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Learning outcomes




	
LO1  Know how to plan the making of a prototype


	
LO2  Understand safe working practices used when making a prototype
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Prepare for what you are going to cover in the unit.
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How will I be assessed?


This unit is assessed through an assignment that will take place at your centre.
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Summary of how the unit will be assessed.
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Getting started


Choose an item in the room and try to produce a simple 3D drawing of it.
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Short activity to introduce you to the topic.






[image: ]


Key term


Bespoke Made specifically for a particular customer or user
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Understand important terms.
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Activity


Assess a product of your choice using the 6 Rs.
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Short tasks to help developing understanding of an idea.
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Research activity


Research three different products that have features designed to make them safer.
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Enhance your understanding of topics with research-led activities encouraging you to explore an area in more detail.
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Group activity


In small groups, discuss the relationship between legislation and standards.
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Work in groups to discuss and reflect on topics, and share ideas.
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Stretch activity


Find out what the current UK WEEE targets are. Are these being met?
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Take your understanding and knowledge of a topic a step further with these stretch activities designed to test you, and provide you with a more in-depth understanding of the topic.
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Case study


The Mini is an example of an inspirational and iconic design. It was designed by Alec Issigonis in response to restrictions on fuel supply in the 1950s.
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Examples of real-life design engineering scenarios to show how concepts can be applied.
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Synoptic link


Unit R105 helps to develop key knowledge, skills and understanding which can be applied throughout all the other units of the qualification.
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Relevant links to other units and learning outcomes.
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Read about it


The Manufacturer website offers up-to-date manufacturing news, articles and research features about advanced manufacturing:


www.themanufacturer.com
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Includes references to books, websites and other various sources for further reading and research.
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Test your knowledge




	
1

What is the purpose of sketching in crates?


	
2

Name three 3D sketching techniques.
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Test your understanding at the end of each learning outcome.
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Assessment preparation


Model assignment


Scenario


Many households have a toaster in their kitchen to toast bread. These come in a range of styles and finishes, and with many different features.


Your tasks


You are to undertake product analysis of toasters to establish the strengths and weaknesses of the designs.
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For Unit R105, where you will be assessed via an exam, this feature includes example questions, mark schemes, additional guidance, and example answers to help you prepare for the exam. For Units R106, R107 and R108, there are model assignments including example scenarios, tasks, candidate responses and commentary.
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The example candidate work displayed in the assessment preparation sections show just one approach to the tasks. Centres need to ensure that when candidates’ work is presented, it is clearly their own work and unique to them.
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R105 Design briefs, design specifications and user requirements
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About this unit


This unit will enable you to understand the requirements of design briefs and design specifications for the development of new products. You will discover how design briefs are informed by consumer requirements and market opportunities. You will also learn about the whole design process by studying the design cycle, existing product and life cycle analysis, new and improved materials and manufacturing processes. All these factors (and others) influence solutions to design challenges.
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Learning outcomes




	
LO1  Understand the design cycle and the relationship between design briefs and design specifications


	
LO2  Understand the requirements of design specifications for the development of a new product


	
LO3  Know about the wider influences on the design of new products
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LO1 Understand the design cycle and the relationship between design briefs and design specifications
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Getting started


Think about a product that you use on a daily basis. 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.
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Figure 1.1 Products used on a daily basis
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The design cycle is the process that a designer follows when developing a new product. Specific activities occur at each stage of the design cycle, so that the designer can understand the needs of the market, develop a design for a new product and ensure the design meets client and user expectations. Following consultation, a design brief is created, which is then used to produce a design specification.
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How will I be assessed?


You will be assessed through a one-hour written examination paper, set and marked by the examination board. The paper will have 60 marks and you must answer all the questions.
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Teaching content


The content for this learning outcome covers:




	
•  the design cycle


	
•  the identification of design needs


	
•  the relationship between a design brief and a design specification.
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The design cycle


Designers use 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.


The design cycle 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.


If designers do not follow such an organised process, they risk spending large amounts of time developing a product solution 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 to market that are not successful, which can negatively affect sales and the company’s reputation.
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Figure 1.2 The design cycle







Identify phase


The first phase of the design cycle is the ‘identify’ phase, which:




	
•  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, the activities in this phase confirm client and user expectations of the completed product, while offering insight into the market and which competitor products already exist. They also allow 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.




Exploring the requirements of the 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 details the problem that needs to be solved and includes the main features or characteristics that the product must have in order 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, and


	
•  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 enables 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.







Carrying out research




Client and user needs


Undertaking research is a critical element of the initial phase of the design cycle. It allows the designer to explore and clarify the needs of the client and the user, and therefore ensure the product meets those requirements.


If a designer were to produce a design for a product without first researching client and user needs, they could make decisions about the product that are incorrect. This could result in costly product development that requires extensive rework, or even a product that is unsuccessful when put on sale.







Product needs


It is also important for the designer to carry out research into what the product needs in order to function as required.


In the first instance, the designer would consider issues such as where the product will be used or situated during operation (the working environment) and how the user may need to hold or interact with the product (ergonomics). They could then research what materials are available, what components could be utilised or what products currently exist on the market that may offer similar solutions.


By undertaking 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 support certain materials or manufacturing processes.







Types of research


There are two main types of research that can be carried out by the designer: primary and secondary.


Primary research is original and conducted first hand. Examples include:




	
•  questionnaires


	
•  surveys


	
•  focus groups


	
•  interviews.





The advantage of primary research is that it generates current, up-to-date information that is specific to the designer or company, and this can result in a competitive edge. However, it can also be time-consuming to complete, and if the sample studied isn’t large enough, the results can be 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.
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Figure 1.3 Gathering data from research













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 the development of the design. This is 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 critical 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 the 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.










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, and


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







Development of a 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 informs 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 categories set out in a design specification are covered in LO2 of this unit.







Designing the product




Development of a range of design ideas


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


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 lots of different concepts with the client or gets feedback from the user, rather than spending a long time developing a detailed design only to find 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 some clarity on the 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 may work. Detailed design work happens later in the development process.
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Figure 1.4 Example of concept sketching





See Unit R107 for more details on sketching and presenting design ideas.






[image: ]


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.
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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 feasible 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 calculated performance of the chosen design such as strength or weight.
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Figure 1.5 Examples of consumer products
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Figure 1.6 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, for example, weight or volume, which can be used to inform calculations about performance.





In addition, where products are made of multiple components, initial assembly models can be produced that show how all the components fit together. These models can be presented to the client as an exploded assembly design, which demonstrates how all the components fit together (see pages 167–8).











Development of planning and engineering drawings



It is critical at all stages of the design process to consider how the component or product will be manufactured.


As mentioned earlier, for a design to be engineered and manufactured correctly, the geometry of the components need to be designed so that they are suitable for a given manufacturing process. Once the overall design has been finalised and approved by the client, the designer will begin to produce the final engineering drawing for each component, ensuring that each has the appropriate geometry, dimensions and features.
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Figure 1.7 Computer-rendered image of a shoe design
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Figure 1.8 Engineering drawing










Manufacturing plans


Alongside engineering drawings, the designer will work with the manufacturer to develop plans for how the components and product will be produced.


To maximise the efficiency and cost-effectiveness of manufacture, a designer should consider this early in the design process. During market research, the designer will have analysed the potential market to assess how many products are needed. This scale of production will have an impact on which process is most suitable. For example, injection moulding has a large upfront cost for tooling and equipment but can then make large quantities at a relatively low cost per unit. This type of decision can have a big impact on a design.


Getting components or products to a position where they are ready to be manufactured is also a time-consuming process. It includes setting up machinery, procuring materials and creating tooling such as mould tools or jigs and fixtures. The longer this process takes, the longer before the product reaches the market.


Manufacturing plans are detailed documents that set out the material requirement, production quantity, production setup and process and timescales. In some cases, the designer may work for a company that has the manufacturing capability in house, but other times the designer will have to deal with a wide range of external suppliers and contractors. Even when companies produce components in house, they still have material or machine suppliers, who are critical to the success of manufacturing.


By considering manufacturing early in the design cycle, companies have the opportunity to optimise components and products for manufacture and thus reduce the time taken to develop new products and get them onto the market before their competitors. However, the company and the designer need to be sure that the design is correct before they commit to a certain method of manufacturing. If it is not, they could waste a lot of money. For example, injection-mould tools can cost tens of thousands of pounds. If design modifications are required after the mould tool is produced, the company will have invested a large amount of money in a tool that cannot be used. This is where the optimise stage of the design cycle is utilised to test and improve the design, to ensure it is ready for large-scale or final manufacture. Modifications cost both time and money, so it is important to ensure designs are correct at the earliest opportunity.
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Figure 1.9 An injection-moulding machine and tool
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Group activity


In pairs, discuss the risks of developing manufacturing plans before the design has been optimised in the next phase of the design cycle. Make a list and share it with the rest of your class.
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It is worth noting that the design, optimise and validate phases of the design cycle will often happen simultaneously, or as a minimum, the cycle will move backwards and forwards between these phases as the designer modifies the design following the results of prototyping and testing.










Optimise phase


The optimise phase of the design cycle is about finding ways that the proposed design can be improved to ensure it is the best solution to the problem. To do this, the designer makes a prototype of the design – a model of a component or product created either in a software package or physically. This allows the design to be tested and improved. It can also be shown to clients and users to get their feedback.


The process of producing a prototype, testing or gaining feedback from clients/users and then modifying the design is an iterative process (a cycle that is repeated with a view to improving each time). The product may go through many different iterations to continually improve elements of the design. In some cases, this may include hundreds of different prototypes and design changes, with gradual, measurable improvement made each time to optimise the design.


Optimisation can focus on many areas, such as improving product manufacturability, performance or ergonomics. For example, a racing car wing will go through multiple iterations to ensure it generates the optimum downforce. Designers will make numerous prototypes of the wing, in order to have multiple variations of the design to test. They will make minor modifications to the design, produce new prototypes and test the new solution until they have the optimum design.


When carrying out design optimisation, compromises usually need to be made. Many product development projects have a limited amount of time, money and resource to bring a new product to market. In some cases, where only minimal compromise can be made due to product safety, efficient optimisation is critical to reduce any delays to the product development process.
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Figure 1.10 A racing car wing will go through multiple iterations to perfect the design







Design testing


During the optimise phase of the design cycle, multiple prototypes will be made so that variations of the final design can be tested during the validate phase. These prototypes can be produced either physically or virtually.




Physical prototypes


Physical prototypes can be produced for many reasons and using many different techniques. In industries such as software development, it may not always be necessary to produce a physical prototype, as simulations can be conducted solely on a computer. However, where a product will exist physically in the real world, designers and companies will want to produce a physical prototype.


A physical prototype may simply be produced so that the aesthetics of the product can be reviewed, and feedback gained from the client or user before production commences. In other cases, the product may be made from multiple components and physical prototypes are useful to make sure those components fit together and any mechanisms work correctly.


Products that humans interact with almost always require physical prototypes to be manufactured before final production begins. In some cases, the physical prototype will be produced so that a person can pick it up, use it and give feedback to the designer. The designer can then make ergonomic changes, such as modifying the shape of certain features, or changing the weight to make it more comfortable to use.


In addition to prototypes that check fit, form and function, some may need to be produced that are exact replicas of the final production component or product. They may need to be manufactured from the exact material, so that they share the mechanical properties of the final product. This allows them to be tested under real-world conditions later in the design cycle, so that the designer knows the product can withstand the stresses on the components and is therefore safe to be put on sale.


There are many methods that can be used to produce physical prototypes. These range from manual methods to automated processes and the designer will decide on the most suitable form for the application they require. For example, to check an initial concept and ensure it is a suitable size, designers may make rough card or foam models. These types of model are generally more useful at earlier stages of the design cycle but can still be a cost-effective way of checking elements of a design at the optimise phase, due to the speed with which they can be changed and with very little material cost. Increasingly, designers have the option of producing designs directly from CAD data using additive manufacturing techniques or 3D printing. For more on additive manufacturing, see LO3 of this unit (page 78) and LO1 in Unit R106 (page 97).
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Figure 1.11 A physical prototype produced on an additive manufacturing machine





Where prototypes need to have the functional properties of the finished production component, designers may use computer numerical control (CNC) machining or additive manufacturing to produce short-run mould tools that can be used to generate prototype injection-moulded components.







Virtual prototypes


All physical prototyping methods are time-consuming and require the use of physical materials and resources. Processes such as additive manufacturing or CNC machining require expensive machinery and, in some cases, costly materials. Producing virtual prototypes gives designers the opportunity to check their designs within a computer system.
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Figure 1.12 A virtual prototype of engine pistons and crankshaft assembly





There are several benefits of producing virtual prototypes using CAD software packages:




	
•  It provides the designer with an exact, virtual replica of the product, so that they can easily confirm that its components fit together correctly and check key design factors such as weight and dimensions.


	
•  The designer can make modifications to the design much more quickly than they could to a physical prototype.


	
•  Virtual prototypes can be shared easily across the world, so the designer can gain rapid feedback on key features.


	
•  Virtual prototypes can be used directly in computer-based simulations of real-world scenarios during testing, so that the performance of the design can be reviewed.













Error proofing


The optimise phase is also where the designer will carry out error proofing on the design. Products or components are often designed to stop them being misused, to prevent them being assembled in the wrong way or to protect the user.




Error proofing as a function of the final product


Perhaps the simplest form of error proofing is to use colour or certain shapes to guide the user about which way round to put things together. For example, a standard 3-pin plug can only be put in a socket one way. This ensures the appropriate connections are made and the user cannot force the plug into the socket incorrectly.


Audio cables are another example; they tend to have different coloured connectors that correspond to the connectors on audio devices. This means that the colours can be matched to ensure correct connections.
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Figure 1.13 A 3-pin plug is an example of an error-proofed product because it can only be inserted in the socket one way










Error proofing during manufacturing


Error proofing is also used in manufacturing to ensure products are assembled correctly. For example, in car manufacturing, there may be colour-coded stickers on one side of a brake disc assembly to show which side should face the front.


In other cases, the geometry of the component is designed so that it can only be assembled one way. It is physically impossible to put the two components together the wrong way because of the position of mounting holes or clips.


In all these cases, this means that errors in manufacturing are minimised, thereby improving quality.







Error proofing to protect users


Error proofing can also be used to ensure the user cannot harm themselves. For example, a food processor will only turn on when the lid is in place and closed fully. This means the user cannot put their hand in the food processor when the blade is spinning.


Designers also often include fail-safe mechanisms, which are features integrated into a product that protect the user from harm in the event of a fault or misuse.














Validate phase



The validate phase is the last phase of the design cycle, where the designer:




	
•  reviews and justifies their design decisions


	
•  tests the design (both market testing and product testing)


	
•  suggests any final modifications to the design prior to it going into production


	
•  evaluates the design solution against the design brief and design specification, to ensure it meets all the requirements set out by the client


	
•  evaluates the impact of the design solution, for example, the social impact, moral issues and the impact of the product on the environment.







Justification of design decisions


Throughout the process of developing a new product, a designer has to make many decisions to ensure the product is developed in line with the specification and meets the requirements of the client.


During the validate phase, the designer may take the opportunity to review these decisions and discuss them with the client. In almost all cases, compromises will have to be made to the design. These may be changes to geometry to allow for ease of manufacture, or they could be about managing the balance between cost and functionality.


The designer will evaluate the final design to ensure they have the best possible solution with the resources that were available and at the most appropriate cost.







Testing the design


Testing a design before full-scale production allows a designer to check whether it functions as intended. Product testing can take many different forms, from gaining feedback from potential users or customers to undertaking physical or virtual testing of prototypes.


Changes at this stage typically focus on improvements to the final design rather than radical design modifications to multiple variations of a product. However, an exception would be if a designer is working on a critical structural component for a product. Multiple developed designs may need to progress to the validate phase to allow for rigorous product testing of different variants, so that an optimum design can be chosen. This is a good example of flexibility across stages of the design cycle, as previously mentioned.




Market testing


Extensive research is undertaken in the identify phase of the design cycle to gain an understanding of what the market wants from a product. However, it is also helpful for the market to see what the design solution looks like or how it functions.


During the validate phase of the design cycle, the designer or company may share prototypes or final renders with the market to gain feedback on the design. This may be in focus groups, where a sample of people are invited to test the product and provide feedback. This gives the designer the opportunity to make any minor changes before production.


Companies can also use the information from market testing to gauge interest in the new product and find out more about the size of the target market or the specific target group the product appeals to. They can compare this to the market research undertaken earlier in the design cycle and ensure the product meets the needs of the users set out in the design brief.







Product testing


There are two types of product testing that can be carried out by designers:




	
•  Physical testing is where an actual prototype model is made and tested in the real world.


	
•  Virtual testing is where computer-generated models of components, products or systems are created and then simulations can be carried out in software that represent real-world situations.







Physical testing


In some cases, physical testing focuses on improving the function or performance of the product. Multiple variations are made and tested by a range of users, so that the function can be optimised, or ergonomic changes made to improve usability.


Sometimes testing needs to imitate real-world situations. Physical tests are conducted that subject the prototype to extreme operating conditions, in order to push a design to its limits and check it can withstand the forces and stresses that will be applied to it during use.


This type of testing often results in the prototype being completed destroyed. For example, in the automotive sector, when a new design of car has been produced, multiple prototypes will be created and destroyed during simulated crashes and accidents. These prototypes are extremely expensive to create, but these tests are required in order to establish the safety of the design so it can be put on sale. Designers need to know that components and products can still function in extreme situations, due to the possibility that lives could be put at risk should they fail.


Designers may use virtual testing to minimise the number of these expensive physical prototypes required. In other cases, non-destructive testing (NDT) can be used, which checks the integrity of elements of the component, for example, checking for defects in welds on a component.
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Figure 1.14 Physical testing – non-destructive penetrant test on a weld











Virtual testing



The ability to run accurate, virtual tests has increased dramatically in recent years, with the development of advanced CAD and simulation software packages. In most cases, virtual prototypes do not completely replace the need for the production of physical prototypes, but they can dramatically reduce development time and cost.


Virtual tests may be conducted to show how mechanisms work, where assemblies of components are animated to show they function. They may also be used to simulate manufacturing processes. For example, a simulation may be carried out to show how liquid metal flows within a casting process or how plastic flows in an injection-mould tool. This can help designers ensure that the component will be produced without errors.
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Stretch activity


Research different types of CAD and simulation software and see how virtual prototypes can be checked or tested using simulation.


For instance, two common processes, finite element analysis (FEA) and computational fluid dynamics (CFD), simulate how a component may react when subjected to the operating conditions of its environment (for FEA, applying stress, and for CFD, having liquids or gases flow through or around it).


Try to find some specific examples where virtual prototypes have been used in the development of new products. What impact did their use have?
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Evaluation of the design solution against the design brief and design specification


The development of a new product is a complex process. Designers have to make hundreds of decisions to ensure they have a design that can be manufactured and launched on the market within an appropriate timescale, that functions correctly and is cost effective. It is therefore possible for a design to begin to move away from the initial brief and specification as decisions are made based on manufacturing considerations or cost.


Designers will take the time to evaluate their final solution against the original design brief and design specification, to ensure it is in line with the requirements set out in each document.


If there are elements that have deviated from the original specification, designers may have to make last-minute changes or justify why this is the case (for example, due to excessive costs or limitations of manufacturing, changes had to be made to the original specification).








Evaluating the impact of the design solution



Designers have to be conscious of the impact that a new product will have during its manufacture, during its use and at the end of its life. There are many considerations that designers have to take into account, from the social impact of a design to moral and ethical issues associated with the introduction of new products. For example, it may be possible to manufacture a design in a different country at a lower cost, but consideration must be given to the working conditions of employees there.


The impact of the product on the environment is also important:




	
•  Where are raw materials sourced, and are they sustainable?


	
•  Does the product produce harmful emissions?


	
•  Can the product be recycled, or does it need to go to landfill at the end of its life?





Designers usually undertake a product life cycle analysis (LCA) to evaluate the impact of a product on the environment at all stages of its life, from its creation to the point of disposal. They have to review the design to evaluate its impact in all these areas and ensure that any compromises that have to be made due to costs or manufacturing can mitigate any negative impact as much as possible. See LO3 for more on social impact and life cycle analysis.
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Figure 1.15 Stages of the product life cycle

















Identification of design needs



The development of every product starts with the identification of a need. This is typically a problem that needs solving. It could be that a particular task is very time-consuming or labour intensive, and therefore a solution is needed to make it quicker and easier. For example, the development of robotics and automation in industry has helped to increase production levels and reduce production time.


Designers must fully understand the design needs to ensure the product they develop directly meets these requirements.




Initial design brief from the client


The client usually provides a design brief. It should be outcome-focused and define clearly what the product needs to do to meet the needs of the user or solve the problem presented.


The following areas of information should be included in the initial design brief.




Situation and context that has led to the brief


The situation and context of a design brief consider the circumstances, background information and need that have led to the brief being required:




	
•  The situation is the location where the need for a new design has arisen and subsequently where the product will ultimately be used.


	
•  The context is the circumstances, such as events that have occurred, leading to the requirement of a design solution.





For example, bathrooms are traditionally designed for people with no mobility issues (situation). Elderly people or people with disabilities can therefore struggle to use them, as getting in and out of the shower or bath can prove difficult with limited mobility (context). Therefore, designers have created a series of mobility aids, such as easy-access baths and showers or supportive handrails, to allow people to get in and out more easily.
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Figure 1.16 Bathroom mobility aids










Needs of the client


It is important to define the exact needs of the client before starting to design a new product. If client needs are not understood in great detail, it is easy for work to be based on assumptions.


It is also important to understand who the client is. In some cases, the client may not be the end user, so the needs of the client and of the end user may be very different, which can lead to conflicting design decisions and possible issues later in the design process. This can cause delays and costly design changes to align the design with the needs of the user.




Corporate branding


Many companies have developed a corporate brand, which allows them to retain loyal customers. It also makes their new product instantly recognisable to customers when it comes to market, which can boost sales. In addition, some new businesses may want to develop a reputable brand quickly, to allow them to gain an advantage over their competitors and secure the future success of the business.


Due to the importance of corporate branding, most companies want to incorporate this into the design of any new product, usually by adding a logo or brand name. A designer can consider adding stickers or whether the logo can be included in the design through the manufacturing process. For example, the company logo could be machined into a metal casing or embossed into the design and incorporated into the injection-mould tool for plastic components.
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Figure 1.17 Apple’s use of corporate branding in the design of its products





Many companies have developed a design language for their products, so that they are instantly recognisable due to the materials, colours or aesthetics used. For example, Apple made its headphones white and sleek and highlighted these features in its marketing materials and found creative ways to incorporate its logo into its products (see Figure 1.17).
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Activity


Select three companies whose products you are familiar with. List the different ways each company has included corporate branding in its products.
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Target audience


The vast majority of products are designed and developed to meet the needs of a specific target audience. The target audience may also be the demographic that created or identified the gap in the market that resulted in the need for the product to be developed. Therefore, a business needs to understand exactly who their target audience is and what characteristics that audience has. In some cases, the target audience can encompass lots of different groups of people, and in other cases the target audience may focus on specific individuals or people in particular situations.


By developing a detailed understanding of the target audience, the designer can ensure that the product not only appeals to that particular group aesthetically but also that it meets their needs ergonomically and can function in the way they expect.


There are many different criteria that can be taken into account when defining a target audience, for example:




	
•  age range


	
•  gender


	
•  income or job type


	
•  geographical location


	
•  hobbies or interests.





Importantly, designers have to be conscious of inclusivity and should not purposefully aim to develop a product that might be offensive or exclude a particular demographic. Even for products specifically targeted at a key group, for example, based on gender, designers have to be conscious of how the design will be received by different people within each category and be as inclusive as possible.
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Activity


Consider the three products below:




	
•  wireless baby monitor


	
•  games console


	
•  cordless vacuum cleaner.





Try to define a profile of the target audience for each of the products. You may want to consider the list of criteria provided earlier to help you.
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Purpose of the product


Every product is created to fulfil a specific purpose. This can be defined as the job that the product has to do once it has been created, for example, the purpose of a tin (or can) opener is to open metal tins (cans).


It may seem obvious that the designer defines the purpose of a product before they start, but if there is any ambiguity and the purpose is not defined clearly, a designer can easily begin to develop a product that drifts away from its intended purpose. This can waste time and money and the product will have little chance of commercial success when it is launched. For example, it can be easy to overcomplicate a design by adding extra features and diluting the original purpose of the product.







Functions of the product


Once its purpose has been defined, the designer needs to consider how the product is going to do that job. They need to define the product function or functions.


In industrial design, and particularly in engineering design, the functionality of a product can be seen as more critical to successful design than creating an aesthetically pleasing product. However, the best designs tend to find the perfect balance, with products performing their function in the simplest, most reliable and most efficient way possible while being pleasing to look at.


As with the product’s purpose, the designer must have a precise understanding of the product’s function, in order to create a solution that performs as intended without the design being overcomplicated. For example, a screwdriver is perfectly designed to perform its task in the simplest way possible. There have been many variations on the design, with different handles and attachments or powered versions, but in certain situations the simplest version is the most effective.


At this stage of the design cycle, the designer will focus on defining what the key functions of the product need to be, but they may not know exactly how the mechanism or overall product may achieve that task. The implementation will be explored in greater detail as the designer generates various design iterations through the later stages of the design cycle.










Information which may inform the design brief


The development of a 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.




Market research


A good starting point for designers to gather data that informs the design brief is to undertake market research. As discussed previously, the client will generally have an idea of the demographic of the target market when they engage in 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 comprises 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 of their particular profile and because the client or designer thinks that they will be potential customers. It is important, however, 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 result in fewer new ideas and suggestions and could limit the possible scope of the future market. At the same time, if the group is too broad, opinions gathered from the group may not reflect the actual needs of future users.


Although using a focus group sounds quite simple, it can be challenging to ensure the group is compiled of appropriate people, is inclusive and provides a breadth of opinions. It may be advisable for a designer to use several different focus groups to ensure they gain a range of views.
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Figure 1.18 A focus group can be used to gather opinions on new products










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.


Surveys generally take the form of a questionnaire. They may be undertaken face to face or they may be distributed in written format either as hard copy or online. Due to the ease of distribution and repeatability of surveys, they are generally considered a cost-effective way of gathering information.


Surveys can focus on key groups of individuals or be more generalised to gain a wider view of what the population at large may think. A wider survey is called a ‘cross-sectional study’. They can also vary in duration. Some surveys are undertaken over a long period of time to gain a large sample of data. This is called a ‘longitudinal study’. The timescale of the survey generally depends on the development time for the product. The data gathered can then be used to make informed decisions about the design direction 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.
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Activity


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




	
•  a game console controller


	
•  a desk chair


	
•  a hair dryer.





Consider the type of people you will ask and what questions you would need to create to gain accurate information to inform the design.
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Needs of the target market


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 can be 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 therefore 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 critically 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 optimum time to ensure maximum sales.
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Group 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?
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Strengths and weaknesses of competitors’ products


Many products released onto the market are not completely new inventions but instead variations of products that already exist. For example, a number of 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 opportunities may arise for any improvements. They can then try to generate 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 may be from an aesthetic or functional perspective, or an analysis of the manufacturing process to see where improvements can be made or costs saved. Designers may use focus groups or surveys that focus on competitors’ products.
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Group 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 products:




	
•  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?
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Improvements in materials


There are many different materials with many different properties. Some properties can be advantageous in certain applications while being a disadvantage in others. Designers continually consider how improvements in materials can be incorporated into designs to improve performance.


Huge amounts of time and resource go into the research and development of new materials. For example, the aim may be new materials with the same strength properties but lighter in weight or to improve their ability to cope with high temperatures.


The automotive industry is a good example of this. In the past, cars would have included large amounts of steel in their construction. Steel is extremely strong but heavy, which makes cars less fuel efficient. As automotive manufacturers have tried to reduce emissions and fuel consumption, they have looked for lighter materials. Many cars now use aluminium for the main vehicle chassis, which dramatically reduces weight. As cars move to electric power, the industry will need to continue to reduce vehicle weight due to batteries currently being very heavy. This has seen the introduction into vehicle design of composites such as carbon fibre.




[image: ]

Figure 1.19 Carbon fibre is a composite material that can be used to create lightweight but strong components
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Case study


The use of carbon-fibre-based materials has traditionally been restricted to low-scale production, due to the process being labour intensive which in turn makes the components expensive.


However, the BMW i3 is one of the first examples of a mass-produced product manufactured using composite, carbon-based materials, in particular carbon fibre reinforced plastic (CFRP). The i3 is a hybrid vehicle; the use of CFRP keeps its body weight to a minimum, which compensates for the heavy batteries required when the car is running on electricity. This makes the car more fuel efficient.
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Figure 1.20 The BMW i3 electric car
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New manufacturing processes


Improvements in materials will often be used in conjunction with new manufacturing processes to optimise a design. New manufacturing processes can bring many advantages, such as faster turnaround times, reduced waste levels and improved product quality and performance.


However, designers have to be fully aware of the limitations that may be associated with any manufacturing process, to ensure they develop a design suitable for that method. A new manufacturing process may allow development of a product with increased performance, but the cost of the process and the scale at which it can be used can make it unfeasible.


There are many examples of new manufacturing processes, and these are discussed in greater detail in LO3 (see pages 76–80).


Additive manufacturing, composite production and industrial automation are all examples of processes that can radically change how a design can perform. For example, additive manufacturing processes can remove many of the limitations in geometry associated with traditional manufacturing methods. This gives the designer more freedom with the shape of the design. However, if the product is to be mass produced, additive manufacturing techniques may not be suitable.
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Figure 1.21 Industrial automation





The designer may also consider optimising the assembly of the product, particularly if it is going to be mass produced. Automated production requires large amounts of capital to purchase the necessary equipment, so designers will need to consider the impact it may have on the final selling price based on the number that are produced. Furthermore, when designing components, the designer will have to consider how they will be held, processed and assembled on the production line. This may include considering the use of jigs and fixtures or how robots may move and hold components.
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Stretch activity


Select a new manufacturing process from those listed below:




	
●  3D printing/additive manufacturing


	
●  composite manufacturing


	
●  automation.





List three advantages of the process you have selected. Are there any disadvantages?
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Budget


The two biggest constraints on the development of new products are timescale and budget. There may be a limit on:




	
•  the time available to bring the product to market before the competition


	
•  the amount of money available to bring the product to market.





A development budget is how much money a company is willing to spend on a new product. It includes all the costs required to complete the design and ensure it is ready for full-scale manufacture and sale.


Development budgets can vary dramatically across different products and industries, but always need to be defined and monitored carefully.


A range of costs needs to be considered. These should be defined and calculated accurately in discussion with the client.


Examples of these costs include:




	
•  market research


	
•  staffing


	
•  prototyping


	
•  testing


	
•  manufacturing setup.





Development costs will have a direct impact on the selling cost of the product. The designer will need to discuss with the client what the target cost of the product is, i.e. the price at which the client will want to sell the product to the customer.


They also need to discuss the number of products that are expected to be sold. This is so the business can calculate how many products they need to sell to cover all of the development costs and begin to make a profit.


The point where enough products have been sold to earn back the development costs is called the break-even point.


If the business is not going to reach this point, i.e. sell enough to cover its costs and then generate a profit, it may have to review the selling cost. A higher cost could increase the price to the consumer and make the product too expensive for the market. If these costs are not calculated, a product could be launched onto the market that will not generate enough sales, therefore making a loss for the business.
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