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	Lesson 1: Introduction to design
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the process of developing a product design specification from a design brief

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Terminology and definitions in the design process

	Presentation on the principles of design – what it means in industry – covering:
· The definition of design and how essential it is in the process of the development and manufacture of a product.
· The concept of 'Form, fit and function' and how this is important at all levels, from components to the products and systems they form.
· The concept of ‘Design for manufacture' – its importance and potential limitations on the product (overview will be developed in Lesson 3).
· Customer design briefs (CDB) – what they are, what they contain and what purpose they serve.
· Product design specifications (PDS) – what they are, what they contain, where the information comes from.
These concepts will be developed in later lessons, including the production of contextualised CDB and PDS by learners, for a specific product.

Discuss topics such as how design influences our lives, the implications of good and bad design, and what makes a good engineering designer. 
Opportunity for applied learning:
· Learners should be encouraged to critically examine everyday objects such as their mobile phone, bicycle etc, in the light of the above concepts.
	Books:

Roqueta, H. – Product Design (Designpocket, 2002). Edition. Te Neues Publishing Company. ISBN 3823855972
Baxter, M. – Product Design (Design Toolkits, 1995). Reissue Edition. CRC Press ISBN 0748741976




	Lesson 2: Great engineering designs of the past
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the socio-economic effects of historic engineering design achievements

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Significant engineering achievements of the 19th to 21st centuries

	This lesson will set the scene for modern day design techniques and processes, and will help learners understand their development from the start of the Industrial Revolution. Tutors could begin with a presentation, including class participation, on great engineering designs from 1800 onwards, split into three parts: 19th, 20th and 21st/future centuries.  
Content should highlight the design aspects of the great engineering achievements, and should point to conclusions about their effect on society. The influences on this should be highlighted, eg developments of materials and production techniques throughout the three periods.  
Describe how early inventions, although functional, were not efficient, ergonomically sound or user friendly. Describe how engineering design practices, and the designs, have improved over time.

Describe some of the major, life-changing inventions of the three centuries, their effect on society, the way people lived and worked, and the distribution of wealth.

Discuss the development of the role of the engineering designer from the 'jack of all trades' into an identifiable single role within the engineering industry.
Opportunity for applied learning
· Learners could examine, using their own experiences, the development of a particular iconic invention and how it has changed the way they live. They could also try to predict how modern items could be designed in the future.
· Research – there are many opportunities for internet research: topics should be focussed on clearly defined areas.
	Books:

Chaline, E. – Fifty Machines that Changed The Course of History (Apple Press, 2013) ISBN 978-1845435066




	Lesson 3: Factors influencing design
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the process of developing a product design specification from a design brief

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3
Key factors that are considered in development of a product design specification

	By the end of this lesson, tutors should be able to identify learners who are progressing better than others. It is suggested that for some group activities in the following lessons these learners could be paired with less able learners to help in the learning process.
Presentation (with group participation) on the factors that influence the design process. The emphasis should be on relevant context and how things are undertaken in practice. Examples of a CDB and PDS are useful references at this stage.                                                              
Discuss the marketplace for a product or group of products – how the manufacturer knows there will be a demand for products, and market research methods. 
Describe the principles of product lifecycles (planned and actual). 
Describe in detail the role of the customer design brief, who the customer is in this case (manufacturer, retail merchant etc), where the CDB originates from (replace an existing product, new invention, need for a device to perform some function or other).

Further develop the concept of 'design for manufacture' – how products, components etc are made, and how they need to be designed so that they can be made. It should be stressed that a good designer not only needs to design things that are fit for purpose and pleasing to the eye, but also needs also to ensure they can actually be manufactured.
Discuss external design influences such as the environment, legal constraints, existing competition, and sheer practicality in use by ordinary people.
Opportunity for applied learning:
· Learners should have enough information and understanding of engineering to be able to take any item around them and discuss that object in detail. This is an opportunity for learners to prepare for LO3 and for the synoptic practical assessment. They should be starting to assemble the templates for technical report writing. 
	Books:

Roqueta, H. – Product Design (Designpocket, 2002). Edition. Te Neues Publishing Company. ISBN 3823855972
Baxter, M. – Product Design (Design Toolkits, 1995). Reissue Edition. CRC Press ISBN 0748741976




	Lesson 4: Product design specifications (PDS)
	Suggested Teaching Time: 4 hours

	Learning Outcome: Understand the process of developing a product design specification from a design brief

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Key elements of product design specifications

	Presentation with group participation followed by group activity. Content could be based around one group of products. Teaching should cover the wider aspects of other products.
Part 1 (approx. 2 hours):
· Discuss the meaning of function eg ergonomics, efficiency, performance, safety, operator-friendly etc. What is the product expected to do? What legal constraints and requirements are there with regard to the product performing its function?
· Discuss materials – what governs the decision eg cost, durability, safety?
· Discuss issue of buying-in components as opposed to manufacturing them in house.
· Describe the typical requirements for physical properties (size, weight, shape, surface finish) and the reasons why they may have to be changed from the customer's design brief.
· Describe the importance of specifying the environment in which the product is expected to operate, the environmental limits, and how that performance can be achieved.
· Discuss the need, when producing a PDS, to manage customer expectations to ensure the product can be produced at the right price and profit margin.
Part 2 (approx. 2 hours):
· Describe typical manufacturing methods (taught in conjunction with Unit 304, or take content from it). Emphasis should be placed on the process of choosing the most appropriate manufacturing method for each component of a product.
Opportunity for applied learning:
· Learners should be encouraged to critically examine product(s) in the light of the content.
	Books:

Roqueta, H. – Product Design (Designpocket, 2002). Edition. Te Neues Publishing Company. ISBN 3823855972
Baxter, M. – Product Design (Design Toolkits, 1995). Reissue Edition. CRC Press ISBN 0748741976




	Lesson 5: Developing a design solution
	Suggested Teaching Time: 7 hours

	Learning Outcome: Evaluate how engineering design solutions meet product design specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Methods of generating ideas for design solutions
Topic 2.2
Types of decision making methods
Topic 2.3
Methods of producing design solutions
Topic 2.4
Methods of presenting and testing designs
	Tutors should also refer to the unit specification for Learning Outcome 2 to ensure complete coverage.

This lesson can be delivered in multiple ways, most effectively as the start of a practical group project, with whole class teaching combined with group activity. This lesson should provide tools for Lesson 6. The following aims are central to teaching.
Learners should be encouraged to develop: 
· Communication and interpersonal skills.
· Thinking and creative skills.
· Ability to assemble and classify information.  
· Decision making skills. 
Discuss in an engineering context, holding meetings, working together, making decisions, producing data, designs etc as people do in industry. As a guide, the teaching could be divided into parts according to topics: Topics 1–3 (2 hours each), Topic 4 (1 hour). 
This lesson should inform Lesson 6, which will involve learners producing a product design specification. At this stage it may be appropriate to choose an industrial context in which to work, in which case the product groups the learners are working with will select themselves. If this is not essential, learners should be guided towards a choice of product that will present them with sufficient challenges to stretch them.
Opportunity for applied learning:
· The product-focussed activity in this unit can be integrated with similar activities in other units to create a holistic learning vehicle covering many facets of engineering manufacture.
· This will result in learners experiencing the whole process of the manufacture of an item, from first concept (identification of need) to the final product, and indeed, its replacement.  

	


	Lesson 6: Producing a PDS
	Suggested Teaching Time: 7 hours

	Learning Outcome: Develop a product design specification from a customer brief

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Relevant information and data
Topic 3.2
requirements of proposed product
	Tutors should also refer to the unit specification for Learning Outcome 4 to ensure complete coverage. Teaching time should be allocated to place emphasis on weak areas in the group, but the lesson should achieve the end result of each learner producing a viable PDS. 

Practical learning activity – the end product will be a product design specification (PDS) that can then be used in Lessons 7 and 8 (2D and 3D CAD). It is important that the product is suitable for use in learning CAD. A learner could start with a PDS for an item and follow it through to the drawing production. Learners could be given someone else's (vetted) PDS to work with during the CAD lessons.
This LO is to produce a formal specification document, so present the learners with a house style and standard format for technical reports and other documents. The sooner this becomes the norm for all work, the sooner it will become second nature. House style should apply to drawings as well, although most of it will be to BS 8888.
Learners should examine real technical documents (egs online) and adopt the more formal, third person writing style that is expected in university and industry. Learners should appreciate the importance of correct spelling, grammar and punctuation, and a high standard of written work. They should also learn correct technical terms for the components, equipment, manufacturing methods and processes they are dealing with.
The completed PDS should be suitable for use as a starting reference document from which to produce drawings at the end of the CAD phase of this unit. The product should be capable of economic manufacture.
	Books:

Roqueta, H. – Product Design (Designpocket, 2002). Edition. Te Neues Publishing Company. ISBN 3823855972
Baxter, M. – Product Design (Design Toolkits, 1995). Reissue Edition. CRC Press ISBN 0748741976




	Lesson 7: 2D CAD drawing
	Suggested Teaching Time: 15 hours      

	Learning Outcome: Produce 2D CAD drawings

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
Set up to produce CAD drawings
Topic 5.2
Produce 2D CAD drawings
	Before starting to use CAD software, tutors should ensure learners are competent in the use of the hardware, understand the considerable storage requirements, and are competent in the use of any unfamiliar data input devices, such as digitising tablets, light pens and track ball. Learners need to understand the differences between the average home PC and a powerful CAD system. The importance and methods of data back-up and the value of the design data should be stressed to the learners.
Learners should be gradually introduced to the software and what it will do. A step-by-step process is more effective than allowing learners to rush into using all of the features at once. Software features should be evaluated for relevance – not all features will be appropriate.  
Learners should be able to competently and appropriately use each of the features listed in topic 5.2 to produce 2D drawings. Learners should be encouraged to produce as wide a range of drawing types as possible, with the emphasis on practicing all features. As learners become more competent they should adhere to the nominated house style so that the drawings produced from the PDS are fully compliant.   
Opportunity for applied learning:
· Homework – the resources listed above are suitable for learners to use for home practice and learners should be encouraged to make use of them.

	Books:

Francis, D. Ching, K. 1997. Design Drawing. Edition (Wiley, 1997) ISBN 0471286540

Free CAD software for home practice use:

Draftsight:

www.3ds.com/products-services/draftsight/overview
AutoCAD Student:
www.autodesk.com/education/free-software/all
Google (Trimble) Sketchup:
www.sketchup.com/products/sketchup-make


	Lesson 8: 3D CAD drawing
	Suggested Teaching Time: 15 hours 

	Learning Outcome: Produce 3D CAD drawings

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.1 
Produce 3D CAD drawings
Topic 6.2
Produce hard copies of 3D CAD drawings
	Learners should be gradually introduced to the software and what it will do. A step-by-step process is more effective than allowing learners to rush into using all of the features at once. Software features should be evaluated for relevance – not all features will be appropriate.  

Learners should be able to competently and appropriately use each of the features listed in topic 6.1 to produce 3D drawings. An understanding of the principles of 3D primitives and how to combine them using Boolean operations is essential, and this may require some additional whole-class teaching. The refinements of surface texturing, shading and different 3D views may also need additional explanation.
Producing hard copies may pose some logistical problems, as items such as plotters and 3D printers may not be readily available. It is recommended that access to local facilities be negotiated, as learners will need to have experience of using the printing equipment.
Opportunity for applied learning
· Homework – the resources listed above are suitable for learners to use for home practice and learners should be encouraged to make use of them. All have 3D function.
	Free CAD software for home practice use:

Draftsight:

www.3ds.com/products-services/draftsight/overview

AutoCAD Student:

www.autodesk.com/education/free-software/all
Google (Trimble) Sketchup:

www.sketchup.com/products/sketchup-make




