[image: ]UNIT 310 Manufacturing Engineering

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


	Lesson 1: The automotive sector
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Manufacturing sectors

	Range: Materials technology and manufacturing methods of the automotive sector, composites and manufacturing methods of the aerospace sector, component manufacture and circuit board manufacture of the electronics sector, materials technology and manufacturing methods of the marine sector.
Introduce the unit by explaining the relevance of manufacturing engineering, as laid out in the Unit Summary of the award guide. Describe the unit specification content and how the unit will be taught and assessed.
Lead a question and answer session to establish what the automotive sector involves.
Lead a mind mapping activity on typical components manufactured and materials used to manufacture these components.
Use YouTube clips to show how typical automotive components are manufactured, eg car doors, steering wheels, alloys.
Recap typical components manufactured in the engineering sectors listed.
Opportunity for applied learning
Group work and presentations: Carry these out on identifying the process steps involved in typical automotive components manufacture.
Case study: Look at the use of specific materials in the automotive sector, taking sustainability and energy efficiency into account. Learners are to produce a booklet on the key learning points
	Websites
http://goo.gl/DcQmU8
http://goo.gl/B7kqet




	Lesson 2: The aerospace sector
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Manufacturing sectors

	Range: Materials technology and manufacturing methods of the automotive sector, composites and manufacturing methods of the aerospace sector, component manufacture and circuit board manufacture of the electronics sector, materials technology and manufacturing methods of the marine sector.
Introduce composite materials. Teach the types and properties of composite materials.
Lead a question and answer session to establish what the aerospace sector involves.
Lead a mind mapping activity on typical components manufactured and composite materials used to manufacture these components.
Use YouTube clips to show how typical aerospace components are manufactured, eg wings, wheels, tail fin.
Seat a word search on the types of materials used in the aerospace sector.
Opportunities for applied learning
Group work and presentations: Carry these out on identifying the process steps involved in typical aerospace components manufacture.
Case study: Look at the use of specific materials in the aerospace sector, taking sustainability and energy efficiency into account. Learners are to produce a booklet on the key learning points
	Websites
http://goo.gl/N3bFAa
http://goo.gl/nCTaFu





	Lesson 3: The electronics sector
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Manufacturing sectors

	Range: Materials technology and manufacturing methods of the automotive sector, composites and manufacturing methods of the aerospace sector, component manufacture and circuit board manufacture of the electronics sector, materials technology and manufacturing methods of the marine sector.
Lead a discussion on the use of electronics in everyday life.  
Lead a question and answer session to establish what the electronics sector involves.
Lead a mind mapping activity on typical electronics components and types of circuits.  
Use YouTube clips to show how common components are manufactured, how typical printed circuit boards are manufactured and the use of surface mount technology.  
Opportunity for applied learning
Individual work: Learners are to identify all forms of technology involved with / used in a typical day.  
Group work and presentations: Identify the process steps involved with typical electronics components and printed circuit board manufacture, and look at the key characteristics of surface mount technology.
Case study: Learners are to look at health and safety issues involved with printed circuit board manufacture, research relevant COSHH sheets and produce revision notes.
Allow learners DIRT (dedicated improvement and reflection time) on presentations.
	Websites
http://goo.gl/YLOqJD  
http://goo.gl/hmL700
http://goo.gl/VLhLLN
http://goo.gl/cbJhaN




	Lesson 4: The marine sector
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Manufacturing sectors

	Range: Materials technology and manufacturing methods of the automotive sector, composites and manufacturing methods of the aerospace sector, component manufacture and circuit board manufacture of the electronics sector, materials technology and manufacturing methods of the marine sector.
Lead a question and answer session to establish what the marine sector involves.
Introduce typical materials used in the marine sector. Teach about types and properties of composite materials, high-alloy steels, titanium alloys, aluminium alloys and copper alloys and their suitability for the construction of ships and marine structures.
Recap the materials learning content of this lesson.
Use YouTube clips to show how typical marine components are manufactured, eg hull, propeller, anchor.
Agree key points following reflection on learning.  
Opportunity for applied learning
Group work and presentations: Learners are to identify the process steps involved with typical marine components manufacture.
Case study: Learners are to analyse the use of composite materials in boat hulls and produce revision notes. 
Case study: Learners are to analyse the history of shipbuilding and produce revision notes.
	Websites
http://goo.gl/W2mIYV
http://goo.gl/CvXIFH
http://goo.gl/dNhRMt
http://goo.gl/jLheO9
http://goo.gl/ACVD3r





	Lesson 5: Fuel efficiency
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Sustainability and energy efficiency

	Range: Changes to working practices and materials in relation to sustainability and energy efficiency.
Introduce and explain fuel efficiency. Lead a discussion to establish the advantages of improving fuel and energy efficiency in the manufacturing sector.
Lead analysis and in-depth discussion of the Airbus case study and their approach to reducing the environmental footprint of their manufacturing processes.
Set a quiz to consolidate learning of advantages of improving fuel and energy efficiency in the manufacturing sector.
Opportunity for applied learning
Paired work: Learners are to produce an advert promoting the advantages of improving fuel and energy efficiency.
Written report: Learners should work individually to prepare a report on Airbus and how they have improved their energy efficiencies. Encourage peer assessment of the written reports, using ‘Even better if …’ targets. 

	Websites
http://goo.gl/zGIz6Y





	Lesson 6: Recycling and disposal of waste  
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Sustainability and energy efficiency

	Range: Changes to working practices and materials in relation to sustainability and energy efficiency.
Introduction and description of recycling. 
Lead a question and answer session to establish the importance of recycling in the manufacturing sector and typical manufacturing waste.
Lead analysis and in-depth discussion of the BPF case study and their approach to recycling manufacturing waste. Lead analysis of statistics showing waste produced in each engineering sector.   
Lead analysis and in-depth discussion of the solar panel case study of the manufacturing waste generated and its disposal. 
Recap learning content and agree key points.
Opportunity for applied learning
Individual learner task: Learners are to produce an advert promoting the recycling of manufacturing waste.
Paired learner activity: Learners are to analyse components manufactured in each engineering sector and identify manufacturing waste produced. A presentation should be prepared for each component. 
	Websites
http://goo.gl/RmnxhP
http://goo.gl/VbFk21
http://goo.gl/jPRfkY
http://goo.gl/KPfyrn




	Lesson 7: Hybrid technology
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Sustainability and energy efficiency

	Range: Changes to working practices and materials in relation to sustainability and energy efficiency.
Introduce and explain the new hybrid technology used on CNC machines.  
Show the YouTube clip to demonstrate hybrid technology in manufacturing, and discuss the associated case study. Explain additive and subtractive technologies, CADCAM and CNC.
Set a word search on key words from additive and subtractive technologies.
Lead a question and answer session to establish advantages and disadvantages of the new hybrid technology in manufacturing.  
Discuss engineering components that could be converted to hybrid manufacture.
Opportunity for applied learning
Paired work: Learners are to produce a written report putting forward an argument for the further development of hybrid technology in manufacturing.  
Produce a poster of a hybrid machine and key terms.
Research further examples of emerging hybrid technology.
Give learners DIRT on their written report.
	Websites
http://goo.gl/wyR6Q6
http://goo.gl/4rjiEf
http://goo.gl/xBHsRC






	Lesson 8: Production planning
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify a range of manufacturing sectors and methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Manufacturing processes

	Range: Planning methods for optimisation of production and efficiency during the manufacturing process.
Introduce the various scales of production: job, batch, continuous. Teach the characteristics and advantages and disadvantages of each scale of production. Materials and equipment requirements, workforce skill requirements, quality control, use of production lines and bought-in components should be considered.  
Establish descriptions and uses of static planning, dynamic planning, forward incremental planning, backward incremental planning, capacity planning and aggregate planning. Set true or false questions for descriptions of key phrases.
Lead a question and answer session to highlight typical components from each engineering sector manufactured using each scale of production. Use a YouTube clip to show a typical assembly line.  
Opportunity for applied learning
Mind map: Learners should mind map characteristics of each manufacturing process. 
Group work and presentations: Learners should identify and explain advantages and disadvantages of assembly lines.  
Scenarios: Look at typical components from the four engineering sectors in this unit. Learners must identify and justify a suitable process for the manufacture of each component using appropriate production planning. Set up a mini production line making a basic component, eg.a metal bottle opener, metal coat hook or plastic windscreen scraper.
	Books
Lockyer, K.G., Factory and Production Management, 3rd Edition (Pitman, 1978)
ISBN 273004654
Websites
http://goo.gl/iGVpRr
http://goo.gl/ZEE0bo
http://goo.gl/tibuxr
http://goo.gl/EhzzTD




	Lesson 9: Product and process layouts
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand production planning techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2
Facilities layout

	Range: Planning methods for optimisation of production and efficiency during the manufacturing process.
Introduce the concept of planning the manufacturing operations of components within the four engineering sectors.  
Establish descriptions and uses of product layouts and process layouts to reduce waste, increase output and decrease the time and manpower required for each work task.  
Lead a whole-class discussion on the advantages and disadvantages of product layouts and process layouts.
Use reflection and recap time to rank advantages and disadvantages of product layouts and process layouts.
Opportunity for applied learning
Mind map: Learners should mind map characteristics of product layouts and process layouts.
Group work and presentations: Learners should compare and contrast product layouts and process layouts.  
Scenarios: Look at typical components from the four engineering sectors in this unit.  Learners must design a suitable product or process layout for the manufacture of each component using appropriate production planning.   
	Books
Lockyer, K.G., Factory and Production Management, 3rd Edition (Pitman, 1978)
ISBN 273004654
Websites
http://goo.gl/T9SUxd




	Lesson 10: Fixed, cellular and combination layouts
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand production planning techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2
Facilities layout

	Range: Planning methods for optimisation of production and efficiency during the manufacturing process.
Link this lesson’s learning with the last lesson in the use of layouts in production planning of the manufacturing operations of components within the four engineering sectors.  
Establish descriptions and uses of fixed, cellular and combination layouts to reduce waste, increase output and decrease the time and manpower required for each work task.  
Lead a discussion on the focus for the design of layouts.
Lead a whole-class discussion on the advantages and disadvantages of fixed, cellular and combination layouts.
Set a Blockbusters-style quiz to recap key phrases.
Opportunity for applied learning
Mind map: Learners should mind map characteristics of fixed, cellular and combination layouts.
Group work and presentations: Learners should produce layout diagrams for fixed, cellular and combination layouts.  
Scenarios: Look at typical components from the four engineering sectors in this unit. Learners must design a suitable fixed, cellular or combination layout for the manufacture of each component using appropriate production planning. 
	Books
Bicheno, J., The Lean Toolbox (PICSIE, 2004)
ISBN: 9780954124410
Websites
http://goo.gl/YeCfrF




	Lesson 11: Equipment and personnel requirements
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Production planning

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Introduce the concept of production planning manufacturing processes to minimise production time and costs, efficiently organise the use of resources and maximise efficiency in the workplace.
Lead a discussion to establish key sections of a production plan and company and marketplace factors.
Explain historic output of equipment, safety factors and leasing of additional equipment in relation to production planning.
Explain the use of a production plan to reduce labour by eliminating wasted time, assess skill and training requirements of workforce and utilise human resources to their full potential.
Set a University Challenge-style quiz to recap learning content.
Opportunity for applied learning
Learners should describe each section of a production plan.
Case studies: Learners should look at existing company production plans from the four engineering sectors.  
Group work and presentations: Look at scenarios of the manufacture of common components and assess the equipment and personnel requirements for the production plan.
	Websites
http://goo.gl/yUn9bk
http://goo.gl/wsjCGo





	Lesson 12: Scheduling and planning
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Production planning

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Introduce and describe scheduling a manufacturing operation. Establish the importance of scheduling. Analyse production planning schedules.
Show a worked example of scheduling the operations involved with manufacturing a basic component from one of the four engineering sectors. 
Introduce materials requirements planning (MRP). Explain inventory, master production schedule, the product structure records, and the inventory status records.
Introduce and describe capacity planning. Explain design capacity, effective capacity, overall equipment effectiveness, lead strategy, lag strategy, match strategy and adjustment strategy.
Opportunity for applied learning
Research: Learners should research scheduling and MRP software and complete a presentation of their findings in the most appropriate format.
Group work and presentations: Learners should present on the advantages and disadvantages of capacity planning strategies, and on lean manufacturing.
Scenarios: Look at typical components from the four engineering sectors in this unit. Learners are to design a schedule for the manufacture of each component using appropriate production planning. 
Peer assessment of presentations using ‘Even better if …’ targets.
	Websites
http://goo.gl/dWyOxb
http://goo.gl/EObzxo





	Lesson 13: Stock and delivery
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Production planning

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Introduce stock. Explain raw materials and components and finished goods, warehouse storage costs and working capital. Describe stock control methods; just in case (JIC) and just in time (JIT).   
Explain and show worked examples of the bar gate stock graph.   
Lead a whole-class discussion on the advantages and disadvantages of just in case and just in time stock control methods.
Recap key learning points from the lesson.
Opportunity for applied learning
Mind map: Learners should mind map characteristics of just in case and just in time stock control methods.
Case studies: Look at manufacturers converting to JIT from the four engineering sectors.    
Individual learner research: Learners should research and use appropriate presentation methods on Henry Ford and Toyota JIT production.

	Websites
http://goo.gl/R63B3a
http://goo.gl/0rLdVR
http://goo.gl/IojRzT





	Lesson 14: Critical path analysis
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Production monitoring

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Introduce critical path analysis (CPA). Explain characteristics of critical path analysis, critical path, earliest start time, latest finish time and float. Describe key rules of critical path analysis.      
Lead a question and answer session to interpret examples of critical path analysis.   
Show a worked example of constructing a critical path analysis.   
Set exam-style questions on critical path analysis.   
Opportunity for applied learning
Mind map: Learners should mind map characteristics and key rules of critical path analysis.
Case studies: Look at critical path analysis examples that learners need to interpret.  
Individual learner activity: Learners should construct a critical path analysis for common components manufactured in the four engineering sectors.  

	Websites
http://goo.gl/LB7UMt
http://goo.gl/AcyFWh
http://goo.gl/tdNCnT







	Lesson 15: Performance evaluation and review techniques
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Production monitoring

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Define performance evaluation and review techniques (PERT). Link to critical path analysis (CPA). Explain the uses of performance evaluation and review techniques in monitoring production of components in the four engineering sectors. Explain the advantages of performance evaluation and review techniques. 
Lead a question and answer session to carry out examples of performance evaluation and review techniques on the production of components in the four engineering sectors.
Lead a recap session to allow learners to question you on learning content.   
Opportunity for applied learning
Mind map: Learners should mind map uses and advantages of performance evaluation and review techniques.
Case studies: Look at examples of performance evaluation and review techniques.  
Individual learner activity: Learners are to carry out performance evaluation and review techniques using the critical path analysis from the last lesson.  

	Websites
http://goo.gl/xTn2jh







	Lesson 16: Contingency plans
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Production monitoring

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Introduce the concept of a contingency plan. Discuss a well-known contingency plan for a current or recent well-known event. Explain critical business functions, risk analysis and risk impact, crisis management and SWOT analysis. Describe guidelines for developing a contingency plan and key steps for maintaining the plan.   
Lead a question and answer session to prepare a contingency plan. Agree the justification for preparing and maintaining a contingency plan.
Set a word search of key terms.
Opportunity for applied learning
Brochure: Learners should design a brochure of guidelines for developing a contingency plan and key steps for maintaining a contingency plan.
Case studies: Look at examples of product manufacture in the four engineering sectors; learners are to carry out and present a scenario analysis.  
Group learner task: Learners are to prepare a contingency plan for an activity they carry out.
Group debate: Learners should debate how best to maintain a contingency plan.

	Websites
http://goo.gl/IdHLgM







	Lesson 17: Flow charts and Gantt charts
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the management of manufacturing 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Production monitoring

	Range: The management of manufacturing a product, delivery deadlines, efficient use of materials and workforce, costs and monitoring methods.
Show examples of flow charts and explain their use in manufacturing. Describe and show the flow chart symbols. Lead a demonstration of writing a flow chart.     
Lead a question and answer session to identify key reasons for writing a flow chart.
Show examples of Gantt charts and explain their use in manufacturing. Describe an example Gantt chart. Demonstrate writing a flow chart.     
Lead a question and answer session to identify key reasons for writing a Gantt chart.
Opportunity for applied learning
Flow chart: Learners should design a flow chart for a basic activity.
Gantt chart: Learners should write a Gantt chart for manufacturing a basic engineering component.  
Group learner task: Learners are to prepare revision cards for flow charts and Gantt charts.
Peer assessment: Learners are to assess revision cards using ‘Even better if …’ targets.
	Websites
http://goo.gl/2wYrnh
http://www.gantt.com/
http://goo.gl/jlrfpQ








	Lesson 18: Direct costs
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Estimating and budgeting

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood and methods of monitoring their impact on the profitability of an organisation covered.
Introduce the concept of direct costs involved with manufacture. Explain direct costs of materials, labour and overheads associated with the manufacture of a component in one of the four engineering sectors.
Explain top-down estimates and bottom-up estimates.  
Lead a session analysing the manufacturing processes involved with common components, and discuss the costs involved with raw materials, bought-in components, the labour force and rental of equipment, utility bills, property rental, etc.
Lead a group discussion on the rationale behind monitoring direct costs.
Reflect on learning content and agree nine key points in order of importance.
Opportunity for applied learning
Identify: Learners should identify the direct costs associated with the manufacture of some basic components.
Spreadsheet: Learners should design a spreadsheet for estimating costs associated with the manufacture of the parts they have looked at.
Group learner task: Learners are to prepare a presentation of their costs and estimating sheet.
	Websites
http://goo.gl/mLFvGw







	Lesson 19: Indirect costs
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Estimating and budgeting

	Range: All costs associated with a manufacturing process should be monitored.  The range of cost types should be understood, and methods of monitoring their impact on the profitability of an organisation covered.
Introduce the concept of indirect costs involved with manufacture. Explain how indirect costs arise due to management functions, depreciation of equipment and stock, and training costs for the labour force. Use a familiar company as a scenario to support the explanation.
Lead a session analysing the manufacturing processes involved with common components, and discuss indirect costs that could arise.
Lead a group discussion to establish how these costs can be monitored and controlled.
Set a Blockbusters-style quiz to recap learning content.
Opportunity for applied learning
Identify: Learners should identify the indirect costs associated with the manufacture of some basic components through scenarios.
Group learner task: Learners should start setting up a company to manufacture a component within one of the four engineering sectors. Direct and indirect costs covered so far should be identified.   
Group learner task: Learners should prepare a presentation of their costs so far.
	Websites
http://goo.gl/TdQGlS
http://goo.gl/tXNwoy







	Lesson 20: Indirect costs
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Estimating and budgeting

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood and methods of monitoring their impact on the profitability of an organisation covered.
Define the benefit / cost ratio involved with manufacturing an engineering component. Explain the steps involved with calculating the benefit cost ratio. Explain the impact of inflation, and negative and positive ratios.  
Explain the use of Pareto analysis and the ’80 / 20’ rule, and its impact on costs. Analyse an existing example to consolidate the processes involved with Pareto analysis. Explain the use of profit and loss accounts, and what should be included on them. Analyse an existing completed example for the manufacture of an engineering component. Explain the concept of a manufacturing overhead. Lead a group discussion to reinforce and explain all possible indirect costs.
Set a written test on key aspects of Pareto analysis.
Opportunity for applied learning
Individual learner task: Learners are to prepare revision cards explaining benefit / cost ratio, Pareto analysis and profit and loss.
Group learner task: Learners should start setting up a company to manufacture a component within one of the four engineering sectors. The remaining indirect costs should be covered.
Group learner task: Learners are to present their company and associated costs.
	Websites
http://goo.gl/U5nTV0
http://goo.gl/DWIYnc
http://goo.gl/w00D9t
http://goo.gl/clc3yE
http://goo.gl/4zFRvx






	Lesson 21: Data collection methods
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Data analysis and monitoring

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood and methods of monitoring their impact on the profitability of an organisation covered.
Explain why data needs to be collected in production and manufacturing. Describe manual methods of collecting data: online and off line systems. Describe the use of software and link to key learning of cost control. Explain the use of programmable logic controllers and distributed control systems to collect data.
Lead a question and answer session to establish where data can be collected from in the manufacture of an engineering component.  
Recap on learning content and set a short test on descriptions of key phrases.
Opportunity for applied learning
Individual learner task: Learners are to produce two leaflets explaining manual and software methods of collecting data.
Individual learner task: Learners are to compare and contrast manual and software methods of collecting data.
Group learner task: Learners should research software available to collect data and put their findings into a suitable presentation. 
Group learner task: Learners should identify suitable data collection methods for the manufacture of typical engineering components.
	Websites
http://goo.gl/tMxwP7
http://goo.gl/SIBcu1








	Lesson 22: Review of manufacturing procedures
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Data analysis and monitoring

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood and methods of monitoring their impact on the profitability of an organisation covered.
Define ‘review’, and explain its purpose and importance in relation to manufacturing engineering components.
Identify an engineering component that students are familiar with, and analyse the manufacturing procedures involved. Lead a group discussion to identify where alternatives or improvements can be made. Consideration should be given to use of manual and CNC equipment, equipment and process layout, costs, scale of production, and labour. 
Set up two teams – learners are to test one another on the lesson content.
Opportunity for applied learning
Individual learner task: Learners are to design a format for completing the review of manufacturing procedures.
Group learner task: Learners are to review the manufacturing of an engineering component they have made or are familiar with.
Group learner task: Learners are to present their company and associated costs.
Allow learners DIRT on their presentations.
	Books
DeGarmo, P., et al., Materials and Processes in Manufacturing, 7th Edition (Macmillan, 1988)
ISBN 0029461405








	Lesson 23: Production reports
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Data analysis and monitoring

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood, and methods of monitoring their impact on the profitability of an organisation covered.
· Describe a production report and the reasons why they are written in manufacturing operations. Explain key areas of the production report, including inventory control, scheduling and planning, warehouse management, quality management and control, overall equipment effectiveness (OEE) and preventative maintenance.
Analyse an existing completed production report for the manufacture of an engineering component through question and answer.
Set a word search of key areas of a production report.
Opportunity for applied learning
Individual learner task: Learners are to prepare revision cards explaining key areas of a production report.
Group learner task: Learners should prepare a production report for the manufacture of a basic engineering component.
Group learner task: Learners are to present their production report.
	Websites
http://goo.gl/eIh0ow








	Lesson 24: Use of bar and pie charts
	Suggested Teaching Time: 2 hours

	Learning Outcome: Analyse costs associated with manufacturing

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Data analysis and monitoring

	Range: All costs associated with a manufacturing process should be monitored. The range of cost types should be understood and methods of monitoring their impact on the profitability of an organisation covered.
Explain the importance of communicating statistical data obtained from a manufacturing process in graphs and charts.
Show worked examples of how to generate a bar chart and a pie chart for a set of data.
Analyse a case study of a production report and its use of bar charts and pie charts to represent statistical data.
Lead a whole-class exercise to produce a production report for a workshop session they are familiar with.
Recap learning content with students using DIRT.
Opportunity for applied learning
Individual learner task: Learners are to prepare bar charts and pie charts for the statistical data collected on their production plan.
Peer assessment: Learners should look at each others’ bar charts. 

	Books
Lockyer, K.G., Factory and Production Management, 3rd Edition (Pitman, 1978)
ISBN 273004654
Websites
http://goo.gl/ioPFiC








	Lesson 25: What does quality mean in a manufacturing context
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1
Quality standards

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Share a definition of quality. Explain and distinguish quality of design and quality of process in a manufacturing engineering context.
Explain quality involved in producing, checking, quality control, quality management and quality assurance engineering components. 
Introduce the concepts of total quality management (TQM) and Six Sigma. Describe the core principles of TQM and the performance improvement model DMAIC (define–measure–analyse–improve–control).
Set a written test on the concepts of Six Sigma.
Opportunity for applied learning
Individual learner task: Mind map quality and aspects of it involved with manufacturing an engineering component.
Group learner task: Learners should prepare a PowerPoint presentation on Six Sigma.
Research: Look at case studies of companies that have adopted the Six Sigma approach.
Peer assessment: Assess presentations using ‘Even better if …’ targets.
	Books
Pyzdek, T., The Six Sigma Handbook (McGraw-Hill, 2003)
ISBN: 0071410155
Websites
http://goo.gl/5KAn7i








	Lesson 26: ISO 9000 quality management
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1
Quality standards

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Introduce the ISO 9000 family of quality management standards. Describe the eight principles of the quality management system: customer focus, leadership, involvement of people, process approach, system approach to management, continual improvement, factual approach to decision making, mutually beneficial supplier relationships.  
Reference should also be made to statutory and regulatory requirements relating to the manufacture of engineering components.
Set a written test on the eight principles of ISO 9000.
Share and discuss case studies with learners. Question and answer should be used to highlight the eight principles as appropriate.
Opportunity for applied learning
Individual learner task: Learners are to produce a presentation on the ISO 9000 eight principles of the quality management system.
Group learner task: Learners are to produce written reports on the case studies discussed in the session.
	Websites
http://goo.gl/nvBd8X
http://goo.gl/GzxVVC
http://goo.gl/W3mZGK
http://goo.gl/k3eoeV









	Lesson 27: Quality documentation
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1
Quality standards

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Share and discuss the documentation pyramid associated with the ISO 9000 family of quality management systems. Explain each level of the pyramid: policy, procedures, work practices, records.
Show a worked example of completing a documentation pyramid for the manufacture of a common engineering component from Topic 1.  
Recap the learning content covered this lesson.
Opportunity for applied learning
Individual learner task: Learners are to annotate a blank documentation pyramid with headings and examples.
Peer assessment: Assess the pyramids.
Group learner task: Learners are to complete a documentation pyramid for the manufacture of a common engineering component from Topic 1.  

	Websites
http://goo.gl/qJZjSy
http://goo.gl/L40fGf
http://goo.gl/cHQs87
http://goo.gl/TCJSLp







	Lesson 28: Inspection and quality control
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2
Quality procedures

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Lead a question and answer session to establish why inspection is carried out and its link to quality control. Explain the relevance of standardisation and uniformity of components to the relevant engineering standards.
Lead a whole-class discussion to establish the purpose and stages of inspection of components manufactured in the four engineering sectors.
Show a worked example identifying relevant checks at relevant stages of common engineering components.  
Recap learning content and agree key points.
Opportunity for applied learning
Individual learner task: Learners are to complete an informational brochure guide on carrying out inspection in manufacturing.
Group learner task: Learners are to identify suitable relevant checks at appropriate stages of common engineering components.

	Websites
http://goo.gl/3PToku




	Lesson 29: Equipment calibration and deviation procedures
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2
Quality procedures

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Define calibration and explain its relevance to quality procedures. Discuss the use of measurement and inspection techniques to carry out quality control checks. 
Show a worked example identifying relevant inspection checks carried out using calibrated equipment, during the manufacturing processes of common engineering components. Discuss the impact on quality of the use of calibrated equipment. 
Introduce the concept of quality deviation procedures. Distinguish between minor, major and critical deviations. Lead a question and answer session to determine procedures in a manufacturing environment when deviations occur.
Set a Fifteen-to-One-style quiz on learning content.
Opportunity for applied learning
Individual learner activity: Learners are to prepare revision cards for the three types of deviations.
Peer assessment: Assess the revision cards using ‘Even better if …’ targets.
Group learner task: Learners are to compare the use of two weighing scales to weigh the same object – then feed back results and relate them to calibration.

	Websites
http://goo.gl/4v8JJv
http://goo.gl/NoGPtk




	Lesson 30: Acceptance / rejection criteria and remedial action
	Suggested Teaching Time: 2 hours

	Learning Outcome: Identify manufacturing quality assurance methods

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2
Quality procedures

	Range: The need for a quality system should be considered to ensure that customer expectations are met. The use of quality standards and inspection methods when applied to the four engineering sectors should be considered.
Explain the concept of acceptance / rejection criteria in the manufacture of engineering components. Describe the use of sampling techniques and distribution of results.
Demonstrate defining tolerances for an everyday item and relate this to acceptance / rejection.
Extend learning on acceptance / rejection to establishing the root cause and the required remedial action.  Analyse a case study of quality control checks and discuss the remedial action taken.
Recap the learning content and rank key points.
Opportunity for applied learning
Individual learner activity: Learners are to prepare revision cards for the three types of deviations.
Group learner task: Learners are to research suitable tolerances for a range of common engineering components.
[bookmark: _GoBack]Group learner task: Learners are to suggest suitable tolerances and carry out acceptance rejection of a set of engineering components made in the workshop by a range of learners. Remedial actions should be identified according to the results. The statistical results should be presented and a report written. 
	Websites
http://goo.gl/ljSVCS
http://goo.gl/LgMcPn
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