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	Generic Assessment Criteria 
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awarded

	1. Engagement with Literature Skills
.
	
	

	

You have shown some improvement on your engagement with a range of literature.



	
	13

	
	25
	

	2. Knowledge and Understanding Skills

	
	

	

Good application of some of the governing equations in Task II. However you did not complete the calculations for Task I



	
	13

	
	30
	

	3. Cognitive and Intellectual Skills

	
	

	You did not analyse the data in Task 1. You could have drawn graphs to represent your data and analysed it.





	
	8

	
	25
	

	4. Practical Application Skills

	
	

	
Good understanding of gear systems and their applications in real life, however you need to improve on the belt drive.




	
	7

	
	15
	

	5. Transferable Skills for Life and Professional Practice

	
	

	Keep on working on your data presentation skills.


	5
	2
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[bookmark: _Toc39234496]Task 1


[bookmark: _Toc39234497]Summary


	This report will cover pulley systems where there is potential for friction between the belt or the cable and the surface it is in contact with. In some cases, the friction forces represent a loss, for example: a rope over a tree branch being used to lift an object. In other cases, these, these friction forces can be used to transfer power from one pulley to another, e.g. a belt driven system. This report will also describe and give examples of different types of gear trains such as: simple gear trains, compound gear trains, reverted gear trains and epicyclic gear trains. Problem solving and a bibliography will also be covered in this report. 

[bookmark: _Toc39234498]Introduction

This report will cover pulley systems where there is potential for friction between the belt or the cable and the surface it is in contact with. In some cases, the friction forces represent a loss, for example: a rope over a tree branch being used to lift an object. In other cases, these, these friction forces can be used to transfer power from one pulley to another, e.g. a belt driven system.
There are two types of friction: dynamic and static. Dynamic friction is when two surfaces are in contact but are moving in opposing directions (due to forces acting on them). Static friction is when two surfaces are not moving despite forces acting on them. This is because the friction between them is equal to the force acting on the objects.
“The coefficient of friction, µ, is a measure of the amount of friction existing between two surfaces. A low value of coefficient of friction indicates that the force required for sliding to occur is less than the force required when the coefficient of friction is high.” (ScienceDirect, 2016). There are two different types of coefficient of friction just as there are two different types of friction; one is the static coefficient of friction and the other is the dynamic coefficient of friction.
This report will also describe and give examples of different types of gear trains such as: simple gear trains, compound gear trains, reverted gear trains and epicyclic gear trains. Problem solving such as finding the amount of teeth on gears and finding the speed which gears turn and a bibliography will also be covered in this report.

[bookmark: _Toc39234499]Background theory / research

For a flat belt drive:  
T1 = Tight side tension
T2 = Slack side tension
µ = Coefficient of friction
θ = Angle of lap (radians)

If a dependence of T1 is plotted against T2 for a constant angle of lap θ then a straight line should pass through the origin because  is constant.               or         T1 = k.T2 
The slope k can be measured and it can yield a value for the coefficient of friction .
                        ln k =                    = 

If ln  is plotted against θ then the resulting curve should be a straight line that passes through the origin. The slope for this line equals µ: ln 

Gears are prevalent in engineering power transmission systems as a “primary advantage of gears over other methods of power transmission is the comparatively negligible loss while transferring this power” (Kamath, 2017). Gears have another advantage over power transmission systems such as belt drives as the belt will wear more than a gear as belts are commonly made of rubber (like a timing belt in a car). Gears are also more efficient than chain drives as chain drives have several more parts that can potentially break (e.g. the individual links in a chain) and are less reliable. Belt drives are not without their benefits; they are inexpensive to manufacture and can “slip during overload to prevent damage” (MachineMfg, 2020) to critical parts. Chain drives can however save on weight if the power needs to be transmitted more than the radius of both gears combined, idler gears will have to be introduced into the design thus adding more weight. This is why bikes (both motorcycles and push bikes) have a chain drive as they are meant to be light weight. 

[bookmark: _Toc39234500]Equipment used

Belt friction rig,
Dial test indicator,
Weight carrier,
2 – 24 kg weights,
[image: H:\Year 2\ENGD2005- Thermodynamics & Theory of Machines\Theory of Machines\Belt Drive\20170314_174130.jpg][image: H:\Year 2\ENGD2005- Thermodynamics & Theory of Machines\Theory of Machines\Belt Drive\20170314_174125.jpg]


Figure 1 Belt friction rig with weight carrier and weights
Figure 2 Dial test indicator

[bookmark: _Toc39234501]Procedure

[bookmark: _Toc354750738][bookmark: _Toc39234502]Cantilever calibration:

Turn angle of lap protractor to 0.
Hang belt and weight carrier on cantilever with no weights attached.
Set dial test indicator to 0.
Measure the deflection of the cantilever for masses from 0 – 24kg with mass intervals of 3kg.
Plot T2 against deflection for the cantilever.
Use the plot as a calibration curve to determine T2 on the slack side against deflection.

[bookmark: _Toc354750739][bookmark: _Toc39234503]Constant angle of lap:

Set lap θ to 90⁰, attach the belt and set the dial indicator to 0.
Switch the pulley motor on.
Measure the deflection for masses 0-20kg with mass intervals of 2kg.
Using the calibration curve compute T2 and plot T1 against T2.
Calculate µ using first method in theory section.

[bookmark: _Toc354750740][bookmark: _Toc39234504]Variable angle of lap:

Attach belt and set the test indicator to 0.
Attach 20kg to the belt.
Switch pulley motor on.
Measure deflection for angle of lap θ from 240⁰ to 10⁰.
Determine T2 for each angle with aid of the calibration curve.
Plot  against θ, rad.
Record µ from the slope of the curve.

[bookmark: _Toc39234505]Data Analysis and Calculations

1. Cantilever calibration
	m (kg)
	0
	3
	6
	9
	12
	15
	18
	21
	24

	 𝛿 
	0
	15
	30.5
	45
	60
	75
	90
	104
	118

	T₂ = mg (N)
	0
	29.43
	58.86
	88.29
	117.72
	147.15
	176.58
	206.01
	235.44


Table 1: Cantilever calibration results

2.Constant angle of lap
	m (kg)
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20

	𝛿
	0
	5
	11
	18
	23
	29
	34
	40
	45
	51
	58

	T₁ = mg (N)
	0
	19.62
	39.24
	58.86
	78.48
	98.1
	117.72
	137.34
	156.96
	176.58
	196.2

	T₂ = k x δ
	0
	9.94
	21.868
	35.784
	45.724
	57.652
	67.592
	79.52
	89.46
	101.388
	115.304


Table 2: Constant angle of lap results
	 
3.Variable angle of lap
	Θ, deg
	240
	220
	200
	180
	160
	140
	120
	100
	80
	60
	40
	20
	10

	δ
	25
	26
	29
	33
	37
	41
	47
	53
	60
	67
	76
	86
	92

	T2, N
	49.7
	51.69
	57.65
	65.60
	73.56
	81.51
	93.44
	105.36
	119.28
	133.2
	151.09
	170.97
	182.9

	Θ, rad
	4.19
	3.84
	3.49
	3.14
	2.79
	2.44
	2.09
	1.75
	1.4
	1.05
	0.7
	0.35
	0.17

	
	3.95
	3.80
	3.40
	2.99
	2.67
	2.40
	2.10
	1.86
	1.64
	1.47
	1.30
	1.15
	1.07

	
	1.37
	1.34
	1.22
	1.10
	0.98
	0.88
	0.74
	0.62
	0.49
	0.39
	0.26
	0.14
	0.068


Table 3: Variable angle of lap results



[bookmark: _Toc39234506]Conclusion 

In conclusion a constant angle lap  has a constant tension of . If the experiment was to be carried out again then digital (as oppose to analogue) dial test indicator with a smaller tolerance would be used. The experiment minimised human error by only using one person to take measurements. 
[bookmark: _Toc39234507]Task 2
[bookmark: _Toc39234508]1.
[bookmark: _Toc39234509]Simple Gear Train

	Simple gear trains are “Gear-Pairs in series” (MechDesigner, 2020). These pairs of gears can reverse the direction of rotation from the driver gear to the driven gear. Simple gear trains can also be used to “increase the distance” (MechDesigner, 2020) between the driver gear and the driven gear. Gears in between the driver gear and the driven gear do not “change the speed ratio” (MechDesigner, 2020) and only change the direction of the driven gear. Simple gear trains are used in various machines that need torque and or speed multipliers. Some applications are 

[bookmark: _Toc39234510]Compound gear train

	A compound gear train is similar to a simple gear train with one distinctive difference. This difference is that a compound gear train has a shaft “with more than one gear” (MechDesigner, 2020) attached to it. Compound gear trains are used in various machines that need torque and or speed multipliers. An example of this would be a 


[bookmark: _Toc39234511]Reverted gear train

	A reverted gear train is a type of compound gear “where the input and output shafts are co axial or parallely offset” (Bharadwaj, 2017). This means that the driver gear and the driven gear can not meet for some reason so there is an idler compound gear placed by them to create a connection and allow the driver gear to move the driven gear. 

[image: ]
Figure 3 (Bharadwaj, 2017)
	Figure 3 shows a reverted gear train with three gears. The Top gear (marked 2 and 3) is the compound idler gear. The gear marked with a 1 is the driver gear and drives the idler gear marked 2. This drives the idler gear shaft that in turn rotates the gear marked 3. This then drives the driven gear marked 4. Reverted gear trains are used in various machines that need torque and or speed multipliers. An example of a reverted gear shaft would be a “clock” (Type&List, 2019). With the clock the hands are on the same axis but move at different rotational speeds. Another example of this would be a cars manual transmission gear box. This is a complex example of gear train that has several gears on 3 shafts. The Input shaft that is driven by the clutch. The counter shaft that is driven by the input shaft and the output shaft that is driven by the counter shaft. Figure 4 shows the three shafts with “constant mesh transmission” (Engineering, Learn, 2015)
[image: ]
Figure 4 (Engineering, Learn, 2015)
	As the gears are in constant mesh the gears on the output shaft are “loosely connected” (Engineering, Learn, 2015) to the output shaft. Figure 5 shows a close up of one of the gears on the output shaft. The green gear is part of the shaft and is called the “hub” (Engineering, Learn, 2015) gear. The red gear is in constant mesh with the counter shaft gear and turns with it but is not “connected” (Engineering, Learn, 2015) to the output shaft. The grey sleeve is used to slide over the “hub” (Engineering, Learn, 2015) gear and the teeth of the mesh gear. The yellow gear is called a “synchronizer ring” (Engineering, Learn, 2015) and it is used for a smoother interlock between the sleeve and the mesh gear.
[image: ]Figure 5 (Engineering, Learn, 2015)
	Figure 6 shows a fully assembled gear box that was not used as an illustration before because it can not be seen that there are three shafts and some of the gears are difficult to identify.
[image: ]
Figure 6 (Farming Simulator 19 mods.com, 2019)

[bookmark: _Toc39234512]Epicyclic gear train
	
	Epicyclic gear trains are assembled in a way that the “input shaft drives the pinion carrier while the output shaft is driven by the annular gear ring” (Chen, 2014). Figure 7 shows an example of an epicyclic gear train. 
[image: ]
Figure 7 (Chen, 2014)
	Why use epicyclic gear trains when there are already many different options of gear trains to choose from? Epicyclic gear trains have a “compact structure, lightweight and high power density” (Chen, 2014) making them a popular choice for various machinery. Epicyclic gear trains are used in “robotic arms (1), hybrid vehicle power transmissions (2) and turbine generators (3).” (Chen, 2014). Epicyclic gear trains have “relatively low efficiency compare to simple gear systems” (Chen, 2014).










[bookmark: _Toc39234513]Problem solving

2. The gearing of a machine tool is shown in Figure 1 below. The motor shaft is onnected to gear A and rotates at 1000r.p.m The gear wheels B,C,D and E are fixed to parallel shafs rotating together. The final gear F is fixed on the output shaft. What is the speed of gear F?.
[image: ]
The numbers of of teeth are given on each gear are shown in the table below.
 
	Gear
	A
	B
	C
	D
	E
	F

	No. of teeth
	20
	50
	25
	85
	28
	65




Gear B



Gear C is on the same shaft as gear B and rotates at the same speed of 400 rpm.

Gear D




Gear D and E are on the same shaft and rotate at 117.65 rpm

Gear F





3. i. What type of gears are the best for applications that require speed reduction and torque multiplication?

Worm gears have the best “speed reductions” (KHKSTOCKGEARS, 2020) and therefore torque multiplication as they both go hand in hand when concerning gears. This is because, the ammount of rotations the worm gear takes to rotate the driven gear just once is very high therefore leading to a low speed and high torque.


ii. Two parallel shafts, about 800mm apart are to be connected by spur gears. One shaft is required to run at 360r.p.m and the other at 140r.p.m. Design the gears, given that the pitch is to be 25mm.

Firstly the sizes of both gears must be determined. Then the distance between the shafts can be used to discover the radiuses of both gears.
 












Now the distance between the gears has been made the radius of the gears is known. The number of teeth on each gear must now be calculated.











Check





The 360 rpm gear has a diameter of 448mm and 18 teeth at a pitch of 25mm. The 140 rpm gear has a diameter of 1,152mmand 46 teeth at a pitch of 25mm.

4. A riverted gear train is to be designed such that its speed ratio is 12, as shown below. The module pitch of gears A and B is 3.13mm and of geras C and D is 2.5mm. What are the suitable numbers of teeth for the gears? No gear should have less than 24 teeth.
[image: ]
To find the number of teeth for each gear the gears will firstly be paired into A and B, C and D. B will spin 6 times faster than A, and D will rotate 2 times faster than C. B and C will rotate at the same speed becasue they are securely connected to the same shaft. This will result in gear D rotating 12 times faster than gear A. 

Gear A and B.







Check.







Error 2 teeth.

Gear C and D.










Check.






Error 1 tooth.
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	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set.    You should provide evidence that you have accessed an appropriate range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 

Guidance specific to this assessment: This assignment requires that you carry out research on the background theory for both tasks. You should therefore show a wide level of reading, from a variety of sources including textbooks, academic journals and academic based websites.    It is perfectly permissible to include industry-focused and governmental sources.  However, do not use less credible sources, for example internet sites such as Tutor2U and Wikipedia. 
The Harvard system of referencing must be used to evidence research. Give credit to respected authors on whose work your discussion is based; this avoids accusations of plagiarism and reflects the depth of your research. ALL of your sources should be cited - every paragraph should contain at least one in-text citation. Your use of in-text citations and the reference list at the end of the report will be closely examined to ensure that you are conforming to referencing convention. An extensive reference list and good use of in-text citations will earn marks, limited references and errors in citations will result in a loss of marks.




2. Knowledge and Understanding Skills
At level 5, you should be able to demonstrate: sound knowledge and critical understanding of the well-established concepts and principles of the subject area and the way in which those principles have developed; knowledge of the main methods of enquiry in the discipline.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. meaningfully to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding. 

Guidance specific to this assessment: Based on your knowledge of the subject, you should demonstrate the ability to apply theoretical and practical methods to the analysis and solution of engineering problems relating to power transmission systems. Use appropriate equations where required to analyse your results and explain the theories and concepts relating to your findings to show your understanding. 



3. Cognitive and Intellectual Skills
You should be able to critically analyse information, and propose solutions to problems arising from that analysis, including the critical evaluation of the appropriateness of different approaches to solving problems. Your work must contain evidence of logical, analytical thinking, evaluation and synthesis. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? At all times, you must provide justification/evidence for your arguments and judgements.  Evidence that you have reflected upon the ideas of others within the subject area is crucial to you providing a reasoned and informed debate within your work.  Furthermore, you should provide evidence that you are able to make sound judgements and convincing arguments using data and concepts, with an understanding of the limits of knowledge, and how this influences analyses and interpretations. Sound, valid conclusions are necessary and must be derived from the content of your work.   Where relevant, alternative solutions and recommendations may be proposed.

Guidance specific to this assessment: You should show cognitive skills with respect to modelling and simplifying real problems and applying mathematical methods of analysis. Your reports should therefore reflect this in a logical manor. Present, evaluate and interpret your findings using tables and or graphs. Compare your findings to theoretical results and make sound judgements and arguments using appropriate data and concepts. Errors should be recorded, and suggestions made on how to avoid them or improve your results.



4. Practical Skills
At level 5, you should be able to use/deploy a range of established techniques within the discipline, and apply underlying concepts and principles outside the context in which they were first studied, including, where appropriate, the application of those principles in an employment context. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts, some of which may be creative.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  You should show awareness of the limitations of concepts and theories when applied in particular contexts.

Guidance specific to this assessment: Your ability to apply appropriate theoretical and practical methods to the analysis and solution of structures and engineering problems will be tested here. Giving examples of real-life applications of beam theory and analysis will be awarded more marks.




5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for employment requiring the exercise of personal responsibility and decision-making.  This includes demonstrating: professional development to advance existing skills and acquire new competences that will enable you to assume significant responsibility within organisations; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; that you can use appropriate media to effectively communicate information, arguments and analysis in a variety of forms to specialist and non-specialist audiences; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.


Guidance specific to this assessment: Your ability to demonstrate key transferrable skills in problem formulation and decision making, interpreting experimental results will be tested here. Drawing sound conclusions and logical recommendations from your results will be awarded more marks.













	GENERIC ASSESSMENT CRITERIA



	Level 5

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 5 students will be expected to have developed sound knowledge and critical understanding of the well-established concepts and principles in their field of study, and of the way in which those principles have developed.  They will have learned to apply those concepts and principles more widely outside the context in which they were first studied, including, where appropriate, the application of those principles in an employment context. They will have knowledge of the main methods of enquiry in the subject area, and ability to evaluate critically different approaches to problem solving. They will possess an understanding of the limits of their knowledge, and how this influences their analyses and interpretations.  They will be able to use a range of established techniques to initiate and undertake critical analysis of information, and to propose solutions to problems arising from that analysis. They will be able to effectively communicate information, arguments and analysis in a variety of forms to specialist and non-specialist audiences, and deploy key techniques of the discipline effectively. They will be able to undertake further training, develop existing skills and acquire new competences that will enable them to assume significant responsibility within organisations.  They will have the qualities and transferable skills necessary for employment requiring the exercise of personal responsibility and decision-making.



	Level 5
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.
	Engagement with an appropriate range of literature, including sources retrieved independently. Some over-reliance on texts. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature. High-level referencing skills consistently applied.

	Knowledge and understanding (Sound knowledge and critical understanding of the well-established concepts and principles in their field of study; knowledge of the main methods of enquiry in the discipline.) 
	Major gaps in knowledge with unsatisfactory, uncritical understanding of the subject matter. Much irrelevant material.  Substantial inaccuracies. Significantly flawed understanding of the main methods of enquiry in the discipline.
	Fragmentary knowledge, with only superficial critical understanding. Some significant inaccuracies and/or irrelevant material.  Incomplete or partially flawed understanding of the main methods of enquiry in the discipline.
	Limited but adequate knowledge and critical understanding of the well-established concepts and principles within the subject area, with a few gaps in the selection of material. A narrow critical understanding of the main methods of enquiry. 
	Knowledge is reasonably detailed and accurate. A good critical understanding of the well-established concepts and principles and the main methods of enquiry, with minor gaps in the selection of material.
	Knowledge is reasonably extensive.  Exhibits very competent critical understanding of the well-established concepts and principles of the subject and the main methods of enquiry.  Breadth and depth of knowledge.
	Excellent, detailed knowledge and highly critical understanding of the well-established concepts and principles of the subject and the main methods of enquiry. 
	Exceptionally detailed knowledge and outstanding critical understanding of the well-established concepts and principles of the subject and the main methods of enquiry. May go beyond established theories.

	Cognitive and intellectual skills 
(Critical evaluation and analysis of concepts and principles; argument and judgement; the limits of their knowledge, and how this influences their analyses and interpretations.) 
	Wholly or almost wholly descriptive work. Little or no critical evaluation and analysis of concepts and principles.
Failure to develop arguments, leading to illogical or invalid judgements. Unsubstantiated generalisations or opinion, made without use of any credible evidence.

	Largely descriptive work, with superficial use of critical evaluation and analysis of concepts and principles. Weak development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.
	Limited attempt at critical evaluation and analysis of concepts and principles, tending towards description.
Some evidence to support arguments and judgements but these may be underdeveloped, with a little inconsistency / mis-interpretation or failure to fully recognise limits of knowledge.


	Some critical evaluation and analysis of concepts and principles, though descriptive in parts. 
An emerging awareness the limits of their knowledge and ability to use evidence to support the argument though with some tendency to assert/state opinion rather than argue on the basis of reason and evidence.
Mostly valid arguments and logical judgements. 
	Sound critical evaluation and analysis of concepts. Is selective in the range of evidence used and synthesises rather than describes. Ability to devise arguments that show awareness of different stances, and use evidence convincingly, to support appropriate and valid judgements. 
	Excellent critical evaluation and analysis of concepts and principles leading to logical, evidence-based, reasoned arguments and judgements. Explicit recognition of other stances and a strong awareness of the limits of their knowledge.
A capacity for independent thought and ability to ‘see beyond the question’, suggesting some grasp of the broader field and wider concepts.
	Outstanding critical evaluation and analysis of concepts and principles.  Uses evidence exceptionally well to connect ideas, and support highly logical and persuasive, arguments and judgements. Evidence of independent thought and ability to ‘see beyond the question’, suggesting a clear grasp of the broader field and wider concepts. Perceptive recognition of the limits of their knowledge, and how this influences their analyses and interpretations.

	Practical skills
(Apply underlying concepts and principles more widely outside the context in which they were first studied; use a range of established techniques; propose solutions to problems arising from analysis.)
	Limited or no use of established methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Limited understanding of the application of theory to practice or making appropriate links between the two.
Very weak problem-solving skills outside the context in which they were first studied. 
	Rudimentary application of established methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak understanding of the application of theory to practice, with only occasional evidence of making appropriate links between the two. Weak problem-solving skills outside the context in which they were first studied. 


	An adequate awareness and mostly appropriate application of established methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. Theoretical knowledge and understanding applied in practice, but not always making logical links between the two.
Can identify problems and propose basic solutions outside the context in which they were first studied. 
	A good and appropriate application of established methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Mainly consistent, accurate and logical application of theory to practice, making appropriate links between the two.
Can identify problems and propose mostly appropriate solutions outside the context in which they were first studied.
	A very good application of a range of established methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive insights. Consistent, accurate and logical application of theory to practice, making appropriate links between the two. Can identify problems and propose appropriate solutions outside the context in which they were first studied.
Evidence of some creativity. 
	An advanced application of a range of established methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Consistent, accurate and logical application of theory to practice, making well-developed links between the two. Can identify problems and propose excellent, creative solutions outside the context in which they were first studied. 
	Exceptional levels of application and deployment skills using established methods, materials, tools and/or techniques.  Consistent, accurate and logical application of theory to practice, making highly developed links between the two. Can identify routine and non-routine problems and propose quite sophisticated, creative solutions outside the context in which they were first studied. 

	Transferable skills for life and professional practice
(Effectively communicate in a variety of forms
to specialist and non-specialist audiences;  the qualities and transferable skills necessary for employment requiring the exercise of personal responsibility and decision-making.)
	Communication medium is inappropriate or misapplied.
Work is poorly structured, disorganised and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Failure to work effectively as part of a group. Little or no evidence of the skills for employment requiring the exercise of personal responsibility and decision-making.


	Communication medium is poorly designed and/or not suitable for the audience. 
Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Flawed approach to group work, meeting only partial obligations to others. Limited evidence of the skills for employment requiring the exercise of personal responsibility and decision-making.
	Can communicate in a suitable medium for the audience but with some room for improvement. 
Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence in places. Can work as part of a group, meeting most obligations to others but perhaps with limited involvement in group activities.
Demonstrates the basic skills for employment requiring the exercise of personal responsibility and decision-making, with some areas of minor weakness.
	Can communicate effectively in a suitable medium for the audience, but may have minor errors.
Mostly coherent, organised work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities. 
Demonstrates the skills for employment requiring the exercise of personal responsibility and decision-making, with some areas of strength and some of minor weakness.
	Can communicate well, confidently and consistently in a suitable medium for the audience.
Work is coherent, fluent, well-structured and organised. Can work very well autonomously and/or as part of a team, with very good contribution to group activities. 
Demonstrates very good skills for employment requiring the exercise of personal responsibility and decision-making, with just occasional minor weakness.
	Can communicate professionally confidently and consistently in a suitable medium for the audience.
Work is coherent, very fluent and is presented proficiently. Can work autonomously with initiative. Where relevant can work professionally within a team, showing leadership skills as appropriate, and meeting obligations. Demonstrates excellent skills for employment requiring the exercise of personal responsibility and decision-making and an appetite for further development.

	Can communicate with an exceptionally high level of professionalism, highly suitable for the audience. 
Work is exceptionally coherent, very fluent and is presented professionally. Can work exceptionally well within a team, showing leadership skills. Demonstrates exceptional skills for employment requiring the exercise of personal responsibility and decision-making and an appetite for further development.
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Gear Train

1. The speed ratio of a reverted gear train is to be 15. The module of gears 1 and 2 is
3 mm and that of gears 3 and 4 is 2.5 mm. Calculate the suitable number of teeth
for the gears. The centre distance between gear shafls is 250 mm.

2. Two parallel shafts are to be connected by spur gearing. The approximate distance
between the shafs is 600 mm. If one shaft runs at 120 r.p.m and other at 360
r.p.m. find number of teeth on each wheel if module is 8 mm. Also determine the
exact distance apart of the shafts.

3. The speed ratio of the reverted gear train, as shown in Fig. 13.5, is to be 12. The
module pitch of gears A and B is 3.125 mm and of gears C and D is 2.5 mm
Caleulate the suitable numbers of teeth for the gears. No gear is to have less than
24 teeth.

s

. A four speed sliding gear box of a motor car is required to give speed ratios from
the driving shaft to driven shaft of 4:1, 2.5:1, 1.5:1, and 1:1 approximately in the
first, second, third and top gears respectively. The pitch of gears in module is 3.25
mm and centre to centre distance between mating gear is 7 cm. find suitable
number of teeth on various gears, if the minimum number of teeth on pinion of
14,

B
C
200 mm
Driver Driven
A
D

Fig. 1
5. A compound train consists of six gears. The numbers of teeth on the gears arc as
follows:
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