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) Projection Theory

d The solid objects in the space are 3D. Although
we perceive them in 3D (due to shading, color,
etc.), we see them in 2D (You can not see the
back of a wall/screen) !

d We can only see surfaces (2D shapes) that reflect
light.

d Thus we project 3D solids to 2D shapes.

Pictorial lllustration

Computer-generated pictorial illustration
with shades and shadows. These rendering
techniques help enhance the 3-D quality of
the image.

------
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) Projection Theory

 Engineering and technical graphics are also
dependent on projection methods.

 The two projection methods primarily used
— Perspective projection
— Parallel projection

 Both methods are based on projection theory.
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) Projection Theory

d Two variables involved in all projection methods;
— line of sight (the direction we look)

— plane of projection (the plane where the 2D
shapes are seen).

Parabel lnes ol aghi \
7 &
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D) Line of Sight

 An imaginary ray of light between an observer’'s eye and an
object.

 Drawing more than one face of an object by rotating the object
relative to your line of sight hepls in understanding the 3-D
form. . Parabel knes ol aght \ c ,
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D) Line of Sight

U In perspective projection, all lines of light atart at a point.
4 In parallel projection, all lines of sight are parallel.
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T.Akyurek IE 111 Computer Aided Engineering Drawing - Projection Theory 6/99




() Plane of Projection

d Animaginary flat plane upon which
the image created by the lines of
sight is projected.

d The image is produced by
connecting the points where the line

of sight pierce the projection plane. v
4 In effect, the 3-D object is NN
transformed into a 2-D

representation (also called P
projection). %
d The paper and computer screen on

which a sketch or drawing is created
IS a plane of projection.
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) Classification of Projections
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) Perspective Projection

1 Perspective projection mimics the human eye

Object at a distance

(e.g. The Sun)

Nonparallel lines of sight
radiating from a point
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() Perspective Projection

1 Perspective projection mimics the human eye

Plane of projection 's;}_ -

S

Lines of sight
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) Perspective Projection

O Figure shows a perspective drawing of a road, as well as the
‘orthographic”side view of the same road.

d In the perspective view, the sky meets the ground at a line
called the horizon or eye level.

d The plane upon which the object is projected is called the
picture plane, where lines of sight from the object form an
outline of the object.

/; / Picture Picture plane Obi
”;ﬂ y plane (Paper or computer screen) bject C
Vanishing % < T——  -TA . 1 |
point (VP) ',/ ( Projectors - == — — 17
/ Point view \_ al| -~~~ - .
1 X =-Projected image||
Pk V| | WSS | W— Horizon line (HL)
T S D
B
Human or D Station point (SP) B L= Ground line (GL) D
camera

Orthographic Profile View

Perspective View
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() Perspective Projection

Distorted Dimensions

Perspective drawings distort true dimensions.

Lires of signt nes of sghl
Front View Sxde View

A ll s
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4
Fromt View Side View
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) Pictorial Drawings

Distorted Angles

Angular dimensions are distorted on
pictorial drawings.

Isomelric lsomatne
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() Oblique Projection

A parallel projection technique in which the plane of
projection is not perpendicular to the parallel lines of
sight.

projection plane

q..‘.%\\m N AO 3D object
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() Orthographic Projection
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ORTHOGRAPHIC PROJECTION
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—-POINT
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EYE LEVEL
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Orthographic Projection

A parallel projection technique in which the plane of
projection is perpendicular to the parallel lines of
sight.

4 It is the key point of engineering drawing.
d Some views created by orthographic projection:

Isometric | Multiview
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() Orthographic Projection

Consider an object enclosed in an imaginary glass box, positioned
such that the panes of glass are parallel to the major surfaces of
the object and at 90 degrees to e/a,gh other.

o ]

Imaginary
Glass Box

“" http://www.theatre.ubc.ca/design/crslib/drft 1/orthint.htm
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() Orthographic Projection — 6 Views

Imaginary
Glass Box

T.Akyurek

If one "projects” lines
from the corners of
the object (with each
line at 90 degrees to
a surface of the
glass), until these
lines intersect the
glass, one can lay
out 6 "views," each
of which represents
the object as it is
"seen" by the various
panes of glass.

://www.theatre.ubc.ca/design/crslib/drft 1/orthint.htm
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©, Orthographic Projection — 6 Views

1 Having projected the el
respective "views" of PN
each face of the ff ®
object onto the glass T
surfaces, we can N
"unfold"” the glass
box....

http://www.theatre.ubc.ca/design/crslib/drft 1/orthint.htm
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 Orthographic Projection — 6 Views

....until all the "views" are laid out in the same plane as the "Front" view,
giving the figure shown below. Notice that each view can "see" (and show)
only one aspect of the object, and that all the views are aligned to one
another, because of the "unfolding" of the imaginary box.

TOP

i | C
BACK LEFT SIDE l_FH':}NT ) RIGHT SIDE

BOTTOM

]

http://www.theatre.ubc.ca/design/crslib/drft 1/orthint.htm
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&) Orthographic Drawing-Necessary Views

= The purpose of an orthographic
drawing of a solid object is to
completely describe the object
in @ minimum number of views.

* The number of essential views
depends upon the intricacy of R
the object; complicated designs Wl

. . . \\;} 5 SIDE
may require several views in =
order to show complete detail. pamcy =
* When drawing an object, use e | ! |
only those views necessary for o i |
H Back Left Sid Front Right Side
showing the shape of each e 2k = b

detail of the object. The Top, |
Front, Right Side, Left Side, |
Bottom , and Back are called ORTHOGRAPHIC ~ PROJECTION Beton
the Principal Views.

http://www6.district125.k12.il.us/teched/Courses/TDresources/OrthoProjection.html
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Thanks to Penn State
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../projections/index.html

d To create multiview drawings, plane of projection should be
oriented such that only two dimensions (e.g. height and
width) of the object can be seen.
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@ Multiview Drawings

d Multiview drawing vs
perspective drawing:

T.Akyurek

Note that perspective
drawing distorts objects
(Objects that are far
from the plane of
projection are viewed
smaller than they
actually are.)

However we need to
present dimensions in
engineering drawings,
thus we need
undistorted views.

LUres of st

Front View

Jnes of sgh

Side View

Froot View
YWhal YOU B
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Wi raag oy .
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Perspective View lllusions
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@ First-Angle / Third-Angle Projection

Projection

Plane
-

- >
~

-

>

first quadrant F Rs r RS
>(X\/ @c]| Thed-angle projection

Projection
Plane
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@ First-Angle / Third-Angle Projection

Projection Orthographic drawing

Plane

i /’ - g,
i 4
L‘_‘H- | | |
b | Flan |
| | |
| | |
second quadrant ¥ I
first guadrant R I
| | |
End ITLrI:lnt elevation |
elevation [ : : :
1] x I - 0 -
third quadrant fourth quadrant Flan Front elevation End
elevation
- First angle projection Third angle projection

Projection
plane
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Third Angle Progection

First-Angle Projection
(S0}
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@ 3rd Angle Orthographic Projection

d The three planes
form a glass boxwith
the object placed
Inside the glass box.
The viewer Is
outside the glass
box looking at
images of the object L.
on the planes.
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d The three planes N
form a glass boxwith T =
the object placed o %@% ’?’%ﬁh}
inside the glass box. |- Y T
The viewer Is i o~ o
outside the glass | Nk |
box looking at \\)SK x |
images of the object 1 = @ )
on the planes. K iy i o Wﬂ [HHF;]NE,, P
EQ%L b : FILEJP’L?J
%E |
HHJJ_I__J/

http://www6.district125.k12.il.us/teched/Courses/TDresources/OrthoProjection.html
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@ 3rd Angle Orthographic Projection

d The three planes are

hinged to open along the [ HORIZONTAL PLANE
horizontal/frontal edge -
and and along the
frontal/profile edge to
show the relationship of !
the views to each other
II7 |
| FRONTAL PLANE |  PROFILE PLANE !

L —1

http://www6.district125.k12.il.us/teched/Courses/TDresources/OrthoProjection.html

T.Akyurek IE 111 Computer Aided Engineering Drawing — Projection Theory 39/99


http://www6.district125.k12.il.us/teched/Courses/TDresources/OrthoProjection.html

@ 3rd Angle Orthographic Projection

d The three planes can be
removed leaving the

three orthographic views.
Projection lines can be

shown lightly but omitted
on the final plan. i i

http://www6.district125.k12.il.us/teched/Courses/TDresources/OrthoProjection.html
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() First Angle Projection

. Each view of the object is
. ~!~ projected "through" the object,
2

IE onto the interior walls of the box.
H e[\ -

[ s 3y B D |O|
/ [z | JEu

!
_H__,."r r
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@ Third Angle Projection

Each view of the object is
projected "through" the object,
onto the exterior walls of the
box.
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Y Multiview Drawings

Fro_ljt View

Right Side View ~~—_

Top View

http://commons.wikimedia.org/wiki/File:First angle projection.svg

T.Akyurek IE 111 Computer Aided Engineering Drawing - Projection Theory 44/99


http://commons.wikimedia.org/wiki/File:First_angle_projection.svg

‘L& [ Ve, D
5 e
< e
=

)

& Multiview Drawings

Top vaw

- /D\ /—

|
™
| |
opView ? 1
Froed wew Rght sade view
— Clegth >
- |
A
R
- -
- — - ~e ; | -
» - ~— 4 gt ragn
4 . e, | —
- A 11 1] )
1 | 19 ! I |
~ ‘ I | i |
1 = J \‘.-'-L' | 1
r o plana "‘\___-‘ IMI | Pargendockir—/ _;d!'. |
= w o plare g" Right 50 vew
T~ - M -~ po
th is not Ty ' -

T.Akyurek IE 111 Computer Aided Engineering Drawing - Projection Theory 45/99



W) Multiview Drawings

Three Space Dimensions
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o5 b) Z

First-angle projection (ISO)
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D Multiview Drawings

 Creation of multiview drawing of a simple
engineering object:

Jh:% :
- ¥ e g
INE o
% |L SIGHT
B
| -7
Front View Top View Right Side View

d Combining these three multiviews fully
explains the details of the 3D objects (?)
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@ Multiview Drawings

 Actually there may still be some details that are not
visible on those three multiviews.

1 The objects that cannot be visible on a plane of

projection, must be projected on the plane by using
“hidden lines”.

Depth

Height

Perpendicular—/

to plane Right side view

T.Akyurek IE 111 Computer Aided Engineering Drawing — Projection Theory 49/99



& Multiview Drawings

The six \ | %

principal

views of an |

object ] ' ‘ Three views used to
Q represent the object

,mv"

.-

]
\Mm : Top,
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ki

TOP VIEW

The type of
representation which is
used in most
engineering drawings.

Conventional three
view drawing
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) Multiview Drawing
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) Multiview Drawings — Example 1

Create the three
view drawing of
the given object.

T.Akyurek IE 111 Computer Aided Engineering Drawing — Projection Theory 54/99



80 ¢

40

T.Akyurek

<20,

20

IE 111 Computer Aided Engineering Drawing — Projection Theory




) Multiview Drawings — Example 2

Create thethree - - - .-~ . 7
view drawing of . . T T
the given object. =~ - -l TS
g | LN
|
|'““u_

/
SN,
NN

e
| T
I -
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-
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N
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©) Projection of the Surfaces

 Surfaces parallel to the Viewing Plane:

— Such surfaces will show as a surface on
one view and a line on the other view.
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O Projection of the Surfaces

4 Projection of rounded

surfaces:
— The rounded end of the object in y
the figure is represented as an %

arc in the front view.
- In the other views, it s a/\ |
rectangle, because the curve is SN
tangent to the sides of the object.

— If the curve were not tangent to
the sides, then a line representing
a change of planes would be
needed in the profile and top %/
views. Ao

/\ / Line indicates
/ﬁ> no tangency
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O Projection of the Surfaces

1 A rule of thumb:

— Intersecting
surfaces

= GENTER LINE IN f

LONGITUDIMAL

(whether | .
rounded or €<&F=_== | ii
flat) define
edge and i,
should be /e,
represented [T | [T
by a circle, | |
arc, or line. | ij‘“‘”“ -

o T e
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) Projection of the Surfaces

A Projection of hidden surfaces:

— In orthographic drawing, a hidden line is developed
when a solid object is blocking other lines or
surfaces in the flat orthographic viewing plane.

- Hidden lines are used to represent features that
are invisible.

— Dashed lines are used to represelydden lines.

\/\ - —  The hole is actually
| Invisible from the top.
ffif <+>
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& Projection of the Surfaces — Center Lines

- In engineering drawing, the centerline and center marks are
used
» To locate center points
» To show symmetry and balance
» To show axes of cylindrical parts

— Centerlines need to be drawn when round shapes are seen in a
view, as shown in the figure.

— Centerlines are also drawn along the surface where the circular
form is not seen.

i J
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Q@ Distortion of Some Features

Some features are distorted in orthographic projection.
= Distortion of circular features (foreshortening):

o
/ N
|' NN
\ Y
Y I
Hﬁ&_ ] J
| H"m_ ,-#i*’x
To .
pﬁ,,______ﬁ_m — Isometric
4 N View
( ,fj
. ;
. L
Front Right

Side
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Q@) Distortion of Some Features

» Distortion of inclined
(angular) surfaces

(foreshortening): isometrc f’"’\

top view
front view right side view

(@) CLINDGRAPH IC

(=) CRTHOGRAPHIC

hcosé

h

U H

Plcture
plane
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2 Linetypes in AutoCAD

-New line types can be loaded by selecting linetype command
from format menu. Linetype Manager will appear when linetype

command is selected. New line types can be added by clicking
load button.

-The new line types will appear on the line type list.

-The new line types can be selected either from Line type
Manager or from the shortcut menu.

allLinetype Manager il

b | Format Tools  Draw  Dimen .

r~ Linetype filkers Load I Delete |
? =2 Laver... ISth all linetypes j I lIrevet filker
B Layer kools * Current | Show details |
™
= Sl |Current Linetype: BylLayer
Lineweight... Linetype: | Appearance | Description
Scale List. .. Byl ayer
ByBlock _
&Textgtvle... CEMTERZ —_———Center(5w) __ __ __ __
s, Dimension Style. . Continuous ———— Continuous
ﬁ Table Style. .. HIDDEN H!dden ______________
Flat St .. HIDDEM 2 —— —— —— Hidden [5x]_ _
Boint Style... JJDul&m@&laﬂ@/é’lr
Multiline Style... B [Stancsd  +|| ,[15025 =] # [t
g =[VC®Dmo
Units... =
«# Thicknes ;
Drawing Limits ==
G
Bename... =
-
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Y orthographic Drawing — Alignment of the Views

d An example of orthographic drawing

. ‘ Note that the
’xJ views are aligned.
N

This is required in
order to represent
the relation
i F--] between the
\ views.

FRONT R SIDE
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d Three-view drawings
are aligned horizontally
and vertically. In this T N
arrangement, the front —
o N#S:
view Is the central S

. . TOP
view. Also notice that
surfaces are the same —

distance apartinthe [ £ T A M

related views: top and U/

right side. -
FRONT RISIDE
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Alignment of the Views

O In order to align your three view orthgraphic drawings on A3 size
template, you should
- Leave 50 mm distance between all views and calculate the width and
length of your drawing dimensions.

— Center your drawing considering the paper size. You must leave
equal distances from the sides of your drawing to the edges of the

drawing area. [(—— — —— —— —_— - —— .
| 15858 .293.85 S - |
| |
| TOP VIEW g |
| Width A |
| ] |
| o |
| " |
| f Depth |
| Width |
| 50 |RIGHT |
| - " |SIDE |
| FRONT VIEW hwiesl |
| 5 5 |
| o = |
| ™ amatty | s e, o, e, s 1 |Mu.|lhh-h-=l |

B as [ [ [ T
| YOUR NM!IE |® TITLE| e =T |
| o wmume - S ppgopoo [ [ A |
L |
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) One View Drawing

¥
;

d Simple cylindrical shapes
d Thin parts L
d Map drawings sJ,ze_
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() Two View Drawing

4 Cylindrical shapes
d Conical shapes

d Pyramidal shapes | [

¥

T.Akyurek IE 111 Computer Aided Engineering Drawing — Projection Theory 69/99



@ General Procedure to Draw Quickly and Effectively

d Set the drawing limits

d Set up your Layers

d Set up the Titleblock

d Create the Front View

d Create the Top View

d Create the Side View

d Dimension the three views
d Add the center lines

d Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

 Set the drawing limits

DCOoOO0000D0 O

Set the limits so that the entire drawing will match the A3
paper it is meant to print on. Now set the grid to 10 and the
snap to 1, and zoom the drawing to the limits.

Set up your Layers

Set up the Titleblock

Create the Front View

Create the Top View

Create the Side View

Dimension the three views

Add the center lines

Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

CDCOoO00D0D0O

Set the drawing limits

Set up your Layers

Create the outline, titleblock, text, dimension, centerline,
hiddenline, phantom Iline layers. Make sure to load
the Linetypes you need and set each layer to the
appropriate colors and linetypes. Finally, Set the current
layer to titleblock.

Set up the Titleblock

Create the Front View

Create the Top View

Create the Side View

Dimension the three views

Add the center lines

Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

O Set the drawing limits
O Set up your Layers
u

Set up the Titleblock

Draw a rectangular perimeter line at the drawing limits to simulate the
paper's edge. Now create your personal titleblock in the lower right
corner of this frame according to the guidelines provided. Finally create a
revision table in the upper right corner. When you are satisfied with
your titleblock and revision table, set the current layer to outline.

Create the Front View
Create the Top View
Create the Side View
Dimension the three views
Add the center lines
Create the hidden lines

DOoO000 D0
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@ General Procedure to Draw Quickly and Effectively

0
0
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Set the drawing limits
Set up your Layers
Set up the Titleblock

Create the Front View

Choose the longest view of the object to be the front view
and create it in the lower left quadrant of your drawing. Do
not forget to use the Snap and Osnap tools while drawing.
Create the Top View

Create the Side View

Dimension the three views

Add the center lines

Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

Set the drawing limits
Set up your Layers
Set up the Titleblock
Create the Front View

Create the Top View

Using the Front view as a reference, draw outline lines as
appropriate and form the Top view.

Create the Side View

Dimension the three views

Add the center lines

Create the hidden lines

000D
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@ General Procedure to Draw Quickly and Effectively

4
4
4
4
4

Set the drawing limits
Set up your Layers
Set up the Titleblock
Create the Front View
Create the Top View

1 Create the Side View

U OO

As you did in the last step, draw outline lines from the Front
view to form the Side View.

Dimension the three views

Add the center lines

Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

Set the drawing limits
Set up your Layers
Set up the Titleblock
Create the Front View
Create the Top View
Create the Side View

Dimension the three views

Change the layer to dimension and create the dimensions
on this layer. Apply dimensions to the object.

Add the center lines

Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

0000000

Set the drawing limits

Set up your Layers

Set up the Titleblock
Create the Front View
Create the Top View
Create the Side View
Dimension the three views

Add the center lines

Switch the current layer to centerline and apply necessary
center lines for circles and axes of symmetry.
Create the hidden lines
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@ General Procedure to Draw Quickly and Effectively

Set the drawing limits

Set up your Layers

Set up the Titleblock
Create the Front View
Create the Top View
Create the Side View
Dimension the three views
Add the center lines

Create the hidden lines

Set the current layer to hidden line and draw any hidden
lines.
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@) Creating a Three-View Sketch

T.Akyurek
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Completed throe-view sketch
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@ Multiviews from 3-D CAD Models

1. Create the 3-D Model.

2.Change the viewpoint of the 3-D model to front view,
create the 2-D front view using FLATSHOT command
and save as a block.

3.Change the viewpoint, create the 2-D top view using
FLATSHOT command and save as a block.

4.Change the viewpoint, create the 2-D right view using
FLATSHOT command aand save as a block.

|
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@ Multiviews from 3-D CAD Models

5. Arrange the 2-D views on a new drawing by
retrieving blocks created earlier. Bring the views in at
the proper scale and correct alignment.

6. Edit the views to change solid lines to hidden lines
and to add center lines in accordance with accepted
standards.
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7 View Selection

Good Orientation Poor Orientation

No!

IDE
FRONTVIEW gl@\';:;\/?/
E
L. P i AN "oy, Py | P pLAN
. LANE pRO . :
Suspend the object in the glass box Suspending the object so that
so that major surfaces are parallel or surfaces are not parallel to the
perpendicular to the sides of the box. sides of the box produces views

with many hidden lines.
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() View Selection

Natural Position

Always try to draw objects in their
natural position.

Natural Position

¢/

Unnatural Position
No!
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Minimum Number of Views

Select the minimum number of views needed to completely describe an
object. Eliminate views that are mirror images of other views.
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) View Selection

Most Descriptive Views

Select those views that are the most descriptive and have the fewest hidden
lines. In this example, the right side view has fewer hidden lines than the
left side view .
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Sketch the front, top, and right _r,.:.,_
side views using the gridded
space.

Work Book Problem 5.5-Multiview Sketching 2
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Work Book Problem 5.5-Multiview Sket
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Work Book Problem 5.5-Multiview Sketching

Sketch the front, top, and right side
views using the gridded space.
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Work Book Problem 5.5-Multiview Sketching

Sketch the front, top, and right side D
views using the gridded space.

)
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Sketch or draw with CAD multiviews of the objects shown in the pictorials.

Problem 5.5 - Figure 5.122

(1) () (€)
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Sketch or draw with CAD multiviews of the objects shown in the pictorials.

Problem 5.5 - Figure 5.122
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@ Problem 5.5 - Figure 5.122

Sketch or draw with CAD multiviews of the objects shown in the pictorials.

(85) (86) (87)

(88) (89) (90)
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@ Problem 5.5 - Figure 5.122

Sketch or draw with CAD multiviews of the objects shown in the pictorials.
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projection

Perspective
projection

Orthographic
projection

Picture plane
Profile plane
Front view
First angle
Multiview

drawing

3-view drawing
distortion

foreshortening
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izdislm
Perspektif izdUgum

Ortografik (dik
cizgisel) izdugum

Resim dizlemi

Yanal duzlem, profil
duzlemi

Onden gériinls

Birinci dérdul bolge
acisl

Coklu gorunuslu
cizim

Ug gérinuslii gizim
bozulma

Gorintu kisalmasi

Line of sight

Parallel projection

horizon

Frontal plane

unfold

Side view

Third angle

Hidden line

intersecting
alignment

Viewing plane

Gorus hatti
Paralel izdugum
ufuk

Onden goriinls
duzlemi

acilhm

Yandan gorunasg
Ugtincti dord(il
bdlge acisi

Gizli gizgi
Kesen, kesisen
hizalama

Gorus duzlemi

English — Turkish Dictionary

Plane of
projection

Oblique
projection

Eye level
Horizontal plane
Top view
illusion
Vanishing point

Dashed line

centerline
inclined

Principal views
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izdigiim diizlemi
Egik izdusim
GO0z hizasi
Yatay duzlem
Ustten gérinis
llllizyon, goérintd

yanilmasi

Ufuk noktasi, sifir
noktasi

Kesik gizgi
Merkez hatti
egimli

Ana (esas)
gorunusler
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