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Introduction


This book has been designed to help you develop the knowledge, understanding and practical skills you’ll need to complete the OCR Cambridge National in Engineering Design (J822) qualification. It will give you an insight into what it is like to work in the engineering design and development industry. You will learn how to use both 2D and 3D engineering techniques to communicate engineering design ideas and how to design new products to meet a design brief.

The qualification includes three units; all of these are covered in this book and you must study all three units.

R038 Principles of engineering design

In this unit you will learn about the different stages involved in the design process. You will learn about different designing requirements and how to communicate design outcomes and evaluate design ideas.

This unit is assessed by a written exam, which is set and marked by OCR. Your teacher will tell you when you will complete this exam. The exam will last one hour and 15 minutes and will have two sections – Sections A and B:


	●  Section A includes 10 multiple choice questions and is worth 10 marks; and


	●  Section B has a mixture of short answer questions and extended response questions. This section has 60 marks.




R039 Communicating designs

In this unit you will learn how to communicate your design ideas using a range of techniques, including manual production of freehand sketches and engineering drawings, as well as using computer aided design (CAD).

This unit is assessed by an assignment that includes four practical tasks you will need to complete. It will take you 10–12 hours to complete the assignment. There are 60 marks available.

R040 Design evaluation and modelling

In this unit you will learn how to model design ideas and test them as well as how to evaluate products.

This unit is assessed by an assignment that includes six practical tasks you will need to complete. It will take you 10–12 hours to complete the assignment. There are 60 marks available.
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How to use this book


This textbook contains all three units for the redeveloped Cambridge National Engineering Design Level 1/Level 2 qualification (J822).

These units are:

	●  Unit R038 Principles of engineering design


	●  Unit R039 Communicating designs


	●  Unit R040 Design evaluation and modelling




Each unit is divided into topic areas. All of the teaching content for each topic area is covered in the book.

Key features of the book

A range of learning activities are included in the Student Book. They can be used flexibly to embed and supplement learning.

Each chapter (or unit) begins with flexible reference material. This content can be used to introduce the unit, the topics covered and the method of assessment. It will also help to empower the students to take control of their own revision and assessment preparation.
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Topic areas

A clear statement of the topic areas so you know exactly what is covered.
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How will I be assessed?

Assessment methods are clearly listed and fully mapped to the specification.



There is also a range of in-chapter learning features to support your teaching.

Each of these learning features is showcased in the sample chapter, so you can consider how you will use them in the classroom and with your students.
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Getting started

Short activities to introduce you to the topic.




Key terms

Definitions of important terms.
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Activities

Short tasks to help you understand an idea or assessment criterion.




Case study

Real-life scenarios to show how concepts can be applied to businesses.
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Research

Activities that draw on the content covered in the book, to reinforce understanding.




[image: Image]

Test your knowledge

Questions to test your knowledge and understanding of each learning outcome. Answers can be found online at: www.hoddereducation.co.uk/cambridge-nationals-2022/answers
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Synoptic links

Links to relevant details in other parts of the book so you can see how topics link together.
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Practice questions

This feature appears in Unit R038, which will be assessed via an exam. It includes practice questions, mark schemes and example answers to help you prepare for the exam. Answers can be found online at: www.hoddereducation.co.uk/cambridge-nationals-2022/answers
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Assignment practice

This feature appears in other units and will help you prepare for non-examined assessment with model assignments, mark schemes and tips.








Unit R038
Principles of engineering design
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About this unit

This unit will help you to understand different design strategies and the stages involved in designing products. You will discover what information is needed to produce design briefs and design specifications. You will focus on iterative design, which is one of the most widely used design strategies, and look at other design influences, including market demand, sustainability and manufacturing. Finally, you will learn how designers communicate their ideas using engineering drawings, and virtual and physical prototypes.
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Topic areas

In this unit, you will learn about:


	1  Designing processes


	2  Design requirements


	3  Communicating design outcomes


	4  Evaluating design ideas
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How will I be assessed?

You will be assessed through a written exam paper set and marked by the examination board. The exam will last 1 hour and 15 minutes. You must answer all the questions.




Topic area 1 Designing processes
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Getting started

Think about a product that you use every day. This could be something complex, like your laptop or mobile phone, or a simpler product, such as a plastic bottle or your toothbrush.

In pairs, discuss some of the key product features that would have been added to the design based on the needs of the user.



1.1 The stages involved in design strategies

There are many different design strategies. A designer chooses the most appropriate strategy for the product being designed. Design strategies follow a design process. Designers need to go through a series of stages as part of the design process to enable products to be created successfully. The design process needs to be structured and organised to allow for efficient design of the product.

Linear design

The linear design process involves a series of stages that are carried out one after the other, as shown in Figure 1.1. There can be more or fewer stages in the process, but the basic stages to get to a final design are: exploring the problem, researching, generating design ideas, producing models, testing, evaluating the design and making final modifications. In linear design, each step must be completed fully before moving on to the next step. This process allows designers to correct some design errors, but usually they cannot go back to a previous stage once finished. This means that any errors in the design might not be corrected, so the product might not always be the best design solution. However, it is one of the simplest and quickest design strategies.


[image: image]
Figure 1.1 Linear design


Key terms

Design strategy A series of stages that are part of the design process.

Design process A series of stages that designers and engineers use in creating functional products.

Linear design A design process where the stages are carried out one after another, often without turning to any of the previous stages.



Iterative design

Unlike linear design, in the iterative design process, each of the stages (sometimes called phases) is revisited and reflected upon regularly to improve and refine design ideas. This ensures that the product meets the needs of the user and satisfies the design brief. It also makes sure that the requirements of the client (who commissioned the design) are met. If manufacturing is also considered as part of the process, then it is also possible to make sure the product can be economically and sustainably manufactured.

Iterative design is a circular design process that models, evaluates and improves designs based on the results of testing. An example of the iterative design cycle is shown in Figure 1.2.


Key terms

Iterative design A circular design process that models, evaluates and improves designs based on the results of testing.

User Person or people who will use the final product.

Client Person, group of people or company that has commissioned the development of a new product.

Design cycle A set of processes, split into four phases, that designers follow to ensure efficient and effective product development.



A typical iterative design cycle includes a series of phases:


	●  Identify – analysing the design brief, carrying out research and planning


	●  Design – generating design ideas, including sketches and drawings, writing a design specification


	●  Optimise – producing prototypes and making design improvements


	●  Validate – testing designs, reviewing design decisions and comparing final design against design brief and design specification.
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Figure 1.2 Iterative design


As the process is iterative, the designer makes modifications to the design throughout the design process. However, the complete design process might take longer than linear design depending on how many times the designer needs to go round the cycle. At some point, the designer will need to complete the design due to the time and budget allowed for designing the product. The iterative design process will be covered in more detail later in this unit.

Inclusive design

Inclusive design is a design process in which a product is optimised for a specific user with specific needs. Sometimes, this user is called an extreme user, which means that they have specific needs that are often overlooked with other design processes. An example is the wheelchair user in Figure 1.3, who will have different needs for products to accommodate their different abilities. Designing products particularly for their requirements is an example of inclusive design. This might be more time-consuming to get the design right, but there are often many benefits to the user. Highly specialised products might also have a limited number of potential users, so the cost to manufacture those products and the selling price might be higher due to low production quantities. However, taking an inclusive design approach often has advantages for other users too. For example, adding ramps for wheelchair users in public buildings makes access easier for other user groups, such as parents with pushchairs and site maintenance staff.


Key terms

Budget Amount of money allocated by a client or company to develop a product.

Inclusive design A design process where a product is optimised for a specific user with specific needs.

User-centred design A design process where the designer focuses on the user and their needs in each step of the design process.
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Figure 1.3 Wheelchair users require inclusive design


User-centred design

User-centred design is another example of an iterative design process in which the designer focuses on the user and their needs at each step of the design process. It involves consulting with users throughout the design process using a variety of research methods and design techniques, to create highly usable and accessible products. Figure 1.4 shows a typical user-centred design process. It is important to understand clearly where and how the product will be used and the specific requirements of the user throughout the design process. As it is an iterative process, the designer will often return to these requirements throughout the design of a product to make refinements and improvements. Advantages of this design process include creating products that perfectly match the needs of the target user. However, the time to complete all stages of the design might be longer than other design processes. Also, a product specially designed for a particular user or limited group of users might be more expensive if it is only manufactured in small quantities. Examples of highly user-centred products are smart watches and computer apps.
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Figure 1.4 User-centred design

Sustainable design

Sustainable design is a design process that aims to reduce the negative impacts of a product on the environment. The main objectives of sustainable design are to reduce the use of non-renewable resources, to minimise waste and to create products that are manufactured and operate using less energy. This can be achieved by designing products that use fewer precious resources in their manufacture and operation, and products that can be reused, repaired and easily recycled. When designing products with sustainability in mind, the designer might have to make compromises to the design, such as selecting different materials and making the product function in less optimal ways. Sustainable products might be more expensive due to the technology and manufacturing techniques required to produce them. An electric car (Figure 1.5) is an example of a product designed for sustainability which is appealing to customers but that is also relatively expensive to buy due to the lightweight materials and battery technology required. However, consumers often prefer products that have been designed for sustainability, which can improve the reputation of the manufacturer and increase sales.

[image: image]
Figure 1.5 Electric cars are an example of a sustainable product


Ergonomic design

Ergonomic design is the process of designing products so that they perfectly fit the people who use them. It aims to improve products to minimise the risk of injury or harm, and to make them easier to use. Ergonomics uses anthropometric data (which we will learn more about later in this unit) to determine the best size, shape and form of a product. The office chair shown in Figure 1.6 has been designed to fit the user perfectly and to be easy to adjust so that it reduces the risk of being harmed when in use. It is an example of ergonomic design. To carry out ergonomic design, the designer needs to know the target user and data about them, so the design process can take longer. Also, if the product is designed for a particular group of users, then this might limit its selling potential and the selling price of the product might need to increase due to the reduced quantity being manufactured – for example, a pair of scissors designed for left-handed users would only appeal to approximately 10 per cent of the population.

[image: image]
Figure 1.6 Ergonomic office chair



Key terms

Sustainable design A design process where the designer attempts to reduce negative impacts of a product on the environment.

Sustainability Meeting current needs without preventing future generations from meeting their needs.

Sustainable When something is used in a way that ensures it does not run out.

Ergonomic design A process for designing products using anthropometric data so that they perfectly fit the people who use them.

Ergonomics Science of designing products so that users can interact with them as efficiently and comfortably as possible.

Anthropometrics Study of the measurements of the human body.
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Activity

Draw a table and summarise the key characteristics, advantages and disadvantages of each of the different design strategies. The first one has been done for you.










	
	
Key characteristics


	
Advantages


	
Disadvantages





	
Linear design


	
	●  Step-by-step process, moving from one step to the next


	●  Each step must be completed before moving onto the next


	●  Cannot usually go back to previous stages





	
	●  Perhaps the quickest and simplest design process





	
	●  Errors in design cannot always be corrected so the final design might not be the best








	
Iterative design


	
	
	



	
Inclusive design


	
	
	



	
User-centred design


	
	
	



	
Sustainable design


	
	
	



	
Ergonomic design
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Test your knowledge

What are some of the characteristics of the following design processes?

	●  linear design


	●  iterative design


	●  inclusive design


	●  user-centred design


	●  sustainable design


	●  ergonomic design.






1.2 Stages of the iterative design process

As we saw in the previous section, designers often use an iterative design process involving a design cycle to give structure and sequence to the process of creating a new product. By defining this structure, designers can ensure they have all the information they need at each stage of the cycle to avoid costly and time-consuming changes to the design.


Key term

Target market Group of people at whom the product being developed is aimed.



The design cycle (Figure 1.2) has four phases:

	●  identify phase


	●  design phase


	●  optimise phase


	●  validate phase.




At the completion of each phase, the designer can review the development of the product to ensure it meets the design brief, is in line with client and user requirements and is still on track to be completed on time and within budget. The designer might make several cycles of the design process, or move back and forward between phases before arriving at the final design.

If designers do not follow such an organised process, they risk spending large amounts of time developing a product that does not meet the expectations of the client, user or target market. They may then have to return to earlier stages of the cycle to make changes, which would make the design process less efficient and result in delays. In extreme cases, designers and businesses may even launch products that are not successful, which can negatively affect sales and the company’s reputation.

Design

Identify phase

The first phase of the design cycle:

	●  ensures the designer has a clear understanding of the requirements of the design brief


	●  defines client and user needs by carrying out research


	●  considers the processes to be followed throughout the development of the design (process planning).




For the designer, this phase confirms client and user expectations of the completed product and gives them an understanding of the market and which competitor products already exist. It also allows the designer to define the scope of the project, taking into consideration both design and manufacturing processes as well as the costs of product development, to ensure it can be completed on time and within budget.

Analysis of the design brief

A design brief is either supplied by the client or developed as a collaboration between the client and the designer. It sets out requirements for the product that is going to be designed. It also describes the problem that needs to be solved and includes the main features or characteristics that the product must have to be successful.

The designer needs to think through the requirements of the brief to ensure they fully understand:

	●  what the product must do


	●  who will use the product


	●  what the client expects from the product.




It is important that the designer and the client agree on the requirements of the brief before conducting research and starting to design the product. This allows the designer to research appropriate areas, such as the target users and product needs. If these requirements are not clearly defined, the designer could easily begin to develop a product that is not fit for purpose.

[image: image]
Figure 1.7 A designer working with a client


Carrying out research

Carrying out research is an important part of the initial phase of the design cycle. It allows the designer to explore and confirm the needs of the client and the user, and therefore ensure the product meets those requirements.

If a designer produced a design without first researching client and user needs, they could make decisions about the product that were incorrect. This could result in expensive product development requiring large changes, or even a product that was unsuccessful when put on sale. Research is also important so the designer can find out what the product needs in order to function as required.

First, the designer should consider issues such as where the product will be used (the working environment) and how the user will hold or interact with the product (ergonomics).


Key terms

Manufacturing process Stages through which raw materials go in order to be transformed into a product.

Working environment Place where a product will be used or situated during operation.



They could then research what materials are available, what components could be used or what products currently exist on the market that offer similar solutions.

By carrying out this research early in the design cycle, it is possible to make informed decisions about the design of the product, such as how the geometry of the product will allow certain materials or manufacturing processes to be used.

Types of research

There are two main types of research that can be carried out by the designer: primary and secondary. These are covered in more detail, and you will perform your own product research activities, in Unit R040.

Primary research is original research that is conducted first hand, so in this case the designer would conduct the research themselves. Examples include:

	●  questionnaires


	●  surveys


	●  focus groups


	●  interviews.




The advantage of primary research is that it provides current, up-to-date information that is specific to the designer or company, and this can give the company an advantage over its competitors. However, it can also be time-consuming to complete, and if the number of people questioned, surveyed or interviewed isn’t large enough, the results can be misleading (biased).

Secondary research is where information is gathered from sources that already exist. Examples include:

	●  books/magazines


	●  the internet


	●  published statistics


	●  existing products


	●  data sheets – for example, material information.




The advantage of secondary research is that it can be gathered easily, quickly and cheaply compared with primary research. However, it is unlikely to provide information that is specific to the designer’s client or user. It may also be out of date, and because it often uses freely available information, it may not provide a competitive advantage.

The design brief will be based on a wide range of information from many different sources. The initial problem may be identified by the client or could be the result of consumer feedback.

To define the brief in greater detail, the designer and client may gather a range of different information through various research methods and sources.


Key terms

Components Parts or elements of a larger assembly.

Geometry Shape of an object.

Primary research Gathering original information first hand – for example, carrying out interviews, experiments, questionnaires and surveys.

Secondary research Gathering information from sources that already exist – for example, using books, newspapers, magazines and the internet.



[image: image]
Figure 1.8 Primary research can be carried out in a focus group


Market research

A good starting point for designers to gather data is to carry out market research. The client will generally have an idea of the target market when they begin initial discussions with the designer. This is important because it will help the designer to target their research at the appropriate market.

The designer may gather information about the market by using focus groups or distributing surveys.

Focus groups

A focus group is made up of people who are potential customers for a new product. They are invited to discuss their views and opinions on their wants, needs and preferences for the product. They may be given prototypes to review, asked for their thoughts on existing products or asked about what they would like to see included in future products released by the company.

Participants are selected because their profile (personal information) shows that they would be potential customers. However, it is important that the focus group does not become a stereotype of the perceived target market. Stereotypes can be misleading and not reflect the true nature of the target market. If the range of people in the group is too narrow, this may lead to fewer new ideas and suggestions and could limit the scope of the future market. At the same time, if the group is too broad, opinions gathered may not reflect the actual needs of future users.

Although using a focus group sounds quite simple, it can be difficult to ensure the group is made up of appropriate people and that it is inclusive and provides a range of opinions. It may be useful for a designer to use several different focus groups to ensure they gain a range of views.

Surveys

A survey is another method of gathering information from potential customers within the target market to gain their views and opinions on a new product.


Key terms

Market research Process of gathering information about the needs and preferences of potential customers.

Focus group Group of people invited to discuss their views and opinions on their wants, needs and preferences for a new product.

Survey Tool used to gather data from particular groups of people that will inform the direction of a design.

Prototype Model of a component or product created either in a software package or physically that can be used to test or check the design.



Surveys generally take the form of a questionnaire. They may be completed face to face or in written format, either on paper or online. Surveys can be distributed and repeated easily and therefore they are considered a cost-effective way of gathering information.

Surveys can focus on key groups of individuals or be more general to gain a wider view of what the general population thinks. They can also vary in duration. Some surveys are carried out over a long period of time to gain a large amount of data. The timescale of the survey depends on the development time for the product. The data gathered can then be used to make decisions about the design of the new product.

As with a focus group, it is important to ensure the information gathered is relevant to the product being developed and represents appropriate views from the potential target market.


[image: Image]

Activity

Create a survey to gather people’s views on a new design for one of the following products:

	●  a console game controller


	●  a desk chair


	●  a hairdryer.




Consider the type of people you will ask and what questions you would include to gain accurate information to inform the design.



The results of focus groups and surveys, alongside other information, can be used to define the needs of the target market. For example, the target market may require a low-cost solution, and this will have an impact on the manufacturing processes or materials that are used.

Changing consumer trends

A consumer trend is a pattern that occurs in the sales of particular products or in the behaviour of consumers. A product that is currently in trend will be extremely popular on the market and so generate high sales. For example, the introduction of wearable technology and smart watches has been a popular consumer trend, with large numbers of businesses releasing variations onto the smart-watch market.

Consumer trends change and evolve and can last for different periods of time. It is important that designers and companies understand current consumer trends and how they may change in the future. If a new consumer trend can be predicted, companies can take advantage of it by developing and releasing new products at the best time to ensure maximum sales.


Key term

Trend Pattern of change that can be used to predict how the demands of a market are developing.



[image: image]
Figure 1.9 Smart watches are an example of a consumer trend
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Activity

In small groups, think of products that have been part of a consumer trend.

	●  Is the product still popular?


	●  What trends are appearing in the market now?






Ergonomics and anthropometrics

Ergonomics is the study of how people interact with the objects they use and the environments they use them in. Designers will often use tables of data (called anthropometric data) showing measurements of the typical human body when designing to ensure that products are the correct size for the user they are being designed for. Ergonomics and anthropometrics are covered in more detail in Topic area 2 of this unit.

[image: image]
Figure 1.10 Anthropometric data can be used when designing helmets


Analysis of existing products

Many products released onto the market are not completely new inventions but instead variations of products that already exist. For example, several companies have smart phones on the market with similar features.

Designers often look at competitors’ products to gain a greater understanding of what is currently selling well, what features they include and where there are opportunities for improvements. They can then try to create an improved product and gain a competitive advantage when it launches onto the market.

Analysis of competitor designs may take place so that strengths and weaknesses can be identified. This analysis may look at the aesthetics of a product as well as how it functions, or it may include an analysis of the manufacturing process to see where improvements can be made or costs can be saved. Designers may use focus groups or surveys that focus on competitors’ products.

ACCESS FM

Designers will often use tools to analyse existing products and to carry out research when designing new products. One commonly used tool is ACCESS FM. This stands for Aesthetics, Cost, Customer, Environment, Size, Safety, Function and Materials. Using these headings, and a series of questions, it is possible to research products systematically and to compare the relative strengths and weaknesses across a range of similar products.

Product disassembly

Designers will often consider how existing products have been manufactured and the materials they are made from and use this information to inform their own designs. They may carry out a product disassembly – this involves taking the product apart to examine the materials, parts and components that have been used to produce it.

Product analysis using techniques such as ACCESS FM and safe product disassembly is covered in more detail in Unit R040.


Key terms

Aesthetics How well a product appeals to the senses.

ACCESS FM Acronym for Aesthetics, Cost, Customer, Environment, Size, Safety, Function and Materials; a product analysis tool.

Product disassembly Taking a product apart to look at the materials, parts, components and fixings that have been used.



[image: image]
Figure 1.11 Product disassembly



[image: Image]

Activity

In pairs, consider a product that you both use on a regular basis – for example, a smart phone, laptop or even a rucksack or bag. Discuss what you think are the strengths and weaknesses of your product against those of your partner’s:

	●  Do your products share similar strengths?


	●  Does one product have strengths that are weaknesses in the other?


	●  How might you address the weaknesses while maintaining the strengths in a new design?


	●  Are there other products on the market that have different strengths or weaknesses?






Process planning

In order to create a successful final product on time and within budget, a designer needs to set out the processes they will follow throughout development of the design – this is called process planning.

For example, they need to consider the manufacturing processes that could be used. This needs to happen early in the design cycle, so that the designer can work out how long the design will take to complete and manufacture. It is also essential that the manufacturing process is considered before the physical design of the product takes place because specific manufacturing processes require certain component geometry in order to work. If a designer has not decided which manufacturing process to use, they may design components or products that cannot be manufactured.

A designer may also consider how they will prototype the product, what testing they may require and how the product would need to be maintained.

By setting out all these processes, a designer can create a timeline for production of the design, from initial concept through to final manufacture, allowing them to define the timescale (how long it should take) and calculate costs. This will result in a project plan that the designer, manufacturer and client can use to monitor progress against the timeline. It will also include checkpoints at various stages of the plan, so that the product can be reviewed against targets, such as budget and timescale for delivery.


Key terms

Process planning Where all activities required to complete the development of a new product are defined with timescales assigned, to ensure the product can be delivered on time and within budget.

Design specification Detailed document that defines all the criteria required for a new product.

Concept sketching Producing drawings quickly and often by hand in order to explore initial design ideas.



Design phase

The second phase of the design cycle is the design phase, where the designer:


	●  uses all the information they have gathered to create a design specification


	●  carries out the physical design of the product


	●  creates detailed engineering drawings and manufacturing plans for the product.




Production of an engineering design specification

Once the designer has gained a clear understanding of the design brief and has carried out research to define client and user needs, they then use the information they have gathered to produce an engineering design specification.

A design specification is a detailed document that contains all the information about the product being developed. It is created at this stage because it provides information about the physical design of the product. It provides a set of guidelines that the designer can follow and refer back to throughout the design process, to ensure the design is in line with these. It is usually presented as a list of factors that must, should or could be met.

The criteria included in a design specification are covered in Topic area 2 of this unit.

Generating a range of design ideas

There are usually many ways to solve a design problem. For example, look at the variation of designs in mobile phones, cars and sports shoes. The specifications for the products may have been very similar, but the materials and aesthetics of the final products can vary hugely.

A designer generates a range of initial design ideas that explore lots of different solutions to the design challenges and possible variations to the design. This is called concept sketching. The designer shares these different concepts with the client or gets feedback from the user, rather than spending a long time developing a detailed design and then finding out that the client wants to make changes. This makes the process of developing the design more efficient by avoiding costly and time-consuming modifications later on.

In order to generate these design ideas quickly, a designer will tend to use freehand 2D and 3D sketching. Sketches:


	●  are quick, easy and cost-effective to produce and modify


	●  can easily be shared with the client and user to gain feedback on the design


	●  do not require expensive software packages or time-consuming 3D modelling processes.




Once there is a chosen design, designers may begin to use software packages to refine it. These may include graphical sketching packages or more engineering-focused 3D computer-aided design (CAD) packages. At this stage, the development of the design should focus more on producing a visually accurate representation of the product, or on working out how a mechanism or particular function of the product works. Detailed design work happens later in the development process. See Unit R039 for more details on sketching and presenting design ideas.

[image: image]
Figure 1.12 Example of concept sketching



Key terms

Computer-aided design (CAD) Using computer software to develop designs for new products or components.

Mechanism Set of components that work together in a product to carry out a function.
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Activity

Develop some concept sketches for new designs of the following products:


	●  a sports water bottle


	●  a smart watch


	●  a computer mouse.




Try using different techniques for your sketches – for example, using pencil and then pen, or adding colour. Include annotations to explain the key functions or features of your designs.



Selection and justification of chosen designs

Having generated a range of design ideas, the designer can consult the client to select those they prefer and those that are most suitable based on the specification, timescale and budget.

A designer will consider a wide range of criteria to justify which ideas are selected for more detailed development:

	●  In consumer products, aesthetics is usually important to ensure successful sales, so this may be one of the main reasons a design is selected for further development.


	●  In an engineering context – for example, automotive or aerospace components – the main factor may be the cost of the manufacturing process or the performance of the chosen design, such as strength or weight.





[image: image]
Figure 1.13 Examples of consumer products
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Figure 1.14 Examples of engineering components


Presentation of chosen designs

The way in which a design is presented to a client should help them to understand how a product will function and what it will look like.

The presentation of a final design depends on what a product is being designed for:


	●  A new design of kettle will be sold to consumers, and therefore the aesthetics of the product will be an important part of the presentation to the client, alongside its function or features.


	●  A new design of turbine blade for a jet engine will need to show its functional advantages over previous designs (for example, increased strength, lighter weight or improved efficiency), but its appearance is less important.




In both cases, more detailed 3D CAD models would be produced at this stage:

	●  For presentations on aesthetics, this allows the designer to produce rendered imagery that showcases the product with accurate materials, finish and lighting.


	●  For engineering solutions, this allows the designer to work out the key characteristics of the component or product





Development of planning and engineering drawings
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Manufacturing plans




























Make and evaluate

Modelling/producing a prototype


Optimise phase
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Virtual modelling of design ideas
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Physical modelling of design ideas
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Error proofing


Error proofing as a function of the final product
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Error proofing during manufacturing




Error proofing to protect users



Validate phase


	

	

	

	

	



Justification of design decisions




Testing the design



Market testing










Product testing


	

	



Physical testing
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Virtual testing


















Comparing the design solution against the requirements of the design brief and specification




Evaluating the impact of the design solution
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Topic area 2 Design requirements
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2.1 Types of criteria included in an engineering design specification

Needs and wants


	

	











Situation and context
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Needs of the client









Quantitative and qualitative criteria


	

	








	

	

	

	





Product criteria included in the design specification (ACCESS FM)


	

	

	

	

	

	

	

	

	

	

	

	










A: Aesthetics
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C: Cost


	

	






	

	

	

	

	















C: Customer


	

	

	

	

	










	

	

	






E: Environment







	

	

	

	

	














S: Safety
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S: Size




Tolerance

















Ergonomics


[image: image]




[image: image]



[image: image]








Anthropometrics
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F: Function
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M: Materials
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Eco-materials










Recycled materials
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Recycled metal



Recycled polymers




Recycled glass, textiles and paper


	

	

	



New and emerging materials


Modern materials
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Smart materials
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Composite materials
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Improvements in materials
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Manufacturing



Ease of manufacture


Standard components



Pre-manufactured components
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Design for manufacturing and assembly
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Design for disassembly
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Robotic manufacturing and assembly




	

	







	

	
	

	




	

	

	

	





2.2 How manufacturing considerations affect design



Scale of manufacture



	

	

	




One-off production
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Batch production
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Mass production
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Automation
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New manufacturing processes









	

	

	






Material availability and form









	

	

	





	

	

	

	

	

	

	










	

	

	

	

	



Types of manufacturing processes


	

	

	





Wasting
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Shaping
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Shaping by casting
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Shaping by moulding
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Shaping by machining
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Shaping by additive manufacturing
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Forming
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Joining
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Finishing
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Assembly







[image: image]



	

	

	





Production costs



	

	

	

	

	
























	


	





	


	





	


	





	


	





	


	







	

	





Labour


Capital costs





	

	

	

	

	





2.3 Influences on engineering product design



	

	



Market pull



Technology push
















Cultural and fashion trends
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British and International Standards














	

	

	





British Standards
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United Kingdom Conformity Assessment (UKCA)
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European Conformity (CE)
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Legislation
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Right to Repair








Planned obsolescence




	

	

	

	



Sustainable design (6Rs)





















	


	

	

	

	

	







	


	
	

	







	


	
	







	


	
	

	







	


	
	

	

	







	


	
	

	















Use of materials at end of life


Recycling materials
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Reusing products and components

















	


	
	

	

	

	

	

	







	


	
	

	

	

	

	

	


















Upcycling
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Disposal of non-recyclable materials



	

	



Sustainable engineering initiatives


















Repair



Reduce
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Refuse




Rethink











Design for the circular economy



	

	

	
























	

	

	

	
	

	

	




	









		


	

		


	

		


	

		


	

		


	






Topic area 3 Communicating design outcomes








3.1 Types of drawing used in engineering


Freehand sketching


Isometric and oblique drawings
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Orthographic drawings
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Exploded view drawings
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Assembly drawings
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Block diagrams


Circuit diagrams
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Flowcharts


Wiring diagrams
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3.2 Working drawings







2D engineering drawings using third angle orthographic projection
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Standard drawing conventions


Line types
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Projection lines
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Linear measurements
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Leader lines
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Diameter and radius
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Tolerances
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Surface finishes
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Common abbreviations


Representation of mechanical features on drawings
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3.3 Using CAD drawing software

Advantages and limitations of using CAD drawing software compared to manual drawing techniques
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Topic area 4 Evaluating design ideas





	

	

	





4.1 Methods of evaluating design ideas
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Production of models


Qualitative comparison with the design brief and specification



	

	














	


	







	


	






	


	








	


	


	

	

	

	

	







	


	





	


	









	


	









	


	


	

	

	

	

	

	

	

	

	

	

	

	








	


	


	

	

	

	

	

	

	

	

	

	

	

	







	


	












Ranking matrices and quality function deployment (QFD)



















	

	

	

	

	





4.2 Modelling methods



Virtual (3D CAD)
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Card
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Block
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Breadboarding
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3D printing
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4.3 Methods of evaluating a design outcome


Methods of measuring the dimensions and functionality of the product

Measuring dimensions


Steel rule
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Vernier caliper
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Micrometer
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Multimeter
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Functionality










Quantitative comparison with the design brief and specification
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User testing
















Reasons for modifications and improvements










	


	







	


	
	

	

	







	


	
	

	







	


	
	

	

	







	


	
	







	


	
	







	


	
	







	


	
	



















	
	

	

	

	




	

	

	

	










		


	



		


	



		


	



		


	



		


	














OEBPS/images/01_83.jpg





OEBPS/images/01_82.jpg





OEBPS/images/01_85.jpg





OEBPS/images/01_84.jpg





OEBPS/images/01_87.jpg
(aly)





OEBPS/images/01_86.jpg





OEBPS/images/01_01.jpg
Design brief

Explore the problem

Research

Generate design ideas

Produce models

Testing

Evaluate design

Final modifications

Final design





OEBPS/images/01_89.jpg





OEBPS/images/01_00.jpg





OEBPS/images/01_88.jpg





OEBPS/images/01_03.jpg





OEBPS/images/01_89a.jpg





OEBPS/images/01_02.jpg
« Test designs

« Evaluate final design
decisions.

« Compare design against
design brief and design
specification

« Produce prototypes
« Make design
improvements

« Analyse design brief
« Carry out research
« Make a plan

Optimise Design

« Generate design ideas
« Sketches and drawings
« Write a design specification






OEBPS/images/01_05.jpg





OEBPS/images/01_04.jpg
Understand | _| specify user Design E;’a::s‘f
context of use| | requirements| solutions g
requirements,






OEBPS/images/01_07.jpg





OEBPS/images/01_06.jpg





OEBPS/images/01_09.jpg





OEBPS/images/01_08.jpg





OEBPS/images/01_90.jpg
< —

Isometric view Oblique view

P





OEBPS/images/01_92.jpg
od
@ O0000000O0CO0000





OEBPS/images/01_91.jpg





OEBPS/images/knoledge.jpg





OEBPS/images/01_94.jpg
input Output
Water devices devices Drum
temperature| ke
sensor
Safety —>| Heater
cut-out
switches 1
L
Microcomputer — |——>
—
% Water
Ll
pump
Wash
program L/ Display

selector






OEBPS/images/01_93.jpg
Yoo 8






OEBPS/images/01_96.jpg
SPARK PLUG

(D\ Y ENGINE STOP [ =
o SWITCH
ENAINEY _
EIG G “col
HLH
BER GRIY BIY TAIL LIGHT
(12 3.4w)
e
I}
R B T R
>3 .
G G 1
RN
b e
w W
! v [ ]
NEEES
¥ sty ‘
bt o ) 1
777 EO e
- B o HEADLIGHT
— R R Q(wzvsw\m
AC GENERATOR =
\,
WIRING DIAGRAM DRAWNBY | CHECKED | DATE SCALE | SHEETNO.
8184 WIRING DIAGRAM






OEBPS/images/act.jpg





OEBPS/images/01_95.jpg
-9 N
LOR 8
by 4 [VCC R1
( / R q 47K
B1 T b SOy E%OR
6V_i . 2 iR Tyl I
T GND
R3 Ll €1 D1
47K| ——1oon |! e VAT






OEBPS/images/01_10.jpg
[ ||
t
;
22 3 gfmuon 234
| E
{ N I i
[e] = |
277 >
7
2x 145 (91
(190) i | o]
woen R - Tale)
[&le aslo] il g 1 4
A /A L
WAy L 1167) ol
AOTANES PSR RTHELNUNHER
O oo S
\ |\ 7 INTZR-0303304.007 lbuchse 1
m \ 5 zpiiesin_S0 373 s dinsersten
) J 1 = |
o
s -






OEBPS/images/01_98.jpg
| THIRD ANGLE PROIECTION

Top view )

. Projection lines

Front view Right view





OEBPS/images/01_97.jpg
4 3 2 1

Top view THIRDANGLE PROJECTION]

\) I

é;' Section ALA

Isometric view 20 Sectional view
A—>!

25
[P

[All dimensions in mm] DO NOT SCALE
A—>! Name _[sig. | Tite:
%0 ' Drawn [ TAdms
1 Checked [P Vaenthe Bracket
Front view Right view [Approved] & Regnolds
MATL owe
Aluminium o1 | A3
S 17






OEBPS/images/asses.jpg





OEBPS/images/01_12.jpg





OEBPS/images/01_11.jpg





OEBPS/images/01_99.jpg
1op view

Front view Right view





OEBPS/images/01_14.jpg





OEBPS/images/01_13.jpg





OEBPS/images/01_16.jpg
2 % oy
e 1

Disposal

Material processing

Pocvtie &

Manufacturing/assembly






OEBPS/images/01_15.jpg





OEBPS/images/01_18.jpg





OEBPS/images/01_17.jpg





OEBPS/images/01_19.jpg





OEBPS/images/01_21.jpg





OEBPS/images/01_20.jpg





OEBPS/images/01_23.jpg





OEBPS/images/01_22.jpg





OEBPS/images/01_25.jpg
B\ N\ N






OEBPS/images/01_24.jpg





OEBPS/images/01_27.jpg





OEBPS/images/01_26.jpg





OEBPS/images/01_29.jpg





OEBPS/images/01_28.jpg
[
Head ————

) Headﬁ
Shoulder . Shoulder

(hesl—“—'—y Chest
I

Waist ——— —{\ “ Waist ——E g8

High mp—‘ﬁ‘%% \ | High hip ———
Hip W Hip
Waist to ———| Waist to
knee \ knee
Knee ——1 Knee

Ankle





OEBPS/images/cover.jpg
CAMBRIDGE
NATIONAL

® % e Jonathan Adams,

‘“ — - . Alex Reynolds & Peter Valentine

{; HODDER

(eamn MORE





OEBPS/images/about.jpg





OEBPS/images/01_30.jpg





OEBPS/images/01_32.jpg





OEBPS/images/01_31.jpg





OEBPS/images/01_34.jpg





OEBPS/images/01_33.jpg





OEBPS/images/01_36.jpg





OEBPS/images/01_35.jpg





OEBPS/images/01_38.jpg





OEBPS/images/01_37.jpg





OEBPS/images/01_39.jpg





OEBPS/images/sym.jpg
5|





OEBPS/images/01_107.jpg





OEBPS/images/01_108.jpg





OEBPS/images/01_105.jpg
) Across flats





OEBPS/images/01_41.jpg





OEBPS/images/01_106.jpg





OEBPS/images/01_40.jpg





OEBPS/images/01_43.jpg





OEBPS/images/01_42.jpg





OEBPS/images/01_109.jpg
All dimensions in mm [DO NOT SCALE

Neme _[5ig it

Fawn [ Adsms v

Checked [P Valentine Bracket

Approved]A Reynolds

MATL oWeT
Aluminium o

Scle: 11






OEBPS/images/01_45.jpg





OEBPS/images/01_44.jpg
Uniform
thickness

Rounded
corner






OEBPS/images/01_47.jpg





OEBPS/images/01_46.jpg





OEBPS/images/01_49.jpg





OEBPS/images/01_48.jpg





OEBPS/images/01_97b.jpg





OEBPS/images/01_97c.jpg





OEBPS/images/01_97a.jpg





OEBPS/images/01_117a.jpg





OEBPS/images/01_100.jpg
Extension lines

Dimension line





OEBPS/images/assign.jpg





OEBPS/images/01_103.jpg
30-2 ‘





OEBPS/images/01_101.jpg
Leader lines





OEBPS/images/01_102.jpg





OEBPS/images/01_50.jpg





OEBPS/images/01_52.jpg
Stage 1
Manufacture blank
CBs

—

Stage 2
Drill all PCBs

Stage 3
—> Al components
1o all PCBs

—>

Stage 4
Solder components
into place on all
PCBs

Stage 5
Final checking of
PCBs and insert
into product






OEBPS/images/01_51.jpg





OEBPS/images/01_54.jpg





OEBPS/images/01_53.jpg





OEBPS/images/01_56.jpg
VVork rotates

P
Tool moves

at right r
angles to

the axis £

Work rotates.

Tool moves
along the
work parallel
to the axis

Work rotates

Tool moves
along at
an angle to
the axis

S

Facing off

Parallel
turning

Taper
turning

Parting off





OEBPS/images/01_55.jpg
Headstock ‘Lompounda slide
spindle

Headstock
Saddle

Apron hand
Wheel

Apron





OEBPS/images/01_58.jpg





OEBPS/images/01_57.jpg
Work table holds

material to be milled Titing head

Cutting tool — Milling cutter to

held securely cut material
in chuck

Cross
traverse
Traverse handle

handle to moves table
move table back and
sideways forth

Knee

elevating
handle raises
and lowers
table






OEBPS/images/01_59.jpg





OEBPS/images/01_104a.jpg
<

Any manufacturing Material shall Material shall
process permitted be removed not be removed






OEBPS/images/title.jpg
CAMBRIDGE
NATIONAL

LEVEL 1/LEVEL 2

w
ENGINEERING
DESIGN

Jonathan Adams,
Alex Reynolds & Peter Valentine

i, d)HODDER
Boost AN AGHETTE UK CONPANY





OEBPS/images/start.jpg





OEBPS/images/CLA_logo.jpg
MIX v

Paper from

responsible sources Copyright
FSC Fsc-cioa740 CLAL""““"‘ "





OEBPS/images/01_61.jpg





OEBPS/images/01_60.jpg





OEBPS/images/01_127.jpg





OEBPS/images/01_63.jpg
Stage 1 Stages  The pattern Is cut

through the centre
and fitted with
location dowels.

Svdd i

@L

One half of a split pattem is placed onto a
moulding board and the bottorn half of the
moulding box (the drag) is placed upside down L =
over the pattern. The pattern is sprinkled with a releasing agent
(parting powder). Sand (Petrobond) is then added
1o the moulding box and rammed around the pattem.

Ramming dolly

Sprue pins

The top half of the moulding box (the cope)
is then placed on top of the drag. The top
half of the patten is then fitted to the bottom
The top is levelled off (stricklec)

half. Sprue pins are fitted, sprinkled with
i the wholé asScmbly simed aver. parting powder, and once again Petrobond sand
is rammed around the pattern.

Stage 5 Pour metal
via sprue

The pins are then removed, the top half of the
mould taken off and the patterns are removed.
Channels are then cut to connect the runner and
riser to the mould cavity, and then the mould is
reassamblad aridis. resci for FASinE.





OEBPS/images/01_62.jpg
ity i






OEBPS/images/01_65.jpg
Plunger

Die
cavity

Stop.
Casting __

Fixed oting
block block

L Sprue

Hot-chamber high pressure die casting.
A gooseneck hot chamber is submerged
ina pot of molten metal. Metal is injected
directly from the pot via the gooseneck.

Characteristic/properties

Process Permanent mould: Molten metal is forced into a water-cooled metal mould (die) through a system of sprues and
runners. The metal solidifies rapidly and the casting is removed with its sprues and runners,

Shape 3D solid: Used for complex shapes and thin sections. Cores must be simple and retractable.

Materials Light alloys: High fluidity requirement means materials with low melting temperature are usually used. Hot chamber
Imethod restricted to very low melting temperature alloys (e.g. Mg).

Cycle time Solidification time is typically <1 second so cycle is controlled by time taken to fill mould and remove casting.

Quality Good surface texture but turbulent mould filing produces high degree of internal porosity.

Flexibility Tooling dedicated so limited by machine setting up time.

Materials utilisation

Near net shape process, but some scrap in sprues, runners and flash which can be directly recycled.

Operating cost

High, since machine and moulds are expensive.
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