engineering drawing
errors that have been compounded by further minor tolerance errors while machining
the mould.

Relevant behaviours will be applied during the process. For example, learners will take
responsibility to undertake processes safely and to submit work on time.

Overall, the final solution will be presented in a portfolio of evidence that is logically
structured and the conclusion will demonstrate that the solution is generally fit for
purpose given the constraints. However, it may be basic in parts, it may contain minor
inaccuracies, such as rounding errors or inconsistent units, and the engineering
terminology will be limited and may be inaccurate. For example, learners may not be
able to differentiate between different milling cutters, referring to ‘end mills’ when they
should be ‘slot drills'.
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Links to other units

This mandatory unit can be linked to all other units in the qualification.

Employer involvement

This unit would benefit from employer involvement in the form of:

guest speakers

technical workshops involving staff from local engineering organisations with
expertise in a range of specialist areas

contribution of ideas to unit assignment, for individual learner projects and
project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

Learners will use formal written documentation to present research findings
from intensive investigations into given topics or themes.

Project management skills, knowledge and understanding when completing
and presenting solutions of specialist engineering projects.

Learners will take part in structured practical tasks and be able to complete a
range of prescribed activities with particular emphasis on the inspection and
repair of composite structures and components.

Independent tracking and monitoring of project work as it develops.

Personal organisation skills when compiling a range of documentation which
will support a project or assignment.

128 Pearson BTEC International Level 3 Qualifications in Engineering -

Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 6: MICROCONTROLLER SYSTEMS

Unit 6: Microcontroller Systems

Level: 3
Unit type: Internal set assignment
Guided learning hours: 120

Unit in brief

Learners will explore how programmable devices and electronic components are
developed systematically to form physical systems controlled by computer code.

Unit introduction

Programmable devices are already used in numerous systems and products, such as

car engine control, wearable and health technology products, environmental control and
process control systems. A microcontroller is a popular programmable device - it
contains all the internal components of a computer on a single chip and runs a stored
computer program to achieve the intended purpose. The advantages of microcontrollers
are that they are cheap, small, have low power consumption, are readily available and
can be programmed to control products and systems, making them economical for
developing products and systems. Microcontrollers and their programs form an
important part of the rapidly growing ‘Internet of Things' (IoT), a network of billions of
interconnected physical objects, which is bringing the next information revolution with it.

In this unit, you will investigate how microcontrollers are applied to solve engineering
problems and learn how to program or code them. You will explore the hardware used
to create a physical microcontroller system or product and consider the interfacing
between the microcontroller and the input/output devices. You will develop an
understanding of the constructs (instructions or commands) used to program a
microcontroller and how to represent both hardware and logical instructions in
diagrammatic format. You will design and develop a prototype microcontroller

system to solve a problem.

As technology trends evolve, there is an increasing demand for more complex,
connected systems that interact seamlessly, providing enhanced features and benefits
for customers. It is important for all types of engineer to understand how physical
systems are developed. This will involve gaining knowledge, understanding and practical
skills that are transferable to many other programmable devices, such as programmable
logic controllers (PLCs) and/or computers, such as the Raspberry Pi™, as well as
developing computer programs and apps. This unit will help prepare you for an
engineering apprenticeship, engineering courses in higher education and for
technician-level roles in a variety of engineering sectors.

Assessment

This unit has a set assignment. Learners must complete a Pearson Set Assignment Brief.
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Learning aims

In this unit you will:

A Produce a technical specification and a design for a microcontroller system to solve
a problem

B Develop and test a software and hardware solution for a microcontroller system to
solve a problem

C Project manage the development lifecycle and present the operation of a
microcontroller system to solve a problem.
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Summary of unit

Learning aim

A Produce a technical
specification and a
design for a
microcontroller system
to solve a problem

Key content areas

A1 Control hardware
A2 Input devices
A3 Output devices

A4 Selecting hardware
devices and system
design

B Develop and test a
software and hardware
solution for a
microcontroller system
to solve a problem

B1 Assembling and
operating a
microcontroller system

B2 Programming
techniques

B3 Coding constructs

B4 Structured
program design

B5 Number systems

C Project manage the
development lifecycle
and present the
operation of a
microcontroller system
to solve a problem

C1 Development
processes

C2 Documentation
C3 Project log

UNIT 6: MICROCONTROLLER SYSTEMS

Assessment approach

This unit is assessed
through a Pearson Set
Assignment.
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Content

Learning aim A: Produce a technical specification and a design for a
microcontroller system to solve a problem

A1 Control hardware

o Control hardware specifications and requirements for a selected
microcontroller development system:

input and output capabilities - number, type (analogue/digital), ports

hardware specification - bus width, processor speed

memory - random-access memory (RAM), read-only memory (ROM)

hardware features - interrupts, stack, pulse-width modulation (PWM)

required peripherals

cost and accessibility

ease of use

software and programming language

operating voltages and power requirements.

e Appropriate microcontroller hardware and programming languages include, but
are not limited to, the following.

O O O 0O 0O o O o0 ©

Hardware device family | Software Integrated Programming language
Development
Environment (IDE)
Arduino™/Genuino™ Arduino IDE or Flowcode | Arduino C or Flowchart
PIC® MPLAB® IDE (MPLAB C) C or Flowchart
or Flowcode
PICAXE® PICAXE Editor Basic or Flowchart
GENIE® GENIE Studio or Circuit Basic or Flowchart
Wizard
ARM® Cortex, STM32TM ARM® MbedTM Cor C++

The microcontroller hardware must be capable, for example it must have sufficient
input/output ports, of being used to solve a range of problems; 'visual block and text'
programming languages, such as Scratch and Picaxe Blockly, are not acceptable for
this unit. The program language selected must support the range of constructs
outlined in this unit.

A2 Input devices

Characteristics, operation and application considerations of a range of common
input devices.
e Userinput:
o digital - switches and buttons
o analogue - control potentiometer.
e Temperature:
o thermistor
o temperature sensors
o environmental sensor - temperature and humidity.
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e Light:
o light-dependent resistor (LDR)
o infrared - phototransistor, photodiode or infrared receiver.
e Movement/orientation: tilt switch.
e Presence: reed switch, inductive and capacitive proximity sensors,
passive infrared (PIR), micro-switch and ultrasonic.
e Inputinterfacing requirements:
o signal conditioning
analogue-to-digital (ADC) conversion
modular sensor boards
pulse-width modulation (PWM)
serial communications
o input interfacing requirements - Inter-Integrated Circuit (1°C).

O O O O

A3 Output devices

Characteristics, operation and application considerations of a range of common
output devices.
e Optoelectronic:

o light-emitting diode (LED) - indicator and infrared

o 7-segment display

o liquid crystal display (LCD) or organic LED display.
e Electromechanical:

o relay

o direct current motor

0 servo.
e Audio:

o buzzer or siren

o speaker or piezo transducer.
e Output interfacing requirements:

o power requirements and drivers

- transistor output stage
- relay

o PWM

o serial communications

o 1°C device interfacing.

A4 Selecting hardware devices and system design

Select and justify the selection of appropriate input, output and control hardware
devices for microcontroller system. Selection criteria and justifications should cover:
e inputs
o parameter to be measured
required accuracy and range
usability of user controls - aesthetics, control and ergonomics
cost and availability
interfacing requirements

O O O O
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e output

required output/effect

electrical, mechanical and dimensional specification

usability of indication and display devices - aesthetics and visibility or audibility
cost and availability

o interfacing and power control requirements.

O O O O

Generation of a system design based on the input, output and control hardware shown
by schematic and/or connection diagrams to BS 8888 and BS 3939 or other relevant
international equivalent.

Learning aim B: Develop and test a software and hardware solution for a
microcontroller system to solve a problem

B1 Assembling and operating a microcontroller system
e Assemble and operate a microcontroller system. Assembly methods will vary
according to the equipment and development platform:
o making up input/outputs circuitry using a breadboard
o connecting input/output modules
o identifying appropriate devices on a pre-assembled prototyping board.
o Safe and appropriate use of typical electronic tools and test electronic
equipment:
o power supplies and power sources
o small hand tools - wire cutters, wire strippers, pillars, screwdrivers
o electrostatic discharge (ESD) precautions and component handling.

B2 Programming techniques
Programming techniques and constructs may vary depending on centre software choice
but should include the following (or applicable equivalent of).
e Use of a programming development environment:
software operation
connecting to microcontroller hardware
creating and managing program files
syntax/error checking
simulation (where applicable)
compiling, downloading and live testing
monitoring/debugging
safe use of computer and display screen equipment (DSE).
o Coding practices:
o device set-up and program initiation

- introductory comments

- chip set-up

- pin modes

- libraries

- declarations

o efficient/effective code authoring

- code syntax

- in-line commenting

- code organisation and structure.

O O O 0O 0 O o0 o
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B3 Coding constructs

Programming constructs may vary depending on centre software choice but should
include the following (or applicable equivalent of).

e Input/output:

O 0O O O O

digital - bit and port level read/write
analogue read/write, resolution, calibration
tone and sound generation

pulse and PWM

communication, including serial and 1°C.

e Program flow and control:

(0]
(6]
(0]

(0]
o

calling libraries
subroutines and functions - naming, declaring, call, return

control structure sequence selection iteration - if, else, switch, case, for, do,
while, until and end

delays and timing
interrupts.

e Logic and arithmetic:

(o}

variables - data types (Boolean, character, byte, integer, word, float, long,
double, string), declaration, conversion and manipulation.

arrays (1D)

comparative operators - equal, not equal, less than, more than, less than or
equal, more than or equal

Boolean operators - AND, OR, NOT

logic using input condition - digital and analogue

arithmetic operations - adding, subtracting, multiplication, division, increment,
decrement, random.

B4 Structured program design
e Represent a program using a recognised convention, including:

(6]
(0]
(6]

pseudo code
flow chart (to BS 4058 or other relevant international equivalent)
decision table.

B5 Number systems
e Bits, bytes.
e Parallel and serial.

e Binary to decimal conversion (and vice versa) up to 4 bits/a byte.
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Learning aim C: Project manage the development lifecycle and present the
operation of a microcontroller system to solve a problem

C1 Development processes
Stages of the development process.

Analysis of the brief:

o analysis of the customer requirements and any other information provided

o production of a technical specification

o creation of a test plan.

System design and program planning:

o selection and justification of input/output devices and control hardware

o design of input/output circuitry

o design of the program structure - flow chart (to BS 4058 or other relevant
international equivalent), truth tables, calculations, sketches, pseudo code.

System assembly and coding:

o assembly and connection of physical components

o program authoring

o developmental testing and refining.

System testing and operation:

o operation of the finished system

o carry out test plan and recording results

o description of the system operation linking system behaviour to hardware and
software function

o analysis of test data and evaluation of the completed system.

C2 Documentation
A portfolio of evidence produced throughout the development process.

Technical specification with operational requirements.

Test plan.

Details and justifications of input/output devices and hardware selected.
System connection diagrams/schematics.

Initial design of the program structure.

Annotated copies of all code.

Audio-visual recording of operation with commentary.

Test data and analysis.

Structured project log.

C3 Project log

A record showing management of the process and producing/presenting an
audio-visual recording.

Initial planning of the project.
Session records to include:

0 progression

o issues and solutions

o action points.
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Learning aim A: Produce a technical specification and
a design for a microcontroller system to solve

requirements that
partially meet
the brief.

Produce a test plan
that demonstrates
a limited
understanding

of the system.

A.P3 Select appropriate
input and output
devices for some of
the operational
requirements.

A.P4 Describe the
function of some
appropriate input
and output hardware
devices.

Produce an outline
design for the
program structure
considering some
key operational
requirements.

A.P2

A.P5

a problem

A.P1 Interpret the brief A.M1 Interpret the brief into
into a limited a set of operational
number of requirements that
operational meet some elements

of the brief.

A.M2 Produce a test plan
that demonstrates a
partial understanding
of the system under
normal conditions.

A.M3 Justify the selection of
appropriate input and
output devices for
most of the operational
requirements.

A.M4 Describe the function
of appropriate input
and hardware devices
for the system,
including the
microcontroller
connections.

A.M5 Produce a design for
the program structure
by breaking down the
key operational
requirements into
relevant constructs
that link together.

A.D1 Produce a detailed
technical specification
containing appropriate
operational requirements
and a test plan covering
normal conditions and
unexpected events.

A.D2 Produce a logical
and justified
microcontroller system
design

to meet the operational
requirements, including
the handling of
unexpected events.
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solve a problem

Learning aim B: Develop and test a software and
hardware solution for a microcontroller system to

B.P6 Assemble the input and
output devices to a
microcontroller.

B.P7 Create a program using
simple and mostly
appropriate constructs
and techniques.

B.P8 Test specific parts of
the microcontroller
system during the
development process
to determine if they
function as intended.

B.P9 Annotate the program
to demonstrate some
understanding of key
areas of the program.

B.M6 Produce a mainly
efficient program
comprising a range
of appropriate
constructs that have
been used correctly.

B.M7 Annotate the
program throughout
to demonstrate a
good understanding
of key areas of the
program and the
constructs used.

B.D3 Develop an
efficient and

user friendly
microcontroller system to
solve the problem, using
an appropriate range of
constructs, techniques
and annotation.

Learning aim C: Project manage the development
lifecycle and present the operation of a
microcontroller system to solve a problem

C.P10 Prepare a project
plan at the start of
the process that
covers the key
activities.

Describe the key
changes made to
the microcontroller
system during the
development
process.

Describe the test
results without
linking the test
outcome to the
requirements of
client brief.
Produce a recording
of a partially
functioning
microcontroller
system that meets
some of the
requirements of
the brief.

C.P11

C.P12

C.P13

C.M8 Prepare a detailed
project plan that
covers appropriate
activities and prepare
specific action points
for the next session.

C.M9 Justify why key
changes were made
to the microcontroller
system during the
development
process.

C.M10 Assess the test
results and link some
of the test outcomes
to the requirements
of client brief.

C.M11 Produce a recording
of a mostly
functioning
microcontroller
system that meets
most of the
requirements of the
brief, including
consideration of
usability.

C.D4 Produce a
thorough and justified
account of the
development process,
including a project plan
and log book with
solutions and prioritised
action points.

C.D5 Evaluate the test
results, including
unexpected events, and
link most of the test
outcomes to the
requirements of client
brief.

C.D6 Produce a
recording of a
functioning
microcontroller system
that meets the
requirements of the brief
and considers usability
and unexpected events.
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Essential information for assignments

This unit is assessed using a Pearson Set Assignment Brief. A set assignment must be
used to assess learners.

Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to microcontroller hardware and associated
software of the type listed in this the unit content. In addition, a range of input and
output devices are required, depending on the set task and the proposed learner
solution. Computer facilities will also be required to develop the program, with
appropriate connections to the microcontroller hardware. The audio-visual evidence will
require appropriate recording equipment, such as a video camera with microphone.

Essential information for assessment decisions

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is further information on our website.

Learning aim A

For Distinction standard, the learner’s technical specification will provide a detailed
and cohesive set of operational requirements that meet the brief and allow for
unexpected events, as well as including features that should improve usability.
Unexpected events are events that would not typically happen under normal operating
conditions or when the system is being used as designed, examples are power failure or
pressing a button repeatedly out of the intended sequence.

The test plan will be detailed and include a range of tests appropriate to the system.
This will include how the system will be tested for any unexpected events and what the
expected outcome would be.

Learners will produce a logical and justified design for a microcontroller system to solve
a problem. They will select and describe the hardware devices to be used and provide a
suitable justification for their selection against possible alternatives. The design will
relate to the brief and so should be in the context of the problem, for example why a
particular device is used in an area that will experience high or low temperatures.

Learners will produce a detailed design for the program structure by breaking down the
operational requirements into relevant constructs that link together. The program
design will be well organised, user friendly and the link with the operational
requirements and brief will be clear. Learners may support the program design with a
description of what is happening at each key stage and will consider unexpected events.
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For Merit standard, learners will provide a more detailed interpretation of the client
brief. This will reference elements given in the brief and they will propose at least one
enhanced system feature (above the minimal requirements set out in the brief) that
should improve the usability of the system.

The test plan will provide a range of appropriate tests that could be used to demonstrate
the system working under normal working conditions. It is unlikely that unexpected
events will be considered here but the test plan will provide sufficient detail to cover the
set of operational requirements and the tests will be mostly relevant and useful.

In selecting the hardware (input and output devices), learners will describe the function
of the input and output devices and justify why they are appropriate given the
operational requirements. This will also include device connection to the microcontroller,
which would include, for example, the ports that are being used.

Learners will develop a detailed design for the program structure by breaking down the
key operational requirements into relevant constructs that link together. The program
design will be well organised and links between the key operational requirements/brief
will be clear. Learners will indicate what inputs and outputs are being used, along with
the processing of these.

For Pass standard, learners will demonstrate that they can interpret a client brief by
listing a limited number of operational requirements for their system. This should be
more than a simple repetition of the client brief.

Learners will produce a basic test plan that demonstrates a limited understanding of the
system, for example by pressing a switch as an input to give an output of some type.
Often, the tests will not be directly related to the context provided in the brief but will
indicate what type of response is expected rather than providing a reflective account of
what has happened.

Learners will demonstrate knowledge of appropriate hardware requirements for their
system. They will select appropriate input and output devices for the system that cover
some of the operational requirements. They will also describe the function of these
devices. This might be generic in places and simply state what the devices do for
example without linking to the brief.

Learners will produce an outline of the program structure that considers a limited
number of key operational requirements. This may be in the form of a set of steps,

or a flow chart. A limited number of key operations should be considered that link to the
brief, or which are in context, to show what would happen at key decision-making points.
This outline will be used to develop the program for the system.
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Learning aim B

For Distinction standard, learners’ programs will use a range of appropriate constructs,
such as macros/subroutines and loops and techniques such as meaningful variable
names, to avoid repetitive code, which will make the program efficient. Learners will
produce a program that considers usability and unexpected events, and will solve the
problem as outlined in the client brief.

The program will be annotated throughout and demonstrate a good understanding of
the constructs and techniques used, and how they link to the set of operational
requirements and meet or exceed the brief. Annotation will also cover how unexpected
events are managed and elements that make the system user friendly.

For Merit standard, learners will develop a program using mainly appropriate
constructs and techniques.

They will make the program efficient in places by using subroutines and/or other
comparators correctly, and variable names will be meaningful.

Learners’ annotation will be more detailed and give useful descriptions of what is
happening throughout the program; for example they will provide explanation of key
decisions and the purpose of the code.

For Pass standard, the input and output devices should be assembled and connected to
an appropriate microcontroller. This may be in various forms, depending on the
hardware selected, for example learners can assemble input and output devices into a
bread board or use switches and light-emitting diodes (LEDs) already present in a
prototyping board.

Learners will create a program to solve the problem using mainly simple constructs and
the program may be repetitive in-places and not as efficient as it could be. There will also
be evidence of testing the program during the process to see if it works as intended.

Learners will annotate some key areas of the program. Annotation might be descriptive
in nature and provide a narrative of what should happen.

Learning aim C

For Distinction standard, learners will demonstrate a logical and iterative approach to
the development process. They will produce a project plan and entries will show that the
development activities have been carried out in an appropriate order, with supported
justification for any changes made to the design. There will also be well defined and
prioritised action points to show what they are planning to do in the next session.

Learners will complete their test plan to show that the system functions are intended
and that it considers unexpected events and usability. They will provide a short
evaluation of their test results for conformance against the client brief, to demonstrate
that it works as intended.

Learners will present a functioning microcontroller system that meets the majority of the
requirements from the client brief. The audio-visual recording will demonstrate that they
have a clear understanding of how the program relates to the hardware and how the
system operates to meet the operational requirements/client brief. Learners will explain
the features to enhance the user experience and describe how unexpected events are
managed.
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For Merit standard, learners will prepare a detailed project plan that covers
appropriate activities in an appropriate order. The plan must not be prepared
retrospectively. They will update the plan at the end of each session to show the
progress made and to identify any difficulties or problems experienced, and prepare
specific action points for the next session. Learners will justify why key changes were
made to the program and give some clear solutions that are relevant to the problem.

The test results will show what testing was completed and give the actual outcome. This
will be evaluated against the operational requirements/client brief to make a judgement
on whether the system works as intended.

The audio-visual recording will demonstrate a mostly functioning microcontroller system
that meets most of the operational requirements/client brief. Learners will be able to
demonstrate that the user experience has been considered. For example, a warning light
may come on that flashes after a period of time to make the user more aware, or an
additional counting feature is shown. As learners demonstrate how the system works,
they will use accurate and appropriate terminology. This will be used to support the
description of how the system works, which should be clear to see from the recording.

For Pass standard, learners will prepare an outline project plan at the start of the
process that identifies the stages they will go through to develop a prototype system.

During the rest of the project, they will record the progress made from the starting point
to its conclusion. This should be reflective and be updated regularly, ideally at the end of
each session. Records will show what was done during the current session and what, if
any, problems were encountered. When problems are encountered, learners will provide
limited evidence of a solution, which may be vague or a simple statement. Action points
for the next session should be identified, but they may be simple in form and just
indicate what activity will be carried out next.

Learners will provide evidence of testing the system in operation, and will use their test
plan but may not link the outcome of testing to the operational requirements/the client
brief. They will include the actual test outcomes, however it is more likely that the
outcome will confirm what learners initially expected or provide simple statements to
confirm that the system worked as expected.

Learners will produce an audio-visual recording of their system in operation that may
not be fully working and/or may meet only parts of the brief. The audio-visual recording
will contain some accurate terminology and learners should be able to describe how the
system operates to meet some of the requirements of the brief.

Assessment controls
Time: this assignment has a recommended time period. This is for advice only and can
be adjusted depending on the needs of learners.

Supervision: you should be confident of the authenticity of learner's work. This may
mean that learners be supervised.

Resources: all learners should have access to the same types of resources to complete
the assignment.

Research: learners should be given the opportunity to carry out research outside of the
learning context if required for the assignment.
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Links to other units

This unit links to many of the other units in the qualification, in particular:

Unit 17: Power and Energy Electronics

Unit 19: Electronic Devices and Circuits

Unit 21: Analogue Electronic Circuits

Unit 22: Electronic Measurement and Testing of Circuits
Unit 23: Digital and Analogue Electronic Systems

Unit 32: Computer System Principles and Practice
Unit 33: Computer Systems Security

Unit 34: Computer Systems Support and Performance
Unit 35: Computer Programming

Unit 36: Programmable Logic Controllers

Unit 37: Computer Networks

Unit 38: Website Production to Control Devices.

Opportunities to develop transferable employability skills

Learners will have opportunities to develop the following transferable skills in the
completion and assessment of this unit.

Learners will be able to use computer coding processes to solve a given
engineering problem.

Learners will be able to conduct thorough investigations and examination of
given themes and topics.

Research and analysis skills when completing given briefs or tasks.

Learners will be able to create, design and develop computer coding systems
that will meet the needs of a client or user. They will develop the skills required

to reflect on their work in order improve performances when solving
engineering problems or assignments.
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Unit 7: Calculus to Solve Engineering Problems

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners use differential (rates of change) and integral (summing) calculus to solve
engineering problems and develop a mathematical model of a local and relevant system.

Unit introduction

Many of the products, components and systems that we use have been subject to a
rigorous design process that will have involved the use of calculations, including
mathematical calculus. During the design stage, it is important to be able to predict how
a product will perform in service, for example the handling characteristics of a car or the
power output from an electrical power supply. Also, investing time and resources in
setting up manufacturing machinery and supply chains is very expensive - working with
formulae and numbers on paper or using a computer involves a lot less cost and allows
engineers to determine optimal (or near-optimal) solutions.

In this unit, you will investigate how to apply differential and integral calculus methods to
solve engineering problems. You will learn about the rules and procedures of calculus
mathematics to obtain solutions to a variety of engineering problems. You will solve a
complex problem from your specialist area of study and perhaps from a local
organisation by breaking it down into a series of linked, manageable steps. Each step will
be solved using calculus methods learned through investigation and practice. These
mathematical skills are transferable and will be used to support your study of other
topics in the BTEC Nationals engineering programme, for example in mechanical
principles and electrical systems.

As an engineer, you need to understand and develop the skills required to solve
problems using calculus and other mathematical procedures. This unit will prepare you
well for progressing to higher education to study for an engineering degree or a Higher
National Diploma (HND). It will also help prepare you for a traineeship/apprenticeship or
for employment in a range of engineering disciplines as a technician, and will help you
work with professional engineers as part of a team working on cutting-edge products
and systems.

Learning aims

In this unit you will:
A Examine how differential calculus can be used to solve engineering problems
B Examine how integral calculus can be used to solve engineering problems

C Investigate the application of calculus to solve a defined specialist
engineering problem.
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Summary of unit

Learning aim

A Examine how
differential calculus
can be used to solve
engineering problems

Key content areas

A1 Functions, rate of
change, gradient

A2 Methods of
differentiation

A3 Numerical value of
a derivative

A4 Second derivative and
turning points

Assessment approach

A report containing the
results of learners’ analysis
and calculation, carried out
under controlled
conditions.

B Examine how integral
calculus can be used
to solve engineering
problems

B1 Integration as the
reverse/inverse of
differentiation

B2 Integration as a
summating tool

B3 Numerical integration

A report containing the
results of learners’ analysis
and calculation, carried out
under controlled
conditions.

C Investigate the
application of calculus
to solve a defined
specialist engineering
problem

C1 Thinking methods

C2 Mathematical
modelling of
engineering problems

C3 Problem specification
and proposed solution

C4 Solution
implementation

A report containing the
results of learners’
analysis, planning and
calculation, carried out
under controlled
conditions.
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Content

Learning aim A: Examine how differential calculus can be used to solve
engineering problems

A1 Functions, rate of change, gradient

Function notation, e.g. y = f(x), s = f(t), Q = (t)
Types of functions: polynomial, trigonometric (sine, cosine), logarithmic
and exponential.

Routine functions are differentiated in one step without the need for
manipulation, using standard calculus methods and/or are not applied to
an engineering context, including:

o polynomial, e.g.s=5t? -3t +4

o trigonometric (sine, cosine), e.g. y = sin%x

o logarithmic, e.g. v = 8loge(5x)

o exponential, e.g. y = 2e®*®

Non-routine functions are differentiated in more than one step requiring
manipulation, using standard calculus methods and/or may be applied to
an engineering context, including:

7+3

5-4z

o trigonometric (sine, cosine), e.g. v = (sin2tcos3t)

o logarithmic, e.g. y = 5x%loge(3x)

o exponential, e.g. v = 5e*(2t* - 3)

Expanding or simplifying polynomial functions.

Rate of change of a function.

Graphical representation of a function.

Gradient of a function — graphically by tangent.

Time-based functions, e.g. velocity, charge rate, energy transfer.

o polynomial, e.g. 1=

A2 Methods of differentiation

Gradient of a function.

Small change in a quantity.

Differentiation from first principles to produce the limiting value (derivative) of a
simple power function, e.g. y = 2x?

Leibniz notation [‘Lyj or representing the derivative of a function.
dx

Engineering notation for the derivative, e.g. [Ej, (d_Q]
at)" Uat

Independent variable and the coding method ‘with respect to’ (w.r.t.).

d
Differentiation by standard results (y = ax", where d—i =nax"" )

and exponential functions (af, sina}, cogx, dpgd(axx e¥)dx

2

The derivatives of algebraic (power), trigonomeEridL(sineyjcosine), logarithmic

Product and quotient rules: dx dx dx dx v
Function of a function (chain rule) method.
Substitution method.
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A3 Numerical value of a derivative

Substitution of numerical values into the expression for the derivative.
Instantaneous gradient at a point on a curve.

Positive, negative and zero values for gradients.

Gradient values obtained analytically and graphically.

Engineering examples of rates of change, e.g. velocity/acceleration of a moving
object, rate of charge/discharge of a capacitor, heat flow, radioactive decay,
cutting tool life, charge/discharge rate for an air receiver, hydraulic flow rates.

A4 Second derivative and turning points

d2
Leibniz notation for the second derivative [ yj

dx?
Second derivative of algebraic (polynomial) and trigonometric (sine, cosine)
functions.
Turning points on a function.
Graphical representation of an algebraic function with two turning points,
e.g. y=x}-5x"+2x + 6
Maximum (max) and minimum (min) turning points, inflection point.
Second derivative test for max/min points on a function.
Numerical value of the dependent variable at the max/min points of a function.

Engineering applications, e.g. maximising the volume of a container for a given
surface area, minimising the cost of mass-producing components on a machine
tool, resistance matching in electrical power circuits to achieve maximum
power transfer.

Learning aim B: Examine how integral calculus can be used to solve
engineering problems

B1 Integration as the reverse/inverse of differentiation

Symbolic representation j( Jox
Algebraic expressions and the constant of integration.

Types of functions: polynomial, trigonometric (sine, cosine), reciprocal and
exponential.

Routine functions are integrated in one step without the need for manipulation,
using standard calculus methods and/or are not applied to an engineering
context, including:

polynomial, e.g. I(XZ —3X+4)dx

o

o trigonometric (sine, cosine), e.g. I(Sin 50—300840)d0

o reciprocal, e.g. J’[Ejdx
X
: 3t
o exponential, e.g. J'(e )dt
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e Non-routine functions are integrated in more than one step requiring
manipulation, using standard calculus methods and/or may be applied to
an engineering context, including:

o polynomial, e.g. sz (x° +5)2dx

o trigonometric (sine, cosine), e.g. I[lcos_ ggjd‘g
—SIin

o exponential, e.g. jet costdt

. . ) 1
e Integration of common functions by standard results - ax", sinax, cosax, N e

e Indefinite integrals, constant of integration, initial conditions.
o Definite integrals - limits and square bracket notation.
e Integration by substitution.

Integration by parts.

B2 Integration as a summating tool

e Area under a curve from first principles - strip theory (approximate area of the
elemental strip = ydx).

e Areaunder a curve as a summation between the upper and lower limits applied
to the function.

e Mean value and root mean square (RMS) value of periodic functions.

e Engineering applications, e.g. work done by force producing displacement of an
object, distance travelled by a vehicle, mean and RMS values of waveforms in
electrical circuits.

B3 Numerical integration

e Trapezoidal rule, mid-ordinate rule, Simpson’s rule - comparison of methods in
terms of their complexity and accuracy.

e Area under a curve obtained by integrating its function - comparison with the
value obtained using Simpson’s method.

e Numerical integration using a spreadsheet.

e Engineering applications, e.g. determination of mechanical, electrical and
thermal energy.

Pearson BTEC International Level 3 Qualifications in Engineering -

Specification - Issue 7 - January 2023 © Pearson Education Limited 2023 149



UNIT 7: CALCULUS TO SOLVE ENGINEERING PROBLEMS

Learning aim C: Investigate the application of calculus to solve a defined
specialist engineering problem
C1 Thinking methods

e Reductionism - considering a complex problem as the sum of its
elements/parts or breaking a problem down into its parts.

e Synectics — creativity in mathematics, idea generating methods.

e Logical thinking - coherent and logical approach to solving a problem,
e.g. Polya's problem-solving method.

C2 Mathematical modelling of engineering problems

e Analytical methods.

e Numerical methods.

o 'What if' repetitive calculation, 'Goal Seek'.

o Benefits of using mathematical modelling, e.g. design viability, structural
integrity of a product, accurate prediction of how a new product will perform
in service, cost benefit of accurate simulation, e.g. in the design of aircraft.

e Engineering applications, e.g. mechanical design, stress analysis, performance
calculation for an electronic or fluid-powered hydraulic circuit.

C3 Problem specification and proposed solution

o Application of thinking methods to understand a given engineering problem.

e The use of mathematical modelling to devise a method to solve the given
engineering problem.

C4 Solution implementation

e The use of calculus and other appropriate mathematical methods to solve
the given engineering problem.

o Reflection on the problem-solving process and the solution obtained,
making refinements if necessary.

e Presentation of the solution to the given engineering problem.
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Learning aim A: Examine how differential calculus
can be used to solve engineering problems

A.P1 Find the first and
second derivatives
for each type of given
routine function.

A.P2 Find, graphically and
analytically, at least
two gradients for each
type of given routine
function.

A.P3 Find the turning
points for given
routine polynomial
and trigonometric
functions.

A.M1 Find accurately
the graphical and
analytical differential
calculus solutions
and, where
appropriate, turning
points for each type
of given routine and
non-routine function
and compare the
results.

Distinction

A.D1 Evaluate, using
technically correct
language and a logical
structure, the correct
graphical and analytical
differential calculus
solutions for each type of
given routine and non-
routine function,
explaining how the
variables could be
optimised in at least two
functions.

Learning aim B: Examine how integral calculus can be
used to solve engineering problems

B.P4 Find the indefinite
integral for each type
of given routine
function.

Find the numerical
value of the definite
integral for each type
of given routine
function.

Find, using numerical
integration and
integral calculus, the
area under curves for
each type of given
routine definitive
function.

B.P5

B.P6

B.M2 Find accurately the
integral calculus
and numerical
integration solutions
for each type of
given routine and
non-routine
function, and find
the properties of
periodic functions.

B.D2 Evaluate, using
technically correct
language and a logical
structure,

the correct integral
calculus and numerical
integration solutions for
each type of given routine
and

non-routine functions,
including at least two set
in an engineering context.
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Learning aim C: Investigate the application of
calculus to solve a defined specialist engineering
problem C.D3 Critically anal
C.P7 Define a given C.M3 Analyse an u;ing tercli:fw?cglli/nciﬁgét
engineering problem engineering language and a logical
and present a ' problem, explaining structure, a complex
proposal to solve it. the reasons for each engineering problem,
C.P8 Solve, using calculus element of the synthesising and applying
methods and a proposed solution. calculus and a
mathematical model, | C.M4 Solve accurately, mathematical model to
a given engineering using calculus generate an accurate
problem. methods and a solution.
mathematical
model, a given
engineering problem
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, A.P3, AM1, A.D1)
Learning aim: B (B.P4, B.P5, B.P6, B.M2, B.D2)
Learning aim: C (C.P7, C.P8, C.M3, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to maths support websites, spreadsheet
software, e.g. www.mathcentre.ac.uk/students/topics

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will demonstrate mastery in the application of
differential calculus methods to the solution of given problems using mathematical
functions. Learners will correctly and efficiently manipulate six routine and six
non-routine functions.

A reasoned and balanced evaluation (argument) will be presented when considering
how variables can be optimised for at least two non-routine functions related to an
engineering context, for example determining the dimensions of a container with a given
volume so that its surface area is minimised, thereby minimising the material cost and
environmental impact of the container.

Overall, the evidence will be logically structured and will be easy to understand by a
third party with a mathematical background, who may or may not be an engineer.
For example, learners will use mathematical terminology correctly and use relevant
units when working with functions set in engineering contexts. Small and large
numerical values will be correctly presented in an appropriate format, i.e. standard
form or engineering notation. Learners will work to a specified numerical precision
(as determined by the assessor), through the use of appropriate significant figures
or decimal places.

For Merit standard, learners will apply the correct skills and methods when
producing the derivatives of functions and evaluating their gradients. Learners will
correctly manipulate six routine and six non-routine functions (four polynomial, four
trigonometric, two logarithmic and two exponential). Learners will compare the results,
obtained graphically and analytically, for the two gradients being investigated, for
example, there will be discussion about the numerical accuracy of the two methods.

Overall, learners’ numerical work will be accurate, using an appropriate degree of
precision as specified by the assessor in significant figures or decimal places, and
relevant units will be used for all functions. A limited number of arithmetic follow-
through errors are acceptable for non-routine functions.

For Pass standard, learners will apply the correct skills and methods when
differentiating at least six given routine mathematical functions. Learners will correctly
manipulate at least two polynomial, two trigonometric, one logarithmic and one
exponential functions. Some functions will be sufficiently complex to enable learners
to select and apply the correct method (product, quotient, function of a function and
substitution) when producing first and second derivatives.

Learners will demonstrate that they can find, graphically and analytically, at least two
gradients for each type of function. For the polynomial and trigonometric functions,
learners will calculate the turning points in the context of rates of change.
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Overall, learners must be able to demonstrate the correct use of a method when
differentiating functions and use the correct units. Minor arithmetic and scaling errors
are acceptable. There will also be evidence of simple checks to determine if numerical
answers are ‘reasonable’. Graphical presentation of functions and determination of
their gradients can be done using a spreadsheet, provided that formulae are visible
(printed out).

Learning aim B

For Distinction standard, learners will demonstrate mastery in the application of
integral calculus methods to solve given problems using mathematical functions.
Learners will correctly and efficiently manipulate eight routine and three non-routine
functions.

Learners must present reasoned arguments when evaluating the use of analytical and
numerical integration methods on at least two non-routine functions, for example
finding work done by expressing parameters as a definite integral and then repeating
the operation using Simpson'’s rule.

Overall, the evidence will be logically structured, easy to understand by a third party with
a mathematical background, who may or may not be an engineer, and will use correct
mathematical terminology. Small and large numerical values will be correctly presented
in an appropriate format, i.e. standard form or engineering notation. Learners will work
to a specified numerical precision (as determined by the assessor) through the use of
appropriate significant figures or decimal places.

For Merit standard, learners will apply the correct skills and methods when producing
the integrals of functions and determining the properties of periodic functions. Learners
will correctly manipulate eight routine and three non-routine definitive functions -

at least eleven functions in total, including a polynomial, a trigonometric and an
exponential non-routine function.

Numerical integration will have been accurately completed for four definitive
routine functions.

Overall, learners’ numerical work will be accurate, using an appropriate degree
of precision as specified by the assessor in significant figures or decimal places,
and relevant units will be used for all functions. A limited number of arithmetic
follow-through errors are acceptable for non-routine functions.

For Pass standard, learners will apply the correct skills and methods when integrating
at least eight given routine mathematical functions. Learners will correctly manipulate
at least two routine functions for each of the different function types (polynomial,
trigonometric, reciprocal and exponential). At least one of each type will be an indefinite
integral and one of each type will be a definitive integral. In total, at least eight different
routine functions will be solved, and some will be sufficiently complex to enable learners
to select and apply the correct method (substitution and by parts) when producing
indefinite and definite integrals.

Numerical integration will be completed on the four definitive integrals and they can

be manipulated using a spreadsheet, provided that formulae are visible (printed out).
There will also be evidence of simple checks being undertaken to determine if numerical
answers are ‘reasonable’.

Overall, learners must be able to demonstrate the correct use of method and units when
integrating functions analytically and by a numerical method. Minor arithmetic and
scaling errors are acceptable.
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Learning aim C

For Distinction standard, learners will demonstrate mastery in the application of
calculus methods to solve a complex engineering problem. The identified problem
must be sufficiently complex to allow learners to apply thinking methods, mathematical
modelling and both differential and integral calculus methods to the solution of the
problem. Learners must show that they are able to break a complex problem down
into a series of manageable steps through the application of reductionism and

logical thinking.

Learners will produce a full specification for the problem, based on gathered and given
information, and use this to produce a proposal; there must be evidence that this has
been done before they embark on the mathematical manipulations. Evidence for this
could be supported by an assessor observation record.

Overall, the evidence will be straightforward to understand by a third party with a
mathematical background, who may or may not be an engineer, and there will be
correct use of mathematical terminology and the application of relevant units. Small
and large numerical values will be correctly presented in an appropriate format,

i.e. engineering notation. Learners will work to a specified numerical precision

(as determined by the assessor) through the use of appropriate significant figures
or decimal places.

Mathematical methods will be applied efficiently to the solution of the problem,
for example by using a logical approach to the solution and/or efficient use of a
spreadsheet for numerical analysis.

For Merit standard, learners will produce a reasoned analysis of a complex engineering
problem, breaking it down into planned stages to obtain a solution. The method will
apply differential and integral calculus appropriately at each stage, and the resulting
solution will be of an acceptable degree of accuracy (as determined by the assessor).

Overall, the evidence will be logically structured, technically accurate and easy to
understand. The planned method may contain some simplification and approximations
to allow a solution to be calculated. Rules of differentiation and integration should be
selected and applied correctly, for example by using a substitution method to integrate
terms rather than by expansion.

For Pass standard, learners will present the solution of a given complex engineering
problem. The solution may not be complete, and there may be some inaccuracies or
omissions, but there should be evidence of some proficiency in the use of differential
and integral calculus. For example, learners solving a dynamics problem based on the
acceleration and energy transfers of a moving vehicle would be expected to determine
the maximum accelerating force and work done to get the vehicle up to a given velocity.

Overall, the report should be logically structured and contain a commentary on each
stage of the solution. Rules of differentiation and integration should be applied correctly.
It may contain some minor arithmetic errors, for example the value of a definite integral
may be incorrect, although the indefinite integral has been correctly deduced, and the
method chosen may not be optimal, for example expanding a function such as to
integrate rather than using a substitution method. Minor ‘carry-through’ errors are
acceptable and there will be an appreciation of the correct use of units, but there

may be errors in their application.
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Links to other units

This mandatory unit is linked to many of the other units in the qualification, in particular
mandatory Unit 1: Mechanical Principles and Unit 57: Electric and Electronic Principles,
as well as a number of optional units, including:

e Unit 15: Electrical Machines

e Unit 17: Power and Energy Electronics

e Unit 21: Analogue Electronic Circuits

e Unit 27: Static Mechanical Principles in Practice

e Unit 28: Dynamic Mechanical Principles in Practice

e Unit 29: Principles and Applications of Fluid Mechanics
e Unit 31: Thermodynamic Principles and Practice

e Unit 48: Aircraft Flight Principles and Practice.

Employer involvement

This unit would benefit from employer involvement in the form of:

o technical workshops involving staff from local organisations with expertise in
applying calculus to solve engineering problems

e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.
e Learners will be able to solve a range of engineering problems using differential
and integral calculus.
o Learners will develop the high levels of resilience and concentration required
when completing assignments and tasks in controlled conditions.
e The organisation and the development of the appropriate study skills required
to prepare for tests and assignments which are to be completed by the learner
in controlled conditions.
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Unit 8: Further Engineering Mathematics

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners use algebraic and statistical methods to carry out mathematical modelling and
analysis to solve engineering problems.

Unit introduction

Mathematics can be used to evaluate the intended and actual performance of a product
or system at every stage of its life cycle. For example, mathematics may be used during
the design of a product to determine whether it performs to specification. Statistics may
be used during manufacturing processes as part of the quality control (QC) system and
to determine the in-service reliability of a product. Statistics can also be used to evaluate
the vast amounts of data that can be gathered about products and customers using
mobile communications and the ‘Internet of Things' (1oT).

In this unit, you will use algebraic techniques to solve engineering problems involving
sequences, series, complex numbers and matrices; these topics support other units
in the BTEC programme such as Unit 16: Three-Phase Electrical Systems, Unit 27: Static
Mechanical Principles in Practice and Unit 28: Dynamic Mechanical Principles in Practice.
You will investigate the use of statistics as a data-processing and analysis tool, for
example applying techniques used by a quality assurance engineer to monitor the
output from a manufacturing process.

As a future engineer, you will need to understand and develop skills to solve problems
using algebraic and statistical procedures. These are transferable skills and you will

use them to support your study of other units in the BTEC National engineering
qualifications. This unit will help to prepare you for a traineeship/apprenticeship or

for employment in a range of engineering disciplines as a technician. You could also
progress to a higher-level course, such as a Higher National Diploma (HND) or a degree
in an engineering discipline.

Learning aims

In this unit you will:

A Examine how sequences and series can be used to solve engineering problems

B Examine how matrices and determinants can be used to solve engineering problems
C Examine how complex numbers can be used to solve engineering problems

D Investigate how statistical and probability techniques can be used to solve
engineering problems.
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Summary of unit

Learning aim

A Examine how sequences
and series can be used
to solve engineering
problems

Key content areas

A1 Arithmetic and
geometric progressions

A2 Binomial expansion

A3 Power series

Assessment approach

An informal report
containing the results of
learners’ analysis and
calculation, carried out
under controlled
conditions.

B Examine how matrices
and determinants can
be used to solve
engineering problems

B1 Matrices
B2 Determinants

C Examine how complex
numbers can be used
to solve engineering
problems

C1 Complex numbers

An informal report
containing the results of
learners’ analysis and
calculation, carried out
under controlled
conditions.

D Investigate how
statistical and
probability techniques
can be used to solve
engineering problems

D1 Statistical techniques

D2 Probability
distributions

D3 Statistical investigation

An informal report
containing the results of
learners’ analysis and
calculation of measured
and supplied data, carried
out under controlled
conditions. Where
appropriate, processing of
statistical data can be done
using a spreadsheet.
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Content

Learning aim A: Examine how sequences and series can be used to solve
engineering problems

A1 Arithmetic and geometric progressions

Definitions:
o sequence as an ordered collection of numbers a, b, ¢, d

0 progression as a sequence that increases in a particular pattern, i.e. there is a
constant relationship between a number and its successor

o series as the sum of the values in a sequencea+b+c+d ...

o terminology - first term a, last term I, connection by law.

Routine operations involve:

o arithmetic progression (AP):

common differenced

general expression for a sequence in AP: a, (a +d), (a + 2d), (a + 3d), ..., (@ + nd)
nth term (last term) | =a+ (n - 1)d

sum of an AP to nth term (arithmetic series):

s=a+@+d)+ @+2d)+...+U—-d)+ | = %n(aJrl)

- geometric progression (GP):
- common ratior
- general expression for a sequence in GP a, ar, ar? ar?, ..., ar"

o sum of a GP to nth term (geometric series):
all-r")
@a-r)

s=a+tar+ar’+ar’+..+ar"=

- convergence
- sum to infinity.
Non-routine operations involve:

o engineering applications, e.g. lathe spindle speeds, cost of deep drilling,
depreciation costs of capital equipment, gear box ratios, manufacturing
estimation.

A2 Binomial expansion

Definitions:
o binomial expression that takes the form (a + b)"
o binomial theorem: when n is a positive integer

n(n _1)a”’2b2 . n(n-1)n-2)
2! 3

(a+b)” =a"+na"b+ a"b+..+b" (a finite series)

n!
. . n k=n ne C .
which can be written as (a+b) =§) .C, a" bk where n>« (n—k)!k!

n(nl—l)X2 N ”(”_1)(”_2)x3+...+x"

alternative form (1+x)" = 1+nx+ 3

o binomial theorem when n is not a positive integer:

n(n—l)x2 N n(n-1jn-2)

3 X +.4+X" for -1 <x <1 only (an infinite series)

(1+x)" = 1+nx+
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e Routine operations involve:
o construction of Pascal’s triangle
o expansion of (a + b)" for positive values of n using Pascal’s triangle.
e Non-routine operations involve:
o expansion of (1 + x)" for non-positive integer values of n using the
binomial theorem
o calculation of the nth term using the binomial theorem
o engineering applications, e.g. small errors, small changes, percentage changes,
approximation of errors.
A3 Power series
o Definitions:
o a power series as f(x) = ap + aix + ax® + agx® + ... + aX"
2
o a Taylor series as f(x) = f(a)+f'(a)(x—a) + 2(?) (x—a)?+.. + (a) (x—a)"
e Routine operations involve:
o a Maclaurin series as a Taylor series witha=0
o convergence and divergence
o conditions for convergence and divergence.
e Non-routine operations involve:
o numerical value for e using a power series

o proof that g—i(ex) =e* using series

o engineering applications, e.g. error in area or volume for small error in
measurement of length, oscillator frequency for an electrical circuit if
components have small errors in their values.

Learning aim B: Examine how matrices and determinants can be used to
solve engineering problems

B1 Matrices
o Definitions:

o matrix type - element and order (row x column)

o matrix terminology - element, row, column, order (row x column), equality,
zero (null matrix), identity (unit) matrix, transpose, square, leading diagonal,
triangular.

e Routine operations involve:

o addition, subtraction, multiplication by a real number

o inverse of a (2 x 2) matrix

o solution of sets of simultaneous equations with two variables using inverse
matrix methods.

e Non-routine operations involve:

o multiplication of matrices

o solution of sets of simultaneous equations with two variables using
Gaussian elimination.
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B2 Determinants
o Definitions:

o the determinant of a matrix as a useful value that can be computed from the
elements of a square matrix, denoted by det(A) or |4

o asingular matrix is one with the determinant |5 =0
e Routine operations involve:

o the determinant of a (2 x 2) matrix A:[a Zj using |y =ad - bc
C

. , , . a b .
o theinverse of a two-dimensional matrix A:( d] using . _ 1 (d 7bj
¢ A
e Non-routine operations involve:
c

a b
o the determinantofa (3 x3)matrix A=|d e f |using
g h

Y

o use of Cramer’s rule to solve for sets of simultaneous equations with
two variables

o engineering applications, e.g. simultaneous linear equations with more than
two variables (electrical circuits, vector arrays, machine cutter paths).

Learning aim C: Examine how complex numbers can be used to solve
engineering problems

C1 Complex numbers

o Definitions:

o algebraic form (Cartesian, rectangular notation): (a + jb)
o real part, imaginary part, j notation, j-operator, powers of j

la+ jb| =va®+b?

arg(a+ jb)=tan™ (gj

o modulus:

o argument:
polar form rZ£6; @ is usually expressed in radians but may be in another
angular measure
o complex conjugateof y=axjbasy*=a+jb
e Routine operations involve:

o placement of complex numbers on an Argand diagram

o addition and subtraction in rectangular form
o multiplication by a constant coefficient
(0]

conversion between rectangular and polar forms (r - pandp - r)
using trigonometry and a scientific calculator

o multiplication and division of complex numbers in polar form.
e Non-routine operations involve:
o multiplication in rectangular form

o division in rectangular form using the complex conjugate
. n n
o de Moivre's theorem: (I £0)" =r"4Zné
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o engineering applications, e.g. vectors, electrical circuit phasor diagrams,
algebraic form (Cartesian, rectangular notation): (a + jb)

o real part, imaginary part, j notation, j-operator, powers of j

a+ jbl=+va’+b°
ja+ jb| =+

arg(a+ jb)=tan™ (gj

o modulus:

o argument:
o polar form r«@; is usually expressed in radians but may be in another
angular measure

o complex conjugateof y=atjbasy*  =a+jb

Learning aim D: Investigate how statistical and probability techniques can
be used to solve engineering problems

D1 Statistical techniques
e Routine operations involve:
o discrete data, continuous data, ungrouped data, grouped data, rogue values
o presentation of data: bar charts, pie charts, histograms, cumulative
frequency curves
o measures of central tendency (location): arithmetic mean, median, mode
o measures of dispersion: variance, standard deviation, range and
inter-percentile ranges
o linear relationship between independent and dependent variables, scatter
diagrams, approximate equation of line of regression y = mx + c represented
graphically.
e Non-routine operations involve:
o equation of linear regression line y = mx + where

o correlation coefficient using Pearson’s correlation

P -]

e Use of spreadsheets and/or scientific calculators to calculate the equation of
the line of regression and correlation coefficient, e.g. tabulating calculations,
using trendline and CORREL() functions in a spreadsheet, or a standard
scientific calculator.

o Use of spreadsheets and/or scientific calculators to identify the most
appropriate type of regression line, e.g. linear, logarithmic, exponential
or variable power.

Ny=
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D2 Probability distributions
e Routine operations involve:

o normal distribution - shape and symmetry, skew, tables of the cumulative
distribution function, mean, variance

o normal distribution curve - areas under it relating to integer values of
standard deviation.

e Non-routine operations involve:
o confidence intervals for normal distribution and probability calculations.
D3 Statistical investigation

e The use of appropriate mathematical methods to solve the given
engineering problem.

o Engineering applications, e.g. inspection and quality assurance, calculation
of central tendencies and dispersion, forecasting, reliability estimates for
components and systems, customer behaviour, condition monitoring and
product performance.

o Reflection on the problem-solving process and the solution obtained,
making refinements if necessary.

e Presentation of the solution to the given engineering problem.
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Assessment criteria

Learning aim A: Examine how sequences and series
can be used to solve engineering problems

A.P1 Solve given problems
using routine
arithmetic and
geometric
progression
operations.

A.P2 Solve given problems
using routine power
series operations.

A.M1 Solve given problems
accurately using
routine and
non-routine
arithmetic and
geometric
progression
operations.

A.M2 Solve given problems
accurately using
routine and
non-routine power
series operations

Distinction

A.D1

Evaluate, using
technically correct
language and a
logical structure,
engineering
problems using
non-routine
sequence and
series operations,
while solving all
the given problems
accurately using
routine and non-
routine operations.

problems

Learning aim B: Examine how matrices and
determinants can be used to solve engineering

B.P3 Solve given problems
using routine
matrices and
determinant
operations.

B.M3 Solve given problems
accurately using
routine and
non-routine matrices
and determinant
operations.

Learning aim C: Examine how complex numbers can
be used to solve engineering problems

C.P4 Solve given problems
using routine
complex number
operations.

C.M4 Solve given problems
accurately using
routine and
non-routine complex
number operations.

BC.D2

Evaluate, using
technically correct
language and a
logical structure,
engineering
problems using
non-routine
matrices,
determinant

and complex
operations, while
solving all the
given problems
accurately using
routine and
non-routine
operations.
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Learning aim D: Investigate how statistical and
probability techniques can be used to solve

D.P5 Solve an engineering
problem using
routine central
tendency, dispersion
and probability
distribution
operations.

D.P6 Solve an engineering
problem using
routine linear
regression
operations.

D.M5 Solve an engineering

problem accurately
using routine and
non-routine central
tendency, dispersion
and probability
distribution
operations, providing
an explanation of
the process.

D.M6 Solve engineering

problems accurately
using routine and
non-routine
regression
operations, providing
an explanation of the
process.

D.D3 Evaluate the correct

synthesis and
application of
statistics and
probability to
solve engineering
problems involving
accurate routine
and non-routine
operations.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, AM2, A.D1)
Learning aims: B and C (B.P3, C.P4, B.M3, C.M4, BC.D2)
Learning aim: D (D.P5, D.P6, D.M5, D.M6, D.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to
e maths support websites, e.g. www.mathcentre.ac.uk/students/topics
e spreadsheet software and/or a scientific calculator such as a Casio FX-85GT.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will demonstrate mastery in the application of
algebraic techniques to the correct solution of given problems involving sequences and
series. Where appropriate to non-routine problems, learners will correctly and efficiently
manipulate formulae and present reasoned and balanced evaluations.

Overall, the evidence will be easily understood by a third party with a mathematical
background, who may or may not be an engineer. Learners will use mathematical
methods and terminology precisely and apply relevant units when working with
mathematical expressions that model engineering situations. Small and large numerical
values will be correctly presented in an appropriate format, for example engineering
notation or standard form. Learners must demonstrate that they are able to work to

a specified numerical precision, as determined by the assessor, through the use of
appropriate significant figures.

For Merit standard, learners will accurately apply appropriate routine and non-routine
operations (skills and methods) needed to solve given problems based on sequences
and series.

Overall, the numerical work will be to an appropriate degree of accuracy, as specified
by the assessor, for example using appropriate significant figures and decimal places.
Solutions must be structured logically and the correct mathematical terminology and

relevant units should be used, with a limited number of minor errors or omissions in

non-routine operations.

For Pass standard, learners must be able to demonstrate the correct use of routine
operations (skills and methods) when working with given problems based on sequences
and series.

Overall, minor arithmetic and scaling errors are acceptable, as are ‘carry-through’ errors,
provided that the basic method is sound. For example, a term in a sequence may be
incorrectly calculated but the value is used correctly in subsequent calculation of the
series, affecting the final value. Learners will demonstrate an appreciation of the need
for correct use of units, but there may be errors in their application. There will also be
evidence of simple checks to determine if numerical answers are ‘reasonable’.
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Learning aims B and C

For Distinction standard, learners will demonstrate mastery in the application of
algebraic techniques to the correct solution of given problems involving matrices,
determinants and complex numbers. Where appropriate to non-routine problems,
learners will correctly and efficiently manipulate formulae and present reasoned
and balanced evaluations.

Overall, the evidence will be easily understood by a third party with a mathematical
background, who may or may not be an engineer. Learners will use mathematical
methods and terminology precisely and apply relevant units when working with
mathematical expressions that model engineering situations. Small and large numerical
values will be correctly presented in an appropriate format, for example engineering
notation or standard form. Learners must demonstrate that they are able to work to

a specified numerical accuracy, as determined by the assessor, through the use of
appropriate significant figures.

For Merit standard, learners will accurately apply appropriate routine and non-routine
operations (skills and methods) needed to solve given problems based on matrices,
determinants and complex numbers.

Overall, the numerical work will be to an appropriate degree of accuracy, as specified
by the assessor, for example using appropriate significant figures and decimal places.
Solutions must be structured logically and the correct mathematical terminology and

relevant units should be used, with a limited number of minor errors or omissions in

non-routine operations.

For Pass standard, learners must be able to demonstrate the correct use of routine
operations (skills and methods) when working on given problems based on matrices,
determinants and complex numbers.

Overall, minor arithmetic errors are acceptable, as are ‘carry-through’ errors, provided
that the basic method is sound. Learners will demonstrate an appreciation of the need
for correct use of units, but there may be errors in their application. Learners will include
evidence of simple checks to determine if numerical answers are ‘reasonable’.

Learning aim D

For Distinction standard, learners will demonstrate mastery in the application of the
processing and evaluation of statistical data generated from engineering sources. The
identified problems must be sufficiently complex to allow learners to apply both routine
and non-routine operations (skills and methods) to their solution. For example, in terms
of measures of central tendency and dispersion, learners may evaluate one set of
measured and four sets of equivalent historical data, such as dimensional data from a
machining operation or reliability data sourced from products in service. Before starting
to process any data, learners will establish that the datasets are large enough to enable
reliable analysis to be carried out. For regression, they will propose a theoretical
relationship between two variables, collect data, calculate a mathematical relationship
between dependent and independent variables using appropriate analytical and
graphical methods, and reflect on the accuracy of the initial proposal for a linear

and a non-linear relationship.
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Overall, the evidence will be easily understood by a third party with a mathematical
background, who may or may not be an engineer. There will be correct use of
mathematical terminology and the application of relevant units. Learners will work to a
specified numerical precision, as determined by the assessor or that is appropriate for
their chosen problems being solved, through the use of appropriate significant figures
or decimal places. Small and large numerical values will be correctly presented in an
appropriate format, i.e. engineering notation or standard form.

For Merit standard, learners will present accurate solutions for engineering problems
related to measures of central tendency, dispersion and probability distribution,
breaking them down into planned stages to obtain solutions. They will apply appropriate
routine and non-routine operations (skills and methods) required to process statistical
data accurately, for example tabulation of data, graphical presentation, accurate
calculations of mean and standard deviation comparing measured values with historical
data, an accurately produced annotated scatter graph (with a chart title and axis titles,
including units and gridlines), and calculation of a line of regression and correlation
coefficient for a linear relationship and a regression line for a non-linear relationship.

Overall, the numerical work will be to an appropriate degree of accuracy, as specified by
the assessor or appropriate for the chosen problems being solved. Solutions will contain
an explanation of the process that will be logically structured and the correct
mathematical terminology and relevant units will be used. There may be a limited
number of minor errors or omissions in non-routine operations. For example, when
evaluating sampled dimensional data from a machining operation, learners may
determine the mean and standard deviation for a sample and find a degree of
correlation between samples, but not draw conclusions from the values.

For Pass standard, learners will present the solutions of engineering problems involving
measures of central tendency, dispersion and probability distribution. Ideally, they will
research their own problems, but if this is not possible then they can be given problems
to solve. The solutions may not be complete and there may be some inaccuracies or
omissions, but there should be evidence of some proficiency of method. Learners will
apply the appropriate routine operations (skills and methods) required to process
statistical data. For example, when evaluating sampled dimensional data from a
machining operation, learners will present data appropriately and determine routine
values, such as the mean and standard deviation for a sample, but may not compare
the values with historical data. They will tabulate measurements and present data in

a scatter graph, and they may estimate the line of regression graphically.

Overall, the report should be logically structured. It may contain some arithmetic

errors which ‘carry-through’, for example the value of the mean of a set of sampled
dimensional data from a machining operation may be incorrect but the value is used
correctly to find the standard deviation. The methods chosen may not be optimal but the
chosen statistical methods should be applied correctly. Minor errors and omissions are
acceptable. For example, the axis titles on a scatter graph may be missing units. There
will be an appreciation of the need for correct use of units but there may be errors or
inconsistency in their application. Learners will include evidence of simple checks to
determine if numerical answers are ‘reasonable’.
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Links to other units

This unit links to:

e Unit 1: Mechanical Principles

e Unit 15: Electrical Machines

e Unit 17: Power and Energy Electronics

e Unit 20: Analogue Electronic Circuits

e Unit 27: Static Mechanical Principles and Practice

e Unit 28: Dynamic Mechanical Principles and Practice
e Unit 29: Principles and Applications of Fluid Mechanics
e Unit 31: Thermodynamic Principles and Practice

e Unit 48: Aircraft Flight Principles and Practice

e Unit 57: Electric and Electronic Principles.

Employer involvement

This unit would benefit from employer involvement in the form of:

o technical workshops involving staff from local organisations with expertise in
applying relevant mathematical techniques to solve engineering problems

e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the

completion and assessment of this unit.

e Learners will be able to solve a range of engineering problems using the
mathematical concepts of sequences and series.

e Learners will be able to solve a range of engineering problems using complex
number, matrices and determinants.

e Learners will develop the high levels of resilience and concentration required
when completing assignments and tasks in controlled conditions.

e The organisation and appropriate study skills required to prepare for tests and
assignments which are to be completed by the learner in controlled conditions.

Pearson BTEC International Level 3 Qualifications in Engineering -

172 Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 9: WORK EXPERIENCE IN THE ENGINEERING SECTOR

Unit 9: Work Experience in the Engineering Sector

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners explore the benefits of work experience. They carry out and reflect on a period
of work experience, and plan for their personal and professional development.

Unit introduction

If you are thinking about a career in engineering, you should do some work experience
to make you aware of the kinds of tasks and activities you may be required to do. It will
help you reflect on and develop your attributes and skills required for work in the sector,
and will also help to extend your knowledge and understanding of the roles and
responsibilities of engineering professionals.

In this unit, you will learn about the benefits of work experience in engineering. You will
examine how work experience can help you to develop personal and professional skills
such as communication and teamwork and help you to understand more about the
expectations of different professional roles. You will develop a plan to support your
learning in placement and you will monitor your progress through a reflective journal.
This is a very practical unit, which will support your work experience placement in
engineering and provide a foundation for you to develop, apply and reflect on
knowledge and skills in a realistic situation.

A work experience placement will help you prepare for further study in a variety of
higher education programmes. It is an important factor in progression to higher
education, and is a component of many degree courses.

Learning aims

In this unit you will:

A Examine the benefits of work experience in engineering for own learning and
development

B Develop a work experience plan to support own learning and development
C Carry out work experience tasks to meet set objectives

D Reflect on how work experience influences own personal and professional
development.

Pearson BTEC International Level 3 Qualifications in Engineering - 173
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 9: WORK EXPERIENCE IN THE ENGINEERING SECTOR

Summary of unit

Learning aim

A Examine the benefits
of work experience in
engineering for own
learning and
development

Key content areas

A1 Developing skills
and attributes

A2 Clarifying expectations
for employment in
engineering

A3 Exploring career
options

B Develop a work
experience plan to
support own learning
and development

B1 Preparation for work
experience

B2 Setting goals and
learning objectives

Assessment approach

A report evaluating

the benefits of work
experience in the
engineering sector and the
importance of preparing
for placement. The report
must include a plan to
meet personal and
professional goals.

C Carry out work
experience tasks to
meet set objectives

C1 Work experience tasks

C2 Work shadowing and
observation

D Reflect on how work
experience influences
own personal and
professional
development

D1 Reviewing personal
and professional
development

D2 Using feedback and
action planning

Observation of learners

on work placements in the
engineering sector carrying
out tasks and activities,
and interacting with
customers and staff,
evidenced by observation
report signed by assessor.

Reflective log evaluating
own development on
work placement.
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Content

Learning aim A: Examine the benefits of work experience in engineering for
own learning and development

A1 Developing skills and attributes

e Reflecting on own skills and attributes and areas for development.
o Developing professionalism.

o Communication and interpersonal skills.

o Organisational skills, e.g. time management, prioritising tasks.

e Technical skills and their application in the workplace.

o Ability to link theory with practice.

e Teamwork skills.

e Confidence and personal responsibility

A2 Clarifying expectations for employment in engineering
e Understanding the rights and responsibilities of engineers.
e Respecting diversity, equality and dignity in the workplace.
e Respecting confidentiality.

e Understanding health, safety and security regulations.

e Preparation for employment in the sector.

A3 Exploring career options

o Working in different engineering sectors, e.g. aerospace, manufacturing,
electrical/electronic.

e Sources of information about careers and career pathways in engineering.

o Professional engineering bodies and types of membership, e.g. Engineering
Technician (Eng Tech), Incorporated Engineer (IEng).

e Using work experience to inform career choices, confirm ideas or consider
alternative options.

Learning aim B: Develop a work experience plan to support own learning
and development

B1 Preparation for work experience

o Expectations for learners on work experience, e.g. dress, behaviour.

e Responsibilities and limitations for learners on work experience, e.g. restrictions
due to experience or training requirements to carry out tasks.

e Researching specific work experience placements, e.g. organisation, job roles.
e Role of placement supervisors/mentors.

B2 Setting goals and learning objectives
e Reflecting on current knowledge and skills.
o |dentifying own strengths and areas for development.

e Identifying established standards and values required for engineering
professionals, e.g. entry requirements for membership of professional bodies
such as the Institution of Mechanical Engineers (IMechkE), Institution of
Engineering and Technology (IET).
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» |dentifying SMART (specific, measurable, achievable, realistic and time-related)
targets for own work experience.

o Setting personal development goals, e.g. developing communication skills,
confidence.

o Setting professional development goals, e.g. developing competence,
technical ability.

Learning aim C: Carry out work experience tasks to meet set objectives

C1 Work experience tasks

e Assisting and participating in engineering tasks, e.g. preparing the workplace to
carry out given tasks.

e Assisting and participating in non-engineering tasks, e.g. attending meetings,
general office tasks.

o Participating as part of a team.

e Understanding the importance of supervision of work activities.

o Using work experience reflective journals to link theory with practice, reflecting
on how work experience placement influences own professional development.

C2 Work shadowing and observation

o Work shadowing different professionals to appreciate the range of engineering
functions.

e Observing specific procedures to gain new knowledge and skills.

e Working relationships and agreed ways of working in engineering, developing
trust, mutual respect, mindfulness, open communication and welcoming
diversity.

o Reflecting on work practice and procedures used within the setting.

Learning aim D: Reflect on how work experience influences own personal
and professional development

D1 Reviewing personal and professional development

o Understanding that reflective practice is an ongoing activity.

e Theories and frameworks for reflective practice.

e Reviewing work experience reflective journal.

o Evaluating own performance.

o Reflecting on personal and professional development.

D2 Using feedback and action planning

e The importance of continuing professional development (CPD).

o |dentifying areas of positive and constructive feedback.

o Highlighting areas for improvement.

» Creating an action plan for personal and professional development.
e Identifying career goals.
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Assessment criteria

UNIT 9: WORK EXPERIENCE IN THE ENGINEERING SECTOR

development

Learning aim A: Examine the benefits of work
experience in engineering for own learning and

A.P1 Explain how work
experience can
support the
development of own
professional skills and
personal attributes
for work in
engineering.

Discuss ways in which
work experience can
inform own career
choices and help
prepare for
employment in
engineering.

A.P2

A.M1 Analyse how work
experience can
provide support in
gaining a realistic
understanding of the
engineering sector.

Learning aim B: Develop a work experience plan to
support own learning and development

B.P3 Explain own
responsibilities and
limitations on work
experience in
engineering.

B.P4 Explain how to meet
own specific personal
and professional
development goals
while on work
placement.

B.M2 Assess the
importance of own
work experience plan
to support own
learning and
development.

AB.D1 Justify the benefits
of preparation in
supporting own
understanding of
the expectations of
work experience.

meet set objectives

Learning aim C: Carry out work experience tasks to

C.P5 Demonstrate work-
related skills to meet
set objectives for
work experience
tasks.

Discuss ways in which
work shadowing and
observation can
support development
of own skills while on
work placement.

C.P6

C.M3 Demonstrate work-
related skills with
confidence and
proficiency to meet
objectives in
different situations.

C.D2 Demonstrate
work-related skills
proficiently, taking
the initiative to
carry out activities
according to own
responsibilities
and setting's
procedures,
selecting
appropriate skills
and techniques for
different
situations.
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Learning aim D: Reflect on how work experience
influences own personal and professional
development

D.P7 Review own strengths | D.M4 Assess how

and areas for self-reflection can D.D3 Justify how planning
development in contribute to for and reflecting
response to feedback personal and on skills developed during
on work experience professional own work experience
placement. developmentin a placement have informed
D.P8 Produce a personal work experience future plans for personal
development plan placement. and professional
which identifies development.

improvements to
personal and
professional skills
for the future.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of two summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aims: A and B (A.P1, A.P2, B.P3, B.P4, A.M1, B.M2, AB.D1)
Learning aims: C and D (C.P5, C.P6, D.P7, D.P8, C.M3, D.M4, C.D2, D.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to a ten working-day equivalent work experience
placement in an engineering setting.

Essential information for assessment decisions

Learning aims A and B

For Distinction standard, learners will reach valid judgements about the benefits of
preparation for work experience placements. Learners must use research to justify the
validity of proposals about the expectations of work experience and articulate their
views concisely to justify conclusions. They must draw on and show knowledge to
make suitable justifications and recommendations for their planned placement.

For Merit standard, learners will make reasoned analytical judgements involving
comparison and discussion. Learners must use research to extend their understanding
about the expectations of work experience placements. They must select and apply
knowledge to demonstrate the relevance and purpose of their work experience plan
to support their learning and development.

For Pass standard, learners will recall key knowledge to demonstrate their
understanding of how work experience can provide preparation for employment in
engineering. Learners must use research with relevance to given situations to explain
their responsibilities and limitations in a work experience placement. They must select
and organise information using appropriate knowledge and concepts to produce a plan
to meet their specific personal and professional development goals while on work
placement.

Learning aims C and D

For Distinction standard, learners will make valid judgements about the risks and
limitations of techniques and processes used in relation to desired outcomes and own
skills development. They must select appropriate skills and techniques in relation to the
work situation and desired outcomes and show that they have developed their skills to
achieve increased quality of outcomes while on placement. For example, they must
communicate professionally using appropriate methods for their audience to achieve
desired outcomes.

Learners must show initiative while acting within expected constraints and assess their
contribution to at least three different work-related tasks and three work shadowing
tasks or observations. Learners must justify any decisions taken related to their work
situation. They must manage themselves successfully to prioritise activities and monitor
their own progress.

They must engage actively with others and on their own initiative to gain feedback and
to create opportunities for personal improvement. They must evaluate the basis for
taking decisions in their work experience placement and respond effectively to feedback.
They must draw together their learning and experiences gained across the learning
aims, demonstrating valid insights into their own planning and performance in order

to plan their future personal and professional development.
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For Merit standard, learners will act within given work-related contexts to show
required attributes and select and deploy appropriate techniques, processes and skills
with increased confidence and proficiency to meet set objectives in three different work
experience situations. Learners will modify techniques and processes to suit different
situations and to deal with contingencies. For example, they must select and use
appropriate communication methods to suit particular audiences, such as interacting
with different staff or contributing to a team meeting. They will reflect on knowledge and
skills gained through three work shadowing experiences or observations. They must
manage their time to prioritise activities and progress towards required outcomes.

Learners will use knowledge, skills and understanding to select and justify solutions

in relation to how work experience tasks support their personal and professional
development. They must monitor their achievement against their work experience plan
to ensure the relevance of targets and must reflect actively on evidence of their own
performance using feedback from others.

For Pass standard, learners will carry out tasks and activities fully, correctly and safely
to achieve required outcomes. Learners must select appropriate techniques, processes
or skills in well-defined situations, and review the success of these techniques, processes
and skills in relation to three work experience tasks and three work shadowing
experiences or observations. They must identify the responsibilities of staff within

the placement and relate this knowledge to occupational roles and organisational
structures. They must communicate in a variety of ways, using appropriate English,
vocational language and graphical methods, responding to communication from others.
They must manage their time effectively to undertake work activities and manage
outcomes.

Learners will apply knowledge, skills and understanding to explore solutions to realistic
and vocational tasks in relation to the ways in which work shadowing and observation
can support personal and professional development.

Learners must maintain structured records of their work experience which show how
they have planned opportunities to develop their skills and gain feedback on their
performance from others.

Links to other units

This unit links knowledge and skills from learners’ entire programme of study, but it
would be advisable if the following units were taught prior to the work placement:

e Unit 1: Mechanical Principles

e Unit 2: Delivery of Engineering Processes Safely as a Team

e Unit 3: Product Design and Manufacture in Engineering

e Unit 57: Electrical and Electronic Principles.

It may be taught alongside:

e Unit4: Applied Commercial and Quality Principles in Engineering

e Unit 5: A Specialist Engineering Project.

Employer involvement
This unit would benefit from employer involvement in the form of opportunities for
observation during the work experience and assessment of any project work.

Learners must have access to a ten-working-day equivalent work experience placement
in an engineering setting.
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Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Formal writing skills when presenting and compiling research from a given
assignment or topic.

e Personal organisation skills when compiling a range of documentation that will
support a project or assignment.

e Review and evaluation skills of their personal performance and their
performance in a wider team when undertaking practical activities in an
engineering workshop or facility.

e Independent tracking and monitoring of project work as it develops.

o Learners will be able to reflect on their individual skills and weaknesses when
completing an engineering processes or operation. Learners will then be able to
improve their personal performance and set targets to focus on these
improvements in the future.
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Unit 10: Computer Aided Design in Engineering

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners develop two-dimensional (2D) detailed drawings and three-dimensional (3D)
models using a computer-aided design (CAD) system.

Unit introduction

Computer-aided design (CAD) spans most areas of engineering, as well as aspects of
other disciplines such as construction and media. Engineering is a multi-disciplinary
vocational subject that uses CAD as part of other processes to develop (design and
manufacture), improve and maintain cutting edge products and systems. For example,
Formula 1® racing teams test all their cars on bespoke CAD packages to analyse
performance and stresses, and make modifications to the cars as a result.

In this unit, you will use CAD software and hardware to produce 2D and 3D drawings.
You will acquire the skills to produce models of products, editing and modifying these,
and exploring materials and their properties. You will output a portfolio of drawings,
for example orthogonal, 3D shaded or solid model, and detail view drawings, to an
international standard.

As an engineer, it is important to be able to interpret and produce engineering drawings
that help individuals and organisations to communicate ideas, design and manufacture

products and improve product performance. Studying this unit will help you to progress
to employment as a draftsperson and gain other technician-level roles in engineering.

It also prepares you for an engineering-based apprenticeship, and for higher education.

Learning aims

In this unit you will:

A Develop a three-dimensional computer-aided model of an engineered product that
can be used as part of other engineering processes

B Develop two-dimensional detailed computer-aided drawings of an engineered
product that can be used as part of other engineering processes

C Develop a three-dimensional computer-aided model for a thin walled product and
a fabricated product that can be used as part of other engineering processes.
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Summary of unit

Learning aim

A Develop a three-
dimensional computer-
aided model of an
engineered product that
can be used as part of
other engineering
processes

Key content areas

A1 3D parametric
modelling

A2 Develop 3D
components

A3 Develop a 3D model

A4 Output of drawings
from a model

Assessment approach

A practical drawing activity
to produce a 3D model of a
product and determine the
material properties of
components.

A portfolio of drawings
should include: orthogonal,
3D shaded or solid model,
parts list/bill of material
and a detail view.

B Develop two-
dimensional detailed
computer-aided
drawings of an
engineered product that
can be used as part of
other engineering
processes

B1 2D drawing commands

B2 Development of 2D
engineering drawings

B3 Output of 2D drawings

A practical drawing activity
to produce 2D drawings for
an assembled product.

A portfolio of drawings
should include: orthogonal,
an assembly drawing, parts
list/bill of material and a
sectional view.

C Develop a three-
dimensional computer-
aided model for a thin
walled product and a
fabricated product that
can be used as part of
other engineering

C1 3D modelling
commands

C2 Develop 3D
components

C3 Development of a
3D model

C4 Output of product

A practical drawing activity
to produce a rendered 3D
model of a thin walled and
fabricated product.

A portfolio of drawings
should include: orthogonal,
3D shaded or solid model,

processes ; i i i
drawings parts I!st/_blll of material,
a detail view, rendered
output and flat patterns.
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Content

Learning aim A: Develop a three-dimensional computer-aided model of an
engineered product that can be used as part of other engineering processes

A1 3D parametric modelling

Configure the parametric modeller, including origin, units, snap and grid,
correct format, project files, selection of file types and planes, e.g. XY, XZ and YZ.
Sketching commands, including line, arc, centre line, construction line, circle,
fillet, and dimension.

Display commands, including pan, zoom, and orbit.

Editing commands, including erase, extend, trim and rotate.

Construction commands, including:

3D primitives, e.g. cube, cylinder

3D creation, e.g. extrude, revolve

3D modify, e.g. hole, move face, chamfer

3D Boolean, e.g. intersect, addition, subtraction

3D assembly, e.g. place, constrain

o 3D analysis, e.g. stress, mass.

©O O O 0o ©

A2 Develop 3D components

Creation of 2D sketches, including basic shape, dimensioning, modifications,

and geometric constraints.

2D sketch to a 3D model, including rotate about an axis, revolve, extrude and
Boolean manipulation.

3D features, including:

o threads, male and female

o holes, including plain, drilled

o threads, countersunk, counterbore, fillet, chamfer, rectangular or circular copy.
Combination of solid objects, including Boolean operations.

2D sketching on 3D faces.

Modification of the 3D model, including addition of features to existing

geometry, e.g. cut-outs, projected geometry and new holes and extrusions.

Application of materials to include:

o mass based on common engineering materials, e.g. aluminium and
carbon steel

o surface area of the whole or part of a component

o volume of the whole or part of a component

o density mass per unit volume of material

o principal moments, moments of inertia of a body about its principal axis.

A3 Develop a 3D model

Placement of 3D components, including degrees of freedom, XYZ translational
freedom and XYZ rotational freedom.

Assembly constraints and the relationships between components, including
mate constraint and angle constraint assembly relationships, insert constraint
and tangent constraint assembly relationships.

Modification to 3D components due to assembly constraints.
Consideration of assembly, including storyboarding, component relationship.
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A4 Output of drawings from a model

Drawings to be produced to British Standard BS 8888 or other relevant international
equivalents:

2D paper space, including drawing template, scale, size, title block, editing

creation of component drawings, including an orthogonal base view and
projected views, 3D solid model/surface model, appropriate scale, detail views,
dimensioning, and centre lines

creation of an assembly drawing, including parts list or bill of materials (BOM).

Learning aim B: Develop two-dimensional detailed computer-aided
drawings of an engineered product that can be used as part of other
engineering processes

B1 2D drawing commands

Configuration of a 2D CAD system, including format units, snap and automatic
snaps, grid, precision, angular, drawing limits, layers, user coordinate system,
world coordinate system and file systems.

Use of drawing commands, including line, arc, circle, polyline, absolute, relative,
and polar.

Use of display commands, including pan, zoom.

Use of modify commands, including erase, trim, mirror, move, array, copy,
undo and stretch.

B2 Development of 2D engineering drawings

Drawing commands, including line types, centre line, dashed, text, offset,
hatching and editing of hatching.

Use of layers, including manipulation, creation, switching on/off, frozen
and locked.

Use of blocks/symbols, including creation of blocks/symbols, symbols library,
insertion of blocks.

Use of modify commands, including mirror, pan, scale, chamfer, and fillet.

Use of dimensioning, including dimension styles, dimensions, and editing of
dimensions.

B3 Output of 2D drawings

Drawings to be produced to British Standard BS 8888 or other relevant international
equivalents:

set up of output parameters, including paper size, units, plot area, scale,
orientation, paper space, model space, model and layout drawing, and template

creation of component drawings, including orthogonal views, appropriate scale,
sectional view, dimensioning, and centre lines

creation of an assembly drawing, including general arrangement, parts list or
bill of materials (BOM).
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Learning aim C: Develop a three-dimensional computer-aided model for a
thin walled product and a fabricated product that can be used as part of
other engineering processes

C1 3D modelling commands

Configuration of the parametric modeller, including origin, units, snap and grid,
correct format, project files, selection of file types, and planes, e.g. XY, XZ
and YZ.

Creation of 2D sketches, including basic shape, dimensioning, modifications,
and geometric constraints.

2D sketch to a 3D model, including rotate about an axis, revolve, extrude,
and Boolean manipulation.

Sheet metal parameters, including folding rule, bending rule, corner reliefs.

Use of sketching commands, including line, arc, centre line, construction line,
circle, fillet, and dimension.

Use of construction sheet metal commands, including face, material thickness,
bends, flange, holes, slots, 3D modify, e.g. hole, move, face, chamfer.

Use of construction thin walled commands, including 3D creation, imprint/shell,
Boolean manipulation, sweep, loft, shell, work planes, emboss, 3D modify,
e.g. hole, move, face, chamfer.

Use of display commands, including pan, zoom, and orbit.
Use of editing commands, including erase, extend, trim, and rotate.

C2 Develop 3D components

Create 2D sketches, including basic shape, dimensioning, modifications,
and geometric constraints.

2D sketch to a 3D component and sheet metal fabrication, including folding,
bending, slots, revolve, extrude, and Boolean manipulation.

3D features of the components, including:

threads - male and female

holes - plain, drilled, threads, countersunk, fillet, chamfer
combination of solid objects, including Boolean operations.

3D features of the thin walled components, including shell/imprint, loft, fillet,
chamfer, array (rectangular or circular), and combination of solid objects,
including Boolean operations.

C3 Development of a 3D model

Placing 3D components, including degrees of freedom, XYZ translational
freedom and XYZ rotational freedom.

Assembly constraints and the relationships between components, including
mate constraint and angle constraint assembly relationships, insert constraint
and tangent constraint assembly relationships.

Modification to 3D components due to assembly constraints.
Consideration of assembly, including storyboarding, component relationship.

Use of rendering, including render, shadows, reflections, lights, materials,
textures, ray tracing.

Pearson BTEC International Level 3 Qualifications in Engineering - 187
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 10: COMPUTER AIDED DESIGN IN ENGINEERING

C4 Output of product drawings

Drawings to be produced to British Standard BS 8888 or other relevant international
equivalents:

e 2D paper space, including drawing template, scale, size, title block, editing

e creation of component drawings, including an orthogonal base view and

projected views, 3D solid model/surface model, appropriate scale, detail views,
rendered models, dimensioning, flat patterns, and centre lines.
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Learning aim A: Develop a three-dimensional
computer-aided model of an engineered product that
can be used as part of other engineering processes

A.P1 Create models and
drawings of at least
five 3D components
from an assembled
product, and apply a
material to two or
more components.

A.P2 Create a model and
drawings of an
assembled product
containing at least
five components
with two or more
components well
orientated.

A.M1 Produce accurate
models and drawings
that mainly meet
an international
standard of an
assembled 3D
product containing
at least seven
well-orientated
components and
apply a material to
all components.

A.D1 Refine models and
drawings to an
international standard of
an accurate and correctly
orientated 3D assembled
product that is fit for
purpose, applying
appropriate materials to
all components and create
a drawing template.

processes

Learning aim B: Develop two-dimensional detailed
computer-aided drawings of an engineered product
that can be used as part of other engineering

B.P3 Create, using layers,
drawings of at least
six 2D components
from an assembled
product.

B.P4 Create a 2D assembly
drawing containing at
least six components,
with at least two
components well
orientated.

B.M2 Produce, using
accurate layers,
drawings that mainly
meet an
international
standard of an
assembled product
containing at least
ten accurate and
well-orientated
components.

B.D2 Refine, using
accurate layers from a
master layer, drawings to
an international standard
of an accurate and
correctly orientated 2D
assembled product that is
fit

for purpose.
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Learning aim C: Develop a three-dimensional
computer-aided model for a thin walled product and
a fabricated product that can be used as part of
other engineering processes

C.P5 Create partially C.M3 Produce an accurate
rendered models and model and drawings,
drawings of at least which mainly meet
two 3D components an international
from a thin walled standard, of at least | ¢c.p3 Refine drawings to
assembled product. two well-orientated | 5 international standard
C.P6 Create partially and fully rendered of two accurate and
rendered models and 3D components correctly orientated
drawings of at least from a thin walled 3D models with realistic
four 3D components assembled product. | rendering that are both fit
from a fabricated C.M4 Produce an accurate | for purpose.
assembled product. model and drawings,

which mainly meet
an international
standard, of at least
four well-orientated
and fully rendered
3D components
from a fabricated
assembled product.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, A.D1)
Learning aim: B (B.P3, B.P4, B.M2, B.D2)
Learning aim: C (C.P5, C.P6, C.M3, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to
e suitable CAD workstations and output devices, e.g. printers and plotters

o 2D CAD software that is capable of professional 2D drawings and their output,
e.g. AutoCAD 2D, AutoCAD LT, TurboCAD Deluxe, and DraftSight®

e 3D modelling software that is capable of professional solid 3D models
and fabricated models, creates assemblies and outputs 2D drawings,
e.g. AutoCAD 3D, AutoCAD Inventor, SolidWorks, and SolidEdge.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will show consistently accurate components with

a material applied correctly to every component, for example an engine/cylinder block
material could be made from either aluminium or cast iron. The components should be
assembled into a model, for example a model Formula 1® racing car or a model aircraft
landing gear, with all the components orientated correctly.

A drawing template should be created and used so that a professional portfolio

of drawings can be output. The evidence should include orthogonal drawings,

a 3D shaded/solid model, and a detail view. Overall, the drawings should be to an
international standard, such as BS 8888, and the model should fully meet its purpose,
for example to display accurate visualisation to a potential customer, and be clear for
a third party to understand.

For Merit standard, learners will accurately draw at least seven components,

for example they should be the correct size and compatible when assembled. At least
five of the components should be correctly orientated when assembled, for example an
incorrectly orientated component could be orientated correctly from one angle but not
another. A material should be applied to all components.

A drawing template from the standard library should be used to output a portfolio

of drawings that should generally be to an international standard, such as BS 8888.
Specifically, orthogonal drawings may contain at most a couple of missing dimensions
and/or a couple of dimensions may be inappropriately positioned or inconsistent,

and a detail view that may have minor errors, for example an incorrect scale applied,

or incorrectly labelled. The 3D shaded/solid model should contain no inaccuracies in the
drawing layout and title block and an accurate parts list/bill of materials should be given.

Overall, the evidence should provide an appropriate 3D model that generally meets

its purpose.

For Pass standard, learners will draw at least five components but they may not all be
fully accurate, for example an incompatibility in a male and female thread, or incorrect
depth of thread could be used, causing a bolt not to seat correctly. Components such as
pins, washers and basic fasteners do not contribute towards the component count. The
components should be assembled into a model with at least two components orientated
correctly and a material will be applied to at least one component.

192 Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 10: COMPUTER AIDED DESIGN IN ENGINEERING

A drawing template from the standard library should be used to output a portfolio

of drawings. Specifically, orthogonal drawings, which may contain some missing
dimensions and/or some dimensions may be inappropriately positioned or inconsistent,
and a 3D shaded/solid model may have some minor errors within the drawing layout
and/or title block.

Overall, the evidence should demonstrate a 3D model that partially meets its purpose.

Learning aim B

For Distinction standard, learners will show accurate components that form an
assembly and all components should be orientated correctly. Layers should be used so
that component attributes are grouped on one layer, for example hatching is contained
on a single layer and should be used to create different assemblies and/or components
possessing similar attributes from the master layer. Another example would be a series
of brackets with common attributes, such as a bar with a differing series of holes on a
pitch circle diameter (PCD), which would be created from one master layer with the PCDs
on separate layers to enable the output of several drawings.

A drawing template should be created to output professional drawings, to include a
general arrangement, component drawings, and a sectional view. Overall, the portfolio
of drawings should be to an international standard, such as BS 8888, and they should
demonstrate a clear and accurate 2D model that fully meets its purpose, for example
to manufacture the component(s), and is clear for a third party to understand.

For Merit standard, learners will draw ten components, which may have minor
inaccuracies, for example external dimensions are created incorrectly but they do

not affect final assembly, or components may not be fully compatible. Layers should

be used to create components and they should be well oriented to create the assembly.

A drawing template from the standard library should be used to output professional
drawings, to include a general arrangement, component drawings, and a sectional view.
These drawings should be to an appropriate international standard.

Overall, the evidence should provide an appropriate 2D model that generally meets
its purpose.

For Pass standard, learners will draw six components, which may have some
inaccuracies, such as errors in sizes and compatibility. Components such as pins,
washers and basic fasteners do not contribute towards the component count.

Also, the assembly should contain at least two correctly orientated components.
Layers should be utilised so that components are created using layers, with some
minor errors, for example layers may have been left frozen, or only partially printed.
A drawing template from the standard library should be used to output a professional
portfolio of drawings, to include a general arrangement and orthogonal drawings.
The orthogonal drawings may contain some minor errors within the drawing layout,
title block and dimensioning.

Overall, the evidence should demonstrate a 2D model that partially meets its purpose.
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Learning aim C

For Distinction standard, learners will show in their portfolios accurately modelled
fabricated and thin walled components. The fabricated components together should
contain a minimum of four folds, two bends and four slots. The components should be
assembled into a model that contains a minimum of six components that are orientated
correctly, containing a minimum of three fabricated components, plus rods, dowels and
shafts may be included, for example a lever and linkage system or a scissor lift. The thin
walled components should be assembled together to create one assembly with no
inaccuracies, for example a small hairdryer or a computer mouse. Both models

should be rendered to show a realistic product.

A drawing template should be created to output a professional portfolio of drawings,
including orthogonal drawings, a 3D shaded/solid model, a sectional view of the thin
walled components and a detail view of the fabrication.

Overall, the portfolio should provide 3D models that fully meet their purpose,
for example to display accurate visualisation to a potential customer, and are clear
for a third party to understand.

For Merit standard, learners will show accurate, fabricated and thin walled
components. The fabricated components should contain a minimum of two folds,

two bends and two slots, containing a minimum of two fabricated components, plus
rods, dowels and shafts may be included. The components should be assembled into

a model that contains a minimum of four components that are orientated correctly.

The thin walled components should be assembled together to create one assembly,
which may contain minor inaccuracies, for example minor misalignments, but correctly
orientated. Both models should be rendered but it may not be fully realistic, for example
there may be minor errors in shadows, lighting, reflections, and views.

A drawing template from the standard library should be used to output a professional
portfolio of drawings, including orthogonal drawings, a 3D shaded/solid model,

a sectional view of the thin walled components and a detail view of the fabrication.
Drawings may contain minor dimensioning errors or missing dimensions.

Overall, the evidence should provide an appropriate 3D model that generally meets

its purpose.

For Pass standard, learners will show generally accurate, fabricated and thin walled
components. The fabricated components should contain a minimum of one fold, one
bend and one slot. The components should be assembled into a model that contains a
minimum of three components and some may be orientated incorrectly. The thin walled
components should be assembled together to create one assembly, with some
inaccuracies, for example inaccuracies in component orientation or alignment.
Components such as split pins and washers do not contribute towards the component
count. One component may be rendered, with some errors in shadows, lighting,
reflections, and views.

A drawing template from the standard library should be used to output a professional
portfolio of drawings, including orthogonal drawings, a 3D shaded/solid model,

a sectional view of the thin walled components and a detail view of the fabrication.
Drawings may contain minor dimensioning errors or some missing dimensions.

Overall, the evidence should provide an appropriate 3D model that partially meets
its purpose.
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Links to other units

This unit links to:

e Unit 3: Product Design and Manufacture in Engineering

e Unit 5: A Specialist Engineering Project

e Unit 12: Pneumatic and Hydraulic Systems

e Unit 22: Electronic Printed Circuit Board Design and Manufacture

e Unit 40: Computer Aided Manufacturing and Planning

e Unit 43: Manufacturing Computer Numerical Control Machining Processes
e Unit 45: Additive Manufacturing Processes.

Employer involvement

This unit would benefit from employer involvement in the form of:

e guest speakers

e technical workshops involving staff from local engineering organisations
e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Personal organisation skills when compiling a range of documentation which
will support a project or assignment.

e Produce formal written reports based upon assignments, given topics
and tasks.

e Learners will be able to use computer aided design (CAD) software to create
virtual simulations and realistic scaled models of engineering parts or
components.

e Learners will have a full understanding of the range of industrial standards
that two-dimensional and three-dimension drawings of engineering parts or
components need to meet in order to be effectively fabricated or manufactured
by third parties.
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Unit 11: Engineering Maintenance and Condition
Monitoring Techniques

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners explore types of engineering maintenance, their use and impact on the
monitoring and maintenance of engineered plant and equipment.

Unit introduction

The maintenance and monitoring of engineered plant and equipment are key to
productivity, profitability, safety and efficiency wherever such items are used. For
example, in manufacturing plant breakdowns, malfunctions and unscheduled stoppages
cost money and can compromise quality and performance.

In this unit, you will investigate and explore different types of maintenance and condition
monitoring techniques and their applications across a variety of engineered plant

and equipment. You will examine the relative costs and benefits of monitoring and
maintaining engineered plant and equipment in good order. Additionally, you will
analyse condition monitoring data and undertake a practical, planned maintenance
procedure on an item of engineered plant or equipment.

Engineering maintenance and condition monitoring are key functions across a range
of sectors, for example advanced manufacturing, aerospace, automotive, power and
chemical engineering. The knowledge, skills and understanding you gain in this unit
are relevant to a range of job roles, for example facilities maintenance, manufacturing
planning and control, specialist machine tool design and construction, installation and
commissioning. This unit also helps to prepare you for a relevant
traineeship/apprenticeship or entry to higher education.

Learning aims

In this unit you will:

A Examine the characteristics of different types of engineering maintenance
required for engineered plant and equipment to operate safely

B Examine the use of condition monitoring techniques to detect faults and
potential failures before they occur

C Undertake a maintenance activity safely on a piece of plant or equipment to ensure its
continued safe operation.
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Summary of unit

Learning aim

A Examine the
characteristics of
different types
of engineering
maintenance required
for engineered plant
and equipment to
operate safely

Key content areas

A1 Types of maintenance
and common
maintenance
techniques

A2 Maintenance cost
considerations

A3 Reasons for
maintenance

Assessment approach

A report on the use of
three different types of
maintenance as they are
applied to items of
engineered plant or
equipment.

B Examine the use of
condition monitoring
techniques to detect
faults and potential
failures before they
occur

B1 Condition monitoring
techniques

B2 Condition monitoring
equipment and data

B3 Principles of and
factors contributing
towards potential faults
and failures

A report focusing on
condition monitoring
techniques and an analysis
of given monitoring data to
identify potential faults
and failure.

C Undertake a
maintenance activity
safely on a piece of
plant or equipment to
ensure its continued
safe operation

C1 Maintenance and
condition monitoring
plan

C2 Health and safety
requirements when
undertaking
maintenance activities

C3 Preparation for
maintenance activities

C4 Completion of a
maintenance activity

A detailed maintenance
and condition monitoring
plan and log, including
supporting paperwork,
when carrying out
maintenance and condition
monitoring activities safely.
Observation records and
witness statements of
completing the routine
maintenance activity.
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Content

Learning aim A: Examine the characteristics of different types of
engineering maintenance required for engineered plant and equipment to
operate safely

A1 Types of maintenance and common maintenance techniques

Types of engineering maintenance and common techniques, including:

e reactive or breakdown maintenance - repairs and replacement undertaken
once a breakdown has occurred

e planned maintenance - maintenance carried out on specific items of plant and
equipment according to a fixed plan at prescribed intervals, e.g. monthly, yearly

e preventative maintenance - regular inspection, detection and correction of
plant and equipment to prevent breakdown, e.g. visual inspection, checking
alignment, making routine adjustments, cleaning, lubrication

e corrective maintenance - a fault is detected, reported and rectified in order to
restore an item to normal working order

o total productive maintenance (TPM) - integrated means of ensuring that all
plant and equipment is maintained in excellent working condition so that
manufacturing processes run continuously without disruption

o predictive maintenance - doing what is required to monitor and diagnose the
condition of an item of plant or equipment, e.g. condition monitoring and
statistical process control and quality assurance data.

A2 Maintenance cost considerations

Costs and impact on profitability of maintenance activities, including the cost of:

» different types of maintenance as a proportion of total expenditure

o the type of maintenance applied and the benefits that result

o direct and indirect labour

e spares and consumables held

e lost output

e equipment hire and replacement

e outside contracting

e health and safety and the environment.

A3 Reasons for maintenance

Understand the reasons for engineering maintenance, including:
e toimprove plant reliability

e toimprove productivity

e toreduce wastage

e toreduce costs

e toimprove safety

e toimprove quality

e toimprove comfort and welfare

o toadhere to legal and statutory requirements, e.g. noise levels
e to adhere to manufacturer's guidance and instructions, e.g. warranty.
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Learning aim B: Examine the use of condition monitoring techniques to
detect faults and potential failures before they occur

B1 Condition monitoring techniques
Measuring and monitoring a specific function, parameter or item of plant or equipment,
including:
o vibration analysis, e.g. monitoring and recording the vibration of a rotating shaft
in a motor

e temperature analysis, e.g. detecting changes in temperature in a critical
component, such as a bearing, fuse, or relay

o flow analysis, e.g. monitoring the performance of a pump

e crack detection, e.g. identifying surface cracks in heat-treated components

o thickness analysis, e.g. monitoring the wall thickness of tubes in a continuous
tube manufacturing mill

o oil analysis - the detection of contaminants in a lubricating oil, e.g. water in
a turbine

e corrosion detection, e.g. monitoring the degradation of critical surfaces in an
aircraft fuselage

e emissions analysis, e.g. the measurement of pollutants discharged by an
internal combustion engine.

B2 Condition monitoring equipment and data

Condition monitoring equipment and data collection, including:

e manual or remote fixed and portable equipment for online and offline data

e collection, e.g. hand-held data logger able to measure and transmit a range of
information, e.g. temperature, light, pressure

e equipment performance data, including self-diagnostics

e smart sensors, e.g. onboard vibration sensors built into an electric motor that
monitor and distribute information continuously

e statistical process control and quality assurance data.

B3 Principles of and factors contributing towards potential faults and failures
o Causes of faults and failure, including:
o failure rate - the predicted frequency of failure of a component or system over
a period of time or number of cycles
o failure mode - the way in which failure occurs
o functional failure - the point at which a component or system no longer
functions as required and is considered to have failed.
o Calculations concerning failure:
o mean time to failure (MTTF) - the average period of time a component or
system will operate before failing
o mean time to repair (MTTR) - can be either the average period of time to repair
a fault or the average time between successive needs to repair a component or
item of equipment
o mean time between failures (MTBF) - the average period of time between
successive failures of a component or item of equipment.
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e Factors that may contribute to faults and failures, including:
o design and capability - a fault in the design features of a component or item of
equipment, e.g. poor material specification
o mode of operation - the manner and purpose for which an item of equipment
is used, e.g. overloading a machine beyond its capability
o environment - the conditions in which an item of equipment is used,
e.g. temperature and humidity

o manufacturing processes - inappropriate method(s) of manufacture.

Learning aim C: Undertake a maintenance activity safely on a piece of plant
or equipment to ensure its continued safe operation

C1 Maintenance and condition monitoring plan

A typical maintenance plan for an item of engineered plant or equipment should include
the following detail:

e equipment type, description, location, identification number

e type of maintenance procedure

e maintenance procedure description

o frequency of procedure

o date of next procedure

o specialist skills required, e.g. mechanical, electrical, fluid engineering

e personnel involved

e equipment status, e.g. running, shutdown, isolated

o tasklist

o estimated time and actual time for each task

e tools, equipment and materials required

o health and safety requirements, including personal protective equipment (PPE)
o item checked, tested, handover

e task report, including the identification of any further maintenance needs.

C2 Health and safety requirements when undertaking maintenance activities

o Key features of regulations, or other relevant international equivalents,

including:

o isolation and permit to work systems

o working in confined spaces and at heights

o current Control of Substances Hazardous to Health (COSHH) Regulations and
amendments (or local non-UK equivalent), including lubricants, degreasing
agents and other hazardous substances dependent upon the nature of the
plant or equipment being maintained

o current Personal Protective Equipment (PPE) at Work Regulations and
amendments (or local non-UK equivalent), where hazards exist to lungs,
eyes, head, feet, skin or the body

o current Lifting Operations and Lifting Equipment Regulations and amendments
(or local non-UK equivalent), including the safe use of appropriate lifting
equipment, e.g. hoist

o current Manual Handling Operations Regulations (MHOR) and amendments
(or local non-UK equivalent), referring to the HSE manual handling
assessment charts.
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o Other safe working practices relevant to an engineering maintenance activity,
including:
o organisation rules and maintenance protocols

environmental issues

health and safety procedures

reporting of accidents

reporting of hazardous items of plant or equipment

emergency procedures

reporting and treatment of injuries.

e Risk assessment of the general working environment and specific maintenance
procedure, including:
o defining hazard by inspection of the general environment and location,

e.g. remove and clean jets in a gas-powered heat treatment furnace

o defining risk by determining how hazards may cause injury, e.g. falling objects
when maintaining a crane

o putting control measures in place to reduce risk, e.g. isolating the work area

o Health and Safety Executive (HSE) (or local non-UK equivalent) guidance on risk
assessment, to include the five steps and the use of standard pro forma.

O O O 0O 0 o

C3 Preparation for maintenance activities

Obtain available supporting documentation for an engineering maintenance procedure,
e.g. manufacturer’'s drawings, parts list, service manual, maintenance documentation,
maintenance/service history, plant register, standing instructions, permit to work,
handover documents, maintenance reports, condition monitoring data.

e Select materials, spares and equipment to complete the maintenance activity:
o hand tools, e.g. spanners, wire strippers, bearing puller
o consumables, e.g. lubricants, electrical wire
o replacement parts, e.g. bearings, filter.
C4 Completion of a maintenance activity
Complete a maintenance activity on an item of equipment or plant safely, including:
o disassemble, remove or strip item
e visually inspect components
e repair, replace or replenish as required
e reassemble item
e inspect and test
e complete documentation
e returnitem to service
e complete documentation.
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UNIT 11: ENGINEERING MAINTENANCE AND CONDITION MONITORING TECHNIQUES

safely

Learning aim A: Examine the characteristics of
different types of engineering maintenance required
for engineered plant and equipment to operate

A.P1 Explain, using
examples, the
characteristics of and
reasons why three
different types of
maintenance are
used for the
continued operation
of plant and
equipment.

A.M1 Compare, using
examples, the
characteristics and
suitability of three
different types of
maintenance used
for the continued
operation of plant
and equipment.

A.D1 Evaluate, using
language that is technically
correct, the characteristics
and suitability of three
different types of
maintenance used for the
continued operation of
plant and equipment.

failures before they occur

Learning aim B: Examine the use of condition
monitoring techniques to detect faults and potential

B.P2 Explain the different
condition monitoring
techniques and
equipment used to
detect faults and
potential failures.

Interpret the results
from a given
condition monitoring
exercise on a piece of
plant or equipment,
identifying the
possible causes.

B.P3

B.M2 Analyse the condition
monitoring
techniques and
equipment used to
detect potential
faults and failures in
a piece of plant or
equipment, including
the contributory
factors.

B.M3 Analyse the results
from a given
condition monitoring
exercise on a piece of
plant or equipment,
identifying realistic
causes for the faults
or failures.

B.D2 Evaluate the
condition monitoring
practice for a piece of
plant or equipment and
the results from a given
condition monitoring
exercise on a piece of
plant or equipment,
recommending
appropriate interventions
to rectify the faults

and failures.
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Learning aim C: Undertake a maintenance activity
safely on a piece of plant or equipment to ensure its
continued safe operation

C.P4

C.P5

C.P6

Produce a plan and
risk assessment

to complete a
maintenance activity
on a piece of plant or
equipment.

Prepare materials,
equipment, and
procedures to
complete
maintenance activity
on a piece of plant or
equipment.
Complete a
maintenance activity
safely on a piece

of plant or
equipment, returning
it to service.

C.M4 Produce a detailed

and accurate plan
and risk assessment
to complete a
maintenance activity
on a piece of plant or
equipment.

C.D3 Refine, during the
process, the planning and
performance of a
maintenance activity on an
item of plant or equipment
safely, accurately and
efficiently, returning it to
service, and identifying
any future maintenance
requirements and/or
advice.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.M1, A.D1)
Learning aim: B (B.P2, B.P3, B.M2, B.M3, B.D2)
Learning aim: C (C.P4, C.P5, C.P6, C.M4, C.M5, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:

e items of engineered plant and equipment - these could be items of workshop
equipment, modern motor vehicles or items of plant and equipment located
elsewhere in the institution or made available by local companies

e hand-held condition monitoring equipment

» condition monitoring data for an item of plant or equipment

e arange of hand and power tools suitable for maintenance activities
e the provision of consumable items for maintenance tasks

e accompanying documentation for the equipment referred to above and
relevant health and safety regulations, as required by the unit content

e appropriate websites such as that of the Health and Safety Executive.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will produce a balanced evaluation of the
characteristics and suitability of three different types of engineering maintenance.

They will identify the items being maintained, the purpose of the maintenance, the
techniques used and why the type of maintenance is appropriate. Learners will provide a
conclusion regarding the suitability of each type of maintenance. For example, predictive
maintenance is employed on a gas turbine engine because of the safety critical nature
of the product as well as the availability and increased capabilities of diagnostic tools to
monitor the performance and condition of the engine that form the basis for this type

of maintenance.

Overall, learners’ evaluations will be easy to read and understand by a third party who
may or may not be an engineer. They will be well structured and presented in a logical
way using the correct, technical engineering terms. Also, charts and illustrations will be
clear and easy to understand.

For Merit standard, learners will produce a detailed comparison of the characteristics
(types of maintenance procedure undertaken, the techniques applied, and the costs)
and suitability of three different types of maintenance applied to plant or equipment.
Learners will select and research the applications and will make a personal judgement
on the suitability of the maintenance chosen. For example, using planned maintenance
for a continuous tube manufacturing mill to ensure that the plant is able to run
continuously between scheduled shutdowns, whereas breakdown maintenance is
acceptable for a lawn mower in a non-commercial setting, as the costs would outweigh
the benefits of operating a planned maintenance system.

Overall, learners’ evidence will be logically structured, technically accurate and easy to
understand.
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For Pass standard, learners will explain the characteristics and suitability of three
different types of maintenance for the particular applications they have chosen,

for example a domestic lawn mower, a gas turbine engine, and a continuous tube
manufacturing mill. The characteristics referred to will cover the type of maintenance
undertaken, the techniques applied, the costs and reasons why the approach is used,
for example the continuous tube manufacturing mill may be maintained using planned
maintenance to ensure the reliability of the plant and the quality tube it produces.
Learners will refer to an experienced and available maintenance team to complete the
work, as well as the cost benefits to the organisation of maintaining continuous running
of the mill greatly outweighing the wider disruption caused by breakdowns.

Overall, learners’ evidence will be logically structured, although it may be basic in parts,
for example they may only provide simple reasons for their use, perhaps missing out a
reference to cost, and it may contain minor technical inaccuracies relating to engineering
terminology, such as ‘mending’ faults rather than ‘rectifying’ faults.

Learning aim B

For Distinction standard, learners will produce a balanced evaluation of condition
monitoring techniques and equipment. They will analyse in detail the results from a
given condition monitoring exercise, identifying the item, the parameters measured, and
the techniques and equipment used. They will identify factors that may contribute to a
fault or potential failure and recommend appropriate interventions to rectify the fault(s)
and/or failure(s). For example, learners may refer to the data obtained from frequently
monitoring the condition of a lubrication oil in a production machine, possibly identifying
the presence of water, wear debris or other contaminants that might compromise the
machine’s reliability and performance and lead to fault(s) or potential failure(s).

Overall, learners’ evidence will be easy to read and understand by a third party who may
or may not be an engineer. It will be structured and presented in a logical way and will
use the correct technical engineering terms. Also, charts, tables and illustrations will be
clear and understandable.

For Merit standard, learners will provide a detailed analysis of condition monitoring
techniques and equipment used to detect potential faults or failures in an item of plant
or equipment. For example, learners may refer to using a hand-held optical pyrometer
to record temperature variations in a heat treatment furnace that may, if not addressed,
compromise the mechanical properties of the components being manufactured.

Learners will interpret the results from a condition monitoring exercise, identifying some
realistic causes for the faults or failures which could cover the design, mode of operation
and conditions in which it is used. For example, they may identify significant variations in
temperature in a heat treatment furnace possibly due to blocked gas jets.

Overall, learners’ evidence will be logically structured, technically accurate and easy to
understand.

For Pass standard, learners will explain the different types of condition monitoring
techniques and equipment, the parameters they measure and the faults and failures
they can identify and predict. For example, learners may refer to motor vehicle exhaust
emission test equipment to measure and record the level of gases and other pollutants.

Learners will interpret the results of data from a given condition monitoring exercise on
a piece of plant or equipment, for example recording temperature measurements from
a heat treatment furnace over a prescribed period of time, calculating mean time to
repair. They will also identify the possible causes for the failure, although the causes may
not be realistic.
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Overall, learners’ evidence will be logically structured, although it may be basic in parts,
for example a limited explanation of different types of condition monitoring equipment,
perhaps misinterpreting some of the results from the exercise, and it may contain some
minor technical inaccuracies, for example misspelling ‘thermocouple’.

Learning aim C

For Distinction standard, learners will produce logical refinements to their detailed
maintenance plan and risk assessment, making refinements as they plan, prepare and
complete the maintenance activity on a piece of plant or equipment.

Learners will prepare and perform the activity safely, accurately and efficiently, rectifying
the fault and/or performing routine maintenance and returning the piece of plant or
equipment to service, for example removing and replacing a set of bearings for a roller
on an airport luggage conveyor system and returning the system back to service.
Throughout the activity learners will be efficient, for example by thinking ahead to
organise the tasks, preparing any consumables and other materials and completing
tasks in the correct order while making any adjustments for unforeseen problems as
they occur.

Also, learners' evidence, for example the task report, will identify any future maintenance
requirements and/or advice. For example, when changing an oil filter, learners may
observe that a bearing needs replacement and/or that the head of a casing bolt is worn,
so care is needed during the assembly and disassembly procedure and replacement
may be advised during the next scheduled maintenance activity.

Overall, learners’ evidence will be easy to read and understand by a third party who may
not be an engineer. It will be well structured and presented in a logical way using the
correct, technical engineering terms. Also charts, forms, plans and illustrations will be
clear and understandable.

For Merit standard, learners will produce a detailed and accurate plan and risk
assessment to complete a maintenance activity on a piece of plant or equipment.
For example, learners will break down the maintenance procedure into logical and
easy to understand steps, and all the tools required for the job will be listed.

Learners will prepare and perform the activity safely and accurately, rectifying the fault
and/or performing routine maintenance and returning the piece of plant or equipment
back to service. For example, accuracy means applying the correct torque to bolts and
sealing bearings correctly or ensuring gas jets are thoroughly free of rust and dust
before being reassembled into the furnace.

Overall, learners’ evidence will be logically structured, technically accurate and easy to
understand. For example, the task report/documentation will reference quality control
checks and provide details of the condition of the parts replaced so maintenance
schedules can be adjusted, such as to increase the frequency of cleaning and lubricating
bearings on a conveyor system.

For Pass standard, learners will produce a maintenance plan and risk assessment for a
maintenance activity on an item of plant or equipment. Learners’ risk assessments will
include consideration of all significant hazards, be laid out in an appropriate template
and include suitable control measures.

They will prepare for the activity by selecting materials and equipment, following
prescribed procedures and they will complete the activity safely by rectifying any faults
and/or completing routine maintenance, returning the piece of plant or equipment back
to service, for example by replacing the brushes in an electric motor. Some tasks,
however, may not be completed in the most efficient order.
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Overall, learners’ evidence will be logically structured, although it may be basic in parts,
for example the plan may lack details of estimated and actual time taken, the task
report/documentation may make limited reference to quality control checks and there
may be some minor technical inaccuracies, for example specifying the wrong tool to
remove the gas jets in a heat treatment furnace, or missing a spring washer from a
securing bolt.

Links to other units

This unit links to:

e Unit 2: Delivery of Engineering Processes Safely as a Team

e Unit 12: Pneumatic and Hydraulic Systems

e Unit 15: Electrical Machines

e Unit 24: Maintenance of Mechanical Systems

e Unit 46: Manufacturing Joining, Finishing and Assembly Processes
e Unit 50: Aircraft Gas Turbine Engines

e Unit 53: Airframe Mechanical Systems.

Employer involvement

This unit would benefit from employer involvement in the form of:
e guest speakers

o technical workshops involving staff from local engineering organisations with
expertise in maintenance and/or condition monitoring techniques

e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Learners will use formal written documentation to present research findings
from intensive investigations into given topics or themes.

e Learners will be able to work safely in an engineering environment and ensure
that themselves, and others around them are safe, when completing
engineering operations.

e Learners will be able to work safely in an engineering environment and ensure
that themselves, and others around them are safe, when completing
engineering operations.

e Review and evaluation skills of their personal performance and their
performance within a wider team when undertaking practical activities within
an engineering workshop or facility.
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Unit 12: Pneumatic and Hydraulic Systems

Level: 3
Unit type: Internal/
Guided learning hours: 60

Unit in brief

Learners explore the safe operation of pneumatic and hydraulic systems, including
simulation of circuits using software and practical system assembly and testing.

Unit introduction

Pneumatic and hydraulic systems are an important part of many modern engineering
products and systems. For example, aircraft landing gear relies on hydraulics, as do the
robotic machines used in vehicle assembly plants. Pneumatic systems are widely used
in the manufacturing industry and pneumatically operated tools are commonplace in
garages and engineering workshops.

You will study the safe operation and maintenance of pneumatic and hydraulic power
systems by investigating industrial case studies. You will learn how to use computer-
aided design (CAD) software to create circuit diagrams of pneumatic and hydraulic
systems and then simulate their function before gaining practical experience of
assembling and testing a physical system.

As an engineer, you may need to operate, maintain and repair pneumatic and/or
hydraulic systems safely. This unit helps to prepare you for an engineering
traineeship/apprenticeship, for higher education and for technician-level roles,

such as in plant maintenance or as a hydraulic/pneumatic technician.

Learning aims

In this unit you will:

A Examine the safe operation and maintenance of pneumatic and hydraulic
powered systems

B Develop pneumatic and hydraulic circuit diagrams and simulate their
operation

C Explore the safe development of pneumatic or hydraulic powered systems.
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Summary of unit

Learning aim

A Examine the safe
operation and
maintenance of
pneumatic and
hydraulic powered
systems

Key content areas

A1 Hydraulic and
pneumatic power
supply components

A2 Hydraulic and
pneumatic actuator
components

A3 Hydraulic and
pneumatic system
control components

A4 General system safety
and maintenance

A5 Common applications
of industrial hydraulic
and pneumatic power
systems

Assessment approach

An illustrated technical
report based around two
contrasting case studies
that include an evaluation
of pneumatic and hydraulic
systems and how they are
used in industry.

B Develop pneumatic
and hydraulic circuit
diagrams and simulate
their operation

B1 Creating hydraulic and
pneumatic power
circuit diagrams

B2 Simulating the
operation of hydraulic
and pneumatic power
circuits

Hydraulic and pneumatic
power circuit diagrams and
annotated screenshots of
circuit simulation will be
supported by witness
statements and/or
observation records.

C Explore the safe
development of
pneumatic or hydraulic
powered systems

C1 Health and safety
requirements for the
safe operation of
hydraulic and
pneumatic power
systems

C2 System assembly
C3 Testing and fault
finding hydraulic and

pneumatic powered
systems

Evidence from practical
tasks will be evidenced by
a logbook, written notes,
annotated photographs,
witness statements and
observation records.
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Content

Learning aim A: Examine the safe operation and maintenance of pneumatic
and hydraulic powered systems

A1 Hydraulic and pneumatic power supply components

Function and operation of pneumatic power supply system components:
o compressor types, including piston, diaphragm, rotary vane, screw, typical
operating pressures, compressor delivery volume

o storage receivers, including constructional and safety features, shape and
qualitative understanding of sizing factors, e.g. air consumption, network size

o fluid conditioning equipment, including filters, lubricators, exhaust silencers,
pressure regulators, dryers, drainage points and oil separators

o key parameters, including operating pressures, compressor delivery volume,
cycle regulation.

Function and operation of hydraulic power supply system components:

o pump types, including fixed displacement, e.g. gear, lobe, balanced vane, piston,
variable displacement, e.g. vane, piston

o fluid storage, including gas-pressurised and spring-loaded accumulators, simple
tank and pressurised reservoirs, reservoir safety features, including stack pipe,
de-aeration features, filters

o fluid conditioning equipment, including supply and return reservoir filters,
component filters and heat exchangers

o key parameters, including pump flow rates, pressure limits, reservoir capacity.

A2 Hydraulic and pneumatic actuator components

Function, operation and practical applications of:

o linear actuator components, including single-acting cylinders, double-acting
cylinders, cylinders with cushioning

o rotary actuator components, including piston motors, sliding vane motors and
gear motors.

Key parameters, including actuator stroke length, load resistance, speed of

operation.

A3 Hydraulic and pneumatic system control components

Control component function and operation:
o directional control valves, including 4- or 3-way valve, closed/neutral position
o flow control valves, including throttle valve, sequence valve

o pressure control valves, including pressure relief valve (PRV), thermal relief
valve (TRV), pressure reducing valve

o non-return valves, including check valve

o position sensors, including pressure switch, microswitch

o control component actuation methods, including pressure, manual,
mechanical, electrical (solenoid) and pilot pressure actuation.

Key parameters, including operating pressure, flow rate, temperature and

control component requirements.
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A4 General system safety and maintenance

o Safe maintenance of pneumatic systems, including compliance with
maintenance manuals and procedures for checks on:

o filter condition, water traps, lubricator fluid level, leaks, physical damage,
security of attachment of components and fittings, lubrication of moving parts
and linkages and system functional tests and checks.

o Safe maintenance of hydraulic systems, including compliance with maintenance
manuals and procedures for checks on:

o fluid levels, filter condition, accumulator pre-charge pressures, fluid plumbing
and component leaks, physical damage and security of attachment of

components, fittings and fluid plumbing, component fouling, aerated oil,
lubrication of moving parts, functional tests and checks.

e Main hazards associated with fluid power systems:
o sudden release of pressurised fluid, including impact injuries from pressure
vessel rupture, ejected components/debris, flailing hoses

o contact with pressurised fluid, including high temperature hydraulic fluid
causing burns, cuts or injection injury

o entrapment in moving parts
o hydraulic fluid, including contamination due to leaks, harmful effects of skin
contact, long term health implications.
o Safety design features, including pressure relief valves (PRVs), emergency stops,
guarding, use of abrasion resistant flexible hoses, safe shutdown procedures,
fail-safe systems.

A5 Common applications of industrial hydraulic and pneumatic power systems

e Pneumatic power systems, e.g. automotive paint spray booth, workshop
equipment, rail, automotive, automated manufacturing systems.

e Hydraulic power systems, e.g. agricultural machines, motor transport, aircraft
systems, industrial equipment.

Learning aim B: Develop pneumatic and hydraulic circuit diagrams and
simulate their operation

B1 Creating hydraulic and pneumatic power circuit diagrams

e Symbols and circuit diagrams for hydraulic and pneumatic power systems and
components to BS ISO 1219-1:2012 or other relevant international equivalents.

e Use of CAD software to create pneumatic circuit diagrams to BS ISO 1219-
1:2012 or other relevant international equivalents, e.g. multi-cylinder sequential
operation, single-cylinder reciprocation with dwell, clamp an object using a two-
cylinder arrangement, rotary actuator with reversing action, cylinder with
deceleration air cushion.

e Use of CAD to create hydraulic circuit diagrams to BS ISO 1219-1:2012 or other
relevant international equivalents, e.g. multi-cylinder sequential operation,
single-cylinder reciprocation with dwell and regeneration, motor with variable
speed and reversing action.

B2 Simulating the operation of hydraulic and pneumatic power circuits

o Simulating the behaviour of hydraulic and pneumatic power circuits
during operation.

e Recording output variables, e.g. generating plots of cylinder velocity
versus time.
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e Changing circuit and component input parameters and component type or
layout, observing changes to circuit output variables and their effect on circuit
performance, e.g. changing flow control valve settings to determine the effect
on cylinder velocity, improving pressure losses by reducing the complexity of
circuit layout and/or component selection.

Learning aim C: Explore the safe development of pneumatic or hydraulic
powered systems

C1 Health and safety requirements for the safe operation of hydraulic and
pneumatic power systems

e Main regulations and Approved Codes of Practice (ACOP) or other relevant
international equivalents covering pressure systems, e.g.:

(o}

Pressure Equipment Regulations 1999 and amendments (deals with the design,
manufacture and supply of pressure systems)

Pressure Systems Safety Regulations (PSSR) 2000 (deals with the safe operation
of a pressure system)

ACOP and guidance on Regulations L122 Second Edition 2014 (provides further
advice on pressure systems safe operation).

o Safe working practices, including:

(o}

O O O O

care and handling of pressurised gases, including storage bottles and receivers,
airlines and pressurised systems

control of hazardous substances, including hydraulic fluid and lubricants

personal protection when handling gases and liquids and pneumatic and
hydraulic system components, including use of barrier creams and other
precautions to avoid dermatitis and the inhalation of noxious fumes

ensure system is depressurised prior to work
avoid checking for system leaks using hands
ensure correct fluids are used for replenishment

keep clear of system components when carrying out functional tests
and checks.

C2 System assembly
e Component assembly, including:

(o}

(o}

familiarisation with safe and appropriate use of fluid system power supply
components, fluid compressors, motor pump combinations, supply pressure
regulation and safety features, fluid storage and conditioning components
component use, selection, physical and functional requirements, including
system service loading, pressure and flow limits, linear and rotary movement
parameters, sizing, porting, component actuation and control methods

component mounting and safe connection systems.

e Identification, selection and assembly of fluid conductors, including:

(o}

(o}

(o}

qualitative understanding of conductor sizing factors, including standard tubing
sizes, flow velocity, operating pressure

pipework materials and types, including steel, aluminium alloy, copper rigid
pipes and tubing, plastic tubing, rubber, neoprene and steel reinforced

flexible hoses

fittings, including threaded and quick release couplings and connectors,

pipe elbows, flared tube fittings, clamped and sealed end fittings.
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C3 Testing and fault finding hydraulic and pneumatic powered system
e Functional tests and checks in accordance with maintenance manuals:

o checking, including correct assembly, security of attachment, fluid plumbing
and leaks, physical damage, fluid levels

o system testing, including freedom of movement, fouling, operating in the
correct sense, correct sequencing, spongy operation, range and freedom of
movement, cycle speeds, operating pressures.

e Fault finding, including:

o fault finding aids, e.g. circuit diagrams, flow charts, isolation methods

o causes of failure, including fluid quality and contamination, overloading of
components, lack of maintenance, fouling

o common modes of failure, e.g. seizing of components, leakage, slow or
sluggish movement.
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Learning aim A: Examine the safe operation and
maintenance of pneumatic and hydraulic powered

maintenance
requirements, and
component selection
for a hydraulic and a
pneumatic powered
system.

systems
A.P1 Explain the safe A.M1 Analyse the safe
operation, operation,

maintenance
requirements,
component selection,
and key parameters
for a hydraulicand a
pneumatic powered
system to meet
service
requirements.

Distinction ‘

A.D1 Evaluate, using
language that is technically
correct,

the safe operation,
maintenance
requirements, component
selection and key
parameters necessary for
a hydraulic and

a pneumatic system

to meet service
requirements, including
any improvements.

Learning aim B: Develop pneumatic and hydraulic
circuit diagrams and simulate their operation

B.P2 Create circuit
diagrams for a
hydraulic and a
pneumatic circuit that
each contain at least
eight components.

B.P3 Simulate the
operation of a
pneumatic and a
hydraulic circuit that
each contain at least
eight components.

B.M2 Produce accurate
diagrams for a
hydraulic and a
pneumatic circuit
containing at least
eight components to
an international
standard, to meet
the client brief.

B.M3 Simulate the correct
operation of a
pneumatic and a
hydraulic circuit
determining the
effect of changing
component
parameters to meet
the system purpose.

B.D2 Optimise the
performance of the
pneumatic and hydraulic
circuit simulations,
ensuring that the
requirement of the client
brief is met.
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Learning aim C: Explore the safe development of
pneumatic or hydraulic powered systems

E.P5

E.P6

C.P4 Explain the

importance of safe
working practices
when assembling and
testing pneumatic

and hydraulic circuits.

Assemble a hydraulic
or pneumatic system
containing at least
eight components
safely.

Test the operation
of a hydraulic or a
pneumatic system
safely, identifying

any faults.

C.M4 Develop a fully
functioning hydraulic

or pneumatig system, | ¢ p3 Refine, during
safely rectifying the process, the

faults., V.Vh”e performance of a fully
gxplalnlng the functioning pneumatic or
Importance Of safe hydraulic system

working practices. to better meet the client
brief, while explaining the
importance of safe
working practices.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.M1, A.D1)
Learning aim: B (B.P2, B.P3, B.M2, B.M3, B.D2)
Learning aim: C (C.P4, C.P5, C.P6, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:

e specialist fluid power systems, CAD software for the creation of circuit diagrams
to ISO standards and the simulation of hydraulic and pneumatic system
operation, e.g. Automation Studio™

o software that allows system and component parameters to be adjusted to
optimise circuit function and is capable of calculating and plotting system
variables, such as cylinder velocity during the operating cycle

e hydraulic or pneumatic system test rig or mock-up that allows a range of
components to be safely fixed, connected, tested and adjusted to refine the
system function

e arange of health and safety regulations and guidance documents, maintenance
manuals, procedures and fault finding aids, as specified in the learning aims
and unit content.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will produce detailed and comprehensive
evaluations of the hydraulic and pneumatic systems, demonstrating a clear
understanding of how the systems and components in the system operate and function.
Key parameters will be stated and their importance explained for each of the major
system components, for example piston cross-sectional area for a simple hydraulic
cylinder determines the maximum force that it can apply at any given pressure.

Learners will evaluate the type of system and components selected to meet a specific
industrial service requirement. For example, the evidence might suggest the selection of
hydraulics for an industrial press, by virtue of the high power, high force, accuracy and
repeatability required, and then a reasoned argument would be given as to why these
service requirements would not be achieved to the same standard using pneumatics.

In addition, the evaluation will include suggestions for improvement to the safety and
maintenance of the system, for example improving maintenance efficiency by replacing
a piston accumulator with a bladder accumulator thus avoiding the need for repeated
pre-charging in the event of piston seal leakage.

Overall, the evidence will be easy to read and understand by a third party who may
or may not be an engineer. It will be logically structured and use correct technical
engineering terms.

For Merit standard, learners will analyse the hydraulic and pneumatic systems in
sufficient depth and demonstrate a clear understanding of how the systems and
components in the system operate and function, and how the required maintenance
continues to ensure that the systems remain safe and fit for purpose. Key operating
parameters will be stated and their importance explained for each of the major system
components.

Learners will also analyse how the system and component operating parameters
influence the choice of system and the system architecture needed to meet a specific
industrial service requirement. For example, by considering the constraints on the
required system layout and the service loads acting on a wheel braking system, learners
will decide whether the system should be pneumatically or hydraulically powered.
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Overall, the analysis, such as an illustrated written report, will be logically structured,
technically accurate and easy to understand.

For Pass standard, learners will provide an explanation of how pneumatic and hydraulic
systems and components in the system operate, including key parameters and function
of the system and corresponding components. Learners will explain the maintenance
requirements for each type of fluid system and its associated components to ensure

its continued safe operation. The explanation will include details on the industrial
applications best suited to pneumatically or hydraulically powered systems, as used

in industry.

Overall, the evidence, such as an illustrated written report, will be logically structured
although basic in parts, and may lack some depth and breadth of understanding. The
explanations must, however, cover all essential aspects of safety when working on or
maintaining pneumatic and hydraulic powered systems and their associated
components.

Learning aim B

For Distinction standard, learners will accurately produce and simulate a pneumatic
and a hydraulic circuit, each with a minimum of eight components, to meet the system
purpose and then optimise the performance of the circuit by iteratively adjusting
operating parameters to produce circuit simulations that accurately meet all aspects of
the client brief. For example, in combination with changing system pressure, learners will
alter bleed valve settings in a pneumatic cylinder to vary cylinder extension speed or
change the pneumatic cylinder to a different size or type.

Overall, learners will demonstrate a logical and systematic approach throughout and
will present clear, accurate and well-structured circuit diagrams and simulation data.
Sufficient, detailed evidence of the simulation and optimisation processes will be
presented so that it could be repeated by a third party, and correct engineering terms
will be used throughout.

For Merit standard, learners will accurately produce and simulate a pneumatic and
a hydraulic circuit, each with a minimum of eight components, to meet the intended
purpose of the system.

Learners must systematically record the effects of changing component parameters on
circuit operation and determine the values required for the system’s intended purpose
to be met. For example, learners will change bleed valve settings in a pneumatic cylinder
to vary cylinder extension speed.

Overall, learners will demonstrate a systematic approach throughout and will present
clear and accurate circuit diagrams, simulation data and will use appropriate
technical terms.

For Pass standard, learners will produce and simulate a pneumatic and a hydraulic
circuit, each with a minimum of eight components.

Learners must make an accurate record of the circuit simulation, including the system
and component settings. For example, after setting and recording the initial system and
component parameters for a circuit controlling a pneumatic cylinder, learners will then
record its displacement versus time characteristics in operation.

Overall, learners will present clear and well-structured circuit diagrams, simulation data
and will use limited or inappropriate technical engineering terms.
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Learning aim C

For Distinction standard, learners will provide evidence of how refinements were
made safely throughout the assembly, testing and fault finding of their chosen system,
improving its functionality and performance to better meet the client brief. For example,
evidence may show learners manually adjusting a flow control valve to obtain optimum
actuator speed, eliminating kinks in feed lines and replacing blocked filters.

Learners will demonstrate consistently good technical understanding of safe system
assembly, testing and fault diagnosis. For example, when assembling system
components, learners will ensure that they are securely attached to the system
structure, correctly coupled, tested for leaks and correct operation, and adjusted
appropriately to refine the system operation before any of the component adjusters
are finally locked into position.

Overall, the evidence presented will cover all aspects of the practical system
development and will be easy to read and understand by a third party who may or may
not be an engineer. It will be logically structured and use correct technical engineering
terms throughout.

For Merit standard, learners will provide evidence showing how safe assembly,
testing and fault finding was used to develop a fully functional system. For example,
the evidence may show learners changing system and component parameters,
testing function and rectifying faults, such as tightening leaking unions.

Learners will demonstrate safe practice and a good technical understanding of most
aspects of system assembly, testing and fault diagnosis. For example, they will, by
following the circuit diagrams, be able to physically assemble components safely,
securely and in the correct order within the system. This will ensure that system
actuators not only operate in the correct sense and range but also in the correct
sequential order.

Overall, the evidence presented, for example an illustrated portfolio or report, will be
easy to read and understand. It will be logically structured and will use appropriate
technical engineering terms.

For Pass standard, learners will provide evidence explaining how assembly, testing and
fault finding of a hydraulic or a pneumatic system was carried out safely. For example,
evidence may show learners setting initial system and component parameters, testing
the system and identifying faults, for example leaking unions and incorrect connections.
They will also explain the importance of safe working practices required when working
with physical systems.

Learners will demonstrate safe practice and some technical understanding of system
assembly, test and fault diagnosis. For example, after the correct assembly of system
components, learners will be able to identify the correct checks and test procedures that
need to be carried out to ensure correct system operation but, when physically carrying
out such checks and tests, may omit minor aspects of the test procedure that would
have ensured all aspects of the system operation had been covered.

Overall, the evidence presented, for example an illustrated portfolio or report, will be
easy to read and understand. It will be logically structured and learners will make limited
or inappropriate use of technical engineering terms.
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Links to other units

This unit links to:

Unit 1: Mechanical Principles

Unit 2: Delivery of Engineering Processes Safely as a Team

Unit 10: Computer Aided Design in Engineering

Unit 11: Engineering Maintenance and Condition Monitoring Techniques
Unit 24: Maintenance of Mechanical Systems

Unit 29: Principles and Applications of Fluid Mechanics

Unit 57: Electrical and Electronic Principles.

Employer involvement

This unit would benefit from employer involvement in the form of:

guest speakers

technical workshops involving staff from local engineering organisations with
expertise in pneumatic and/or hydraulic systems

contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

Pearson BTEC International Level 3 Qualifications in Engineering -
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Learners will use formal written documentation to present research findings
from intensive investigations into given topics or themes. Learners will be able
to illustrate key concepts and applications developed through their research.

Learners will be able to use computer aided design (CAD) software to create
and simulate operations and processes, particularly when developing
pneumatic and hydraulic circuit design.

Independent tracking and monitoring of project work as it develops.

Review and evaluation skills of their personal performance and their
performance within a wider team when undertaking practical activities
within an engineering workshop or facility.
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Unit 13: Welding Technology

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners examine the principles and technology used in common welding processes and
produce welded joints in differing materials and welding positions.

Unit introduction

A diverse range of welding processes are used in the manufacturing sector and in
industry, including manual, automated and mechanised processes. The selection and
application of these welding processes is vital in terms of the integrity, safety and the
economic viability of the finished product.

In this unit, you will examine the common welding processes used to produce high-
quality, permanent metal joints. You will select the most appropriate welding processes
for a specific application. You will understand and apply strict safe working practices
designed to protect you and colleagues from various hazards that are inherent to the
welding process, such as electric currents, combustible gas mixtures and parts rotating
at high speed. You will examine the materials and their behaviour during the welding
process, helping you to create ‘good’ welded joints. Finally, you will plan and carry out

a welding task to join different materials and joints together in different welding
positions safely.

As an engineer, it is important to understand the welding technology, processes and
the mechanisms of planning and creating joints and components. This unit helps to
prepare you for employment, for example as a welding technician, for a traineeship/
apprenticeship or for entry to higher education to study engineering.

Learning aims

In this unit you will:

A Examine common welding processes used to produce welded joints safely for
different applications

B Examine weldable materials and their behaviours during the welding process
C Carry out practical welding skills safely to join metallic materials together.
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Summary of unit

Learning aim

A Examine common
welding processes used
to produce welded
joints safely for different
applications

Key content areas

A1 Welding terminology
for processes and
equipment

A2 Gas-shielded arc
welding - shielding
gases

A3 Common welding
processes

A4 Welding electrotechnics

Assessment approach

A written report examining
the suitability of welding
processes for at least two
different applications.

The report will also cover
the safe working practices
and equipment required.

B Examine weldable
materials and their
behaviours during the
welding process

B1 The properties and
behaviours of metallic
materials

B2 Unalloyed steel
materials

B3 Alloyed steel and
non-ferrous materials

B4 Defects and
irregularities in welded
joints

A written report about the
properties and structures
of alloyed and unalloyed
steel and non-ferrous
materials, determining
how defects are prevented
and which tests are applied
to detect defects.

C Carry out practical
welding skills safely to
join metallic materials
together

C1 Prepare for welding
operations

C2 Welding parameters
and settings

C3 Welding of joints safely

Preparation activities
before the welding of
joints, including tools,
equipment and
consumables. A welding
procedure specification
(WPS) should also be used.

Carry out welding
operations to produce
safely welded joints in two
different materials, in two
different welding positions
and using two selected
welding processes.
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Content

Learning aim A: Examine common welding processes used to produce
welded joints safely for different applications

A1 Welding terminology for processes and equipment

Types of manual welding process, e.g. manual metal arc (MMA), tungsten
inert gas (TIG), metal inert gas (MIG)/metal active gas (MAG), flux-cored
arc welding (FCAW).

Automated and mechanised welding processes, e.g. orbital welding,
resistance welding.

The major differences between types of welding process, correct use of
abbreviations, range of applications, advantages and disadvantages, potential
problems, and potential hazards and methods of safe handling and working.

A2 Gas-shielded arc welding - shielding gases
The characteristics and operating principles:

processes, including TIG, MIG/MAG, flux-cored welding
shielding gas used for each process

safe handling and storage of shielding gases

standards for shielding gases and filler materials

potential hazards and methods of safe handling and working.

A3 Common welding processes

Welding processes:

TIG welding process, including arc ignition methods and their applications,
common applications for each type of current, polarity and electrode type,

use of and care for the equipment and accessories, standards for consumables,
joint preparation and potential problems to overcome and potential hazards,
and methods of safe handling and working

MIG/MAG welding, including metal transfer modes and their applications,
selection of appropriate type of current, polarity and electrode according

to application, appropriate joint preparations and potential problems to be
overcome, welding parameters on the weld bead and be able to outline the
welding parameters for particular applications, main components of the
equipment and accessories, appropriate standards for consumables and how
they are to be selected, care for the equipment and accessories, potential
hazards and methods of safe handling and working

FCAW process, including common applications for each type of current, polarity
and electrode, appropriate joint preparations and potential problems to be
overcome, appropriate welding parameters on the weld bead and outlining
welding parameters for particular applications, potential hazards and methods
of safe handling and working, functions of the main components of the
equipment and accessories, appropriate standards for consumables, how
consumables should be selected, and care for the equipment and accessories
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MMA welding process, including principles of MMA welding, selection of the
appropriate type of current, polarity and electrode according to application,
applications, appropriate joint preparations and potential problems to be
overcome, range of welding parameters for particular applications, hazards
and methods of safe handling and working, component of the equipment and
accessories, handling, control and storage of the various types of electrodes,
use of appropriate standards, influence of electrode coating on droplet transfer
and weld metal properties.

A4 Welding electrotechnics

The function of welding power source components:

o alternating current (AC) and direct current (DC) and give examples of their
individual application to different welding processes

o transformers

o rectifiers, including bridge (half and full wave).

Power sources for arc welding:

o how a welding power source works (AC and DC), including the most common
devices used

o arc welding power source, including the voltage static characteristic, operation
point and control of arc stability

0 open-circuit voltage, arc voltage short-circuit current, duty cycle of a power
source, voltage losses, and current to cable section relationship

o appropriate power sources for a given welding process

o settings and switches on different power sources and their effects on the
welding process.

Learning aim B: Examine weldable materials and their behaviours during
the welding process

B1 The properties and behaviours of metallic materials

Properties of metallic materials:

o mechanical properties of metals, e.g. plasticity, elasticity, cold and hot
deformation, work hardening and strain ageing

o loading conditions on the properties of metallic materials, e.g. temperature,
loading speed, environment.

The behaviour of metallic structures under loading:

o stress - normal stress, shear stress

o deformation - axial strain, shear strain

o stress-strain relationship graphically

o stress resulting from internal forces and moments.

B2 Unalloyed steel materials

Behaviour of structural steels in fusion welding:

temperature distribution in welds and the microstructure formed as a result for
a single-pass weld versus a multi-pass weld

effects of heat input, cooling rate and multi-pass operation on weld metal
solidification
the microstructure formed for a single-pass weld versus a multi-pass weld

the effects of the weld protection, the type of consumables on the
microstructure of the weld metal and on the properties for a single-pass weld
versus a multi-pass weld
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recognise areas of the heat-affected zone (HAZ), the reasons for grain size and
microstructure changes and their effects on properties for a single-pass weld
versus a multi-pass weld.

B3 Alloyed steel and non-ferrous materials

Nickel and nickel alloys:

o nickel and nickel alloy weldability

o applicable welding processes and types of consumable for nickel and
nickel alloys.

Aluminium and aluminium alloys:

o aluminium and aluminium alloy weldability

o applicable welding processes and types of consumable for aluminium and
aluminium alloys.

Titanium and other metals and alloys:

o the welding metallurgy of specified metals, e.g. titanium, magnesium

o the weldability of the specified metals

o appropriate welding processes.

Joining dissimilar materials, including the weldability aspects involved when

joining dissimilar materials.

B4 Defects and irregularities in welded joints

Cracking phenomena in welded joints:
o metallurgical mechanisms for each of the major types of cracking
o susceptibility to cracking and suggest appropriate precautions to avoid cracking

o type of cracking and the reason for its occurrence from study of fractured
material and its history

o reduce or eliminate the occurrence of lamellar tearing in welded
construction/fabrication.

Fractures and different kinds of fractures:

o recognise the differences between cracks and fractures

o recognise the differences between ductile and brittle fractures.

Heat treatment of base materials and welded joints:

o recognise the necessity to perform heat treatment after welding, depending on
the type and thickness of steel and the application

o post-weld heat treatment (stress relieving).
The various types of corrosion:

o the chemical and electrochemical phenomena involved in corrosion

o the most common types of corrosion, including intercrystalline, transcrystalline,
knife-line attack, pitting, crevice, and stress-corrosion

o common protection methods.
Destructive and non-destructive testing of materials and welded joints:
o destructive testing and the limitations of the data generated

o testing methods and the parameters to be measured, including destructive and
non-destructive, e.g. tensile, bend, impact, hardness, creep, root and face bend,
nick break, and x-ray

o recognise when and why special testing should be specified.
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Learning aim C: Carry out practical welding skills safely to join metallic
materials together

C1 Prepare for welding operations
» Information sources, e.g. safety instructions, job instructions, engineering
drawings, quality control documentation, weld procedure specification (WPS),
record and reporting sheets.
e Tools and equipment:
o function and condition relevant to the welding process, e.g. cables, hoses,
torches and electrode holders, gas pressure regulators, flow meters

o working environment, e.g. workshop, site work, conditions for machinery
and plant

o assembling welding equipment, e.g. cables, weld return clamps, electrode
holders, gas cylinders, regulators, valves, safety devices.

C2 Welding parameters and settings

o Manual processes, including gas pressure, flow rates, voltage, current
(either AC or DC), according to electrode or filler size.

e Mechanised processes:
o safety devices
o welding speed

o parameters, including electrical current and voltage, wire feed rate, filler
diameter, gas shielding system

o mechanical functions, including handling, loading, work holding, transfer.

e Weld bead and morphology in relation to the settings and parameters used,
e.g. parameters affecting bead shape.

o Consumables, e.g. appropriate to process, electrode (rutile, basic, nickel alloy,
cellulosic, stainless steel, other electrodes), filler wire, gases (oxygen, shielding
gases), inert and active gases, and safe storage of consumables.

C3 Welding of joints safely

o Safe working practices:

fire prevention

electrical safety

electromagnetic (EM) and ultraviolet (UV) radiation
accident prevention and reporting

using risk assessments

manual handling

equipment maintenance

checking conditions, e.g. gas leaks, voltage and amperage, fuses,
circuit breakers, leads

wearing personal protective equipment (PPE)
ventilation and extraction fumes
using ventilation and extraction
closing down equipment safely after use.
e Joints and components:
o for manual processes - butt, fillet, autogenous weld (without filler wire)

o for semi-automatic processes - two different joint configurations,
two different material groups.

O 0O O 0O 0O 0O O o

O O O o

230 Pearson BTEC International Level 3 Qualifications in Engineering -
Specification - Issue 7 - January 2023 © Pearson Education Limited 2023



UNIT 13: WELDING TECHNOLOGY

o Welding positions, e.g. flat (PA), horizontal vertical (PB), horizontal (PC),
vertical upwards (PF), vertical downwards (PG), overhead (PE).

o Welding technique, e.g. torch angle, filler angle.

e Material:
o forms, e.g. plate (thickness appropriate to process, up to 6 mm, section,

sheet < 3 mm), other forms

o types, e.g. carbon steel, stainless steel, aluminum.

o Welding discontinuities and faults, considering the chosen welding process and
the applied parameters.

o Meet the required accuracy as specified, e.g. dimensions, tolerances, weld
quality, visual checks, uniformity, alignment, correct fusion, fillet of appropriate

size, porosity, slag inclusions, parent metal substantially free from arcing or
chipping marks.
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Assessment criteria

applications

Learning aim A: Examine common welding processes
used to produce welded joints safely for different

A.P1 Explain the choice of
welding processes,
parameters and
settings for two given
welding applications,
explaining the
equipment,
terminology and
safe working
practices that apply.

A.M1 Analyse the choice of
welding processes,
parameters and
settings for two given
welding applications,
explaining the
equipment,
terminology and safe
working practices
that apply.

A.D1 Justify, using
language that is technically
correct, the choice of
welding processes,
parameters and settings
for two given welding
applications, explaining
the equipment,
terminology and safe
working practices that

apply.

Learning aim B: Examine weldable materials and
their behaviours during the welding process

B.P2 Explain the structure
and mechanical
properties of alloyed
and unalloyed steel
and non-ferrous
materials used in
welding processes.

Explain the effect of
forces and loading on
welded joints.

Explain the defects
and irregularities that
occur in alloyed and
unalloyed steel and
non-ferrous materials
used in welding
processes.

B.P3

B.P4

B.M2 Analyse the
structure, mechanical
properties, and
defects of alloyed
and unalloyed steel
and non-ferrous
materials used in
welding processes,
including the effects
of irregularities,
forces and loading
on the joints.

B.D2 Evaluate the
structure, mechanical
properties and defects of
alloyed and unalloyed
steel and non-ferrous
materials used in welding
processes, including the
effects of irregularities,
forces and loading on the
joints.

Learning aim C: Carry out practical welding skills
safely to join metallic materials together

C.P4 Produce a plan to
create two welded
joints, using two
different welding
processes safely.

C.P4 Produce welded
joints using two
different materials,
processes and
welding positions
safely.

C.M3 Produce a detailed
and accurate plan to
create two welded
joints, using two
different welding
processes safely.
Produce welded
joints using two
different materials,
processes and
welding positions,
safely and accurately.

C.P4

C.D3 Refine, during the
process, the planning and
production of welded
joints

using two different
materials, processes and
welding positions safely,
accurately, efficiently and
effectively.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.M1, A.D1)
Learning aim: B (B.P2, B.P3, B.P4, B.M2, B.D2)
Learning aim: C (C.P5, C.P6, C.M3, C.M4, C.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:

e welding equipment

e welding consumables and materials

e destructive and non-destructive testing equipment
e health and safety materials and procedures.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will give a balanced justification for the choice of

at least two welding process for two different welding applications given to them.

For example, their evidence could cover why welders use the MIG process in preference
to MMA for thin sheet steel, particularly exploring why warping (distortion) occurs and
the HAZ effects on the material. The justification will also cover different types of
materials, shielding gases and safety considerations. For example, learners could
examine the welding of aluminium using the optimum electrode, filler rod and inert

gas and compare this to the MIG process. Learners will also detail how safe working
practices vary by process.

Overall, the report will be easy to read and understand by a third party, who may or may
not be an engineer. It will be logically structured and use correct technical engineering
terms.

For Merit standard, learners will analyse the choice of at least two welding processes
for two different welding applications given to them. For example, welding using the
MIG process is considered easier to learn and quicker to master than MMA, although

a comparison of the joint quality may contradict this argument. The evidence will
demonstrate how the material and joint can influence the welding process. For example,
why 18/8 (chromium/nickel) stainless steel may produce a better weld than welding
stainless steel with 12% chromium.

Overall, the analysis should be logically structured, be technically accurate and easy to
understand.

For Pass standard, learners will explain the choice of welding process for at least two
different welding applications given to them, for example the reasons why low carbon
steel can be welded using most processes, but cast iron requires a specific process and
special welding rods. Learners will also explain the equipment and safe working
practices required.

Overall, the evidence, such as a report, will be logically structured, although basic in
parts. Learners will likely include minor technical inaccuracies relating to engineering
terminology, such as mentioning ‘MIG’ instead of ‘MAG'.
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Learning aim B

For Distinction standard, learners will give a balanced evaluation of different welding
processes with regard to the weldable materials used and their behaviours. For example,
their evaluation could cover why temperature differences cause a HAZ and a change in
material properties and to the materials’ microstructure. In addition, certain materials
require the HAZ to be removed for cosmetic reasons and others due to the material
becoming hard and brittle. Learners will evaluate the defects found in weldable
materials. For example, they could examine how and why a longitudinal crack has
occurred along the centre of a weld. They will explore the rationale for propagating
cracks and their detection using non-destructive tests, including why it is advantageous
to use an x-ray method in some cases and dye penetrate in others.

Learners will also evaluate the effects of forces and loading on welded joints, such as
those caused by fatigue. For example, the internal structure of the weld may be porous
or contain internal tensile stresses, which cause the welded joint to fail under fatigue
loads. Therefore, it is important to understand the relationship between maximum
stress and the loading or cyclic loading on the weld.

Overall, the justification will be easy to read and understand by a third party, who may or
may not be an engineer.

For Merit standard, learners will give a balanced analysis of different welding processes
with regard to weldable materials and their behaviours. For example, they could cover
why it is important to remove the thin layer of aluminium oxide before welding and the
effect on temperatures and the cleaning solution that gives the best and safest results.
Learners will also give a rationale for welding defects. For example, some metals,

such as pure aluminium, do not show any colour change due to temperature increase,
which makes it difficult for technicians to know when to start welding.

Learners will analyse the effects of forces and loading on welded joints. Their analysis
will cover why the creation of stress points is an issue in welded joints and how the
application of preheating or stress relieving can mitigate this issue.

Overall, the analysis will be logically structured, be technically accurate and easy to
understand.

For Pass standard, learners will give a balanced explanation of the materials and their
behaviours during welding. For example, they could cover why it is important to use the
correct flux so that it may improve the alloying elements across the arc. Learners will
give reasons for fractures occurring and the testing methods employed. For example,
hidden porosity or lack of fusion and a destructive test such as ‘nick break’ may be used
to check for this. Non-ferrous alloys have different material properties when compared
to alloyed or unalloyed steels. For example, pure aluminium is very reactive and an oxide
film forms quickly. This oxide needs removing before welding, but it is highly flammable,
especially when mixed with steel dust.

Learners will also explain the effects of forces and loading on welded joints.

For example, the effect on loaded joints of an effective throat thickness to ensure that
sufficient heat is generated to give a good bond between the parent metal and the weld
metal. This would then enable the weld to carry the designed forces.

Overall, the evidence, such as a report, will be logically structured, although basic in
parts. Learners will likely include minor technical inaccuracies relating to engineering
terminology, such as mentioning ‘stress’ instead of ‘strain’.
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Learning aim C

For Distinction standard, learners will refine during the process the WPS plan to
ensure that the equipment parameters and settings produce ‘good’ results, and that

all preparation is completed methodically and thoroughly. For example, learners could
discuss and decide on the most appropriate welding settings for voltage, wire speed and
gas flow rates to ensure a ‘good’ weld using a specific material and electrode. Learners
will select appropriate materials and welding positions to successfully complete two
welds safely and accurately. The welds must each be a minimum 50 mm in length, using
two different materials and in two different welding positions. For example, learners
may select a vertical up-weld, in 3 mm low-carbon steel plate, using the MMA process for
one weld, while ensuring it meets the appropriate weld specification. Effectiveness and
efficiency of weld production will also be demonstrated, for example:

o effectiveness will be evidenced by considering the electrode selection and
welding parameters to complete the weld with compliance to all safety
requirements

» efficiency will be evidenced by optimising run speed and monitoring for

weld quality to ensure there are no distortion, cracks, or porosity and

minimising slag.
Overall, the evidence will be presented clearly in a way that would be understood by a
third party, who may or may not be an engineer. There will be a comprehensive record
of the safety procedures followed, together with accurately and correctly completed
planning and checking documentation for each of the tasks completed. Learners’
evidence, such as annotated photographs and observation records, will show clearly
how they worked effectively, efficiently, accurately and safely during the welding
processes.

For Merit standard, learners will create a detailed and accurate WPS plan to ensure
that the correct equipment is selected for the process and all preparation is completed.
For example, learners will probably follow the vast majority of the manufacturers’
recommended settings, except to use trial and error to select the most appropriate

gas flow rate setting to ensure enough heat is available without burning a hole in

the component. Learners will select appropriate materials and welding positions to
successfully complete two welds. The welds must each be a minimum 50 mm in length,
using two different materials and in two different welding positions. For example,
learners could select a flat fillet weld, in 6 mm low-carbon steel plate, using MIG

safely and accurately, ensuring it meets the appropriate weld specification.

Overall, the evidence will be logically presented, technically accurate and easy to
understand. It will include the safe working practices that were applied throughout

the welding tasks. Learners’ evidence, such as annotated photographs and observation
records, will show clearly how working accurately and safely was considered throughout
the welding processes.

For Pass standard, learners will create a welding plan to ensure that suitable
equipment is selected for each welding process and some preparation is completed.
Learners will probably follow the manufacturers’ recommended settings for all
parameters. Learners will select appropriate materials and welding positions to
successfully complete two welds, using two different welding processes (two welds for
each process). The welds must each be a minimum 50 mm in length, using two different
materials and in two different welding positions. For example, learners could safely
produce a flat butt weld, in 2 mm aluminium sheet, using the TIG process for one weld,
while ensuring it meets the appropriate welding specification.
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Overall, any supporting evidence may be limited, for example there may only be some
evidence of preparation tasks and the inspection documentation may lack the required
detail. Learners’ evidence, such as annotated photographs and observation records,
will show clearly how working safely was considered and applied throughout the
welding tasks.

Links to other units

This unit links to:

e Unit 2: Delivery of Engineering Processes Safely as a Team
e Unit 24: Maintenance of Mechanical Systems

e Unit 39: Modern Manufacturing Systems

e Unit 40: Computer Aided Manufacturing and Planning

e Unit 45: Additive Manufacturing Processes.

Employer involvement

This unit would benefit from employer involvement in the form of:

e guest speakers

o technical workshops involving staff from local engineering and fabrication
organisations with expertise of welding

e contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Learners will develop prioritisation skills when undertaking research tasks.
They will conduct investigations which will lead them to individually generate
case studies from assignments or briefs.

e Learners will become familiar with and understand the properties and
behaviours of a range of engineering materials, specifically unalloyed and
alloyed materials.

e Learners will be able to work safely in an engineering environment and ensure
that themselves, and others around them are safe, when completing
engineering operations.

e Review and evaluation skills of their personal performance and their
performance within a wider team when undertaking practical activities
within an engineering workshop or facility.
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Unit 14: Electrical Installation of Hardware
and Cables

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners develop knowledge and skills to interpret electrical circuit diagrams and
protection systems, and install lighting and power circuits safely.

Unit introduction

Although we rely on electrical appliances, many people have little understanding of how
electricity arrives safely at its point of use, or appreciate the safety requirements for
different applications.

This unit gives you an understanding of the circuits found in domestic and commercial
installations. You will gain practical experience investigating and constructing common
circuits and systems. You will learn about statutory and non-statutory regulations and
their application, for example how to select cables for a specific current carrying
capacity, and choose the correct type and rating of protective devices, including the
design and provision of protection systems. Electrical engineering technicians install,
maintain and repair electrical equipment and controls in a wide range of locations and
industries.

This unit helps to prepare you for employment, for example as an electrical engineering
technician, as part of a traineeship/apprenticeship, or for entry to higher education to
study, for example, electrical engineering.

Learning aims

In this unit you will:

A Examine safety requirements based on statutory and non-statutory regulations when
working with electrical installations

B Interpret lighting and power circuit diagrams for domestic and commercial
applications

C Select materials and documentation for an electrical installation

D Develop an electrical installation that incorporates different types of circuits in
compliance with current regulations.
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Summary of unit

Learning aim

A Examine safety
requirements based on
statutory and
non-statutory
regulations when
working with electrical
installations

Key content areas

A1 Types of electrical
installation

A2 Statutory and
non-statutory
regulations

A3 Reducing the risk of
electrical shock

A4 Circuit protection
methods

Assessment approach

A report detailing the
requirements of
appropriate statutory and
non-statutory regulations,
circuit protection methods
and identifying areas of
increased risk.

B Interpret lighting and
power circuit diagrams
for domestic and
commercial applications

B1 Lighting circuits for
domestic installations

B2 Power circuits for
domestic installations

B3 Circuits for commercial

A report analysing given
domestic and commercial
electrical installations in
terms of the suitability

of components to meet
the requirements of

installations . .
regulations and guidance
relative to the application.

C Select materials and C1 Cables Safe construction of an

documentation for an
electrical installation

C2 Connectors
C3 Wiring enclosures
C4 Sustainability

D Develop an electrical
installation that
incorporates different
types of circuits in
compliance with
current regulations

D1 Safe working practices

D2 Safe working
procedures

D3 Circuit testing

electrical installation
(preferably wall mounted),
together with a log
detailing construction,
testing, calculations, circuit
layout and construction
plans, photographs,

one or more observational
witness statements and

a formal assessment of
the final installation,

with reference to how
sustainability issues have
been considered.
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Content

Learning aim A: Examine safety requirements based on statutory and non-
statutory regulations when working with electrical installations

A1 Types of electrical installation

Electrical installations have been classified here as either:

o domestic - as defined in Section 2.2 of Part P of Schedule 1 to the
Building Regulations

e commercial, e.g. retail units, offices, industrial factories and warehouses.

A2 Statutory and non-statutory regulations

The scope, object, principles and use of relevant parts of statutory wiring, installation

and site regulations or other relevant international equivalents, to include:

e Institute of Engineering and Technology (IET) wiring regulations, BS 7671:2008
incorporating amendment 3:2015, and relevant guidance notes

e Building Regulations 2010 - Approved Document P: Electrical safety - Dwellings

e Electrical Equipment (Safety) Regulations 1994 and/or other relevant
international equivalents.

A3 Reducing the risk of electrical shock

e Identification of the sources of the risk of electrical shock in specific situations,
and their reduction through the application of the knowledge of competent
persons’ schemes, when and how they should be applied.

e Areas of increased risk of electrical shock, e.g. rooms containing a fixed bath
or shower (zones 0-2), sauna, swimming pool and equipment outside the
equipotential zone, including a shed, garage, workshop, garden, pond.

e Voltage bands and their segregation, e.g. segregation of Band | and
Band Il circuits.

A4 Circuit protection methods
Knowledge of the construction, operation and application of:

o low-voltage switchgear to European harmonised standard BS EN 60439-3
or similar international standard, to include:
o electrical protection
o safeisolation from live parts
o local or remote switching
e over-current protection devices, to include:
o fuses, e.g. cartridge
o miniature circuit breaker (MCB)
o residual current breaker with overload protection (RCBO)
e circuit protection methods, to include:
o earthing and bonding:
- earthed equipotential bonding and disconnection of supply (EEBADS
or EEBADOS)

- earthed neutral system, system classification (terra-terra (TT), terra-neutral (TN),
with combined (C) and separate (S) variations (TN-C, TN-S, TN-C-S))
- earth electrodes, protective multiple earthing (PME)
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o earth fault loop impedance, typical values

protective conductor circuit, e.g. main and supplementary equipotential
bonding conductors, earthing terminal

residual current devices (RCDs)
other protection methods, e.g. Class Il equipment, Class Il equipment
cable size, e.g. from tables for current loading and thermal constraints

protection from mechanical damage, e.g. armoured cable, cable trunking,
cable tracking.

o

©O O O o

Learning aim B: Interpret lighting and power circuit diagrams for domestic
and commercial applications
B1 Lighting circuits for domestic installations

Interpretation of lighting circuit diagrams to identify components and circuit types,
to include:

e connections, one way, two way loop-in
e switches, one way, two way

o lamp types, e.g. halogen, light-emitting diode (LED), fluorescent, compact
fluorescent

e cable properties

e types of connectors

e types of wiring enclosures

e ancillary components, including luminaires, fittings, brackets, clips.

B2 Power circuits for domestic installations

Interpretation of power circuit diagrams to identify components and circuit types,
to include:

o fused plug socket outlet

e ring circuit

o radial circuit

e switched fused spur

o other, e.g. cooker, immersion heater, heating control, shower, external supplies.

B3 Circuits for commercial installations

Knowledge and understanding of circuits for commercial installations, to include:
o classification of commercial buildings, e.g. A1 shops and B2 general industrial
e compliance with standards

e operational conditions

e isolation and switching

e protection against shock, e.g. provision of RCDs

o lighting, e.g. fluorescent lamps, luminaires, high intensity discharge lamps, such
as high-pressure sodium (HPS) lamps, high-pressure mercury (HPM) lamps.
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Learning aim C: Select materials and documentation for an electrical
installation
C1 Cables

o Knowledge of the construction and properties of cables, to include multi and
single core, and insulation materials to be used, including poly vinyl chloride
(PVQ), cross-linked polyethylene (XLPE), low smoke and fume (LSF), low smoke
halogen free (LSHF), mineral insulated (M), steel wire armoured (SWA).

e Selection of suitable cables for different applications, including cable type,
voltage and current rating, and the use of a cable size calculator and
standard tables.

e Selection of cable identification systems.

C2 Connectors

e Selection of appropriate connectors, including terminal blocks, high density
module blocks, pins, ground/earth points, threaded and bayonet multi-pin
couplings, plugs, rack and panel connectors, and other consumables required
to complete safe construction.

C3 Wiring enclosures

e Selection of appropriate wiring enclosures to include conduit (PVC and metallic),
basket and ladder systems, and ducting systems.

C4 Sustainability

Promote the practice of energy efficiency through the:

e optimisation of installation design

e selection of energy efficiency products, e.g. low-energy lighting systems

e reduction of waste

e increase in the use of recyclable materials

» elimination or reduction in use of hazardous substances.

Learning aim D: Develop an electrical installation that incorporates
different types of circuits in compliance with current regulations
D1 Safe working practices

e Carry out an assessment of safe working practices to mitigate hazards that have
been identified through the hazard identification process.

e Follow correct procedures to obtain permissions and carry out safe isolation
before working.

e Check test instruments are appropriate, fit for purpose and in calibration.

D2 Safe working procedures
Lighting and power circuits installation in accordance with Institute of Engineering and
Technology (IET) wiring regulations or other relevant international equivalent, to include:
e use of tables and/or cable size calculators (including software apps) to select
cable type and size
e preparation of cables and electrical connectors for termination, for example for
crimping or soldering
e selection and use of circuit components to include consumer unit/circuit
isolation device, light switching, e.g. 1-gang, 2-gang, 1-way, 2-way, intermediate
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e power socket outlets, to include ring, radial, switched fused spur connection
units

o other types of power circuits requiring individual consideration,
e.g. immersion heater, heated towel rail.

D3 Circuit testing

Systematic testing of circuits to verify:
o compliance with circuit diagram

e operation of switches

e circuit continuity

e polarity, insulation resistance

e operation of RCDs

e earth fault loop impedance.

Documentation to include a formal test record to confirm the safety and integrity of the
installation in accordance with current IET or other relevant international equivalent
wiring regulations, using appropriate forms.
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Learning aim A: Examine safety requirements based
on statutory and non-statutory regulations when
working with electrical installations

A.P1 Explain the
requirements of
four statutory and
non-statutory safety
regulations used in
installations.

A.P2 Explain how the risk
of electrical shock is
reduced in the two
types of installation
and the operation
and applications of
circuit protection
methods.

A.M1 Analyse the
requirements of at
least four statutory
and non-statutory
safety regulations
used in installations,
including circuit
protection methods
and how the risk of
electrical shock is
reduced.

Distinction ‘

A.D1 Evaluate, using
language that is technically
correct, the requirements
of at least four statutory
and

non-statutory safety
regulations used

in installations, including
circuit protection methods
and how the risk of
electrical shock

is reduced.

Learning aim B: Interpret lighting and power circuit
diagrams for domestic and commercial applications

B.P3 Explain the function
of the components
used and compliance
to safety regulations
in a domestic and a
commercial circuit
diagram, each
containing two
lighting and two
power circuits.

B.M2 Analyse the design,
including compliance
to safety regulations,
of a domestic and a
commercial circuit
diagram, each
containing two
lighting and two
power circuits.

B.D2 Justify the

design, including
compliance to safety
regulations, of a domestic
and a commercial
electrical circuit diagram,
each containing two
lighting and two power
circuits.
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for an electrical installation

Learning aim C: Select materials and documentation

C.P4 Select, using
appropriate
calculations,
the components,
consumables and
documentation for an
electrical installation
containing at least
five circuits, while
taking account of
sustainability and
safety.

C.M3 Select effectively,
using appropriate
calculations,
components,
consumables and
documentation
for an electrical
installation
containing at least
five circuits, while
taking account of
sustainability and
safety.

Learning aim D: Develop an

electrical installation

that incorporates different types of circuits in
compliance with current regulations

D.P5 Construct an
electrical installation
containing at least
five circuits safely
from a given design.

D.P6 Test the electrical
installation safely and
repair any functional
faults.

D.M4 Develop an accurate
and effective
electrical installation
containing at least
five circuits safely
that function as
intended.

CD.D3 Refine, during
the process, the
development of an
accurate, effective
and efficient
electrical
installation
containing at least
five circuits safely
from a given
design, while
taking account of
sustainability
and safety.
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Essential information for assignments

The recommended structure of assessment is shown in the unit summary, along with
suitable forms of evidence. Section 6 Internal assessment gives information on setting
assignments and there is also further information on our website.

There is a maximum number of three summative assignments for this unit.
The relationship of the learning aims and criteria is:

Learning aim: A (A.P1, A.P2, AM1, A.D1)
Learning aim: B (B.P3, B.M2, B.D2)
Learning aims: C and D (C.P4, D.P5, D.P6, C.M3, D.M4, CD.D3)
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Further information for teachers and assessors

Resource requirements

For this unit, learners must have access to:

e suitably equipped workshops for the installation of electrical circuits, preferably
with installation onto walls or, where necessary, boards, together with relevant
test equipment to carry out tests to prescribed regulations

e arange of wiring diagrams, test rigs and wiring boards, electrical tools,
components and cabling required for lighting and power installations

e appropriate documentation such as statutory and non-statutory regulations,
e.g. BS 7671:2008 incorporating amendment no. 3:2015, IEC 60364 series,
IEC 61557 (EN61557), IEC 6101 (EN6101), manufacturers' catalogues,
data sheets and relevant cable, component and equipment specifications

e a software cable size calculator - this would be beneficial but is not essential.

Essential information for assessment decisions

Learning aim A

For Distinction standard, learners will present a balanced evaluation of at least four
statutory and non-statutory regulations relating to domestic and commercial electrical
installations. Learners will make comparisons and consider alternatives between the
domestic and commercial regulations, the operation and applications of at least

three circuit protection methods and how the risk of electrical shock can be reduced.
For example, in locations containing a bath or shower, all circuits in or passing through
the location must be protected by the use of one or more RCDs not exceeding 30 mA,;
this requirement means serving or passing through the bathroom and is not limited
to circuits within the zones.

Overall, the evidence will be easy to read and will be understood by a third party who
may or may not be an engineer. It will be logically structured and use correct technical
engineering terms.

For Merit standard, learners will analyse the safety requirements of domestic and
commercial electrical installations. Learners will produce a methodical and detailed
review of at least four statutory and non-statutory regulations, including how the risk
of electrical shock can be reduced and the operation and applications of at least three
circuit protection methods. For example, in locations containing a bath or shower,

all circuits of the location must be protected by the use of RCDs. They will also cover
the interrelationships between the regulations. For example, sections of the IET wiring
regulations, BS 7671:2008, apply to all installations - ‘Good workmanship by skilled
(electrically) or instructed (electrically) persons and proper materials shall be used in
the erection of the electrical installation’ - while others refer to more specific detail,
for example outdoor lighting installations (Section 714).

Overall, the evidence should be logically structured, technically accurate and easy
to understand.
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For Pass standard, learners will explain the requirements of four statutory and
non-statutory regulations relating to domestic and commercial electrical installations.
For example, Part P of the Building Regulations states that the installation of a new
circuit must be undertaken or reviewed and signed off by a registered electrician.

Learners’ evidence will explain how the risk of electrical shock is reduced, for example by
defining areas of increased risk of shock. They will also explain the operation, including
construction, of at least three common circuit protection methods to include fuses,
miniature circuit breakers (MCB), residual current breakers with overload protection
(RCBO), residual current devices (RCD), earthing and bonding methods. The suitable
applications for each device will also be given.

Overall, the evidence, such as a report, will be logically structured. It may be basic in
parts, the requirements of the regulations may not be fully explained, or it may contain
minor inaccuracies or omissions, for example the difference between MCBs and RCDs
may not be clear.

Learning aim B

For Distinction standard, learners will justify the design of a domestic and a
commercial electrical installation, each of which will include at least two lighting and
two power circuits. Learners’ justifications will be consistent and relate the design to
current statutory and non-statutory safety regulations. For example, a consumer unit
should be designed, manufactured and tested to the European harmonised standard
BS EN 60439-3: low-voltage switchgear and control gear assemblies.

Overall, the evidence will be logically structured, be technically accurate and be easy to
understand by a third party who may or may not be an engineer.

For Merit standard, learners will analyse designs for one domestic and one commercial
electrical installation, each containing at least two lighting and two power circuits. They
will relate component choice to current statutory and non-statutory safety regulations.
For example, a consumer unit should be accessible, with the devices mounted at a
height no greater than 1.2 m above the floor.

Overall, the evidence should be logically structured, technically accurate and easy to
understand.

For Pass standard, learners will explain the function of components in at least two
lighting and two power circuits for a domestic and a commercial electrical installation.
Learners may not cover the function of all the components in the installation and the
function of hardware consumables, for example fixings should not be included. Learners
will also make reference to relevant safety regulations that impact on the design of each
installation.

Overall, the evidence, such as a report, will be logically structured. It may be basic

in parts, for example descriptions may lack detail, or it may contain some minor
inaccuracies or omissions, for example cable calculations may have minor numerical
inaccuracies or omit units.
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Learning aims C and D

For Distinction standard, learners will refine, during the process, the development of
an accurate, effective and efficient electrical installation containing at least five circuits
from a given design, while taking account of sustainability and safety. Learners will
prioritise tasks and use time efficiently. They will justify the selection of hardware and
cables with regard to the principles of sustainability in terms of energy efficiency, the use
of recyclable materials, reduction in waste and the elimination of hazardous materials.
For example, cable runs will be designed to minimise the amount of cable used while
taking into account factors such as direction (horizontal or vertical but not diagonal) and
minimum bend radii and client requirements. The test and inspection evidence, such as
a report, will fully document the results using forms compatible with sector guidance
and industry standards. All the work will be carried out with due regard to safe working
practices and procedures.

Overall, the evidence, including calculations, drawings and test reports, will be logically
structured, technically accurate and easy to understand by a third party who may or may
not be an engineer. The practical activity will be carried out safely, using safe working
practices and procedures to a good technician standard.

For Merit standard, learners will demonstrate that they have selected suitable
components and consumables effectively, using appropriate calculations, for either a
domestic or commercial electrical installation, that contains at least five circuits. They will
take account of sustainability while selecting appropriate hardware and cables. Relevant
safety information and manufacturers’ data sheets will be chosen to demonstrate how
safety information will be applied, for example using a technical data sheet to select a
suitable 2 pole 2 module 40 A 230 V RCD with 30 mA tripping current.

Learners will develop (construct and test) an accurate installation effectively which
meets the requirements of the current regulations and manufacturers’ data sheets.
For example, learners will plan tasks and use time well, cables will be straight, without
twists, and routed appropriately given the environment. There may be some minor
issues that can be easily rectified, for example a stray ‘whisker’ from a multicore cable
escaping from a connector. Learners will complete accurate visual and numerical tests
on the installation and provide inspection evidence, such as a report, documenting the
results using forms compatible with sector guidance in line with industry standards.
There may be some omissions or minor errors, for example the type of earthing
arrangement may not be sufficient. The circuits will function as intended.

Overall, the practical activity will be carried out safely, using safe working practices and
procedures, and to a good standard. The documentary evidence will be structured
logically. It may be basic in parts, for example descriptions may lack detail, or it may
contain minor inaccuracies or omissions, for instance the insulation resistance may

be measured but not compared with acceptable values (Table 61 BS 7671).

For Pass standard, learners will demonstrate that they have selected suitable
components, and consumables, using calculations where necessary, for either a
domestic or commercial electrical installation containing at least five circuits. Their
selection will consider the issue of sustainability, for example waste reduction. Relevant
safety information and manufacturers’ data sheets will also be chosen in preparation for
constructing the circuit.
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Learners will construct the electrical installation using the given design to meet current
regulations. However, there may be some issues that need to be rectified before testing,
for example a cable path may be offline or exceed the stated maximum bend angle.

Learners will test their circuits and complete test and inspection evidence, such as

a report, documenting the results using forms compatible with sector guidance.

There may be some omissions or minor errors in testing, for example the insulation
resistance may not have been measured. Learners will also repair any functional faults
in the circuits.

Overall, the practical activity will be carried out safely, using safe working practices and
procedures, and to an acceptable standard. The documentary evidence will be logically
structured. It may be basic in parts, for example supporting evidence may lack detail and
contain minor inaccuracies in the numerical calculations, or omissions.

Links to other units

This unit links to:

e Unit 1: Mechanical Principles

e Unit 15: Electrical Machines

e Unit 16: Three-Phase Electrical Systems

e Unit 18: Electrical Power Distribution and Transmission
e Unit 57: Electrical and Electronic Principles.

Employer involvement

This unit would benefit from employer involvement in the form of:
e guest speakers

o technical workshops involving staff from local electricians

» contribution of ideas to unit assignment/project materials.

Opportunities to develop transferable employability skills

Learners will have the opportunities to develop the following transferable skills in the
completion and assessment of this unit.

e Research and analysis skills.

o Evaluative and developmental skills.

e Practical application when reflecting upon a brief.

» Safe working practices and procedures with regard to the construction of a
electrical installation.
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Unit 15; Electrical Machines

Level: 3
Unit type: Internal
Guided learning hours: 60

Unit in brief

Learners explore the safe operation of electrical machines such as direct current (DC)
motors and their practical applications in industry.

Unit introduction

Electrical machines are an important but often unseen part of modern engineering
products and systems. For example, the air-conditioning system on an aircraft contains
an electric motor at its heart, while in the home, food processors and fan ovens have
electric motors.

You will explore the safe operation, including construction, of the most common
electrical machines, from step-up/down transformers commonly used in stabilised
power supplies, through to direct current (DC) and alternating current (AC) motors.
You will study single-phase machines and the more common three-phase induction
machines used in industry.

As an electrical engineer, you may need to safely operate, maintain and repair electrical
machines. To do this well, and to design feasible solutions to engineering problems,
you need to incorporate electrical machines as well as theoretical and practical skills.
This unit prepares you for an electrical, electronic or mechatronic-based engineering
traineeship/apprenticeship, for higher education and for technician-level roles such as
that of electrician and electrical fitter.

Learning aims

In this unit you will:

A Examine how to operate electrical machines safely to prevent injury or
loss of life

B Explore the safe operation of direct current electrical machines as used
in industry

C Explore the safe operation of alternating current electrical machines as used
in industry.
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Summary of unit

Learning aim

A Examine how to operate
electrical machines
safely to prevent injury
or loss of life

Key content areas

A1 Health and safety
requirements for the
safe operation of
electrical machines

A2 Risk assessment

Assessment approach

A report exploring how key
regulations and guidance
notes relate to the safe
operation of electrical
machines.

A risk assessment and
evaluation on testing
electrical machines.

B Explore the safe
operation of direct
current electrical
machines as used
in industry

B1 Function and operation
of electrical test meters

B2 Operation of DC
motors and generators

B3 Control circuits used in
DC motors

B4 Applications of
DC machines

C Explore the safe
operation of alternating
current electrical
machines as used
in industry

C1 Function and operation
of electrical test meters

C2 Operation of single-
phase AC transformers

C3 Operation of single-
phase AC machines

C4 Operation of three-
phase AC induction
motors

C5 Control circuits used in
AC motors

C6 Applications of
AC machines

A portfolio of results
gathered through practical
experiments to safely
explore the operation

of electrical machines,
including construction
and appropriate control
circuitry, and to justify
the selection of the most
appropriate machine for
an application. Supported
by a developmental
logbook, images,
observation records,
theoretical data and
calculations.
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Content

Learning aim A: Examine how to operate electrical machines safely to
prevent injury or loss of life

A1 Health and safety requirements for the safe operation of electrical machines
o Key features of regulations, or other relevant international equivalents,

including:

o Electrical Equipment (Safety) Regulations 1994 and amendments (or local

non-UK equivalent), for example outlining how equipment is safe, well
maintained and constructed to CE (Communauté Européenne) standards

o machinery directives, including British and International Standards (BS 7671
and 17th Edition IEE Wiring Regulations), e.g. covering the correct rating of
protection devices

o guidance notes or other relevant international equivalents, including

- GS38 electrical test equipment for use by electricians, e.g. outlining safe
isolation procedures and when working live is permitted

- codes of practice for specific industries, for example Civil Aviation Authority
(CAA) for aeronautical engineers and the Institution of Electrical Engineers (IEE)
for electrical and electronic engineers.
A2 Risk assessment
Risk assessment of the working environment and specific requirements to operate and
test DC and AC electrical machines. To include hazard identification and classification.
o Defining a hazard, including any that can cause an adverse effect, e.g. rotating
machinery causes an entrapment hazard to loose clothing/hair.

o Defining risk of the severity of any hazard, normally calculated as a risk rating of
likelihood multiplied by severity.

e Putting control measures in place to reduce risk, e.g. using correctly rated and
shrouded cables and guarding rotating components.

o Five steps of a risk assessment as defined in the Health and Safety Executive
(HSE) template.

Learning aim B: Explore the safe operation of direct current electrical
machines as used in industry

B1 Function and operation of electrical test meters
e Function and operation of a volt, amp and watt meter, including:
o how watt meters can be connected to a voltage coil across the load
o how an amp meter can be connected in series with the load to calculate power
output (P = VI).
e Function and operation of a swinging field dynamometer, including:
o switching off the power to the meter when it is not in use
o how to set torque to zero before testing.
B2 Operation of DC motors and generators

e Purpose of pole segments and field windings to create a fixed magnetic field,
as determined by Fleming's right-hand rule.

e Interaction of the fixed magnetic field with an armature winding to create
movement, as determined by Fleming's left-hand rule and rotation due to the
armature being fixed at a central pivot point.
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Connection of the field and armature windings to create three types of DC
motor, series, shunt and compound, and the difference in operation between
all three.

Construction of the rotor with conductor coils embedded within a laminated
iron core to increase magnetic field strength and reduce power losses due to
eddy currents.

Purpose of input voltage commutation and how the commutator component
achieves this.

Starting issue with the use of single commutator segments and how these
issues are minimised.

Current contact with the armature windings through carbon brushes and the
reasons for using carbon, to include good electrical conductivity, self-lubricating
material and reduced switching noise.

Causes and consequences of overheating motors, including reduced
power output.

Methods for cooling motors to include:

o fins on the yoke to increase surface area
o fan on the rotor to create forced air cooling during operation.

Measurement of speed and torque characteristics in DC motors
(series, shunt and compound) to include:

o input current and input voltage

ut

P
o poweroutput p = _ 2rzN and motor efficiency, 17 = F(;
ou 60 in

o the effect of cogging torque on the motor and how it can be minimised,
including using skewed poles.
Measurement of speed and torque characteristics in DC generators:

o terminal voltage and current

o voltage regulation of the generator using a fixed speed and a range of
output loads.

B3 Control circuits used in DC motors

Speed control methods for DC machines to include field weakening and
rheostat (variable resistor) control.

The use of starting circuitry in DC motors to avoid large spike in current on
start-up created by the absence of back electromotive force (emf). Understand
the operation of a faceplate starter circuit to help overcome this problem.

Other control circuitry to include overload protection, short circuit protection,
interlocks and trips, how these devices are connected to the control circuitry.

B4 Applications of DC machines

The selection of DC motors and generators for different applications, including:

a shunt motor is used as an electric vehicle drive motor, in a robot arm and as
part of an aircraft's autopilot system

a series motor is used as a car starter motor
a DC generator (dynamo) is used as a power source for bicycle lights.
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Learning aim C: Explore the safe operation of alternating current electrical
machines as used in industry

C1 Function and operation of electrical test meters

e Function and operation of a volt, amp and watt meter, including:

o how watt meters can be connected to a voltage coil across the load

o how an amp meter can be connected in series with the load to calculate power
output (P = VI).

e Function and operation of a swinging field dynamometer, including:
o switching off the power to the meter when it is not in use
o how to set torque to zero before testing.

C2 Operation of single-phase AC transformers

e Construction of primary and secondary windings to include the diameter of the
wire and insulation methods, e.g. varnish or shellac, to avoid short circuiting.

e Principles of mutual induction, where an alternating current creates a
changing magnetic field around one coil that creates a changing current
in the secondary coil.

e Both coils being wound on a ferromagnetic core (soft iron) to increase the
efficiency of the transformer through increasing the flux density.

o Transformer efficiency to include transformer losses, eddy currents,
magnetic leakage and power losses, I°R

o Different methods for winding the coils to help reduce leakage losses,
including shell, core and toroidal types of transformer.

e Lamination of the soft iron core to reduce eddy current power losses.

e Additional secondary windings on the same primary core allowing for multiple
output voltages from a single input and negligible voltage losses.

e Measurement of single-phase transformer characteristics, to include:
o input and output voltage, current and power

Vi N _ L

o ideal transformer equation V. N,
HPa POLIt
o transformer efficiency, 7 = P

n

C3 Operation of single-phase AC machines
o Field windings in a single-phase AC motor generate a magnetic field.

e The smoothness of the machine’s rotation is determined by the number of pole
pairs that each create an additional magnetic field.

e The rotor has conductors embedded in a laminated iron core, which needs a
permanent connection to the power supply to operate. This is achieved through
the use of slip rings and carbon brushes.

o Single-phase AC motors require starting circuitry to set up a magnetic field
allowing the motor to operate.

e Single-phase AC generators produce an AC waveform, where the terminal
voltage is proportional to the speed of rotation.
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C4 Operation of three-phase AC induction motors
e The stator in three-phase induction motors generates a rotating magnetic field.
f x60

sync

e Synchronous speed is calculated by n

e Wound rotors and squirrel-cage rotors use laminations in 