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


	Lesson 1: Ferrous metals
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify properties and characteristics of engineering materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Materials and their use in engineering
	Introduce the unit by explaining the importance of material knowledge and materials selection in engineering. The course will identify the properties and characteristics of metallic and non-metallic engineering materials and the effect of heat-treating them to change their properties. Learners will understand and carry out the testing methods used to determine material properties.
Opportunity for applied learning
Tutor-led board blast: Give learners three minutes to list as many engineering materials as they can. Collate these on the board, categorising them (without headings) as Metals, Polymers, Ceramics, Composites and Smart materials. Discuss each list and agree and add headings.
Discuss the microstructure of ferrous metals in terms of the iron–carbon equilibrium.
Describe the key areas of the iron–carbon equilibrium, including ferrite, pearlite and cementite, and the effect on the strength and ductility of the material.
Tutor-led board blast: As a group, list components made from steel and place them on the iron–carbon equilibrium.
Ongoing technical journal: Many of the research tasks and opportunities for applied learning in this scheme of work are distinct to a particular session or topic. There is, however, scope within this unit to link the tasks together into an ongoing technical journal. This would relate all applied learning tasks to the design of specific machine or vehicle, and as the course progresses the acquired knowledge would be applied in a contextual manner, allowing for group or individual work to support suggested tasks. This would, of course, provide the opportunity to link the learning to a specific local industry.
	Websites
http://goo.gl/2AsJoQ
http://goo.gl/yR73Wi




	Lesson 2: Non-ferrous metals
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify properties and characteristics of engineering materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Materials and their use in engineering
	Discuss the properties of pure non-ferrous materials and the change in properties brought about through alloying (aluminium, copper, nickel, titanium and their alloys).
Describe the general properties and uses of aluminium. Discuss the designation of aluminium into wrought and casting alloys. Introduce magnesium and beryllium alloys and their structure and properties.
Discuss copper alloys, including brass and bronze. Demonstrate the complexity of copper alloys (CuZn, CuSn, CuAl, CuBe).
Introduce titanium alloys and their phase diagrams (eg TiSn, TiAl, TiMo, TiMn). 
Opportunity for applied learning
Research task: In small groups, learners should research various non-ferrous metals and report back to the class on their properties and typical applications.
Group investigation / discussion: 
· Design the material to be used to contain liquid hydrogen fuel for the space shuttle.
· Design the contacts for a switch or relay that opens and closes a high-current electrical circuit.
· Design a high-performance connecting rod for the engine of a racing car.


	Book
Askeland, D. R. – The Science and Engineering of Materials (Thomson, 2006)
ISBN 9780495296027
Websites
http://goo.gl/B3KYpx




	Lesson 3: Non-metallic materials 
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify properties and characteristics of engineering materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Materials and their use in engineering


	Describe the molecular structure of polymers. Using the ethylene molecule as an example, describe the breaking of the double carbon bonds to allow the ‘monomer’ to become a ‘polymer’.
[image: olymerization of ethylene]
Describe schematic diagrams of thermo-polymers (amorphous polymer chains) and thermosetting polymers (polymer chains linked together).
Opportunity for applied learning
Investigation task: Search the classroom for polymer materials and discuss whether they would be thermo-polymers or thermosetting polymers (eg work surfaces, water bottles, window frames, computer casings, circuit boards, etc). Discuss the properties of each. Extend this investigation beyond the classroom if necessary.
Demonstrate the effect of temperature on polymers (glass transition).
Experiment: Demonstrate the glass-transition temperature of polymers (using polymer samples and liquid nitrogen / deep freeze or microwave).
If equipment is not available, a selection of videos could be used from materials websites.
	Websites
http://goo.gl/BWI4bM





	Lesson 4: Non-metallic materials and smart materials
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify properties and characteristics of engineering materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Materials and their use in engineering


	Discuss examples of ceramic materials and their typical properties.
Introduce ceramic phase diagrams (eg Al2O3-Cr2O3, MGO-Al2O3, ZrO2-CaO).
Describe the mechanical properties of ceramics (brittle fracture, stress–strain behaviour, porosity, hardness).
Opportunity for applied learning
Research task: Learners will investigate advanced ceramics such as MEMS and nanocarbons, and investigate the possibilities for their use in the future.
Define the term ‘composite material’. Board blast – list examples of composite materials and categorise them into particulate and fibre composites.
Discuss what is meant by the term ‘smart materials’. List typical smart materials.
Explore smart materials with a sample pack from mindsetsonline.co.uk.
Research task: Learners will use internet sources to find examples (videos, images, etc) of smart materials, eg SMAs, chromogenic, piezoelectric, self-healing.




	Websites
http://goo.gl/D9moCP




	Lesson 5: Material properties
	Suggested Teaching Time: 3 hours

	Learning Outcome: Identify properties and characteristics of engineering materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Properties and characteristics of engineering materials
	Board blast: Ask learners, in turn, to add a material property to the list. When the list is exhausted, categorise the properties into mechanical, thermal, electronic, magnetic and physical.
Define mechanical properties (strength, hardness, hardenability, toughness, brittleness, malleability, ductility, creep and slip, resilience). Discuss how each property could be tested in engineering materials. 
Define thermal and electrical conductivity and magnetic properties. Discuss applications where high or low thermal and electrical conductivity would be desirable. 
Define physical properties (specific gravity, specific heat, fusibility and fluidity, weldability, elasticity, plasticity, porosity).
Opportunity for applied learning 
Research task: In small groups, the learners will conduct a property specification task. Each team will be assigned a product. The task will be to define the properties needed by each product. 
Presentation: Teams will deliver their conclusions in a short presentation to the group. Presentations should include the team’s definition of the product, their required properties and a short list of potential materials. 


	Websites
http://goo.gl/zg9ROH
http://goo.gl/px4zaZ
http://goo.gl/BjoH9Y
http://goo.gl/gwvREW



	Lesson 6: Heat treatment 
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise metal heat treatment techniques and their effects on material structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 
Heat treatment methods
	Refresh the iron–carbon equilibrium diagram covered in week 1. Introduce the phase diagram of a solid solution-type alloy (eg aluminium–copper). Describe solution heat treatment and precipitation heat treatment.
Describe annealing, normalising and spheroidising and applications of each (eg process annealing to negate the effect of cold working, stress relief, etc). Describe annealing, normalising and spheroidising in steel related to the iron–carbon phase diagram. 
Describe the quench-hardening process applied to steels. Discuss the hardenability of materials (Jominy End Quench Test). Introduce martensite and bainite microstructures along with TTT diagrams. Describe the tempering process as applied to steel.
Describe the effect of case hardening in carbonaceous or nitrogenous atmosphere to affect the microstructure of the skin of the material.
Opportunity for applied learning
Experiment: Where workshop facilities are available, several mild steel samples could be heat-treated and relative hardness judged by attempting to mark the samples with a file and brittleness / ductility by bending the samples through 90 degrees (eg virgin material, heated and quenched in different media (oil, water), normalised sample, case-hardened sample).
Research activity: Investigate the hardness of materials. Design a process to measure the hardness of plasticine or playdough. 
	Websites
http://goo.gl/YvXBiL
http://goo.gl/nm43eZ
http://goo.gl/mLweMy
http://goo.gl/wGzTRu
http://goo.gl/cjkdA0




	Lesson 7: Heat treatment
	Suggested Teaching Time: 3 hours

	Learning Outcome: Recognise metal heat treatment techniques and their effects on material structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2 
Effect on materials structure
	Describe basic atomic structure and how the atoms are arranged into lattice structure (BCC, FCC, HCP).
Opportunity for applied learning
Individual / group activity: Learners will build common lattice structures using polystyrene balls and cocktail sticks (available at low cost on eBay). This will give an appreciation of the coordination number, the packing density and how the unit cells fit together. Learners will calculate the size of the lattice structures in terms of the radius of the atoms (a0 for SC, BCC and FCC) and comment on the packing factor of each. This could also be used to determine the density of a material (eg iron).
Interactive experiment: Learners will conduct an interactive experiment where samples of two cold-rolled aluminium alloys are heated to different temperatures and quenched with cold water. The resulting micrographs can be analysed and conclusions drawn.
Describe the precipitation (age) hardening of copper alloys (solution treatment, quench, age) and the effect of temperature and time on the microstructure and properties.



	Books
Askeland, D. R. – The Science and Engineering of Materials (Thomson, 2006)
ISBN 9780495296027
Websites
http://goo.gl/8XcNwQ
www.copper.org





	Lesson 8: Mechanical testing
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the testing methods used to determine material properties

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Mechanical testing
	Discussion: Split the group into small teams and assign each group a mechanical property from the list below. Each group should discuss their assigned property and attempt to determine the specification for a test for that property.
· Tensile strength
· Fatigue
· Hardness
· Toughness
· Torque
· Bending
· Proof-load
· Shear
The results of the discussion should then be presented back to the group for a wider discussion. Once the specifications are agreed, the teams should research the tests for their property, compare it to their spec and highlight any differences or shortcomings between the two.
After the discussion, supporting notes should be provided on each test.
Opportunity for applied learning
Experiment: Small groups should work to develop a practical test to determine the hardness of modelling clay/playdough at various temperatures (frozen, chilled, room temperature, body temperature). The teams should carry out their tests, present their results and determine a correlation between hardness and temperature.

	Websites
http://goo.gl/H51GZn

	Lesson 9: Mechanical testing
	Suggested Teaching Time: 3 hours

	Learning Outcome: Test materials to meet given specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
Carry out tests on materials
	Opportunity for applied learning
Experiment: Tests should be carried out on specimens of at least one material from each of the following groups:
· Ferrous metals
· Non-ferrous metals
· Thermo-polymers
· Thermosetting polymers
There should be at least two tests, from the following:
· Tensile 
· Hardness
· Toughness
· Bending
Notes should be made on the test procedure(s) and the results recorded in a suitable format for later analysis.

	


	Websites
http://goo.gl/Iaf85R
http://goo.gl/TFwyOi
http://goo.gl/WEozG2
http://goo.gl/nWJSIe





	Lesson 10: Mechanical testing
	Suggested Teaching Time: 3 hours

	Learning Outcome: Test materials to meet given specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 
Analyse results of tests
	Opportunity for applied learning
Written task: Learners will produce a laboratory report on the tests carried out in week 7. 
The lab report should include an introduction on each test carried out, a description of the procedures and a presentation of the results. The results should be analysed and interpreted to allow conclusions to be drawn.
For the tests from topic 3.1 not carried out in week 7, the learners should provide a description of the test and the researched data that would be observed for each of the material groups.










	Websites
http://goo.gl/GfkBxV
http://goo.gl/6fnz41
http://goo.gl/38W7yO
http://goo.gl/AFg0HY
http://goo.gl/e9hPb1



	Lesson 11: Visiting expert speaker
	Suggested Teaching Time: 3 hours

	Learning Outcome: Test materials to meet given specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Select materials to meet specification requirements
	Guest speaker: An invited guest speaker from an industrial partner will describe the nature of their business and the considerations given to the application and use of materials. These could be in the design of products, design of processes or consumables.
The visit could tie in with subsequent research activity on material selection.
Opportunity for applied learning
Research task: In pairs, learners will be provided with one component / product from the expert speaker’s industry. They should discuss and research potential design criteria for the component / product in question, taking care to record any assumptions in the process.
The learners will feed back their research to the visiting expert and take notes on their views and questions.






	





	Lesson 12: Material selection
	Suggested Teaching Time: 3 hours

	Learning Outcome: Test materials to meet given specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Select materials to meet specification requirements 
	Review week 3 – properties and characteristics of engineering materials. 
Define material selection tools. Demonstrate the use of performance indices (groups of material properties which govern some aspect of the performance of a component). Introduce Ashby’s material selection charts.
Opportunity for applied learning
Research task: In teams of two, learners will be provided with typical engineering products and components (230V plug housing, power lines, electrical cables, kitchen sink, etc) and one component from a local industry (eg wind turbine, chemical, steel making, food industry, automotive, etc). This should also be linked to the visiting expert speaker in the previous week.
The learners will discuss and research potential design criteria for the components in question, taking care to record any assumptions in the process. The criteria will inform the selection of a short list of materials. 
Group presentation: The pairs will present their research and selection to the class, including the following considerations:
· Cost
· Aesthetics
· Manufacturing constraints
· Corrosion resistance
· Durability
· Recyclability
	Book
Ashby, M. F. – Materials Selection in Mechanical Design, Fourth Edition (Butterworth-Heinemann, 2010)
ISBN 9781856176637
Websites
http://goo.gl/Vi2ElQ
http://goo.gl/u6e1Kv



	Lesson 13: Industrial visit
	Suggested Teaching Time: 3 hours

	Learning Outcome Test materials to meet given specifications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Select materials to meet specification requirements 
	Opportunity for applied learning 
Following on from the visiting expert speaker and the material selection exercise in the previous two weeks, the learners will visit an industrial facility to view the operation and, specifically, the company’s use of engineering materials. 
Learners could also present the industrial element of the material selection exercise to a group of engineers and material users and experts. They will also take questions regarding their research and conclusions that were drawn.










	



	Lesson 14: Composite materials 
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of composite materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
Principles and components of composite materials
	Define the term ‘composites’. Board blast: – lead the group, and ask them to list sporting equipment that uses composite materials. This can be extended to specific industries where relevant to the group (aerospace, automotive, construction, etc).
Introduce polymer matrix composites, metal matrix composites and ceramic matrix composites. Discuss with the group possible application of each. Using PMC as an example, compare the stress–strain curves of the fibres, the resin matrix and the composite material (the resultant material providing the benefits of each).
Opportunity for applied learning
Research task: Learners will research and compare the tensile strength of common structural materials (wood, titanium, steel, GFRP, CFRP) and comment on the results. Learners will then research the density of each material and plot the strength vs. density (also see previous lesson on Ashby charts) and comment on the results.
Discuss types of reinforcement (eg glass, carbon, polymer fibres, etc).
Research task: Learners will investigate the changes in materials used to manufacture commercial airlines. Compare the weight and efficiency of a Boeing 747, 777 and 787.



	Book
Callister, W. D. and Rethwisch, D. G. – Materials Science and Engineering, 9th international student edition (John Wiley & Sons, 2014)
ISBN 9781118319222
Websites
http://goo.gl/QepxXf
http://goo.gl/3usVXE
http://goo.gl/fh5zx4
http://goo.gl/MndZpi
http://goo.gl/Ff8KZx



	Lesson 15: Composite materials
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of composite materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1
Principles and components of composite materials
	Review and summarise the mechanical properties and advantages of composite materials.
Describe the principles associated with composite manufacture (polymerisation, reaction, curing) and additional materials (fillers, pigments, fire retardants).
Discuss the health and safety requirements and environmental issues surrounding composite materials (eg health risks associated with exposure to solvents and fibres, protection and PPE required with manufacturing composite materials, COSHH requirements, safe disposal of waste, etc).
Opportunity for applied learning
Group investigation: In small groups, learners will research various composite materials to determine the potential risks associated with working with them or the environmental impact of composite materials. Feed back findings to the group.





	Websites
http://goo.gl/hkUCZl
http://goo.gl/PJ81TW
http://goo.gl/OC120e
http://goo.gl/cpFydb
http://goo.gl/qXI0t2




	Lesson 16: Pre-impregnated and pre-formed materials
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of composite materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Materials and techniques used with pre-impregnated (pre-preg) and pre-formed (pre-form) materials 
	Describe pre-preg materials and their manufacture.
Demonstrate the use of pre-preg materials in the manufacture of pre-formed materials.
Describe the preparation of pre-form parts and the techniques used for production of carbon fibre components.
Opportunity for applied learning
Investigation: Learners will map out the manufacturing process for a steel / aluminium bicycle and compare that with the manufacturing process for a carbon fibre bicycle. List the advantages and disadvantages of each method. Analyses should include price, set-up costs, component parts, productivity rate, labour, cost of machinery and quality control.
Discuss, as a group, the potential for developments in automation of carbon fibre components.






	Websites
http://goo.gl/sEkbSV
http://goo.gl/KSakbo
http://goo.gl/VLTcqZ
http://goo.gl/us2gN2
http://goo.gl/8vHnjf









	Lesson 17: Exhibition visit
	Suggested Teaching Time: 3 hours

	Learning Outcome: Support of other learning outcomes (eg Understand the basic principles of composite materials)

	Topic
	Suggested Teaching
	Suggested Resources

	eg Topic 5.1
Principles and components of composite materials
	Opportunity for applied learning
External visit: Learners should visit a materials exhibition. 
They should use the visit to support a research task in the scheme of work. The content and aim of the exhibition will depend upon timing and availability of relevant conferences, but good examples would be:
· Advanced Engineering UK – NEC Birmingham
· Includes Performance Metals Engineering, Composites Engineering Show 
· Subcon – NEC Birmingham
· In conjunction with The Engineer
· MACH 2016 – NEC Birmingham
· Hosted by Manufacturing Technologies Association (MTA)







	Websites
http://goo.gl/ZBSzQo
http://www.subconshow.co.uk/




	Lesson 18: Dry fibre mounding and adhesive and bonding of composites
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of composite materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.3 
Materials and techniques used in dry fibre moulding.

Topic 5.4
Preparation and use of adhesive and bonding materials for composite structures
	Define the materials used in dry fibre moulding, including cores (eg two-component polyurethane foam, PVC foam, balsa wood, honeycomb cores); resins (eg unsaturated polyesters, epoxies, phenolics, hybrids); and fibres (glass fibre, carbon fibre, polyaramid fibre).
Discuss dry fibre moulding techniques. Demonstrate using video clips from YouTube and manufacturers’ websites (covering manual methods, resin infusion, resin transfer, filament winding, pultrusion, fibre placement).
Opportunity for applied learning 
Research / discussion: Learners will research the advantages and disadvantages of each process. Research should include price, set-up costs, component parts, productivity rate, labour, cost of machinery and quality control. Use the information to select the best process for a number of composite materials.
Discuss prep and use of adhesive and bonding materials (polyesters, epoxies, acrylics, polyurethanes, urethane acrylates). 





	Websites
http://goo.gl/dneuzI
http://goo.gl/r2pWzJ
http://goo.gl/2BCdSK




	Lesson 19: Conductive materials and resistive and dielectric materials
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of electronic materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.1 Conductive materials

Topic 6.2 
Resistive and dielectric materials
	Define key material electrical parameters and formulae (ie Ohm’s Law, electrical resistivity / conductivity) and the terms conductor, insulator and semi-conductor. Describe energy band structures in solids and conduction in terms of band and atomic bonding models.and conductivity of metals and alloys and the effect of temperature on the resistivity. 
Activity: Calculate the resistivity of pure copper, aluminium, silver and gold. Compare and discuss results. Discuss the effect of atomic-level defects, and processing and strengthening. Introduce superconductivity and type 1, type 2 and ceramic superconductors. Define intrinsic and extrinsic semiconductors.
Opportunity for applied learning
Research task: Learners will research applications of semi-conductors and share their findings with the group. Introduce the manufacture and fabrication of semiconductor devices. Define plasma and describe its electrical conductivity.
Experiment: Investigate the electrical conductivities of different substances and solutions. Describe insulating materials in electrical equipment and explore the typical properties of typical insulating materials. Discuss the temperature effect of insulators and how these are categorised into thermal classes. Discuss dielectric materials. Include electric dipoles, polarisation mechanisms, the dielectric constant and dielectric breakdown.
Research task: Learners will investigate dielectric materials and place the materials in their relative positions in an ordered table of dielectric constants. Materials must include air, mica, polymers, Ti/Sr/Ba compounds and other commonly used materials. Research could be collated in a wiki document (e.g. using VLE software such as BlackBoard).
	Book
Callister, W. D. and Rethwisch, D. G. – Materials Science and Engineering, 9th international student edition (John Wiley & Sons, 2014)
ISBN 9781118319222
Websites
http://goo.gl/PpGKih
http://goo.gl/S8F5MV
http://goo.gl/UkyfjG
http://goo.gl/dfBvq0



	Lesson 20: Semi-conductors
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of electronic materials

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.3 
Semi-conductor materials
	Review intrinsic and extrinsic semiconductivity (including n-type and p-type extrinsic semiconduction. 
Discuss the temperature dependence of carrier concentration and factors that affect carrier mobility.
Introduce common semi-conductor materials including silicon, gallium arsenide, germanium, indium and antimony.
Describe doping, p-n junctions and p-n-p junctions. Discuss the use of semiconductors in computers.
Opportunity for applied learning
Research activity: Learners will compare the main electrical and physical properties of two common semiconductor materials, eg silicon compounds and gallium arsenide, including their relative costs and their main uses. 
Discuss the applications of semi-conductors including lasers, LEDs, optoelectronics and solar panels.
[bookmark: _GoBack]



	Book
Callister, W. D. and Rethwisch, D. G. – Materials Science and Engineering, 9th international student edition (John Wiley & Sons, 2014)
ISBN 9781118319222
Websites
http://goo.gl/JvOZds
http://goo.gl/hcX1OA
http://goo.gl/xWOPvX
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