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SOW LEVEL 3 (Technical) Cert/Dip/Ext Dip in Engineering (1145-30/31/32)


	Lesson 1: Health and safety law
	Suggested Teaching Time: 2 hours 

	Learning Outcome: Understand Health and Safety requirements in an engineering workshop



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Legislation applicable to the engineering industry

Topic 1.2 
Purpose of current legislation within the engineering industry 

	This unit is about how to work safely and skilfully in an engineering workshop to produce articles of quality that work as they are supposed to do. Learners should be helped, in this and other units, to build awareness and confidence to work safely in an engineering environment. Those learners who have studied the equivalent unit at Level 2 will need to revise their earlier learning and then increase the breadth and depth of their knowledge. 
Learners should be aware of the brief history of Health and Safety at work legislation, starting with the original Factories Act of 1833. They should consider the following:
· the need for legislation in the workplace
· how legislation operates to keep employees safe in the workplace
· who is responsible for compliance with the legislation
· the importance of Health and Safety culture, training and information
· who enforces the legislation and advises companies how to comply with it.
Learners should discover the aspects of a number of the main pieces of legislation that they are likely to encounter in the workplace, including:
· Health & Safety at Work etc. Act 1974 – learners should understand the status of this Act as an Enabling Act, allowing detailed H&S legislation to be attached to it without going through the full parliamentary law-making process every time.
· Personal Protective Equipment at Work Regulations.
· Control of Substances Hazardous to Health Regulations.
· Reporting of Injuries, Diseases and Dangerous Occurrences Regulations.
· The Control of Noise at Work Regulations.
· Manual Handling Operations Regulations.
· ‘Fire Safety Order’ 2005.
If learners will be focusing on a particular area of industry there may well be other items of regulation that should be explored as well. Clearly learners will be starting from a number of different places here, so time may have to be ‘released’ from one or more other lessons since this is an important subject to get right.

	Websites 
http://goo.gl/JvNLUQ
www.hse.gov.uk
http://goo.gl/o57K2E






	Lesson 2: Responsibilities in the workplace
	Suggested Teaching Time: 1 hour

	Learning Outcome: Understand Health and Safety requirements in an engineering workshop



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3
Responsibilities of employers and employees

	This is a short but important lesson, which aims to clarify the roles and responsibilities with regard to Health and Safety and its management within the workplace. 
Employers’ responsibilities:
· minimising risks in the handling, storage and transport of articles and substances
· instruction, training and supervision to maintain high standards of Health and Safety at work
· maintaining the workplace and its environment to be safe, and minimising risk to health
· to provide where appropriate a statement of general policy with respect to Health and Safety, and to provide, if appropriate, arrangements for safety
· to provide representatives and safety committees
· to conduct undertakings in such a way so as to ensure that members of the public are not affected or exposed to risks to their health or safety.
Employees’ responsibilities:
· to work safely so as not to cause injury to themselves and others in the vicinity
· not to attempt any work task unless trained and authorised to do so
· to cooperate with the employer to enable employer’s duties to be performed
· to have regard for any duty or requirement imposed upon the employer or any other person under any of the statutory provisions
· not to interfere with or misuse anything provided in the interests of health, safety or welfare in the pursuance of any of the relevant statutory provisions.
Opportunity for applied learning
You should plan to incorporate these principles into the work routine during practical sessions – for instance a H&S committee could improve communication skills and give individuals responsibility for ensuring that some of the H&S procedures are adhered to, and will give them confidence and knowledge.


	Websites 
http://goo.gl/JvNLUQ
www.hse.gov.uk
http://goo.gl/o57K2E 






	Lesson 3: Identifying workplace hazards
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand Health and Safety requirements in an engineering workshop

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4 
Methods of identifying hazards in the workplace
 
	When learners are working in an engineering environment they need to have the confidence to spot and deal with the common hazards present in engineering workshops. The lesson should be taught in the context of the working environment in which the learners will undertake practical activities, and then expanded where necessary to include typical engineering workplaces. Learners should:
· be introduced to different methods of identifying hazards in the workplace
· understand the importance of risk assessments and how they are used to minimise any risks that may be present
· understand that risks can only be reduced ‘so far as is reasonably practicable’
· understand that this often means that they will have to wear PPE in addition to barriers, screens and other risk-minimising measures.
PPE includes respirators, masks, safety footwear, high visibility clothing, gloves, protective headwear, hearing protection, barrier cream, protective clothing and sun protection. Learners should understand the following:
· risk assessment process
· safe working practices, focusing on the skills and techniques 
· fire prevention and control – common fire extinguishers, their placement and use
· signage – common signs and their placement.
	Websites
http://goo.gl/JvNLUQ
www.hse.gov.uk
http://goo.gl/o57K2E 




	Lesson 4: Safe behaviour and practice in a workshop
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand Health and Safety requirements in an engineering workshop

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.5 
Safe behaviour in the workplace
	Having grasped the reasons why we are so insistent on Health and Safety In the workplace, and how we enforce it, learners need to learn what constitutes good, safe behaviour. Learners should be introduced to the following:
· general workplace behaviour (moving around safely, asking for guidance, etc).
· wearing safe clothing – eg, no loose items, jewellery, ties, scarves, etc, securing long hair 
· safety signage and labelling
· knowledge of emergency equipment and evacuation procedures
· safe use of hand tools
· safe use of machines (drills, guillotine, bending machine, lathe, mill, etc) as required
· coolants and lubricants
· safe handling of materials
· use of PPE (including when and when not to wear gloves, hearing, eye and skin protection)
· safe storage and management of tools and equipment (eg, shadow boards, routine maintenance, replacement of expendable parts such as saw blades).
	Websites
http://goo.gl/JvNLUQ
www.hse.gov.uk
http://goo.gl/o57K2E 





	
Lesson 5: How cutting tools work
	Suggested Teaching Time: 4 hours

	Learning Outcome: Identify engineering cutting tools and machines

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Cutting principles 

Topic 2.2
Cutting by shear tools and machinery
	The main object of this and the next two lessons is to gain familiarity with the equipment and tools that learners will be using in the practical phase. These three lessons can be combined or taught in a different order; however, they should be completed before learners start their practical work. 
Learners should be able to describe and sketch what happens to the material being cut at a granular level using each of the three principle methods: shear, chip and thermal.
Learners should also be able to identify the cutting principle used by a given machine.
The lesson should progress to dealing with shear cutting equipment and how it is used. This part of the lesson should deal with two distinct groups of equipment:
· Equipment that learners will be using in the practical phases of the qualification, such as hand and bench shears, guillotine and hand lever punches.
· Equipment that will not be used in the workshop phase, such as larger production machines, both CNC and manual. Note that this subject is covered in outcome 1 of Unit 304, so this will be a reminder.
Learners should also be introduced to holding devices that they will be using in the workshop, with the emphasis on choosing the right tool for the job. Safe and efficient use of the holding device should be the focus, including techniques to avoid surface damage and distortion to the workpiece while holding it firmly enough.
	Websites 
http://goo.gl/pFrqW5
http://goo.gl/Sxigrl 
http://goo.gl/ugTuDJ
http://goo.gl/hDLxlm
http://goo.gl/tRLqwM





	Lesson 6: Tools that cut by chipping
	Suggested Teaching Time: 4 hours

	Learning Outcome: Identify engineering cutting tools and machines

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3
Chip cutting tools and machinery

	This lesson covers tools used with the chipping principle. Once again, the focus should be on the tools that the learners will be using, but reminding them of the larger, industrial versions used for production. 
Tools that learners will be using might include:
· hacksaws (hand and mechanical)
· drills – include types of drill, nomenclature and sizing
· taps and dies
· drilling machines (hand and bench / pillar)
· files 
· chisels
· off-hand grinder.
Teaching should be focused on safe and efficient use of each tool. 
Machine tools should be touched on as examples of use of the chipping principles:
· lathes 
· milling machines
· grinding machines.
	Websites 
http://goo.gl/pFrqW5
http://goo.gl/Sxigrl 
http://goo.gl/ugTuDJ
http://goo.gl/hDLxlm
http://goo.gl/tRLqwM





	
Lesson 7: Thermal cutting
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify engineering cutting tools and machines

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.4 
Thermal cutting equipment

	This lesson is primarily about three types of thermal cutting equipment used for a wide variety of materials:
· Oxy-fuel – covering both the small-scale cutters available in small workshops, and the larger-scale CNC machines.
· Plasma – these are unlikely to be directly available to learners; however, they should be able to discuss the process, how it works and the quality of the cut edge compared to the other two processes.
· Laser – similarly, this is unlikely to be readily available, so the process and comparisons should be learned. In particular the wide range of materials that can be laser cut should be appreciated. 
Opportunity for applied learning 
Site visit: it would be helpful to visit a commercial establishment to view these processes in action so that learners can absorb more about the processes.
It is important that the learners fully appreciate the dangers associated with these methods, but also that they are perfectly safe processes if the equipment is properly maintained and used.
	Websites 
http://goo.gl/l3dXtC 
http://goo.gl/3kFQSI
http://goo.gl/RZ6Asp




	Lesson 8: Measuring and marking out tools
	Suggested Teaching Time: 3 hours

	Learning Outcome: Mark out and cut engineering components

	Topic
	Suggested Teaching
	Suggested Resources

	Topic3.1 
Identify marking out tools

Topic 3.2 
Identify measuring tools

	This lesson is a familiarisation on measuring and marking out tools, and will probably form the first hour of the practical phase of the unit. Learners should be given access to and information about the following marking out tools, as a minimum: scribers,rules and tapes, punches, squares, vernier height gauge, depth gauges, dividers and trammels, scribing blocks, angle plates, engineering protractors, slip gauges, marking out media, surface roughness gauges (comparison, but should be aware of other types).
Measuring equipment to be accessed by the learners is, as a minimum, in various forms: go/no-go gauges, vernier gauges, vernier protractors, micrometers, dial test indicators.
Learners need to be aware of the errors that can occur when using these instruments and how to minimise or avoid them.
Opportunity for applied learning
Practical demonstration: Where there is access to precision metrology equipment such as a Co-ordinate Measuring Machine (CMM) or other high-precision measuring equipment, it would be of great help to learners to see this equipment operating in a manufacturing environment.
	Websites 
http://goo.gl/DIZRtO
http://goo.gl/Z8gk8h
http://goo.gl/WPGEVH
http://goo.gl/91T6L4
Books
Law, I., R., Measuring and Marking Metals (Workshop Practice Series No. 6), (Special Interest Model Books, 1998)
ISBN 978-0852428412





	Lesson 9: Accurately mark out sheet material for cutting
	Suggested Teaching Time: 7 hours

	Learning Outcome: Mark out and cut engineering components

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3 
Mark out a range of profiles accurately and within tolerance

	Please note that the term ‘materials’ is not confined to, but must include, metals. 
The content of this lesson will depend very much on work being developed in other units and for the practical assessment. Note that, although an individual learner might have a talent for, say, electronics, they cannot do all of their workshop activities in electronics. Each individual must do at least the minimum in each of the topics. This will need to be carefully documented and referenced. 
Clearly lessons need to be split up into conveniently timed practical sessions; only the approximate overall time for each activity is given. Also, of course, learners will have different skill sets and should not be held back from the next lesson’s activity. The next skill to be taught should be sheet metal bending and folding, required in lesson 11.
In the measuring and marking out activities the learners need to accomplish at least the following: datum / centre lines, square / rectangular profiles, circles / radial profiles, linear hole positions, angles / angular profiles, radial hole positions.
You might prefer to alter the order of the lessons here and deliver the sheet material cutting practical activity immediately following or during this lesson. 
There will clearly be more required when the project tasks are allocated; however, the above list is the minimum.
	Books
Law, I., R., Measuring and Marking Metals (Workshop Practice Series No. 6), (Special Interest Model Books, 1998)
ISBN 978-0852428412





	
Lesson 10: Marking out different material forms
	Suggested Teaching Time: 8 hours

	Learning Outcome: Mark out and cut engineering components

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.4
Mark out a range of material forms

	This lesson is about developing the learners’ abilities to adapt their measuring and marking out techniques to measuring and marking out more complex material form. Learners should practise more complex marking out and should include, where possible, components from their practical project. Categories of material profiles should include, as a minimum:
· square / rectangular (such as bar stock, sheet material, machined components)
· circular / cylindrical (such as bar stock, tubes, turned components, flat discs)
· sections (such as angles, channel, tee section, joists, extrusions)
· irregular shapes (such as castings, forgings, odd shaped components).
Opportunity for applied learning
Practical workshop activities: This is an important learning curve and learners should be allowed to take the time to learn the disciplines involved and the correct equipment to use. Any time left over should be transferred to other practical workshop activities so that learners can develop their skills beyond the bare minimum. This will enhance the quality and complexity of the output from the extended projects and practical assignment. 
	Books
Law, I., R., Measuring and Marking Metals (Workshop Practice Series No. 6), (Special Interest Model Books, 1998)
ISBN 978-0852428412





	Lesson 11: Cutting and shaping materials
	Suggested Teaching Time: 8 hours

	Learning Outcome: Mark out and cut engineering components

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.5 
Cut and shape materials to the required specification using appropriate tools and techniques

	This lesson is about the cutting and shaping of materials in various forms including sheet, bar, tube and other profiles. Shaping can be by hand or machine, but there should be an attention to detail, care to preserve the material surface, and an intention to produce work within tolerance. 
In cutting and shaping the various materials, learners should use as wide a range of tools and equipment as is available. You may need to tailor training for a particular project; that is fine as long as the minimum requirements of this unit are satisfied. See Lesson 17 for a suggested exercise using basic hand skills. Possible skills and equipment include:
· cutting using saws (hand, mechanical hacksaw, band saw)
· cutting using hand shears (straight and angled)
· cutting using a guillotine
· shaping using files, abrasives, knives (eg for plastics), by hand and / or machine
· bending using hand and machine techniques (if available) – note the requirement for angles other than 90°
· slip-rolling – eg for making tubes / curved profiles using a hand-operated slip-roller
· wheeling – profiling sheet metal using a wheeling machine
· drilling, countersinking, thread production.
	Websites 
www.YouTube.com 
There are many video demonstrations available on the Internet, particularly on YouTube. Many are instructive and would be helpful for learners to absorb information. However tutors should check that the presenters are properly observing basic safety rules such as wearing eye and hand protection.  




	Lesson 12: Types of electrical and electronic cable
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use electrical and electronic engineering tools

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
Types of cable
	This lesson will introduce learners to the many types of electrical conductor in use. However, many will only be able to identify two or three types. Learners need to be able to handle samples of a range of the cables listed below, to see how they are constructed and the materials from which they are made:
· domestic mains ‘twin and earth’, flex, etc
· armoured three-phase power supply 
· cat 5 / 6 cable
· ribbon cable
· telephone cable
· screened co-axial satellite / UHF cable
· bell wire
· industry-standard specialist cable (aerospace, marine, etc)
· fire-retardant cable for alarm systems
· fibre optic.
Learners should be knowledgeable about the construction and application of the common types of cable, and able to create cable looms with properly terminated connectors.
	Websites* 
http://goo.gl/Asxq4B
http://goo.gl/gmwzqX




	Lesson 13: Cable termination tools
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use electrical and electronic engineering tools

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 
Cable preparation and termination tools


	This lesson is specifically about the cable preparation and termination tools that learners will be using during this part of their practical activities. Learners should be fully aware of the following by the end of this lesson:
· the variety of cable snips and cutters available and their correct care and use
· the variety of cable strippers available and selecting the correct ones for the job
· how to inspect stripped cable and how to tell if the strippers are not working correctly (eg, ragged edge to insulation, scored conductor)
· the consequences of not stripping cable to the correct dimensions
· the reasons why penknives and box-cutters should not be used to strip cable
· the different types of crimp tool available and the matching termination types
· pre-use inspection and test (using gauges) for precision strippers and crimp tools
· how the crimp tool works – the importance of having the correct pressure, signs of a badly executed crimp, the importance of re-doing the crimp if a defect is found
· use of soldering irons – selection of type and bit size / shape, type of solder, safety precautions, soldering techniques, inspecting soldered joints
· use of the above tools in safety-critical equipment such as aircraft, trains, ships, motor vehicles, etc.
	Websites 
Learners should enter each of ‘precision cable strippers’ and ‘precision crimp tools’ into a search engine and examine the images that appear. 

They will see the vast array of designs available and will be able to explore the specifications of a selection of them.




	Lesson 14: Terminating cables
	Suggested Teaching Time: 7 hours

	Learning Outcome: Use electrical and electronic engineering tools



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3
Cable preparation and termination techniques

	This lesson will teach learners the disciplines and skill to enable them to terminate a number of different types of electrical power and electronic signal cables, including:
· a standard UK mains plug (screw terminals) including appropriate strain relief
· RJ11 and RJ45 (telephone and cat 5 / 6 cable
· automotive cable crimped terminations
· knife-edge connectors (eg, Scotchlok, telephone wall terminal)
· appropriate industry-standard precision crimp terminations (aerospace, marine, telecoms, etc) using ratchet-type tools such as Amphenol
If fibre-optic termination equipment is available, learners should be given the opportunity to learn how to use it.
Learners should be able to do the following:
· ensure correct lengths of exposed conductor
· avoid nicks in conductor strands
· select and use different termination types (crimp, solder, ring tags, male / female plug inserts, etc)
· recognise the importance of properly adjusted crimp tools
· carry out pre-use tool checks (test crimps, go / no-go gauges)
· using different termination methods (crimp, solder, screw terminal)
· inspect the joint (crimp and solder – visual and pull-off checks)
· assemble the terminal connector
· repair cables
· continuity checks.
Once the learner is confident and competent in these operations and is consistently producing good-quality terminations, the next lesson can be started.
	Websites 
http://goo.gl/i77XZt




	Lesson 15: Building a cable loom
	Suggested Teaching Time: 7 hours

	Learning Outcome: Use electrical and electronic engineering tools



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.4
Cable loom manufacture

	This lesson could be taught on its own as a training exercise to build learners’ skills, or it could be used as part of the practical assignments and project work. The aim of the lesson is for learners to be able to plan and build a reasonably complex cable loom (harness) consisting of a number of different types of cables with a number of cables exiting the loom at different points. The cables should have a range of terminations, suitable to the cable type, including at least one free plug / socket with crimped or soldered pins.
Learners should be shown how to take a cable specification and translate that to a looming board using a drawing, nails or pins to support the cable, and notes to ensure correct lengths and terminations. 
The looming activities should include the following:
· interpreting the specification and making up the looming boards
· selecting and laying out the wires
· marking and labelling the wires and cable bundles
· terminating the cables according to the specification
· making up the loom using a range of devices, such as:
· lacing cord
· cable ties
· cable clips and clamps.
It is recommended that learners should lace up at least part of the loom using correctly knotted lacing cord (PVC covered or waxed string). On completion of the loom, learners should be asked to carry out an inspection on a loom not produced by them, looking for the following:
· correct routing of the cable
· correct cable types
· correct labelling of wires 
· correct use of terminal devices and connectors
· adequate strain relief
· no undue crushing of cable bundles
· secure terminations
· correct connections.
Opportunity for applied learning
Written report: Each learner should produce a brief report on their findings – you could design an industrial-style proforma for the purpose.
	Websites 
http://goo.gl/HZar5v




	Lesson 16: Fixing components to circuit boards
	Suggested Teaching Time: 7 hours

	Learning Outcome: Use electrical and electronic engineering tools

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.5 
Fixing components to circuit boards


	This lesson could be combined with the project and other practical work such as the robotics unit. The unit requires learners to develop soldering skills to enable them to build a circuit board using discrete components and packaged circuits. Learners will need to master the art of using a heat sink and also they need to be aware of leakages of current from certain soldering iron types. Learners will need to demonstrate skill in manufacturing working circuit boards using a variety of components. The boards can either be produced by an etching process, or, if that is not available, pre-drilled strip boards (‘Veroboard’ or similar) can be used.
Learners should work from a board design and component layout drawing, and should pick and place components by hand. Following assembly the board should be tested either functionally or by measuring values at test points with a suitable instrument. See Lesson 19.
In addition learners will need to have knowledge of the automatic production process of PCBs, including component placement, soldering and inspection of boards, and then the testing of the completed board. This can be accomplished by the use of, for instance:
· flying probes
· thermal imaging
· visual imaging
· ultrasound imaging
· manual signal testing
· automated functional testing
· burn-in.
Learners should have an understanding of what these processes are for and why they are done. Burn-in particularly should be understood because it has a profound effect on product quality, reliability and cost. 
Opportunity for applied learning
Site visit: Learners would greatly benefit from a visit to a production facility for electronic equipment, particularly one that produces PCBs using automated processes.
	Websites 
http://goo.gl/H7x9F9





	Lesson 17: Assembling engineering components
	Suggested Teaching Time: 8 hours

	Learning Outcome: Assemble engineering components

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
Assemble engineering products

	This lesson should be done in conjunction with the practical assignments and project. The following should be covered as a minimum:
· bolts and nuts
· screws – machine, self-tapping
· locking devices – lock washers, castellated nuts with split pins, wire locking
· rivets – tucker pop rivets, blind rivets
· adhesives.
You could design a basic exercise where learners can practise using the mechanical fixing devices, demonstrating skill in preparation and fixing together two metal plates (aluminium alloy, preferably). The learners are given a drawing with a pattern of holes in two plates, giving hole diameters, hole centres and type of fastener. The plates can be any size to accommodate all of the fasteners, approximately 3mm thick and can be prepared by learners in Lesson 11. So long as the material can be drilled, countersunk, counter-bored and threaded, it will be suitable.
Learners do not have to demonstrate skill for assessment. However welding of metals is a very useful skill, and learners could usefully be taught the basics if possible. Welding plastics is much easier to teach and equipment can be purchased at reasonable cost. This could easily be incorporated into a practical assignment or project.
	Websites 
http://goo.gl/pP182Z
Books
Ross, L., Electronics All-in-one Desk Reference for Dummies (John Wiley & Sons, 2013)
ISBN 978-1118589731





	Lesson 18: Inspecting products
	Suggested Teaching Time: 8 hours

	Learning Outcome: Assemble engineering components



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2
Use measuring equipment and gauges

	This lesson will be informed by Units 301, 302, 304, 305, 308, 310 and 311.
Learners will already have learned about precision mechanical measuring equipment in Lesson 8, and electrical measuring equipment in Lessons 15 and 16. Here, learners will be inspecting completed work against specifications and, importantly, making judgements and specifying remedial action. 
In order to establish consistency, it is suggested that each learner inspect a number of pieces, which will also be inspected by their colleagues. Each learner should first establish an inspection and test plan (testing is in the next and final lesson), and should use standard recording proformas. 
Also, it might be instructive for learners to first inspect their own work and then compare their view with that of their fellow learners. Lessons can be learned about consistency of inspection methods and techniques, personal consistency in the inspection process, and about the acceptability of minor defects.
Inspection techniques for both mechanical and electrical / electronic products should include:
· visual – with naked eye, magnifier and strong light
· measurement using a range of precision instruments, both analogue and digital
· mechanical checks such as security of fixings and components.
Opportunity for applied learning
Written report: The end product of this lesson should be a report containing properly recorded and analysed inspection data on a variety of components, both mechanical and electrical / electronic. 
Learners should come to realise that manufacture is not just a question of producing an item, packing it up and sending it off. There is a whole other process that is vital to producing consistent, quality products. Learners should carry forward some of the learning they have done in other units about quality control and translate the methods into this lesson’s activities.
	Websites 
http://goo.gl/tYYmPo
http://goo.gl/ZwAtq2
http://goo.gl/bJSxkL
http://goo.gl/F3qnX4
Books
Law, I., R., Measuring and Marking Metals (Workshop Practice Series No. 6), (Special Interest Model Books, 1998)
ISBN 978-0852428412





	Lesson 19: Testing products
	Suggested Teaching Time: 8 hours

	Learning Outcome: Assemble engineering components



	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.3
Use test procedures and equipment

	This lesson will be informed by Units 301, 302, 304, 310 and 311.
This lesson can be divided into two or more parts, depending on the type of output from the practical activities in this and other units. Activities should, however, cover electrical / electronics and mechanical testing, as well as whole-system functional testing.
It is important that learners understand the difference between the main categories of testing: 
· Component testing – for example to ascertain the serviceability or performance of a particular component. This can consist of a simple binary test (go / no-go) or a more comprehensive test to ascertain performance
· System functional testing – to establish that a system functions, but not necessarily under all conditions, inputs or loads.
· Performance testing – where the system is tested under a full range of operational loads and conditions, and adjustments made to bring it within its design specification.
Opportunity for applied learning 
Test specification design: From their understanding of what the component or system is supposed to do, and from a product or system specification, learners should be able to design a test specification, with expected outputs for given inputs within a range. They should also be able to interpret those results in a number of different ways without delving into the intricacies of statistical analysis. 
As an example, consider the case of an electrical harness that includes 30 crimped pins and sockets ready to be fitted to a multi-way connector. Suppose that they all have a similar defect, perhaps that the pins moved when pulled. What would be the inferences here? Clearly there is something wrong with the process, but what? The options and remedied might be (in no particular order):
· operator error – observe the operator working and correct any process errors observed
· wrong selection of crimp tool – substitute for the correct tool and re-work the connectors
· unserviceable tool that either was not pre-use tested, or was incorrectly tested, or the test result was ignored – resolve the unserviceable tool, counsel the operator if necessary and re-work the connectors.
Learners should also realise that, in a modern production environment, products produced by people would normally have some basic physical and visual checks done on them before being passed on. Products produced by automatic machinery need to be sampled and tested to monitor the machine’s performance. 
At the end of this lesson, learners should:
· understand the reasons for testing and the different basic categories of test
· be able to design, execute and analyse simple test procedures using a variety of test equipment, both mechanical and electrical; this could include:
· mechanical measurement of component dimensions
· checking electrical continuity in a wiring harness
· running and adjusting a system (eg, conveyor belt, robot, traffic lights, etc)
· performance testing a particular sub-system such as a power supply or a robotic manipulator against a given standard
· understand how to use test results to fault-find in order to recommend remedial action
· understand that, in industry, there are extremely sophisticated test and quality assurance systems geared towards producing products that fit the company’s requirements for performance and reliability; however they employ the same basic philosophy as they have learned here.
	Books
Ross, L., Electronics All-in-one Desk Reference for Dummies (John Wiley & Sons, 2013)
ISBN 978-1118589731
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