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 نمای کلی درس
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Introduction 

• What is Industrial Drawing (Technical Drawing)? 

• One of the best ways to communicate one's ideas is 

through some form of picture or drawing. 

• This is especially true for the engineer. The purpose of 

this course is to give you the basics of technical 

drawing. 

• "Sketching" generally means freehand drawing. It also 

refers to artistic pictures. 

• "Drawing" usually means using drawing instruments, 

from compasses to computers to bring precision to the 

drawings. 
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Introduction 

• One of main basis of industry. 

• A bright and live language to transfer the idea between 

designers and manufacturers in different aspects of 
engineering. 
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Introduction 

• A powerful tool to describe things  

• Between different cultures and languages 

• From ancient times (25000 to 30000 years ago), before the 
invention of writing (3200 BC) 
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Introduction Sketching 
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Introduction 
Technical Drawing 
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Drawing vs. Writing 

1. Try to write a description of this object. 

2. Test your written description by having someone attempt to 

make a sketch from your description. 

The word languages are inadequate for describing the size, 

shape  and  features  completely as well as concisely. 

You can easily understand that … 
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Introduction 

Graphic language in  “engineering application” uses 

lines  to represent the surfaces, edges and contours 

of objects. 

The language is known as: 

“drawing”  or  “drafting” 

A drawing can be done using  

freehand,  instruments or  computer methods. 
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Freehand drawing 

The lines are sketched without using instruments other 

than pencils and erasers. 
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Instrumental drawing 

Instruments are used to draw straight lines, circles, and 

curves concisely and accurately. The drawings are usually 

made to scale. 
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Computer drawing 

The drawings are usually made by commercial software 

such as AutoCAD, Solid works, etc. 
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Introduction 

Drawing before CAD! 

17 



 نقشه کشی صنعتی
Industrial Drawing 

 

 
 ابزار رسم و استانداردها
Drawing instruments and standards 
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Drawing pencil 

• Drawing Pencil is the most important tool used in engineering 

drawing. 

• A pencil has a lead covered with wood. The lead is made with 

graphite and clay. 

• Lower proportions of clay makes the core softer. 

Lead 

Wood cover 

19 



Drawing pencil 

• The "HB" grade pencil is medium soft and dark in black 

color, whereas 1H, 2H, grade pencils hard and light in 

black color. 
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Drawing pencil 
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Mechanical pencil 

• Standard sizes:  
    0.3, 0.5, 0.7, 0.9 
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Eraser & Sharpener 
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Compasses 

A pair of compasses, also known simply as a compass, is a 

technical drawing instrument that can be used for inscribing circles 

or arcs. As dividers, they can also be used as tools to measure 

distances, in particular on maps.  
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Divider 

• Nearly identical with compass, the difference divider 
have two needle points. 

 

• Divider used to divide something distance to several same 
division too or to move something distance once or repeat. 
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Set square 

• To get point of angle or to measure the angle 
 

• Set square can give some degree of angle. 
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Set square 

Drawing angles: we can get  15º, 30º, 45º, 60º, 75º, 90º, 120º, 135º…angles 

combining the 30º, 45º , 60º and the 90º angles from the set squares 
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Set square 
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Protractor 

To get point of angle or to measure the angle 
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Ruler 

A precision tool that makes it possible to measure and to transfer a 

distance.  

• Scale that used must be in a unit only to avoid confusion or 

mistake when making measurement. 

• After we get some measure, pencil used as marker to that 

measure. 

• More accurate marking can be gained by using divider or 

compass. 
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Scale is the ratio of the linear dimension of an element 

of an object shown in the drawing to the real linear 

dimension of the same element of the object.  
Size in drawing Actual size 

Length, size 

: 

Drawing  Scales 
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• Designation of a scale consists of the word “SCALE” 

followed by the indication of its ratio, as follow 

SCALE 1:1 for full size 

SCALE X:1 for  enlargement  scales  (X > 1) 

SCALE 1:X for  reduction  scales (X > 1) 

• Dimension numbers shown in the drawing are correspond to 

“true size” of the object  and they are independent of the scale 

used in creating that drawing. 

Drawing  Scales 
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Paper 
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Paper 

Though other paper size standards exist, there are two predominant 

systems in use today. They are the international and North 

American systems. 

As the term implies, the international standard, also known as the 

ISO 216 standard, is used throughout the world. It is based on an 

aspect ratio of the square root of two. 

International Organization for Standardization  
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Paper 

The North American system is used primarily in the USA and Canada. 

The current sizes are based on traditional sizes such as Letter (8.5 in x 

11 in) and Legal (8.5 in x 14 in). The names of North American sizes 

have started with ANSI ever since the adoption of ANSI/ASME 

Y14.1 by the American National Standards Institute in 1995. 

American National Standards Institute 
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Paper  

A Series 

Format 
Size in 
Millimeters 

Size in 
Inches 

A0 841 x 1189 33.1 x 46.8 

A1 594 x 841 23.4 x 33.1 

A2 420 x 594 16.5 x 23.4 

A3 297 x 420 11.7 x 16.5 

A4 210 x 297 8.3 x 11.7 

A5 148 x 210 5.8 x 8.3 

A6 105 x 148 4.1 x 5.8 

A7 74 x 105 2.9 x 4.1 

A8 52 x 74 2.0 x 2.9 

A9 37 x 52 1.5 x 2.0 

A10 26 x 37 1.0 x 1.5 
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Paper 

ANSI Paper Sizes 

Format 
Size in 
Inches 

Size in 
Millimete
rs 

Ratio 

ANSI A 8.5 x 11 216 x 279 1.2941 

ANSI B 11 x 17 279 x 432 1.5455 

ANSI C 17 x 22 432 x 559 1.2941 

ANSI D 22 x 34 559 x 864 1.5455 

ANSI E 34 x 44 
864 x 
1118 

1.2941 
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Paper 
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Layout example 
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Drawing sheet layout 

• Standard form of arrangement 

• Important particulars are included 

• Facilitate quick reading of important particulars – quick 

references are located easily – drawings are prepared 

at various locations and shared 

• Grids along the horizontal edges – Numerals 

• Grids along vertical edges – Capital letters 
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Drawing sheet layout 

• Numbering and lettering start from the corner of the sheet 

opposite to the title box and are repeated on the opposite sides 

• Numbers and letters are written upright 

• Repetition of letters or numbers like AA, BB, etc., if they 

exceed that of the alphabets. 

 

• Borders – space left all around in between the trimmed edges of 

the sheet-  A minimum of 10 mm 
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Drawing sheet layout 

• Title box – An important feature – a must in every drawing 
sheet – for technical and administrative details 

• Location - Bottom right corner 

Divided into two zones: 

• 1- Identification zone 

• Registration or identification number 

• Drawing title 

• Name of the legal owner of the drawing, i.e., name of the company 

• 2- Additional information zone 

• Indicative items –symbol indicating the system of projection, main scale of 
drawing, etc. 

• Technical items – method of indicating surface texture, geometric tolerances, etc. 

• Administrative items 
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Dimension & Notes 

Notes Title Block 

Layout example 

43 



Line types 
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Line types 
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Line types 
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1 

2 
3 4 

5 

6 

7 

8 

10 

14 

13 

12 11 

Viewing-plane line 

Extension 

line 

Dimension Line Center Line 

Hidden Line 

Break Line 

Cutting-plane Line 

Visible Line 

Center Line (of motion) 

Leader 

VIEW B-B SECTION A-A 

Section Line 

Phantom Line 
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Uses of different types of lines in a given drawing 48 



Line types 
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Examples 
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درس با یک مثال مرور کلی  

Course overview with an example 
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Introduction 

• This is just an introduction. Don't worry about understanding 

every detail right now - just get a general feel for the language 

of graphics. 

• Hope you like the object in Figure 1, because you'll be seeing a 

lot of it. Before we get started on any technical drawings, let's 

get a good look at this strange block from several angles. 

 

Figure 1-  A Machined Block 
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Isometric Drawing 

• The representation of the object in figure 2 is called an isometric 

drawing. This is one of a family of three-dimensional views 

called pictorial drawings.  

• In an isometric drawing, the object's vertical lines are drawn 

vertically, and the horizontal lines in the width and depth planes 

are shown at 30 degrees to the horizontal.  

Figure 2 - An Isometric Drawing  
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Isometric Drawing 

• When drawn under these guidelines, the lines parallel to these 

three axes are at their true (scale) lengths. Lines that are not 

parallel to these axes will not be of their true length. 

• Any engineering drawing should show everything: a complete 

understanding of the object should be possible from the 

drawing. If the isometric drawing can show all details and all 

dimensions on one drawing, it is ideal. One can pack a great 

deal of information into an isometric drawing.  
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Orthographic or Multiview Drawing 

• However, if the object in figure 2 had a hole on the back side, it 

would not be visible using a single isometric drawing. In order 

to get a more complete view of the object, an orthographic 

projection may be used. 

• Orthographic projection (or orthogonal projection) is a means of 

representing a three-dimensional object in two dimensions. It is 

a form of parallel projection, where all the projection lines are 

orthogonal to the projection plane, resulting in every plane of the 

scene appearing in affine transformation on the viewing surface 
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Orthographic or Multiview Drawing 

• Imagine that you have an object suspended by transparent 

threads inside a glass box, as in figure 3. 

 

Figure 3 - The block suspended in a glass box  
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Orthographic or Multiview Drawing 

• Then draw the object on each of three faces as seen from that 

direction. Unfold the box (figure 4) and you have the three 

views. We call this an "orthographic" or "multiview" drawing. 

Figure 4 - The creation of an orthographic multiview drawing 

58 



Orthographic or Multiview Drawing 

• Figure 5 shows how the three views appear on a piece of paper 

after unfolding the box. 

 

Figure 5 - A multiview drawing and its explanation  
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Orthographic or Multiview Drawing 

• Which views should one choose for a multiview drawing?  

• The views that reveal every detail about the object. Three views are 

not always necessary; we need only as many views as are required 

to describe the object fully. 

• For example, some objects need only two views, while others need 

four. The circular object in figure 6 requires only two views. 

Figure 6 - An object needing only two orthogonal views  
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Dimensioning 

We have "dimensioned" the object in the isometric drawing in 

figure 7. As a general guideline to dimensioning, try to think that 

you would make an object and dimension it in the most useful 

way.  

 

Figure 7 - An isometric view with dimensions  
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Dimensioning 

• Put in exactly as many dimensions as are necessary for the 

craftsperson to make it -no more, no less.  

• Do not put in redundant dimensions. Not only will these clutter the 

drawing, but if "tolerances" or accuracy levels have been included, 

the redundant dimensions often lead to conflicts when the tolerance 

allowances can be added in different ways. 

• Repeatedly measuring from one point to another will lead to 

inaccuracies. It is often better to measure from one end to various 

points. This gives the dimensions a reference standard.  

• It is helpful to choose the placement of the dimension in the order 

in which a machinist would create the part. This convention may 

take some experience.  
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Sectioning 

• There are many times when the interior details of an object 

cannot be seen from the outside (figure 8). 

Figure 8 - An isometric drawing that does not show all details  
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Sectioning 

• We can get around this by pretending to cut the object on a 

plane and showing the "sectional view". The sectional view is 

applicable to objects like engine blocks, where the interior 

details are intricate and would be very difficult to understand 

through the use of "hidden" lines (hidden lines are, by 

convention, dotted) on an orthographic or isometric drawing. 

• Imagine slicing the object in the middle (figure 9): 
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Sectioning 

Figure 9 - "Sectioning" an object  

Figure 10 - Sectioning the object in figure 8  65 



Sectioning 

• The cross-section looks like figure 11 when it is viewed from 

straight ahead. 
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Drawing Tools 

• To prepare a drawing, one can use manual drafting instruments 

(figure 12) or computer-aided drafting or design, or CAD. The 

basic drawing standards and conventions are the same regardless 

of what design tool you use to make the drawings. In learning 

drafting, we will approach it from the perspective of manual 

drafting. If the drawing is made without either instruments or 

CAD, it is called a freehand sketch. 

 

Figure 12 - Drawing Tools  
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Assembly Drawings 

• An isometric view of an "assembled" pillow-block bearing 

system is shown in figure 13. It corresponds closely to what 

you actually see when viewing the object from a particular 

angle. We cannot tell what the inside of the part looks like from 

this view. 

Figure 13 - Pillow-block (Freehand sketch)  
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Assembly Drawings 

• We can also show isometric views 

of the pillow-block being taken 

apart or "disassembled" (figure 

14). This allows you to see the 

inner components of the bearing 

system. Isometric drawings can 

show overall arrangement clearly, 

but not the details and the 

dimensions. 

 

Figure 14 - Disassembled Pillow-block  
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Cross-Sectional Views 

• A cross-sectional view portrays a cut-away portion of the object and is 

another way to show hidden components in a device. 

• Imagine a plane that cuts vertically through the center of the pillow 

block as shown in figure 15. Then imagine removing the material 

from the front of this plane, as shown in figure 16. 

 

Figure 15 - Pillow Block Figure 16 - Pillow Block  70 



Cross-Sectional Views 

• This is how the remaining rear section would look. Diagonal 

lines (cross-hatches) show regions where materials have been 

cut by the cutting plane. 

• This cross-sectional view (section A-A, figure 17), one that is 

orthogonal to the viewing direction, shows the relationships 

of lengths and diameters better. These drawings are easier to 

make than isometric drawings.  

Figure 17 - Section "A-A"  71 



Cross-Sectional Views 

• The top "outside" view of the bearing is shown in figure 18. It is 

an orthogonal (perpendicular) projection. Notice the direction of 

the arrows for the "A-A" cutting plane. 

 

Figure 18 - The top "outside" view of the bearing  
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Half-Sections 

• A half-section is a view of an object showing one-half of the 

view in section, as in figure 19 and 20. 

 

Figure 19 - Full and sectioned isometric views 
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Half-Sections 

The diagonal lines on the section drawing are used to indicate the 

area that has been theoretically cut. These lines are called section 

lining or cross-hatching. The lines are thin and are usually drawn at 

a 45-degree angle to the major outline of the object. The spacing 

between lines should be uniform. 

 

Figure 20 - Front view and half section  
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Half-Sections 

• Usually hidden (dotted) lines are not used on the cross-section 

unless they are needed for dimensioning purposes. Also, some 

hidden lines on the non-sectioned part of the drawings are not 

needed (figure 21) since they become redundant information and 

may clutter the drawing. 

 

Figure 21 - Half section without hidden lines  75 



Sectioning Objects with Holes, Ribs, 

etc.  

The cross-section on the right of figure 22 is technically correct. 

However, the convention in a drawing is to show the view on 

the left as the preferred method for sectioning this type of 

object. 

 

Figure 22 - Cross section  76 



Dimensioning 

• The purpose of dimensioning is to provide a clear and 

complete description of an object. A complete set of 

dimensions will permit only one interpretation needed to 

construct the part. Dimensioning should follow these 

guidelines: 

 

Accuracy: correct values must be given.  

Clearness: dimensions must be placed in appropriate positions.  

Completeness: nothing must be left out, and nothing duplicated.  

Readability: the appropriate line quality must be used for legibility.  
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The Basics: Definitions and Dimensions 

• The dimension line is a thin line, broken in the middle to allow the 

placement of the dimension value, with arrowheads at each end 

(figure 23). 

Figure 23 - Dimensioned Drawing  78 



The Basics: Definitions and Dimensions 

• A leader is a thin line used to connect a dimension with a 

particular area (figure 24). 

• A leader may also be used to indicate a note or comment about a 

specific area. When there is limited space, a heavy black dot may 

be substituted for the arrows, as in figure 23. Also in this drawing, 

two holes are identical, allowing the "2x" notation to be used and 

the dimension to point to only one of the circles. 

 

Figure 24 - Example drawing with a leader  
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Where To Put Dimensions 

• The dimensions should be placed on the face that describes the 

feature most clearly. Examples of appropriate and inappropriate 

placing of dimensions are shown in figure 25. 

 

Figure 25 - Example of appropriate and inappropriate dimensioning  
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Dimensioning 

• In order to get the feel of what dimensioning is all about, we can 

start with a simple rectangular block. With this simple object, 

only three dimensions are needed to describe it completely 

(figure 26). There is little choice on where to put its dimensions. 

 

Figure 26 - Simple Object  
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Dimensioning 

• We have to make some choices when we dimension a block with a 

notch or cutout (figure 27). It is usually best to dimension from a 

common line or surface. This can be called the datum line of 

surface. This eliminates the addition of measurement or machining 

inaccuracies that would come from "chain" or "series" 

dimensioning.  

Figure 27 - Surface datum example  
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Dimensioning 

• Notice how the dimensions originate on the datum surfaces. We 

chose one datum surface in figure 27, and another in figure 28. 

As long as we are consistent, it makes no difference. (We are 

just showing the top view). 

 

Figure 28 - Surface datum example  
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Dimensioning 

• In figure 29 we have shown a hole that we have chosen to 

dimension on the left side of the object. The Ø stands for 

"diameter".  

 

Figure 29 - Exampled of a dimensioned hole  
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Dimensioning 

• When the left side of the block is "radiuses" as in figure 30, we 

break our rule that we should not duplicate dimensions. The total 

length is known because the radius of the curve on the left side is 

given. Then, for clarity, we add the overall length of 60 and we 

note that it is a reference (REF) dimension. This means that it is 

not really required. 

 

Figure 30 - Example of a directly dimensioned hole  
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Dimensioning 

• This drawing is symmetric about the horizontal centerline. 

Centerlines (chain-dotted) are used for symmetric objects, and also 

for the center of circles and holes. We can dimension directly to 

the centerline, as in figure 31. In some cases this method can be 

clearer than just dimensioning between surfaces. 

 

Figure 31 - Example of a directly dimensioned hole  

86 


