

Cambridge OCR Level 1/Level 2 Cambridge National in Engineering Manufacture	 			R015 Scheme of work
Topic Area 1: Planning the production of a one-off product 
Lessons
	Lesson number
	Specification coverage 
	GLH 
	Lesson aims and outcomes
	Lesson ideas, key words and activities 
	Useful resources
	Student independent learning – ideas and useful resources

	1
	1.1 Interpret an engineering drawing to identify information to facilitate manufacture 
Identify required form and mechanical features 
· threads 
· holes 
· chamfers 
· countersinks 
· knurls 
Identify required dimensions and characteristics: 
· linear measurements 
· radius 
· diameter 
· tolerances 
Surface finish 

	1
	By the end of this lesson, students should:
Know how to interpret engineering drawings – required form and mechanical features.
	Key words:
Engineering drawings
Activities/lesson ideas:
Idea 1
You could begin with an introduction to the context of the unit being a highly practical one, in which students will learn practical skills in one-off manufacture and undertake a practical assessment activity.
Idea 2
For this lesson idea you could introduce engineering drawings and their importance to manufacturing one-off parts/components. Show and explain example engineering drawings, highlighting key features relevant to manufacturing.
Idea 3 
For this lesson idea, students could work in small groups to review example engineering drawings for simple parts/components to check what features they can already identify.
Students will learn about engineering drawings, drawing conventions and features in Unit R014 and so you could use this to complement this unit.
	First angle and third angle projection system - Complete details 
sourcecad.com is a web page explaining orthographic projection with examples.
How to Read an Engineering Drawing – a Simple Guide | Make UK 
MAKEUK.org has a basic guide on how to read an engineering drawing.
Engineering drawing and sketching (mdp.eng.cam.ac.uk)
This link has information on dimensions and features on types of engineering drawings.
	Students could be given an engineering drawing to annotate with the key features they can recognise. This could include the title block (and its contents), key dimensions and features.

	2
	1.1 Interpret an engineering drawing to identify information to facilitate manufacture 
Identify required form and mechanical features 
· threads 
· holes 
· chamfers 
· countersinks 
· knurls 
Identify required dimensions and characteristics: 
· linear measurements 
· radius 
· diameter 
· tolerances 
Surface finish 
	1
	By the end of this lesson, students should:
Know how to interpret engineering drawings – required form and mechanical features.
	Key words:
Engineering drawings
Orthographic projection 
Activities/lesson ideas:
In this lesson you could continue to work with engineering drawings in preparation for manufacturing a one-off component.
Idea 1
You could show how to interpret features of third angle orthographic projection drawings of components.
Idea 2
Provide sample drawings of parts/components for students to interpret working in small groups
Idea 3
Task students to produce basic copies of engineering drawings.
	Introduction to Orthographic Projection on SDC publications has a basic guide to orthographic projection.
JAES Company YouTube channel with a useful video explaining how to read an engineering drawing. How to read an ENGINEERING DRAWING
	Students could practice producing third angle orthographic drawings of simple engineering components, or complete part finished drawings to add all projections.

	3
	1.1 Interpret an engineering drawing to identify information to facilitate manufacture 
Identify required form and mechanical features 
· threads 
· holes 
· chamfers 
· countersinks 
· knurls 
	1
	By the end of this lesson, students should:
Know how to interpret engineering drawings – required form and mechanical features, dimensions, and characteristics.
	Key words:
Engineering drawings
Mechanical features
Activities/lesson ideas:
For this lesson you could continue engineering drawing by looking at drawings with mechanical features:
threads
holes
chamfers
countersinks
knurls. 
Students could already be familiar with these from work in Unit R014. 
Idea 1
You could provide drawings showing these mechanical features for students to interpret.
Idea 2
You could relate the mechanical features shown to how they translate to actual features on components, using actual components if available (e.g. how a knurl is represented on a drawing, and how it appears on a physical part/component).
Idea 3
You could task students to produce quick and simple drawings showing different mechanical features.
	The Efficient Engineer
YouTube channel with a useful video showing how to read an engineering drawing including mechanical features Understanding Engineering Drawings
Acronyms and Abbreviations in Engineering (draftsperson.net) A list of common abbreviations used on engineering drawings.
	You could task students to produce a guide sheet to mechanical features on engineering drawings. They could replicate and label the specific features. They could undertake internet research to find out more details about engineering features.

	4
	1.1 Interpret an engineering drawing to identify information to facilitate manufacture 
Identify required dimensions and characteristics: 
· linear measurements 
· radius 
· diameter 
· tolerances 
Surface finish 
	1
	By the end of this lesson, students should:
Know how to interpret engineering drawings – required form, mechanical features, dimensions, characteristics, and surface finish.
	Key words:
Engineering drawings
Dimensions and characteristics 
Surface finish 
Activities/lesson ideas:
In this lesson on engineering drawings and their interpretation you could look at dimensions and how surface finish is communicated:
linear measurements
radius
diameter
tolerances
surface finish.
Idea 1
You could provide drawings showing dimensions and surface finishes for students to interpret
Idea 2
You could ask students to interpret tolerances from engineering drawings, including the maximum and minimum allowable dimensions during manufacturing.
	Principles of Dimensioning | Engineering Design - McGill University 
(mcgill.ca) has an explanation with examples of how to add dimensions to engineering drawings.
What Are Basic Dimensions and How Do They Work in GD&T? | GD&T Basics 
(gdandtbasics.com) has a guide to adding basic dimensions to engineering drawings.
The Basics of Surface Finish | GD&T Basics has an explanation of surface finish and how this is represented on an engineering drawing.
	Students could be tasked to annotate supplied drawings to identify key dimensional features and characteristics.
They could be set an internet research activity to look at the meaning of surface finish on an engineering component, including how this is represented on an engineering drawing.

	5
	1.1 Interpret an engineering drawing to identify information to facilitate manufacture 
Identify required form and mechanical features 
· threads 
· holes 
· chamfers 
· countersinks 
· knurls 
Identify required dimensions and characteristics: 
· linear measurements 
· radius 
· diameter 
· tolerances 
Surface finish 
	1
	By the end of this lesson, students should:
Know how to interpret engineering drawings – required form, mechanical features, dimensions, characteristics, and surface finish.
	Key words: 
Engineering drawings
Consolidation
Activities/lesson ideas:
In this final lesson on interpreting engineering drawings in preparation for manufacture you could consolidate student knowledge and understanding.
Idea 1
Supply drawings for parts/components to be used as examples for manufacture in the remainder of this unit for interpretation.
Idea 2
You could task students to mark up the drawings to show key features and dimensions being communicated. 
Students will need to interpret engineering drawings elsewhere in this unit and in the assessment activity, so will need to revisit this topic area as necessary.
	Design Handbook: Engineering Drawing and Sketching | Design and Manufacturing I | Mechanical Engineering | MIT OpenCourseWare 
(ocw.mit.edu)
is a short course on engineering drawing which could be used as a refresher.
	Students could be set an activity to look at the engineering drawing on the Sample Assessment Materials for R015. They could interpret and annotate the features shown on the drawing.

	6
	1.2 Prepare a production plan to manufacture a one-off product 
Materials required 
Processes, tools and equipment required 
Sequence of operations 
Health and safety considerations 
Quality control requirements 

	1
	By the end of this lesson, students should:
Know about the planning processes to prepare production plan.
	Key words:
Planning 
Activities/lesson ideas:
For the next series of lessons, you could focus on planning in preparation for manufacturing one-off components, and on risk assessment.
Idea 1
You could begin by introducing the importance of planning in preparation for manufacturing.
Idea 2
You could use simple planning activities which are not directly related to show how plans are a series of steps (e.g. making a drink, arranging travel to school). Students could work in pairs or small groups to complete the planning activity.
Idea 3
You could use suitable examples highlighting the key components/headlines of a production plan:
materials required
processes, tools, and equipment required
sequence of operations
health and safety considerations
quality control requirements. 
Students will learn more about processes, tools, equipment, quality control, etc. in this unit, so will need to revisit planning as their knowledge develops, for planning for practice activities and as part of their assessment activity.
	GCSE Manufacturing Plan | Dtteacher (dtteacher.org) Has a comprehensive guide and video explaining how to product a manufacturing plan.
What is a Gantt Chart? Gantt Chart Software, Information, and History
(gantt.com)
MR Ridley Design & Technology A YouTube channel with a video showing how to produce a Gantt chart. GCSE D&T NEA walkthrough development Gantt Chart
	Students could be tasked to produce a plan for an activity they carry out at home. They should think about the sequence, any equipment used, safety and if they perform any quality checks, e.g., checking that a slice of toast is the correct colour.
They could then be set a task to produce a time plan for the activity by researching how to produce a Gantt chart.

	7
	1.2 Prepare a production plan to manufacture a one-off product 
Materials required 
Processes, tools and equipment required 
Sequence of operations 
Health and safety considerations 
Quality control requirements 
	1
	By the end of this lesson, students should:
Know about the planning processes to prepare production plan.
	Key words:
Planning 
Activities/lesson ideas:
In this lesson on planning, you could continue by:
Idea 1
Providing example manufacturing plans for students to investigate and discuss. This could be done in pairs or small groups.
Idea 2
You could supply incomplete manufacturing plans for students to complete missing elements.
	GCSE Manufacturing Plan | Dtteacher (dtteacher.org) Has a comprehensive guide and video explaining how to product a manufacturing plan.
	Students could be tasked to produce a ‘check sheet’ of how to write a plan, and the key points that must be included.

	8
	1.3 Carry out a risk assessment 
Identify hazards (potential sources of harm) 
Identify risks (the probability of a hazard occurring) 
Identify control measures
	1
	By the end of this lesson, students should:
Know how to undertake a risk assessment.
	Key words:
Risk assessment 
Activities/lesson ideas:
The next two lessons could focus on the important area of risk assessment.
Idea 1
You could begin risk assessment by:
introducing risk assessment, and why it is important in any manufacturing activity
explaining the terms hazard and risk with a rage of suitable examples.
Idea 2
You could develop a quiz with photographs for students to identify hazards and their associated risks.
Idea 3
You could introduce students to the legal requirements for safe working and a safe working environment, including the work of the Health and Safety Executive. You could show a poster that highlights the key points of the Health and Safety at Work Act (often displayed in a workshop setting).
	Managing risks and risk assessment at work – Overview -HSE
(hse.gov.uk)
Health and Safety at Work etc Act 1974 – legislation explained
(hse.gov.uk)
Safety signs and signals. The Health and Safety Regulations 1996. Guidance on Regulations - L64 (hse.gov.uk)
(worksmart.org.uk)
	Students could be tasked to produce a simple risk assessment for an activity they perform, such as crossing the road or riding a bicycle. They should be able to identify the hazards and associated risks, and what control measures they take.

	9
	1.3 Carry out a risk assessment 
Identify hazards (potential sources of harm) 
Identify risks (the probability of a hazard occurring) 
Identify control measures

	1
	By the end of this lesson, students should:
Know how to undertake a risk assessment.
	Key words:
Risk assessment
Activities/lesson ideas:
In the second lesson on risk assessment, you could:
Idea 1
show students sample risk assessments
carry out a simple demonstration risk assessment.
Idea 2
illustrate how control measures are used, including those available in your setting (including the PPE that is available and required to be used).
Idea 3
task students, working in groups, to undertake and discuss a risk assessment.
Students will continually need to address risk throughout any practical work they do in this units, so will need to use or complete risk assessments for these activities.
	Managing risks and risk assessment at work – Overview -HSE
(hse.gov.uk)
Health and Safety at Work etc Act 1974 – legislation explained
(hse.gov.uk)
Safety signs and signals. The Health and Safety Regulations 1996. Guidance on Regulations - L64 (hse.gov.uk)
	Students could be tasked to produce a risk assessment for an activity that is related to using tools or equipment for manufacturing. If access to the workshop is not possible, then they could do this by reviewing a video such as Hacksaw Safety on the Russel Shaw YouTube channel.

	10
	1.2 Prepare a production plan to manufacture a one-off product
Materials required 
Processes, tools and equipment required 
Sequence of operations 
Health and safety considerations 
Quality control requirements 
	1
	By the end of this lesson, students should:
Know about the planning processes to prepare production plan.
	Key words:
Planning 
Risk assessment
Consolidation
Activities/lesson ideas:
In this lesson students could consolidate student knowledge and understanding, so far, on planning and risk assessment. For this lesson you could:
Idea 1
task students to complete a production plan for a simple manufacturing activity, for example they could review and complete the plan for Task 1 on the SAM
Idea 2
task students to consider the hazards and risks associated with the activity and to produce a simple risk assessment for Task 2 on the SAM.
	Managing risks and risk assessment at work – Overview -HSE
(hse.gov.uk)
Health and Safety at Work etc Act 1974 – legislation explained
(hse.gov.uk)
Safety signs and signals. The Health and Safety Regulations 1996. Guidance on Regulations - L64 (hse.gov.uk)
R015 Sample Assessment Material on the Cambridge OCR website
	Students could be provided with sample but incomplete manufacturing plans and risk assessments for a manufacturing activity such as making the product on the Sample Assessment Material. 

	
	Working on NEA
	3-4 hours approx.
	By the end of the lesson, students should be able to: 
Complete Task 1 and Task 2 on the R015 NEA.
	Follow instructions for NEA, introduce the key terms, and investigate with the class what is being asked for as evidence, and dissect the marking criteria. Then, have students complete Task 1 and Task 2 for the NEA.
	
	Complete NEA work






Subject knowledge support for this topic area
	Subject knowledge enhancement
	Details

	Underlying knowledge and understanding
	To be able to effectively engage with interpreting engineering drawings, planning and risk assessment they should already have a foundation understanding of engineering drawings and planning. They should be familiar with engineering drawings from Unit R014.

	Common misconceptions
	Engineering drawing – identifying features: Students often misinterpret features on engineering drawings in preparation for manufacture. Students should undertake practice activities interpreting and marking up engineering drawings to become familiar with this. They could peer-review each other’s annotated drawings.
Risk assessment (hazards and risks): Students often mix up or interchange hazards and risks in risk assessment activities. A hazard is something that presents a danger, and a risk is the likelihood that someone or something could be harmed by the hazard and how. Students could undertake risk assessment activities to clearly identify hazards and associated risks.
Planning (requirements): Students often fail to fully plan for manufacture (production plan) and do not include all steps required. They should also refer to their plan throughout manufacture, and make amendments as required.

	Key concepts
	Engineering Drawings: engineering drawings are used to define components so that they can be accurately manufactured.
Orthographic projection: A drawing that represents an object using 2D views (or projections) of it.
Mechanical features: Features such as holes, threads and knurling that are shown using a specific format on an engineering drawing.
Dimensions: sizes of features that are added to engineering drawings to communicate how the component should be manufactured. Include linear dimensions, dimensions of features such as the diameter of a hole, or the radius of a corner.
Surface finish: the quality of finish of the surface of an engineered component. Dependent on the process used to manufacture the component. Required surface finish is communicated on an engineering drawing using specific symbols and annotations.
Planning: the process of writing down the step-by-step details required to manufacture a component. Includes a sequence, materials, processes, tools and equipment, safe working and quality checks at each stage.
Risk Assessment: a tool for assessing the risks involved with an activity, and how these can be reduced. Involves identifying the hazards and their associated risks and suggesting control measures to reduce these risks, e.g. wearing PPE.

	Subject knowledge enhancement for teachers (further reading)
	There are many good online resources and tutorials that support interpreting engineering drawings, planning and risk assessment. This includes many on YouTube, and as noted in the resources column.
Refer also to the textbooks and endorsed resources for the Cambridge Nationals Engineering Manufacture details available at: Cambridge Nationals - Engineering Manufacture Level 1/Level 2 – J823
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