Lesson Planner

	Lesson plan for: Metal Theory 1 (revised)
	No: 2/12
	Date: 28/4/03

	Year: L6th
	Group: Revision
	Room: Class 1
	Time/duration: 55min


	Summary of previous work and focus of this lesson

Students have completed major project work and are now covering theory required for AS exam paper. This is to cover Unit 3 Section A (R301) Materials, Components and Systems over twelve lessons.
This lesson is to introduce aspects of plastics structure and methods of working.

	Objectives
Teaching Inputs:  Pupils will learn about: 

Explain difference in structure between thermoplastics and thermosetting
Explain different processes used to work plastics into useful compounds
Learning Outcomes:  By the end of the lesson pupils will be able to do or do better:

Respond to Q&A during lesson to confirm understanding of plastic chemical structures and effects on properties
Work during prep to consolidate information and self test using text book tasks and practice exam questions on handouts


	Links to:  Literacy/Numeracy; Citizenship; SMSC development: 

SMSC – consider effect on society in choices by designers on whole of life issues
Citizenship – working together to revise content => co-operation

Chemistry – Chemical symbols and links re properties



	Resources required and risk assessment:

Teacher

Marker Board & Pens, Textbook
Students

Textbooks, notepads, pencils

Risks

Minimal in classroom environment


	Time/section
	Activities, key teaching points, health and safety points

	5 min


15 min

5 min
5 min
5 min
5 min
10 min 

5 min


	Standard Operating Procedures –Take Register.
Establish good order – No chewing, coats – shirts and ties

Outline purpose of next four weeks is to review theory necessary for part A of module relating to materials, components and systems. Requires continuous feedback to ensure all topics are covered or recovered as necessary ready for exam – This lesson is on plastics and working processes
Turn to pages 67, 69 70 & 71 of textbook
Two groups of plastic – thermoplastic and thermosetting
+ elastomers fall between two – rubber, flexible joints, etc.

sketch cross links vs. van der waals bonding

Difference is in way polymerization occurs. basic structure is chains of monomers which when grouped together exhibit plastic properties

1 ethylene = gas (monomer)

6 ethylene = liquid

36 ethylene = grease

140 ethylene = wax

500+ ethylene = plastic polyethylene (practical limit 2000, greater does not improve strength and may be more brittle/ hardness)

Thermosetting normally by condensation as the plastic reacts with itself or catalyst/hardener under heat and pressure to condense out small molecules such as water resulting in a permanent change i.e. cured (loss of water => shrinkage)

Thermoplastic and thermosetting plastics as handout
Polythene
Urea formaldehyde

Polypropylene
Melamine formaldehyde

Polystyrene
Polyester Resin (-> GRP)

uPVC
Epoxy Resin

Acrylic

Nylon

Cellulose acetate

ABS (Acrylonitrile butadiene styrene)

Mainly self finished only – specialised painting available -> flexible coating

Edge finishing prior to forming (bending) – flash in injection molding
Plastic processes

Thermoplastics supplied as homogeneous material. polymer, pigment, lubricant and release agent

Thermosetting supplied as polymer bulked out with other fillers such as mica, aluminum, glass fiber, etc. to change properties and economics.

Injection Molding
Blow Molding 
Vacuum forming

Fusion Welding – hot air gun/torch, ultrasound + pressure joins sheet

Lamination

Extrusion

Injection molding – P70
High volume, high initial set up costs but very low component costs - automated
Best suited to thermoplastics but not exclusive

Heat material to plastic state

Inject into closed mould under heat/pressure

Allow solidification

Open mould and eject molding using ejector pins

Self finish, chop sprue pins, gates and runners for reuse (thermoplastics)

Blow Molding  -P70
+1.5 billion PET bottles (polyethylene teraphthalate)/annum

High volume, high initial set up costs but very low component costs - automated

extrude parison (hollow tube) of plastic

close mould to seal end of tube

inject air to expand to mould shape

allow to cool, open and eject molding
Vacuum forming – P71
Medium volume, component production cost higher – good for baths, packaging
Simple shapes from thermoplastic

‘Normal’ acrylic plastic at 180°C – breakdown at 195°C

heat sheet using radiant heaters

blow sheet to stretch

raise platen to insert mould into sheet
extract air inside mould to allow air pressure to ‘force’ sheet onto mould

cool and remove mould – rapidly due to shrinkage

Fusion Welding – P71

hot air gun/torch + filler rod, ultrasound + pressure joins sheet

Lamination – P69 + P82

GRP – Polyester resin + hardener/pigment as adhesive, glass fibers for strength

Mould must be smooth and non porous – mould => tapered sides, no undercuts + release agent as plastics are also good adhesives, no sharp corners

Excellent strength to weight ratio

Disadvantages cutting composites => fine particles + resin inhalation/ skin irritant

Extrusion

Similar to injection molding however continuous process, feed screw provides continuous compression to extrude through die – e.g. uPVC window frames

Wire coating a special case using cross head die with wire fed through middle of extrusion resulting in even coating

Start to finish off ready for dismissal. Praise effort for work done and focus forward to reviewing wood next lesson.

Prep required – 

Answer questions on handouts
Self check table on handout
Identify revision needs and let teacher know any specific requirements

Revise wood section and processes

Standard dismissal process, stand behind chairs, quiet and leave.


Lesson Evaluation

	Date:
	Group:
	Time/duration:


	Pupil response




Sufficiency of subject content




Appropriateness of teaching methods




Achievement of learning outcomes




Achievement of trainee targets






	Trainee targets for next lesson






	Follow up of individual pupils






	Equipment/materials for next lesson






[image: image1.jpg]



Complete the following table by naming the plastic choice from the initial list and expand with other examples as appropriate. The starter list is as follows
( low density polyethylene, ( epoxy resin, ( high density polyethylene,
( polyester resin, ( ABS, ( acrylic, ( polystyrene

	
	Application
	Plastic Choice and indicate thermoplastic (TP) or thermoset (TS)
	Reason(s) for choice+ 
suitable method of manufacture.

	1
	Adhesives
	
	

	2
	Product cases such as food mixers or hair dryers
	
	

	3
	Baths and bathroom accessories
	
	

	4
	Buckets and bowls
	
	

	5
	Paper weight castings
	
	

	6
	Washing up liquid bottles
	
	

	7
	Disposable coffee cups
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


Questions …

1.
Explain with the use of sketches the main stages in the production of a soft drinks bottle
2.
Injection moulding is widely used in the plastics manufacturing industry. Compare the set up costs in terms of machinery and the mould for with the unit cost of manufacture on production runs in excess of 100,000 products.

3.
List four means of transforming plastics into finished artifacts

4.
Explain the difference between thermo and thermosetting plastics and sketch the molecular structure.

5.
Describe two different means of joining plastic components
6.
Sketch the stages in injection moulding and vacuum forming and list the stages involves


Thermoplastics

	Material
	Properties and working characteristics
	Uses

	Polythene

(polyethylene)
(LDPE)
	Low density: tough, common plastic, good chemical resistance, flexible, soft, attracts dust, electrical insulator, wide range of colours
	Detergent, squeezy bottles, toys, packaging film, carrier bags, TV cable

	(HDPE)
	High density: stiffer, harder, high softening point, can be sterilized, waxy feel
	Milk crates, bottles, pipes, houseware, buckets, bowls

	Polypropylene

(PP)
	Light, hard, impact resistant even at low temperatures, good chemical resistance, can be sterilised, easily joined, welded, good resistance to work-fatigue, bending, hinges, good mechanically
	Medical equipment, syringes, containers with integral hinges, string, rope, nets, crates, chair shells, kitchenware, film



	Polystyrene

(PS)
	a) Conventional: light, hard, stiff, colourless, transparent, brittle, low impact strength, safe with food, good water resistance
	Model kits, packaging, disposable plates, cups, utensils,TV cabinets,

containers

	
	b) Toughened: increases impact, strength, pigmented
	Toys, refrigerator linings

	
	c) Expanded/foam: buoyant, lightweight, crumbles, good sound/heat insulator
	Sound and heat insulation, packaging

	uPVC

(Polyvinyl chloride)


Plasticised (PVC)

	Good chemical, weather resistance, stiff, hard, tough, lightweight, wide colour ranges, needs to be stabilized for outdoor use

Soft, flexible, good electrical insulator
	Pipes, guttering, bottles, shoe soles,

roofing sheets, records, window frames
Underseal, hosepipes, wall coverings

	Acrylic
(Polymethyl methacrylate)
	Stiff, hard, clear, very durable, IOX impact resistance of glass, but scratches easily, excellent light transmission, optic qualities, safe with food, good electrical insulator, colours well, easily machined, polishes well
	Light units, illuminated signs, record player lids, aircraft canopies, windows,

rear car lights/reflectors, furniture, sanitary ware



	Nylon
(Polyamide)
	Creamy colour, hard, tough, resilient to wear, low coefficient of friction, bearing surfaces, self-lubricating, resistant to extremes of temperature, good chemical resistance, machines well, difficult to join except mechanically
	Bearings, gear wheels, casings for power tools, curtain rail fittings, combs, clothing, stockings, hinges,

filaments for brushes

	Cellulose acetate
	Tough, hard and stiff (can be made flexible), resilient, light in weight, transparent, non-flammable, easily


machined, absorbs some moisture
	Pen cases, photographic film, cutlery handles, knobs, lids, spectacle frames, containers

	ABS
(Acrylonitrile butadienestyrene)
	High impact strength and toughness, scratch resistant, light and durable, good appearance, high surface finish, resistant to chemicals

	Kitchen ware, cases for consumer durables (e.g. cameras), toys, safety helmets, car components, telephones, food processors/mixers


Thermosetting plastics

	Material
	Properties and working characteristics
	Uses

	Urea formaldehyde (UF)
	Stiff, hard, strong, brittle, heat resistant, good electrical insulator, wide range of light colours, adhesive (Aerolite)

	(White) electrical fittings, domestic appliance parts (e.g. knobs), adhesives (wood), coating paper, textile

	Melamine formaldehyde
(MF)
	Stiff, hard, strong, scratch resistant, low water absorption, odourless, stain resistant, resists some chemicals, wide range of colours
	Tableware, decorative laminates for work surfaces, electrical insulation, buttons

	Polyester resin
(PR)
	Stiff, hard, brittle (resilient when laminated GRP), good heat and chemical resistance, electrical insulator, resists ultra-violet light, good outdoors, contracts on curing,
chair takes colour well
	Casting, encapsulation, embedding, panels (with GRP), boats, car bodies, shells, containers

	Epoxy resin
(epoxide)
(ER)
	High strength when re-inforced, good chemical and wear resistance, resists heat to 250°C, electrical insulator, adhesive for bonding unlike materials, low shrinkage

	Surface coatings, castings, encapsulation of electronic components, adhesives, laminating paper, PCB, tanks, pressure vessels
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