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Introduction

This e-book will help you to understand how to read various Engineering 
Drawings, and is suitable for Students, Apprentices, Technicians and Engineers. 
Sometimes the words Technical Drawing or Machine Drawing mean the same 
thing when applied to Engineering Drawings because it is a language that 
describes what machine parts looks like when they are viewed from different 
positions for example, from the front, the sides, the top or the bottom of a 
machine part.
Like most other fields in engineering, a lot of terminology is used and its helps to 
understand what certain words mean. Each chapter in this book will refer to 
specific title, category or name that describe groups of Engineering Drawings. 
The easiest way to understand them is to remember that each section as a 
group of Engineering Drawings that each serve a specific purpose. 
Today, nearly all Engineering Drawings are created using 3D CAD software but at 
this stage of your career you will gain a lot of knowledge and insight by first 
learning to creating some drawings manually on an A3 drawing board with 
drawing instruments.
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[image: Sample detail drawing.png]

Part I: 
Chapter 1: 
Types of Engineering Drawings
We begin with a simple Engineering Drawing of a machine part called a square 
flange which is drawn in Orthographic Projection with a little isometric 
thumbnail image attached in the upper right hand corner for clarity. Notice that 
the dimensions for this drawing are shown in mm but they could also be in cm 
or metres.
 
This drawing shows THREE orthographic views of the machine part, the main 
view in the centre is called the FRONT View, and a TOP and SIDE View is also 
shown. In the top right corner you can see a thumbnail isometric view of this 
machine part. The thumbnail view makes it easier to visualise what the machine 
part actually looks like.
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[image: Square Flange.png]

Notice that the darker arrow heads on the dimensions lines make it easier to 
read the drawing. It often helps to read and Engineering Drawing by examining 
the dimensions that are shown on the drawing as this gives you a better idea of 
the actual size of the machine part. In some drawings a scale is used because 
the machine part is too large to be drawn full-size on drawing paper so it is 
scaled down to fit the size of paper being used.
The most common type of Engineering Drawing is called Orthographic 
Drawings, by the way the word orthographic simply means “flat” because the 
views of the machine component are only shown in one dimension, that is why 
THREE or more views are needed to describe what the machine part actually 
looks like from all sides.
 
In  example above you can see a FRONT, TOP and a SIDE view which are 
known as the PRIMARY views. The purpose of this drawing is to show the 
shape and the dimensions of a flanged bush when it is viewed from three sides.
Most of the time you will be drawing horizontal and vertical lines as shown in 
this orthographic drawing. Usually only THREE primary views of orthographic 
drawings are needed. 
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[image: Orthographic Projection.png]

Can you see that  there are different types of lines used in the drawings? you will 
learn more about line types later. Sometimes the inner parts of a machine 
drawing must be shown so that the various parts can easily be identified. 
The drawing shown above is known as a Sectioned Assembly Drawing with a 
parts list. A parts list makes it easier to identify the name of the parts and the 
type of material that they are made from. Each part has an item number that is 
circled on the drawing for easy reference. 
The next view shows an exploded view of a pulley assembly showing the parts 
that need to be assembled. Only the parts are shown in this drawing just to give 
you an idea of how the parts should be assembled.
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[image: Sectioned assembly drawing.png]
[image: Exploded views of an assembly.png]

And here you can see that all FIVE parts have been assembled into a single 
isometric view. Later in the course you will learn how to assembly individual 
components into a single orthographic drawing. 
 
 
 
 
 
 
 
 
 
Also, sometimes because an assembly drawing consists of so many individual 
parts it becomes necessary to create a Detailed View of the part so that it 
becomes easier to read the drawing.
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[image: The complete assesmbly.png]
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Another category of engineering drawings is known as a Sectioned Views. In 
the drawing below TWO of the views have been sectioned to show what the 
machine part will look like inside when it is split open on the cutting planes A-A 
and B-B. The FRONT view is a normal outside view. Imagine that you are going 
to cut the piece in half along the red cutting plane lines.
This is an example of a bearing block that has been cut in half, think of the 
hatching lines as being scratch marks from a saw blade when the part was cut.
Most orthographic engineering drawings have their primary views projected in a 
certain way. The two sectioned views shown above were drawn using a 
technique called 1st Angle Projection. The most thing to notice is the 
POSITIONS of the two sectioned views. You will learn more about this technique 
a little later.
The next drawing was drawn in 1st Angle Projection. Notice the symbol shown 
on the drawing. You should always start reading the drawing by looking out for 
the FRONT view and then try and figure out what the TOP and SIDE views 
should look like. You will learn more about 1st Angle Orthographic Projection 
later.
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[image: Sectioned Orthographic Drawing.png]

 
 
 
 
 
 
 
 
There is also another technique for drawing the orthographic views, this is known 
as 3rd Angle Projection. Most orthographic drawings are done using 3rd Angle 
Projection. Notice the POSITIONS of the THREE primary views and the shape of 
the SYMBOL for 3rd Angle Projection.
 
Also, look out for that symbol on a drawing and then start reading the drawing by 
looking out for the FRONT view and then try and figure out what the TOP and 
SIDE views should look like!
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[image: 1st Angle Projection.png]
[image: 3rd Angle Orthographic Projection.png]

Another important category of Engineering Drawings are called Isometric views 
they are like 3D drawings.
Here is an Isometric view of a square flange with holes, it looks just like a 3D 
image. Notice that the holes shown on the drawing appear to be drawn in the 
shape of an ellipse this is because the flange is shown at an angle.
 
 
 
 
 
 
 
 
 
 
There will be times when you need to make a free-hand sketch of a part as an 
isometric view because it helps you to visualise the part looks like.
 
As an Engineer you also need to make Free hand drawings when you want to 
describe a new design or share your ideas with someone.
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[image: Isometric view.png]
[image: FreeHand Drawings.png]

Chapter 2: 
Drawing Instruments and Equipment
In this section you will learn about the equipment that you need to create an 
Engineering Drawing using A3 size paper. Firstly,  you need an A3 drawing board 
which has a sliding ruler. Notice the names of the  various parts of this drawing 
board. This is what a an A3 drawing board may look like.
 
 
 
 
 
 
 
 
 
 
 
 
The sliding ruler can be locked into place by pushing the blue button. It allows 
you to draw horizontal or vertical lines anywhere on your A3 sheet of paper. 
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[image: Drawing Board.png]
[image: sliding ruler.png]

A drafting head can also fit onto your sliding ruler and it slides from left to right 
across your paper. This is very helpful when you need to draw lines at any angle. 
The drafting head also has a button to lock it into place before you to start 
drawing any lines.
 
 
 
 
 
 
 
And here are the other items of equipment that you may need. Notice that TWO 
pencils are required for creating your drawings. One pencil has a light lead (2H) 
and is used for drawing light construction lines, and the other pencil (H) can be 
used to draw darker outlines and dimensions.
 
 
 
 
 
 
 
 
 
 Common items of drawing equipment
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[image: drafting head.png]
[image: Drawing Equipment.png]

Here is a table showing the standard A paper sizes, which range from A0 to A4. 
We will only be using standard A3 size paper because it fits nicely on an A3 
drawing board. Did you know that TWO A4 sheets of paper fit inside one A3 
sheet of paper?
                              
 
Pencil Leads
Pencil leads span across a spectrum of hardness grades and each one of them are suited 
for a particular need, for example in Engineering Drawing there are TWO popular types 
of pencils which are used the most. H stands for HARD leads which is ideal for drawing 
light construction lines while B represents soft leads for drawing darker outlines and 
dimension lines. The middle grade is HB which can also be used for outlines.
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[image: A Paper Sizes.png]
[image: pencil leads.png]

￼Chapter 3: 
Prepare for Drawing
After you have positioned your A3 sheet correctly on your drawing board, you 
need to start by drawing a 10mm border and a title block around your A3 sheet. 
We begin this lesson with a blank sheet of A3 paper that looks like this.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Beginning at the left side, draw a thin dark border line 10mm from the left edge 
of the A3 sheet of paper.
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[image: Blank sheet A3 .png]
[image: A3 with Left Border.png]

Next, draw a thin dark border line at the top of your sheet, 10mm from the top 
edge of the A3 sheet of paper.
 
 
 
 
 
 
 
 
 
 
Then also draw a thin dark border line 10mm from the right side of your A3 sheet 
of paper.
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[image: A3 with Top Border.png]
[image: A3 with Right Border.png]

And finally draw a thin dark border line 10mm from the bottom edge of your 
sheet. The next step is to draw a title block at the bottom right corner of your 
sheet.
 
 
 
 
 
 
 
 
There, you now have a nice 10mm border around your sheet with a title block 
containing information about the author and the drawing. Also, notice the 
symbol for orthographic projection. In this instance it means that the drawing 
will be drawn in 1st angle projection. Sometimes it is also helpful to divide your 
A3 sheet into four sections using very light construction lines.(2H) 
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[image: A3 with Bottom Border.png]
[image: A3 with title block and segments.png]

 
Here is an example orthographic drawing of a camera with THREE primary 
views. Notice how they all fit nicely together on this A3 sheet of paper and the 
title block is evenly spaced with 6mm size text and shows the relevant authors 
details. 
 
 
 
Here is an orthographic drawing of a camera, it was drawn using the techniques 
in 1st Angle Orthographic Projection as can be seen by the little symbol next to 
the title block.
 
 

©2023 – Alan Martin, Machine Drawing
17

[image: Completed Drawing.png]

Chapter 4: 
SANS 1011 Code of Practice
In South Africa, the SANS 1011 code of practice for engineering drawing gives 
us very clear instructions about things like the types of lines that we must use in 
our drawings as well as detailed explanations of how we need to show text, 
symbols, abbreviations, limits and fits and tolerances in our drawings. 
We will start by learning some of the most commonly used lines that we will be 
using to make our drawings before learning about the other specifications.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We use lines and arrows to dimension our drawings, arrow heads play a very 
important part in engineering drawing, this shows the correct way to use 
arrowheads on your drawings. Notice that they are coloured in to make them 
appear slightly darker. The SANS 1011-1 specifications specify the correct sizes 
for your arrowheads. They should be about 5mm long.
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[image: Simple line types.png]
[image: Arrow heads and dimesnion lines.png]

Abbreviations (acronyms) are sometimes used in engineering drawings together 
with symbols to specify the details and characteristics of a particular details. 
Both symbols and abbreviations are much better than using long words to 
describe a surface texture or a procedure. Here is a list of some common 
abbreviations that you may see on a drawing as specified by the SANS 1011 
code of practice.
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[image: Abbreviations.png]
[image: Machine Symbols.png]

The symbols shown above are the most important machine symbols. They are 
used to indicate either that material must be removed by machining or to 
indicate that machining is NOT permitted. Note these TWO machining symbols 
shown below.
Here is list of the kind of information that can be shown on machining symbols 
to indicate surface texture: A indicates a roughness value, B indicates the 
method of production, treatment or coating, C indicates the sampling length that 
should be applied, D indicates the direction of lay e.g perpendicular and C 
indicates a machining allowance. It is easy to remember them in a clockwise 
direction from A - D. These are known  as Limits and Fits.
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[image: Limits and Fits.png]
[image: Sample machining sysmbols.png]

Here are a few examples of machining symbols, see if you can understand what 
they mean. There are others in the SANS 1011 - 1 guide and you may need to 
look them up.
Here are two example of drawings showing what  symbols and abbreviation look 
like on production drawings. Notice the abbreviation N6 refers to a roughness 
value and M6 refers to the size of the threaded hole in this machine part. 
Courtesy QCAD
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[image: abbreviation example 1.png]
[image: Abbreviation example 2.png]

Chapter 5: 
3rd Angle Projection
This is a method of projecting vertical and horizontal lines from the FRONT and 
the TOP view of a machine part so that any other views are shown in the correct 
proportion it. I have decided to show a series of pictures step by step to show 
you how to draw a simple machine part using a very simple technique. Most of 
the time only the THREE primary views of the machine part are drawn.
The image below shows the layout for all the views of the chair in 3rd Angle 
Projection, please take careful note of where the FRONT, TOP and RIGHT SIDE 
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[image: 3rd Angle Layout.png]
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	Let us begin with a newly prepared A3 sheet ready to draw a V-Block. Start 
with a small freehand thumbnail sketch of the machine part in the top right 
hand corner. 
This will help you to visualise the part while you are creating the orthographic 
views of the part.

	
[image: Blank Page.png]

	Imagine that this A3 sheet of paper is divided into FOUR quarters and decide 
where you think you should start drawing the front view of the V-Block. 
This is an important step to follow, otherwise you could have a situation where 
you do not have enough space on your paper to draw all of the required views.
You should first draw a center line followed by light construction lines using the 
dimensions that are given for the V-Block.
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Continue with the process of drawing the outlines for the FRONT view.

	
[image: Line 5.png]

	NB: It is best to use an H pencil for drawing the outlines on top of the lighter 
construction lines which should have been drawn with a 2H pencil.



Most engineering drawings are symmetrical about a centre line which means 
that you can start by drawing one side first using the centre line to guide you 
and then draw the other side last.
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	The left-hand half of the V-Block is now complete.

	
[image: Line 6.png]

	Next, do the same thing for the right-hand half of the V-Block.
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	Continue drawing the outlines for the other half of the V-Block.

	
[image: Line 7.png]

	Did you notice that there is enough space for me to draw the remaining views 
in 3rd angle projection on this sheet of paper?



 
You are almost done with drawing the front view of the V-Block.
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	Continue with this process of drawing the outlines.

	
[image: Line 8.png]
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	It is much easier than you thought it would be!

	
[image: Line 9.png]

	Continue with the process of drawing darker outlines on top of your light 
construction lines.
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	Did you notice how much easier it is draw the V-Block by occasionally looking 
at the isometric thumbnail view for perspective?

	
[image: Line 10.png]

	Keep on going, you are almost done with drawing the front view.
 
Did you notice that I started drawing the FRONT VIEW at the bottom of the 
page? because I need the TOP VIEW to be above the FRONT VIEW for 3rd 
Angle Projection.
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	Remember that you should change the scale of your drawing if the dimensions 
that are given for the part are too big to fit on an A3 sheet of paper. 

	
[image: Line 11.png]

	Continue with the process!
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	There,  the front view of the V-Block is complete!

	
[image: Line 12.png]

	Now you are ready to construct the top view using the front view and the width 
of the V-Block as shown on the dimensions of the original drawing. Do you. 
remember the positions of the THREE primary views for 3rd angle projection?
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	Lets begin drawing the top view by drawing a base line at a suitable space 
from the front view.

	
[image: Line 13.png]

	Be sure to use the same width as the base for the front view.
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	Continue completing the shape needed for the top view, later on can draw  
hidden lines as needed to show the correct view of the V-Block when looking at 
it from the top.

	
[image: Line 14.png]

	Continue with the process…..
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	Continued…

	
[image: Line 15.png]

	Continued….
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	Continued….

	
[image: Line 16.png]

	There, now you need to use dashed lines to show the hidden detail inside of 
the top view.
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	Excellent, now the front and top views are complete, ready for you to project 
lines which will enable you to draw the RIGHT SIDE VIEW.

	
[image: Line 17.png]

	The technique for drawing the right-side view is to project light lines from the 
end-points of both views until they touch an intersecting line drawn at 45 
degrees from the center of the page as you will soon see.



 
 
 
 
 
 
 

©2023 – Alan Martin, Machine Drawing
37

	Now we will use the centre of the FOUR quadrants to draw a projection line 
upwards at 45 degrees.

	
[image: Line 18.png]

	You should use very light construction lines to do this, I like to use a 2H pencil.
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	Using the common center point for both views, you should draw a line upwards 
next to the front view at an angle of 45 degrees.

	
[image: Line 19.png]

	This is one method that you can use, some people also make use of a 
compass to draw arcs to obtain the end points, you are free to use whichever 
method you prefer.
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	In this case, I am going to project lines horizontally from the top view end-
points until they intersect the 45° line.

	
[image: Line 21.png]

	And then once those lines touch the 45° line I project them vertically 
downwards with my sliding ruler and set square to the appropriate place on my 
drawing which is slightly below the base of the front view.
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	I also need to project all the endpoints from the front view to intersect the 
vertical lines that I projected from the top view.

	
[image: Line 22.png]

	Be sure that you use very light projection lines otherwise you will have too 
many lines on your drawing and could become confused because you may 
have too many construction lines. 
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	Ok, now you can start drawing darker outlines on top of the projection lines to 
show the full shape of the left-side view.

	
[image: Line 23.png]

	Continued…
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There, you have now projected a detailed right side view of the V-Block which 
also shows hidden details in the TOP and the RIGHT SIDE VIEW. 

	
[image: Line 25.png]

	This technique of projecting views is very similar in 1st Angle Projection as you 
will see in the next chapter.



Chapter 6: 
1st Angle Projection
In this chapter you will learn how to project the same V-Block but this time in 1st 
Angle Projection. Although 3rd Angle Projection is the most popular method, you 
still need to know how to use 1st Angle Projection because there are still 
Engineers out there that use it. 
It is also still popular in some parts of the world. The major differences between 
the two methods is the positioning of the views, notice how the positions are 
different from 3rd Angle Projection and also notice the symbol which is used for 
1st Angle Orthographic Projection.The image below shows the FRONT, TOP and 
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[image: 1st Angle Layout.png]

LEFT SIDE views of the V-Block drawn in 1st Angle Projection. This is the same 
part that you saw in the previous chapter on 3rd Angle Orthographic Projection.
 
Notice the symbol for 1st Angle Projection that is shown in the title block of the 
drawing below.
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[image: 1st Angle V Block.png]
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	The first thing that you will notice is that the FRONT view is in a different 
position than what it was in the previous chapter, this is because to draw the 
top view you need to GO OVER the front view and that is why I drew the front 
view at the top.

	
[image: Step 1.png]

	 
 
The other thing that you will notice is that instead of using the center of the 
page to project a 45 degree line I used the bottom edge of the front view.
This is optional, you can use either way but the 45 degree line must be 
projected downwards towards the top view.
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	After projecting the line downwards at 45 degrees you need to project a 
horizontal line from the edge of the top view until it touches the 45 degree line.

	
[image: Step 2.png]

	 
This also needs to be done for the other edge of the top view so that you can 
project both lines upwards towards the front view.
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	Go ahead and project both horizontal lines as shown below.
 

	
[image: Step 3.png]

	 
Did you notice how light the projection lines are and that they extend towards 
the width of the side view.
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	Ok, continue by projecting a line vertically upwards from the point of 
intersection between the horizontal line and the 45 degree line.

	
[image: Step 5.png]

	 
Ok, soon you will have all the lines that you need to be able to draw the left-
side view of the V-Block.
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	Continue…

	
[image: Step 6.png]

	 
The main reason for using projection lines is to ensure consistency with the 
dimensions for all views and to be able to track hidden detail in the views.
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	Continue..

	
[image: Step 7.png]

	 
Did you notice the line-work that is used for the views, the blue dashed line is 
for hidden detail and red line represents centre lines.
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	Finally, the projection lines are all complete and the outlines are drawn.

	
[image: Step 15.png]

	 
Notice the contrast between the light construction lines and the darker outlines 
on all of the views. Well thats it for 1st Angle Projection.



Part II: 
Chapter 7:
Dimensioning Methods 
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	These are the views that need to be dimensioned.

	
[image: part for dimensioning.png]

	 
You will see how to dimension the main parts in the images that follow this one.
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	You can start anywhere with dimensions, the first one that I have chosen to 
draw is the horizontal width of the machine part.

	
[image: dimension 1.png]

	Notice the dark arrow heads on both sides and the little space between the text 
and the dimension line.
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	The next one that is shown is the vertical height of the part.

	
[image: dimension 2.png]

	Also notice the spacing between the dimension line and the machine part, it is 
consistent with the code of practice for engineering drawing.
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	It is also necessary to show the distance from the centre point to the outside 
edge of this part.

	
[image: dimension 3.png]

	Once again notice that the distances are consistent with each other and the 
arrow heads are the same.
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	For convenience the vertical height of the part is shown again on the opposite 
side of the view

	
[image: dimension 4.png]

	Notice how the dimensions tell you a story about the physical size of the part.
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	And finally, these are the complete dimensions for this machine part.  

	
[image: labels and dimensions.png]

	This drawing is now complete with dimensions with a description of each part, 
the orthographic symbol for 1st Angle is also shown in the title block of the 
drawing.



Chapter 8: 
Isometric Projection
Isometric drawings are like 3D drawings because you are able to view the part 
from THREE sides simultaneously which gives you a better perspective of what 
the machine parts looks like! It is important to know that isometric drawings are 
always drawn at an angle of 30 degrees on two sides as shown in the sketch 
below.
 
In the next example you will see an isometric projection of a machine part, 
notice the isometric box that it was drawn in and that both sides are at an angle 
of 30 degrees from the horizontal. A very important feature when creating  
isometric drawings is that the dimensions of the part will not be true lengths 
because the lines are projected at 30 degrees, this is not that important for now 
because the main purpose of an isometric drawing is give a good perspective of 
a 3D object as close as possible to the original part. 

©2023 – Alan Martin, Machine Drawing
58

[image: isometric axis.png]
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	The easiest way to create an isometric view is to start by drawing a box using 
the length and width as shown on the original drawing, sometimes you may 
need to scale the sizes up or down to fit on your A3 drawing paper. 

	 
 

 
 
 
[image: Isometric drawing.png]

	The following images will describe the process to create this isometric drawing. 
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	Draw the isometric box using the outside dimensions of the machine part that 
will fit inside this box.

	
[image: isometric_box.png]

	
[image: pasted-movie.png]

	Start by drawing two lines at 30 degrees from the horizontal and then project 
three lines vertically upwards according to the height of the isometric box and 
then go ahead and complete the box shape.



Chapter 9: 
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	Continue until the isometric box is complete and use parallel lines to fill in the 
shape of the machine part using darker outlines with your H pencil.

	
[image: pasted-movie.png]

	
[image: pasted-movie.png]

	Ok, now that you have seen how to create this isometric view, you should 
attempt to draw it on your own and you will see how easy it actually is!



Sectioned Views
In this chapter you will learn about sectioned orthographic views of a machine 
part. When we draw sectioned views we have to imagine that a part is cut in 
half and a section of the part is removed. 
 
In order to show where the part was sectioned we draw hatching lines at 45 
degrees inside the piece that is left behind to show where it was sectioned. 
Imagine section lines as being scratch marks from a saw blade when cutting 
into the metal. 
 
The purpose of sectioning a machine part is allow us to see inside the part, this 
allows us to see things like a shaft or gear inside of a part for example, such as 
the one show in the image below.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
			          Sectioned View of a Machine Part
There are FOUR basic rules to remember before sectioning a view.
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Rule 1 
Never draw section lines through a bolt, nut, key, rib or a hole.
 
Rule 2
If a part of an object is already drawn at 45 degrees, then use a different angle to 
show hatching lines.
 
Rule 3
Hidden lines become solid lines and dark outline lines disappear.
 
Rule 4
Only draw hatching lines where the object was actually cut.
 
 
It is very important to use a cutting plane like A-A or B-B to show where the 
part was cut out so that we are able to draw the hatching lines in the correct 
place on the views.
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Here are some more examples of sectioned orthographic views of simple 
machine parts, notice the RED cutting plane shows the line where the cut needs 
to be made and the hatching lines show the section that is left. 
 
 
Engineers often use sectioned views to help them to inspect mechanical 
designs of surface areas where possible fracture, fatigue weaknesses or friction 
could occur when the machine part is under load.
 
The SANS 1011 code of practice gives a lot of information about different types 
of sectioned views which are used, you should read  more about it in the code of 
practice.!
 

©2023 – Alan Martin, Machine Drawing
64

[image: officeArt object]

Chapter 10: 
Free Hand Drawings
Ok, now you will learn how to draw sketches without the use of drawing 
instruments. There are many occasions when an Engineer needs to explain an 
idea using only a pencil and a sheet of paper, for example when you meet with a 
client in a remote power plant in a factory to discuss a machine part that you are 
designing for them. In most cases dimensions are left out because the main 
focus is about what the will actually look like.
The best way to learn free-hand sketching is by examining a few examples and 
then trying to sketch them on your own. You do not need to be artist to do these 
because you have already learned the rules for creating Machine Drawings. The 
images below shows a few freehand sketches of simple parts. 
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As you can see the freehand sketches shown above give you a good idea of 
what this part looks like just by examining the isometric thumbnail. These 
sketches are quite small so when you reproduce them for practice you should 
increase the scale to about FOUR times the sizes shown above.
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The type of material is also an important design consideration for your customer 
and it creates a good impression of yourself as a a design engineer. The 
following sketch shows THREE steps to begin a free-hand drawing of a simple 
machine part.
 
Source:  https://deseng.ryerson.ca/dokuwiki/_media/mec222:asc3.pdf
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Chapter 11: 
Auxiliary Projection
Sometimes an extra view is required in a drawing because the THREE primary 
views of a part may not show enough information about the true shape of one of 
the inclined surfaces.  So we draw another view which is known as an auxiliary 
view. It is most often needed when there is an slanting side on a part where the 
TRUE shape of a piece is not clearly visible.
 
“When a machine part has a slanted or inclined surface, it usually is not possible 
to show the inclined surface in an orthographic drawing without distortion. To 
present a more accurate description of any inclined surface, an additional view, 
known as an auxiliary view, is usually required. An auxiliary view is simply a 
“helper” view, which shows the inclined part of the object as it actually is. It 
projects the object so that the true size and shape of the surface (or surfaces) 
are seen as they actually are. Auxiliary views are commonly found on many 
types of industrial drawings.“ 
 
Source: https://openoregon.pressbooks.pub/blueprint/chapter/unit-6-auxiliary-
views/
 
Study the following two examples to see how the true shape of the slanted 
surface is found. 
In Example 1 the true shape of the slanted face of the FRONT VIEW is 
projected to an auxiliary plane as shown in the centre of the drawing.
In Example 2 the true shape of the inclined face of the TOP VIEW is projected 
to an auxiliary plane which is also shown in the centre of the drawing.
This is the process to follow when projecting an auxiliary view of a slanted 
sometimes called an oblique surface.
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HINT
To draw an auxiliary view, you begin with the orthographic views of the given 
object and then add projection lines which are perpendicular (90 degrees)  to the 
inclined surface, use a reference line to start from at any convenient distance 
from the view with the oblique surface and then transfer the DEPTH dimensions 
from one of the orthographic views.
 
Example 1
 
 
 
 
 
 
 
 
 
 
 
 
 

©2023 – Alan Martin, Machine Drawing
69

[image: Auxiliary 1.png]

Example 2
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Example 3
 
 
 
 
Notice the line X1 - X1 this is a reference line from which to project the actual 
width and length from TOP VIEW using either a pair of dividers or a compass. 
This is necessary in order to “pick-up” the actual distances and transfer them to 
the auxiliary view to show the TRUE SHAPE of the surface.
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Example 4
 
 
 
Once again, notice the line X1 - X1 this is a reference line from which to project 
the actual width and length from TOP VIEW using your dividers or a compass. 
It is the best method to “pick-up” the actual distances and transfer them to the 
auxiliary view and show the TRUE SHAPE of the inclined surface.
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Chapter 12: 
3D Models - FreeCAD 
After getting a good handle on Machine Drawing you should turn your attention 
to 3D CAD software. There are many software packages out there on the market 
such as FreeCAD, Inventor, Fusion 360, Solid Works etc and a few others. One 
good feature about all of them is that if you export a drawing as a step file then 
you can import that step file into any other one of the CAD packages and edit 
them.
So for example if I download and import a design that was drawn using Fusion 
360 into FreeCAD, I am able to edit and modify that design provided that the 
design was saved in step format!
I like using FreeCAD because it serves all of my needs and I don’t have to worry 
about licensing and other restrictions that are placed on some other packages. 
FreeCAD is suitable for designers, mechanical engineers, home users and 
hobbyists. You can download FreeCAD from their website for Windows, Ubuntu 
and MacOS.
What I love about FreeCAD is that I can create dimensioned Engineering 
Drawings in 3rd or 1st Angle Projection simply by creating a fully constrained 3D 
model of a machine part, so no more A3 paper or drawing instruments are 
required. The orthographic views can even show limits and fits as well as other 
tolerances which include the use of machining symbols and instructions.
It is very important to understand the use of geometrical constraints when 
designing a machine part and it must also be constrained to the origin of the 3D 
space. Its easy in FreeCAD because the geometrical shape turns green when it 
is fully constrained!
There are many different ways to assemble machine parts in FreeCAD, one of 
the easiest ways is to use a workbench called A2Plus because it makes 
assembling parts a breeze because you can align the parts in the correct axis 
and then simply snap them together using constraints.
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FreeCAD Start Page
 
 
 
 
\
 
 
 
 
Sample machine part in FreeCAD
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