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Engineering Graphics ORTHOGRAPHIC PROJECTION

INTRODUCTION
SURFACES AND EDGES

ORTHOGRAPHIC PROJECTION

People who work with drawings develop the ability to look at lines on paper or on a computer screen and
"see" the shapes of the objectsthelinesrepresent. Visualizationisan essential skill when workingwithtechnical
information. Architects, engineers, machinists, carpenters, welders, installers -- many types of workers create
or use drawings. Technical drawings and sketches provide a clear, concise, exact method of representing
three-dimensional information. Starting at the Industrial Revolution the process and theory of technical drawing
has evolved into a universal graphical language.

How do peoplewho work with drawings think about the linesthey see? What isthe mental processthat allows
skilled workers to quickly interpret abstract lines, curves and shapes to form an exact mental image of the
objectsrepresented? Part of theanswer isthat these peoplerapidly recognizeand analyze basi c typesof surfaces.
Once individual surfaces are recognized, then the interfaces -- common edges and intersections -- between the
surfaces may be visualized. With practice this process becomes very rapid.

In the next four chapters much emphasis will be placed on recognizing types of plane and curved surfacesin
space. Only threetypesof plane (flat) surfacesexist. Many typesof curved surfaces-- cylinders, cones, spheres,
torus, efc. -- exist. By recognizing each type of surface, rules may be applied to the appearance of the surface
ondrawings. Visualizing objectsisaprocessof assembling theindividual surfacesinto shapestheninto objects.
Portions may be solved by following rules before the actual answer is apparent. Objects may be solved in much
the same way a mathematical expression is solved.

Learningtovisualizeobjectsisanindividual skill. Making clay models, computer modelsor LEGO (tm) models
is an excellent step. Seeing the answer from someone el se destroys all chance to learn. Problems at the end of
each chapter are designed to develop visualization skills. Work on each problem for short time. If the answer
IS not apparent, come back to the problem later.
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Engineering Graphics

Pictorial vs. Orthographic Views

Pictorial drawings give quick three-dimensiona
views of objects. They are often used for advertis-
ing, repair manuals, and general information.
Shapes are easier to visualize and intersections of
surfaces can be seen.

Pictorials distort the lengths of lines and angles
at corners. These drawings cannot be used for
production.

Thisdrawingisan isometric pictorial.

Production (detail) drawings describe the shape of
the object by looking directly at the faces of the
object. In this way the true length lines and true
angles at corners may be seen. Multiple views are
needed. These views are two-dimensional. Views
are obtained by looking in the direction of the
arrows shown in the isometric above.

Multiple views are needed. FRONT, TOP and
RIGHT SIDE views are used here.

Dimensions and notes give size and manufacturing
instructions. Dimensions are placed where the
shape shows best.

Engineers, architects and designers"see" objectsin
pictorial mental images. They must convert picto-
rial ideas into orthographic form for production.
Workers and others must convert the orthographic
drawings back into pictorial images in order to
analyze the shapes and use the information. The
transition from pictorial - to orthographic - to pic-
torial is a constant process.

By far, the most difficult step is converting ortho-
graphic drawings to pictorials. This process re-
quires looking at two-dimensional images to get
three-dimensional shapes.

Computer modeling is simplifying this process.
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ORTHOGRAPHIC PROJECTION

Multiple View Drawings

Orthographic views may be obtained by plac-
ing an object inside a "glass box". Faces of the
box are at right angles. Surfaces on the object
arealigned paralel to thefaces of the box when
possible. Views are drawn by projecting lines
and surfaces to each face of the box.

Orthographic views are two-dimensional.

In the front view there is no way to show the
differencein level (depth) between the surfaces.

Projection planes of the glass box are perpen-
dicular to each other. Three regular planes are
shown. Left side, bottom and back planes may
also be used.

Theseplanesarealso used by computer graph-
iCcs systems.

Theline of sight for each view is perpendicular
to each projection plane. Looking perpendicul ar
to a plane gives the true size of the plane in a
particular view -- the other projection planes
appear in edge-view.

Surface 1,2,3,4isparallel tothefront projection
plane. It will appear as a surface (true size) in
the front view.

In the top view 1,2,3,4 appears as edge-of
surface A-B.

Inthesideview 1,2,3,4 appears as edge-of-sur-
face C-D.

" Reading" orthographic views involves inte-
grating this type of information about every
surface on the object to form a mental image.

ORTHOGRAPHIC PROJECTION
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Six Regular Orthographic Views

Six regular views of an object may be pro-

jected. | THE PLASTIC BOX

Rule: Each feature of an object must be AISEREY
shown asvisiblelinesin at least one view.

Drafters must decide which views to draw.
Sometimes additional (auxiliary) views are
needed to clarify shapes and remove ambi-
guities. Dimensions, for example, must be
placed on the "true shape" views. Partial
views may be drawn.

Notice the hinge locations when unfolding
theplastic box. Observethealignment of the
views: front-top-bottom, and front-right-

left-back. Views must be placed on the page
or computer screen in this form.

This graphic shows the AMERICAN
STANDARD ARRANGEMENT OF
VIEWS. Third Angle Projection
Views must be sketched or drawn ac-
cording to this alignment.

People who work with drawings ex-
pect to find the views of objectsin this 0P
form.

1
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Front, top and bottom views must be
aligned vertically. All corners and fea-

tures must project vertically. BACK LSIDE FRONT R.SIDE
Front, right side, left side and back 1

views must be aligned horizontally. L]

Features and corners must project hori-

zontally. BOTTOM

Metric Drawings - First Angle Projection
Drawings made according to metric standards may place the views in adifferent form on the page.
See page D- 20 for an explanation.
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Orthographic Views are Two-Dimensional

Surfaces on an object are at different levels.
__Aismoreto the front, then B, then C
__Dismoreto the top, then E
__Fismoretotheright, G is moreto the left.

If a line separates two surfaces, there must be
a differencein level between the surfaces.

When surfaces A, B and C are projected to the
front projection plane, they appear next to each
other. Depth is lost. The person reading the
drawing must look at an adjacent (top or side)
view to see which surfaceisin front.

LINE OF SIGHT
FOR FRONT VIEW

When F and G are projected tothesideview, they
appear next to each other. Width is lost. The
surfaces are at different levels. Look at the front
or top views to see which surface is more to the
right or left.

LINE OF SIGHT
FOR RIGHT SIDE VIEW

D and E appear next to each other inthetop view.
Heightislost. Look at thefront or sideviewsto
see which surface is higher and which surfaceis
set down lower.
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Common Dimensions Between Views

Major dimensionsfor objects arecommonly named
HEIGHT, WIDTH AND DEPTH. Orthographic
views are two-dimensional so each view can show
only two of the three dimensions.

In any two adjacent views, all three dimensions
may be seen.

WIDTH is the common dimension between the
front, top (and bottom) views.

__Top view shows width and depth

__Front view shows width and height.

Width is projected vertically between the views.

HEIGHT is the common dimension between the
front, right side, (left side and back) views.
__Front view shows height and width

__Side view shows height and depth.

Height is projected horizontally between the
views.

DEPTH is the common dimension between the top
and side views. While DEPTH is measured in a
horizontal direction in space, it must be measuredin
avertical directionin the top view.

__Side view shows depth and height

__Top view shows depth and width.

2
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Depth is measured horizontally in the side view
and vertically in the top view.
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Transferring the DEPTH Dimension

Several methods of transferring depth are shown. Dividers are the quickest and most accurate tool. Use the
paper method for plain paper sketches.

TRANSFERRING DEPTH DIMENSIONS TRANSFERRING DEPTH DIMENSIONS
THE PAPER METHOD THE SCALE METHOD
i l E .
fe— DEPTH-—>] = le——DEPTH——]
i I l l ; r|'I‘1‘I' i '!’|'\'|’I' ‘I“'l"'\‘ ”‘l T
1 PIECZE oF PA3PER ! 186 II 2 l?
T .Y on grid papers,
oo B counttheunits' to
s 25 transfer depth.
i
4
! l ||
USING THE DIVIDERS
TRANSFERING DEPTH ’
DIMENSION ‘:l
f \

TRANSFERRING DEPTH DIMENSIONS

A miter line may be used to geometrically transfer THE 457 MITRE LINE METHOD

depth from the side-to-top and the top-to-side views.
This technique is used on drawings created with T-
squares or drafting machines. This technique may be
used to transfer depth measurements on computer
drawings.

DEPTH

The miter line technique may be used on two dimen-
sional CAD drawings.




ORTHOGRAPHIC PROJECTION
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ANALYSIS OF VIEWS
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Views are shown in standard arrangement. Notice the common dimensions between the views. Also, note the
line of sight between the views. For example, the arrow shows the direction to look at the front view to get the
side view. And, the direction to look at the side view to get the front view.

Actually holding an object and turning it as
shown will help verify the views and the
projection theory on previous examples. Be
sure you turn the object correctly to draw
each view. At first peopletend to draw some
views backward!

Clay Models

Carving clay models of objects is the most
effective way to experience the transition
from real objectsto paper drawings. Creating
modelsfrom drawingswill strongly reinforce
the transition from abstract lines on paper to
real objects.

Styrofoam packing blocks also make good
modeling material.

THE DIRECT APPROACH

TOP

FRONT
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Visualizing Objects

Carving models (or just thinking through the steps) isan effec-
tive way to visualize objects. Starting with a solid block, ob-
serve the outlines of the top, front and side views. Cut away
material from the object to |eave the profiles shown.

No material isleft in the open areas. This means that the object
must be cut all theway across: top to bottom, front to back, right
to left respectively.

From the front view, cut away the block as shown. This
cut creates surfaces A and B.

__line 1,2 is added to the top view

__line 9,10 is added to the side view.

In the top view, remove the block shown. This creates
surface C.

__Hiddenline 1,2 is added to the front view.

__Lines 3,6 and 5,4 are added to the side view.

A similar process is used in computer solids modeling.
"Tools" are shaped then mathematically subtracted
from an object.

Cut the block from the top of the object. This completes
the shape outlined in the first picture.

__SurfaceD is created

__line 1,2 is added to the front view

__line 3,4 and 5,6 are added to the top view.

VISUALIZATION
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Building Objects by Joining Solids

Objects may be visualized by imagining the basic shapes
which werejoined.

Basic shapes include:
__cones
__rectangular solids
__cylinders
__pyramids

_ torus

__spheres

Pieces include cylinders and plates in this example.

Objects are often combinations of added shapes minus subtracted
shapes.

These concepts are used in computer solids modeling. Libraries
of shapes may be provided which generate geometric solids. The
solids may then be added together (union) or subtracted away.

Two rectangular solids are first joined together, then a cylinder is
subtracted to create the final shape.
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Linetypes Used on Drawings

A number of special linetypes are used on draw- LINES

ings. The most common line codes are shown: VISIBLE EDGE

__Objectlinesaresolid lineswhich represent the riex

visible edges of objects. M Lee deT T
__Hidden lines represent features which cannot CENTER B B B ~ -

be seen. These lines must be shown to give THN kb Ll = k2 104

compl ete information about the shape of the ob- VISIBLE EDGE
ject. Hidden lines are short dashes- 1/8" or so. & ‘
_ Center lines define the center geometry of é} ’

holes or symmetry on an object. They are long-

short dashed lines. 3/4" long and 1/8" short seg-

t HIDDEN ’
ments.
A [

i [ri"“\CENrER
|

1

L [

|

CENTER LINES
Examples of preferred hidden and center line
representations are shown.

Center lines should intersect at the centers of
circles.

Preferred hidden line intersections are shown.

CAD software does not always support these
preferences. Y Y S
YES NO YES
1 / | '
| / | [}
A e S
| / | /
YES NO YES

. . ) PRECEDENCE OF LINES
Visible edge lines are most important. They

have precedence over other linetypes.

Hidden lines are second in importance. Often SPACE~ _———;"/'/‘ngx\)/?; ENE
there are hidden lines behind visible lines on a =p-—-#-- -
drawing. The hidden lines cannot be shown

because the visible lines are most important.
This makes reading adrawing a bit harder.

————————— |_— VISIBLE LINE

Center lines have no visibility. They are least VISBLE LINE
_L_ AND ¢

in importance. -

D-11
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Creating M ulti-view drawings from Pictorials

A pictorial showstheshape of theobject for easier visualization.

I dentify the surfaces by placing aletter in each bounded area.

Sketch the top, front and side views by looking directly at each
face.

__A,BandCareseeninthetopview. They areat different levels | B | C
to each other. (Top to bottom). E J
__J, KandL areseeninthefront view. Jand K are at different

levels. L and K are at different levels. Jand L are at the same
level. (Front to back).

__R,S, T, and U are seen in the side view. They are al at | RIS
different levels. (right to left). R extends down behind U creat- ] T
ing the hidden line in the side view. JIK . U |

Orthographicfrontandtop viewsmust align vertically.
Front and side views must align horizontally.

This object has normal, inclined, oblique and cylindri-
cal surfaces.

__N1and O are seen in the front.

__N, C(circular hole), | and O are seen in the top.
__N2,1 and O areseeninthe side view.

Note the location of each surface in each view:
FRONT:

__N, I and N2 appear as edge-of surface. M +
__Nlisatrueview, O isforeshortened. oobque
TOP: !
__N1, N2 and C (cylinder) appear as edge-of-sur-
face. Inclined
__Oandl areforeshortened.

SIDE:
__N and N1 appear as an edge-of-surface M1 | N 0O ﬁiﬂ NEI
__Oand| areforeshortened. | | |

"C" Cylindrical surfaceis aplotted curve.
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Creating Pictorial Viewsfrom Orthographic Views

Front, top and side views of an object are given.
These views are complete with no missing lines.

Label surfaces by placing a letter (neatly!) in
each surface. Labeling surfaces is important to
assurethat all surfaces are accounted for.

Sketch a box to enclose the pictorial:
__ 11 units width (upward to left)
__8units height (vertical)

__8units depth (upward to right).

Sketch the surfaces on the outer faces of the
isometric box first.

Surface A is seen from the front view.
Sketch surface A on the front face of the isometric

box. Use the dimensions from the orthographic
views.

Surface B isseen intheright side view.

Sketch surface B on the right side face of the
box. Surface A and surface B share an edge.

Sketching the surfaces on the faces of the
isometric box helps locate corners which will
be needed for other surfaceslater.....

PICTORIAL DRAWING e
NORMAL SURFACE ST

c ..
I A
© T ToR view
LB
N . C R STEP NO. |
SASERRENEE PR D : N b
FRON;l' 'Vl‘!" o RIGHT!IIEVIEW

PICTORIAL ORAWING o
NORMAL SURFACES AR

S A
TOP VIEW
N al STEP NO.2
B : '
FRONT VIEW RIGHT SIDE VIEW
PICTORIAL DRAWING PR
NORMAL SURFACES el
RO
ks
. B
TOP VIEW
|- S SR S STEP NO. 3
A S - AR I
FRONT VIEW RIGHT SIDE VIEW
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Sketching Isometric Pictorials

Surface C is seen from the top view.

Sketch C on the top plane of the isometric box.
Surface E and surface C share an edge.

Surface D sharesahorizontal edgewith surfaceA.
D isparallel to C and two units below.

Sketch D on the pictorial starting at the top edge
of A and working back 5 units.

Surface E is parallel to surface B and 6 units to the
left of B. E shares avertical edge with A.

Sketch E on the pictorial, starting at A and extend-
ing upward to theright 5 units.

PICTORIAL DRAWING
NORMAL SURFACES

el
..... g
..... a8
. a
TOP VIEW
M S O S
A Lg STEP NO. 4
R . - N
FRONT YIEW RIGHT SIDE VIEW

PICTORIAL DRAWING
NORMAL SURFACES

e

N I

A "V
TOP VIEW

b e e

2. .rD‘A.::‘ ' :".D‘ .

N D W IR B Q A STEP NO. §
FRONT VIEW RIGHT SIDE VIEW

PICTORIAL DRAWING
NORMAL SURFACES

... WA ..
TOP VIEW
i § ——4
IR . . L E ]
. A . A P STEP NO. 6
Lot B TR N
FRONT VIEW RIGHT SIDE VIEW
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| sometric Pictorial

PICTORIAL DRAWING

Surface Fisseenfromthetop view. Itis3 units NORNAL SURFACES
up from the bottom face. F shares an edge with
A aso.
A S
Starting from A sketch F upward to theright 5 o Ef
units deep and 6 units wide. B D N
. UL VN
TOP VIEW
......... A
..... .
7V I % 3 Y STEP MO. 7
ISR Bt TN I R I
. FRONTVIEN o .RIAGD;T- SIDE VIEW
Surface G is seen from the front view. It shares PICTORIAL DRAWING
edgeswith D, E, F, band C. NORMAL SURFACES
Sketch the closed shape of surface G on the
pictorial. This completes the view. e
) w6
Hidden lines are usually not shown on picto- s
rial views. oy
TOP VIEW
A I
— 6
Y N VSRR t STEP NO. 8
" FRONT VIEW  RIGHT SIDE VIEW
. I " ORTHOGRAPHIC DRAWING TO DRAW A PICTORIAL
Normal Surface Pictorial - .
SO T PN
A B E et | E | i T i
A A
Label the surfaces on the object. Top L\ : A LA
N
STEP-I STEP-2
__Sketch (or draw) isometric box. ‘ s
__Modify box per shape of top view. o ] o f:: ,j’x\;}ql “
__Locate surface A, B and C on the faces of the i Y o ; ‘h
bOX' FRONT R. SIDE i ° i E\T’G ;
__Sketchinterior surfaces from common edges. ' it
S
NORMAL SURFACES STEP-3 STEP-4
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I nclined Surfaceson Pictorials

Inclined surfaces may be plotted by locating the
endpoints on the inclined edges on the isometric
axes. Sketch the angled lines by connecting the
endpoints.

Measurements on | sometrics can only be made
along theisometric axes.

__upward to theleft (width)

__upward to theright (depth)

__vertical (height).

Angles must be converted to coordinate measure-
ments. Calculate (or measure) distances X and Y
from the 60 degree angles. Usethedistances X and
Y along the isometric axesto locate point O on the
pictorial.

Angular dimensions must be converted to coordi-
nate distances.

Measure isometric distances A and B from the
orthographic view and transfer upward to the left
(width) on the isometric view.

Measure distances C and D from the orthographic
view and transfer vertically (height) on the isomet-
ric view.

ISOMETRIC DRAWING
DRAWING INCLINED SURFACES IN ISOMETRIC

SOMETRIC DISTANCE
.c__' NON (SOMETRIC EDGE

2 |
|

\ P 3| ¢ DISTANCE
4-3

ISOMETRIC LINES

MEASUREMENTS CAN BE MADE ONLY ON THE DRAWING OF ISOMETRIC LINES
ANY LINE PARALLEL TO THE EDGE OF A CUBE IS AM ISOMETRIC LINE

ISOMETRIC DRAWING

INCLINED SURFACES

lJL

/3'1- —~X- AND -Y~ ARE COORDINATE MEASUREMENTS

ANGLES IN ISOMETRIC

\ T |
LN

~B- AND-C- ARE COORDINATE MEASUREMENTS
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Obliqgue Edges and Surfaces on Pictorials

Oblique edge 8 - 4 is the line of intersection OBLIQUE EDGES
between two inclined surfaces. IN ISOMETRIC

Sketch each inclined surface on the faces of
theisometric box tolocatetheline of inter sec-
tion.

Locate edge 6 - 7 and sketch the entire surface
using parallel edges.

Locate edge 2 - 3 and sketch the entire surface
using parallel edges.

Intersection line 4, 8 can be located from the
common point between the two construction
surfaces.

L ocate oblique surfaces by fixing points on the OBLIQUE | ’S\IURFACES

edges of the isometric box.

__extend 1, 2 to locate A on the top-front edge ISOMETRIC
__plot 4 on the front-bottom edge

__plot point 5 on the side-bottom edge
__locate point 2 on the top-side-back edge.

TOP VIEW 2

Sketch parallel linesto locate interior points.

LocatelonA -2
Locate50n A -4

__b5,6ispardlel to 3,4and 2, A
__1,6isparalel to4, A. Theselineslocatepoint
6.

Y —

FRONT VIEW SIDE VIEW



ORTHOGRAPHIC PROJECTION Engineering Graphics

Circular Edgesand Cylindersin Pictorial Views

Circles show as ellipses in pictoria views. Three CYLINDRICAL SURFACES .
orientations are possible. ISOMETRIC iy
_ circleinthetop face- fig. 1

__circleinthefront face - fig. 3
__circleinthe side face - fig. 2

"Four center" ellipses may be used for correct
appearance in isometric pictorials.

Four construction lines, even on sketches, are
needed to | ocate the centers for arcs which approxi-
matetrue ellipses. Approximate ellipsesare usually
used on isometrics.

4 center ellipses CYLINDRICAL SURFACES

IN
ISOMETRIC
__Sketch rhombus 1,2,3,4 on the pictorial.

(Use correct radius for each ellipse).

Fig 1:

__Locate mid-point for each side A,B,C,D.
__Sketch line from obtuse angle to opposite mid-
point. (2 lines).

Fig 2:

__Sketch asmall arc at corner 1 and 3 using inter-
section of 2-A : 4-B and 2-D : 4-C.

Fig 3:

__Sketch long arcs using 4 and 2 as centers.

FIG. NO.1-2-3-4 SHOW THE STEPS IN
DRAWING A FOUR-CENTER APPROXIMATE
ELLIPSE. FIG. NO. 5 SHOWS AN ELLIPSE
IN EACH FACE OF THE CUBE.

Similar constructions for top or side ellipses are

shown.

Four center ellipses may be used for freehand CYLINDRICAL SURFACES
sketchesor for drawingsusing either acompass or ISOMETRIC

a computer.

Sketch an ellipse at each point along the cylinder
where an intersection occurs. This will insure an
accurate looking picture.

Sketch a new rhombus and new ellipse for each
diameter circlein the pictorial. ’
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Circlesand Curvesin Pictorials

Correct directions for ellipses in each face are

sh CENTER LINES IN ISOMETRIC
own. :

Center linesfollow theisometric axisdirection for

each face.

Correct ellipse orientation and centerline direc-
tion is essential to produce accurate pictorial
views.

Other curves in pictorial views may require a CURVES IN ISOMETRIC
number of points. Transfer X and Y distances
from the orthographic view using construction
lines 1 through 9 as shown.

A A -
7
P

Use parallel line constructions to locate points.
Sketch a smooth curve through the points.

Anirregular curve may be used on drawings to
draw a smooth curve through the points. Some
CAD software provides polyline constructions
with curve-fitting to draw smooth curves.

@~y D> o
I 4
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Third Anglevs. First Angle projection

Drawings in the United States and afew other
countries use 3rd angle projection. An example is
shown to the right.

2nd First
Angles Angle Angle
between
the Object placedin
Reference 3rd angle.
Planes Third 4th

Angle Angle

Dimensions on objects may be in inches
or millimeters. TOP VIEW

When the reference planes are opened the views are
placed on the paper as shown. This is the American
Standard arrangement of views.

LEFT SIDE FRONT VIEW RIGHT SIDE
VIEW VIEW

Metric drawings made according to 1 SO standards
are created using the First Angle.

When the views are opened and placed on aflat sheet,
the same Front, Top, Side views are placed as shown.
Note where the reference planes are "hinged" to see
why the views are placed on the page this way.

LEFT VIEW —
[~ FRONT VIEW

RIGHT SIDE FRONT VIEW LEFT SIDE
VIEW VIEW

Metric | SO standard arrangement of views.

Many drawings produced by other countries follow
this view placement.

TOP VIEW
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