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The contents of this unit are protected by copyright. 
This unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it are supplied to you by PG Online Limited under licence and may be used and copied by you only in accordance with the terms of the licence agreement between you and PG Online Limited. Except as expressly permitted by the licence, no part of the materials distributed with this unit may be used, reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic or otherwise, without the prior written permission of PG Online Limited.
Licence agreement
This is a legal agreement between you, the teaching institution, and PG Online Limited. PG Online Limited grants to you a non-exclusive, non-transferable, revocable licence to use this unit and all the worksheets, PowerPoint presentations, teaching guides and other associated files distributed with it in the course of teaching by your teachers and/or employees.
The materials distributed with this unit may be copied and used by your teachers and/or employees on a single site only in the course of their teaching. You warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, share in any way any of the materials or part of the materials with any third party, including users on another site or individuals who are teachers and/or employees of a separate institution. You acknowledge and agree that the materials must remain with you, the teaching institution, and no part of the materials may be transferred to another institution. You also warrant that you shall not, and shall procure that each of your teachers and/or employees shall not, procure, authorise, encourage, facilitate or enable any third party to reproduce these materials in whole or in part without the prior permission of PG Online Limited.
In consideration of the licence granted to you, you shall indemnify PG Online Limited against all liabilities, costs, expenses, damages and losses (including but not limited to any direct, indirect or consequential losses, loss of profit, loss of reputation and all interest, penalties and legal costs and all other professional costs and expenses) suffered or incurred by PG Online Limited arising out of or in connection with the exercise by you of your rights granted under this licence. 

Teacher’s Guide
Introduction
This teacher’s guide contains a detailed lesson plan to accompany the set of PowerPoint slides and worksheets for each lesson.
The lessons are designed to form a basis for ideas for the teacher and should be adapted to suit the teaching style and preferences of the individual teacher, and the resources and nature of the individual school or Design & Technology department.
The material supplied for this unit includes:
3 PowerPoint presentations
3 worksheets
3 homework sheets
1 final assessment test
Summary
This theoretical teaching unit covers the electronic systems specialist material area as part of section 3.2 of the AQA 9-1 specification 8552. It is subdivided into three topics plus an end-of-unit assessment. The first lesson introduces some criteria to be considered when making choices about materials and components in relation to electronic and mechanical products before moving on to look at the different types and techniques of school and commercial circuit board production methods. Power, tolerance and basic components including stock variants are introduced. Surface treatments and finishes of electronic and mechanical systems are covered in the final lesson. 




Learning Outcomes for the unit
At the end of this Unit all students should be able to:
Recognise different types of circuit board
Appreciate the functional and aesthetic properties of anodised aluminium
Explain the sustainability and ethical issues surrounding PCBs, in use and at end of life
Understand that components are available in standard sizes and forms
Work out the value of a resistor using the colour code
Perform the process of soldering
Describe the process of cutting and drilling circuit boards
Explain how the properties of electronic and mechanical systems influence the performance of domestic appliances and motor cars
Describe commercial PCB processing techniques
Understand how surface treatments and finishes affect the functional and aesthetic properties of mechanical and electrical products

Most students will be able to:
Work out the upper and lower values of a resistor using the tolerance band
Interpret or complete a basic flowchart
Discuss effects of miniaturisation on electrical and mechanical products
Explain the benefits of using lubricants in mechanical systems
Explain the benefits of applying surface finishes and treatments
Explain the impact of automation in manufacturing

Some students will be able to:
Design circuit boards using a CAD software
Write a flowchart for a PIC and download the programme to an IC
Build and test their own circuits
Manufacture their own PCBs

Previous Learning
Students may have had some exposure to simple mechanical and electrical systems including the manufacture of PCBs.


Suggested Resources
No specific software is required for this unit. It is primarily a theoretical unit that can be taught entirely without computers, but there are some exercises where computers could be used in order to support understanding through practical discovery and will inevitably be required for NEA. Printed circuit board design and simulation software such as Circuit Wizard could be used in the circuit boards section of this unit.
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The approved AQA GCSE (9-1) Design and Technology textbook by MJ Ross, published May 2017 (304pp) provides comprehensive yet concise coverage of all the topics in the AQA GCSE Design and Technology specification. Each of the 12 sections in the book corresponds to one of the teaching units in this series and can be used as a course textbook and also as a revision guide. A comprehensive set of exam-style questions are included at the end of each section. Answers to all these are available to teachers only, in a free Teachers’ Supplement, which can be ordered from our website.
The book is published by PG Online in printed and electronic editions. Please refer to www.pgonline.co.uk for ordering and pricing details and to order a free inspection copy.
A specification map outlining the units and textbook sections is available to download here: https://www.pgonline.co.uk/library/documents/aqa_gcse_8552_specification_map_online.pdf 

Vocabulary   
Vocabulary associated with this Unit, such as:
Functionality, aesthetics, environmental factors, availability, social factors, cultural factors, ethical factors, stripboard, Veroboard, printed circuit board (PCB), etching, anodising, WEEE regulations, power, resistors, resistance, ohms, tolerance, dual in line (DIL) packages, microcontrollers, peripheral integrated circuits (PICs), soldering, computer integrated manufacture (CIM), miniaturisation, hybrid, surface mount technology (SMT), pick and place, durability, oxidisation, lubrication.  
Assessment
Students will sit a short test using exam-type questions relevant to the objectives in the unit at the end of the lesson sequence. The test can be completed in one lesson. 

Lesson plans
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	Topic 3
	Commercial manufacturing and finishing
	

	Learning Objectives:
Be aware of commercial processing techniques in PCB production 
Know and understand how the properties of electronic and mechanical systems influence and affect the performance of domestic appliances and motor vehicles
Understand how surface treatments and finishes affect the functional and aesthetic properties of mechanical and electronic products

	Content
	Resources

	Starter
Start the lesson with a short section of the video clip of commercial car production. Ask students what they notice. There are very few people there. Have a brief discussion about the issues related to this type of manufacturing in terms of the workforce size and skill set.

Main activity
Manufacturing industries have changed enormously in recent years with the introduction of automated production and assembly lines. This has had an impact of employment with the loss of manual labour and the increase in numbers of highly skilled programmers and service technicians.
CIM allows for more flexible manufacturing, shorter production runs and more versatile use of machinery (See Unit 1 on FMS). It has also allowed for products to get to market quicker, allowing for upgrades and new models to follow faster.  Washing machines, kettles, mobile phones and vacuum cleaners will all be made in highly automated factories.
Ask students to consider the implications of products such as a robotic vacuum cleaner. A video clip is available if time allows – stop at 1m30s.
Robotic lawnmowers work on similar principles.
Modern material properties are becoming increasingly lighter and stronger which fuels the development of new products.
Motor vehicles
There is a growing demand for hybrid and electric powered cars as consumers become more aware and concerned for the environment. Tesla and Formula E have been at the forefront of developments in this area, investing millions of dollars in R&D.
Discuss what some of the barriers are to electric cars in the UK.
Car manufacturers have the ultimate responsibility for recycling cars, except where they no longer exist, in which case the SMMT is responsible. See:  https://www.smmt.co.uk/2016/02/automotive-industry-launches-new-scheme-to-recycle-cars-and-vans/
Hand out Worksheet 3 and ask students to complete Task 1.
Commercial PCB production
Introduce students to the range of commercial PCB production techniques.
The image showing surface mount technology shows components on a carrier tape. The carrier tape can be produced in reels (on the following slide) for fully automated pick and place systems.
Flow (reflow) soldering
Once SMT components are positioned on pre-soldered pads, the temperature of the board is raised just enough to melt the solder to form a connection, without damaging the components themselves. This type of soldering is often used in association with pick and place technology owing to the high volume of circuit boards produced.
Wave soldering
When soldering circuit boards on a commercial scale, wave soldering is used. This type of soldering is often used in association with through hole technology.
The board is suspended over a ‘bath’ of molten solder before a wave is made to run along the width of the tank. The solder touches the connections, making a soldered joint.
Watch the short video clip of wave soldering to embed the key principles.
Surface treatments and finishes
Surface finishing is a key aspect of product manufacture. First impressions count and so the visual appeal that a product has is an important factor when consumers first see a product. The finish is also a critical factor in terms of the durability and longevity of a product. Any surface finish needs to be hard wearing and durable.
Paint finishes on cars have improved a great deal over recent years. Layers of various treatments are applied to improve resistance to corrosion. Sealants have developed and are applied to stop the ingress of water at joints, especially around the wheel arches for example.
If time permits, you may wish to show a short part of the car spraying video to highlight the use of robots in hazardous conditions (VOCs) and the benefits of automation with regards to consistency in surface finishes.


Mechanical systems
Discuss the surface treatments and finishes that might be applied to mechanical systems. Ask students what the benefits of lubrication are.
Plenary
Ask students to complete Task 2 of the worksheet. Go through the answers with the class.
Show the Dyson testing video: https://www.youtube.com/watch?v=F2YurW2Dn4A [0m48s] and discuss why it is important for manufactures to test the mechanical and electronic system within their products so rigorously. Does this level of testing reflect the premium cost of their products?
Hand out Homework 3 Commercial manufacturing and finishing with consolidation questions.

	PowerPoint Guide: T3 Commercial manufacturing and finishing
Link Video Car production [1m48s]








https://www.youtube.com/watch?v=tZ0bq-jIg-o [2m33s]



Link Video Electric cars [3m02s]





Worksheet 3 Commercial manufacturing
Worksheet 3 Answers












Link Video Wave soldering [2m19s]








Link Video Car spraying [5m10s]













Homework 3 Commercial manufacturing and finishing
Homework 3 Answers





	Assessment
	

	Learning Outcomes:
Students will
apply their knowledge in answers to a range of questions
be able to highlight areas of strength and any gaps in their understanding


	Content
	Resources

	Students should complete the Assessment Test. Answers are available in the Assessment Answers sheet.
These tests have been designed to be printed and answered by hand.  Alternatively, they could be uploaded and incorporated into an automated test as part of many modern VLEs.

	Electronic systems Assessment Test.docx

Electronic systems Assessment Test Answers.docx
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