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UNIT 303   Mechanical Structures and Dynamics
) (
SOW
 LEVEL 3 (Technical) Cert/Dip/Ext Dip in Engineering (1145-30/31/32)
)
	Lesson 1: Introduction to structures; calculate reactions, shear force and bending moment values at various positions on beams
	Suggested Teaching Time: 2 hours

	Learning Outcome: Apply bending moments, shear forces and deflections in simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Calculate reactions, shear force and bending moment values for various positions on beam

	Range: Introduction and overview of the course, its structure and expected learning outcomes.    
Whole-class teaching should be the main vehicle for delivery of these topic areas. All learners must clearly understand and be mathematically competent with each revision concept identified above prior to proceeding further with the topics.
Review the concepts of mass, gravity, weight, moments of force, principle of moments, scalar and vector principles. Introduce parameters and actions of bending moments, shear force and deflections. 
Opportunity for applied learning
Calculate reactions, shear force and bending moment values for various positions on beams, types to include: simply supported, with / without overhang, cantilever. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Each of the concepts identified in the unit specification must be defined, and the links between them clearly explained, along with any relevant formulae. You must identify the basic units of each concept and learners should attempt to derive the units for the remaining concepts from their definitions. The concepts identified in the unit specification must not be taught in isolation. For example: emphasise that gravity acts on mass to produce load (which is a form of force). Where applicable, learners can divide into groups for practical activities, experiments and demonstrations. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org





	Lesson 2: Shear force diagrams for various loads 
	Suggested Teaching Time: 2 hours

	Learning Outcome: Apply bending moments, shear forces and deflections in simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Draw shear force diagrams for various loading conditions













	Range: Review scalar and vector principles, and scale drawing of force and vector quantities. Introduce parameters of shear forces and applications.
Review the importance of drawing shear force diagrams to suitable scales. 
Whole-class teaching should be the main vehicle for delivery of these topic areas. All learners must clearly understand and be graphically competent with each of the revision concepts identified above prior to proceeding further with the topics.
Define the term ‘shearing force’ and establish an appropriate sign convention. Discuss the importance of drawing shear force diagrams to suitable scales. 
Opportunity for applied learning
Calculate the support reactions for loaded simply supported beams and cantilever beams. 
Construct shear force diagrams for various loading conditions including point, uniformly distributed and combination loading.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Each of the concepts identified in the unit specification must be defined, and the links               clearly explained, along with any relevant formulae. You must identify the basic units of each concept, and learners should attempt to derive the units for the remaining concepts from their definitions. The concepts identified must not be taught in isolation. Where applicable, learners can divide into groups for practical activities, experiments and demonstrations. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org





	Lesson 3: Bending moment diagrams for various loads 
	Suggested Teaching Time: 2 hours

	Learning Outcome: Apply bending moments, shear forces and deflections in simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3
Produce bending moment diagrams for various loading conditions












	Range: Review shear force principles, scale drawing of force and vector quantities. 
Review the importance of drawing shear force diagrams to suitable scales. 
Whole-class teaching should be the main vehicle for delivery of these topic areas. All learners must clearly understand and be graphically competent with each of the revision concepts identified above prior to proceeding further with the topics.
Define the term 'shearing force' and establish an appropriate sign convention. Dicuss the importance of drawing shear force diagrams to suitable scales. 
Opportunity for applied learning 
Calculate the support reactions for loaded simply supported beams and cantilever beams. 
Construct bending moment diagrams for various loading conditions, including point, uniformly distributed and combination loading.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Each of the concepts identified in the unit specification must be defined, and the links clearly explained, along with any relevant formulae. The tutor must identify the basic units of each concept and the students should attempt to derive the units for the remaining concepts from their definitions. The concepts identified must not be taught in isolation. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org





	Lesson 4: For beam sections, calculate deflections and produce shear force and bending moment diagrams
	Suggested Teaching Time:  2 hours

	Learning Outcome: Apply bending moments, shear forces and deflections in simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4
Calculate deflections at mid span for simply supported beams






	Range: Revise concepts of deflection in simple structures (Lesson 2 and 3).
Whole-class teaching should be the main vehicle for delivery of these topic areas. All learners must clearly understand and be graphically competent with each of the revision concepts identified above prior to proceeding further with the topics.

Opportunity for applied learning
Calculate deflections at mid-span for simply supported beams.
Produce shear force and bending moment diagrams.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Apply shear forces and bending moment values for various positions to beams and simple structures. Identify the key feature where appropriate, including the position of zero shear force, position and values of maximum shear force and bending moment, and points of contraflexure.
Applications to include: Beams – simply supported, with / without overhang, cantilever; Loads – point, uniformly distributed, combination of loads.
Each of the concepts identified in the unit specification must be defined, and the links clearly explained, along with any relevant formulae. Where applicable, learners can divide into groups for practical activities, experiments and demonstrations. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org






	Lesson 5: Determine first and second moments of area for beam sections
	Suggested Teaching Time: 2 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Calculate first and second moment of areas of sections







	Range Review shear force and bending moment values to beams and structures (Lesson 4).
Introduce the concepts of first and second moments of area.
Lead a discussion to develop understanding of all terms and their importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units.
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations. 
Opportunity for applied learning
Calculate first and second moment of areas of sections using methods and loading conditions. Sections are to include rectangular, circular, trapezoidal and compound shapes. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org
www.freestudy.co.uk





	Lesson 6: Determine sizes and stresses of beam sections
	Suggested Teaching Time: 2 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2
Use the theory of bending to determine sizing and stresses of rectangular beam sections







	Range Review first and second moments of area, methods and loading conditions (Lesson 5).
Introduce the concepts of the theory of bending.
Lead a discussion to develop understanding of all terms and their importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units.
Opportunity for applied learning
Determine the sizing and stresses of beam sections using the theory of bending formulae. Sections to include: rectangular, T, I, channel.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 




	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org
www.freestudy.co.uk





	Lesson 7: Determine the safe load/section size for axially loaded columns
	Suggested Teaching Time: 2 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3
Determine the safe load/section size for axially loaded columns





	Range Review the moments of area, sizing and stresses in beams and theory (Lesson 6).
Introduce the concepts of axially loaded columns and parameters to determine the safe load / section size for loaded columns.
Lead a discussion to develop understanding of all terms and their importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Opportunity for applied learning
Determine the safe load / section size for axially loaded columns. Types to include: short / long columns. Sections to include: solid, rectangular, H-section, circular. Materials to include: structural steel, other common steels (to deduce why structural steels are usually specified), timber. Conditions: use permissable stress design tables.                                      
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
· Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org






	Lesson 8: Determine stress values of eccentrically loaded columns
	Suggested Teaching Time: 2 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.4
Determine stress values of eccentrically loaded columns






	Range Review concepts of and safe load / section size of axially loaded columns (Lesson 7).
Introduce the concepts of eccentrically loaded columns and parameters to determine the stress values.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Opportunity for applied learning
Determine stress values of eccentrically loaded columns..Types include: timber rectangular sections, universal column sections. Materials include: timber, steel, concrete, masonry. Conditions: explanation of the term ‘effective length’.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org






	Lesson 9: Determine stress values of loaded columns
	Suggested Teaching Time: 2 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.5
Calculate forces in a framework





	Range Review the stress values and materials of eccentrically loaded columns (Lesson 8).
Introduce the concept of forces in frameworks and the determination of forces. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Opportunity for applied learning
Determine by graphical and calculation methods the magnitude and direction (compressive or tensile forces) of loads on astructural frame. Methods to include:
· graphical (using Bow’s notation)
· method of sections (frame cutting, equilibrium of part frame)
· method of resolution (joint equilibrium)
· loading conditions – vertical and horizontal (wind loads applied at node positions).
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org





	Lesson 10: Synopsis of bending moments, shear forces and deflections; design of simple beams and column and frameworks
	Suggested Teaching Time: 2 hours

	Learning Outcomes: Apply bending moments, shear forces and deflections in simple structures; design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topics
1.1 –1.4 
Apply bending moments shear forces and deflections in simple structures

2.1–2.5
Design simple beams and columns




	Consolidation and assessment activities to review the topics where needed to ensure that learning and understanding of the concepts has taken place, or has to be reinforced in areas where learners encountered difficulties with the concepts and the solving of relevant problems. Where appropriate, focus on concepts found to be giving difficulty.
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Assess learners with short answer / MCQ assignments.
Undertake full problem and structural simulation scenarios to solution. Problem examples include: 
· bridges, beams and columns for buildings
· other structures like cranes, machine tool frames, etc. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.howstuffworks.com
www.efundA.com
www.istruct.org






	Lesson 11: Energy
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Energy and energy conversion





	Range: Introduce the concept of energy in dynamic systems.
Define energy terms: law of conservation, potential energy, work done to produce potential energy. Use correct formulae for potential energy, linear and angular kinetic energy. Solve problems involving potential energy, linear and angular kinetic energy. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Opportunity for applied learning
Solve problems involving potential energy, linear and angular kinetic energy. Calculations are to provide learners with opportunities to link the concepts and test answers against practical examples of typical systems. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records.
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info 







	Lesson 12: Energy conversion
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Energy and energy conversion





	Range: Review energy and definitive terms and associated problems from (lesson 11).
Define energy conversion and stored energy terms and methods for problem solving by graphical and formulae means. Solve complex problems involving energy conversion and stored energy. Further problems of potential energy, linear and angular kinetic energy may be included if required for added learner understanding. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Opportunity for applied learning
Solve complex problems involving energy conversion and energy storage, potential linear and angular kinetic energy. Calculations are to provide learners with opportunities to link the concepts and test answers against practical examples of typical systems.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
Structural simulation scenario: This will be assessed by learners carrying out an assignment relating to actual structural problems, sourced from industry contacts or details taken from school / college / centre building records.
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info 






	Lesson 13: Linear motion 1
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Linear motion





	Range: Define linear motion terms: momentum, inertia, Newton’s 1st and 2nd Laws, the Newton as the unit of force and the value of the force due to gravity (g), Newton’s 3rd Law.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve complex problems involving force, acceleration and deceleration, and Newton’s three laws including free-falling bodies; force and velocity for magnitude and direction using vector diagrams; bodies in linear motion; momentum and inertia. 
The solutions will provide learners with opportunities to link the concepts and test answers against practical examples of typical systems. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info 






	Lesson 14: Linear motion 2
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Linear motion 





	Range: Revision of linear motion, definitive terms and associated problems (Lesson 13).
Define momentum (m) = mv, impulse = change of momentum and the principles of conservation of momentum and its applications to inelastic collision; the concepts of colliding bodies, coefficient of restitution and impulse; bodies in trajectories (ballistics).
Discuss accelerating and decelerating masses by graphical and calculus methods, effects of momentum and inertia, etc. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve complex problems involving:
· vector diagrams to determine achieved tracks and relative velocities
· velocity and acceleration of masses using formulae and differential calculus
· trajectories (ballistics), colliding bodies – coefficient of restitution, impulse, etc.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info 






	Lesson 15: Angular motion 1
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3
Angular motion 





	Range: Review the concepts of the radian, length of arc, speed and velocity, angular velocity and acceleration. Use angular velocity / time graphs to reinforce the concepts.
Define the relationship between linear / angular velocity and linear / angular acceleration. 
Introduce centripetal acceleration, and centripetal and centrifugal force. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve problems involving rotation motion of bodies, etc. Practical examples of systems include balancing of machinery, rotation of wheels, pulleys, shafts and flywheels to promote full understanding.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.hri.res.in 
www.physics.info  





	Lesson 16: Angular motion 2
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3
Angular motion 





	Range: Review the concepts, relationships and problem examples from (Lesson 15).
Define centripetal acceleration, and the difference between centripetal and centrifugal force. 
Define concepts of inertia and its relationship to Newton’s Laws of Motion; torque and moment of inertia; radius of gyration. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve problems involving rotation motion in a circular path, co-planar balancing and machine systems.
Practical examples of systems include flywheels, clutches, hoists, etc; balancing of machines; stability of vehicles on horizontal and banked tracks, etc. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.hri.res.in 
www.physics.info 





	Lesson 17: Oscillating motion
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.4
Oscillating motion 





	Range: Introduce the concepts of periodic motion. Define simple harmonic motion (SHM), periodic time, frequency, amplitude and equations. Explain the dynamics of SHM and the relationships of velocity, acceleration and periodic time, plus relevant equations.
Define resonance, and explain how resonance occurs. Describe the effects on periodic motion systems, solid bodies and materials. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Experimental activities: Use springs, pendulums, ligatures, strings, etc. Solve complex problems for systems that move with SHM, eg mass and spring, simple and compound pendula, rotor and shaft, air waves, etc.
Learner assignment: This could be ‘An overview of motion systems and their relationship to metal fatigue’. This would be an activity to be carried out as private study and submitted for assessment and marking.
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.hri.res.in 
www.khanacademy.org  
www.physics.info 
 




	Lesson 18: Machines 1
	Suggested Teaching Time: 2 hours
	
	
	
	
	

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics
	
	
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.5
Machines
	Range Review the principle of moments, three orders of levers and definition of work done. Define the term ‘simple machines’ and the application to simple pulley and screw jack systems. Define the terms ‘force ratio’, ‘movement ratio’ and ‘efficiency’, and apply them to pulley and screw jack operated simple machines.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Demonstrate simple and screw jack systems. 
Produce graphical results of a test on a lifting machine. 
Solve complex problems involving simple machine systems. Systems to include pulleys, chain hoists, screw jacks, etc. 
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you.
	Books 
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.hri.res.in
www.teachengineering.org
www.cposcience.com






	Lesson 19: Machines 2 
	Suggested Teaching Time: 2 hours
	
	
	
	
	

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics
	
	
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.5
Machines
	Range: Review principles of force ratio, movement ratio, efficiency work done (Lesson 18).    
Define work energy and its units. Introduce the concept and use of work diagrams, potential energy and its variants, kinetic energy, power and the conservation of energy. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning:
Use work diagrams and graphical solutions.
Solve complex problems involving simple machine systems. Systems are to include: work done, potential energy due to position and condition, kinetic energy, power and conservation of energy.                                                                                   
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you.
	Books 
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info






	Lesson 20: Friction 
	Suggested Teaching Time: 2 hours 
	
	
	
	
	

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics
	
	
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.6
Friction
	Range: Review Newton's 3rd Law of Motion. Define the laws of friction (four). Define the coefficient of friction and reviews values for different materials. Distinguish between static friction, dynamic friction and friction power. Discuss the effects of lubrication.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Demonstrate static and dynamic friction using different materials on level and sliding planes.
Solve complex problems, involving resistance to motion and sliding bodies. Systems are to include brakes, clutches, shafts in bearings, machinery motion, etc.   
Learner assignment: ‘An overview of lubricants and lubrication systems to reduce friction’ – an activity to be carried out as private study and submitted for assessment and marking. 
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.physics.info
www.engineeringtoolbox.com
www.hri.res.in
www.khanacademy.org




	Lesson 21: Synopsis of energy and energy conversion; linear, angular and oscillating motion; machines and friction
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Use mechanical science principles to solve practical problems in dynamics
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topics
3.1–3.5
Energy and energy conversion
	Range: Consolidation and assessment activities which give flexibility of action to review the topics where needed to ensure that learning and understanding of the concepts has taken place, or has to be reinforced in areas where learners encountered difficulties with the concepts and the solving of relevant problems.  Where appropriate, focus on concepts found to be giving difficulty. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units.
Opportunity for applied learning
Assessment with short answer / MCQ assignments.
Undertake full problem scenarios to solution.
Full problem scenarios to be a combination of the topics involving energy, energy conversion, linear and angular motion, oscillating motion, machines and friction or any cross-group problems involving the above topics. 

	





Lesson 22: First law of thermodynamics and non-flow processes 1					Suggested teaching time 2 hours
Learning outcome: Understand thermodynamics in engines and heat pumps
	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
First Law of Thermodynamics
Topic 4.2 
Non-flow processes

	Range: Review fluids as liquids and gases.  
Describe thermodynamic systems and boundaries, fluids and working fluid properties. Describe conservation of energy and systems. Define principle of conservation of energy. Define adiabatic processes (no heat energy), non-flow energy equation and sign conventions. Describe internal energy of a fluid in terms of type, mass and temperature.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve problems of non-flow energy and internal energy of fluids
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you.

	Books 
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.khanacademy.org





	Lesson 23: First law of thermodynamics and non-flow processes 2 
	Suggested Teaching Time: 2 hours
	
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources  

	Topic 4.1 
First Law of Thermodynamics
Topic 4.2 
Non-flow processes

	Range: Review expansion and compression of gases and relate to gas laws (Lesson 22).  
Define absolute pressure and absolute temperature. Define isothermal processes (constant temperature) and describe Boyle’s Law.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve problems of absolute pressure and absolute temperature.
Calculate constant temperature problems.
Demonstrate to verify Boyle’s Law and produce constant temperature and isothermal expansion data – learners are produce graphical results from this data.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.grc.nasa.gov
www.khanacademy.org





	Lesson 24: First law of thermodynamics and non-flow processes 3
	Suggested Teaching Time: 2 hours
	
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps 
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
First Law of Thermodynamics
Topic 4.2 
Non-flow processes

	Range: Review absolute pressure, temperature and isothermal processes (Lesson 23).
Define isobaric processes (constant pressure) and describe Charles’s Law. Define the pressure law and combined gas law.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Solve problems of constant pressure.
Calculate pressure law and combined gas law problems.
Demonstrate to verify Charles’s Law and produce volume – temperature data for a constant pressure process – learners are to produce graphical results from this data and conclude a relationship to absolute zero temperature.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.grc.nasa.gov
www.khanacademy.org







	[bookmark: _GoBack]Lesson 25: First law of thermodynamics and non-flow processes 4
	Suggested Teaching Time: 2 hours
	
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
First Law of Thermodynamics
Topic 4.2 
Non-flow processes

	Range: Review pressure, combined pressure laws and isobaric processes. (Lesson 24).
Review the fundamental units required for all gas law equations in pressure, volume and temperature terms. Define an ‘ideal’ gas and the specific gas constant with its equation. Review typical specific gas constant values. 
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Calculate ideal gas and specific gas constant problems.
Solve complex problems involving all of the gas laws.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.grc.nasa.gov
www.khanacademy.org






	Lesson 26: Thermodynamics – the p - V diagram 
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3
The p - V diagram
	Range: Review volume changes between liquids and vapours. Saturation point - liquid boiling point. Explain p - V in terms of an ideal gas and its representation of a process.
Draw a p - V diagram for a process and assess the work done. Derive an expression for work done under constant pressure, and verify work done = area of the loop.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Produce (draw) p - V diagrams representative of various processes.
Estimate the work done in each case (using the area below the graph).
Calculate the work done in each case using formulae to verify that the work done is equal to the area of the loop.
Individual research: Using the suggested resources, learners are to complete a questionnaire devised and marked by you.
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.grc.nasa.gov
www.khanacademy.org






	Lesson 27: Thermodynamics – engine cycles 1 
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.4
 Engine cycles
	Range: Review p - V diagrams and work done (Lesson 26). Relate Otto and Diesel cycles to the 1st Law of Thermodynamics in terms of input power, indicated power and friction power.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Learner assignment: Carry out a tutor-led, student-centred activity – ‘Background to thermodynamics and heat engines’ – to appraise the origins of heat engines and the work of Hero, Savery, Newcomen, Watt and Carnott and the effects of military applications.  
Include references to applicable thermodynamic processes: adiabatic, isothermal, etc. Include typical examples of early engine cycles, heat pumps, refrigeration, and Otto and Diesel cycles.
	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www2.hesston.edu/physics
www.khanacademy.org





	Lesson 28: Thermodynamics – engine cycles 2 
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Use mechanical science principles to solve problems in thermodynamics
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.4
Engine cycles
	Range: Review heat engines, thermoprocesses and the Otto and diesel cycles (Lesson 27).
Relate and compare engine efficiencies in overall, thermal and mechanical terms with typical values.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Learner assignment: Continue the tutor-led, student-centred activity (Lesson 27) – ‘Background to thermodynamics and heat engines’.                                                     
Relate the Otto and Diesel cycles to applicable thermodynamic law(s) in terms of: input, indicated and friction power; engine efficiencies in: overall, thermal and mechanical terms, including typical values.                                                  

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www2.hesston.edu/physics
www.khanacademy.org





	Lesson 29: The Second Law of Thermodynamics and engines 
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.5
The Second Law of Thermodynamics and engines
	Range: Review engine cycles, heat pump and refrigeration principles. (Lesson 28). Define the concept of a ‘source and sink’ and the need for an engine to work between them. Describe the efficiency, maximum theoretical efficiency and the reasons for the lower efficiencies of practical engines.   
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning 
Learner assignment: Carry out a tutor-led, student-centred activity – ‘Efficiency of engines, heat pumps and refrigerators’ to include the concept of ‘source and sink’ – efficiency and maximum theoretical efficiency – describe the various reasons for the lower efficiencies of practical engines.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.khanacademy.org





	Lesson 30: Reversed heat engines 
	Suggested Teaching Time: 2 hours
	
	

	Learning Outcome: Understand thermodynamics in engines and heat pumps
	
	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.6
Reversed heat engines
	Range: Review the efficiencies of practical engines, heat pumps and refrigerators (Lesson 29).
Describe how refrigerators and heat pumps work in terms of the 2nd Law of Thermodynamics, including their respective coefficients of performance formulae.
Lead a discussion to develop understanding of all terms and there importance. Whole-class teaching should be the main vehicle for delivery. Each of the concepts in the specification must be defined, not taught in isolation, and the links between them clearly explained, along with relevant formulae from base units. 
Where applicable, learners can divide into groups for practical activities, experiments and demonstrations.  
Opportunity for applied learning
Continue the tutor-led, student-centred activity (Lesson 29) – ‘Efficiency of engines, heat Pumps and Refrigerators” to include a description of:
· how refrigerators and heat pumps work
· relating refrigerators and heat pumps to the 2nd Law of Thermodynamics
· calculation, using appropriate formulae, of their respective coefficients of performance and efficiency ratings.

	Books
Bird, J.O., Science for Engineering 4th edition (Routledge, 2012)
ISBN 0415517885 
Bolton, W., Engineering Science 5th edition, (Routledge, 2006)
ISBN 9780750680837

Websites
www.hyperphysics.phy-astr.gsu.edu
www.khanacademy.org
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