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Engineering product design and manufacture is the process of 
transforming a user- or market-driven need for a new or revised design 
into a commercial product that addresses this need. To turn design 
ideas into viable products, engineers need to consider the requirements 
of the user and any relevant regulatory standards to generate concepts, 
and then use their knowledge of materials, components and engineering 
principles to produce effective solutions. 

This unit covers the triggers that motivate the need for new designs, 
potential challenges to and constraints on your design, how to specify 
what you want from your product, the use of iterative processes 
to develop an effective solution, and how to analyse, validate and 
communicate your work. 

How you will be assessed 
This unit will be assessed under supervised conditions. 
Two weeks before a supervised assessment period, you 

will be provided with an externally set case study. You 
will be allowed to carry out three hours of independent 
preparatory research on the case study and then use this 
information in the assessment. 

The supervised assessment period is ten hours, and this 
can be broken down into a number of sessions over a 
three-week period. During the supervised assessment 

period you will complete a task in which you will be 
expected to follow a standard development process of 

interpreting a brief, scoping initial design ideas, preparing a 
design proposal and evaluating your proposal. 

Your completed assessment will then be forwarded to 

Pearson for marking. The maximum number of marks for 
the assessment is 60. 

To achieve a Pass, a learner is expected to demonstrate 
these attributes across the essential content of the unit: 

~ You demonstrate knowledge and understanding of 
iterative design methodologies, processes, features and 

procedures and their application to engineering products. 

~ You can interpret a design brief to generate ideas and 

use a range of skills and techniques to develop modified 
products in context. 

~ You can use research and analytical skills to create a 

product design specification to meet the requirements 
of the brief. 
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~ You can make recommendations and proposals 
relevant to familiar and unfamiliar situations, taking into 

consideration sustainability and safety issues. 

~ You are able to make an evaluation of your design 
proposal and provide technical justifications in 
validation of your design solution. 

For an award of Distinction you will need to show: 

~ A thorough knowledge and understanding of 

iterative design methodologies, processes, features 
and procedures and their application to engineering 
products in context. 

~ You can interpret a design brief to generate complex 
design ideas and can apply a range of skills and 

techniques to develop modified products in context, 
with justification for the design decisions. 

~ You can use comprehensive research and analytical 
skills to create a product design specification that fully 
and effectively meets the requirements of the brief. 

~ You can make justified recommendations and proposals 
for familiar and unfamiliar situations, taking into 

consideration sustainability and safety issues. 

~ You are able to select appropriate techniques and 
processes to design ideas and can justify applications in 
arriving at creative, feasible and optimised solutions. 

~ You are able to make a robust evaluation of your design 
proposal and provide detailed technical justifications in 
validation of your design solution. 



Getting to know your unit UNIT 3 

This table outlines the skills and knowledge you will need to demonstrate through the 
assessment. 

Assessment outcomes 

AOl Demonstrate knowledge and understanding of engineering products and design 

A02 Apply knowledge and understanding of engineering methodologies, processes, features 
and procedures to iterative design 

A03 Analyse data and information and make connections between engineering concepts, 
processes, features, procedures, materials, standards and regulatory requirements 

A04 Evaluate engineering product design ideas, manufacturing processes and other design 
choices 

AOS Be able to develop and communicate reasoned design solutions with appropriate 
justification 

The following table outlines the areas of essential content with which you will need to 
be familiar before you take the assessment. 

Essential content 

A Design triggers, challenges, constraints and opportunities, and materials and 
processes 

Al Design triggers 

A2 Design challenges 

A3 Equipment-level and system-level constraints and opportunities 

A4 Material properties 

AS Mechanical power transmission 

A6 Manufacturing processes 

8 Interpreting a brief into operational requirements and analysing existing 
products 

81 Design for a customer 

82 Regulatory constraints and opportunities 

83 Market analysis 

84 Performance analysis 

85 Manufacturing analysis 

C Using an iterative process to design ideas and develop a modified product 
proposal 

Cl Design proposals 

C2 Communicating designs 

C3 Iterative development process 

D Technical justification and validation ofthe design solution 

Dl Statistical methods 

02 Validating designs 
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Getting started 
Work in groups to list all the things you might want from a particular 
product. Write down what you think these requirements might mean in 
terms of the decisions the designer would make - consider the cost of 
manufacturing the product, the materials used, the product's strength and 
durability, its sustainability and reliability, and so on. 

I Design triggers, challenges, constraints and 
opportunities, and materials and processes 

A1 Design triggers 
The initiation of a new product does not normally happen spontaneously. 
Generally, there will be some sort of trigger that motivates a new design activity. 

Market pull or technology push 
Market pull 

Market pull refers to the development of new designs based on a need for either a 
completely new product to meet some demand or an improved product to address 

customer dissatisfaction with existing products. In the automotive market, for 
example, customers are always looking for better fuel economy, greater comfort and 
improved safety; as a result, manufacturers tend to focus on these areas. 

The identification of these needs may be through informal customer feedback, such 
as sales agents chatting with customers, or more formal market research. Market 
pull can also arise from the pressure to upgrade a product in response to competitor 

developments. 

Customer feedback and market research can be used to identify areas of the 
market where a new product with the correct characteristics could make an impact. 

By definition they indicate what customers want, so if this can be delivered as required 
and on time, a commercially successful product should result. 

Market pull does, however, have its limitations. Customers may be able to identify a 
need, but the technology to turn this need into a real product may still be some way 
off. For example, there may be market demand for a hoverboard or teleportation 

device, but if it cannot be produced with current technology, then it will not become 
reality. Designers also have to carefully consider the timeliness of the need - customer 
demands may change or even be completely superseded over the product's 

development cycle, so that the engineering company may end up giving the customer 
what they wanted three years ago, not what they want now. 

Technology push 

Technology push refers to the development of new designs made possible by the 
introduction of new processes or technologies. In the case of manufacturing, it may 
mean that products can be produced much more cost-effectively, reliably or to a 

greater precision than was previously possible. Technological advances may also allow 
new features and functions to be incorporated into a product. For example, advances 
in electronics, sensors and touchscreens have led to the emergence of a completely 
new market in smartphones and tablets since 2010. 
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Technology push products are often highly innovative and can mark a step change 
in a particular area of the market or even stimulate the creation of brand new market 
sectors. 

However, care does have to be taken. Developing a new technology into a product 
does not guarantee commercial success in the market. 3D television is an example of 

technology push where an upgrading of television design and broadcasting capabilities 
made the innovation possible, but customer demand did not match expectations. 

r 

Reflect ) 

Imagine that your company has become aware of a new sponge-like material 

which has the ability to draw in powder and dust rather than liquids. It comes in 
sheet or strip form and is 1 mm thick. It can be cut with scissors and can also be 

rolled up and unrolled without being damaged. 
How might you try to collect tiny particles using this material? 
List as many possible uses as you can think of for the material. 

Pick one of your ideas and think how you might develop the idea further. 
Are there any limitations to your idea? Could these be resolved? 

Demand 
You want to create a product for which there is a market and customer demand. 

The total demand and your company's anticipated share of the market will give a 
predicted value for sales, and this can help you decide whether to start developing the 
product and how much time and money to invest in its development. 

You also need to consider demand, not just for now but for the life of the product. 

Is this a product you will produce as a one-off or a special order for a single customer, 
or is it something that will be for sale over a number of years on an open market? 
How do you think demand for the product might change over time? Is the total market 

for this type of product rising, falling or steady? How will your company's market 
share change over time? Figure 3.1 illustrates what different levels of demand and 
profitability mean in terms of whether it is worthwhile to develop a new product. 

Profitability 

High 

Low 

Low demand but high profit per part 
may also be acceptable so long as 
fixed costs are controlled. 
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~ Figure 3.1 Profitability against demand chart 

Profitability 

Not worth developing 
product. 

A high demand and high 
profit per item sold is ideal. 

High demand with modest 
_,. margins may also be acceptable 

as fixed costs are spread over a 
large number of sales 

Demand 

For any planned product, you must consider whether the potential sales revenue will 
cover the costs of designing the product, making it and any overheads. In addition, 
you will want to make enough profit so that your organisation will be able to invest 

Learning aim A 

r Key term ) 

Overheads - costs that relate 
to extra services involved in 

the manufacture of a product, 
such as equipment costs and 
heating or lighting; they are 
not directly related to the cost 
of labour or materials. 
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in future products and plant as well as pay workers and shareholders. Figure 3.2 
summarises some of the financial items you need to consider when planning the 
development of a new product. 

Profit margin 

Tax 

Overheads 

Transport 

Manufacturing 
costs 

Material costs 

Set~up costs 

Share of 
Development 

costs 

The profit made on sales of the product, which is necessary to allow 
investment in new products. 

Sales tax (VAT) on the product. 

There may also be a retailer mark-up if the product is not sold direct 
to the end user. 

A share of the indirect costs associated with operating the company 
(e.g. electricity, heating. lighting, rent or mortgage on the factory} or 
related to marketing, website. human resources. payroll, office 
cleaning, maintenance, etc. 

The cost to store and transport finished goods to market. 

The cost to convert raw material and parts into a finished product. 
Includes machine and labour costs. 

The cost of material and components in each product item. 

Each new product will need moulds, jigs, fixtures and tooling to 
enable the part to be manufactured; the cost of these will be shared 
over the number of parts to be made. 

Each new product will cost a certain amount to design and develop, 
and this cost is shared among the expected number of parts that will 
be made (e.g. £10,000 development costs shared among 2000 parts 
produced means £5 per part). 

~ Figure 3.2 Profit and costs 

Key term ) 

Iteration - repeating a step, 
process, version or adaptation 

of something, usually with the 
aim of improving it. 

Innovation 
When developing a new product, the improvements over existing products could be 
either incremental or innovative. Incremental changes are small, gradual improvements 

over the existing product. These are often refinements based on experience with 
previous iterations of the product. The general concepts underlying the operation of 
the product are unlikely to have changed significantly. 

Innovation may happen when a new technology comes along that enables the 
production of items that were impossible before - see the section on technology 

push above. Innovation can also occur in situations where the way of achieving a 
given product's functionality is examined from a non-conventional perspective, or 
where technologies or approaches from another discipline are brought in. As a classic 
example of the latter, Owen Finlay Maclaren, a designer involved in creating the 

folding undercarriages of Spitfire fighter aircraft in the run-up to the Second World 
War, later used his knowledge of lightweight fabrication and folding mechanisms to 
create collapsible pushchairs and baby buggies. 
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Innovation in your product's design does offer the 
possibility of creating a clear difference between yourself 
and your competitors. For commercial success, the 
innovation must not simply be a novelty but has to be 
something that the customer values, so understanding 
what your end users want from your product is crucial. 

Market research 
Understanding your market is essential to the creation of 
successful products. Market research covers a range of 
activities that help you to understand what your customers 
want and what competitors might be planning now and in 
the future. 

Market research can be carried out in a variety of ways, 
depending on the size of your company, your relationship 
with your end users and the nature of the products. If 
your company is a small, highly specialised organisation 
selling directly to a limited number of customers, your 
sales engineers may carry out the market research 
themselves. They will aim to find out how many products 
your customers are likely to buy over the coming years, 
the limitations of your (and your rivals') current products, 
and any anticipated changes to customers' expectations of 
what they want or need from your products. For example, 
is price going to be more important than weight? Are there 
any new features customers would like to see, or are there 
changes in their operations that might make your current 
products obsolete? A drawback to this approach is that 
it limits you to your current customer base and product 
areas and may not help if you wish to move into new 
product areas. 

For larger companies with wider customer bases, such 
research is likely to be carried out by specialist teams 
employed either directly by the company or on a 
consultancy basis. 

Market research can also help during the development 
of new products. For example, you may have a range of 
concepts for a new product but need some guidance on 
which would be most likely to appeal; or you may have 
a technology push innovation that, while technically 
interesting, may or may not provide much benefit to the 
end users of your product. By running your ideas past 
groups of potential users, you can collect data to help you 
select the ideas most likely to succeed. 

Performance issues 
Dissatisfaction with products currently available on 
the market will always be a trigger to design improved 
versions. Existing products may be too costly, too 
unreliable, require too much servicing, have too short a 
life, be too costly to run, be too heavy or have too large 

Learning aim A 

a carbon footprint. Knowing these limitations, or using 
market research to pinpoint them, can act as a trigger 
to develop new products to address the unsatisfactory 
issues. However, care must be taken not to simply swap 
one weakness for another. For example, it might seem 
straightforward to solve problems with battery life in a 
mobile tablet, but if this is done by putting in a bigger 
battery, then customer satisfaction is likely to go down 
because of the increased cost and weight. 

Discussion ) 

Choose a product from your workshop or home, 
and in groups discuss what makes it effective for the 
purpose it was designed for, and also where it is less 
effective. For example, think about whether you like 
using the product. Is it too heavy? Does it run out of 
power too quickly? Is it tricky to set up or to put away? 

If you were asked to improve the product, how 
important would you consider each of the limitations 
to be? Would you be prepared to pay more for the 
product if the current issues were addressed? Would 
you perhaps buy another product with different 
limitations if it didn't have those issues? 

Can you propose a no-cost solution (in terms of money, 
weight or functionality) to one of your concerns? 

' ~ 

Sustainability 
Making a product more sustainable is both a commercial 
and an environmental driver in the creation of new 
designs. There may be an immediate pressure for existing 
products to be replaced or removed from sale, due 
to them no longer meeting environmental targets or 
because products associated with their use or operation 
will become unavailable in the future. This offers an 
opportunity for new products to be developed, and can 
even lead to significant early sales if products already in 
use must be replaced immediately. 

Designing out risk 
Naturally, your product needs to be safe to use. Risks to 
the user, or anyone coming into contact with the 
product, must be eliminated or minimised. To evaluate 
risk, you normally consider the likelihood of an accident 
happening and the severity of the consequence if it does. 
The combination of these factors gives a measure of the 
overall risk. 

For example, you might be designing a product that 
runs a little warm and may cause some discomfort if you 
were to touch it for a long time, but it would not cause 
burning of the skin. If your product were operating where 
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people were unlikely to come into contact with it, then 
the likelihood of anyone touching it would be low. The 
consequences would also be low (some discomfort), so 
the overall risk would be low and you may decide that the 
cost involved in completely eliminating the problem would 
not be justifiable. If, however, the likelihood of a safety 

issue was higher (e.g. if people would be exposed to the 
heat on a regular basis or if the heat was sufficient to cause 
burning), then some form of redesign might be needed to 

move the hot parts of the product away from the user, to 
reduce the surface temperature or to shield the product. 

Key term 

Decommission - to remove or withdraw from service. 

When designing a product, it is always good to 

envisage risks associated with the installation, use and 
decommissioning of your product. If the likelihood of 
a particular risk is not low, or if the consequence is non
trivial, then you need to address the risk. 

.r 

Link J 
Risks and risk management are discussed further in 
Unit 5. 

A2 Design challenges 
There are many commercial, regulatory and public policy
related trends that present challenges to engineering 
design. 

Reduction of energy wasted during design 
There is always pressure to bring products to market in a 
timely matter. Spending an extra six months developing 
a product uses additional resources and also means that 
competitors may steal a lead on the market. The use 

of tools to speed the development process is therefore 
becoming increasingly important. Advances in design 
tools and products offer ways to achieve time and energy 
savings during the development cycle. For example, 

3D printer technology can be used to create early-
stage prototypes much faster than traditional methods. 
Moreover, in many cases, engineers can quickly simulate 
different design scenarios using a variety of computer

aided techniques. These can range from fairly simple 
numerical models in a spreadsheet (e.g. to simulate 
different permutations of strength, volume, weight 
and cost for simple parts) to more complex simulations 
modelled with computer-aided design {CAD) packages. 
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Reduction of energy wasted during operation 
Reducing the energy used during the operation of an 
engineered product is often a key driver and a serious 
challenge in the creation of new products. This goal of 

reduced energy usage can be driven by consumers' desire 
to have more environmentally friendly products or by the 
company's need to lower operating costs. Thus there is 
continual pressure for consumer products such as motor 

vehicles to have improved fuel economy, or central
heating boilers to have increased efficiency. In addition, 

legislation is requiring ever greater energy efficiency 
of an ever wider range of products. For example, since 
2007 traditional incandescent filament light bulbs have 
been phased out in favour of more efficient LED and 

fluorescent bulbs. 

Reduction of physical dimensions 
Reduction of physical dimensions is often a design 
constraint. This may be related to customer demand 

for more compact products, for portability or aesthetic 
reasons. 

There can also be pressure to reduce the physical 
dimensions of some products that are parts of larger 
systems, in order to free up space elsewhere. For example, 

reducing the physical depth of the backrest in aircraft 
or car seats can leave more space and hence give more 
comfort to passengers in the seat behind. 

Reduction of mass 
Reducing the mass of products is again a common 
challenge in product design or revision. This may be done 

for practical reasons - for example, where a product such 
as a hand tool needs to be portable and generally easier to 
manipulate. 

Reducing mass also reduces the energy required to 
move products. A lighter product will be much more 

responsive and so easier to bring up to working speed - or 
to decelerate to a halt. Doing so will expend less energy, 
which means that the product will be more efficient. An 
example of this is the elimination of spare wheels in many 

new cars and the move towards electronic rather than 
mechanical hand brakes, both of which reduce the weight 
of the car. 

It is particularly important to reduce the weight of key 
components, as this can offer compound benefits, with 

further weight savings elsewhere. Reducing weight in the 
body and interior of a car, for example, results in less load 
placed on the engine, gearbox, suspension and brakes. 
This means that there may be scope to reduce the weight 
of these parts too. 
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PAUSE POINT Estimate the weight saving if no spare wheel is supplied in a family hatchback car. 
How does this compare to the overall weight of the car? Where else could weight be 
reduced? 

Try looking at car brochures or websites. Some car models offer the spare wheel as 

an option. 

Investigate how car performance and weight are related. Do you think it is a simple 
proportional relationship? 

Increase in component efficiency 
Increasing component efficiency can mean the individual 
elements within a product having their mass, size or 
energy efficiency improved - but in a design sense it also 
refers to enhancing the value and functionality that can be 
gained from a single component. 

For example, if a moulded or cast part is to be produced, 
it is often possible to combine a number of functions into 
a single part, thus reducing the need for more parts or 
more complex secondary manufacturing processes. A box 
to contain electronics may take the form of the box itself, 
guides for holding the circuit boards and mounting holes 
for screwing the box to a baseplate, but it may be possible 
to achieve all of these functions in a single well-designed 
moulding. This potentially lowers the cost of the product 
by reducing the part count and assembly time. 

Energy recovery features 
Energy recovery means taking energy that might have 
been wasted during the operation of a product and 
returning this as useful energy. For example, combined 
heat and power plants produce both electricity and hot 
water, where the water is heated by extracting excess heat 
energy from the electricity generation process. Another 
example is regenerative braking in wholly or partly 
electrically driven vehicles. In this system, under braking 
conditions the connection to the drive motor is altered, 
allowing the motor to act as a generator, and the power 
generated is then returned to the vehicle batteries for later 
use. 

Sustainability issues and reduced product life 
cycle costs 
Another challenge for designers is to reduce product 
life cycle costs. While the focus in product design has 
traditionally been to reduce manufacturing costs, whole 
life cycle costs must now be considered at all stages of the 
design process. This includes considering sustainability as 
well as operating costs throughout the life of the product. 
Having more power-efficient products is obviously 
important, but you also need to take into account the 
financial and environmental costs of servicing your 

product, particularly where this includes, for example, 
the appropriate disposal of oils or lubricants or the use of 
solvents in cleaning. 

You must also consider end-of-life disposal costs. 
A product that can readily be stripped to recyclable 
constituent materials will have much lower end-of-life 
financial and environmental costs than one that has to be 
placed in landfill or which needs to have toxic components 
treated before final disposal. 

Integration of different power sources for 
vehicles 
A special case exists currently with vehicles that are 
increasingly combining different power sources, with 
the aim of balancing the positive and negative attributes 
of each power source. Entirely electric power gives off 
no pollutants at point of use and offers the possibility 
of energy recovery through regenerative braking, but it 
relies on batteries, which limits the range of the vehicle. 
Traditional internal combustion engines give good range 
but discharge pollutants into the atmosphere. Hybrid 
vehicles typically use both power sources, and these can 
be balanced to try to exploit the advantages of each. 

Integration of the two systems in such a way that the 
user will have a seamless experience poses a challenge 
to the designer, and a number of approaches are used. 
In the parallel approach, both an electric motor and a 
conventional engine are used, each capable of driving the 
wheels, and the systems can work in isolation or together, 
depending on road conditions. In a serial system, the 
combustion engine has no mechanical connection to the 
wheels and instead acts as a generator to ensure that the 
batteries are topped up to drive the wheels via electric 
motors. Computer controllers, which continually monitor 
road conditions, battery power and driver demand, are 
used to optimise the use of these systems. 

Reduced use of resources in high-value 
manufacturing 
High-value manufacturing is a term used to describe 
manufacturing that achieves value by producing items not 
only in a more cost-effective way but also in ways that are 
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driven by high levels of knowledge and skills. It is normally 

characterised by the use of new technologies, materials and 
processes, and is associated with sectors such as aerospace, 
microelectronics, photonics and medical product design. 
This can often mean that there is a particular need for 

efficiency to optimise the use of resources due to the exotic 
materials or processes needed and to offset the high levels 
of investment in equipment and research. 

Designing out risk 
As mentioned earlier, it is important to review the possible 
risks associated with your product. Are there any areas 

which are not as safe as they could be - such as sharp 
edges or corners, parts that run hot or cold enough to 
cause burns, or potential electrical faults caused by cables 

working free under use? Where risks are likely or may 
have significant consequences, they must be addressed. 
Trying to do this as part of the overall design will generally 

be more satisfactory and cost-effective. For example, 
designing a folding baby buggy such that fingers cannot 
get trapped in the first place is better than having to fit a 

range of guards to the device to prevent injury. 

Another consideration is commercial risk and the need to 
be aware of customer needs and the state of the market 

throughout the production life. Adding an extra feature to 
your product may present a risk if it adds more cost than 
value for the customer, and in this case you could see a 
marked drop in sales. Similarly, you need to think about 
risks due to external factors, which could mean that your 

product becomes unviable sooner than you expected. For 
example, your product might become obsolete because 
of new environmental regulations, or it may rely on a key 

component available only from a single supplier who then 
stops making the part. 

A3 Equipment-level and 
system-level constraints and 
opportunities 

Selecting different solutions for equipment 
interfaces 

Very often, when designing a product, you will find 
yourself building a system that is more a collection of 
standard mechanical, electrical, hydraulic and pneumatic 

parts than components designed from scratch. An example 
of this would be an automated production line. 

Such a system often consists of specialised mechanical 
components (such as jaws designed to hold specific parts), 
customised modular parts (such as the physical structure 

18 Engineering Product Design and Manufacture 

of the production line, which may be built from extruded 
sections that are cut to length and modified as required), 
electrical drive components, controllers and sensors and 
pneumatic components (which may be used to lift and 

carry the parts). 

For the system to be efficient, it is important to think 

carefully about how the components will link up and 
how to ensure consistency within the system. The aim 
is to design a system that is efficient in use but also easy 

to extend or develop. You should avoid running parallel, 
incompatible systems that could lead to duplication or 

redundancy and would be dependent on a wide range of 
special ist tooling for construction and servicing, as well as 
specialist staff with the necessary skills and knowledge to 

cover the different systems. 

• For electrical products: 

• What power supply is required? 

• Is this a.c., d.c. or three-phase? 

• Can you have a single power source for all elements, 
or would you need a low-voltage, low-current supply 
for control circuitry and a separate system for high
power items such as motors or heaters? 

• For signal transmission : 

• What voltage is to be used? 

• What is the communication protocol - what sort of 
coding do sensors and actuators use to get signals to 
and from the controller? 

• Is the communication wired or wireless? 

• For pneumatic and hydraulic products: 

• What connectors are to be used? 

• What pressure are they to operate at? 

• What ancillaries (e.g. filters, regulators, lubricators) 
are needed? 

• For mechanical products: 

• Do you need to work to standards? 

• What fixing types (e.g. screw sizes) are to be used? 

• For modular systems - will you use standard 
distances between fixing holes to enable easy 
addition and removal of parts? 

• For control systems: 

• What type of sensors are you using? 

• What types of actuators, motors and drives are you 
using? 

• What type of controller is most appropriate (e.g. 
programmable logic controller, PC, microcontroller)? 

• Are all these parts compatible? 

• What software does the control system use? 



In some cases the decision might be one you could 

make entirely independently. However, factors that 
could influence your decisions may include your 
customers' infrastructure, skills and experience, your own 

organisation's experience and the likelihood of having to 

modify or upgrade the product or system. 

Systems integration compromises 
When developing a system it is likely that you will need to 
make compromises, as you have to balance the demands of 

individual elements to create the strongest overall system. 

Many of these compromises will relate to physical 
packaging issues and how components are physically 

placed relative to each other. For example, imagine you 
are designing a high-quality drone aircraft (like the one in 

Figure 3.3) for use by surveyors mapping out land. 

~ Figure 3.3 A drone aircraft 

The various components within the drone must work in 

harmony. For efficiency, the electrics should be consistent 
in the voltage they require, to avoid the need for multiple 

power packs. This may mean a compromise if the ideal 
circuitry for the flight controls does not match that of 
the surveillance camera and sensors. The placement of 

components may also need to be compromised on. For 
example, if the drone will have a petrol engine, the logical 

location for the fuel tank is at the front close to the engine 
- this decreases the length of fuel pipe needed, reduces 

the likelihood of needing a fuel pump and allows for 
modular assembly. From a stability point of view, however, 
a central location makes more sense because as fuel is 

used the aircraft will remain in balance. With a nose
mounted fuel tank the aircraft would gradually become 

light-nosed as the fuel tank empties. 

Similar sorts of design trade-offs would need to be 
made in other products. It often makes sense to place 

a certain component centrally within a product, but 
cooling or servicing requirements, for instance, might 
suggest a position closer to the outer surface for improved 
ventilation and access. 

Learning aim A 1'#1111 
Equipment product design specification 
When designing a product made from multiple subsystems 

and components, it is not uncommon to draw up a 
product design specification (PDS), not only for the 
entire finished product but also for each subsystem and 

even each component. These specifications can be used to 
help ensure that the finished product meets requirements 
in terms of function, cost, weight, serviceability, etc. 

Key term ) 

Product design specification (PDS) - a document 
detailing the requirements in various areas that a 

product, service, system or process must meet. 

For example, a product might have a target weight. This can 
then be broken down into target weights of subsystems and 

individual components. Should a particular component or 
subsystem not be able to meet its target weight (e.g. motors 
with the required torque are all heavier than the target 

weight), then this issue can be flagged up early in the design 
stage and the system re-evaluated to see if the extra weight 

could be offset elsewhere in the design. 

There may be other specifications you need to place on 
your components. You might want to avoid a complex 
cooling system, so components must be specified to avoid 

generating excess heat. Similarly, electrical elements will 
need to have a particular electromagnetic compatibility 
to ensure that they do not cause interference with other 

elements in the product and on the outside. 

Link ) 
~ ~ 

Product design specifications and technical specifications 
are also covered in Unit 5. 

~ ~ 

Cost-effective manufacturing 
Your product needs to be cost-effective to manufacture, 
to ensure that it covers its costs and generates a profit over 

the course of its production life. 

For one-offs and short-run parts, the use of custom 
fixtures, moulds and tools will normally be kept to a 
minimum, and flexible machine tools such as traditional 

lathes, mills and computer numerical control (CNC) 
machines are likely to be used. For medium to large 

volumes, it is likely that you will factor in the cost of 
specialist tools to streamline the manufacturing process. 
These enable fast and cost-effective production of 
components and assemblies but require both capital 
investment and set-up costs each time a tool is used. 
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Bushes ensure holes 
are drilled in the 
correct location 

~ Figure3.4Adrilljig 

Clamp 

Componel:lt 

Quick release screw 
to allow easy change 
of component 

Another approach to speeding up manufacturing operations is to produce specialist 
fixtures that make it quick and easy to clamp parts, or jigs to aid the drilling of holes 
in the correct location (Figure 3.4). Again, for a single part, making a jig is likely to be 

much more expensive than making the part directly; however, if production numbers 
are higher, the time saved in drilling the holes at the correct locations is likely to return 
the cost of the jig. 

With any tooling it is important also to factor in set-up costs, which are a fixed cost 
each time you manufacture a batch of products. For example, before parts are 
produced by moulding, the mould needs to be loaded with the correct polymer; it 

then needs to be fitted to the machine and possibly have some trial components run 
off to check that the device is operating at the correct temperatures and pressures. 

A4 Material properties 
Mechanical properties 
Many of the mechanical properties of a material can be determined by what is known 

as a tensile test, in which a sample of the material is held between two jaws and 
gradually pulled apart. As this happens, the force being exerted and the amount by 
which the specimen is stretched are recorded. 

This force and deflection data is generally converted into stress and strain values. 

~ The stress (a) is the force applied divided by the cross-sectional area of the specimen: 

a= f~:~:, with units of N m-2 or pascal (Pa). 

~ The strain (e) is a measure of the deformation of a component under a given load: 

change in length 
~ e = . . 

11 1 
, which is dimensionless, but sometimes values are given as 

ongrna engt i 

multiples of 1 o-6 because they tend to be very small. 

The stress and strain can be plotted on a graph (see Figure 3.5) to find quantities such 
as the Young's modulus, yield strength and ultimate tensile strength. 
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Stress 
(N m-2 or Pa) 

Ultimate 
tensile strength 

Yield strength 

-------------- --~--~--;,;--~-- --- - -..... - ....................... 

The gradient of this linear section 
is known as the Young's modulus 

~of elasticity - the steeper the gradient, 
the larger the modulus and the stiffer 
the material. 

t 

Strain 

~ Figure 3.5 Tensile testing of materials helps us to understand their strength and stiffness 

For most materials, when a load is applied, the sample will stretch proportionally to the 
load. This behaviour corresponds to the straight-line portion of the graph in Figure 3.5 
and is known as the linear elastic phase. After the load is removed, the specimen would 

be undamaged and return to its original length. The gradient of this linear region is 
called the modulus of elasticity or Young's modulus, usually denoted by E, and is a 
measure of the stiffness of the material. The steeper the gradient of the linear elastic 

phase, the greater the modulus of elasticity and the more rigid the material. 

As the load is increased further, a point will be reached where the material moves into a 

phase of plastic deformation. The end point of the linear region of the stress-strain graph 
is called the yield strength of the material (also known as yield point), and once this is 

exceeded the material will become permanently deformed. If the load is released during 
the plastic phase, the test specimen will shrink back following a line parallel to that of the 
linear elastic phase but will remain stretched beyond its original length. 

During the plastic phase the specimen is likely to experience its maximum load - this 

corresponds to the ultimate tensile strength of the material (the maximum point on 
the graph in Figure 3.5). As the material continues to be stretched, it will eventually 
break, and the strain at this point is an indicator of the material's ductility. 

Table 3.1 shows the yield strength, ultimate tensile strength, modulus of elasticity and 

ductility of four materials. The values given are indicative and will vary depending on 
the precise grade of material, the temperature and other factors. As a designer, you 

want to design your product so that the stresses within it stay well below the yield 
strength, thereby avoiding permanent damage to the product. 

~ Table 3.1 Mechanical properties of four materials 

Learning aim A 

For more details on 
stress, strain and modulus 

of elasticity, see Unit 1 
(Section B2) and Unit 25. 
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Material Yield strength in Ultimate tensile Modulus of elasticity Ductility I 

Structural steel 

Aluminium alloy 

Cast iron 

ABS polymer 

tension 
(MPa) 

250 

300 

180 

42 

strength in tension 
{MPa) 

400 

r 
{GPa) (percentage elongation 

of 50 mm sample) 

200 21 

70 19 

67 J;s 2.3 
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Physical, thermal, electrical and magnetic properties 
In addition to mechanical properties, there are a number of physical properties that 
are of interest to the designer. Table 3.2 summarises some of the thermal, electrical 

and magnetic properties that an engineer may need to consider when designing 
products. 

~ Table 3.2 Physical properties of materials 

Property 
---

Shear modulus 

Poisson's ratio 

Density 

Fracture 
toughness 

Coefficient 
of thermal 
expansion 

Coefficient 
of thermal 
conductivity 

Melting point 

Specific heat 

Electrical 
resistivity 

Electrical 
conductivity 

Permeability 

Symbol 

G 

v 

p 

k 

Unit 

GPa 

Description 

The stiffness of a material in shear or 
torsion 

Example design application 

Ensuring that a driveshaft in a gearbox 
does not twist excessively 

---·- ----------
none 

kgm-3 

Pam112 

m(m 0 C)-1 or 
m(mK)-1 

W(mK)-1 

°C or K 

A ratio that measures how much a 
material thins as it is stretched 

The mass of material per unit volume 

The resistance of a material to 
fracture 

--------

Understanding material behaviour in 
2D and 3D situations 

Selecting material for a lightweight 
sports product 

Designing a product so that it will be 
less likely to fracture in areas of stress 
concentration 

How much a material expands (or Making allowances for parts to 
contracts) as the temperature changes expand with temperature and not 

cause a product to malfunction 
----1 

How well a material conducts heat 

Temperature at which a material 
changes from solid to liquid form 

Designing an air-cooled engine 

Planning injection moulding or die 
casting 

C J K-1 J How quickly a material warms when 
subject to thermal energy 

Estimating how quickly a product 
will take to reach an operating 
temperature 

p 

a or" 

µ 

Orn The resistance of a material to the 
passage of electricity 

The reciprocal of resistivity(~) ; 
measures a material's ability to 
conduct electric current 

The ability of a material to form a 
magnetic field 

Advanced materials 

Selecting a cover material for a 
battery terminal connector 

Selecting the appropriate size 
of electric cable for high-power 
applications 

Selecting appropriate materials for 
magnetic couplings 

Besides traditional materials, a range of new materials has become available over 

recent years. 

Biomaterials 

Biomaterials are materials that can be used in medical devices and implants. As they 

are designed to interact with living tissue either in viva (in the body) or in vitro (in 
glass - in the lab), they must have a high degree of biocompatibility to avoid damaging 

the cells. 

Traditional biomaterials include the ceramics, amalgam and cements used in dentistry. 

Common applications of biomaterials include replacement joints, which can be made 
from a variety of metallic (e.g. stainless steel, titanium), ceramic and polymer (e.g. 
polythene) materials. These materials must not only have the appropriate strength and 
wear characteristics but also be biocompatible so that the body will not attempt to 

reject the implant. 
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More advanced biomaterials include those used to create 
miniature scaffolds, which can then be used to grow living 
tissue for research and medical uses. These scaffolds may 
be made from ceramics for bone-type tissue engineering 
or hydrogels for softer tissue. Scaffolds may also be 
designed to biodegrade as the tissue grows and becomes 
dominant. 

Smart alloys 

Smart alloys, also called shape memory alloys, are special 
materials made of either copper-aluminium-nickel 
compounds or nickel-titanium alloys. A straight smart alloy 
wire can be bent into a particular form, but when heated 
above a certain temperature - typically by passing an 
electrical current through it - it will return to the original 
straight form. 

Smart alloys can be used as actuators, where they offer the 
potential to create much simpler and lighter systems than 
those involving motors and gears. These alloys also exhibit 
super-elastic properties, meaning that parts made from 
them can be deformed considerably more than traditional 
metals without incurring permanent damage. They are, 
however, expensive in bulk and have other limitations, so 
they are not practical to use for large parts. 

r Link ) 

Nanoengineered materials 

A relatively recent advance in materials science is the 
development and application of nanoengineered 
materials. These are materials whose fundamental particles 
have at least one dimension smaller than 100 nm (a 
nanometre is 10-9 m, so 100 nm = 10-7 m). Nanomaterials 
exist naturally, and new types of nanoengineered 
materials are often developed directly from the molecular 
or crystalline structure of the source material. Such 
developments can impart novel properties in terms of the 
strength, purity or shape of the material structure, which in 
turn may offer benefits not available from more traditional 
materials. 

One of the best-known families of nanomaterials is the 
family of fullerenes, which consist of carbon molecules 
formed into tubes or ball-like particles. These particles 
can be very strong and are also very effective conductors 
of heat and electricity. Nanoengineering of materials 
is, however, a very new technology, and the creation, 
processing and applications of these materials are 
constantly evolving. 

Learning aim A 

Modes of failure 
When designing a product, you need to think about how 
it might physically fail. Failure could occur under tension, 
compression or bending, for example. These three kinds of 

loading are illustrated in Figure 3.6. 

( 

---~ ..... __ ___ 

Tension Compression 

Top of beam is in tension 

Bottom of beam is 
in compression 

Bending 

~ Figure 3.6 Loading of a component under tension, 

compression and bending 

When a component carries a load in tension, the 
stresses in the component increase with the force 
applied. If these stresses exceed the yield strength of the 
material, the component will be permanently stretched. 
After releasing the load, the component will be longer 
than it originally was and is also likely to show signs of 
thinning. If the loading continues to be increased beyond 
the yield strength, the component will eventually break. 
As a designer, you want to ensure that the yield strength 
of your materials will never be exceeded under normal 
operating conditions. 

When a material is compressed under a load, it will 
experience a similar effect as in tension. Bulk or bearing
type failures can occur when the yield strength of the 
material is reached. 

For many metals and plastics, the stresses at which a part 
might fail in tension and under compression are similar. 
However, for brittle materials such as concrete or cast iron, 
the load that can be carried under compression is many 
times higher than under tension. 

Bending is a very common mode of failure. A component 
that is subject to bending will normally be under tension 
on one face, be under compression on the opposite face 
and have a neutral axis somewhere in the middle which 
is under neither tension nor compression. Stresses in 
bending can often be very high, even if the loads applied 
are modest. If your product is not designed correctly, 
failure will be likely. 
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PAUSE POINT Consider a conventional metal paperclip. How easy is it to unfold this into an 
approximately straight wire? How easy is it to then take that wire and pull it until it 
stretches? Why is this? 

What sort of loading is occurring in each case? What is happening to the material as 
you manipulate it? 

What happens if you keep bending and straightening the clip at the same point? 
Why do you think that happened? 

Shear 

~ Figure 3.7 Shear loading 

Torsion-induced 
shear 

Shear loading 
of a bolt 

Components can also fail under shear. In tension or compression the material is 
being pulled apart or crushed. Shear occurs when the material is forced to slide over 

itself (see Figure 3.7). A very common form of shear loading occurs in a shaft under 
torsional loading. In general, the allowable stress in shear is half that in tension. 

Components can also fail due to fatigue. This happens when products are subjected to 
cyclic loading, such as when a load varies from tension to compression and back again 
many times. This can cause microscopic defects to form at loads much lower than 

the yield strength of the material. Fatigue can be more prominent in certain materials 
and is also associated with stress concentration factors, such as sudden changes in 
diameter of shafts, around holes, or in sharp internal corners. 

Buckling is a particular type of failure that can occur when slender components are 
forced to carry a compressive load. This could happen in slender struts or columns and 

also in thin-walled structures, for example when you squash a soft drinks can. Buckling 
happens because slender structures are likely to bow under loading, and what was 
simple compression can then become a combination of compression and bending, 
which causes instability. The forces that can cause failure by buckling are typically 

much lower than those associated with conventional yielding. 

Surface treatments 
While bulk material properties will provide many of the characteristics required for your 

product, you may choose to coat or plate the surface for functional or cosmetic reasons. 

Painted coatings 

Paint can provide some protection against corrosion, as well as cosmetic benefits. 

Appropriate paints and coatings can be applied to most surfaces and can also be 
applied in layers, with each different coating adding a different function - for example, 
one layer might provide corrosion resistance, another could act as a base for a 
cosmetic coat, and the final layer could be a lacquer over a colour or metallic coat. 

Paint may be applied using conventional brushes or sprayed on. 
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Powder coating 

Powder coating offers many of the same benefits as 

conventional paint but can result in a tougher surface. The 
paint is applied as a powder, usually to metal parts, and 
is attracted to the surface of the parts by an electrostatic 

charge. The powder is then cured by placing the parts in 
an oven to yield a hard even surface. 

Galvanising 

Galvanising consists of zinc plating and is a form of coating 

applied to iron or steel parts. It often gives a characteristic 
crystalline 'spangled' surface finish, which can be seen on 

galvanised steel buckets, for example. Galvanising offers 
sacrificial protection in that the zinc will corrode before the 
underlying steel, and it will still provide protection even 

where the coating has been scratched through to the steel. 

Anodising 

Anodising is a technique commonly used to protect 
aluminium parts. It artificially increases the thickness of 

the layer of aluminium oxide that naturally forms around 
the parts, thus reducing the likelihood of corrosion of 
the aluminium underneath. Anodising also offers the 

opportunity to add colourings to give a decorative finish . 
Bicycle brake levers, for example, are commonly given 
coloured anodising in red, gold or blue tints. 

Electroplating 

Electroplating is an electrochemical process by which 

a base material is given a surface coating designed 
to improve corrosion resistance, wear or cosmetic 
characteristics. Probably the best-known electroplating 

process is chrome plating, which can give both decorative 
and wear-resistant surfaces. 

Electroless plating 

This technique can be used to plate nickel-based compounds 
onto materials to improve wear and corrosion resistance. 

Lubrication 
Lubrication is essential where there are parts that move each 
other - for example, the rotating hub of a motor, a cylinder 
moving in its bore or a control cable moving inside its casing. 

Reasons for suitable lubrication 

~ Reduction of friction - By applying a thin film of 
lubricant over parts, the components do not come into 
direct contact with each other, and this reduces the 

effective coefficient of friction. 

~ Reduction in wear - Due to the film of lubricant, the 

moving parts do not directly contact each other and so 
wear can be much reduced. 

~ Reduction in heat build-up - As friction is reduced, so 
too is the heat associated with friction. 

Learning aim A iij~ h ii 
~ Removal of debris - In systems where the lubricant is 

flowing or recirculating (such as in a car engine), it can 
help to wash away any dirt or debris from the moving 
parts. This debris can then be collected in a filter. 

~ Corrosion protection - Liquid or grease-based 
lubricants can act as a barrier to moisture, thus helping 

to prevent corrosion. 

Types of lubricant 

The lubricant can be a liquid, a grease or a solid. 

A liquid lubricant may be a traditional oil or may contain 
additives such as PTFE to reduce friction further. The 

lubricant may be circulating, such as in a car engine, or it 
may be sprayed or dripped on. In the case of circulating 

lubricants, it is necessary to follow a regular regime of 
changing the lubricant and filter. In systems where the 
lubricant is applied directly, it will also need to be replaced 

on a regular basis. As the original lubricant is likely to be 
contaminated with dirt, application of new lubricant is 

normally preceded by a degreasing and cleaning process. 

Grease-based lubricant may be packed around moving 
parts. For some components, the grease may be sealed in 
and designed to last the life of the part, but for others re

application may be needed, and a grease gun can be used 
to apply fresh grease as required. 

Solid lubricants are commonly based on graphite and 
can operate at high temperatures, which tend to degrade 

liquid lubricants. 

A5 Mechanical power transmission 
Mechanical motion 
It is important to appreciate the different types of motion 

you might have to take into consideration as a design 
engineer. Table 3.3 shows four main types of motion, 

along with examples of each. 

~ Table 3.3 Main types of mechanical motion 
--

Type of motion Examples 

Linear • A hydraulic ram used in earth-moving 
equipment 

• A shock absorber in car suspension 
• The movement of a seat post to adjust 

seat height on a bicycle 
1--~------1--

R o ta ry • The main shaft of ajet engine 
• A drill tip when in use 
• The rotation of a vehicle wheel 

'---

Reciprocating • A piston in a car engine 
• A bicycle pump 

-!---'-

Oscillating • A mass on a spring 
• A pendulum _____ _. 
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Spur gears 

Linkages 
In many design scenarios you need to link the motion of different mechanical 
components, for either power transmission or control purposes. 

Perhaps one of the most common forms of linkage is the lever (Figure 3.8). This 

gives increased mechanical advantage in a system, allowing a relatively small force to 
generate a proportionately larger force, depending on the lever proportions. 

lON 

! l.Sm I O.Sm 

~ Figure 3.8 An example of leverage 

30N 

! Applying a 10 N force at a distance, 
1.5 m from the pivot will generate 
10 x (1 .5/0.5) = 30 N at the other 
end of the lever. 

Another common type of linkage or transmission is by transferring rotary motion 

from a drive source, such as an engine or a motor, to wheels or other outputs. This is 
commonly done via gears, a chain or belt drives (see Figure 3.9). 

Gears are well suited to power applications. Often, motors and engines run fast and 

have too little torque to be of direct use. By using gears, the speed of rotation can be 
reduced and the torque increased. This is effectively another form of leverage. For 
example, if an 18-tooth pinion running at 3000 rpm is engaged with a 54-tooth gear, 

the shaft on this gear will run at ~~ x 3000 = 1 OOO rpm, while the torque will increase, 
nominally, by a factor of three, though in reality a bit less. Note that connecting gears 

will rotate in opposite directions. 

Belt and chain drives also allow speed changes between input and output shafts, 
based on the number of teeth on their sprockets. Chain drives are commonly used 

on bicycles. Both chain drives and belt drives feature in car engines to drive cams and 
ancillary devices, such as alternators and water pumps. 

Chain drive Belt drive 

Rack and pinion Bevel gears 

~ Figure 3.9 Mechanical drive components 
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Gears can also be used to convert rotary to linear motion via rack and pinions, or to 
change the orientation of shafts via bevel gears. 

r Discussion ) 

Imagine you are designing a single-speed folding commuter bicycle. Discuss the 
merits of using a conventional chain drive, a belt drive or a system based on two 
pairs of bevelled gears and a drive shaft. 

Think about what a user might want from a folding bike. Is performance 
everything or might practical considerations be more important? Would this 
influence your choice of drive? 

Discuss how you would determine the ratio between the drive and driven 
sprockets in a single-speed system. If you decided to offer both a single-speed and 
a five-speed system, might certain drive options limit your choice of gear system? 

' ~ 

Other common linkages include four-bar linkages, slider-type linkages and cams, 
examples of which are shown in Figure 3.10. 

Four-bar linkages normally consist of three moving 
links, with the fourth link being a base. This example 
shows a windscreen wiper-type mechanism. The 
short link on the left would be driven by a motor 
and rotate through a full circle, while the link on the 
right would oscillate left and right through an arc. 

Slider-type linkages are also common. This example is 
similar to the mechanism of a reciprocating piston 
in a car engine driving a rotating crankshaft. The same 
sort of mechanism could run the other way - with a 
motor driving a rotary crankshaft, which then causes a 
piston to reciprocate - and could form the basis of a 
pump or air compressor. 

Cams usually take rotary motion and convert it into 
oscillating linear motion. The cam itself is a specially 
profiled section of the rotating shaft; the profile 
determines the nature of the reciprocation. 

~ Figure 3.10 Some other common types of mechanical linkage 

Power sources 

When designing many products you need to consider how the device will be powered. 
Table 3.4 summarises some common forms of power sources and their advantages 
and disadvantages. 
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~ Table 3.4 Common types of power sources 

Source Advantages ----- Disadvantages 
----! 

Fossil fuels Readily available (currently) Not sustainable 

Portable Give off particulates and emissions when used ____ , __ _ -
Biofuels Becoming increasingly available May still give off emissions when combusted 

Portable --
Mechanical Have a long history of use - these includ e Flywheels have been applied to some specialist 

flywheels, clockwork and spring-based e nergy transport applications, but these, like springs and 
storage, and gravitationally based system s such as gravitational energy-based systems, generally need 
pendulums and falling weights 

Hydrogen Can be used in fuel cells, which can then 
electricity 

to be coupled to an additional energy source for 
effective use --- ----- -------j 

generate There is currently limited infrastructure to supply 
hydrogen in an accessible form 

Portable and low-emissions (the only em ission is 
water vapour) 

Electricity - mains No emissions at point of use 

Easily accessible 

-
Electricity - battery Portable and easily applied 

Batteries may be recharged 

-- - f-

Wind and solar power Renewable source with no emissions 

Offers electrical power in locations wher 
power may not be available - - ----

Control of power transmission 
To help control power transmission, systems that include 
sensors, controllers and actuators are often developed. 

~ Sensors are used to monitor what is happening in a 
system. Examples include: 

~ pressure sensors 

~ temperature sensors 

~ displacement and position sensors, including 
potentiometers and linear variable differential 

transformers (LVDTs) 

~ load cells - which measure forces 

~ strain gauges - which measure part deformation and 
small movements 

~ limit switches. 

~ Controllers decide what signals need to be executed. 

Commercial controllers include: 

~ programmable logic controllers (PLCs) - specialist 
industrial controllers which are common in 

production systems 

~ computers with data acquisition add-ons 

~ microcontrollers - small compact chip-based devices 
that are easily embeddable in products (see Unit 6). 

~ Actuators turn responses into actions. Examples include: 

~ motors - which actuate pulleys, drive wheels, pumps, 
leadscrews, etc. 
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e mains 

The generation of electricity may produce emissions 
via the combustion of gas or oil 

Not portable ----
Batteries may have limited life between recharging 
cycles 

Batteries may require special disposal at end of life 

Wind power and solar power are not dependable 
and may require battery back-up to provide 
consistent service 

~ servomotors - which provide a displacement output 

proportional to the control signal 
~ solenoid valves - electrically controlled pneumatic or 

hydraulic valves which can be used to operate rams, 
suction cups etc. 

For example, a commercial greenhouse may have sensors 
that monitor the temperature inside, the amount of direct 
sunlight and moisture levels in the soil. The controller 

monitors these variables and, where necessary, sends 
signals to turn on heaters, activate rams to open windows, 
trigger motors to close blinds, or switch on pumps to 

supply water to the soil. 

A6 Manufacturing processes 
Understanding how products can be manufactured is a 
key aspect of any design process. This enables you to plan 

for parts to be made in the most cost-effective way. 

Moulding and casting 
A major family of manufacturing processes are those 
involving moulding or casting, summarised in Table 3.5. 
These processes can be used to produce relatively complex 
geometries in metals, plastics and ceramics, and normally 
involve placing a molten or other liquid form of the desired 
material into a mould and allowing the part to solidify. 
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~ Table 3.5 The manufacturing processes of moulding and casting 

Process 

Moulding 

Casting 

Method 

Injection moulding 

Blow moulding 

Die casting 

Sand casting 

Investment casting 

Ceramic casting 

Typical materials 

Polymers 
(e.g. ABS, polystyrene) 

Polymers 
(e.g. polythene) 

Zinc, aluminium, 
magnesium 

Notes 

Used for a wide variety of plastic parts. 
Molten plastic is injected into a metal mould where it 
solidifies. A single mould may contain multiples of a 
single part or a set of parts for a single product. Two-
shot moulding may be possible, where two materials 
are injected sequentially; this allows for soft rubber-type 
handles to be moulded onto hard plastic bases in tools or 
toothbrushes, for example. 

Commonly used for hollow plastic products such as milk 
bottles or children's garden toys. 
A tube of molten plastic has high-pressure air blown down 
its centre, pushing the plastic against the inside of a metal 
mould, where it solidifies. 

Similar in concept to injection moulding but used for 
producing metal rather than plastic parts. Can give very 
smooth and precise results, with parts not necessarily 
needing secondary machining. Tooling, however, can be 
expensive, so this technique tends to be limited to small
size, high-volume parts. 

Aluminium, iron, steel Wooden, plastic or metal patterns of the desired parts are 
created. Moulds are formed by packing clay (a mix of sand, 
water and resins) around the patterns and then removing 
the patterns to create a cavity. 'Cores' can also be used to 
make hollows and internal features. Molten material is 
poured into the mould and, once solidified, the part can be 
recovered by breaking it out of the sand mould. 

Bronze, brass, steel, 
aluminium, precious 
metals 

Ceramics, pottery 

As the patterns can be made from most materials, and no 
specialist casting machinery is required beyond a furnace 
to melt the material , the process can be affordable for 
short production runs. It does, however, leave parts with 
a rough texture, which would then normally require 
machining. 

Uses wax patterns, which may be created directly or by 
using moulds themselves. The wax pattern is coated in 
layers of ceramic slurry, and the wax is melted out to leave 
a hard, hollow shell that forms a mould into which the 
material can be poured. The casing can then be broken off 
to recover the part. 

Parts produced by this process can be of very high quality 
and may need no further machining. The multi-stage 
process of first creating wax patterns, then the mould and 
then the part can make it relatively expensive, but it is well 
suited to small, high-value, complex components, such as 
turbine parts. 

Ceramic products are commonly produced using moulding 
techniques, most commonly slip casting. A plaster mould 
is created from patterns. A liquid containing ceramic 
elements is then placed inside the mould. The liquid dries 
to leave a ceramic part. This will generally need firing in a 
kiln to become usable. The technique is used for cups, pots 
and sinks but can also be used for engineered parts. 

---~--

While each moulding or casting technique has its own unique requirements, there are 
several general guidelines for the design of moulded or cast parts (see Figure 3.11), 
which apply regardless of the technique. 

m 
::i 

o:9. 
::i 
rt> 
rt> 
~
::i 

C7Q 
-0 ...... 
0 
CL 
c 
n ...... 
0 
rt> 
V1 

ciQ " 
::i 
~ 
::i 
CL 

~ 
~ 
::i 
c 
~ 
n ...... 
c ...... 
rt> 

129 



For more details on machining 
see Unit 2, Section Al. 

Additive manufacturing is 
also discussed in Unit 5. 

Round off corners - this 
helps the liquid metal GOOD 
or plastic flow more 
easily through the 
mould. 

Applying a draft angle of 
2° to 5° on vertical walls 
will allow the part to 
be released easily. 

BAD 
Aim for uniform thickness. 
Thicker areas cool and 
solidify more slowly and this 
can cause distortion, tears 
and sink marks in parts 

Avoid vertical walls that do 
not have a small amount 
of draft - the part will not 
release easily from mould. 

Avoid 're-entrant' features. 
These prevent removal of 
the part from the mould 
without using more 
complex and expensive 
moulds with retractable 
or removable cores. 

~ Figure 3.11 Some basic dos and don'ts for moulding and casting 

Machining 
Machining refers to a range of techniques where components are produced by cutting 
material from blocks or cylinder stock, or it can refer to a finishing operation on 
castings. Machining is highly flexible and can be applied to many materials, including 
most metals, polymers and woods. 

Specific machining operations include drilling, turning and milling. These operations 
may be carried out on a manual machine, with the operator directly determining the 
cuts made, or via a CNC machine, where the cuts are made under computer control. 
Such machines typically have the ability to create threaded features via taps or thread
cutting tools. 

Additive manufacturing 
Additive manufacturing, also known as 3D printing or rapid prototyping, refers to a 
range of techniques that have emerged over recent years. Specific methods include 
stereolithography, fused deposition modelling and selective laser sintering. These 
techniques vary in the materials they can work with and in the accuracy they can 
achieve, but all are based on a 3D computer model of the part, sliced into a series 
of layers each a fraction of a millimetre thick. The part is then built up by depositing 
layers of material sequentially to recreate the model. 

Additive manufacturing is attractive as it allows parts to be made directly from CAD 
files and also enables the creation of parts with geometries that would be difficult or 
impossible to make by machining or casting. The technology is relatively young and 
so developments are continually emerging - most notably the reduction in cost of 
equipment and the expansion of the range of materials that can be used. 

Additive manufacturing techniques are, however, relatively slow, with parts typically 
taking many hours to produce. Also, manual clean-up of support material is usually 
necessary following part creation. Therefore, these techniques are currently best
suited to producing prototypes, one-offs or very small runs of products. 
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Assessment practice 3.1 

Additive manufacture refers to a range of techniques where 30 
parts are produced by adding material layer by layer to build an 
object based on a computer model. 
• Identify at least four different forms of additive manufacture. 

List the materials that can be used with each technique. 
• Summarise the pros and cons of each technique. (Hint: 

consider the cost of equipment and consumables, the 
precision of results, and how overhanging features are 
supported.) 
For each of the prototype applications below, identify which 
additive manufacturing method or methods, if any, would 
be suited to the application. If no method is suitable, suggest 
how you might prototype the part to evaluate the function. 

Prototype to check the comfort of a games controller 

casing. 
Prototype to check the fit of a casting in a pneumatic 
cylinder before committing to the manufacture of a 
mould. 

Prototype to estimate the degree offlex in a new design of 

a spanner. 

• Prototype to evaluate a model aircraft wing profile in a 
wind tunnel. 

• Prototype to estimate the heat conduction in a proposed 
motorcycle cylinder head. 

joining 

f~ 

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

~ev'-ew 
• I can explain what the task involved and how I 

approached its completion. 
• 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. 

Few products are made from a single component, and it is often necessary to use 
joining techniques in constructing a product. Some common examples are shown in 
Table 3.6. 

~ Table 3.6Joining methods 

Method 

Screws, nuts 

Rivets 

Snap-fit 

Adhesives 

Welding 

Brazing, soldering 

Interference fits 

Uses, advantages and disadvantages 

Easily available. Wide range of standard and special types. Allow for disassembly. 
While screws and nuts are generally metallic, they can be used to join any material. 

Easily available. Not readily disassembled. 

Allows fast assembly and eliminates the need for separate fasteners. 
May be difficult to disassemble. 

Permanent. May also offer sealant function . 
Modern adhesives can be particularly strong. Difficult to disassemble. 

Permanent - host material is melted to create join. As strong as host material. 
Range of different forms of welding available to suit different materials and applications. 

Metallic-based connection, but component material is not melted. 
Variants of these processes can be used for both mechanical and electrical connections. 

A component has a hole in it with diameter very slightly smaller than the shaft it will fit on. Using an appr?priate 
press or by heating the component to increase the hole diameter temporarily, the parts can be made to fit and 
will bind together due to the interference between them. 
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Reflect ) 

Look around your classroom, workshop or home. Pick 
two or three machines, tools, chairs or benches and 
think about how they might have been assembled. 

Why do you think that particular method was used? 

Was the product assembled entirely in a factory or 
supplied partially assembled and then finished by 
the user? Does it need to be disassembled or partly 

stripped for cleaning or servicing? 

Try to think of all the alternative ways the chosen 

product could be assembled, and identify the 
advantages and disadvantages of each method. 

' ~ 

Other specialist techniques 
Extrusion 

In this process a metal, plastic or ceramic is forced 

through a die at high pressure and possibly also at high 
temperature to create prismatic lengths of material. These 
could be simple tubes but may also have much more 
complex forms. 

Key term ) 

Prismatic - having the form of a prism, that is, a 30 
shape with identical ends and the same cross-sections 

all along its length. 

Forging 

Forging is the shaping of metal under high pressure and 

often at high temperature. This may be done by hand 
(blacksmithing), but for engineered parts it is normally 
done by placing the material between two dies to make 
the correct shape. 

Pressing and punching 

Parts are stamped from sheet material, using specialist 
dies. They may also be formed into 30 shapes using multi

stage presses. Car body panels are generally made using 
this process. 

Thermoforming 

Thermoforming involves the heating of sheet polymer until 

it is soft, at which point it is passed over an appropriately 
shaped mould, and air pressure or a vacuum is then used 
to draw the sheet into the mould where it can cool. The 
part can then be trimmed from the sheet. 

Powder metallurgy 

Metallic material in powder form is combined with 
additives and compacted in an appropriately shaped 
mould before sintering (heating) to create a solid part. 
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Composite manufacture 

Composites are mixtures of more than one material 
without the constituent materials chemically combining. 
A particular type is fibre-reinforced composite, which 
consists of fibre strands or matting bonded in a resin. 

Such materials include fibreglass and carbon fibre. These 
materials can be turned into parts through a process 
known as layup, in which a mould of the part has layers of 

fibre matting placed into it. The fibre may be applied either 
infused with liquid resin or dry, with the resin applied 
later. The part is then cured. This may be done simply in 

air or more quickly in an oven. The parts are commonly 
placed in vacuum bags before curing. Removing the air 
helps to compact the laminates of fibre and gives a more 

predictable result. Once cured, the part can be removed 
from the mould and any excess can be trimmed away. 
Automated tow placement is an advanced variant of this 
process and uses specialist machinery to wind bundles 

of fibre over shaped mandrels. This ensures a high level 
of consistency and is used in applications such as the 
manufacture of aircraft parts or wind turbine blades. 

Effects of processing 

When processing any material, it is important to be aware 

that the processing may alter the nature of the material. 

When casting metallic materials, the transition from molten 
to solid metal will cause the material to recrystallise, and 

the nature of this recrystallisation may not be predictable. 
By contrast, in forging operations the material remains 
solid - the hammering and squeezing causes the grains of 
crystalline material to flow into the required shape. This 

creates continuity in the material, producing parts that are 
stronger than if they were cast or machined. 

Base materials may be processed to alter their 
characteristics in particular ways, such as making them 
stronger, easier to machine or more resistant to corrosion. 

For metallic materials this is most commonly done by 
alloying. For example, steel has iron as its base material, 
and has up to 2% carbon added along with small amounts 
of other materials. The carbon atoms sit in the iron crystal 

lattice, helping to prevent dislocation under load and 
resulting in a much harder and stronger material than 
the base iron. Adding in further elements can confer 

additional benefits - for example, adding chromium as an 
alloying element creates stainless steel, which has a hard, 
corrosion-resistant surface. Like iron, aluminium is rarely 
used by itself, but rather occurs in a wide range of alloy 
forms, where silicon, copper and other materials are added 

to achieve strength, castability, machinability and other 
beneficial properties. Similar blending of base materials 
can also be done with polymers - for example, blends of 



ABS and polycarbonate are commonly used for injection
moulded parts. 

Various process parameters can also alter the properties 
of the material. Machining, for example, can change 
the nature of the material. It may simply affect the 
surface finish - deep cuts will generally give a coarser 
finish than shallow cuts - but machining can also cause 
work hardening in certain materials, including stainless 
steel, making further machining difficult. It is therefore 
important to consult standard set-up tables to ensure 
that any processing is done within the recommended 
limits. For most conventional processes - such as casting, 
welding, brazing, and so on - there are recommended sets 
of process parameters to use so that you can be confident 
that the material will perform as expected. 

' Link ) 

v " 
The crystalline grain structure of metallic materials 
and the effects of processing on the mechanical 
properties of metallic materials (including issues 
relating to recrystallisation, alloying and work 
hardening) are covered in detail in Unit 25 (Sections 
A4 and AS). ... ,) 

Scales of manufacture 

The quantities of product you are planning to produce 
will influence your design. In general, as the total volume 
to be manufactured rises, it becomes more viable to use 
larger numbers of specialist jigs and moulds or even entire 
custom systems to make the part. If the total volume is 
very small, the cost of product-specific tooling will be too 
great and more general manufacturing equipment should 
be used. 

One-off 

Examples of one-off products include large infrastructural 
projects, such as oil rigs or ships, but may also be smaller 
specialist items, such as a piece of research equipment 
or even the jigs and moulds that are used in high-volume 
manufacturing. The manufacture of these sorts of parts 
will generally involve little automation, and the use of part
specific tooling will normally be kept to a minimum. 

Small batch 

Small-batch products are manufactured in small amounts 
at any one time, although they may achieve high total 
volumes over their production life. For example, you 
may produce 100 of a specific product each week, with 
this production taking place on a single afternoon. If 
production lasts two years, then around 10000 items will 
be produced over the life of the product. An advantage of 
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small-batch production is that, assuming your customers 
give you a fairly steady number of orders per week, you 
do not need to store lots offinished items and can quickly 
get the money back on your parts. By holding only a small 
volume of stock at any time, you are also protected if the 
order book dries up. The downside is that if you need to 
use specialist jigs and fixtures, then you will have costs 
associated with set-up as you swap tooling from one 
product to the next. For example, for a batch of 100 parts 
which takes a four-hour afternoon to complete, two hours 
of this may be spent putting in, aligning, testing and then 
taking out the specialist jigs or moulds, with only two 
hours available for actually making the parts. 

Large batch 

With large-batch manufacture, more parts are made 
at any one time, and the time spent on changing over 
tooling becomes less significant. Returning to the above 
example, if you were to spend an eight-hour day making 
parts, you would still need to spend two hours configuring 
and testing the tooling but would then have six hours 
rather than two hours of actual production and so could 
produce three times the number of parts for twice the 
manufacturing cost. 

The downside of large-batch manufacture is that you 
would need to store many more finished products and it 
will take longer for you to sell the finished parts and get 
your money back. 

Small batch versus large batch 

Small batch is a nimble system and can be cost-effective 
if tool changeover time could be minimised. To try to 
reduce set-up costs, a lot of work has gone into developing 
systems that allow quick changeover of tooling or 
processes that make use of CNC machines and similar 
flexible systems capable of producing or assembling 
a range of parts without the need for physical tooling 
changes. 

Mass production 

Mass production is where large numbers of similar or 
identical products are produced, normally on a production 
line. Production machinery is often very specialised and 
designed specifically for a given product. The process can 
be highly cost-effective, but it can be difficult to introduce 
the manufacture of even slightly different products into 
such a system at a later stage. 

Continuous production 

Continuous production is a flow-type production system. 
Common in the chemical, petrochemical and raw 
materials processing industries, it is characterised by very 
specialist equipment with a high degree of automation. 
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PAUSE POINT How might you decide on what scale to manufacture your product? What factors 
would you need to consider? 

Is there a way you could estimate the cost? Could you develop a numerical model to 

estimate an optimum batch size? 

What practical factors would you also need to consider? What else might 
the machines be used for? How might you work out batch sizes for different 

components within the same product? 

Interpreting a brief into operational requirements and 
analysing existing products 

Vehicle team 

Drivetrain 
team 

Engine team 

Ancillaries 
team 

~ Figure 3.12 Example of internal 

customer relationships 

B1 Design for a customer 
As a product design engineer, you need to be able to design products people want. 
Carefully understanding the needs of your customers is key to the success of your 

products. The customer will normally have a choice - if your product is too expensive, 
difficult to use, unreliable or lacks some of the key features expected and which are 
available in rival products, then it is likely your product will struggle in the market. 

Types of customer 

When thinking of a customer in the product design context, the end user might come 
to mind first, but this may not always be the case. 

Internal customer 

For complex products, such as cars and aircraft, while there will be an overall team 
looking at the design and manufacture of the entire system, the details will normally be 

delegated to specialist teams. These smaller teams, in turn, may break down the area they 
are responsible for into even more specific elements that are assigned to other teams. 

In the case of a car, for example, you may be working in an ancillaries team, designing 
and developing water and oil pumps, and have the engine team as your customer, who 

in turn have the drivetrain team as their customer, who in turn have the overall new 
car team as their customer (Figure 3.12). 

Very often, with an internal customer, you will be provided with a quite detailed 
specification as to what is required and will be expected to adhere to this. For the most 

effective outcomes you would, however, work closely with the customer throughout 
the design process. 

External customer 

An external customer is one from outside your organisation, who may often - but not 
always - be the end user. In contrast to the procedure for an internal customer, you 

will generally be putting a product onto the market, by basing your design decisions 
on your understanding of the types of product in demand. Your data will come from 
previous experience, market research and focus groups, but at the design stage you 

are unlikely to be working with specific customers. Understanding the market, the 
types of user and what they will want from the product is therefore crucial. 

Product and service requirements 
Before beginning to design a product, it is essential to fully understand the 

requirements associated with its use. 
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Performance specifications 

The performance specifications of a product set out what 

the user expects the product to be able to do. Consider 
an engine water pump. This would be expected to pump 
a certain number of litres of water per hour, which is the 

prime performance expectation. There are likely to be other 
performance requirements too, such as the temperature 

range over which the product would be expected to 
operate, the length of time for which the pump could be 

expected to work continuously, the time interval between 
servicing and the pump's oil consumption. 

Compliance to operating standards 

Most products will be expected to adhere to specific 
industry standards. These have been put in place for safety 
or standardisation reasons, and it is important to check 

first what standards might apply to your product and 
then adhere to them. For example, if you wish to bring 

out a new toy for children , then you must follow the 'Toy 
Safety Directive'. This obliges manufacturers to, among 

other things, make sure that the toy has been designed 
and manufactured to comply with the essential safety 
requirements during its foreseeable and normal period of 

use, carry out a safety assessment of the toy and ensure 
that the toy is accompanied by instructions for safe use. 

Manufacturing quantities 

Understanding the size of the market for your product, 
and what your product's share of the market is likely 

to be, will give you a planned manufacturing quantity. 
This is important in the design process and has both 
practical manufacturing and commercial implications. 

Certain manufacturing techniques are best suited to 
particular manufacturing quantities. For example, 

high-quality additive manufacturing (such as 3D printing) 
is often ideal for one-off or very small production runs, as 
no specialist moulds or fixtures are needed to create a new 

part; however, the actual manufacture of each part is slow. 
Injection moulding is a much faster process, but because 

a custom tool costing many thousands of pounds must be 
made for each component, it needs high manufacturing 
quantities to spread the cost of the tool. 

Reliability and product support 

You should also consider the requirements for your 

product in terms of reliability and support. You need to 
understand how your customers will use your product 

and what they expect from their relationship with it. For 
example: 

~ What is the consequence of your product failing while 
in use? 

~ Is there a danger to life should your product fail? (A car 
brake pedal? An artificial heart valve?) 

Learning aim B -
~ Is there a commercial consequence of your product 

failing? (Would a factory production line have to be 

stopped to fix the problem?) 

~ Should you 'life' your product to ensure it is replaced at 

a point before failure is likely? 

~ What support is needed for your product? 

~ What do you need to provide in terms of 
documentation to cover the set-up and use of your 

product? 

~ Does your product need servicing? (For example, 
lubrication, changing of filters, inspection routines?) 

~ Do you need to make sure there will be availability of 

serviceable parts? 

~ Can the user do the servicing themselves or do you 
need to ensure that specialist service technicians are 
available? 

Product life cycle 

Products have life cycles as they move through the stages 
of initial conception, manufacture, distribution and 

sale, operational use, reuse, recycling and disposal. As a 
designer, it is important to think about not only the initial 
user of your product but also whether your product can 

be reused in its original form, repurposed, recycled or 
otherwise disposed of. 

As an example, consider car tyres. 

~ Original use - Can careful design and new compounds 
extend life? 

~ Retread - A partly worn tyre may be able to have a new 
tread moulded on to extend its life. 

~ Repurpose - A tyre no longer suitable for automotive 

use could be repurposed as a barrier for motorsports. 

~ Recycle - A tyre can be broken down into chips, the 
metal extracted and the rubber reused in specialist play 
surfaces. 

Usability 

Products need to be easy-to-use to be successful. 

~ How easy is it to operate the product? 

~ Is it intuitive, with functions that are laid out and 

operated as a user might expect? 

~ Are there conventions in place? (For example, indicator 
stalks tend to be on the left-hand side in most cars sold 
in the UK.) 

~ Is it easy to carry out basic servicing operations? (For 
example, battery changes, filter changes or lubrication.) 

~ Is it easy to clean? 

~ How well does it work with other products a user might 
be using at the same time? 
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Anthropometrics 

This means understanding the physical body 
measurements of your product's users and is a key factor 
in making your products more usable. Designers can use 

anthropometric data, such as average height, eyeline 
position, weight, arm length, leg length and grasp details, 
together with parameters such as reach or strength, to 

design products to satisfy their customers. Typically, this 
kind of data is extracted from tables or databases and 

then converted into either computer or physical models 
of users. As a designer, you want your product to suit 

as much of the market population as possible, so it is 
common to aim the physical design at people between 
the Sth and 9Sth percentiles - 90% of the total population. 
Take care to select data relevant to your product's target 

population - designing a product for pregnant women 

~ Table 3.7 Design criteria 

What is the product supposed to do? -- --- ---

will be different from designing a product for professional 

basketball players. 

Product design specification or criteria 
Before beginning to design a product you will need 
to draw up - or you may be given - a product design 
specification (PDS). This systematically lays down what is 
required from your product in terms of functionality, as 

well as any commercial constraints that apply. Creating a 
PDS ensures that you have formally considered everything 
required from your product, and you should refer to the 

PDS as you develop your product to check that it meets all 
elements of the specification. 

Table 3.7 outlines many of the criteria that might appear 
in a PDS. 

Usage 

Performance Are there specific target metrics of performance (e.g. speed, fuel consumption, emissions levels)? ---
Cost What is the price at which you can sell each product to guarantee enough margin to cover product manufacturing 

and development costs and be sure the customer will still buy it? -- - ---------------
Quantity How many units of your product do you think customers will buy? This may affect how much you can afford to 

spend on development and will also influence the manufacturing methods available to you. 

Maintenance What level of maintenance will your product require? Will this be carried out by the user or require specialist 
support? 

----1 

Finish What, if any, particular finish is needed for aesthetic or protective reasons? This could be paint, coating, plating or 
polishing. 

Materials 

Weight 

Aesthetics 

Life cycle 

Sustainability 

Is there a requirement to use particular materials due to market, regulatory, customer or manufacturing reasons? 

What is the target weight for your product? 

What should the product look like? Must its look convey a certain Image (e.g. high quality, robustness, 
professionalism)? ___ _ 

How will the product be used through its life? Will retailers expect a certain type of packaging? What happens when 
the product is no longer needed - how will it be reused, recycled or disposed of? 

-- ---
How can you ensure that the product is sustainable? Do you need to consider the materials and energy used during 
manufacture and use? 

Carbon What is the target amount of carbon emissions associated with the product's design, development, manufacture, use 
footprint and disposal? 

Reliability What level of failure will the customer tolerate? What aftercare and support is required? 

Safety What would the consequences be of your product failing? What is needed to minimise the risk of failure? 

Testing What tests, both regulatory and self-imposed, must the product pass to ensure viability? 

Ergonomics Who are you designing the product for? What key ergonomic and anthropometric data must be considered to 
___ , desig~uccessful product? 

Usability What will make your product usable? Do you need to factor in cleaning, battery replacement, storage, and so on? 

Competition What features must the product have to match or beat rival products? Are rival products likely to come out at the 
same time? 

Manufacturing Where will the product be made? 

facility 

Manufacturing Are there limits on the materials or processes you can use in order to match your company's current capabilities and 
processes tooling? 
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Commercial protection 
Developing new products is expensive and time
consuming. A new product may feature design innovations 
in the way it has been manufactured, the materials used 
or the way it looks. These innovations are known as 
intellectual property. Protecting intellectual property is 
important to ensure that rivals cannot simply replicate 
your product. 

Patents can be used to protect technical innovations. 
These may be new manufacturing processes, new products 
or new features in products, but they must genuinely be 
novel, be non-obvious, show inventiveness and have use. 
Designing a tennis racket with a slightly different shaped 
head is not likely to be patentable. However, fitting it with 
a genuinely novel device to maintain string tension might 
be. Holding a patent helps to prevent others from directly 
copying your innovation and allows you to license your 
idea for a fee. 

While you may find yourself the inventor of a newly 
patented technology, you may also want to use a new 
technology, process or material that is protected by 
someone else's patent. In this case you could either enter 
negotiation with the inventors and strike a deal to use their 
technology, or try to achieve the same results yourself but 
by tackling the problem from a different angle to avoid 
infringing their patent. 

Patents are normally region-specific and must be filed 
with a regional patent office (such as in Europe or the 
USA). If granted, they will apply in that region only. 
This will protect your rights over your innovation for up 
to 20 years. It is, however, important not to disclose your 
idea before filing, as once it is in the public domain the 
idea can no longer be patented and anyone will be free 
to use it. 

Design rights are similar but are focused on how a product 
looks. An example might be the classic glass Coca-Cola 
bottle, which has a highly distinctive shape - although this 
does not necessarily improve its function as a bottle to 
hold a soft drink. 

Link ) 

Intellectual property is also discussed in Unit 4, 
Section A2. 

A trademark is conventionally your company's name, 
logo, brand or slogan. So the Nike swoosh and '.Just Do It' 
slogan are trademarks and have been registered to avoid 
unauthorised use. 

Learning aim B 

' Reflect ) 

Suppose you work as a designer in a company that 
makes products for the elderly. You have come up 
with a new process for making cushioning foam, 
which would also be ideal for use in trainers. The 
foam requires a unique chemical formulation and 
specialist machines to create it, both of which you 
have invented. 

How would you go about protecting and maximising 
the commercial return on your ideas if your goal is to 
work with an existing sports products supplier? 

How might this be different if you were to try to start 
up your own sports shoe company? 

~ ~ 

B2 Regulatory constraints and 
opportunities 

Although you will have a specification as to what you - and 
the customer - want from your product, there may also 
be a range of external constraints that will apply to your 
product and manufacturing processes. 

Legislation, standards, codes of practice and 
certification 
Before you put a product on sale, it is essential to check 
that it meets any relevant regulatory and certification 
requirements. Additionally, there may be extra voluntary 
standards that you should aim to achieve. 

~ Figure 3.13 The CE mark is used to verify that a product meets 
all appropriate standards 

Look at any commercial product in your home, such as a 
television, radio or vacuum cleaner, and you will probably 
see the CE mark (Figure 3.13). This is the manufacturer's 
way of confirming that the product meets all the relevant 
standards. 

In reality this symbol is a catch-all and, as a designer, you 
need to investigate which specific standards or directives 
would apply to your product. Some may be specific to a 
particular product type, such as child safety seats; others 
may relate to the ability of the product to operate in 
certain environments, such as explosive atmospheres. 
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~ Figure 3.14 Energy label 

PAUSE POINT 

A few examples of the standards that might apply to your engineering product are 
shown in Table 3.8. However, the number of standards is extensive, and they are 
under continual review - do not assume that the standards which were in place last 

year still apply now. 

~ Table 3.8 Examples of safety standards 

Standard Product or requirement 

Child car seats 
------------t- --------< 

Cycle helmets 

Safety shoes 

Items to be used in explosive atmospheres (e.g. petrochemical 
plants, grain silos) 

Electromagnetic compatibility 

Boilers and water heater efficiency --'-------

ECE R44.03/04 

BSEN 1078 

ISO 20345:2011 

ATEX 2014/34/ EU 

EMC 2014/ 30/ EU 

EU Directive 2009/125/ EC 

In the past, standards and regulations were often tied to local requirements and the 
domestic standards agency. In the UK this was most commonly the British Standards 

Institution (BSI). Increasingly, however, national organisations are working together to 
harmonise regulations across international boundaries. 

Environmental constraints 
While issues such as safety and reliability drove many of the standards associated with 
the regulation of products, environmental concerns are now an increasing push in the 

creation of new products. 

In addition to making sure that products meet relevant environmental standards, it is 
often a condition of satisfying the standards that this information is conveyed to users. 

For example, washing machines and fridges must have energy labels (Figure 3.14) that 
show the efficiency with which they use water and power. These labels can also cover 
other factors such as compliance with noise and electromagnetic regulations. 

In complying with these regulations a manufacturer measures the carbon footprint of 
a product while in use and throughout its life. Further regulations may cover disposal 
of products at the end of their life or the use of certain materials that may have 

environmentally detrimental effects in either their production or their disposal - for 
example, the banning of certain refrigerants. 

You have been tasked to design an electric lawnmower. Find specific standards and 
regulations that might apply to this product. 

How would you go about this? Can you source information from existing products 
either through product literature or by visiting garden centres? (Note: it may be 
difficult to access some standards as these may require subscriptions or payment.) 

- • If you were to devise a performance label similar to the one for washing machines 
but applicable to lawnmowers, what might it look like? What would you consider to 

be important? How might you measure the data? 

Health and safety 
It is your responsibility as a designer to ensure that your products are safe to install , 
use and dispose of. Even if a product meets all the relevant standards and directives, it 
could still be unsafe. 

Think carefully and ask yourself these questions about the product: 
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~ Is it safe for the user under normal use? 

~ Could it be dangerous to others? 

~ Are there features that will run hot, or are sharp? 

~ Is it excessively noisy? 

~ Will it give off fumes in operation? 

~ Are there any other aspects of the design that are not as 
safe as they could be? 

~ Can you use guards or interlocks to protect the user 
from any dangerous features? 

~ Is it safe to install - is it heavy or does it have exposed 

electrical or cutting elements? 

~ Is it easy to clean and maintain? 

~ What instructions should you provide to instruct the 
user on safe use? 

Key term ) 

Interlock - a physical or electronic lock that prevents 

something from operating until guards are in place. 
For example, a CNC lathe will usually have an interlock 

to prevent the spindle from operating until the access 
door is closed. 

Security 

There may also be a need to consider data protection 
and data security. This is certainly the case if you are 
developing devices that a user will interact with to 

gain access to personal accounts (e.g. cash machines, 
card readers) or where personal data (such as medical 
information) may be stored. Such devices need to be 

designed so as to minimise the risk of interception or 
capture of data by third parties. 

You may need to think about how data gathered from users 

might be used - in either planned or unintended ways. 
For example, the roll-out of smart energy meters to all 
households in the Netherlands was abandoned after it was 

realised that the data from these meters could be used not 
only to monitor energy consumption but also to analyse 

the comings and goings of residents in each home, thus 
infringing personal freedom and posing a security risk. 

BJ Market analysis 
When designing engineering products, keep in mind that 
you are working in a competitive market. 

Bespoke products for a specific customer 
In some cases a customer may commission your company 

to carry out a particular design for them, or the process 
may be put out to tender where a number of companies 
bid to do the work. 

Learning aim B 

These types of commission are particularly common for 

high-value one-off products such as ships, oil rigs and 
buildings. Alternatively, the product may be of lower 
value and produced in modest quantities, but be of such a 

specialist nature that it is unlikely to be of interest to other 
customers. 

The awarding of these jobs to particular design teams is 

based on adherence to the customer requirements, price 

and company reputation. 

Products for sale on the open market 

For products designed for sale on the open market, a 
different set of dynamics is in play. The customer will 

have a choice, and if your product is more expensive, less 
reliable, less stylish or harder to use than the competition 

then your sales will be limited. 

A conventional approach to setting your product a step 
ahead of the competition is to have a unique selling 

point (USP). This could simply be a low price but is more 
commonly a feature or level of performance that your 
competitors cannot match. The USP can then be used by 

your company's marketing team to make your product 
seem more attractive to the customer. Figure 3.15 shows 

examples of possible USPs for a new ladder design. 

Very easy to ---tt.J,.!k~~I 
fold and unfold 

Very 
lightweight 

Greater ----r 

adjustability 

More 
comfortable 
and safer 
treads 

Integrated 
power to 
avoid trailing 
flexes 

Clip-on 
attachments 
e.g. paint-pot 
holders, trays 

Stable 
non-slip 
base 

~ Figure 3.15 Potential unique selling points for a folding ladder 
- what else could be considered? 
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Of course you have to be careful. Your USP must be: 

~ justified - You cannot market your product as being the 
lightest if is not. 

~ something a customer would appreciate - Adding an 
extra feature may make your product unique, but if the 
customer does not value such a feature, it will simply 
add unnecessary cost. 

~ capable of being protected - You might have added a 
desirable extra feature, or your product may be much 

more efficient than similar products of your rivals, but 
if the design can be copied and you have not protected 
your intellectual property, your gains might be very short

lived as your competitors can replicate your innovations. 

Benefits of the design 

While a USP can help a product get attention and mark 
it out from otherwise very similar products, the overall 
performance of the product is most important in ensuring 

its success in the market. Sometimes there may not be very 

big differences between the individual elements of your 
design and those of competitors' products, but, as a whole, 
these incremental benefits may add up to give a more 
effective and balanced product. Do not neglect the details 

at the core of your product in pursuit of excellence in one 
particular area. 

Obsolescence 

Any particular design will normally have a period of time 
during which it can remain successful in the market before 
competition, regulation or disruption to the market makes 

the design obsolete. The lifespan of a product varies 
depending on the product and the market. 

The Bic® Cristal® ballpoint pen, for example, has remained 

largely unchanged over nearly 70 years and is still a leading 
seller within its target market. Family cars usually have a 
production life of six years for a given model. By contrast, 

mobile phones will typically be superseded by updated 
versions within a year. 

Obsolescence of product lines can come about for a 
number of reasons. 

~ A product may no longer be allowed to be sold due to 
changes in regulations. For example, tighter emissions 
rules have meant that a number of car engines are no 

longer viable. 

~ There may be a step change in the market (disruption), 
which may mean that products of a given type are no 
longer viable. For example, film-based cameras have 
largely disappeared in favour of digital cameras, which 
themselves, at least at the lower end of the market, face 
competition from camera-equipped mobile phones. 
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~ Third-party products needed to support the operation 
of the product, such as specialist batteries or spare 

parts, may no longer be available. 

~ Developments in materials and technology may 
enable rivals to put out products with features and 

performance that exceed those of your product. 

~ New materials, technology or manufacturing techniques 

may allow rival products to be produced and sold at 
a lower price than you can match with your existing 

product. 

~ You will normally have your own development cycle to 

bring out improved replacement products on a regular 
basis. Such a planned cycle ensures that your product 
range will remain competitive but may also persuade 

regular customers to upgrade, rendering your older 
products obsolete. 

It is always important to understand your customer. As 
soon as they are released, new high-end mobile devices 
and gadgets will be snapped up by a core of users. These 
users will not be concerned about replacing the product 

after a year or two. In contrast, a refrigerator, washing 
machine or cooker will often only be replaced when it fails, 
regardless of innovations in the intervening time period. 

Appreciating what your customer expects from your 
product is essential if you are to avoid costly mistakes. 

B4 Performance analysis 
Product form 

The form of a product is its physical shape, size and 
appearance. Depending on the nature of the product, 
the product form is often tied very closely to the product 

function. For basic hand tools, such as a spanner or 
garden spade, the function very much determines the 
physical form. At a much more complex level, the shape 
of a Formula One car is largely dictated by aerodynamics. 

For devices whose functionality is primarily electronic or 
IT-based, there may be more scope to look at the form of 
the casings for the electronics, focusing on ergonomics, 

practicality or style, for example, based on customer 
expectations for the product. 

Product functionality 

Product functionality relates to how the product is 

expected to work. 

What is your product expected to do? 

For example, suppose you are designing a stackable 
chair of the type used in schools and waiting rooms. The 
functionality requirements might be that the product 
must: 



~ be able to support the weight of users 

~ provide adequate back support 

~ be such that the chairs can be stored efficiently 

~ be easily carried 

~ be such that the chair supports do not damage flooring 

~ be able to be connected to other chairs to form rows 

~ be easy to clean. 

Note that these functions cover both the direct operation 

of the chair when someone is sitting on it and the storage 
and setting out of the chairs. These statements are quite 
general. It is the designer's job to develop them further, 

and the developed statements will then form part of the 

product design specification. For example, regarding the 
first point, about supporting the weight of the user, the 
designer would consider who the users will be, which 

percentiles of the user population to focus on and what 
factors of safety to use. 

Key term ) 

Technical considerations 
Your product may also have certain specific technical 
requirements. These might include the output power of 

the device, the loads it should carry, its consumption of 
fuel or electricity, its maximum operating temperature and 
its weight. 

Choice of materials and components 
The choice of materials to use is a vital part of any design. 
Each design scenario will have its own specific demands, 
and balancing the characteristics of a range of different 

materials will be important in any successful design. 

Strength 

You do not want your product to break apart or be bent 
out of shape while in use. When designing a product, you 

need to have a good feel for the levels of stress that will be 
imposed on it and make sure that you will always be working 
below the yield strength of the material you are planning 

to use. You will usually want to implement factors of safety. 
These factors are put in place to help deal with unexpected 
variations in the loading on or behaviour of your product, 

which could result in the actual stresses being higher than 
those calculated. So if you were making a product from 
mild steel with a yield strength of 240 MPa, and working to 
a factor of safety of 3, then you would design the product 
such that anticipated loads would not exceed 80 MPa. 

Learning aim B 

Stiffness 

When a component is subject to a load it will flex - so 
how rigid does your design need to be? The rigidity of a 
structure is a function of the material and the geometry, 

with the material rigidity being governed by Young's 
modulus of elasticity for axial loading, or the shear modulus 
for torsional situations. Aluminium and its alloys typically 

have moduli of around a third of those for steel, so if you 
compare aluminium and steel bicycle frames you will find 

that aluminium frames typically use larger-diameter tubing 
to give an acceptable level of frame rigidity. 

In many cases you will want a high degree of rigidity, so 

that the geometry of your design remains consistent and 
components stay aligned. In other cases, a bit of elasticity 

is desirable to give a degree of suspension or cushioning. 

Fatigue characteristics 

Is your product likely to be subject to fluctuating loads as 
a result of vibration, cyclic operation or rotational motion 

(such as where a rotating shaft is subject to an end load, 
like a car axle)? In such cases, to avoid failure you may 
need to consider the material's fatigue behaviour, even 

when the load is well below the yield strength. Prevention 
of fatigue failure can be managed by careful design and 
selection of material. 

Thermal conductivity 

If your product is likely to operate over a range of 
temperatures or generate its own heat, such as might 
happen in an engine, thermal conductivity could be 

important. You probably want a material with a high 
thermal conductivity to allow heat to be conducted 
quickly away from areas prone to overheating and then be 

distributed into the atmosphere. Aluminium and copper are 
good thermal conductors and are commonly used as heat 
sinks to carry heat away from the processors of computers. 

Thermal expansion 

Materials expand when heated, and this can cause 

products to distort as they warm up. This is why bridges, 
for example, commonly have expansion joints - these are 

gaps designed to allow road sections to expand into them 
as the temperature rises. 

Density 

Are you concerned about the weight of your product? If 
so, then the density - the mass per unit volume - of the 
material will be an important parameter. But be careful: if a 
material has low density but also low strength and rigidity, 

then you may need to use more of the material, possibly 
resulting in a higher overall product weight, to achieve the 
desired performance than if you had chosen a denser but 
stronger and more rigid material. 
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Ductility 

Do you need to form your product? If you need to fold, 
stamp or press sheet material, you would want to use a 
fairly ductile or malleable material. Thin sheet mild steel, for 
example, can be bent by folding machines without problems, 
whereas brittle, high-carbon steel would simply snap. 

Machinability 

Some materials, such as aluminium and mild steel, 
machine easily, but stainless steel can be difficult because 
of work hardening. The vibrations generated by the 
machining will harden the material surface, making 
subsequent passes difficult. 

Manufacturing suitability 

If your product's geometry dictates that a particular 
process be used, such as casting, moulding, machining or 
welding, you will generally need to choose from a certain 
range of materials that are suited to that technique. 

Corrosion resistance 

Does your material work reliably in an environment where 
corrosion is likely to be an issue? Does it have natural 
corrosion resistance? Can you improve the corrosion 
resistance by coating or plating its surface? Is coating more 
practical or cost-effective than going for a corrosion
resistant material? 

Electrical conductivity 

Is the ability to conduct electricity necessary for your 
product? For example, a car chassis is commonly used as 
an earth return for the vehicle's electrics, as this reduces 
the amount of wiring needed. In other situations you may 
want your product to have electrical insulation properties. 
For example, plastic switches provide an extra safeguard 
against electric shocks to a user. 

Price 

How much does the material cost? Can you get away with 
fairly cost-effective and readily available materials or do 
you need to go for something more exotic? Take care when 
comparing costs in the selection of materials, as the prices 
of different materials may be quoted by weight, by length 
or by volume, and you need to relate this information to 
your design when analysing the overall cost of producing 
your design using different materials. 

Choice of components 

When choosing components, such as motors, connectors, 
bearings or switches, you will need to draw up a 
specification for what you require in terms of performance, 
size, weight, price and compatibility with the rest of the 
system. This will then be matched to the data provided by 
manufacturers and suppliers. 
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Environmental sustainability 
Is your material sustainable? Is it from a renewable source? 
Can it be sourced from recycled materials? What amount 
of resources does a product use when in operation? 
Can you make it more efficient and reduce its energy 
consumption? How will the product be disposed of at 
the end of its life? Can it be stripped down easily into its 
component parts for recycling? Are there any elements 
within your product that need special handling, such as 
batteries or chemicals? 

Interaction with other areas or components 
Consider how your product will interact with other 
devices, components or the surrounding environment. 

Ergonomic concerns 

For example, if you are designing a steering wheel, you 
will need to consider the positioning of the indicator and 
wiper stalks and the wheel's placement in relation to the 
instrument panel. 

Physical concerns 

Suppose you are designing a fuel pump for an engine. 
How much space is available for the pump? Where will the 
connecting pipes come in? Once the engine is installed, 
will you have access to enable changing of the filter or 
removal of the pump? Do you need to use particular 
fasteners to be compatible with the overall system and to 
minimise the number of tools needed during assembly or 
servicing? 

Electrical concerns 

Does the product need to operate at a particular voltage 
to be compatible with the rest of the system? Does it need 
to use a particular digital communication protocol to talk 
to other parts of the system? 

Thermal and environmental concerns 

Is your product likely to be subject to heat, cold or 
vibration generated by other parts of the system? Do you 
need to design your product to cope with these factors, 
either directly or by using some form of shielding or 
insulation? Does your product generate heat or vibration 
that might be detrimental to other parts of the system? 
How might you design the product to limit these effects? 

Likelihood of wear and failure 
You need to anticipate that your product will wear through 
use. How long do you think your customers will expect 
your product to last? If the product contains moving parts, 
or parts subject to particular wear, do you plan to make 
these last the life of the product or do you anticipate that 
they will be replaced at various points in the product's life? 



If the latter, do you need to define schedules or inspection 

processes to ensure that parts are replaced before failure? 
Do you need to make sure your design allows for easy 
replacement of worn parts? 

B5 Manufacturing analysis 
There are a number of technical aspects you need to 
consider if you are to design a product that can be made as 

easily, cost-effectively, sustainably and safely as possible. 

Processes for manufacturing and assembly 
and manufacturing requirements 
You should always design a product with a clear 

understanding of the manufacturing processes to be 
used. Each manufacturing process has its own constraints, 

in terms of the materials that can be used, the types of 
shape that can be made, the precision of the process, 
the specialist tooling costs and the manufacturing cost 

per part. In addition to these constraints, there may 
be a limit on the processes available to you, given your 

company's capabilities. To achieve a cost-effective and 
optimised design, it is important to select the appropriate 
manufacturing process and design your product 

accordingly. Refer to Section A6 for more details on 
various manufacturing techniques. 

Quality indicators 
When any design goes into production, the parts produced 
and the overall product will contain variations - no two 

items of output will be exactly the same. For example, the 
size and location of holes or ribs in a part will vary within 

measurement and processing tolerances; similarly for surface 
finishes, tool marks and assembly details. It is also the case 
that bought-in parts, whether stock materials or nuts, bolts, 

screws, seals, bearings, etc., will vary subject to tolerances. 

It is important to consider which features need very tight 
control for the product to be acceptable and which can 

This hole locates a bearing 
which is held in place via 
an interference fit . Its 
diameter needs to be 
toleranced tightly (to 0.01 
mm) or there is a risk that 
either the bearing will be 
too loose in the hole or the 
hole will be too small to fit 
the bearing. 
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be produced with wider tolerances. Generally, if you set 
tighter tolerances or are more specific about the finishes 

required, then production will be more expensive. These 
parts may need more skilled production operators, more 

advanced machinery and secondary finishing processes, 
or they may suffer higher rates of rejection to meet the 
desired standards. Conversely, if parts are allowed to have 

features with wider tolerances where appropriate, it is 
likely that savings in time and money can be made. 

In a given product it is likely that some features need to 

have tight tolerances and others much looser tolerances. 
An example is shown in Figure 3.16. 

On an injection-moulded plastic part it might be perfectly 

acceptable to have ejector pin marks on the interior 
surfaces that are visible to the customer, but not on 

exterior surfaces. On sand-cast parts the natural texture 
may be acceptable in some areas, but where the part has 

to interact with other components it is likely that some 
form of machining or other finishing process will be 
needed. 

These tolerances and manufacturing requirements would 

normally be recorded in the detailed part drawings and 
assembly drawings for the product. The information could 

then be used to draw up quality control documents and 
inspection check sheets to verify that components are 
being made to an acceptable standard. This helps to drive 
quality assurance, with the aim of minimising the number 

of parts produced that fail checks. 

Similar quality considerations apply to the raw materials 
and standard parts bought in, as well as to the overall 

finished product. 

Environmental sustainability 
In terms of manufacturing processes there may be several 
areas to consider with regard to environmental impact and 

sustainability. 

----- This hole is simply an 
eyelet to help lift the 
motor. Its diameter can 
have a tolerance of± 1 mm 
without affecting its ability 
to work as a lifting eye. 

~ Figure 3.16 Different hole diameter tolerances on a motor - what would be the consequence if both diameters were specified to 

±1 mm, or both to ±0.l mm? 
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~ How sustainable are the materials you are planning 
to use? 

~ Are the materials renewable (such as wood), or is there a 
finite supply (such as copper)? 

~ Can you use materials that are wholly or partly 
recycled? 

~ What happens to waste material - machining swarf, 
moulding or casting sprues and runners, reject parts? 

~ How much energy is used in production? Can this be 
reduced? 

~ Is water used for cooling or cleaning during the 

manufacturing process? How is it disposed of? Can it be 
cleaned before disposal? 

~ Are there any by-products or other materials associated 
with production, such as solvents, cleaners or acids? 
How are these disposed of? 

Initial concept 
The design specification 
calls for an eyelet 
mounted on a backing 
plate 

Positives: 

Design for manufacture 
It is essential to always keep in mind how the product you 
are designing and the individual parts within it are to be 
manufactured. 

Each manufacturing process has materials that suit it, 
particular shapes that can be made, tolerances and finishes 
that can be produced, and costs associated both with part
specific tooling and moulds and with the actual production 

of each part. In addition to these constraints, you also need 
to consider your company's capabilities and processes. 

The example in Figure 3.17 shows some alternative 

concepts for a simple component. Note that the geometry 
and detail design of the part are dependent on the 
manufacturing technique used. Which approach is finally 

chosen would depend on the materials that are most 
appropriate and available, the manufacturing capability of 
the company and the volume of parts to be produced. 

Negatives: Welded fabrication 
The part is fabricated 
by two flat laser- or 
plasma-cut sheets 
welded together. 

low set-up costs with 
minimal specialist tooling; 
little waste of material 

may lack precision due to thermal 
distortion; 
welding method limits material choice 
{but as an alternative plastics could be 
bonded using adhesive) 

Machined and 
assembled fabrication 
The part is fabricated 
from two machined 
elements screwed 
together. 

Casting or moulding 
The part is cast or 
moulded as a single 
piece. 

Sheet fabrication 
The part is fabricated 
by folding flat laser- or 
plasma-cut sheets. 

Positives: 
low set-up costs with minimal 
specialist tooling; 
wide choice of materials; 
simple assembly of components 

Positives: 
no assembly needed; 
little waste of material; 
some features can be moulded in 
to reduce secondary operations 

Positives: 
low set-up costs with 
minimal specialist tooling; 
little waste of material if 
parts are nested on sheet 

Negatives: 
could be wasteful of material if 
machining from stock; 
requires assembly process 

Negatives: 
cost of mould may be significant; 
part needs draft angles to allow 
removal from mould; 
limited choice of material 

Negatives: 
may lack precision due to fold operations; 
material choices limited (e.g. thin sheet 
steel, but may be possible to use plastics 
with heat-assisted folding) 

~ Figure 3.17 The same component produced by several different manufacturing techniques 
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Learning aim C l'#hil 
PAUSE POINT Consider the plastic case for a computer keyboard. What material do you think it is 

made of? Where does the raw material originate? 

Ask your tutor if the college has any old or broken keyboards for you to examine. 
These will often have marks on the moulding that indicate that the material is for 
recycling purposes (although the marks will normally be on an inside surface and 
may be difficult to see without disassembly). 

How recyclable is the material? Are there other materials that might be more 
sustainable? Could the keyboard case be designed to use less material? 

Assessment practice 3.2 

You have been asked to design a 'quick lift' jack for use 
in professional motorsport events. The function of the 
jack is to raise a car off the ground during pit stops, to 
allow tyres to be changed during the race. 

Develop a product design specification for the 
jack. This should cover the key requirements of 
its operational use, together with other demands, 
expectations and constraints on the design. 

Note that you are not being asked to do a full design of 
the jack. Rather, you will demonstrate through this task 
that you can take a customer requirement and turn it 
into a product design specification. 

You must show that you understand what the customer 
wants and also what constraints there may be in terms 
of safety, reliability, price, anthropometrics, and so on. 

For some of these factors, such as cost, you may need 
to investigate the price of comparable products to 
inform your thinking. 

Consider carefully how the product will be used, 
stored etc. 

f~ 

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

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? 

/)o 

• 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. 

~eview 
• I can explain what the task involved and how I 

approached its completion. 
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. 

Using an iterative process to design ideas and develop 
a modified product proposal 

Cl Design proposals 
Initial and developed propositions to improve an engineering 
product 
While sometimes you may be designing a brand new product to satisfy a customer's 
needs, at other times you may be asked to modify, refine or develop an existing 
design. Whether a product is brand new or an evolution of an existing design, many of 
the processes used will be similar, although the constraints may be different. 

Table 3.9 lists some engineering design activities you may be involved in. 
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~ Table 3.9 What you might be asked to do 

-
Develop an 
initial product 
proposal 

Redesign an 
existing product 
to resolve a 
fault 

Reduce 
manufacturing 
costs of a 
product 

r-

Develop a 
specialist 
variant 

Adapt to 
changing 
regulations 

You may be asked to develop a new 
and as yet unresolved product concept. 
You will be considering the materials, 
manufacturing processes, technical issues 
and other factors needed to turn the basic 
concept into a viable design. 

An existing product may be failing in use. It 
will be your job to identify the underlying 
problem and propose an effective 
alternative design. 

Your company may wish to reduce the cost 
of manufacturing a product. This might be 
to ensure it can be sold at a competitive 
price or to increase profitability. Can the 
design be modified so that the product will 
be cheaper to make, easier to assemble or 
use fewer materials? 

Your company may wish to produce 
a variant of an existing product with 
improved functionality (e.g. increased 
power, lighter weight, better corrosion 
resistance) or so that it can be used in 
new sectors such as food or medical 
applications. 
1-

You may be unable to sell an existing 
product because new regulations or 
standards have made it obsolete. Can the 
product be modified to comply with the 
different requirements, or will you need to 

~------·-d_e_sign an entirely new product? ____ _ , 

Technical design criteria 
When designing or redesigning any product, it is essential 
to understand fully what is expected of the product. See 
the sections on technical and product design specifications 
earlier in this unit (Sections A3 and 81) and in Unit 5. 

Idea generation 
In the design process you will usually generate a number of 
possible solutions based on the technical design criteria. At 
this stage it is beneficial to be open to new ideas. Do not be 
overly critical of any ideas that come up, as this is likely to 

slow the design process down. just focus on generating as 
many ideas as possible. 

If you are redesigning an existing product, questions that 
might help you generate ideas to give you a valid proposal 
include: 

~ Can you use different materials? 

~ Can you use fewer components? 

~ Can you use different manufacturing processes? 

~ Can you make your product bigger or smaller? 

~ Can you think of a completely different solution? 
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Morphological analysis 

One approach to generating ideas involves using 
morphological analysis, where specific requirements of 
the product are identified and then a range of solutions is 
proposed for each item. This generates an array of possible 

product options. 

For example, consider a cycle helmet. like the one shown in 

Figure 3.18. 

~ Figure 3.18 What does a user require of a cycle helmet? 

In Table 3.10 the requirements for a cycle helmet are listed, 
and for each requirement ideas for possible solutions are 

generated. 

~ Table 3.10 Morphological analysis of desired features of a cycle 

helmet 

Requirement 

Protects head 
from penetrating 
injury 

Cushions impact 

Suits a range of 
users 

Can be secured 
at chinstrap 

Keeps head cool 

Shields eyes 
from sun 

Possible solutions 

Hard shell Thick layer of 
protection 

Use of 
sponge-
like foam 

Helmet 
produced 
in wide 
range of 
sizes 

Buckle 

Vents 

Fixed peak 

... 

Use of 
expanded 
polystyrene-
type material 

Adjustable 
through 
tightening 
of retention 
straps 

Snap-fit 

- ---
Active cooling 
(fan) 

Detachable 
peak 

Use of 
suspension 
straps 

Ratchet
type 
adjuster 

Stud 

Thermally 
conductive 
material 

Tinted eye 
shield 

--
This kind of analysis can be used to drive the creation of 
ideas. Different features for the various requirements can 
be combined to generate a range of concepts, such as a 
hard shell with suspension straps, vents and a tinted eye 

shield. 



Learning aim C 

([) PAUSE POINT Carry out a morphological analysis, similar to the one above, for a professional 
builder's wheelbarrow. 

Break down the operation of taking some rubble from a yard to a skip using the 
wheelbarrow. From this, list a range of requirements for the wheelbarrow. 

How do you think the matrix would ue different if the wheelbarrow were aimed at 
elderly leisure gardeners? 

Initial design ideas 
It will be necessary to select which of the initial ideas to take further. Review each 
one against the design criteria. Which concepts are fit for purpose and will do the job 
intended for them? What constraints are there on your design? Will some designs be 
too expensive, be too difficult to make, require specialist manufacturing equipment, 
or need complicated aftercare and servicing? Can any of your initial ideas be adjusted 
to enable them to meet these requirements? Can elements of different ideas be 
combined to give a better overall solution? 

A common method to narrow down ideas is to use an evaluation matrix. A shortlist 
of possible concepts is drawn up, and each of these concepts is scored against the 
requirements in a weighted matrix. Table 3.11 shows how this method might be 
applied to the cycle helmet example. 

Each 
concept is given a 

mark out of 10 to describe 
how well it meets the 

~ Table 3.11 Evaluation matrix for the cycle helmet design 

Evaluation criteria 

Requirement Weighting 

Safety 0.30 

Comfort 0.30 

Style 0.20 

Weight 0.10 

Cost 0.10 

Total 

The 
requirements are 

weighted in proportion to 
their importance to the 

design. 

Score (out of 10) 

Concept 1 Concept2 Concept 3 

8 

5 

5 

6 

3 

5.8 

6 9 
---- -

6 6 

3 4 

5 5 

4 5 

5.1 

for each concept is the sum of 
the scores times the associated weightings. 
For concept 1: (8 x 0.3) + (5 x 0.3) + (5 x 0.2) 

+ (6 x 0.1) + (3 x 0.1) == 5.8 

In this example, concept 3 had the highest score, so it may be the best design to take 
forward. However, you should always review the design to see if it really is the best 
approach. The criteria and weightings used in the table can be quite subjective, and 
small changes to these can often change the outcome, so use with caution. 

Concept 
3 scores highest 

overall. 

m 
:J 

CJ.9. 
:J 
ro 
ro 
~ . 
:J 

O'Q 

--0 ..... 
0 
0 
c 
n ,...,. 
0 
ro 
~ 

O'Q 
:J 
PJ 
:J 
'1. 

$: 
PJ 
:J 
c 
$l1' 
n ,...,. 
c ..... 
ro 



Development of designs 

Although the idea chosen may fundamentally do what 
is required, it is likely that the concept will need further 
development before it is fit for production. The following 
are some areas that you should consider in developing 
your design. 

Aesthetics 

What should your product look like? Will your product 
need to fit in with its environment or with convention? 
(You do not see many purple fridges.) Does the product 
need to convey an impression of quality or strength? Are 
you aiming for a 'family' look? How strongly do you want 
the product to represent your company's brand? {For 
example, all BMW cars share common design features.) 

Ergonomics 

Who are your product's users? How will they interact with 
the product? What do the size, strength, weight, reach and 
dexterity of your users mean for your design? How can 
you make the product easy to use? Do you need to think 
about safety issues (such as making sure gaps in folding 
mechanisms are either too big or too small to prevent 
fingers getting trapped)? 

Size 

Does your product have to be a particular size? Washing 
machines, for example, are generally 850 mm high and 
600 mm wide to fit into a standard kitchen. If you are 
designing a replacement water pump for a car engine, you 
will need to take into account standard mounting points, 
coolant inlet and exit locations and maximum overall 
dimensions to avoid fouling on other parts. 

Mechanical and electronic principles 

How is your design going to work? Will it be strong 
enough? How do the various parts move relative to each 
other? How are components connected together? Does 
the product need servicing - for example, would it need 
lubrication points? What electronics are required? How 
will they link up? What do you need them to do? How will 
they be powered? 

Materials 

What strength and rigidity is the product required to 
have and consequently what materials will you use? Will 
your choice of materials influence the manufacturing 
techniques available to you? Will the environment in 
which your product is to be used affect your choice of 
material? Is the product going to have to work in a damp 
or corrosive atmosphere? Will it have to work in hot, cold 
or cyclic temperatures? Is the base material adequate for 
the job, or does it need coating, plating or heat treatment 
to give the required performance? 
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Manufacture 

How are you proposing to manufacture your design? 
What is the expected production volume? Can the 
product's proposed geometry be produced by the planned 
manufacturing technique? Is the proposed method cost
effective? 

Assembly 

How will your product be put together? Is this going to 
be easy? Can parts be pre-combined to reduce assembly 
costs? Will it be difficult to line up parts for assembly and, 
if so, how can this be addressed? Can the product be 
assembled by a single operator with simple tools, or will it 
require specialist tools or machinery? How will it be held 
together? Will it be welded, glued, screwed, riveted or 
snapped together? 

Costings 

Can you estimate the cost of your product? The total cost 
will include the costs of raw materials, bought-in parts, 
processing and assembly. Is the cost more than the market 
is prepared to pay? Can any unnecessary costs be taken 
out by careful design? 

Factors of safety 

What factor of safety is needed? How much will you add 
to the expected loading to allow for misuse, unexpected 
loads or variability in the end product? What are the 
consequences of failure in terms of impact on individuals, 
cost of disruption and replacement, and cost to 
reputation? How likely is it that the product's normal terms 
of use will be exceeded? Do you need to add in a degree 
of redundancy? For example, car brakes are designed with 
dual circuits so that if one fails, the second should still give 
some stopping power. 

Which components to buy in and how to choose 
these 

For many products, you may need to buy in or subcontract 
the manufacture of some parts. Typically, these will be 
specialist parts that your company will have neither the 
in-house expertise nor the equipment to produce in a 
cost-effective way; they may include motors, seals, springs, 
nuts, bolts, washers, electronic components, sensors 
or switches. To select the parts to buy in, you generally 
first determine what you want from the item and then 
access manufacturer or standards data to identify the 
correct parts. For example, if you need to select a spring, 
you might go to a manufacturer's website and enter 
information such as whether your required spring should 
be tensile or compressive, how stiff it should be and what 
size it needs to be. The database would then return a 
recommendation for a particular spring. 



Use of information sources 

To support your design, it is important to consult with a range of external information 
sources. 

~ Materials data - Information on a material's strength, elasticity, density, corrosion 

resistance, electrical and thermal conductivity, processability, and so on will be 
available from suppliers or reference books. The data may be provided in tabular 

or graphical form. Computerised databases also allow for searching based on the 
properties required of a material. 

~ Manufacturer data - For the manufacture of many products you are likely to need 

a range of standard components. These might be items such as motors, drive belts, 
chains, gears, seals, bearings, switches, sensors or control boards. A manufacturer 

will provide a datasheet for each of their products, giving details of the dimensions, 
fitting instructions, performance and limitations. 

~ Standards - There are tables and standards governing the geometry of standard 

components, such as nuts, bolts and screws. For example, by referring to these 
you can find that an M6 screw will have a pitch of 1 mm and a head dimension of 
10 mm across the flats. 

Depending on your application, there may be many other sources to consider, 
including data provided by the suppliers of the machine tools needed to make your 
parts, regulatory documentation and ergonomic data sets. 

Besides looking for written and onl ine information, always consider asking others. If 

you are considering using an unusual material or a manufacturing process outside 
your company's normal experience, speak to the suppliers, who will usually have 
technical support experts available to advise you. 

C2 Communicating designs 
In practice, the design of a new or revised product is normally a team activity. For your 
design to be successful, it is essential to be able to communicate your ideas clearly to 
your engineering colleagues, subcontractors, customers and marketing teams. 

While written technical communication is important, the nature of engineering design 
is such that sketches, drawings or renderings supported by notes are often the most 

effective means to get information across. 

Freehand sketching is one of the most useful tools you can use to express your ideas. 
It is particularly powerful in the early stages of the design process, when new ideas 

can be quickly captured on paper. Aim to use sketching to create images that clearly 
communicate the form and function of your product. For this purpose, your sketches 
do not need to have any particular artistic quality. Adding annotations will also help to 

explain your ideas (see Figure 3.19). 

Feel free to use both 2D and 3D effects in your sketches, as you think appropriate - 3D 
sketches are often best for showing the overall form of a product and the relationships 

between different elements, whereas 20 drawings can show technical detail and 
mechanisms more clearly. 

You will need to use more formal forms of graphical communication once you are 
ready to turn your idea into a final design and then a physical product. 

~ Orthographic detail and assembly drawings - These provide the geometrical and 
dimensional information needed to create a physical component or assembly. They 
may be created by hand or generated with the help of CAD software. 
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2D cross-section shows detail of hidden features 

locks as bump in ~/button 
button fits in hole, ~ retract 

in handle --~ -->-
.====--:!--"" handle 

blade 

Shading helps 
show shape and 
identify different 
parts in scalpel 

3D main 
sketch shows 
overall shape 

of scalpel 

standard 
surgical 
blade 

\ 

textured handle 
provides grip 
(texture to 
be decided) 

Annotations 
help explain 
aspects of 

design 

retraction lock hole 

blade can 
be retracted 

handle or 
two part 

0 7 E3 

ABS construction 

~ Figure 3.19 Annotated freehand sketch of a disposable scalpel - how might you show how 
the blade is retracted into the handle? 

~ Circuit diagrams (electrical, pneumatic or hydraulic) - These diagrams symbolically 
represent the layout and operation of different forms of control or power circuits 
within your product. 

~ Block diagrams - In these diagrams the main parts or sub-functions of a product or 

system are represented by blocks, and lines are drawn between the blocks to show 
the relationships between them. 

~ Flow charts - These are commonly used to describe sequences and decisions in the 
systems controlling the operation of your product. 

In addition to graphical communication, you need to produce written documentation 
to describe your ideas and concepts fully. 

~ Technical report - a formally written report that describes the development of a 

product or the results of trials or tests. The tone should be formal and in the past 
tense. Be clear and concise and take care to use the correct technical terms. 

~ Design log - a detailed record of the design process with notes, sketches, block 
diagrams, test and market data gathered, and so on . The design log should be 

updated as concepts are generated, ideas proposed and design decisions made, and 
you should note the reasoning behind the decisions. 

~ Design specification - lists the requirements of your product in terms of 
functionality, cost, weight and any other needs. 

~ Parts list or bill of materials (BOM) - lists the materials, components to be 

manufactured and parts to be bought in to create your product. The list will 
normally include the quantity of each part, the supplier, the part reference number 
and possibly also costs. 
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Assessment practice 3.3 

Suppose you work for a manufacturer of ride-on electric lawnmowers, and 
your company is planning to introduce a range of pull-along accessories 
such as trailers to increase the usefulness of their products. 

To achieve this, you need to design a pair of couplings, one of which will be 
fitted to the rear of the ride-on lawnmower, with the mating part attached to 
the trailer (see Figure 3.20). 

Coupling 
needed 

~ 

Coupling half to 
be mounted here 
(may be drilled 
if required) 

75mm 

~ Figure 3.20 Sketch of lawnmower trailer coupling - can you come up with an 

effective solution? 

Both the lawnmower and the pull-along devices will have a steel plate that is 
5 mm thick, 75 mm high and 150 mm broad, on which the couplings can be 
mounted. 

The coupling should be strong enough to pull an 80 kg load over soft ground 
and be easy to attach and detach. 

Your company also wishes to make a variant of the coupling that will 
allow electric power to be transferred to the trailer unit to power lights, 
leaf-blower units etc. The power connection will be rated at 24 V 10 A as a 
minimum. 

Generate a proposal for the design of the coupling, which should include 
design variants for both the basic version and the version allowing electrical 
transfer. 

Your proposal pack should take the form of a design log, which should 
include: 

a product design specification for the coupling 

a range of design ideas generated with the aid of a morphological analysis 

a systematic evaluation of the design ideas to show how you converged 
on a chosen solution - this should consider the key specification 
requirements 

an iteration of this evaluation and selection process to take in all 
requirements of the product, including cost and manufacturing 
considerations - explain the evolution of your design with annotated 
sketches 

• a freehand sketch of the final product identifying the key features, 
materials and mechanisms 

an add itional detailed drawing of all custom components and an 
orthographic assembly drawing. 
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• 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.evuw 
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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C3 Iterative development process 
In reality, designing is not an entirely linear process. There is often a need to pause 
during the development process to review the suitability of the product. This might 
be to check that it still meets the design specifications, to see if there is scope for 
enhancement or to adapt the design to widen the market for the product. 

A product proposal may initially have fulfilled key functional aspects of the 
specification but, as the design was further developed to bring in secondary functions, 
the cost or weight may have drifted up. The development should then be paused to 
see how to bring the proposal back in line with the specification. 

It may also be that as the design has developed, new opportunities have opened up to 
allow a stronger overall design. 

At various points along the design process it may be necessary to carry out tests 
or trials to evaluate the suitability of the product for its intended purpose. While 
computer modelling and other analysis techniques may help to validate some aspects 
of the design, it will often be necessary to build physical prototypes to confirm the 
suitability of a design. 

If the trials have revealed any issues with the design, you may then have to go back a 
stage or more and repeat the development steps to address these issues before you 
can move forward. 

Casestudy J 
~---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Designing a battery-powered hand drill 
A design team were developing a new battery-powered 
drill. They put together a proposal and wanted to check 
whether it would be suitable for a range of users, being 
both comfortable to grip and well balanced. The team 
had looked at ergonomic and anthropometric data to 
inform their design but wanted to carry out a validation. 
They made a prototype with the proposed handgrip 
and weighted it to simulate key components such as the 
battery and motor. This prototype was given to a group 
of potential end users to try. The users reported that the 
design felt nose-heavy and became tiring to use after a 
few minutes. The team reviewed their design in light of 
these findings and, by placing the motor further back, 
produced a more neutrally handling tool. By iterating 

this process of reviewing their product and refining the 
design, the team ultimately generated a robust design 
that met both the customers' and the manufacturer's 
expectations for the drill. 

Suppose that putting the motor further back in the 
body made it more balanced - but this restricted air 
to the motor, resulting in it generating excess heat 
that compromised its performance and made the drill 
uncomfortably warm. 

Check your knowledge 

• Can you generate three possible solutions to this 
issue? 

• How might you evaluate how well each of these 
potential solutions addresses the issue? 

Technical justification and validation of the design 
solution 

D1 Statistical methods 
During the design you will often want to use data to help inform your understanding of 
the requirements for your product, improve the performance of existing or prototype 
designs, or validate your final design. You might refer to the following types of data. 
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~ Ergonomic data - For example, if designing a crash helmet, you might gather data 
on the head circumference of potential users. 

~ Competitor data - You might collect data on the price and functionality of 
competitor products to help you decide where to place your product in the market. 

~ Market data - You might commission a survey of potential customers to find out 
what they want from a product and the relative importance they attach to factors, 
such as price, weight, reliability and functionality. 

~ Historic data - If you are planning to redesign an existing product to make it better, 
you can use historic data to help you understand the performance of the existing 
product and to target your improvements. For example, you could look at how long 
products tend to last, how they failed, how often consumable items were replaced, 
and so on. 

~ Experimental or trial data - You may create batches of prototypes for experimental 
trials or for use in gathering customer views of proposals. For example, if you are 
concerned about the reliability of a seal in a proposed design, running trials with 
a series of seals will give you information on their performance and consistency. 
Alternatively, if you are designing a product to be used in difficult and variable 
environmental conditions, you might place sensors in settings where the product is 
likely to be used, to collect data on temperature and humidity over a period oftime. 

In some cases the amount of data collected can be very large. There are various 
methods you can use to help you summarise and visualise large sets of data. 

Graphing experimental data 
Often, it helps to plot experimental data in a graph to try to identify trends or 
relationships. 

For example, in testing a component, increasing loads are applied to a sample and the 
corresponding deflection of the sample is measured. In Figure 3.21, the deflection 
is plotted against the load - each cross represents a data point consisting of the load 
applied and the corresponding deflection. The red line is a 'line of best fit' that goes 
approximately through the middle of all the data points and highlights any apparent 
relationship between the two variables. 

Behaviour of sample under load 
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~ Figure 3.21 Scatter graph of deflection versus mass of load for a sample subjected to loading, 

together with a line of best fit 
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Statistical measurement 
The data that you get from trials may be discrete or 

continuous. 

~ Discrete data can take only a fixed set of values, 

and typically arises from counting or classifying into 

categories. In the engineering design context , discrete 

data might come from: 

~ ergonomics - for example, the numbers of users 

involved in a trial who consider themselves left

handed, right-handed or ambidextrous 

~ surveys - for example, the numbers of users who 

claim it is very likely, likely, neither likely nor unlikely, 

unlikely, or very unlikely that they will buy a product 

~ historical information - for example, the numbers of 

customers who bought the small, medium or large 

variants of the previous product. 

~ Continuous data can take any value within a certain 

range, and typically arises from measuring. In the design 

of new products you might see continuous data in : 

~ ergonomics - for example, the heights of potential 

users of the product, which could be 1.52 m, 1.78 m 

or anything in between 

~ experiments or trials - for example, the test loads that 

caused various samples to fail 

~ market surveys - for example, the weights, lengths 

and heights of competitor products on the market. 

Consider the data set in Table 3.12 recording when 28 

items of an existing product failed in use. 

~ Table 3.12 Data on failure time of an existing product 

Month of failure for each of 28 products that failed 
while in use 

25 26 j7_ 28 28 29 29 30 B~ 30~ 31 31 32 
32 32 33 33 34 34 34 35 36 36 37 38 39 . 

If this is considered a representative sample and typical of 

how the product as a whole behaved in use, then you can 

do some analysis on the data set. 

One of the first things you might want to do is find some sort 

of average - a single number that represents a 'central value' 

of how long the product lasted. The three most commonly 

used averages are the mean, the median and the mode. 

~ The mean is the sum of all the values in a data set divided 

by the number of data items. In this case we have 

24 + 25 + 26 + 26 + 28 + 28 + ... + 39 885 
mean= 28 = 28 

= 31 .61 months 

~ The median is the middle value when all the data 

values are arranged in order. In this case the 28 data 
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values have already been put in ascending order, so the 

median is halfway between the 14th and 15th values. 

Since both are 32, we have 

median = 32 months 

~ The mode is the most commonly occurring data value. 

In this case, the most frequent value (occurring 4 times) 

is 32, so 

mode = 32 months 

While an average gives you some useful information about 

the 'centre' of the data, it tells you nothing about how the 

data is spread - are all the data values quite close to the 

average or is there a lot of variation? 

A common measure of the spread of a data set is the 

variance. It is defined as the mean of the squared 

differences between the data values and the mean of 

the data set. A closely related measure of spread is the 

standard deviation (often denoted by er}, which is the 

square root of the variance. 

To find the variance, it is helpful to set out the calculations 

in a table, like Table 3.13 for the current example. 

~ Table 3.13 Calculation of the variance and standard deviation 

for the data set on product failure time 

Month of Mean month 
failure,x of failure for 

dataset,x 

24 31 .61 

25 31 .61 

26 31 .61 

27 31 .61 

28 31.61 ----
28 31 .61 

29 31.61 

29 31.61 

38 31 .61 ---
39 31.61 

---·-'--
Sum of squared differences 

Difference, 
x-x 

-7.61 

-6.61 

-5.61 

-4.61 

-3.61 
---

-3.61 

-2.61 
--~-

-2.61 

6.39 

7.39 

Variance (mean of squared differences) 

Standard deviation (er= h ariance) 

Squared 
difference, 
(x -K)2 

57.91 

43.69 

31.47 

21 .25 

13.03 

13.03 

6.81 

6.81 

40.83 

54.61 

398.68 

14.24 

3.77 

A small variance means that the data is closely clustered 

around the mean; a large variance means that the data is 

spread out widely. You will be able to visualise this later 

when you look at different ways to present data graphically. 

Graphical representation of statistical data 
In this section we will look at several graphical methods 

that allow you to visualise the distribution of data. 



Histograms 

Consider the data in Table 3.12. It should actually be continuous data, as products 

could fail at any point in a given month, although for practical reasons the failure times 

have been recorded only in whole months, turning it into a set of discrete data. In 

most cases where the data is genuinely continuous, or where it is discrete but there are 

a large number of values, it is convenient to group the data into bands (or 'classes'). 

In this example, there were 15 different months in which at least one product failed . 

You could work with the data as it is; however, as the total number of items in the 

sample (28) is only about double the number of values occurring, the information will 

be spread quite thinly - that is, the frequency of occurrence of each value is very low. 

To illustrate the grouping of data into classes, let us define the classes to be successive 

pairs of months. Then make a frequency table as in Table 3.14 - the first column 

shows the different classes (nine in this case), and the second column shows the 

number of data values that belong to each class. 

~ Table 3.14 Frequency table for the data set on product failure time 

Learning aim D 

Month of failure Number of failures over the two-month interval 
(frequency) 

Mean number of failures per month over the 
two-month interval (frequency dens~TI_ 

1 ___ , 
2 

23 or 24 

25 or 26 

27 or 28 

29 or 30 l ~ 
31 or 32 6 

33or34 ~- 5 
35 or 36 3 

. ---
37 or 38 2 

39 or 40 1 

----1 

----f 

0.5 

1 

1.5 

2.5 

3 

2.5 

1.5 

1 

0.5 

From the information in Table 3.14 you can draw a histogram to show the distribution of 

failure times of the product (Figure 3.22). The area of each bar is equal to the number of 

failures in that two-month period. In this case, as the intervals are all equal, the height of 

each bar (the frequency density) is proportional to the number of failures in that interval. 

If a curve is drawn through the tops of the bars in the histogram (the red curve in 
Figure 3.22), it looks symmetrical and 'bell-shaped'. This is close to what is known as a 

normal distribution. For an exact normal distribution, the symmetry is perfect and the 

mean, median and mode will all have the same value, coinciding with the peak of the 

distribution. 

3.5 
'+- ..r:: 3 o c For a normal distribution, 
Jl E 2.5 the frequency distribution 
§ ~ 2 follows a bell shape 
c a. 
c lf) 1.5 
(!j .... 
QJ ::J 

:2 ] 
0.5 

The area of this bar for months 35 and 36 is 
1.5 failures/month x 2 months 

= 3 failures in total. 

O -t-~-t---!r---+----+--l----t----1---t---1----t~---. 

21-22 23-24 25-26 27-28 29-30 31-32 33-34 35-36 37-38 39-40 41-42 

Month of failure 

~ Figure 3.22 Histogram of the failure time data, which is symmetrical and seems to follow a 
normal distribution 
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If a data set follows a perfect normal distribution, you can use the standard 
deviation to help estimate the proportion of data lying between certain limits. This is 
demonstrated in Table 3.15 for the failure time data. 

~ Table 3.15 Proportions of data that lie within one, two or three standard deviations of the mean 

For the data in Table 3.12 

Number of Proportion of Mean of data Standard Range of values 
standard data within set (months) deviation bounded by the 
deviations these standard (months) standard deviation 

±1 

±2 

±3 

deviation limits 

"' 68% of data 31 .61 

,. 95% of data 31 .61 

31 .61 

These proportions 
are standard for a perfect 

normal distribution, and other 

values can be found from 
statistical tables. 

3.77 

3.77 

3.77 

limits (months) 

27.8-35.4 

24.1-39.2 

20.3-42.9 

31.61 - 2 x 3.77 = 24.07 

31.61 + 2 x 3.77 = 39.l 5 

If the distributon of product failure times were exactly normal, you would expect 68% 
of products (about 19 of the 28) to fail between 27.8 and 35.4 months. Looking back at 
the original data, there were indeed 19 products that failed in months 28 to 35 inclusive. 

Histograms can also be useful in comparing the distributions of two or more sets of data. 
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r- M Lf) r--- CJ\ r- ("(") Lf) r--- CJ\ r- ("(") Lf) r--- CJ\ r- ("(") Lf) r--- CJ\ r-
N N N N N ("(") ("(") ("(") ("(") ("(") 

""'" 
N N N N N ("(") ("(") M ("(") ("(") 

""'" Month of failure Month of failure 

Mean = 31.61 months Mean = 31 .57 months 
Variance = 14.24 Variance = 4.53 

~ Figure 3.23 Two histograms of failure time data for 28 product items 

In Figure 3.23, the two sets of data are both from samples of 28 items, and in both 

cases the mean is a little less than 32 months. There is, however, a big difference in the 
spread of the data (as represented by the variance or standard deviation), reflected 
in the much narrower shape of the second data set, in which the values generally fall 
much closer to the mean time. 
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Learning aim D i'#h'' 
PAUSE POINT For each of the two products in Figure 3.23, give a rough estimate of the month 

when 10%, 50% and 90% of the items will have failed. 

Look at each histogram to see by what time three items (approximately 10% of the 
28) had failed. Remember that each bar represents two months, so for the data from 
Table 3.12 (left histogram), in months 25 and 26 an average of one product failed 
per month over the interval, so two products failed in these two months. 

What might this mean in practice for anyone planning on using either of the products? 
Which situation do you think is preferable? 

Skewed data 

Data is not always symmetric about the mean value. It is 
quite possible to have data that is skewed to one side or 
the other, as shown in Figure 3.24. 

15 

>-
2! 10 
Q) 
:i 
O-

ct 5 

Positive skew 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Negative skew 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

~ Figure 3.24 Two histograms - one with positive skew, the other 

with negative skew 

A classic example might be if you were designing a product 
for which the weight of the user would be an important 
consideration. The mean weight of an adult male in the 
UK may be 80 kg, but the weight distribution has a positive 
skew, and there will not be the same number of men 
weighing 120 kg as weighing 40 kg. 

r Reflect ) 

Cumulative frequency diagrams 

A cumulative frequency diagram plots a running total 
of the frequency up to each data value (or each class 
boundary in the case of grouped data). For the example 
of Table 3.12, this would be a graph of the running tally 
of the number of items that have failed up to a given 
month (see Figure 3.25). The highest level reached by the 
graph will be the total number of data values in your set. 
A cumulative frequency diagram is usually an S-shaped 
curve. 

Cumulative frequency diagrams are particularly useful if 
you want to estimate a particular percentile of the data 
set. For example, suppose you want to estimate the 25th 
percentile of the failure time data - that is, the month in 
which a quarter of the items in the sample have failed but 
three-quarters are still working. 

"' 

In such cases the mean will no longer sit centrally, and the 
median may be a more representative average to use in 
design decisions. 

A quarter of the sample size is 28 .;. 4 = 7, so on the 
cumulative frequency diagram you draw a horizontal line 
from 7 on the vertical axis across to the curve, followed by 
a vertical line from the curve down to the horizontal axis. 
This meets the horizontal axis at approximately 28, which 
means that by the 28th month, about a quarter of product 
items will have failed. 
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~ 
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For the 25th percentile 
(when a quarter of parts have 
failed), draw a line across at 
a quarter of the sample 

• 

E 15 
:J 

c 10 
QJ 

> 
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size (28 .;- 4 = 7) ~This gives a value of approximately 
• 28 months, by which time a 

quarter of the parts will have failed 
:J 
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:J 
u 

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Month of failure 

~ Figure 3.25 Cumulative frequency diagram for the product failure time data 

Using the data collected 

It is important to think carefully about how you can use 

the data you have gathered. 

First, you need to consider the reliability of the data, any 

errors that might be present due to the method used to 
collect the data, whether you have enough data to draw 
meaningful conclusions, and also - crucially - what the 
results mean in relation to the product you are developing. 

For example, suppose that the height of the user will be 

important for the product you are designing. Then you 
might want to ask: 

~ What proportion of the population do you want 
to target for your design? You can aim for a bigger 
proportion so that you have more potential sales, but 
this may compromise the design for the bulk of users 
close to the middle of the range. 

~ What is the spread of the data? Is there a big difference 
between the minimum and maximum values? 

~ Can you manufacture a single product, or would it need 
to come in different sizes? 

~ Can your product be made adjustable to cope 
with different heights of user? Would this have 
consequences, such as increased complexity, weight, 
cost or servicing requirements? 

Sometimes you might not be so focused on data close to 
the mean or median and may instead be more interested 

in the extremities. 

For example, suppose you are designing a guard for a 
workshop guillotine. You need to prevent fingers from 
getting too close to the blade, but you still need some 

clearance to allow sheet material to be slid into the 
guillotine. Would you be most concerned with the mean 
or median finger size or something else? 

As another example, suppose you are selecting the seals 
for a pump intended to be used outdoors, where mean 
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temperatures over the whole year are 12°C but may range 
from - l 5°C in the middle of a winter night to +35°C on 

a summer afternoon. Should you focus your design on 
pump operation close to the mean temperature? 

Other forms of data and graphical representation 

In some situations you will need to analyse data in which 

the variables or factors of interest do not necessarily take 
numerical values. 

For example, suppose you have conducted a market 
survey to help inform you what customers want from your 
products. The results are summarised in Table 3.16. The 
variable that you are collecting information on - the most 

important criterion customers use in choosing products -
comes in distinct categories (performance, weight, price, 
etc.) rather than taking either discrete or continuous 

numerical values. 

~ Table 3.16 Important factors in choosing a product 

What is the most important factor in choosing to 
purchase our products? 

Criteria l Number of 
respondents 

Performance 16 

Weight 5 

Reliability 29 

Product support 20 

Price 15 

Percentage of 
respondents 
---
18.8 

5.9 
~ --

34.1 
-----

23.5 

17.6 

In such cases the data can be shown in a pie chart (see 
Figure 3.26). The circle represents the whole set of data 

and each category (criterion) is represented by a slice 
whose area is proportional to the percentage accounted 
for by that category. A slice can be 'extracted' from the pie 
to draw special attention to it. 



What is the most important factor in 
choosing to purchase our products? 

D Performance 
D Weight 
D Reliability 
D Product support 
D Price 

~ Figure 3.26 Pie chart displaying the criteria customers use in choosing a product 

Another approach to displaying categorical data is to use a bar chart. These graphs 

look a little like histograms, but the variable plotted along the horizontal axis need not 

have numerical values or be arranged in any particular order. 

For example, if several product proposals are reviewed to decide which is most suitable to 

take forward to the next stage, you might obtain a bar graph like the one in Figure 3.27. 
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~ Figure 3.27 Bar chart comparing design proposals 

Performance 
D Ease of manufacture 
E1 Servicing requirements 

• Cost to produce 

In Figure 3.27 the bars representing the factors 'Performance', 'Ease of manufacture' 

etc. are placed side by side for each proposal, but they may also be stacked on top of 

each other (as in Figure 3.28) to show the total score for each proposal - the different 

colours allow you to see the contribution of each criterion to the overall score. 

Comparison of design proposals 
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~ Figure 3.28 Bar chart with stacked bars 
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Assessment practice 3.4 

You have been asked to design a pop-riveting tool (Figure 3.29). Your 
company has a reputation for designing comfortable, high-quality hand 
tools, and this tool is expected to maintain this tradition. 

~ Figure 3.29 A pop riveter 

Trials have been carried out on a range of potential users to determine 

their comfortable grip strength. The data is shown below. 

Comfortable grip strength (N) of potential users 

10.4 10.4 10.4 11.1 11.1 11.2 11.2 11.2 11.2 11.3 

11 .3 11 .8 11 .9 11 .9 12.0 12.0 12.0 12.0 12.1 12.1 

12.2 12.6 12.6 12.7 12.7 12.8 12.8 12.8 12.8 12.9 

12.9 13.0 13.0 13.4 13.4 13.4 13.5 13.5 13.6 13.6 

13.6 13.6 13.7 13.7 13.8 13.8 13.8 14.0 14.0 14.1 

14.1 14.2 14.2 14.2 14.3 14.3 14.4 14.4 14.4 14.4 

14.5 14.5 14.6 14.6 14.6 14.6 14.7 14.7 14.9 15.0 

15.0 15.0 15.1 15.1 15.2 15.2 15.2 15.2 15.3 15.3 

15.4 15.4 15.4 15.8 15.8 15.8 15.9 15.9 16.0 16.0 

16.0 16.0 16.1 16.1 16.2 16.6 16.6 16.7 16.7 16.8 

16.8 16.8 16.8 16.9 16.9 17.5 17.5 17.6 17.6 17.6 

17.6 17.7 18.4 18.4 18.4 18.4 18.5 19.2 19.2 19.2 

19.2 20.0 20.0 

The pop riveter should be particularly easy to use by the Sth to 95th 
percentiles of your overall market. 

Calculate the mean, median and mode of the data set. 

Find the variance of the data set. 

• Select a suitable interval size and plot a histogram of the data. 
Does it show a skew? 

• Plot a cumulative frequency diagram. From this, estimate the 
comfortable grip forces for the Sth and 95th percentiles. 

• Which of these values is more important to your design? Why? 

Investigate how a pop riveter works and, based on these results, sketch 

how you might optimise your design to meet the needs of possible users. 
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• 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? 

Do 

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. 

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. 



D2 Validating designs 
As you develop and refine your design, it is important to 
continually look back at the product design specification 
to ensure that you will deliver what was intended. You are 
aim ing to produce a product that meets customers' needs 
and which does so in a way that is better than competitor 
products. It must also satisfy any relevant regulatory 
constraints, and you must be able to produce it in a way 
that is cost-effective. 

It is likely that you will make changes to your design as 
you move from concept towards end product, and it 
is important to provide rational justifications of these 
changes so that you can be confident that your product is 
as good as it can be. 

Referencing against the product design 
specification 
As your design evolves, ask yourself: 

~ Does your product still meet all the criteria in the 
product design specification? 

~ If not, what can be done? 

~ If the design still fulfils all requirements of the 
specification, can the product be improved yet further? 

~ Will improvements in one area lead to issues elsewhere? 

Evaluating proposals in a weighted matrix 
To evaluate possible changes and refinements to your 
design, you can use weighted matrices just as in evaluating 
ideas or concepts (see Section Cl, Table 3.11). This can 
help you to assess whether it would be worthwhile making 
improvements in one area that might be detrimental in 
others - for example, a proposed change could make a 
product cheaper and more reliable but also heavier and 
harder to use. 

Considering indirect benefits and 
opportunities 
Can you achieve indirect benefits through your design 
decisions and choice of components? Could minor 
tweaks give extra benefits? For example, designing a 
casing in a particular way might also offer some degree of 
splash proofing. 

Balancing benefits and opportunities with 
constraints 
Always review the benefits of improving certain aspects of 
the product. While you are likely to have to trade off some 
functional aspects of the product against each other, such 
as strength versus weight, also keep in mind various other 
constraints and check that they will continue to be met. 

Learning aim D 

~ Don't get carried away with adding extra features and 
functionality. Check whether doing so will exceed the 
target price for the product, and consider whether the 
customer would really want those extra features. 

~ Could any changes you plan to make affect the safety of 
the product? 

~ Would any proposed changes cause your product to 
become less environmentally sound? 
~ Are you going to introduce materials that will be 

difficult to recycle or dispose of? 
~ Is the product going to be less energy efficient in use? 
~ Will it need to use more solvents or oils that require 

careful disposal? 

Always make sure you justify any decisions made and 
record them in your design log. 

Design for manufacturing 
As you develop your product, continually review it for its 
ease of manufacture. Designing a product that is difficult 
to make will result in unnecessary expense and potentially 
higher levels of scrap or reject parts. This can very quickly 
turn a profitable product into one that will make a loss. 
Ask yourself: 

~ Are you using more materials or parts than you need to? 

~ Can multiple parts be combined into a single machined, 
cast or moulded part? 

~ Are you using more different types of parts than you 
need to? For example, are you using both M4 and 
M6 screws when M4 screws could be used for all 
connections? 

~ Are you using an appropriate manufacturing process 
for the volumes needed? For example, avoid using 3D 
printing for parts that need to be produced in their 
thousands, and avoid using injection moulding for 
one-off parts. 

~ Are all the parts actually designed to suit the 
manufacturing process that is to be used? For example, 
are parts that will be moulded or cast of fairly uniform 
thickness and designed to come cleanly out of a mould? 

~ Will parts designed to be machined be easy to make, 
with no internal sharp corners or deep, blind holes? 

Further modifications 
Always be aware that technology and markets may 
move on as you design your product, particularly if you 
are working to a long development schedule. During 
the design process, check regularly whether there are 
new materials, components, manufacturing techniques, 
sensors or actuators becoming available that could 
improve your product. 
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THINK 

Thomas Howes 
Mechanical 
building services 
engineer 

FUTURE 
I have been working as a mechanical building services engineer in a multi-disciplinary 
design team for the last two years. Building services engineering covers all of the 
mechanical, electrical and public health installations that go into a building. The 
majority of the multi -disciplinary design work is done with the help of 30 computer 
models, where the model can be used to ensure that all of the services are coordinated 
with one another so that there aren't any problems on site. We are often involved 
all the way through the design process, from concept stages to detailed design. By 
working with architects during the concept stages, we can influence some of the 
bui lding's characteristics such as building orientation, insulation levels and shading on 
t he building. This early input can have a large impact on the size and efficiency of the 
heating, venti lation and air conditioning systems, which is important if the cl ient has any 
aspirations for gaining environmental certification. 

In order to get into my current position, I first completed an apprenticeship, which 
included day release to college to complete a BTEC National in Mechanical Engineering. 
With my BTEC results I was able to apply for a university foundation year in engineering, 
which then ied to com pletihg an MEng degree In Mechanical Engineering. Having 
an MEng from an accredited university makes the process of becoming a chartered 
engineer more straightforward, but doing the BTEC was my first step to where I am now. 

Focus·ng your skills 
Becoming a confident designer 

With so much underlying the design of a successful 

product, it can be daunting to embark on a new 

project. Understanding a wide range of manufacturing 

techniques, materials, sensors, actuators, seals, motors, 

bearings, human factors, environmental concerns, 

ergonomics, regulations and standards is a lot to take on. 

The more projects you do, the more confident you 

will become and the stronger your underpinning 

knowledge will become. 

Always embark on a project expecting to have to 

learn about a new type of material or manufacturing 

process or to develop a new skill. Don't expect to have 

all the answers. This continual development of your 

knowledge and skills and of the discipline itself is what 

makes engineering design such an exciting field . 

Here are some tips to help you get started as a design engineer. 

Get used to looking at various products and trying to work 

out how they are made and from what materials. 

• Keep a record of design features that you find interesting -

a hinge on a kitchen cabinet may later serve as inspiration 

for a rudder control mechanism on a microlight aircraft; 

a sensor used in a production line might at some point in 

the future also be suitable for use in a piece of automotive 

testing equipment. 

Try to keep yourself aware of new components and 

materials. Use company websites and get on circulation lists 

to be informed about new products. Visit trade shows and 

exhibitions if you get the chance. 

• Embrace challenge and always aim for the best - not the 

easiest or most obvious - product solution. That is what your 

competitors will do, and you want to be better than that! 



This section has been written to help you to do your best when you take the external 
assessment. Read through 1t carefully and ask your tutor 1f there 1s anything you are not 
sure about. 

About the assessment 

This unit is assessed by a supervised task. Pearson 

sets and marks the task, and the total number of 

marks for the task is 60. 

The assessment will last for ten hours in a three

week period, and can be arranged over a number of 

sessions. You will be assessed on your ability to follow 

a standard development process of interpreting a 

brief, scoping initial design ideas, preparing a design 

proposal and evaluating your proposal. 

Make sure that you arrive in good time for each 

session of the assessment, and check that you have 

everything you need beforehand. Make a schedule for 

completing the task, and leave yourself enough time 

at the end to check through your work. 

Listen to and read carefully any instructions that you 

are given. Marks are often lost through not reading 

instructions properly and misunderstanding what you 

are being asked to do. Ensure that you have checked 

all aspects of the task before starting. 

At the end of the supervised assessment period, 

proofread your work and correct any mistakes before 

handing it in. 

Command or term Definition 

Preparing for the assessment 

Two weeks before the assessment you will be 

provided with a case study related to the assessment 

and will be given the opportunity to carry out three 

hours of independent preparatory research. You 

can then take six sides of notes into the supervised 

assessment. You must work independently and should 

not share your work with other learners. Your tutor 

cannot give you feedback during the preparation 

period. 

Make sure you plan out the preparatory work to 

maximise your time examining the case study. For 

example, questions to think about might include: 

• How is the product made, or could the proposed 

design be realised? 

• What does the customer want from the product? 

• What materials are used? 

• Are there any particular constraints, such as those 

relating to cost, reliability, weight, functionality, 

servicing, environmental impact or sustainability? 

The following table shows the key terms typically 

used in the assessment. 

--- ------------------~ 

Client brief 

Design 

Outlines the client's expectations and requirements for the product. 

Manufacture 

Project log 

A drawing and/or specification to communicate the form, function and/or operational workings of a 
product prior to it being made or maintained. --- - -- --------
To make a product for commercial gain. 

---
A document to record the progress made, key activities and decisions taken during the development of a 
product. 
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UNIT3 

Case study 

You are working for a company that makes flying model aircraft. The company wants to diversify its business and 
move into the building of more professional drone aircraft for use by farmers, cartographers and utility companies. 
Market research has suggested that a well-designed aircraft should be able to sell around 1000 units per annum with a 
production life of 3-5 years. 

Existing mount made from 
/ folded sheet aluminium 

~ Figure 3.30 Designing a new engine mount for drone aircraft 

Your particular responsibility is the engine mount (Figure 3.30), which on your existing aircraft is made from folded 
sheet aluminium. It is expected that in their current form these mounts will not be rigid enough for the new aircraft. 

This is the type of case study you may be given before the assessment. You will 

have three hours to investigate the case study and you are allowed to compile 

a maximum of six sides of notes, which you can later use in the supervised 

assessment periods. 

Use the case study as an exercise to practise gathering information for the 

design task. 

To help you get started, underline specific details in the description to help you 

draw out the key aspects of the case study. For example: 

• You are told that the company is developing a professional drone aircraft rather 

than a hobbyist model. Write down what this might mean for the aircraft, its 

reliability and quality. 

• You are given some information about possible users of the product. What does 

this mean in terms of how the product will be used? Will the customers want to 

do lots of servicing? What sort of environment might the product have to work 

in (e.g. wet weather, possible contamination from oil or fuel)? What does this 

mean for the design and the materials used? Do you need to spend some time 

researching specific materials and manufacturing techniques? 
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• You are given an estimate of the likely sales volume -what does this tell you? 
What manufacturing techniques will suit this sort of volume? Research some of 

these techniques. 
• You are told you will be leading the design on the engine mount. Make sure you 

understand what the mount does, how an engine might be connected to it and 

how it will connect to the aircraft. 
• You are also told that rigidity is likely to be an issue. Could you improve 

the rigidity of the engine mount by using different materials or a different 
geometry? Research this and find out ways to make a structure rigid. Vibration 

could also be a concern - this can cause cyclic loading and so fatigue might be a 
worry. Research the sorts of materials and features that can make fatigue more 

likely. Also remember that you are designing for an aircraft, so consider what 

other constraints there might be on any parts. 

The set task 

The case study outlined a scenario in which your company wishes to move into a 

new market for more powerful drone aircraft. A new range of aircraft models and 

components must be developed to meet this need. 

Your current engine mounts are made from folded sheet aluminium, but they lack 
rigidity and can vibrate excessively. It is recognised that you will not be able to use 

these existing mounts on the new drones with their more powerful engines and the 

high expectations of your professional users. 

Your role as a design engineer is to develop an effective engine mount for the 

new drones, which are intended to be high-quality professional aircraft and will be 

expected to provide many years of reliable service. 

It is expected that the engine will need servicing over time and that it ought to be 

possible to carry out routine servicing with the engine in place, but that engine 

removal should also be possible for more comprehensive overhaul. 

You are expected to produce a redesigned engine mount for use in the drone aircraft. 

You will need to record your design planning, design decisions, concepts, drawings, 
and so on in your task book, which will be taken in for assessment. 

Client brief 
Your company has surveyed 16 potential customers regarding how important they 

think various aspects of the drone are (see Table 3.17). For each factor they were 
asked to score the importance out of 5, with 5 representing high importance and 0 

meaning of no importance. 

~ Table 3.17 Customer survey scores 

-
Customer 

~- --
Factor 1 2 3 4 5 6 7 8 9 10 11 

r-- -
Reliability 5 3 3 5 5 3 z 5 5 5 3 

--· - ,___ - - ---·. - -
Ease of use z 3 4 1 5 4 3 z 5 4 3 -
Low price 1 z 3 z 1 4 3 z 1 1 z 

~ ~ ---- -
Advanced functions 1 z 1 1 1 z z 1 0 z 5 

.~ 

~ -- -
12 13 14 15 16 

-
4 4 4 3 5 

--- - -- -
z 3 4 3 4 

--
3 z 3 z 3 

5 1 1 z 4 
--
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Here are some details about the engine in the new drone: 
• four-stroke air-cooled petrol engine 

• volume 30 cc 
• maximum output 2.68 HP/9000 rpm 

• weight 1400 g including exhaust. 

Details of the locations of the mounting holes for the interface with the engine 

and the bulkhead can be seen in the diagrams (Figure 3.31). 

Engine Bulkhead 

I 

E 
E 

'"<!" 
\0 

· ----~} 
4 mounting holes 

in bulkhead 
5.3 mm diameter 

i 

46mm 

E 
E 

'"<!" 
\0 

4 mounting holes 
on engine block 
5.3 mm diameter 25mm 30mm I 

~ Figure 3.31 Diagrams of the engine mount, showing dimensions and the locations of the 
mounting holes 

Activity 1 
At the start of the task, create a short project time plan in your task book. 

During the development process you should also record: 

• why changes were made to the design during each session 
• action points for the next session. 

Total for Activity 1: 6 marks 

Activity 2 
Interpret the client brief into operational requirements, which should include: 

• product requirements 
• opportunities and constraints 

• interpretation of numerical data 
• key health and safety, regulatory and sustainability factors. 

Total for Activity 2: 6 marks 

In this activity you demonstrate that you understand what your product needs 

to do. It can help to break the requirements down into key general areas and 
identify other more specific criteria within each area. 

• Physical requirements: 
• must securely support engine 

• must utilise standard engine and bulkhead screw locations 
• must attach to the aircraft via a bulkhead 
• must transfer propellor thrust from engine through to aircraft 

• must dampen vibration from engine 
• must ... 
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In the real assessment 
you will have ten hours 
to complete the entire 
task, spread over a 
number of sessions. 
You will only be allowed 
the six sides of notes 
you prepared earlier. 
Try to l1m1t yourself to 
using what you have on 
these sheets and in your 
head. In the supervised 
assessment sessions 
you wtll not be able to 
carry out any add1t1onal 
research. 

Read ahead carefully 
to see what you will be 
expected to do over 
the entire assignment, 
and d1v1de up your 
time accordingly. Your 
tutor should give you 
the schedule for your 
sessions, so use this 
1nformat1on to organise 
your time. 



• Assembly and servicing requirements: 
• must allow for efficient assembly 
• must allow for easy removal of engine 

• must allow for easy access to serviceable and adjustable elements of 
engine. 

• Manufacturing requirements: 

• must be cost-effective to manufacture 

• must be easy to assemble if produced from multiple parts. 

Refer back to Section Bl for other general areas to consider. 

Look at the data collected from users (such as the information in Table 3.17). 
Plot the data in an appropriate graph or complete some other statistical 

analysis to get a feel for what your customers want from the product. For 

example, you may find the customers value reliability more than a low purchase 

price. 

You also need to consider other constraints. For example: 

• The engine mount is to go in a small, unmanned aircraft, so weight is likely 

to be a key factor. 
• The mount may also be subject to fuel and oil splashes, as well as the 

possibility of rainwater, so you may wish to include relevant constraints. 
• The mount needs to be safe - failure in use or during start-up could cause 

injury to users. 

On completing this actrv1ty you should have formulated a clear 
description of what 1s required of your product, and this should be 
refer-red to continually as you develop your design proposal. 

Activity 3 
Produce a range of initial design ideas based on the client brief, to include: 

• sketches 
• annotations. 

Total for Activity 3: 9 marks 

Try to generate as many different concepts as you can, with supporting 
sketches or drawings. Use morphological analysis (Section Cl) to help you if 

you're struggling to come up with ideas, or try imagining how you might make 

the mount if it were to be cast, machined, moulded or assembled. 

Activity 4 
Develop a modified product proposal with relevant design documentation. The 
proposal must consider: 

• a solution 

• existing products 
• materials 

• manufacturing processes 
• sustainability 

• safety 
• other relevant factors. 

Total for Activity 4: 30 marks 

Make sure that you add 
notes to each concept 
you have generated 
to draw out the key 
features of the proposal. 
Focus on getting the 
idea across and do not 
worry 1f your sketches 
lack polish. 
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From your two or three best concepts, decide which one you will take forward 

as a formal proposal. Try using a weighted matrix evaluation, comparing each 

proposal against key design criteria. Make sure that you can also justify why 

your design is better than the existing product. 

Write your explanations and justifications down in your task book. It should be 

clear to someone reviewing your work why you chose the approach you did. 

Think carefully about the material you will use for making the mount - this 

will have functional, manufacturing, cost and sustainability implications. 

Your documentation should show clearly that you have considered these 

implications and can justify your choice of material. 

The basic concept is likely to need some work to turn it into a product that can 

be produced commercially in the required numbers. One option that could be 

viable for the mount is to use casting or moulding, in which case you would 

need to consider draft angles and the way the mould is split. 

This act1v1ty 1s worth half the total marks for the assessment, so make 
sure you do 1t as completely and correctly as you can. The end result 
should include a detail drawing (or drawings) of the part, with all key 
d1mens1ons marked, a material spec1f1ed and a plan for manufacture. 
Don't forget to consider the end-of-life options for the drone and your 
mount. What will happen to 1t? Will the part be easy to remove? Can 1t 
be recycled? 

Activity 5 
Your final task book entry should evaluate: 

• the success and limitations of the completed solution 

• the indirect benefits and opportunities 

• the constraints 

• opportunities for technology-led modifications. 

Total for Activity 5: 9 marks 

Review your proposal against your design specification. Be clear about where 

you think it has succeeded, but also be honest about where you think it may be 

more marginal or where conflicting constraints could not be resolved as well as 

you would have liked. 

See if you can think of any indirect benefits of your design. For example, 

it may be that the design of the mount enables a range of engines to be 

accommodated, simply by placing the mounting holes in slightly different 

locations. 

What constraints still exist? For example, in this brief you were asked to design 

an engine mount, but by looking at the drone as a whole it might be that a 

separate engine mount is not needed and it can instead be made an integral 

part of the aircraft fuselage. 

Could there be opportunites for a more refined design if new materials become 

available? 
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