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Introduction


This book has been written and designed to give you all the relevant information you 


will need to successfully complete the WJEC Level 1/2 Vocational Award in Engineering 


(Technical Award). It has been mapped to the course specification and ordered in such 


a way as to allow you to learn relevant skills and theory and then apply them to the 


assessed units.


This book will introduce you to many basic engineering skills and principles, and 


will provide you with a good understanding of the subject area. You will learn how 


to communicate effectively as an engineer, and learn practical skills and theoretical 


knowledge to allow you to successfully complete the required units.


What you will find in this book


While using this book you will come across several features that will benefit your 


knowledge and understanding of the subject area, including key terms, tip boxes and 


task boxes.


Task


A small task or mini-project designed to embed the knowledge you have 


just learned. Also allows you to ‘have a go’ at applying the theory. 


The route to success


To learn all the relevant skills to a standard where the top performance bands and higher 


grades become available to you, ideally, you need access to some specialist equipment:


CAD:


 computer-aided design is not needed to complete the course but does produce 


quality outcomes. CAD is used extensively in the engineering industries and is a skill that 


needs to be learned at some stage whentraining to be an engineer. There are many CAD 


packages that, as a student, you can download free for trial periods, as well as some full 


CAD packages that are on offer from some companies. 


Workshop:


 you will need access to a workshop environment to apply your learned skills 


and knowledge. One of the fundamentals of engineering is the ability to manipulate 


materials by using processes and equipment that can only be found in a workshop, 


such as milling, turning and drilling. You can use hand tools or machinery to create 


prototypes, but understanding how to set up and use machinery safely and effectively is 


a fundamental skill of this course.


Course structure


The WJEC Level 1/2 Vocational Award in Engineering (Technical Award) is a vocational 


course that can be started in Year 9 and run over three years or started in Year 10 and 


run over two years. The students completing the course will be assessed with three 


units and graded from Level 2 Distinction* (Star) to Level 1 Pass. You can find out more 


about grading information by looking at the WJEC website and selecting the Engineering 


Qualification:


https://www.wjec.co.uk


Below you will find examples of how the course will be graded and assessed.


A key word or phrase


 


associated with the subject


area and a specific technical


 


term used to demonstrate


your knowledge of the


 


vocabulary used by engineers.


Key Term


Some quick-fire advice 


to help you complete or


understand the current task. 


Top tip
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Grading


The grading structure for the course is as follows:


Grade


Written asApproximate GCSE grade equivalent


Level 2 Distinction* (Star)


D*


8/9


Level 2 Distinction D


7/8


Level 2 Merit


M


5/6


Level 2 Pass


L2P


4


Level 1 Distinction*


L1D*


3/4


Level 1 Distinction


L1D


3


Level 1 Merit


L1M


2


Level 1 Pass


L1P


1/2


Units


The following units will be assessed:


Unit title (entry code)


Assessment


Content


Unit 1 Manufacturing engineering 


products(5799U1)


Internal (school/college)


The assignment brief will include a 


scenario and several tasks


Unit 2 Designing engineering products 


(5799U2)


Internal (school/college)


The assignment brief will include a 


scenario and several tasks


Unit 3 Solving engineering problems 


(5799U3)


External (WJEC moderators/examiners)


Written examination


How will you be assessed?


You will be assessed with three units:


Unit 1: internally assessed (guided learning hours: 48)


Unit 1 provides you with the opportunity to interpret different types of engineering 


information to plan how to manufacture engineering products. You will develop 


knowledge, understanding and skills in using a range of engineering tools and equipment 


to manufacture and test an end product. The assignment brief will include a scenario 


and several tasks, which will be assessed/marked by your tutor.


This unit is a controlled assessment, with your tutor supervising the work.


You will have 20 hours to produce the assessable work. It will be marked out of 80, and 


contributes 40% to your overall grade.


Unit 2: internally assessed (guided learning hours: 24)


Unit 2 allows you to explore how an engineered product is adapted and improved 


over time, and it offers the opportunity to apply your knowledge and understanding 


to adapt an existing component, element or part of the engineering outcome that you 


manufactured for Unit 1. This will be assessed/marked by your tutor.


This unit is a controlled assessment, with your tutor supervising the work. It will be 


marked out of 40, and contributes 20% to your overall grade.


You will have 10 hours to produce the assessable work.
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Unit 3: externally assessed (guided learning hours: 48)


Unit 3 is an externally assessed examination that you will sit in a controlled environment 


such as a school or college, supervised by invigilators. The examination will last 


90 minutes and is worth 80 marks (40% of your total grade). It will cover all aspects of 


the engineering specification, including knowledge and theory.


When should you sit the units?


Submitting work for all three units should be dictated by your school or college, and 


your tutor will give you notice of when work should begin and when the deadlines 


are imminent.


To successfully complete this course you will need workshop practice. You will need to 


complete several workshop-based projects that will take you through procedures on how 


to use tools and equipment safely and accurately. 


Your progress


Below is a handy checklist for you to go through every time you complete a chapter 


of this book. Copy the checklist into your notebook and tick the boxes when they are 


completed, and then put a tick in either the ‘Poor’, ‘Okay’ or ‘Good’ box to check your 


understanding of the chapter. When looking back over this checklist while revising, you 


will quickly be able to see which areas you are strong in and what areas you will need to 


revise further.


Chapter title


Tick if covered


Understanding


Poor


Okay


Good


1 Understanding engineering drawings


2 Planning manufacturing


3 Using engineering tools and equipment


4 Implementing engineering processes


5 Guide to coursework submission: Unit 1


6 Designing engineering products


7 Understanding the effects of engineering achievements


8 Understanding properties of engineering materials


9 Guide to coursework submission: Unit 2
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1

Understandingengineering

drawings


In this chapter you are going to:


l


learn about standardisation


l


 discover how to use standards when creating technical drawings


l


learn to use the standardised conventions used in engineering drawings


l


 learn how to create:


l


isometricviews


l


exploded views


l


third-angle orthographic projections 


l


sectional/offsetsectional views


l


 learn how to generate a range of engineering solutions and develop ideas through to a conclusion.


This chapter will cover the following areas of the WJEC specification: 


Unit 1 Manufacturingengineeringproducts: 1.1Understanding engineering drawings


l


1.1.1 Interpreting engineering 


drawings


l


1.1.2Interpreting engineering 


information


l


1.1.3Presenting engineering 


information


Unit 2 Designing engineering products: 2.2 Proposing design solutions


l


 2.2.1 Generating a range of 


engineeredsolutions


l


 2.2.2 Developing ideas through to 


a conclusion


l


2.2.3Communicating design 


ideas


Unit 2 Designing engineering products: 2.3 Communicating an engineered design solution


l


2.3.1Producing anengineering 


specification


l


 2.3.2 Drawing an engineering 


design solution that adheres to 


recognised standards


Unit 2 Designing engineering products: 2.4 Solving applied engineering problems 


l


2.4.1Using mathematical 


techniques for solving applied 


engineering problems


l


 2.4.2 Justifying suitable 


materials for use in the final 


engineered solution


l


 2.4.3 Justifying suitable processes 


for manufacturing the final 


engineeredsolution


Unit 3 Solving engineering problems: 3.4 Solving engineering problems


l


3.4.1Using mathematical 


techniques for solving 


engineering problems


l


3.4.2 Understanding and 


producing engineering drawings











[image: background image]



WJEC Level1/2Vocational AwardEngineering (Technical Award)


2


Introduction





 The drawings produced by engineers are used to manufacture products from PlayStations to aircraft 


to skyscrapers.


Engineers constantly create and use drawings as part of their day-to-day job. Drawings 


allow engineers to physically ‘see’ the shape of a product, look at how something could 


be assembled, recognise the different views of a product, as well as identify important 


points such as dimensions, materials and hidden details.


The drawings produced by engineers are used to manufacture products from 


PlayStations to aircraft to skyscrapers, all of which need to be highly accurate. 


Any mistake in the drawings would be transferred to the actual product during the 


manufacturing stage and huge amounts of time and money could be lost. This is why all 


modern technical drawings need to be 


standardised


.


By learning how to create engineering drawings, you will gain the ability to look at 


another engineer’s drawings and interpret them. This new ability will include identifying 


what the dimensions in a drawing relate to, understanding what all the symbols mean, 


understanding what the different types of lines mean and being able to understand the 


writing on each drawing that is used to explain further details.


This ability to interpret technical information from engineering drawings is a skill that you 


will use in Unit 1 when you are asked to interpret engineering drawings supplied by the 


exam board.


Drawing standards


There are a number of organisations across the globe responsible for standardising the 


many products and services that we use, such as plug sockets, paper and technical 


specifications for industrial processes. UK-based engineers have to conform to the 


standards from twoorganisations:


l


the 


InternationalOrganization for Standardization (ISO)


l


the 


British Standards Institution(BSI)


.


Both ISO and BSI have developed a recognised format to standardise technical drawings. If 


an engineer in the UK produces a set of technical drawings for a product to be manufactured 


in a factory in, say, China, then a set of standardised drawings would be needed. Using a 





 The ISO logo
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standardised drawing would enable the Chinese manufacturers to understand the technical 


information clearly and accurately. Drawings created with ISO and BSI standards are 


recognised throughout the world. ISO and BSI often work together to create standards. BSI 


often create the first issue of standards, usually a Publicly Available Specification (PAS) or 


British Standard (BS), which can in time be developed into an international (ISO) standard. 


When a product is assessed, tested and certified to meet the standards and certification 


requirements outlined by the BSI, products can achieve the 


BSI kitemark


. This can then be 


displayed on the product and product packaging to indicate the superior safety, quality, 


digital security or sustainability of the product for both compliance and marketing purposes.


The standardisation numbers for technical drawing are:


l


 ISO 128 


l


BSI 8888:2017


Organisation and equipment


To learn the skills needed to produce technical drawings, it would be helpful to have 


access to some equipment. The list below gives some suggestions. 


Drawing


l


 1 × set of graphics pencils (3H to 3B) for drawing and sketching


l


 1 or 2 black fineliner pens for picking out lines in a drawing or sketch


l


 1 × steel rule (or a standard ruler)


l


 1 × 180° protractor


l


 1 × 45° set square


l


 1 × 30° set square


l


 1 × compass


l


1× eraser


l


 1 × A3 sketchbook (lower quality is OK) 


Organisation


l


 1 × A4 ring binder (with or without poly pockets)


l


 1 × A3 plastic portfolio 


The basics


As well as understanding how your equipment works, it is important to follow some basic 


rules when drawing in engineering. Here are a few tips to get you started.


Pencils and lines


2H pencil


3H pencil


H pencil


HB pencil


B pencil


2B pencil


3B pencil


Fine-liner (black ink)


Faint thin lines


Dark thin lines


Construction lines


Weighted lines


Weighted lines





 Diﬀerent pencils are used to create the various types of lines used in engineering drawings.


The BSI Kitemark


For


more than 120 years, the


 


BSI Kitemark™ has been


 


recognised as a symbol


of outstanding quality,


 


safety and trust across


 


a wide range of products


 


and services. Kitemark


certification confirms that


a product or service’s claim


 


has been independently and


repeatedly tested by experts,


meaning that you can have


 


trust and confidence in


 


products and services that


are BSI Kitemark certified.


Key Term





The BSI kitemark
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When creating a drawing you will first need to construct the overall shape with 


construction lines


. These are faint, thin lines that are easy to rub out.





 A triangle (left) and rectangle (right) constructed using construction lines.


When ‘picking out’ the shape of your drawing, you will use 


weighted lines


. The weighted 


lines define the object you are drawing and make it easier to see which lines to keep and 


which lines to erase.





 A triangle (left) and rectangle (right) picked out using weighted lines.


Isometricdrawing


Isometric drawing is a standardised (ISO, BSI) way of presenting designs and drawings 


in 3D. It is also a ‘formal’ way of presenting images in 3D and is used in many different 


ways to communicate information such as technical details and assembly instructions. 


Isometric is also the view used for many ‘top-down’ video games and for CAD (computer-


aided design), as the 3D view is easy to understand and navigate around.


The following example has been drawn with a 30° set square. In isometric projection 


all vertical lines on an object remain vertical while all other lines are drawn at 30° to the 


horizontal. Isometric drawings are usually produced with drawing equipment or using 


CAD to ensure accuracy. When starting, you can use isometric grid paper to help.


An isometric drawing is constructed using three planes. In two-dimensional (2D) drawing 


only two planes are used: the X and Y 


axes


. However, in 3D drawing, three planes are 


used: the X, Y and Z axes, with Z representing the third dimension. 


Construction lines


Faint,


thin lines that are easy to rub


 


out and that can be used as


 


a guide. They are drawn with


 


a hard (H) pencil.


Weighted lines


These lines


define the object you are 


drawing, making it easier 


to see which lines to keep 


and which to erase. They are 


drawn with a soft (B) pencil 


or a fine-liner.


Key Terms


When constructing a 


drawing, remember the


phrase:‘light-is-right’.


Top tip


Task1.1


On an A3 sheet, label 


the lines your different 


pencils make. Then


construct some


simple shapes and 


pick them out using 


weighted lines.


Axis


 The direction of travel 


from a fixed point. In 3D 


drawing there are three 


axes: X, Y and Z. (The plural 


of axis is axes.)


Key Term
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


 Isometric grid paper can be used to produce standardised design drawings.


X


Y





Twoplanes


X


Y


Z





Three planes


X


Y


Z





Three planes


Constructing isometricdrawings


In this section, we will construct our first isometric cuboid. You will need: an H pencil for 


construction lines, a B pencil for weighted lines, an A3 piece of paper (landscape) and a 


30° set square. Constructing a cuboid is also known as constructing a 


crate


.


Task1.2


On your A3 sheet of paper, follow the guide below to create your first 


isometric crate.


1


 


Using your H pencil, draw a horizontal line to form your 


baseline


.


2


 


Using your 30° set square, draw a vertical line from the centre of 


your


 


baseline.


3


 


Draw a 30° line as shown.


1.


2.


3.


Crate


 The name for the 3D 


‘box’ youstartyour isometric 


drawings with.


Baseline


The horizontal


line you use to ‘level’ your 


set square.


Key Terms







[image: background image]



WJEC Level1/2Vocational AwardEngineering (Technical Award)


6


4


 


Reverse your set square and draw another 30° line intersecting with the 


first 30° line.


5


 


Raise your set square and draw another 30° line.


6


 


Reverse your set square and draw a further 30° line intersecting with the 


previous 30° line.


4.


5.


6.


7


 


Rotate your set square and draw a vertical line.


8


 


Move your set square and draw another vertical line.


9


 


Rotate your set square and draw a further 30° line intersecting with the 


verticalline.


7.


8.


9.


10


 


Reverse your set square and draw a 30° line intersecting with the 


previous vertical line.


11


 


Now you have a completed isometric cuboid drawn in construction lines.


12


 


Pick out your 3D shape with weighted lines.


10.


11.


12.


Constructing shapes in isometric


Now you know how to construct an isometric cuboid, or crate, you can use that space to 


create other shapes.


When artists create realistic images, they often build up the image layer upon layer by 


understanding how one layer affects the next (for example, understanding an animal’s 


physiology to build the skeleton, muscles, skin and hair/fur). Engineers are more like 


sculptors; they start with a block of material and remove all the unwanted material to 


leave the shape needed. (You might imagine the crate as a block of ice or marble.) 


The following examples are some of the ways of removing material from a crate to 


produce the desired image.


All lines on the same plane 


should be parallel.


Top tip


Do not


 rub out your 


construction lines when the 


drawing is complete. They 


show your ‘working out’, just 


like in mathematics.


Top tip
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Removing material


1


Construct acrate inisometric.


2


 Trim your crate to the desired size 


using vertical and 30° lines.


3


 Identify the shape you need and 


remove the excess material.


Trust your vision while 


you are constructing your 


isometric drawing. If it looks 


wrong, then it is wrong 


(so fix it).


Top tip


4


 Pick out your shape with 


weighted lines and remove the 


construction lines.


5


 Finish with shading or rendering 


if needed.


Extruding shapes


You can also use isometric cuboids to ‘extrude’ profiles through one 


plane


to create 3D 


objects. 


Extrusions


 are profiles that have been extended or stretched, much like prisms.


Planes


 The X, Y and 


Z axes (directions) in which 


you


 


create.


Extrusions


Profiles that have


been extended or stretched.


Key Terms


1


 Choose a face on your isometric 


crate and draw the desired shape. 


Using 30° lines ‘extrude’ your 


shape onto the back/rear face of 


your isometric cube.


2


 Join the two profiles using 30° lines 


to the detail points (corners, etc.). 


 


 


3


 After picking out your shape 


in weighted lines, remove 


construction lines and finish 


as needed.


 


Task1.3


In your sketchbooks, draw 


isometric drawings of the 3D 


shapesbelow.


Make sure you start this 


exercise by constructing


isometric crates and working 


within the crate ‘space’. Your 


drawings


do not


 have to be 


dimensionally accurate.
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Angles and curves in isometric


Angles


Not all the products we see and use are constructed from squares, flat edges and 


cuboids. The vast majority of items we see and use every day are made up from angles, 


curves and circles, as well as squares and cuboids. Engineers need to be able to 


communicate all shapes clearly and effectively, including shapes with angles and curves.


In this section we are going to look at how to construct angles in isometric.


Angles in one plane


1


Construct acrate inisometric.


2


 Choose a face, then draw an 


angled line from one corner 


to the opposite corner. Now 


extrude the angled line to the 


opposite face of the crate.


3


 Pick out your angled shape using 


weighted lines and rub out the 


construction lines.


4


 Finish your new angled shape with 


shading if needed.


Angles in two planes


1


 


Construct a crate in isometric 


as before. Choose a face and 


extrude an angled line through 


one plane.


2


 


Repeat Step 1 but extrude your 


angle through a second plane.


3


 


Repeat Steps 1 and 2 but on the 


base of your isometric crate.


4


 


After picking out your shape 


in weighted lines, rub out the 


construction lines and finish with 


shading if needed


.


Task1.4


On an A3 sheet, 


construct three crates


and draw shapes that 


include angles. Try to 


use all three planes 


for your finaldrawing.
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Circles and curves in isometric


When drawing circles and curves in 3D, you have to take into account the 


perspective


of 


an object. Isometric uses something called an 


axonometric perspective


. An axonometric 


perspective (isometric view) is a ‘pictorial’ representation of 3D objects and not a true view 


of how we view the world. True perspective shows lines disappearing into the distance and 


converging at one or more points (


vanishing points


), while isometric drawing shows lines 


running parallel (30° lines). Axonometric projections have the advantage of being clear to 


understand as they are used in recognised drawing formats (ISO, BSI) such as isometric. 


In addition, they are accurate and allow dimensions to be added.


6


0


60


5


0





 Examples of perspective. The image on the left is drawn in true perspective, with parallel lines converging to 


a vanishing point; the right-hand image is an example of an axonometric drawing. The lines are parallel so 


you can add dimensions and give the viewer more technical information. Lines converge in perspective. 


Circles in isometric drawing are known as 


ellipses


. When looking at a cylinder (for 


example, a tin of beans or cola can), you know that the top and bottom of the cylinder 


are circles. However, what you see is in fact an ellipse.


What you KNOW


Ellipse


Circle


What you SEE





 Which of these two 3D drawings looks correct?


When discussing ellipses we often talk about the 


major axis


 and the 


minor axis


.  


The diagram on the right illustrates this idea.


Perspective


Your point


of view when looking at 


an object.


Axonometricperspective


 


A pictorial representation


of a 3D object that is not a 


true view of how you would 


view it.


Vanishing points


 Lines that 


disappear into the distance.


Key Terms


Ellipse


 A circle viewed in 


axonometric projection.


Key Term


Minor axis (shorter)


Major axis 


(longer)





 Major and minor axes
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Ellipses in isometric


There are several methods of drawing ellipses accurately, using basic drawing equipment 


such as rulers, set squares, compasses and pencils. These methods are detailed in the 


following table.


The freehand


-


sketch


method


Used when sketching out ideas or practising your isometric 


drawing. Only a pencil is needed for this method.


The concentric


circle method


Two concentric circles are used with the major and minor axes o


f 


the isometric ‘diamond’. A compass, ruler and pencil are neede


d 


for this method.


The trammel method


Uses the major and minor axes of an isometric diamond as well 


as a strip of paper used as a 


trammel


. A ruler, pencil and 


trammel are needed for this method.


The four-centre


method


Uses the original circle with a series of centre points and drawn 


arcs to create an isometric ellipse. A ruler, compass and pencil 


are needed for this method.


Task1.5


Using the four-centre method guide shown below, construct an ellipse on 


an A3 sheet of paper.


Four-centre method


1


 


Draw a circle with the required diameter (for the major axis of the ellipse) 


within a square.


2


Quarter the circle/square.


3


 


Draw a line from point 


A


 to point 


B


 and from point 


C


 to point 


D


.


4


 


Repeat the process but from the opposite corners.


A


B


C


D


5


 


Using a compass, set the metal centre to point 


E


, the pencil to point 


F


 


and draw an arc between points 


F


and


G


. Repeat on the opposite side.


6


 


Using a compass, set the metal centre to point 


H


 and draw an arc 


between points


I


and


J


. Repeat on the opposite side.


7


 


Pick out your ellipse with weighted lines and finish.


F


E


G


IJ


H


Trammel


 A trammel of 


Archimedes (also known 


as an ellipsograph) is a 


device that can be used 


to draw ellipses. The 


trammel method can also be 


replicated by using a piece 


of paper and a major and 


minor axis of the ellipse to 


be drawn.


Key Term
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When drawing ellipses in isometric, you can draw in one of the three different planes  


(


X


, 


Y


and 


Z


).





 A cylinder created by drawing two 


ellipses in one plane.


X


Y


Z





Ellipses drawn in three planes


When sketching freehand in isometric to generate quick ideas, or even when discussing 


ideas with clients and customers, you can follow these simple rules: 


Obtuse angle


Shallow curve





 Draw a shallow curve when you have an 


obtuse angle.


Acute angle


Tight curve





 Draw a tight curve when you have an 


acute angle.


Task1.6


Drawing a trendy coffee table


Copy the drawings below into your notebook then, using the correct equipment (set square and ruler), complete


 


the drawing exercise, demonstrating the skills you have learnt so far. You can draw the 


fillets


freehand.


1


 


Draw an isometric 


crate and remove 


most of the 


middle


 


section.


2


 


In freehand, draw 


sections ofellipses


on the two different 


planes until you have 


created fillets on the 


corners and edges.


3


Connectthe corner


fillets and rub out 


the corner lines that


have fillets. 


4


 


Pick out the coffee 


table shape with 


weighted lines


and shade.


Fillets


Corner curves.


Key Term
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Cutawaydrawings


Cutaway drawings are designed to show the viewer important parts of the interior of 


an opaque object or product (an object that you cannot see into because it has a solid 


exterior/case). This is achieved by ‘cutting away’ parts of the exterior and leaving other 


parts of the exterior intact. By doing this, you can show many important features of 


products such as the internal layout of the seating on an aeroplane, the pistons moving in 


an engine or how the internal components of a drill fit into the casing. Cutaway drawings 


also show the different parts


 


of a product and how one part can interact with another. 


Constructing a cutawaydrawing


When constructing cutaway drawings, you are trying to communicate information to 


the viewer that can sometimes be very complicated. By following a series of tried-and-


tested guidelines, the finished drawing will not only be easier to construct but also easier 


to understand.


Guidelines


l


 Construct your cutaway drawing in isometric.


l


 When drawing your product, think of it as different parts, not a whole product.


l


 Only part of the exterior will be ‘cut away’.


l


 All parts that have been ‘cut’ will be 


hatched


.


l


 When two different parts meet, try to draw hatching in the opposite direction.


Show the 


different parts


Isometric view


Hatching where the part has been cut


Cut parts away





 An example of a cutaway drawing


Task1.7


Find a simple object from your house (a jewellery box, pen, drinking bottle, 


etc.) and produce an isometric cutaway drawing.


Exploded views


Exploded drawings (exploded views) are created to show all the different parts of a 


product and how they are 


assembled


. If you have ever used an instruction manual to 


assemble furniture or certain toys, you have probably seen exploded drawings. They are 


a great pictorial aid for showing how all the component parts of a product 


interrelate


.


At first glance, exploded drawings look quite complicated. In fact, they are simple 


isometric drawings that use only the drawing skills demonstrated so far in this chapter. 


Hatching


 A series of 45° 


parallel lines that are 


separated by an appropriate


distance (e.g. 4


 


mm) to show 


where a solid object has 


been cut.


Key Term


Assembled


 Put together.


Interrelate


To communicate


with other people or, when 


talking about component 


parts, to work together.


Key Terms
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Constructing an exploded view


Imagine a product is exploding … then pause it in time. The result should show all the 


parts slightly separated. If you then slowly reverse the explosion, you can see how each 


of those parts go together. Below you will find some useful tips on how to create an 


exploded drawing:


l


 Always draw your exploded drawing in isometric.


l


 Think of it as different parts, not the whole product.


l


 Use the same projection lines for parts that are opposite each other.





 This exploded drawing has been 


constructed using three isometric crates. 


The three crates all ‘intersect’ in the middle. 


All three axes are used when projecting or 


extruding the crates. 





 This exploded drawing has been 


constructed using projection lines. See how 


one part has been drawn and then extruded 


using projection lines. The parts have been 


projected along the X, Y and Z planes. 





 When you erase the construction lines and 


use weighted lines to pick out your drawing, 


you will end up with a completed, easy-to-


understand exploded drawing.


Orthographic projections


Orthographic projections


 are standardised drawings (ISO, BSI) that contain all the 


relevant technical information needed for the part or product to be made by a third 


party. Engineers regularly design parts and products that will be manufactured 


elsewhere, often in other countries. The drawings need to be extremely accurate with all 


the vital information communicated clearly and efficiently. By having standardised 


drawings, it means that anyone reading the drawing will be able to understand it, as it 


will conform to the relevant standards from ISO and BSI. Orthographic projections are 


often known as 


technical drawings


, 


working drawings 


or 


engineering drawings


and can 


contain lots of relevant 


conventions


such as:


l


different views


l


dimensions


l


scale


l


materials


l


hidden detail


l


centre lines


l


finishes


l


section views


l


 the date the drawing was produced


l


the name of the engineer ordesigner


l


the ‘angle’ symbol


l


atitle


l


 a parts list


l


detailof manufacturing processes.


Orthographic projections are constructedusing different 


views


 of the part or product. 


This enables the viewer to see details that might sometimes be hidden. The views that 


are usually shown are:


l


 


front view


l


 


side view


l


 


plan view


l


sometimesan isometricor section view.


Orthographic projection


 


In engineering, this is a 


means of representing


different views of an object 


by projecting it onto a plane 


or surface.


Technical drawings


The


common term used for 


third-angle orthographic


projections.


Conventions


Technical


terms.


Views


 Views are also known 


as elevations.


Plan view


 A view from 


above, also known as a 


bird’s-eye view.


Key Terms
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Part NameQuantityMaterialProcess


Bracket4MildSteel


Weld,Drill,


Grind


PARTS LIST


AuthorDateScaleDepartment


All Units in mm


J.Bloggs


12/04/2018


1:1


Engineering


A


A


20


40


60


30


60


60


20


R10


Ø20


Section AA


60


61


.


7


4





Example of an orthographic projection


There are two different methods of drawing in orthographic projection: first angle and 


third angle. These methods differ in the views you choose to show.


Below are examples of a first- and third-angle orthographic projection that show how the 


different views of a 3D part or product are laid out.


Construction lines


Weighted lines


Construction lines


Weighted lines


3rd angle1st angle


Symbols





 This 3D shape (isometric) is being shown in the orthographic projections on the right.


As well as 


representations


 of the 3D shape, you can also see the ‘symbols’ used to show 


what type of drawing is being displayed (first or third angle). The symbol used is based 


on a 3D shape that looks like a solid lampshade or a cone with the top cut off. 


Representations


Views.


Key Term
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Plan view


Side view


3rd angle


Looking at the 


symbol from the 


top (plan view)


Looking at the 


symbol from the 


side (side view)


1st angle


Looking at the 


symbol from the 


side (side view)


Looking at the 


symbol from the 


top (plan view)





 3D symbol shape


Third-angle orthographic projections


In this section, you will learn how to draw in third-angle orthographic projection.


The way you ‘rotate’ the 3D object 


to create the views in third-angle 


orthographic projectionis veryspecific. 


You must turn the object 90° in the 


correct direction.


The correct position of each view is shown 


on the right. The end result must be very 


accurate and should be completed using 


the correct drawing equipment or CAD.


45° line


Plan view


Front view


Side view


The diagram below shows how the 3D object is rotated to display each of the views for 


third-angle orthographic projection.


Front view


Plan view


Side view


Front view


Rotated 90° in 


this direction to 


display the plan 


view


Rotated 90° in this direction to display the side view


Plan view


Side view





 The 3D object showing all the views that will be displayed.


3rd angle
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The following diagram shows how the 3D object is projected onto a ‘wall’ to display each 


view for third-angle orthographic projection. 


Side view


Plan view


Front view





 The 3D object showing all the views that will be displayed.


Dimensions


Adding dimensions to your orthographic drawings is very important and must be 


completed accurately. The size and shape of your finished product are dependent 


on the dimensions you use on your drawing. To minimise any confusion when 


reading an orthographic drawing, you must use a standardised way of dimensioning 


(BSI 8888:2017). Here are a few simple rules:


This symbol is used to show how the surface of an object can be finished (e.g. 


machined, polished). There are different surface finishes available.


Polished


There are different surface finish symbols available for different types of finishes.


Spend some time getting 


used to


how


 the object 


moves from the original 


(front) view, as seen 


in the drawings in this 


section.Practise drawing


the different views of 


simple shapes. 


Top tip


Task1.8


Draw or find a few 


simple 3D objects 


and construct third-


angle orthographic


projections of them


on an A3 sheet of 


paper. The drawings 


do not have to 


be dimensionally


accurate. Try to get 


the views in the 


correct positions


(front, plan, side).
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60


70


All dimensions must be kept to a minimum. You can dimension to the left or right; you 


can dimension above or below. Arrowheads must be a solid block. Numbers must be 


on the line (not in it or below it).


9mm


If a measurement is 9 mm or less, the dimension number must be outside the 


extended lines.


R50


Radius measurements are shown with an 


R


.


90 °


Dimensioning angles should be drawn like this (use the end of the line as the centre 


point of a circle to draw the dimension line as an arc).


Ø60


Circles can be dimensioned with a radius (R) or a diameter symbol (Ø).


This symbol is used for showing the depth of part of an object. For example, when 


looking at an object with holes that have been drilled, this symbol can show the depth 


of the drilled holes.


CBORE


CBORE stands for 


counterbore


. This is a flat-bottomed hole created for a fastener (e.g. a 


bolt) to sit flush or below a surface. It is used in conjunction with a smaller hole.


The CBORE symbol is used with the diameter symbol to show the different dimensions.


CSINK


CSINK stands for 


countersink


. This is a conical hole created for a fastener (e.g. a 


screwhead) to sit flush or below a surface. It is used in conjunction with a smaller hole.


The CSINK symbol is used with the diameter symbol to show the different dimensions. 


You can also show the combined angle of the countersink.


M8


A code is used to indicate thread size. In the example of M8: M = metric, 8 = 8 mm. 


Therefore, in this example, an 8 mm thread is needed.
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Lines


Many different types of line are used when constructing an engineering drawing. Due 


to the sheer amount and variety of lines used, specific lines have been created to show 


specific things or that have a specific job. The figure below shows some common 


examples that conform to BSI 8888:2017 and details what they are used for.


Construction line


Weighted line


Centre line


Hidden detail line


Cut plane/section line


Extension line


Offset section line





 Diﬀerent types of line used in constructing engineering drawings


Construction lines and weighted lines


Construction lines are very thin/faint lines used to construct the shapes you are drawing. 


They are used to tell you where the position of each object is.


Weighted lines are thicker/darker lines and are used to define or pick out the actual object.


Construction line


Hard (H) pencil


Weighted line


Soft (B) pencil


Fine-liner





 Diﬀerent pencils are used for construction lines and weighted lines to give the diﬀerent thicknesses required.


Centre lines


Centre lines are used to show the centre point of a round object.





 Centre lines show the centre point of circular objects.
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Hidden detail lines


Quite often on an orthographic drawing, you will find objects with details that will be 


hidden when showing a certain view (e.g. plan view, front view, side view etc.). This 


hidden detail must be shown with dashed lines. In the drawing on the right, the 


hole in the object has been shown on the front and plan views with dashed lines.


Extension lines


The 


extension lines


 are those used in dimensioning and they define the area 


that is being dimensioned. There should be a small, consistent gap between the 


object you are dimensioning and the extension lines.


60


20


40


20


60


Extension lines 


can overlap 


each other 


when using the 


same point to 


dimension from


Gap





Extensionlines deﬁne the area being dimensioned.


Cut planes/section lines


On some views (plan, front, side), you may find a section line or cut plane line. This will 


coincide with a sectional drawing on the same page (see below).


AA


Plan view


Section view





 Isometric view of an object





Section line: the direction of the arrows shows 


what part of the object is being shown in the 


sectional drawing.





 Sectional drawing showing the part that is 


displayed. The hatching shows where the part 


has been cut. 


Offset section lines


Offset section lines are similar to section lines but can deviate from a straight line to 


include detail that may not be captured with a standard section line. Offset section lines 


can turn at 90°.





 Oﬀset section line: the direction of the arrows shows what part of the object is being shown in the 


sectional drawing.


Ø20


Dashed lines 


showing 


hidden detail 





 Dashed lines are used to show hidden details.


Extension lines


These lines


show the extent of the area 


that is being dimensioned. 


They are also known as 


lead


 


lines.


Key Term
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A


A


Plan view


Offset section view A:A


Isometric view





 Sectional drawing showing the part that is displayed. The hatching shows where the part has been cut.


The parts of a product that have been sectioned will show where they have been cut by 


the use of hatching.


Task 1.9


Draw a simple third-angle orthographic projection. Choose a ‘view’ and 


section it using section lines. Thendraw the sectionalview.


Tolerances


Tolerance


 or tolerance limits are measurement constraints that are commonly used to tell 


the manufacturer of a product how far off the stated dimensions the outcome can be. 


Tolerances usually have a plus or minus value and are shown like this:


+/– X mm (where X has a numerical value).


For example, if the tolerance for a long bridge is 100 metres plus or minus 5 metres, 


it would be written like this:


100m (+/– 5m)


The engineers that build the bridge know they can now build a bridge that is between 


95 metres and 105 metres long.


97 metres


✔


106 metres


✗





 The bridge in the ﬁgure has been built at 97 metres long. As the 


tolerance is 100 m (+/– 5 m), the bridge falls within the tolerance and is 


a good outcome.





 The bridge in this ﬁgure has been built at 106 metres long. As the 


tolerance is 100 m (+/– 5 m), the bridge falls outside of the tolerance 


and is a poor outcome.


Border, parts list and title block


Before starting to construct an orthographic projection drawing, there are a number of 


tasks that need to be completed. These extra tasks allow for clarity of communication 


and also allow for further information to be added if needed.


Border


Borders are used to define the drawing and keep all the key information in one 


identifiable space. Nothing should be drawn or written outside of the border.


Hatching rules:


when


two different parts of the 


product meet in a section 


view, the hatchingmust (try) 


to go in opposite directions. 


All hatching must be evenly 


spaced (approximately


5


 


mm) and be at 45°.


Top tip


Tolerance


An allowable


amount of variation of 


a specified quantity,


especially in the dimensions 


of a machine or part.


Key Term
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Title block


A title block is a key part of any engineering drawing. It contains all different types of 


key information that may not be on the main drawing. The information in the title block 


can change from drawing to drawing depending on what is needed at the time. Typical 


information that can be found on drawings are:


l


 name or title of the part/project shown


l


 name of the author of the drawings


l


 scale of the drawing


l


measurements of thedimensions


l


date the drawing was created or updated


l


 number of drawing (e.g. drawing 1 of 3)


l


materials used


l


finishes used


l


quantities


l


any other information that may be


relevant to the viewer.


Parts list


On an engineering drawing, a parts list is a table that can identify different parts 


within the drawing and offer further information on each part (similar to a title 


block). The parts list can be placed anywhere in the drawing but it must not 


interfere with any information that the drawing is communicating. Different types 


of information can be placed into a parts list depending on what is needed at the 


time. Some different types of information that can be included are:


l


partnumber


l


partquantities


l


materials used


l


finishes needed


l


processesneeded


l


 tools and/or machines 


needed for manufacturing


l


any other information that 


may be relevant to the viewer.


Projection lines and scale


Every orthographic drawing has projection lines. These projection lines are where you 


project 


the original view. They are very faint lines that help you to construct the drawing.


Each drawing also shows the 


scale


 to which it has been drawn. In general, it is 


impractical to draw something the size it actually is, so you often have to scale a drawing 


down or up. For instance, if your drawing is exactly the same size as the original item, 


this is written as 1 : 1; if your drawing is twice the size of the original, this is written as 


2 : 1. The drawing below is half the actual size. The scale is written as 1 : 2.


SCALE


TITLENAME


ALL MEASUREMENTS


IN mm


PART


NUMBER


QUANTITY


MATERIAL


FINISHPROCESS


PART


1:2


PART


NUMBER


PART


QUANTITY


MATERIALFINISHPROCESS


SCALE


TITLE


NAME


ALL MEASUREMENTS


IN mm
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Task1.10


Constructing a third-angle orthographic 


projection


To complete this task, you will need:


l


 


1 × drawing kit including a 45° set square, a 30° 


set square, a ruler, a compass, and H and B 


pencils


l


 


1 × A3 sheet of paper (landscape).


Follow the step-by-step guide on the next pages, 


using all the skills you have learnt so far. Try to be 


as accurate as possible.


60


60


60


20


20


R20


R10


Ø20





 


This is the part/product you are going to be drawing. Try to 


keep the dimensions as accurate as possible when drawing your 


third-angle orthographic projection. All the units shown are 


in


 


millimetres.


Step 1.


 Draw a neat border, a title block and an 


isometric view of the object you will be constructing. 


Don’t forget the third angle symbol.


AuthorDateScaleDepartment


All Units in mm


12/04/2018


1:1


Engineering


J. Bloggs


Step 2.


 Making sure you have the correct overall 


dimensions, draw a 2D crate and project the lines 


up (for the plan view) and across (for the side view) 


using construction lines.


(You do not have to draw in the dimensions yet.)


AuthorDateScaleDepartment


All Units in mm


J. Bloggs


12/04/2018


1:1


Engineering


60


60


Step 3.


 Within your 2D crate, draw the front view of 


your isometric object, making sure the dimensions


are accurate.


Author


Date


ScaleDepartment


All Units in mm


J. Bloggs


12/04/2018


1:1


Engineering


Step 4.


 Where there is detail on the front view 


(corners, holes, etc.) project those details as 


projection lines up (plan view) and across (side 


view). Using your 45° set square, draw a 45° line 


from the corner of your 2D crate.


AuthorDate


Scale


Department


All Units in mm


J. Bloggs


12/04/2018


1:1


Engineering
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