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Get the most from this book

Everyone has to decide their own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it – personalise your notes and check your progress by ticking off each section as you revise.

Tick to track your progress

Use the revision planner on pages 4–6 to plan your revision, topic by topic. Tick each box when you have:


	✚  revised and understood a topic


	✚  tested yourself


	✚  practised the exam questions and checked your answers online.




You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.

Features to help you succeed

Exam tips

Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.

Typical mistakes

The authors identify the typical mistakes candidates make and explain how you can avoid them.

Now test yourself

These short, knowledge-based questions provide the first step in testing your learning.

Definitions and key words

Clear, concise definitions of essential key terms are provided where they first appear.

Revision activities

These activities will help you understand each topic in an interactive way.

Exam-style questions

Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.

Summaries

The summaries provide a quick-check bullet list for each topic.

Online

Go online to check your answers to the Now test yourself and Exam-style questions at www.hoddereducation.com/myrevisionnotesdownloads
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Countdown to my exams


From September

Attend class in person or via the internet if necessary; listen and enjoy the subject; make notes. Make friends in class and discuss the topics with them. Watch the news.




6–8 weeks to go

	✚  Start by looking at the specification – make sure you know exactly what material you need to revise and the style of examination. Use the revision planner on pages 4–6 to familiarise yourself with the topics.


	✚  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.


	✚  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study and stick to your timetable.


	✚  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.







2–6 weeks to go

	✚  Read through the relevant sections of this book and refer to the exam tips, summaries, typical mistakes and key terms. Tick off the topics when you feel confident about them. Highlight those topics that you find difficult and look at them again in detail.


	✚  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book.


	✚  Make a note of any problem areas as you revise and ask your teacher to go over these in class.


	✚  Look at past papers. These provide one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the Exam-style questions provided in this book.


	✚  Use the revision activities to try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.


	✚  Track your progress using the revision planner and give yourself a reward when you have achieved your target.


	✚  Check your answers to the Now test yourself and Exam-style questions online at www.hoddereducation.co.uk/myrevisionnotesdownloads






One week to go

	✚  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.


	✚  Check the revision planner to make sure you have not missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.


	✚  Attend any revision classes put on by the teacher. Remember, they are an expert at preparing people for examinations.







The day before the examination

	✚  Flick through these Revision Notes for useful reminders, for example, the exam tips, summaries, typical mistakes and key terms.


	✚  IMPORTANT: Check the time (is it in the morning or afternoon?) and place of your examination. Keep in touch with other students in your class.


	✚  Make sure you have everything you need for the exam – pens, highlighters and water.


	✚  Allow some time to relax and have an early night to ensure you are fresh and alert.







My exams

Paper 1

Date:.......................................................................................

Time:.......................................................................................

Location:.................................................................................

Paper 2

Date:.......................................................................................

Time:......................................................................................

Location:................................................................................








Introduction

Assessing T Level Engineering and Manufacturing

This book supports the assessment of the Core Component of the following qualifications:

	✚  T Level Technical Qualification in Maintenance, Installation and Repair for Engineering and Manufacturing (8712)


	✚  T Level Technical Qualification in Engineering, Manufacturing, Processing and Control (8713)


	✚  T Level Technical Qualification in Design and Development for Engineering and Manufacturing (8714)



The assessment of the Core Component comprises:

	✚  Paper 1 (35% core grade)


	✚  Paper 2 (35% core grade)



Both exams include a range of short-answer and extended-response questions.

In addition to these papers there is an employer-set project worth 90 marks that contributes 30% to the overall Core Component grade. The employer-set project consists of a real industry-style brief that will require the use of relevant maths, English and digital skills. It will enable the learner to demonstrate their knowledge and understanding of the core content and their core skills to solve occupationally relevant situations and/or problems.

In the second year, there is also an occupational specialist component. This synoptic assignment consists of a project brief presented as client requirements or a specification of work to enable the learner to demonstrate the full range of their knowledge and relevant skills. The Occupational Specialism assessment is set and marked against several assessment themes that contribute towards the final mark.

Command words

Familiarity with the relevant command words is important and helps the learner to avoid wasting time in the exam room, for example by trying to evaluate when there is no requirement for it. The most frequently used command words for the T Level papers are:

	✚  Identify, State: These require just one or two words or a short phrase, and typically there is just 1 mark per point required. For example: Identify two variables. [2 marks]


	✚  Describe: This requires a more detailed, descriptive response and is typically worth 2 marks.


	✚  Justify: This is often used together with Identify and requires you to justify the answer you have given. For example: Identify a constant and justify why it is declared as a constant. [3 marks]


	✚  Explain: This is asking for more than a description and requires you include the connections or relationships between relevant factors. It may be worth 2, 3 or more marks. You should provide the same number of different, relevant points in your response as the number of marks available. For example: Explain a benefit of pattern recognition. [3 marks] You could, for example, describe one benefit, then go on to explain why it is a benefit.


	✚  Compare: This is asking you to describe or explain the similarities and differences between two items.


	✚  Discuss, Evaluate, Analyse: These indicate a long answer is required and are typically worth 6 or more marks. These questions will not be marked simply on the statement of facts but on the depth of the discussion in the response. It is important that all aspects of the question are answered in some detail and it is a good idea to identify the component parts of the question before starting a response.



Additional guidance

If asked to give examples, make sure they are relevant to the scenario.

When asked to provide program code or diagrams, always plan your approach first.

This exam includes many technical topics, and you should always use the correct technical terminology.

Always read the question carefully before starting a response. The key words used in the questions will provide some clues to what the examiner is expecting from the answer.

The T Level exam papers

The two exams covered by this book are each 2 hours and 30 minutes long and each is worth 100 marks. Each externally set paper contributes 35% of the overall core grade.

Paper 1

	✚  Unit 4 Essential mathematics for engineering and manufacturing


	✚  Unit 5 Essential science for engineering and manufacturing


	✚  Unit 6 Materials and their properties


	✚  Unit 7 Mechanical principles


	✚  Unit 8 Electrical and electronic principles


	✚  Unit 9 Mechatronics



Paper 2

	✚  Unit 1 Working within the engineering and manufacturing sectors


	✚  Unit 2 Engineering and manufacturing past, present and future


	✚  Unit 3 Engineering representations


	✚  Unit 10 Engineering and manufacturing and control systems


	✚  Unit 11 Quality management


	✚  Unit 12 Health and safety principles and coverage


	✚  Unit 13 Business, commercial and financial awareness


	✚  Unit 14 Professional responsibilities, attitudes, and behaviours


	✚  Unit 15 Stock and asset management


	✚  Unit 16 Continuous improvement


	✚  Unit 17 Project and programme management








1 Working within the engineering and manufacturing sectors

1.1 Key principles and methodologies in engineering and manufacturing design

Types of manufacturing processes

Table 1.1 Types of manufacturing processes








	
Type of manufacturing process


	
Explanation of terminology





	
Wasting


	
A term for a process which involves the removal of unnecessary sections of material from a product to make way for a new component, for example drilling or sawing of steel bar.





	
Forming


	
The bending, twisting and beating of material that forces the shape of the material to change. Examples of forming are found in sheet-steel manufacturing techniques.





	
Shaping


	
Casting and moulding processes





	
Joining


	
The joining of two or more components to make a larger assembly with e.g., bolts, screws and nuts. Other methods for joining include adhesives and welds.





	
Finishing


	
The quality of the surface finish. Can be checked with tactile gauges. A better surface finish will take more time to machine. Linishing, emery cloth and polishing are tools and techniques which can be used to improve surface finish.





	
Casting


	
The use of moulds and molten metal to produce complex shapes.





	
Additive manufacturing


	
3D printing of plastic, metal and even concrete. Layers are created and then built up into solid 3D shapes.







The design process

The design process involves research, development, testing and a little inspiration.

User requirements

Does the final design do what is needed? Is it robust enough? Does it meet legislation and standards? Does it meet the budget? Does it meet environmental requirements? Can your company manufacture it? Does it meet the specification? Does the customer like it?

Design brief

This is a document from the customer, or created by you with the customer, which gives a short (brief) statement of what is being designed. It is usually light on detail but will contain some requirements and constraints for the final product.

Specification

The specification follows after the design brief, and also after research and development has taken place. The specification sets out the goals of the project so that at the end the resulting product can be measured against it. It is specific in its presentation of measurements. For example, the specification does not state that the final product ‘will be small’ but states that ‘it will be a minimum size of 100 × 200 × 50 mm and a maximum of 200 × 300 × 100 mm’. 

Approaches to design

Table 1.2 Design methodologies








	
Design methodology


	
Explanation of terminology





	
Linear design (see Figure 1.1)


	
A step-by-step design solution, e.g. 1) client brief, 2) product design specification (PDS), 3) investigation, 4) idea generation, 5) development of product, 6) manufacture of product, 7) product testing stage, 8) evaluation of process.





	
Iterative design (see Figure 1.2)


	
A cyclic process where products are designed, made and evaluated, which feeds back into the design. For example, after creating the specification, testing shows that one of the goals is not possible. This result prompts the move to revise the specification and start the process again.





	
Design for manufacturing and assembly (DFMA)


	
This design method aims to provide good design at a lower cost. There are five areas which are looked at in the DFMA process: 1) process, 2) design, 3) material, 4) environment, 5) compliance/testing.

By including everyone involved in the process: engineers, machine operators, suppliers, tooling makers, etc., the design can be examined at all levels to avoid the possibility of repeating existing mistakes or defects. Making changes earlier in the design process will have a bigger impact and cost less.





	
Ergonomic design


	
This type of product design accounts for human safety and comfort.





	
Anthropometric data


	
The designing of products where importance is given to the measurement of different parts of the human body. It is a term derived from Greek: anthro- people, metric- measurement.





	
Inclusive design


	
The design process that attempts to create products that are available for the widest audience possible (including people with physical and mental disabilities).





	
Sustainable design


	
This type of design concentrates on producing products in an environmentally considerate fashion, minimising use of energy and natural materials. The sustainable designer must keep in mind the ‘6Rs’: reduce (production of waste and energy use), refuse (to use harmful materials or processes), rethink (the approach used in designing the product), repair (design products that can be repaired and have their life extended), reuse (avoid designing single-use products that need to be disposed of) and recycle (have the ability to break down the product when it reaches the end of its life and recycle the waste).








Iterative To take the output from a process, evaluate the results and use this information to improve the process/design.

Anthropometric data Values relating to people across a wide range of sizes and abilities, for example the height and reach of the population.

Sustainable A process which can be carried out for a long period of time, usually in an environmentally friendly context. For example, in a sustainable forest, trees are planted to replace those that are chopped down.




Revision activity

Have a careful look at an item on your desk. Is it fit for purpose? Does it function correctly? Is it aesthetically pleasing (does it look good)? Is it durable? What could be improved? It is good practice to think about the function of products: why they are a particular shape, why they are made from a particular material, what their manufacturing process is and how it could be improved.



[image: ]
Figure 1.1 The linear design process    
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Figure 1.2 The iterative design cycle 


Typical mistake

A product should always be designed so that it can be used by most of the population, that is the 5th percentile to the 95th percentile, not the average person (50th percentile), which is just the middle of the distribution curve (see Figure 1.3). Figure 1.4 is a diagram showing anthropometric data. Tables are available showing measurements for different percentiles.

[image: ]
Figure 1.3 A standard normal distribution curve

[image: ]
Figure 1.4 A person showing some sample dimensions



Research and testing methodologies

Primary sources

Primary research is what you find out first hand, from questions asked in surveys to results from product tests.

Secondary sources

These are results obtained by others. For example, standard data about material strength from a reliable source is secondary data.

Both of these types of research data can be quantitative or qualitative.


Quantitative data Research about things which can be measured in numbers. How fast, tall, heavy, expensive?

Qualitative data Research about things which can be described. What do users think? Does the product look attractive? Is it easy to use?



Testing

When designing a new test, the following should be considered: what is the end point? What is the information which the test needs to show? (For example, this test will show the condition of the product after five years of use). Is the test fair? Are all factors which might help achieve the desired result taken into account? Is the test accurate? How much confidence can you place in the results?

Thinking about these questions before research begins will help to retain focus on what needs to be researched, the time needed for testing and the cost implications.

Methods of communicating design requirements

The audience for the product must always be considered. Who will be looking at the information? A technical specification would be appropriate for a design engineer, but a summary might be needed for the director or the marketing team. Detail drawings are required for manufacture but not to communicate the product to the customer.


Detail drawing A detail drawing shows all the information needed for manufacture. 



1.2 The role of maintenance, repair and installation in engineering

Types of maintenance

Table 1.3 Types of maintenance








	
Type of Maintenance


	
Description





	
Planned or preventative


	
Both planned and preventative maintenance are carried out to a predetermined schedule. This could be time based, e.g. the machine will be serviced every six months, or could be based on usage, e.g. a car will be serviced every 10 000 km. Preventative maintenance will make greater use of data gathered from inspection of parts and monitoring of the machine to help schedule when maintenance needs to take place.





	
Reactive


	
This type of maintenance is undertaken at the point of machine failure – the fix is a reaction to the situation. Reactive maintenance requires a contingency plan. Spare parts can be purchased in advance (e.g. drill bits) and stored away for emergency use. For small consumables this is a valid maintenance technique. For example, if a drill bit breaks, this can replaced quickly and easily. A disadvantage of reactive maintenance is that the machine will have to be stopped for it to be carried out and thus production time will be lost.





	
Condition-based monitoring


	
This concentrates on real-time monitoring and analysis of large amounts of data to determine when maintenance needs to take place. The focus of the monitoring is on the tolerance levels of the machine. This could include noise, vibration and heat monitoring. When a change in these levels is identified, then maintenance is scheduled. This will often be coupled with software analysis.








Maintenance To keep something in good working order and repair.

Preventative To stop problems which might happen if nothing was done.




Now test yourself

	1    Explain the advantages and disadvantages of reactive maintenance.


	2    What is a disadvantage of condition-based maintenance?


	3    What kinds of process would reactive maintenance be appropriate for?


	4    What are the ‘six Rs’ and how can they be applied?


	5    Why are the six Rs and other tools and legislation aimed at sustainability increasingly important?


	6    What is the iterative design process?






Roles and functions

Table 1.4 Roles and functions








	
Role


	
Responsibility





	
Machine operator


	
Responsible for day-to-day operation of machinery. This includes daily maintenance (e.g. lubrication, monitoring of levels). The machine operator is responsible for reporting any immediate concerns about the functioning of the equipment or safety to the maintenance manager.





	
Maintenance engineer/manager


	
Engineers plan and schedule when maintenance should happen in order to minimise disruption. They may also repair and maintain the equipment in a scheduled fashion. Systems will be completely shut down in order for the engineers to carry out their job.








Tools, equipment and measuring

Table 1.5 Tools and equipment








	
Type of tool


	
Example





	
Portable power tools


	
Drill, angle grinder, soldering iron





	
Hand tools


	
Spanner, screwdriver, pliers, wire cutters, hammers





	
Measuring instruments and gauges


	
Tape measures, infrared thermometers, flow meters, multimeters, steel rules







Installation and commissioning

Traditionally in engineering and construction, commissioning is the process of ensuring that the finished system is fit for purpose and can be handed over to the customer. It involves trials, tests, checks and inspection that guarantee the safe and smooth running of the machinery. Once the completed product has been installed and signed off, the client becomes responsible for the safe running and maintenance of the machine.

1.3 Approaches to manufacturing, processing and control

Scale of manufacture

Table 1.6 Differing scales of manufacturing








	
Differing scales of manufacture


	
Batch size





	
One-off


	
As the name suggests, only one or two items are made. The product will often demand highly skilled manual workmanship and command a high price tag. The item might also be a prototype for a product in development.





	
Batch


	
Small volume manufacture. Typically, there is some automation of process but skilled manual work will be required as well. Batch production can also be small volume and therefore high cost, e.g. Morgan cars or personalised T-shirts.





	
Mass production


	
A high-volume, largely automated production system which produces products of the same quality. Dedicated machines are necessary for each process, for example mass car production.





	
Continuous production


	
The material never stops being manufactured. Compared with mass production where the product may stop at a station to have work done to it, in continuous production there is no stopping. The system will usually be designed to produce just one product. Often used in chemical manufacture or food manufacture, e.g. spaghetti.








Revision activity

For the following products, find out how they are manufactured and which method of production fits them best:

	✚  toothpaste


	✚  Morgan cars


	✚  light bulbs. 






Manufacturing infrastructure

Table 1.7 Type and purpose of manufacturing layout








	
Type of manufacturing layout


	
Purpose of layout (advantages and limitations)





	
Matrix production system


	
A combination of functional and cellular systems. Machines of the same type may be grouped together, with some other machines needed to add features to specific products next to them.





	
Cellular manufacturing


	
This is where all the different machines and processes needed to make a product are grouped together, minimising the distance that products travel within the factory.





	
Functional


	
This is where machines of the same type are grouped together to capitalise on the skill of the operators.





	
Product/production line


	
A high-volume equivalent of a manufacturing cell, that just manufactures a single type of product.







Levels of automation

Table 1.8 Different
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