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Project management is fundamental to all engineering disciplines, from 
aerospace and computing to the manufacturing sector. The output of 
projects is varied, and could be a product, service, system or process 
relevant to a specialist area of engineering. There are also many 
approaches to project management. In this unit you will research an 
engineering problem and generate a range of solutions to the problem. 
You will produce a feasibility study to select the most appropriate 
solution given the known constraints, and make use of project
n:1.anagement pt0Q9'SSeS OV:~I the life eyole Of your prnject to design and 
develop a solution. that is fit for audience and purpose. By undertaking 
this engineering project, you will apply, c.o:n.solidate and build on the 
knowledge and skills you have learned across your programme. 

How you will be assessed 
This unit will be assessed by one project set by your tutor, which will consist of a 
number of tasks to be completed over 30 hours, which is the recommended time to 
be spent on the project tasks. Throughout this unit you will find assessment practice 
activities to help you work towards your assessment. Completing these activities 
will not mean that you have achieved a particular grade, but you will have carried 
out useful research or preparation that will be relevant when it comes to your final 
assignment. 

In order for you to complete the tasks in your project, it is important to check that you 
have met all of the assessment criteria. You can do this as you work your way through 
the project. 

If you are hoping to gain a Merit or Distinction, you should also make sure that you 
present the information in your assignment in the style that is required by the relevant 
assessment criteria. For example, Merit criteria require you to assess, design and 
perform effectively, and Distinction criteria require you to evaluate and optimise. 

The project will involve the following three main activities: 

~ Investigating an engineering problem, generating ideas and scoping out at least 
three possible solutions, and then undertaking a feasibility study of the alternative 
solutions. 

~ Design a solution by applying project-management processes, and develop a 
technical specification with supporting documentation for the designed solution. 

~ Develop, test and review the solution, and collate a portfolio documenting the 
development and outcomes of the project. 

You will present the evidence for your project in the form of a portfolio, which might 
include written reports, a logbook, planning documentation, testing documentation, 
printed or plotted drawings and annotated photographs of the project-development 
process. 



Getting to know your unit 

Assessment criteria 

This table shows what you must do in order to achieve a Pass, Merit or Distinction grade, and where 
you can find activities to help you. 

Pass Merit 

Learning aim Investigate an engineering project in a relevant specialist area 

Research an engineering problem based 
on a given theme and scope out at least 
three alternative solutions. 

Assessment practice 5.1 

•:z• 
Outline at least three alternative solutions 
to an engineering problem and select a 
preferred solution. 

Assessment practice 5.1 

Assess consistently at least three solutions 
to an engineering problem on a given 
theme and recommend a preferred 
solution. 

Assessment practice 5.1 

Learning aim EJ Develop project-ma,nagement processes and a design solution 
for the specialist engineering project as undertaken in industry 

l :lp:M 
Implement project-management 
processes, including planning, monitoring 
and risk and issue management. 

Assessment practice 5.2 

1~1=11 
Produce the technical specification for a 
solution to an engineering problem. 

Assessment practice 5.2 

l :14'W 
Produce design documentation to detail 
the solution, including a test plan and 
taking account of sustainability. 

Assessment practice 5.2 

Implement project-management 
processes, including detailed planning and 
monitoring and proactive risk and issue 
management. 

Assessment practice 5.2 

l :l1WI 
Design a coherent solution, considering 
alternative approaches. 

Assessment practice 5.2 

Learning aim Undertake the solution for a specialist engineering project and 
present the solution as undertaken in industry 

Produce a solution safely using project
management processes while recording 
progress. 

Assessment practice 5.3 

DiiM 
Perform relevant behaviours effectively 
while developing a solution safely. 

Assessment practice 5.3 

Perform effective project-management 
processes while justifying refinements 
and demonstrating effective behaviours 
consistently to develop a solution that is fit 
for audience and purpose. 

Assessment practice 5.3 

Distinction 

.,.,, 
Evaluate, using language that is 
technically correct and of a high 
standard, at least three realistic solutions 
to an engineering problem on a given 
theme and justify a preferred solution. 

Assessment practice 5.1 

l :lt1W 
Optimise the project-management 
processes and design solution, while 
allowing for reasonable contingency and 
considering constraints. 

Assessment practice 5.2 

•.. ,. 
Optimise the project-management 
processes to develop a solution that 
is fit for audience and purpose while 
anticipating and resolving risks and 
issues and demonstrating behaviours to 
a professional standard. 

Assessment practice 5.3 
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Getting started 
In pairs, discuss projects that you have worked on before, either 
in class or as part of your hobbies or interests. Think about the 
issues and problems you had with the project. Did it all go to plan? 
Did you need to go back and consider other solutions? When you 
have completed this unit, think about how your knowledge and 
understanding of the topic has increased. What would you do 
differently next time?. 

B Investigate an engineering p oject in a relevan 
Iii specialist area 

At Project life cycle 
If you research project life cycle (or project 
management life cycle), you will discover that there are 
many different approaches, with anything from three to 
ten stages. 

Discussion ) 

In groups, consider one of your mobile phones and 
discuss the different stages there might be in the 
project life cycle for creating such a product. 

(As you work through this unit, look out for boxes 
that follow up on this example of developing a mobile 
phone.) 

~ thinking about constraints that might apply 

~ generating ideas 

~ conducting a feaslbility study (see Section A3). 

Keyterms ) 

Project life cycle - a series of activities that are 
necessary to fulfil a project's objectives. 

Project management - carefully planning and guiding 
a project's processes from start to finish of the project. 

Feasibility study - an assessment of a proposed 
project to see if it can be achieved in practice. 

, Reflect ) 

) 

One way to look at a project life cycle is to split the project 
into four stages: 

, "' 

~ initiation 

~ planning and design 

~ implementation 

~ evaluation. 

This is a typical industrial model, and is the one you will be 
following for your project. 

Initiation 
The first stage starts with identifying a problem clearly. 
Sometimes this requires research. For your project, the 
problem may be provided by your tutor. This may be in 
the form of a general theme that everyone in your class 
will follow, or it may be a specific idea, such as modifying 
a motor vehicle braking system or designing and 
manufacturing a part for a door lock. 

The initiation stage also includes: 

~ establishing the key design features of potential 
solutions 

192 A Specialist Engineering Project 

Development of the first mobile phones: Initiation 
stage 

Although mobile phones have made rapid advances 
within the past 30 years, it was in the early 1900s when 
the first patent was issued for wireless telephones. 
Initial efforts of mobile phone developers to achieve 
the modern goal of instant communication resulted in 
a product that looked like this. 

~ ~ 

~ The first mobile phones were highly innovative - and very large! 



Planning and design 
The key to any successful project is planning. Good 
planning will save you time and resources, and help you to 
avoid many issues and problems. 

One of the first things you should do is create a project 

plan, setting out the necessary steps in your project, along 
with approximate timings. You also need to think about 
the resources you will need, such as consumables, labour, 

materials, tooling and software. 

Time planning will be very important: there is only limited 

time available, and other learners may want to use the 
same resources as you (for example, there may only be 

one 30 printer for additive manufacturing). 

r Reflect ) 
V" 

The first mobile phones: Planning stage 

The size of mobile phones has always been constrained 

by the technology available. When mobile phones 
were first developed, miniature electronic circuits did 

not exist. The planners and designers used technology 
that was well proven at the time, and created a two
way radio system linked to a single base station. The 

first mobile phones had limited range and were so 
expensive that few people could afford them. 

~ ~ 

Implementation 
This stage is when the project plan is put into motion and 
the work of the project is done. It covers all the activities 

needed to develop the actual product, service, system 
or process. You need to keep control of the project by 

continuously monitoring progress against the project plan 
and managing any risks and issues that arise. 

r Reflect ) 

The first mobile phones: Implementation stage 

Motorola - the company credited with delivering 
the first commercial mobile phones - was on risky 

ground with their project but took a gamble. Twenty 
years later, after many iterations. smartphones have 
become capable of a wide range of functions besides 

making calls. Motorola showed great foresight - and 
careful planning and implementation were crucial to 

the commercial success of their mobile phones. 

Key term) 

Iteration - repeating a step, process. version or adaptation 
of something. usually with the aim of improving it. 

Learning aim A 

Evaluation 
The final stage of the project life cycle involves looking 
at the lessons learned - what went well, what didn't 

and what can be improved. You will assess how far you 
have met customer expectations and whether you have 

achieved your goals to the correct timescale and within 
budget. 

As you develop your project, you will use the process 
of iteration - repeating steps of the project or creating 

new and refined versions of a model - to improve your 
product. Make sure you keep a record of the different 

iterations throughout the life cycle of your project, as they 
will be crucial in producing your final report. 

r Reflect ) 
II' 

The first mobile phones: Evaluation stage 

Did the first mobile phone producers succeed? If their 

aim was to develop a device that people could use 
to communicate with each other 'on the go', then the 

simple answer is 'yes'. 

What will come next? Smaller batteries made of 
graphene, quickly charging and holding charge for 

days? Phones shaped like a thin piece of plastic that 
you can fold up and keep in the bottom of your 
pocket? A tiny electronic device grafted to your 

skin? 

r Tip ) 
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PAUSE POINT 

194 A Specialist Engineering Project 

Make sure you understand the project life cycle described in this section, as you will 
follow this model in undertaking your own project. Can you explain the stages of the 

project life cycle? 

Close the book and put away your notes. Explain the project life cycle to a peer. 

In pairs, outline to each other your initial thoughts on how you would manage and 
develop your project. 

A2 Generating ideas and developing solutions 
Research a project theme or topic 

The starting point for your project may be a specific problem given to you by your 
tutor. Alternatively, your tutor may suggest a general theme, and you will need to 
identify a suitable problem under that theme to be the focus of your project. 

Some typical project themes are: 

~ power 

~ energy 

~ motion 

~ forces 

~ security 

~ wind turbines 

~ flight 

~ propulsion. 

Here are some possible project ideas under different engineering specialisms. 

~ Mechanical - design a mechanical system; manufacture a conveyor system; create a 
servicing and repair manual for an indexing conveyor system. 

~ Manufacturing - modify a manufactured product or service; create a computer 
numerical control (CNC) program and machine a complex product; use computer

aided design/computer-aided manufacturing (CAD/CAM) or additive machining to 
design, post-process, program and manufacture an assembly of various components. 

~ Electrical and electronic - test a system or service; design a security system and 
manufacture the printed circuit board for the system. 

~ Aeronautical - modify an aeronautical product, service or procedure; build a 

hydraulic rig or system; create a maintenance procedure for a hard aircraft landing. 

~ Computing - modify a computer service, hardware device or software product; 
write a program to control a robotic arm. 

~ Mechatronic - design and build an electronic, mechanical and computer-controlled 

system; design and build a system to control the temperature in a greenhouse. 

~ Automotive - modify an existing vehicle part or system; modify a vehicle's 
electronic, braking or steering system. 

Remember that at this stage you should concentrate on coming up with as many ideas 

as possible. You are not developing a specific plan for your project yet. 

Generating ideas 

Once you have chosen a suitable problem, you need to generate ideas for potential 
solutions. 



At this point, it is good to do research on the problem you will work on. Gather 
as much background information as you can, using all of the resources that are 

available to you - such as the internet, journals, libraries, databases and company 
websites. 

Then you can start generating ideas. Here are some creativity tools you could use. 

~ Reword the problem - Try writing out the problem in a number of different ways, to 
help you pinpoint what is needed for its solution. 

~ Hold a group discussion or brainstorming session to come up with potential 

solutions - Bring in people who are familiar with the problem or theme, but invite 
others too; sometimes 'outsiders' have the most interesting ideas. 

~ Display the problem visually - You might want to draw a diagram or make a 
mind map. 

~ Challenge your own assumptions - Try to look at the problem from different 
perspectives. Just because something has traditionally been done in a certain way 
doesn't mean this can't be improved on. 

~ Think in reverse - Instead of thinking towards a potential solution, think back to 
how the problem might have arisen in the first place. This can be a good way to 
stimulate new ideas. 

~ Try using De Bono's Six Thinking Hats® to generate fresh ideas. 

Research ) 
~ ~ 

Do some on line research to find out more about De Bono's Six Thinking Hats® and 

how they can be used to generate ideas. Which of the hats is the one you 'wear' 
most? Try putting on the hat that appeals to you least, and see what ideas you 
come up with. 

~ ~ 

Developing solutions 
After you have generated as many ideas as you can, try to pin things down and see 

what practical solutions might come out of all these ideas. 

The best way to do this is by creating a specification that outlines different potential 

solutions. This will allow you to focus in on products, services, systems or processes 
that have not yet been designed, but could work for what you need. 

Here are some elements your specification could include. 

~ Graphic solutions - Draw some outline sketches and diagrams, find some relevant 
photos, or create a storyboard. 

~ Process outlines - Look at the processes within each solution, and list the machine 
tools, systems and assemblies they might involve. A high-level flow chart or list 

could be helpful here. 

~ Rough costings - Think about your budget. Will these solutions come in at the right 
cost, accounting for items such as materials and labour? You may need to draw up a 
spreadsheet for this. 

~ Initial technical information - Although you may not have the full picture yet, you 
should already start making notes on approximate mass and volume of product 
parts, suggested materials and performance parameters. 

Learning aim A 

Keyterms ) 

Mind map - a web of 

thoughts written out 
on paper or drawn on a 

computer, with a key word or 
idea in the centre, linked by 
lines to related ideas. 

Storyboard - a graphic 

sequence of events used 
for planning operations, 
e.g. for 3D modelling on 

CAD systems or for additive 
manufacturing. 

Performance parameters -
the capabilities that a system 

must have in order for it to 
be successful or to achieve its 
goals. 
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Case study 

Smartwatches 

Smithsons has been producing watches for a long time, 
beginning w ith mechanical pocket watches and moving 
to electronic 'cheap and cheerful' digital watches as the 
market changed. In recent years, however, Smithsons 

has been losing market share and needed to develop 

they would be expensive niche items, and their markets 
would be difficult to break into. 

During its research, Smithsons identified the boom in 

sports and fitness and realised that it could continue 
to sell its existing range of watches but supplement 
this with a fitness-related watch. This left the company 

with a simple decision - should it develop a fitness 
watch or a tracker band to supplement its range? 

a new product. The company management team 
considered the options: should Smithsons develop 

a smartwatch? Should it develop a luxury range and 
change its market focus? Check your knowledge 

Smithsons needed to act quickly as technology was 

advancing fast. After some market research, both 

smartwatches and luxury watches were discounted -

1 Is technology leading the market, or is the market 
pushing technology? 

2 How quickly are models replaced? Why? What does 

'planned obsolescence' mean? 

3 Imagine you worked for Smithsons and your project 
was to develop a fitness watch specification. What 

features would you want the watch to have? What 
would be the price point? How would you balance 
the desired features against the budget? 

4 Develop an outline product design specification 
(PDS) for a fitness watch or a tracker band. 

~ The market for fitness watches has grown rapidly 

5 Would a mobile phone app be sufficient for a 
customer to use instead? 

196 A Specialist Engineering Project 

r Key terms ) 
~ ~ 

Fitness watch - a watch with advanced features to support sport and fitness 

activities, such as a heart monitor, workout programmes, a sleep monitor, an 
accelerometer and GPS; most give immediate on-screen displays of live data. 

Tracker band - a thinner version of a fitness watch, usually limited to keeping track 
of steps, distance and calories; most trackers can synchronise with your phone, tablet 
or computer so that you can store and access the data on other devices. 

Discussion ) 
~ ~ 

Discuss creativity tools that you could use and the benefits and limitations of each. 
Which is best for your project? Which is best for you? Remember that different 
people work in different ways, and will find different creativity tools helpful. 

~ ~ 

A3 Feasibility study of solutions 
The purpose of a feasibility study is to determine whether a project can actually be 
done - whether an idea or a plan can become reality. 

Feasibility studies are conducted across the engineering industry, and you will need 
to carry out a feasibility study as part of your project. In this study you will look at the 

best three potential solutions you came up with , examine the practicability of each, 
and then decide which one to choose as the design solution. 



The following questions are important ones to ask as you consider each of the three 
proposals. 

~ Is the proposed solution too large or too complex? 

Don't overcomplicate your project. Remember that you have only 60 hours for the 
project, split between a recommended 30 hours teaching time and 30 hours individual 
work on your project, and this includes developing your idea, various iterations of 
modelling and implementing the idea, writing reports of the process and preparing 
your portfolio. 

~ Are the benefits or improvements enough? 

Imagine you were the customer or client. Would the outcome of the project meet your 
expectations? Is it 'fit for purpose'? Ask a friend to look over your proposed solution 
and listen to their feedback. 

~ Do you have the money and the skills needed? 

People often take on projects that run over budget or for which they realise they don't 
have the necessary expertise. Do you have enough resources to solve this problem in 
the proposed way? If you don't have sufficient funds or the right skills, think carefully 
about what you can do with the resources you have. Can you ask a friend to make a 
part for you, while you provide some service for them in return? 

~ What are the risks? 

Before embarking on a project, think about the unknown factors in your proposed 
solution and assess what the risks are for each. This could involve looking into 
unproven technology or equipment and unpredictable changes in time and costs. 

~ How sustainable is it? 

You will need to consider the environmental impact of each proposed solution. 
Would it involve mass production? How much waste will there be? What are the 
environmental ramifications of using different types of materials? How might recycling 
fit in? 

You may not be able to use environmentally friendly materials for your prototype 
product or service, but you can specify these for the 'real' version. Ask your tutor 
about the most suitable materials and their recycling potential. 

~ What are the legal constraints? 

You need to think about all the legislation that might pertain to your project, such as 
the Data Protection Act 1998, the Health and Safety at Work etc Act 1974, and other 
relevant international equivalents. 

r Reflect ) 

An engineering company will always investigate the feasibility of a project, 
checking that they have (or can acquire) all the technical skills and resources 
needed before they go ahead. Subcontracting can fill some of the gaps, but this 
needs careful management and adds to the risks. One major issue is viability -
without sufficient financial resources, the project can't be realised. 

Most products are modified over time. What was a viable project one day 
can become unviable later on due to changes in legislation, new technical 
developments or a product becoming obsolete. Equally, new opportunities can 
arise as different processes become cheaper to implement or if certain regulations 
are relaxed. 

Learning aim A *'Hiii1 
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Theory into practice 

Analysis means studying a problem in detail to find a solution. It is a very 

important tool in engineering. When analysing the feasibility of a new project, the 
costs, the related benefits to the company and the payback time all need to be 
considered. 

Imagine you work in an automotive plant and have been asked to investigate 
the possible manufacturing process for a new type of brake pedal. You need to 
consider whether the component should be: 

fabricated in steel 
additive machined (3D printed) as one part in a polymer 
additive machined as one part in a metal 

forged and machined 
machined from one piece of solid steel bar. 

Think about and investigate the following questions (see Figure 5.1): 
1 What are the different processes involved in these options? 

2 What is the suitability of each option in terms of cost, practicality and 
resources? 

3 Which option would you choose and why? 

fire wall 

~ Figure 5.1 Which option would you choose for manufacturing a brake pedal? 

r Research ) 

Search online to find out more about the Data Protection Act 1998 and the Health 
and Safety at Work etc Act 1974. 

Link 

The Health and Safety at Work etc Act 1974 is also discussed in Unit 2, Section A2. 

Discussion ) 

In pairs or groups, discuss the difference between price and cost. The distinction 

may have a big impact on which solution you select for your project. 

Imagine you see a bike for sale. At just £20 it seems a bargain - but it needs a new 
set of tyres, a new chain and new brakes. Does this bike have a low price but a 
high cost? Or does it have a high cost but a low price? 



Case study 

Energy sources for cars 

~ The first electric cars were invented in the 1880s, this one 

by English inventor Thomas Parker. 

The development curve for electric cars has been long. 
Electric cars have been in operation since the late 
1800s, and they have had a limited range of uses, from 
trolley buses to milk floats. However, recent rises in oil 
price have led motor vehicle manufacturers, including 
Toyota, Nissan and Renault, to put a greater emphasis 
on electric cars. Many companies have developed 
fully electric or hybrid cars, with advantages and 
disadvantages compared with standard petrol or diesel 
vehicles. 

Key term 

I.earning aim A 

Technology is now moving towards driverless 
vehicles - mainly cars - which have been developed 
intensively in recent years (some cars can already self
park). The question is whether these products are safe, 
and whether the public and transport authorities will 
accept them. 

Do some research into electric and hybrid cars. What 
are the advantages and disadvantages of each? Can 
you find out anything about the time needed for 
research and development, and the amount of money, 
manpower and resources involved? 

Check your knowledge 

1 What do you think were the main barriers to 
developing electric cars at first? 

2 What stage of the project process are electric cars at 
now? 

3 What factors could affect the project process from 
now on? 

4 What might happen if the public accepts driverless 
cars? 

Hybrid car - a car with a petrol engine and an electric motor. 

G PAUSE POINT 

Reflect ) 

Can you explain how the above case study relates to Learning aim A? 

Close the book and draw a concept map of the project life cycle for an electric car. 

Expand your map to explore the feasibility of all project solutions that could have 
been available (e.g. the use of LPG as fuel). 

Look back at your rationale for choosing the topic and solution for your project. 
Consider getting a second opinion, from a peer or your tutor. Ask them to work 
through the selection process with you . 
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Assessment practice 5.1 A.P1 A.P2 A.M1 A.01 

Research an engineering problem based on a 

given theme. Generate at least three alternative 
solutions and assess the feasibility of each to select a 
preferred solution. 

The three stages of the task are to: 

investigate an engineering problem under a given 
theme 

produce a specification scoping out at least three 
alternative technical solutions to the problem 

complete a feasibility study for each of the 
alternative solutions and recommend a preferred 
solution. 

Ensure that you: 
work within the set problem or theme 

justify the feasibility of your selected solution and 
check with your tutor that it can be realistically 
implemented given your centre's resources and 
the time available. 

f~ 

• What is the task? What am I being asked to do? 
What information will I need to collect, and what 
resources can I access to help me complete the task? 

• How confident do I feel in my own abilities to complete 
this task? Are there any areas I think I may struggle with? 

Do 
I know what I'm doing and what I am aiming to achieve in 

this task. 
I can identify the parts of the task that I find most 

challenging and devise strategies to overcome those 
difficulties. 

fl.eview 
I can explain what the task involved and how I 
approached each stage of the work. 
I can explain how I would deal with the hard elements 
differently next time. 

I can identify the parts of my knowledge and 
understanding that require further development. 

El Develop project-management processes and a design 
solution for the specialist engineering project as 
undertaken in industry 

r 

Key term ) 

Project manager - the 

person who manages a 
project, solves problems 
and issues, organises and 
guides the project team, 
ensures that resources are 

used effectively, and carries 
responsibility for successful 
project completion. See the 
Think Future section at the 
end of this unit for a profile of 

a project manager. 

~00 A Specialist Engineering Project 

In other units you have studied individual areas of engineering such as maths, design 
and electronics. In your project you will apply some of these skills as they would be 

applied in industry. This is your chance to be creative, apply your knowledge and bring 
your project to fruition. 

B1 Planning and monitoring 
All projects depend on good planning to be successful - but good planning won't 
achieve anything unless there is proper, regular monitoring as well. 

When an engineering company wants to develop a new product, service, system or 
process or to improve its existing output, one of the first things they will do is appoint 
a project manager. The project manager will select a specialist team of personnel 

who have the skills required by the project, and will organise the team so that the 
project is completed on time, w ithin budget and to the required specification. It 
is also the project manager's responsibility to make sure that resources are made 
available as needed and that testing procedures are followed as the project 
progresses. 

For your project, the project manager will be you. Understanding how to plan and 
monitor a project will be key to turning a good idea into a great solution. 



Tools for planning 
Resource plan 

When we hear someone talk about resources, we often think of materials, equipment 
and tools. However, project resources may include many other things. 

~ Money - You will keep track of this in your budget. Putting it into your project 
plan will remind you that you might need to pay for some of the materials and 
equipment that you use. 

~ People - Your 'human resources' are probably the most valuable ones. Tutors and 

technicians will have a wealth of knowledge and experience that you can draw on; 
also, your peers can check your plans and give useful feedback. In your resource 

plan, make a note of the best people to call on for help or ideas. 

~ The internet - This is a rich resource for all sorts of information and support, but 
use it wisely and be careful not to believe all the 'facts' that you find on websites. 

Anyone can upload information to the internet, but it may be far from correct. See 
the suggested websites in this book for some sources you can trust. 

~ Books - Don't forget the library. Sometimes it may be easier to find the information 
you need from books and manuals on the specific area you are interested in . 

~ Materials, equipment and tools - It is worth taking time to plan your access to these 

carefully, so that you will have what you need when you need it, and your project 
can go smoothly and without delays. 

Once you have a list of all the resources you will need for your project, you should set 
them out in a clear plan. 

\.. 

Theory into practice ) 

In an engineering company, the major costs for a project tend to be labour and 

materials. These are the items generally classed as resources. 

The more skilled or more technical the requirements are, the higher the labour 
costs will be. Materials costs include the cost of raw materials and the cost of 
processing, which needs to be considered carefully when planning manufacturing 

projects. Service and system projects tend to be very labour-intensive, and often 
require highly skilled staff. Process projects may have either high labour costs or 
high materials costs, or fall somewhere in between. 

Think about and investigate the following questions: 

1 What materials are the most expensive in engineering? Which cost the most to 
process? 

2 What factors make some types of labour 'skilled '? 

3 How does the information above relate to your project? 

Time plan 

With a recommended 30 hours for development of your project, it is important to 
plan your time carefully so that you can complete the work efficiently and effectively. 

You may choose to write a simple time plan, perhaps using a calendar or diary. For 
example, you can make notes of when meetings have been arranged and when 

resources are available, as well as the phone numbers and email addresses of people 
you might call on for assistance. It doesn't matter if you choose an electronic planner 
or a paper one - the important thing is that you use it. 

Simple time plans can already be very helpful. However, there are some special time
planning tools used in industry which you should know about. 

Learning aim B 
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Keyterms ) 

Gantt chart - a chart that 

shows the periods of time 
planned for the different 

elements of a project, 
providing a graphical view of 

the project schedule. 

Critical path analysis 
(CPA) - a method of task 

management that allows 
activities to be organised 

so that a project can be 
completed in the shortest 
possible time. 
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Gantt charts and critical path analysis can help you set priorities and plan the order 
in which to do different activities. 

~ Gantt charts - developed by Henry Gantt in the 191 Os, these are a type of bar 
chart that illustrates a project schedule, showing start and finish times of the 
different elements of the project (see Figure 5.2). You can create a Gantt chart in a 

spreadsheet and keep updating it during your project. 

Aug 16 23 30 Sep 6 13 20 27 Oct 4 11 18 25 Nov 1 8 15 22 

Market Research 
..J=====i==i 

Define Specifications 

Overall Architecture 

Project Planning 

Detail Design 
~---ll---1---1---+--t-___, 

Software Development 
-i--1~-1---1--1 

Test Plan 

Testing and QA 

User Documentation1[][·-=~[=-J·~-=1~-=-=t-=-=1~-=1~-=1t-=-=1~-=1~-=1=Jill 
~ Figure 5.2 A Gantt chart for an engineering project 

~ Critical path analysis (CPA) - a method of scheduling the activities in a project so 
that the project can be completed in the most efficient way. In CPA you set out all 

the activities needed for a project, the time allotted for each and the relationships 
between the activities (e.g. whether they must be completed sequentially or can run 
in parallel). You then draw diagrams to organise these activities so that the project 
can be completed in the shortest time possible (see Figure 5.3). You can use CPA to 

reorganise a project as it progresses, to keep it on track. 

layout @ fabricate 

requisition 
material 

final engineering quisition receive inspect 
design a nalysis parts parts assemble and test 

@~@~@~®~®~@~® 

~~~~~ntra~ _J 
f6o\ 
~receive 

subcontracts 

~ Figure 5.3 An example of critical path analysis applied to an engineering project 

There is free software available for both of these time-planning tools, but you need 
to check that any software you download from the internet will suit your particular 
requirements and skills. Discuss with your tutor the best type of time plan to use for 

your project. 

Project contingencies 

You also need to plan for contingencies in your project. What will happen if a machine 

breaks down or equipment malfunctions? Planning for contingencies is a bit like 
planning a journey: you may know the quickest route, but if you hit roadworks and 
have to change course, you need to have an alternative plan for what to do. 



Two things that people often include in a project plan are: 

~ a contingency fund - an amount in the budget that is put 
aside in case of needs arising from unforeseen events 

~ time buffers - a little extra time allotted at each stage, in 

case something takes longer than expected. 

Thinking about potential problems before they happen, 
and having contingency plans in place, could make a huge 

difference to whether or not your project is completed 
successfully on time and within budget. 

Project constraints 

Earl ier, you learned how legal constraints can affect 
some projects. You need to understand any constraints 

that could affect your project, and plan how to avoid, 
overcome or work within them. For example, if you were 

intending to injection-mould a copy of an automotive 
badge, you may discover that the design is protected 

by copyright. Knowing this means that you can plan to 
change the design so that it is not just a straight copy. 

The three major constraints to all projects are often 
considered to be time, cost and scope. However, there are 

also other types of constraint that you should bear in mind. 

~ Time constraints - In most development projects, 
time is a major constraint. For example, motor vehicle 
manufacturers often give themselves a time limit of two 

years to develop a new model of car. Remember that in 
industry, time is money. 

~ Budget constraints - Few companies throw a bottomless 

purse at new developments. Developing products is a 
risky business and many proposed projects will fail -
which means money wasted. 

~ Scope constraints - 'Scope' refers to the range of 

features that a project encompasses. If you increase the 
number of features of a product, you will increase the 
cost and probably the development time. 

~ Sustainability - What is the shelf life of a product? Is it a 

throwaway item? Can it be recycled? Will it biodegrade? 
Will any of the materials or processes involved damage 
the environment? 

~ Ethical constraints - In our interconnected world, there 

are many different ways to obtain raw materials, get 
processes done and find the labour needed for a project, 
but some of these will not be ethically acceptable, to the 

company or to its customers. Project planning will need 
to take into account the boundaries of ethical practice. 

~ Cultural constraints - Most products manufactured 
nowadays are intended for a worldwide market, and will 
be marketed, sold and used in many different countries 

and cultures. A company needs to check carefully that its 
products, supporting information and advertising will fit in 
with and not offend people of these cultures. 

Learning aim B 

~ Legal constraints - If a design is protected by patent or 
copyright, using it is an offence that could bankrupt a 

company. It is very easy for an independent inventor 
or a small business to fall foul of patent and copyright 
protection laws. 

Tools for monitoring 
Logbook 

Your logbook will be the main tool you use to monitor your 
project. For your logbook to be useful, you need to update 

it often and record a wide range of information, including: 

~ the options you came up with and the reasons for 
deciding on your project choice 

~ notes on any key meetings, discussions and group 
activities you were involved in as part of your project 

~ details of the different iterations of your solution as the 

project progresses 

~ things that have gone well, and why you think they 
went well 

~ any problems you encountered, such as a lack of 
resources or delays due to illness 

~ any technical support you received - why you needed it 
and how it helped 

~ what you would do differently another time. 

In an important project like this, which you have to work on 
in parallel with other activities, it is easy to forget things, so 
it's a good idea to maintain records on a weekly basis. 

Unless you are given specific instructions by your tutor, 

you need to decide in what form you will keep your 
logbook. You can use a notebook, sheets of paper 
collected in a binder, a word processing program on a 

computer or a notes app on a tablet - just make sure you 
can print out the evidence for your portfolio. 

The main purpose of your logbook is to track the progress 

of your project, from planning through implementation to 
final output. Although it is a working document, perhaps 

containing notes, dates, sketches and downloads, your 
logbook will form a substantial part of your final portfolio, 
so you should make sure it is complete, up to date and as 

neat as possible. 

Progress against the plan, milestones and modifications 

To successfully complete a project, you need to: 

1 work out which tasks you need to do 

2 plan the sequence that you will do the different tasks in 

3 identify the date by which each task needs to be 
completed 

4 monitor the tasks and their completion times, to make 

sure you are progressing as you should against your 
project plan . 
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If you have created a Gantt chart as part of your planning, 
you will be able to see your schedule clearly and know 
when you need to do what. 

Working out the key milestones in your project will 
also be helpful. Some stages or activities will be more 
important than others, or will have a greater significance 

for the rest of the project. For example, you may need 
to finish the drawings by a certain time if you are going 
to meet your deadlines for the next stage. Showing the 

milestones clearly on your Gantt chart or critical path 
analysis diagram will help you to stay on track. 

Very few projects are completed without modifications. 
Modifications are changes you make as the project 
progresses. These could be changes to a plan or drawing, 
'tweaks' to a design or even the moving of a milestone. 

You should carefully record each modification you make in 
your logbook - these notes will become valuable evidence 
for your portfolio. 

Here is some further advice on planning your project: 

~ A plan is no more than a plan, unless you use it - A 
Gantt chart can be a useful tool, but it will just be wishful 

thinking unless you actually use it to plan your work and 
monitor your progress. As you move forward, you need 
to adjust and update your Gantt chart, recording the 
reason for each modification in your logbook. 

~ 60 hours is not very long, and 30 hours is even 
shorter - You have a total of 60 hours to spend on this 
unit, and it is recommended that you spend 30 hours 

of that time on the practical part of your project. At 
first this may seem a long time, but it will go far more 
quickly than you think. Time is a major constraint for 
all projects, and many industrial projects run over their 
allotted time, so beware. 

~ Make sure that your timescales are achievable and 
realistic - Your best source of advice here is your tutor. 

Ask your tutor to look over your time plan and give you 
feedback on whether the schedule is realistic. 

~ Build in contingencies - You cannot expect every piece 
of apparatus to be available when you need it, or every 

process to run just as you would like. Think about what 
would happen if you fall behind at each stage. Are there 
ways that you could manage these risks in advance? 

~ Remember that it's not all about the end product - In 
this unit you will be assessed mainly on your research 

into possible engineering solutions and their feasibility, 
and your development and refinement of one chosen 
solution, including your planning of the project and 
your management of time and risks. The final product, 
service, system or process is a vehicle by which you 
demonstrate how you went through the project process. 
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~ Discuss your plans with your tutor - Your tutor will 
have a great deal of knowledge and experience of the 
project process, and can identify potential bottlenecks 
for you. 

~ Order well in advance - If you need to order 

components or materials that are not available in your 
college, make sure that you give your tutor plenty of 

notice. Order systems are notoriously slow, and you 
don't want to be stuck waiting for a crucial part or tool. 
If possible, put in place alternative plans. 

Tutor monitoring and peer reviews 

Your tutor is your greatest resource. Your tutor will not let 
you proceed until they have approved your project ideas 
and plans and made sure they are viable, practical and 

safe. Your tutor will also review your project at set periods, 
which you may request to coincide with your milestones. 
Listen carefully to your tutor's advice and feedback. 

Your peers - friends, classmates and colleagues - are a 
wonderful resource too. You can ask them to check your 

ideas and informally review your plans before you see 
your tutor. As your project progresses, your peers can give 
you support and encouragement - and you can return the 
favour. 

B2 Risk and issue management 
Management of risks and issues is crucial if you are to 
avoid a crisis. If you have to spend time and effort dealing 
with a crisis, it means precious time taken away from your 
project. By managing risks and issues well, your project will 

run smoothly and be more likely to succeed, and you can 
gain a competitive advantage. 

r Key terms ) 
~ ~ 

Milestone - an important point, stage or event in the 

progress or development of something. 

Modification - a change or alteration, usually to make 
something better. 

Risk - a future event that could adversely affect project 

processes or outcome. 

Issue - an event that is currently having an effect on 

project processes or outcome. 
\.. 

r Link ) 

\.. 



Risks and issues can come in many forms, and need not 
simply be associated with workshop activities. They can 
also relate to finances, health, knowledge or resources. 

Risks and issues can be measured in terms of: 

~ severity - low, medium, high and extreme 

~ probability of occurrence - unlikely, likely and very likely 

~ expected impact on project - minor, moderate and 
major. 

There is a formula for calculating the severity of a risk or 
issue: 

severity= probability of occurrence x expected impact 
on project 

The resultant risk and issue severity is shown in the matrix 
in Figure 5.4. 

M very likely medium high extreme 4- c 
o ·c 
c~ likely low medium high =-= u ·- u 
~ 0 

unlikely low low medium .0 'iii e ~ 
j minor 

a. _c 
moderate major +-' 

expected impact on the project 

~ Figure 5.4 A severity matrix maps the probability of a risk or 

issue occurring against its impact on the project 

Management options 
Prevention 

The best option is always to stop problems and issues 
arising in the first place - and risk analysis can help you 
achieve this. You need to plan in advance. For example, 
if you are going to need a certain piece of hardware at a 
specific time, find out how many other people will want to 
use it. Can you work together? Will you be able to access 
the equipment at another time? 

Reduction 

If you cannot prevent a problem, you may be able to 
reduce the likelihood of it occurring or decrease its impact. 
It is important that in all your activities you reduce the 
risk of accident or failure as far as possible. For example, 
if you are going to need a certain piece of equipment at a 
time when it might be unavailable, what alternatives could 
you use? 

Acceptance 

This means doing nothing about a risk or issue yourself, but 
perhaps passing the risk on to a third party. The financial 
loss incurred from not completing a task or project by 
the deadline is often greater than the cost of paying staff 
overtime to get the job done on time. 

Learning aim B 

Reflect ) 
'I 

Consider a project you have completed at home, work, 
school or college, however small, such as mending a 
bike. List the risks and issues involved in this project. 
How did you manage these? 

B3 Technical specification 
After planning your project, setting up monitoring 
processes and considering how to manage risks and 
issues that might arise, you need to create the technical 
specification for your project - often referred to as the 
product design specification or PDS. For example, an 
electrical appliance will have its technical specification 
provided in the user manual or as a separate document. 
Figure 5.5 shows a sample PDS for a computer. 

I 

CPU Intel Huron River Core iS 2467M I Core i3 

Operating 
system 

LCD 

IGFX 

Genuine Windows® 7 Professional 

11 .6" HD, 400nit, 16:9, PLS (view 
I angle, >= 170 degrees) 

l intel HD Graphics 3000 

System Memory I 2GB I 4GB DDR3 1333 MHz 

164 /128 GB SSD configuration Storage 

Webcam / Front: 2.0M 

Dimensions 

I/O 

Security 

Rear:3.0M 

WWAN HSPA+ (802.11 bgn) 

PAN BT 3.0 

Battery 40Wh (up to 6 hours - based on 

I 
Mobile Mark test) 

Thickness/ 12.9mm I 860g (OS I 1.891bs) 
weight 

Input Capacitive Touch + Digitizer/ AF 
Coating, Durable Glass 

Ports 1 x USB 2.0 (Type A), m-HDMI, 
Audio(in/out), micro SD slot 

Dock Interface: USB 2.0, Gigabit Ethernet, 
connector DC-in, HDMI 

Keyboard Bluetooth keyboard (optional) Yes 
TPM (optional) 

~ Figure 5.5 Example of a product design specification 

Key terms ) 

r Technical specification - detailed description of the " 

technical requirements for a product, service, system 
or process. This will become the reference point for the 
project design. 

Product design specification (PDS) - a document 
detailing the requirements in various areas that a 
product, service, system or process must meet. 

~ ~ 
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The PDS that you draw up should: 

~ set out all parameters for an artefact 

~ provide a base for all drawings 

~ provide a base for design, manufacture, service and 

satisfying regulations 

~ determine what your product, service, system or 

process will do. 

A PDS is a live document, and you will adapt and modify it 
many times. Expect your PDS to evolve as you work your 

way through your project. To get the most from your PDS, 
you should: 

~ get input from all parties involved with the project. 

~ start simply, with just the basic information - Your PDS 

will grow and evolve as your project develops. 

~ remember to answer the obvious questions - What size 
is the product? What is its weight? 

~ assign values and units to all the parameters - e.g. 
12 mm, 4A or 1200 rpm. 

~ be specific where you can - Don't just say the product 
will run off batteries; say it will run on less than 5 V DC. 

~ give an estimate if you are not yet sure - If you are 
still to make a final decision, provide an estimate (e.g. 
2 kg approx.) to begin with; then, once you're sure, 

remember to put in the final values. 

Tip ) 

Use the technical specification checklist to ensure that 
your PDS includes all the necessary details. 

A technical specification contains the requirements for: 

0 function and features 

0 interfaces (physical, software, human and electrical/ 
electronic) 

0 materials 

0 tolerances 

0 standards 

0 security 

0 environmental impact and sustainability 

0 operational conditions 

0 process capability 

0 reliability 

0 capacity (current and future) 

0 maintenance 

0 performance. 
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Case study 

The Airbus A380 

Developing the Airbus A380 was a major design 
project. It took nearly 20 years to get from the 
initial idea to a final product. If the technical 
specification for the Airbus A380 covered the 

complete aircraft, it would be huge. Instead, 
it is broken down into smaller sections, with a 

technical specification for each of the different 
parts of the aircraft. While part of the information 
is classified, some of it is in the public domain. 

Go to the A380 page on the Airbus website and 
look at 'Dimensions & key data'. Read through the 

information there. 

- - ---- ----- ---• - - - · ---=~ ~..-.:.. . 
~-

~ . - _,. '. . --- .. 

~ It took many years to get the Airbus A380 off the 

ground 

Now look up the website of Rotary watches. 
Choose one of the watches, then find and 

download a product specification for it. 

Check your knowledge 

1 Who are the two specifications aimed at? 
What makes you think this? 

2 Is the information in each of these 

specifications enough for use as a technical 
specification? If not, why not? 

3 Could the Airbus or watch be manufactured 

or serviced from the data supplied? If not, 
what is missing? 

B4 Design information 
The documentation for your project also needs to include 
information on how you designed a solution to the 
problem. There are many different tools you can use to 

design your solution. 



Design tools 
~ Engineering drawings - You may create these as part 

of a mechanical or an electrical project, for example. 
Engineering drawings can be produced manually or by 
using computer-aided design (CAD) packages. You can 
use CAD software to make 2D drawings, 3D models or 
circuit diagrams (see Figure S.6}. 

l~I 
~ Figure 5.6 Example of engineering drawings produced using 

CAD software 

r Link ) 
r 

Computer-aided drawing is covered in Unit 10. See 
also Unit 2, Learning aim B. 

~ Simulations - You can use software to simulate 
pneumatic circuits, hydraulic circuits or electrical and 
electronic circuits. 

~ Physical modelling - You may find it helpful to create a 
physical prototype of your product. You could do this 
by 30 rapid prototyping (also known as 3D printing 
or additive manufacturing) or by creating mock-ups in 
wood, cardboard or other modelling material. Some 
people lack good spatial awareness, and many of us 
find it hard to picture what a 2D drawing will look like 
in 3D - so modelling is a valuable aid. For marketing 
people and customers, 3D models are often better 
representations of a product than engineering drawings. 

~ Processes or computer programs - You can create flow 
charts and make operation sheets to help you plan 
your project. 

~ Other resources - These could include data tables, 
engineering formulae, pseudocode and outlines of key 
algorithms. 

Learning aim B 

The best tools for you will depend on the nature of your 
project, as well as your own skills and preferences. 

~ Rapid prototyping can bring your design ideas to life 

for others 

Keyterms ) 

Engineering drawing - a drawing that conveys 
technical information using standard layouts, 
projections and symbols. 

Prototype - a first or preliminary version of something, 
from which other versions will be developed. 

30 rapid prototyping (additive manufacturing) - a 
method of synthesising a 3D prototype, where material 
is added layer by layer to build an object. 

Spatial awareness -the ability to visualise a flat 2D 
drawing as a 3D object. 

Flow chart - a diagram consisting of boxes and arrows 
that shows a workflow or process. 

Safety, sustainability and culture 

An important criterion that your design must meet is that 
it should be safe - for yourself, for other people and for the 
environment. 

Many different regulations may be relevant here, from 
national health and safety legislation to rules within 
specialist areas of the engineering sector. Find out which 
regulations are pertinent to your project, what you need to 
plan for and what you must monitor. Remember that you 
have a duty of care to yourself and anyone who will come 
into contact with the process or output of your project -
any work that you engage in must be safe. 
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Link ) 

Health and safety 
requirements and risk 
assessment are covered in 
Unit2. 
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r Tip ) 
~ ~ 

Make sure that the product, service, system or process you are designing is 
safe. Carry out a health and safety risk assessment before you do any work that 
presents a risk of injury or ill health. 

~ ~ 

Don't forget to take into account environmental and sustainability considerations 

relevant to your specialist area of engineering, such as recycling waste and disposing of 
oil and polymers. 

Consider the cost and availability of materials and manufacturing processes for the 
potential solutions you are exploring. Some materials may be difficult to source, and 

some processes may be beyond your budget. Try to avoid using a material for which 
the supply might diminish over the life cycle of the product. 

Also, think carefully about the market for your product. Is there a perceived demand 
for what you are doing? Who would be your likely customer? Has something similar 
been done before? 

Remember that there are diverse cultures, attitudes and beliefs in the world. If your 

product or service is to be sold or operated worldwide, you will need to design 
variations tailored to different countries. For example, an item that works well 
outdoors in the UK is less likely to be successful in Dubai or Alaska. There is no need to 
make a different version for every country that you might market your project to (you 

will not have time), but consider what kinds of adaptations you would need to make. 

Keyterms ) 

Sustainability - the endurance of systems and processes in the environment; 
the maintenance of a balance in natural systems by avoiding the depletion of 
resources and reducing the generation of waste. 

Test plan - a document detailing the objectives, target market, personnel and 
processes for a specific test of a software or hardware product. 

Test plans 

Don't leave things to chance - you must put in place a test plan to monitor 
your project and ensure that it meets required standards. If your PDS specifies a 
particular standard from the British Standards or the International Organization for 

Standardization (ISO), your test plan must reflect this standard. For example, if your 
project involves welding and is safety-critical, you will need to run tests to the relevant 
welding standard for non-destructive testing. 

Test plans may include: 

~ inspection sheets containing actual sizes, tolerances, pass/fail results and instrument 
used 

~ destructive and non-destructive testing, such as nick break tests 

~ material testing 

~ tensile testing 

~ maintenance checks 

~ structural checks, for example on aircraft 

~ data recorded from data loggers, such as in vibration checks. 

It is only necessary to link to a recognised standard where appropriate. 



Learning aim C *'""'' 
G) PAUSE POINT 

•=trn• 
Look back over Learning aim B. Which of the project-management and design tools 
will you need to ensure that your technical specification is fully met? 

Check that no information or data is missing from your specification. 

Use only those tools which are relevant to and suitable for your project. Adding 
unnecessary tools will waste time and lead to repetition and redundancy. 

Ask yourself whether someone else could make or operate your product, service, 
system or process from the information given in your technical speci fication and 
project plans. Pair up with a colleague and crit ique each other's specifications and 
plans. 

Assessment practice 5.2 B.P3 B.P4 B.PS B.M2 B.M3 B.D2 

For your engineering problem and chosen solution , 
implement project-management processes to 
develop a coherent design solution. 

The project-management processes that you 
implement should include: 

a project resource and time plan in Gantt chart 
format, with a critical path analysis of dependent 
activities, and with appropriate milestones 
identified 
analyses of contingencies and constraints 
documentation for tracking and monitoring 
progress of the project 
a project risk and issue log. 

By applying these project-management processes: 
create a technical specification to meet customer 
requirements 
produce detailed and coherent evidence 
supporting the design solution for your 
engineering problem, including a test plan where 
appropriate. 

f~ 

What is the task? What am I being asked to do? 
• What information will I need to collect? What tools and 

resources can I use to help me complete the task? 
• How confident do I feel in my own abilities to complete 

this task? Are there any areas I think I may struggle with? 

Do 
• I know what I'm doing and what I am aiming to achieve in 

this task. 
I can identify the parts of the task that I find most 
challenging and devise strategies to overcome those 
difficulties. 

fl.evi,ew 
• I can explain what the task involved and how I 

approached each stage of the work. 
I can explain how I would deal with the hard elements 
differently next time. 

• I can identify the parts of my knowledge and skills that 
could benefit from further development. 

Undertake the solution for a specialist engineering 
project and present the solution as undertaken in 
industry 

The final stage of the project is when you put all your plans into mot ion and finalise 
your portfol io. If your solution doesn't quite work as expected, don't worry - this can 
give you just as many (if not more) opportuni ties for reflecti on and evaluation than a 
successful project. 

C1 Undertake and test the solution to the problem 
Whether your project involves developing a piece of software, building a machine or 
designing a maintenance plan, your specialist skill set comes into play here. 
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As your project progresses, you will see problems and 
issues arising, some of which you may have anticipated 
and others that are completely unexpected. Remember to 
record in your logbook how each problem or issue came 
about and how you resolved it. 

You can take photographs to provide a visual record of 

how your project develops, or ask your tutor to record 
your use of resources on an observation document. 

Once you have implemented the complete solution, you 
need to test it carefully against the technical specification. 

Use of project-management processes 

The effects of all your preparatory work in planning 
resources, time, contingencies, monitoring and risk 

and issue management will become evident at the 
implementation stage of your project. 

Status reporting and the management of risks and issues 

You need to decide how frequently and in what detail and 
format to report on the status of your project and any risks 
and issues that have arisen. Are you simply going to count 

every single risk or issue and report the total number in 
your final portfolio? For example, if you report that 22 
issues arose during the implementation of the project, 

does that actually tell anybody anything useful? It may 
help to think of your project as being undertaken in an 
industrial setting - what level of detail would the project 
manager want to see? They would probably want to know 
the severity of each risk or issue and its impact on the 

project development. You may choose to summarise only 
the major risks in a graphical form, for example, by using 
bar charts with supporting documents. 

Safe use of resources 

Always keep safety in mind wh ile undertaking your project. 

Think about the resources you have used (typically 

machines, workshops, tools and consumables). Have you: 

~ conducted risk assessments for each type of resource? 

~ used tools safely? 

~ operated machinery safely? 

~ asked for assistance when you were unsure of how to 
operate something? 

If you are producing an item with a computer numerical 

control (CNC) machine, ask yourself - have you: 

~ checked your program? 

~ had a 'dry run' on the CNC machine? 

~ produced a service plan? 

~ followed the correct isolation procedures? 

~ checked whether work permits are required? 
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Research ) 

Investigate health and safety responsibilities in your 
centre: 

Who is responsible for health and safety within 
your company, school or college? 

Who are the identified first-aiders and how can you 
contact them? 

How did you find the appropriate risk assessment 

forms, or did you have to create new ones? 

What are the evacuation procedures? 

Where can you find safety equipment, such as fire 
extinguishers and first-aid kits? 

Troubleshooting 

When problems arose in your project, how did you 
troubleshoot them? 

Key term ) 

Troubleshoot - to work out in a logical way what and 

where the problem is and suggest how to resolve it. 

Here are some standard troubleshooting procedures that 
could be useful for your project too. 

~ Half-split - With this method you split the system or 
process into two halves, and test them to determine in 
which half the fault lies. Then you take this half and split 
it again, and repeat your tests on these smaller sections 

to see which one contains the fault. The splitting and 
testing steps are carried out repeatedly until you can 
pinpoint the location of the fault. This method is also 
called 'divide and conquer'. 

~ Cause and effect analysis - First, identify the problem 
and write it in a box at the end of a line (called the 

'spine'). Next, consider the principal factors that could 
have contributed to the problem, such as issues with 
materials, equipment or personnel , and use these to 

label lines that branch off the spine. For each of these 
major branches, think of possible causes of the problem 
that are related to the factor (e.g. shortage of resources, 

malfunctioning equipment) and show these as shorter 
lines coming off the main branches. If a cause is still 
quite large or complex, try to break it down further. You 
will end up with a 'fish bone diagram', and you can then 

analyse it to determine or prioritise which cause(s) to 
deal with in order to resolve or alleviate the problem. 



~ 5 Whys - This is a technique for discovering the root cause of a problem. After 

stating the problem, you use a series of questions beginning with 'Why' to dig 
deeper into the underlying causes of the problem. Each question should build on 
and be more specific than the preceding question, and the answers should enable 

you to focus in on the most important cause. For many problems, five questions 
are enough to uncover the root cause, but sometimes fewer or more iterations are 
needed. If you search for 'S Whys' on the internet, you will find many examples of 

how this technique is used to troubleshoot. 

Fitness for purpose 
Is the outcome of your project fit for purpose? The International Organization for 

Standardization defines (in ISO 9001) checking fitness for purpose as 'part of quality 
management focused on providing confidence that quality requirements will be fulfilled'. 

In practice, it means that your product, service, system or process should comply with 
the specification. If the specification is correct, the product should be fit for the purpose 
intended. This is an important reason why your PDS must be accurate and workable. 

~ Fitness for purpose does not have to be complicated 

Keyterms ) 

Fit for purpose - good enough for the job it was intended to do; fulfils the 
specifications or requirements. 

PDCA - a four-step quality-management process where you plan, do, check and 
act in a continuous cycle to continually improve a product. 

Testing methods and fitness for audience 
How can you demonstrate that your final product, service, system or process is 
capable of working correctly? Is it 'fit for audience' - that is, will the customer find it 
user-friendly? How might you check that? 

Think about what supporting documentation you will need. For example, if you have 
produced a physical product on a machine, you should have an inspection document 
to show that it functions correctly. Look back at the section on test plans in Learning 

aim B to remind yourself of the testing and inspection methods that can be used. 

Service and maintenance plans can be checked using a PDCA approach. This iterative 
four-step management method is used in business and industry to control and 

continuously improve processes and products. 

I.eamh n imC 

The PDCA approach 
is discussed in Unit 4, 
Section Cl . 
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Key term ) 

Observable emotions -
emotions that are displayed 
that others can see, rather 
than internal feelings. 

~ ~ 

'.12 A Specialist Engineering Project 

You should now be approaching completion of your project. How well prepared is 
your portfolio? What else might you need to include? 

Look back over Section Cl and make sure that you understand what evidence you need 

to present in your portfolio. Remember to record in your logbook when and where you 
used troubleshooting methods and how successful your chosen methods were. 

To achieve the higher grades, your portfolio needs to concisely and logically 
demonstrate that the solution is fit for audience and purpose. Consider carefully 

what evidence must be included, given the nature of your project, and what can be 
simplified or omitted for conciseness. 

C2 Demonstration of relevant behaviours 
As your project develops, you will be assessed against various criteria. These assessment 
criteria concern not just the end 'outputs' - the product, service, system or process you 
design and the portfolio you create - but also your behaviour during the process. 

'Behaviour' here doesn't just mean being 'good'! ll is about showing that you can act 

professionally, responsibly and responsively throughout your project. So, for example, 
you need to show that you are able to link the different aspects of your project together, 
and also that you kept calm when something didn't go as smoothly as you wished. 

Here are the relevant behaviours you need to show. 

~ Time planning and management - You need to complete all the activities of your 
project within a given time frame and in an appropriate order. Did you plan your 
time well? It would be unusual if everything went exactly according to your original 

schedule. How did you handle any delays or time conflicts that arose? What 
changes did you have to make? 

~ Communication and literacy - As well as being able to follow and implement 

instructions accurately and interpret documentation, you need to communicate 
effectively and professionally with others, including your peers, technical and 
academic staff and any outside agencies. Your portfolio should be aimed at an 
audience with at least the same knowledge and skills as yourself, but you still need 

to think about the best way to communicate for different purposes and to different 
groups throughout the project. Should you write, call or talk with people face to 
face? Would someone who does not speak English as their first language be able to 
understand you? When are drawings and diagrams a better way to explain? Don't 

forget to include the obvious here - if you did it, record it so that others will know. 

~ Commercial and customer awareness - You need to show that you understand the 

market for your solution, at both the commercial and the customer level. Does your 
product, service, system or process meet the brief you were given or had set for 
yourself? Is it fit for purpose? Will customers find it user-friendly? 

~ Observable emotions linked to successes and issues during project development -
These are the impressions that others have of your attitude when you are experiencing 

successes or problems. Think about how you reacted, particularly when things went 
wrong. Did you get angry? Did you examine the issue and seek a solution? What did 
you find frustrating? How did you behave when things went well? Did this motivate 
you to move forward with your project? What are you most proud of? 

~ Individual support - It is important to recognise and acknowledge the people who 
helped you throughout your project, from teaching and support staff to peers. What 
help did you get along the way? Why was it this person that you asked? Why was 
their help important at that point? 



CJ Present a solution to the problem 
Evaluation of the final solution 
It is important to look back and decide if the final outcome of your project meets 

the criteria in the initial brief or specification. In industry, a mismatch between the 
initial criteria and the final outcome would generate a management inquiry and -
at a minimum - an action plan would need to be drawn up, outlining timescales, 

responsibilities and extra resources needed. In a worst-case scenario, the project 
might be cancelled altogether. 

Ask yourself these questions: 

~ How well was the project organised? 

~ What were the issues that arose? 

~ Were resources used effectively and efficiently? 

~ Does the product, service, system or process function as it should? 

~ Does it meet its planned specification? 

~ Is it fit for purpose? 

Collating a portfolio 
Finally, you need to collate a project portfolio to cover all aspects of your project 
from start to finish. This is a crucial part of the project. Your portfolio will present your 

evidence, showing all the stages and iterations, the processes you have followed, the 
choices you have made, the problems you have encountered and the solutions you 
have devised along the way. 

Make sure that you keep your portfolio updated, and capture evidence as soon as you 
can. The portfolio gives you a chance to showcase your skills and technical expertise, 

as well as to evaluate lessons learned and consider any improvements you could have 
made, particularly with reference to the success or fitness for purpose of the final 
product, service, process or system. 

Take time and care with your presentation. Your portfolio may be sent out to an 
external Standards Verifier for checking, and this will be the only information they 
have about you and your project. Your portfolio should be a self-contained, well

structured document that you would be proud to present to a future employer. 

What your portfolio should contain 

Here is a list of the elements your portfolio should contain. You may wish to use this as 

the contents page for your portfolio, or as a checklist for the final version. 

D Thematic title or initial idea - This was probably given to you by your tutor. 

D Research and clarification of the problem. 

D Possible solutions and constraints - Explain how you started to solve the problem. 

D Initial specification of alternative technical solutions. 

D Feasibility study - Examine each of the alternative solutions and assess whether they 
are workable. 

D Technical specification - This is the PDS for your chosen solution. Have you 
recorded all the detailed information needed, such as actual voltage and amperage, 
the type of battery required (nickel cadmium, lithium ion) and so on? 

D Project-management documents - including plans and a risk and issues log. 

Learning aim C 
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0 Logbook of events - such as a diary, outline sketches, notes and records. It is 
important to maintain a logbook from the start of the project and keep it up to date; 
do not try to reverse engineer a logbook, as this is hard work and you are bound to 
miss things. 

0 Design documents - such as sketches, engineering drawings, simulations and flow 
charts. Include your initial ideas, such as sketches of different parts of the potential 

product, to illustrate how the project evolved. 

0 Artefacts for a product, service or process - such as a prototype product, 
computer program, pneumatic or hydraulic circuit, electronic circuit or process 
demonstration. 

0 Test documentation - such as test results, inspection reports, customer feedback, 

photographs and video. 

0 Peer reviews and tutor monitoring. 

0 Conclusion on the success of the solution against the project theme and initial 
idea - In your conclusion, look back at the initial idea or project brief and assess 

whether the outcome was successful or not, discuss the possible reasons why, and 
identify directions for improvement. 

Project records 

Project records are vital, for your course project and in industry. As a product is 
developed through multiple iterations, records enable designers to look back at the 
rationale for each decision made about the specification, the creation of prototypes, 

the types of testing carried out or the quality control and quality assurance processes 
that were implemented. 

Product recalls can be initiated from a company's records. Inspectors can look back 
through product development records to assess whether a fault should have been 
identified and rectified at a prototype stage. This can have serious consequences for 
the manufacturer. 

Theory into practice ) 

Keeping clear and organised records for your portfolio is good practice for 

working in industry, where traceability is an important concern. Many products 
are identified by serial numbers, and information about customers is collected at 
the point of sale so that they can be contacted directly in case of product recalls. 
This avoids high-profile coverage of a general recall in the media, and is far more 

effective than placing a low-key advert in newspapers, which could easily be 
missed by customers? 

~ ~ 

r Reflect ) 
~ ~ 

Think about what you have gained in doing your project - the technical 
knowledge you have acquired, the practical and thinking skills you have used, the 
new ideas you have generated and analysed, the solutions you have designed and 

refined, the experience in applying project-management and testing methods that 
you have built up. 

In your future career you will make use of all of these skills and processes on 

a day-to-day basis. You will also need to keep learning and developing as 
technology advances. 



Learning aim C 

Assessment practice 5.3 C.PG C.P7 C.M4 C.D3 

Implement and develop the solution you designed 
for your engineering problem, using project
management processes to control and monitor 
progress and to resolve any risks and issues. 

You will need to: 
• Use project-management processes to develop 

your solution, aiming for optimal efficiency and 
effectiveness. This includes monitoring progress 
against the plans and specification, as well as 
anticipating and resolving risks and issues. 
Test the solution for fitness for audience and 
purpose, and record and analyse the results. 
Demonstrate effective and professional 
behaviours throughout the development of the 
solution. 

• Collate a portfolio of evidence for the project 
and prepare a conclusion.Justifications should 
be given of any modifications and refinements 
made, and of any improvements to the processes 
and behaviours that could be applied next time. 

(>~ 

What is the task? What do I need to achieve? 
• What tools and resources can I use to help me complete 

the task? 

/)o 

How confident do I feel in my own abilities to complete 
this task? Are there any areas I think I may struggle with? 

I know what I'm doing and what I am aiming to achieve in 
this task. 
I can identify the parts of the task that I find most 
challenging and devise strategies to overcome those 
difficulties. 

f'.eview 
I can explain what the task involved and how I 
approached each stage of the work. 
I can explain how I would deal with the hard elements 
differently next time. 

• I can identify the parts of my knowledge and skills that 
could benefit from further development. 
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216 A Specialist Engineering Project 

Further reading and resources ) 

Books 

Various textbooks cover project development, but many are quite advanced 
and may not always be suitable for this project. Your library may have books 
and magazines that focus on specific technical areas, such as graphics software, 

electronics, maintenance, CNC and 3D printing. Companies that supply CAD/ 
CAM software also make available a range of learning materials such as instruction 
manuals and tutorials. 

Bond, W.T. (1995) Design Project Planning: A Practical Guide for Beginners, Prentice 
Hall. 
Explores basic project management, linking it to the design process and modelling. 

Plummer, F. (2007) Project Engineering: The Essential Toolbox for Young Engineers, 
Butterworth-Heinemann. 

Aimed at the young engineer who wants to enter or who has just started in project 
management; written with a work-based approach. 

Videos 

Some examples of online resources in video form: 

Mechanical engineering project topics: www.youtube.com/watch?v=ibE626hROsk 

Mechanical engineering mini-project topics: www.youtube.com/ 
watch?v=jMwrkB4JQ4M 

Websites 

Examples of websites that offer ideas for projects: 

IEEE Real World Engineering Projects library: www.realworldengineering.org/ 
Ii brary _search.html 

Mechanical engineering science fair project ideas: www.sciencebuddies.org/ 
science-fair-projects/lntro-Mechanical-Engineering.shtml 

Electronics projects for engineering students: www.electronicshub.org/ 
electronics-projects-ideas/ 

Nevon Projects project ideas by category: http://nevonprojects.com/project
ideas/ 

Planning maintenance projects: www.machinerylubrication.com/Read/1330/ 
planning-maintenance 
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UNIT 5 

THINK 
FUTURE 

Reham Abdulrashid Project manager 

I have been working as a project engineer for 12 years, and 

managing a department for three years, developing projects 
for the aerospace industry. I have worked on a wide variety 

of projects, from aerofoil design to applications of vortex 

generators. My specialism is airflow problems for transonic 

aircraft - mainly commercial aircraft, but also some smaller 

private jets. 

My responsibilities include managing a small team of aerospace 

engineers, each with skills in different areas, such as design, 

electrical, mechanical, stress and aerodynamics, software and 

systems. I support them in their technical and professional 

activities, and make sure that all projects use the latest 

technologies. As manager I also have overall responsibility for 

delivering aerofoil design and development tasks to schedule 

and on time, and I'm responsible for planning and managing 

projects and resources, particularly financial resources. 

My work involves me working closely with other professional 

engineers from all aeronautical disciplines, so it's really 

important for me to have a working knowledge of what 

they do, even if I don't have their expert knowledge. The 

Focusing your skills 
Using project-management processes to 
develop a project 
Project development is a multi-skilled operation involving these 

essential steps: 

identifying and understanding a problem 

generating possible solutions and thinking about constraints 

investigating feasible ideas - Make sure your initial ideas are 

reasonable and not too outlandish; sometimes people have 

'eureka' moments, but most viable ideas are developed in 

small steps 

ability to work effectively in teams is a key skill to develop as 

an engineer, which helps in every type of project. Modern 
projects are often so complex that no individual can have all 

the technical expertise that's needed. When we develop new 

aircraft, it can take many years, with numerous iterations - and 

we have to keep up with technology that is changing all the 
time. Think about a modern aircraft - many of its components 

are made of advanced composites and polymers, but not so 

long ago they would have been made from aluminium. 

I have to keep up with changing rules too. As an aeronautical 

engineer, I am bound by legislation, regulations and codes of 

practice, because the lives of flight crew, maintenance staff and 

passengers are at stake. 

Completing my BTEC aeronautical qualifications at college 

helped me understand what information I need to know 

and where to find it. Although I am well qualified, it is still 

very important to continue learning and stay up to date 

with changing technology, so I regularly attend continuing 

professional development {CPD) events. That looks good on my 

work profile too - it's a competitive world out there! 

resource planning and time planning - The next time you 

catch a flight, think about how much planning has gone into 

getting your luggage from the check-in desk to the aircraft 

formulating design ideas into a coherent design and creating a 

specification based on the customer's requirements 

developing and implementing a solution, while controlling 

and monitoring the progress of the project 
managing risks and issues 

evaluating the outcome of the project, reviewing whether the 

customer requirements were met. 
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Billy has recently completed a BTEC National in Aeronautical Engineering and is now 
studying for a Higher National Diploma (HND). He attended college part-time while 
working in an engineering company on an apprenticeship. 

How I got started 
I started thinkine about my project really early - it was 
one of the things I found particularly appealing about the 
course in the first place, so I wanted to make the most of 
it. We started properly towards the end of Year 2, but by 
that time I knew my engineering exams were just around 
the corner and I had to study for them too. I was glad I 
got some of the thinking and planning done in advance. 

How I brought it all together 
I thought a lot about the project I wanted to work on . 
I discussed ideas with my tutor and my employer. My 
tutor had given us a theme of aircraft maintenance, 
and explained that it could cover repairs, servicing 
or modifications, so I took time to think about the 
different possibilities. It took me nearly three lessons, but 
eventually I decided to look at the repairs of aircraft skins. 
I decided to focus on a light aircraft, as my employer and 
the local airfield could help me with that. 

My first task was research. I used the internet and the 
library, and talked to some of the fitters at work to find 
out about the various kinds of damage to the aircraft 
skins. I followed my tutor's advice to start a logbook at 
this early stage, and I took photos with my phone for it. 

I then realised I'd have to look at existing repair 
specifications and probably come up with my own, 
with sketches, timelines and costings for three different 
solution ideas. I examined the feasibility of each idea and 
concluded that weight, size and strength were critical to 
the safety of the structural repair. My tutor showed me 
how to use objective testing to select the best idea. 
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I set aside time at home to organise and plan my project, and 
to keep my logbook up to date. I developed my PDS at home, 
and made notes on anything I didn't fully understand so I 
could ask about it in the next lesson. 

I created sketches and CAD drawings and made a prototype. 
The practical part was all done in college, but my employer 
also allowed me to practise at work. This was very helpful as 
I was already used to the layout and discipline of an aircraft 
workshop. 

I made sure that each part of the assignment was completed 
and my logbook included all records of my modifications, 
iterations, test results and risk management actions. I had 
plenty of photographs as evidence of development work. 
Finally, I drew all the documentation together to complete 
my portfolio. It looked OK, but my tutor had to remind me 
to check 'How well does it meet the criteria?' I nearly forgot 
to put in my reflections and behaviour evaluations before 
I handed in my portfolio. I knew the rules about late hand
ins, as they had been explained carefully when we started at 
college, so I made sure everything was submitted on time. 

What I learned from the experience 
I learned a lot about project management. Initially 
I thought the project would just be about making 
something, but it went a lot deeper than that. The key to 
a successful experience was getting ahead of the game, 
being organised and keeping to the timeline. Of course, 
it's essential to make a good choice of topic to start 
with - some of my classmates picked problems that were 
too difficult and struggled to finish! 


