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GENERAL
This subcourse is designed to introduce the student to the principles of drafting
and shop draw ngs. It describes the primary types of nechani cal draw ngs used for
shop drawi ngs. It endeavors to teach the students how to read shop draw ngs

t hrough visual identification of |ines, synbols, etc.

Six credit hours are awarded for successful conpletion of this subcourse

Lesson 1: DRAFTI NG AND SHOP DRAW NG FUNDAMENTALS
TASK 1: Descri be orthographic projection theory and freehand drafting.

TASK 2: Describe drafting instruments and the fundanentals of geonetric
constructi on.

TASK 3: Descri be the theory and fundamental s of pictorial draw ngs: oblique and
i sometric projection.

TASK 4: Identify shop terms, abbreviations, and di nensioning el ements.

TASK 5: Interpret a shop draw ng.
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LESSON 1

DRAFTI NG AND SHOP DRAW NG FUNDAMENTALS

TASK 1. Descri be orthographic projection theory and freehand drafting.

CONDI Tl ONS

Wthin a self-study environnment and given the subcourse text, w thout assistance.

STANDARDS

W thin one hour

REFERENCES

No suppl enmentary references are needed for this task.

1. I ntroduction

Most work done in a netalworking repair shop is detailed through the use of
bl ueprints and shop draw ngs. In order to interpret these draw ngs into workable
plans, the repair shop technician nust be famliar with the fundanmentals of
drafting and shop draw ngs.

That is the purpose of this subcourse, to introduce the student to the fundanentals
of drafting and shop drawi ngs. Task one of this subcourse will cover the theory of
ort hographi c projection and freehand drafting.

2. Ot hographic Projection

Accurate orthographic drawings are the foundation of all construction draw ngs.
They furnish conplete information for construction and repair, as well as present
an object in its true proportions as to shape and size. Third-angl e orthographic
projection is the standard for all nechanical draw ngs. These draw ngs have very
little pictorial value but are so superior to all
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other forms of drawi ngs, fromthe standpoint of the workman and the draftsman, that
nearly all working drawings are made in this form

FIGURE 1. ORTHOGRAPHI C PRQJECTI ON W TH
THREE VI EV\&.

-

S Y T L Y Y

a. Vi ews. O thographic projection is the nmethod of representing the exact shape
of an object in two or nore views, on planes generally at right angles to each
other, by extending perpendiculars from the object to the planes. One of these
views is referred to as the plane or top view and

2
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represents the object as it appears from directly overhead. Another is known as
the elevation or front view and represents the ob ject as it appears directly from
the front. Still another, designated as side elev ation or side view supplenents

the top and front views by giving infornmation not given in these views. Figure 1
(on the previous page) depicts an orthographic projection with three views. There
are three additional views that are sonetinmes, though rarely, used. These vi ews
are the bottom rear, and |eft side view.

FIGURE 2. VI EW ARRANGEMENTS
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b. View Arrangenment. When views of the various surfaces of an object are placed
on paper, their proper relationship is naintained by the proper arrangerment of
Vi ews. Study the arrangenment of the three views in figure 2. The front view is
the starting place. It was selected for the front view because it shows the npst

characteristic feature of the object. The right side viewis projected directly to
the right of the front view Sonme of the lines in the right side view lie along
extension lines fromthe front view Notice that the top view is placed directly
above the front view and that some of its lines lie along extensions of |ines from
the front view After
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studying each view, try to inmagine or visualize the appearance of the object.
Figure 1 on page 2 indicates how the views are pulled fromthe object.

C. Auxiliary Views. Objects having inclined faces, or other features that are not
parallel to any of the three principal planes of projection, require auxiliary
views to show the true shape of such features. The auxiliary view is arranged as
though the auxiliary planes were revolved into the plane of the paper by
considering it hinged to the plane with which it is perpendicular (figure 3).

FIGURE 3. AUXI LI ARY VI EWS.
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d. Principal Plane Line. Drawings are divided into zones. Each zone contains one
ort hographic view, together with all information pertinent to that view The zones
are separated by crossed (90) construction lines called principal plane Iines
which are simlar to a mathematical coordinate system They are omitted on
finished drawi ngs, but their presence is understood. Principal plane lines are
defined in figure 4 (on the follow ng page). Figure 5 (on the follow ng page)
shows how principal plane lines were initially devel oped.
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FI GURE 4. PRI NClI PAL PLANE LI NES.
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e. Points. Projection theory is the study of how to transfer information from one
orthographic view to another. Oten, two views of an object may be visualized, or
parts of each view may be drawn, but the conpleted drawing remains unclear.
Projection theory enables the bits and pieces to be used together to arrive at a
fini shed draw ng.

Reduced to its sinplest form projection theory nmay be used to transfer a single
point fromone view to another. Figure 6 presents the problem of finding the right
side view of a point where the front and top views are given.

FIGURE 6. TOP AND FRONT VI EW5
OF PO NT 1.
1
+
Top
Front Right Side
it
Figure 7 (on the followi ng page) shows the sol ution. Project the front view of
point 1 into the right side view zone. This is done by drawing a horizontal
construction line parallel to the horizontal principal plane I|ine. The tendency

here is to draw the projection line too short, neaning extension may be required
later on. Al we know at this time is that the right side view is sonewhere al ong
the projection line.
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FI GURE 7. PO NT PRQJECTI ON THEORY
PROBLEM SOLUTI ON.
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This is called a mitre line. Project the top view of point 1 into the right side
vi ew zone. This is done by drawing a horizontal construction line to the right,

parallel to the principal plane line until it touches the 45 mitre line. Wen the
projection line touches the mitre line, it turns the corner, i.e., it goes from
hori zontal to wvertical. To continue the projection line, draw a vertical

construction line, parallel to the vertical principal plane line, extending down
into the right side view zone. As before, dont be stingy with the |ead; draw the
projection Iline through and beyond the horizontal projection |ine. The
intersection of the two projection lines is the right side view of point 1. Label
it.

Several additional points should be nmade before leaving this problem The |ocation
of the front view of point 1 in relation to the top view is not random The
vertical line between the front and top views is parallel to the vertical principal
plane line. Figure 8 shows three views of point 1 and the projection lines used to
go from view to view The point views and lines form a perfect rectangle (four
sided figure with four right angles). This projection rectangle enables the
draftsman to find any third view of a point when he is given the two other views.
This means that if we consider only three principle views (top, front, and right
side), there are only three possible projection problens.

FI GURE 8. PRQIECTI ON RECTANGLE.
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f. Li nes. The projection of lines between views follows directly from the point
projection theory. |If we consider the axiom

To a draftsman, a line is a visible line that connects two or nore points.

It follows then that lines may be projected by projecting the points that define
t hem

Figure 9 presents the problem of finding a right side view when the front and top
views are given.

FI GURE 9. LI NE PRQJECTI ON PROBLEM

Figure 10 (on the following page) is the solution and was arrived at by the
foll ow ng:

Step 1. Projecting point 1 into the right side view
Step 2. Projecting point 2 into the right side view
Step 3. Connecting points 1 and 2 with an object I|ine.
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FI GURE 10. LI NE PROJECTI ON PROBLEM
SOLUTI ON.
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Step 3 is the right side view of line 1-2. One aspect of line projection that
coul d cause

10
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confusion is a double-point projection. This is clarified by the foll owi ng axi om

The end view of a straight line is a point (really a doubl e-point).

Figure 11 is an exanple of a double-point projection. The solution is derived
exactly as shown in figure 10 (on the previous page), except for step 3. Points 1
and 2 cannot be joined by an object line because the line extends into the paper
and, therefore, appears as a double point. This may be visualized if you hold a
pencil horizontal to the ground and rotate it until you are looking directly at the
point, with the eraser end directly behind the point. If the point represents

point 1 and the eraser represents point 2, you now have a nodel of the end view of
a line.

FI GURE 11. END VIEW OF A LINE

RIGHT SIDE view
ol line 5-8

11
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g. Pl anes. As the line projection theory was derived from the point projection
theory, so the plane projection theory follows directly from the line projection
theory. If we consider the follow ng axi om

To a draftsman, a plane is the area enclosed within a series of |lines

i nterconnected end to end.

This differs from the geonetric concept of planes in that it considers a plane a
finite area, that is, an area with known boundaries. Figure 12 gives the front and
top views of plane 1-2-3-4 and asks for the right side view

FI GURE 12. PLANE PROJECTI ON PROBLEM

Figure 13 (on the follow ng page) shows the solution, which was derived at by the
fol | owi ng:

Step 1. Identify the Iines that define plane 1-2, 2-4, 4-3, and 3-1.
Step 2. Project the individual points 1, 2, 3, and 4 into the right side view

Step 3. Drawin, with object lines, the lines that define the plane

12
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FI GURE 13. PLANE PRQJECTI ON PROBLEM
SOLUTI ON.
4
2
=
3 3|
1 1 X
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The lines drawn in step 3 define the right side view of plane 1-2-3-4.

In line theory we found that the end view of a line was a double-point. A sinmilar
situation appears in the plane theory, which is explained by the foll owi ng axi om

The end view of a plane is a line (really several lines directly behind each
ot her).

This may be verified by holding a sheet of paper horizontal to the ground and
rotating it until you are looking directly at one edge. Al'though it is a plane,
t he sheet appears as a line.

h. Curves. So far, we have considered only straight I|ines. Point, line, and
pl ane projection theory may be extended to include curved lines if we consider the
fol |l owi ng axi ons:

To a draftsman, a curved line is a visible line connecting three or nore points
whi ch forma smooth, nonlinear |ine.

13
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To a draftsman, the accuracy of a curve is a function of the nunmber of points used
to define the curve.

To draw a perfectly accurate curve would require an infinite nunber of points. To
do this is not only inpossible, it is also inpractical. Most curves may be very
closely approximated by a finite number of points, and it is up to the draftsman to
determine what Ilevel of accuracy is required and how nany points he needs to
achieve this level. Circles and perfect arcs are exceptions to the axi ons because
they may be drawn with perfect accuracy using a conpass.

Figure 14 is an exanple of the curved line projection problem while figure 15 (on
the follow ng page) offers the solution to this problem

FI GURE 14. CURVED LI NE PROQJECTI ON
PROBLEM

14
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FI GURE 15. CURVED LI NE PROQIECTI ON PROBLEM
SCOLUTI ON.
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3. Freehand Drafting

In the machi ne shop, the sketch or freehand drawing is a quick, accurate, and clear
net hod of conveying ideas. Although sketching is not essential to the reading of a
shop drawing, it is helpful in learning the | anguage of nechani cal draw ngs.

Sketches are nmade rapidly and usually without the aid of drawing instrunments, but

they nust be accurate and conplete. Omi ssions and nistakes that would be
di scovered in meking a scale drawing might easily be overlooked in a freehand
sket ch. Extrenme care, therefore, nmust be taken to ascertain that all information

is accurate and that nothing has been omitted.

a. Ki nds of Sketches. Sketches are divided into two general classes as foll ows:

(1) dass |I. Class | sketches include sketches made before the project is
started.

(a) Idea. Used in studying and devel oping the arrangenent and proportion of
parts.

(b) Conputation. Used in connection with mathenmatical calculations for notion
and strength.

(c) Executive. Drawn by the inventor or engineer to give instruction for
speci al arrangenents or ideas that nmust be enbodied in design.

(d) Design. Used for putting ideas into form from which the design draw ng
can be started.

(e) Working. Used as substitutes nade from fini shed project.

(2) Cass Il. dass Il sketches include sketches made fromthe finished project.
(a) Detail. Made from existing drawings or parts with conplete notes and
di mensi ons. They nmust include infornmation essential to the making of parts, or

nmechani cal drawi ngs of the parts.
(b) Assenbly. Made from an assenbled project to show the relative position of

the various parts, with center and |ocation dinmensions, or sonetinmes with complete
di nensi ons and specifications.

16
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(c) Diagrammtic. Usual ly nade for the purpose of locating and setting up
proj ects.
b. Equi prent and Material s. In the follow ng paragraphs, sone of the nmaterials
required to make a good sketch of an object will be discussed
(1) Paper. Either plain or cross-section (grid) will be used.
(2) Pencil. Medium sharpened to a long conical point, not too sharp

(3) FEraser. Art gumor regular, but to be used only when a clean, clear job can
be acconpli shed.

(4) Measuring Devices.
(a) Rule or scale
(b) Calipers

(c) A square, thread gage, and mcroneter, on occasions where nore accurate
sket ches are required.

C. Techni que. In drawing any straight |ine between two points, keep the eyes on
the point to which the line is to go rather than on the point of the pencil. Do
not try to draw the conplete line in a single stroke. Usually, it is advisable to
draw a light line first, and then correct any discrepancies in the light line with
a heavy line. Accuracy of direction is nore inportant than the snpbothness of the
line. To obtain this accuracy, hold the pencil freely, not too close to the point,
and draw the different lines as follows:

(1) Vertical Lines. Draw downward with a finger novenent in a series of
over | appi ng strokes.

(2) Horizontal Lines. Drawwith either a wist or forearm notion.
(3) Inclined Lines. Wen running dowward fromright to left, draw with the sane

notion used for vertical |ines. When they run downward from left to right, turn
t he paper and draw them as horizontal |ines.

17
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(4) Crcles. Draw by marking the radius on each side of the center |ines, then
sketch the circunference.

d. Procedure. A systematic order of application should be followed for both idea
sketches and sketches fromobjects. It is outlined as follows:

(1) Visualize hject. This is essential so that the nental inmage is definite and
clear and a good graphical description can be devel oped.

(2) Determ ne Views. The views may or may not be the same as for a scale
drawi ng, depending upon the purpose of the sketch; e.g., a note in regard to the
t hi ckness or shape of the section will often be used to save a view.

(3) Determine Size. A sketch should be in proportion to the sheet of paper. It
should be large enough to show all detail clearly, but allow plenty of room for
di mensi ons, notes, and specifications.

(4) Locate Center Lines. Always |ocate the center lines first when beginning a
sket ch.

(5) Block in Main Qutlines. Watch carefully the proportions of width to height
in this step. Sel ect one edge as a unit from which to estinate the proportionate
| engths of the other edges.

(6) Conplete Detail. After the main outline is satisfactory, fill in the details
in correct proportion.

(7) Dinmension Lines and Arrowheads. When the shape of the object has been
conpletely described, the dinmension lines and arrowheads should be added. No

nmeasurenments are taken until this step is conpleted.

(8) Dinensions. Now the sketch is ready to have dinmensions inserted on it.
These dinmensions are obtained with a rule or a steel cable. Al neasurenents
shoul d be taken from fini shed surfaces.

(9) Titles and Notes. These should be inserted together with the date so that,
in the case of new inventions, it is possible to prove priority.

18
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(10) Check. The sketch should be given a final check. Be sure this is done very
careful ly.

4. Concl usion
This concludes task one, which dealt wth orthographic projection and freehand

drafting. In task two, we will cover drafting instruments and the fundanentals of
geonetric construction.

19
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LESSON 1

DRAFTI NG AND SHOP DRAW NG FUNDAMENTALS

TASK 2. Describe drafting instruments and the fundanentals of geonetric
construction.

CONDI Tl ONS

Wthin a self-study environnment and given the subcourse text, w thout assistance

STANDARDS

W thin one hour

REFERENCES

No suppl enmentary references are needed for this task.

1. I ntroduction

In task one of this subcourse, we covered orthographic projection and freehand
drafting. In this task, we will cover drafting instruments and the fundanental s of
geonetric construction.

2. Drafting I nstruments
In the follow ng paragraphs, we wll cover sone of the drafting instrunents that
may be encountered and used; however, we will not cover such common instrunents as

pencils and erasers.

a. Scal es. Scales are used for linear neasuring. The scale npst commonly used by
a draftsman is one with its inches graduated into sixteen divisions, with each
di vi sion neasuring one-sixteenth of an inch. Figure 16 (on the follow ng page)
shows part of a 16 to the inch scale, together wi th some sanple neasurenents.
Unlike a real scale, the scale in figure 16 has the first inch conpletely | abel ed
to help you becone famliar with the different fractional values. Measur enment s
nor e

20
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FI GURE 16. A 16-TO THE | NCH SCALE W TH
SOVE SAMPLE MEASUREMENTS.

7
133
A
]
-’—'l
1e‘l

};‘é i[e%l, ;Glrl; %ﬁl lllll’l ll[’l]l I’I'Ill f}ltll

FI GURE 17. A DECI VAL SCALE W TH SOVE
SAMPLE MEASUREMENTS.

104 ———ed

7S~

] 1

” ;g; HHII”I i

IIII'IIH

l!lw ,IHI]IIH‘HII'H(

3

1
.2 4 8

G




PRI N. OF DRAFTI NG AND SHOP DRAW NGS - 0D1641 - LESSON 1/ TASK 2

accurate than one-sixteenth nmust be estimted. For exanple, 1/32 is halfway
between the 0 and the 1/16 narks.

Figure 17 (on the previous page) shows part of a decinal scale. Each inch is
divided into 50 equal parts nmeking it possible to make neasurenments within 0.01
inch (hundredth of an inch) accuracy. Several sanple readings have been included
and the first 0.10, unlike a real decinmal scale, has each graduation mark | abel ed.

Many scales are set up for other than full-sized draw ngs. For exanmple, the 1/2
scale enables a half-sized drawing to be made directly w thout having to divide
each di nmensional value by 2. Three-quarter scales enable direct 3/4 sized draw ngs
to be made, and so on.

All fractional scales are read as shown in figure 18. Only one of the sections
representing an inch is graduated into fractional parts. This graduated section is
located to the left of the 0O mark. Wen nmaking a reading (for exanple 3 7/8) on
a fractional scale, read the whole (3) part of the nunmber to the right of the 0
and the fractional part (7/8) to the left. See figure 18 for an exanple of a 3 7/8
readi ng on a hal f-scal e.

FI GURE 18. A HALF SCALE W TH SOME
SAMPLE MEASUREMENTS.
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b. T-Square and Triangl es. A T-square is used as a guide for drawi ng hori zontal
lines and as a support for the triangles which, in turn, are used as guides for
drawi ng vertical and inclined lines. To use a T-square or triangle as a guide for
drawing lines, pull the pencil along the edge of the straight edge from left to
right. (These directions are for right-handed people. Left-handed peopl e shoul d
reverse the directions.) Rotate the pencil as you draw so that a flat spot will not
form on the |ead. Flat spots cause wi de, fuzzy lines of uneven w dth. Al ways
remenber to keep your draw ng | ead sharp.

When using a T-square, hold the head (top of the T) firmy and flat against the
| eft edge of the drawing board. Use your left hand to hold the T-square still and
in place while you draw. \When you nove the T-square, always check to see that the
head is snug agai nst the edge of the drawi ng board before you start to draw again.

When a T-square and a triangle are used together to create a guide for draw ng, the
| eft hand nmust not only hold the T-square firmly in place; it nust also hold the
edge of the triangle firmy and flat against the edge of the T-square. To
acconplish this, use the the heel of your hand to hold the T-square in place and
your fingers to keep the triangle against the T-square.

It is inportant that all your tools be accurate. A T-square, for exanple, mnust
have a perfectly straight edge. If it does not, you will draw wavy |ines and
i naccurate angles with the triangles. To check a T-square for accuracy, draw a

long line by using the T-square as a guide. Then flip the T-square over and, using
the same edge just used as a guide, see if the T-square edge (now upside down)
matches the line. |If it does not, the T-square is not accurate.

Triangl es should be checked for straightness in the sanme manner used to check a T-
square, but, in addition, they must be checked for squareness. To check a
triangle for squareness, align the triangle against the T-square and draw a |ine by
using the edge of the triangle which forms a 90 angle to the T-square as a guide.
Hol ding the T-square in place, flip the triangle over, and see if the triangle edge
matches the line. |If it does not, the triangle is not square, neaning either

23
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that the 90 angle is not 90, or that the edge of the triangle is curved, or that
the edge of the T-square is curved.

To use the T-square and the triangle as a guide for drawing a line parallel to a
given inclined line, align the long leg of the triangle with the given line and
then align the T-square to one of the other legs of the triangle. By hol ding the
T-square in place with your l|eft hand, you can slide the triangle along the T-
square and the long leg will always be parallel to the originally given |ine.

C. Conpass. A conpass is used to draw circles and arcs. The three basic kinds of
conpass are drop, bow, and beam The bow is the nost common.

To use a conpass, set the conpass opening equal to the radius of the desired circle
or arc by using a scale. Then place the conpass point directly on the circle
center point and, using only one hand, draw in the circle.

d. Protractors. A protractor is used to nmeasure angles. The edge of a protractor
is calibrated into degrees and half-degrees. Figure 19 (on the follow ng page)
shows part of a typical protractor edge, together with sone sanple measurenents.
Measurements nore accurate than half a degree (0.5 ) nust be estimated.

To nmeasure an angle, place the center point of the protractor on the origin of the
angle so that one leg of the angle aligns with the O nmark on the protractor. Read
the angle value where the other leg of the angle intersects the calibrated edge of
the protractor.

e. Curves. Curves are used to help draw noncircular curved shapes. Dr af t snen
refer to then as French curves or ships curves, depending on their shapes (ships
curves |l ook like the keel of a ship).

Noncircul ar shapes are usually defined by a series of points and a curve is used to

help join the points with a snmooth, continuous I|ine. Using a curve to help create
a smooth line is difficult and requires much practice.
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FI GURE 19. A PROTRACTOR W TH SQOVE
SAVPLE MEASUREMENTS.

f. Tenpl ates. Tenplates are patterns cut into shapes useful to a draftsman. They
save drawing tinme by enabling the draftsman to accurately trace a desired shape.
Sonme tenplates provide shapes that are difficult to draw with conventional draw ng
tools (very small circles, for exanple). Oher tenplates provide shapes that would
be tedious and tine-consunming to layout and draw (ellipses, for exanple).

The nost comon tenplate used in nechanical drafting is the circle tenplate. The
holes of a circle tenplate are |abeled by dianeter size and are generally nmade
slightly oversized to allow for I|ead thickness. Always check a circle tenplate
before initial use to see if lead all owance has been incl uded

To use a circle tenplate, locate the center point of the future circle with two
lines 90 to each other. Align the template with t he two 90 lines by using the
four index marks printed on the edge of the tenplate hole. Draw in the circle.
Keep
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the | eadhol der vertical and constantly against the inside edge of the hole pattern.
Check the finished circle with a scale.

g. O her Tool s. There are nmany tools, other than the ones already presented,
which are used to help create technical draw ngs. One such tool is an adjustable
curve or snake, which is useful when draw ng unusually shaped curves.

Another tool 1is the drafting machine. A drafting machine is a conbination
T-square, triangle, protractor, and scale which, when used properly, will greatly
i ncrease drawi ng efficiency. The information previously presented for using a

T-square, triangle, protractor, and scale may be directly applied to using a
drafting machi ne.

This concludes the discussion on drafting tools. In the follow ng paragraphs, we
will discuss the fundanental s of geonetric construction.

3. Geonetric Construction

Ceonetric constructions are the building blocks of drafting. Every drawi ng,
regardless of its difficulty, is a geonetric shape. A rectangle is four straight
lines and four right angles. A camis a series of interconnected arcs of various
radii. Every repair shop technician nmust have a fundanental know edge of geonetric
constructions if he is to progress to nore difficult work.

In the follow ng paragraphs, we wll discuss sone of the geonetric constructions
that may be encountered.

a. Poi nts and Lines. A point, to a draftsman, is defined as the intersection of
two construction lines (figure 20 on the follow ng page).
NOTE
A dot should not be used to define a point because a dot

may be easily confused with other marks on the draw ng and
t her eby cause errors.
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FI GURE 20. PO NTS.

Point

Point

FI GURE 21. LINES

Point

Line

Point.

Line
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Aline, to a draftsman, is an object line connecting two or nore points (figure 21
on the previous page).
NOTE

The accuracy of a curved line depends on the nunber of

points used to define it. The nunber of points used

depends on the accuracy required for the particular curve.
b. Bi secti ng. Bi secting is the geonmetric way of finding the center of a line or
an angl e. In the followi ng subparagraphs, we wll discuss the two procedures for
bi secting a line and the procedure for bisecting an angle.

(1) Bisect a Line - First Method (figure 22 on the foll owing page). Let s assune
we are given a line (1-2, view A). Qur problemis that we have to divide this |ine
into two equal parts. To divide the line into two equal parts, perform the
foll owi ng steps:

Step 1. Construct an arc of radius R Use point 1 as the center. R = any radius
of greater length than 1/2 of line 1-2 (view B).

Step 2. Construct an arc of radius R Use point 2 as the center (view Q).
Step 3. Define the intersection of the arcs as points 3 and 4 (view Q).
Step 4. Connect points 3 and 4 with a construction line (view D).

Step 5. Define point S where line 3-4 intersects line 1-2. Line 1-5 is equal to
line 5-2

NOTE

This is the classical method as taught in plane geonetry.
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FI GURE 22. BISECT A LINE - FIRST METHCD.

—

w

~—
—

(&)

(2) Bisect a Line - Second Method, (figure 23 on the follow ng page). Let s
assunme that we have a line (1-2, view A). Again our problemis to divide the line
into two equal parts. To divide this line into tw equal parts, perform the
foll owi ng steps:

NOTE
This nethod relies on drafting equipnent for conpletion.
Any angle may be used in steps 1 and 2 as long as they are

equal .
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FI GURE 23. Bl SECTI NG A LI NE -
SECOND METHOD.
L]
45
) +
1 2
4
(B)
Q
45 45° kY
1 2
Ve ﬁ’\
(C) 1 - 2
S
4
(D)

Step 1.
gui de,

Step 2.
O .

Step 3.

30

Align the T-square with
construct a line 45 to line 1-2 through poi nt

Repeat

step 1,

line 1-2 and,

this time constructing the 45

using a 45-45-90
1 (figure 23,

Vi ew B)

line through point

triangle as a

2 (view

Define the intersection of the construction line as point 3 (view C).
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Step 4. Draw a line through point 3 perpendicular to line 1-2 which intersects
line 1-2 (view D).
Step 5. Define point 4 as shown in viewD. Line 1-4 is equal to line 4-2.
(3) Bisect an Angle, (figure 24). Let s assume that we have an angle (1-0-2,

view A). CQur problemis that we have to bisect this angle. To bisect this angle,
performthe foll owi ng steps:

FI GURE 24. BI SECT AN ANGLE.

(A) (B)

(C) (D)
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Step 1. Construct an arc of radius R Use point 0 as the center (view B).
Step 2. Define points 3 and 4 where the arc intersects lines 0-1 and 0-2 (view B).

Step 3. Using points 3 and 4 as centers, construct two nore arcs of radius R as
shown in view B.

Step 4. Define the intersection of the two arcs as point 5 (view C).

Step 5. Construct a line 0-5. Angle 1-0-5 is equal to angle 5-0-2 (view D).

C. Di vide a Line. In the follow ng subparagraphs, we will discuss the procedures
for dividing a line into any nunber of equal parts and dividing a line into
proportional parts.

(1) Divide a Line into Equal Parts, (figure 25, on the follow ng page). Let s
assume that we have a line 1-2 (view A). W have to divide this line into five
equal parts. To divide the Iine performthe follow ng steps:

Step 1. Construct a line A-X at any angle to line 1-2 (figure 25, view B).
Step 2. Mark off five equal spaces along line 1-X and construct a line 2-7 (view
0.
NOTE
Any size space may be used as long as they are all equal in

| engt h.

Step 3. Draw lines 6-F, 5-E, 4-D, and 3-C parallel to line 2-7 (figure 25, view
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FI GURE 25. DI VIDI NG A LI NE | NTO EQUAL
PARTS.

@A) (B)

() (D)

(2) Divide a Line into Proportional Parts, (figure 26,
Let s assune that we have a line 1-2 (view A) and t hat
into proportional parts of 1, 3, and 5. To do this,

on the follow ng page)
we need to divide this line
performthe follow ng steps

Step 1. Add up the total nunber of
nunber derived as if
26, view B)

proportional parts required and use the total
the problem were to divide the line into equal parts (figure
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Step 2.

Step 3. The

d.

Refer back to the procedures contained in paragraph 3c(1l) on page 32, to
divide the line into equal parts (view C).
n, mark off the required proportional parts (view D).
In the foll owi ng subparagraphs, we wll discuss the five procedures

Hexagon.

for constructing a hexagon.

(D) @

FIGURE 26. DIVIDE A LINE | NTO
PROPCRTI ONAL PARTS.

-l

Any acute angle
(A)

Equai perts
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(1) Construct a Hexagon - First Method, (figure 27). Let s assunme that we have
to draw a hexagon D across the opposite corners. To construct a hexagon, perform
the foll ow ng steps:

FI GURE 27. CONSTRUCTI NG A HEXAGON -
FI RST METHOD.

T
N
a

+}/
D D

X

n|o

N

2
Start at any (C)
point
(B)
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Step 1. Construct a circle of dianmeter D. Di anmet er/ 2=r adi us. Set a conpass to
the radi us di nension (view A).

Step 2. Using the conpass, mark off six distances D)2 as shown in view B.
Step 3. Draw in the hexagon (view C).

This is the classical geonmetric method and is not generally used by draftsman
because it nakes positioning of the hexagon difficult.

(2) Construct a Hexagon - Second Method, (figure 28 on the follow ng page). W
will construct a hexagon S across the opposite corners by performng the foll ow ng
st eps.

Step 1. Construct a circle of dianeter S (view A).

Step 2. Define points 2 and 3 as shown in view A (figure 27 on the previous page).

Step 3. Using points 2 and 3 as the center, construct two arcs of radius S/2 (view
B) .

Step 4. Define points 4, 5, 6, and 7 as shown in view C
Step 5. Draw in the hexagon (view C).

(3) Construct a Hexagon - Third Method, (figure 29 on page 38). Let s assune
that we have to construct a hexagon A across the opposite corners. Construct it by
perfornmng the foll owi ng steps:

Step 1. Construct a circle of dianmeter A

Step 2. Using a 60 triangle, construct lines 60 to the horizontal as shown in
view A

Step 3. Define points 1, 2, 3, and 4 (view A).
Step 4. Construct lines 1-2 and 3-4 (view B).

Step 5. Draw in the hexagon (view C).
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FI GURE 28. CONSTRUCT A HEXAGON -
SECOND METHOD.

pjo

3
(A)
S
(B) (<)
(4) Construct a Hexagon - Fourth Method, (figure 30 on page 39). In this problem
we have to construct a hexagon B across the opposite corners. To construct this

hexagon, performthe foll owi ng steps:
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Step 1.

Step 2.

Construct a circle of dianeter B.

Using a 30 triangle, construct |ines 30

figure 30, view A on the follow ng page.

LESSON 1/ TASK 2

to the horizontal

as shown

in

Step 3. Define points 1, 2, 3, and 4 (view A).
FI GURE 29. CONSTRUCT A HEXAGON - THI RD
METHOD.
(o]
60
(A)
(-]
€0
4
2
S
2
1 2
4
3 4
(B)
(C)
Step 4. Construct lines 1-2 and 3-4 (figure 30, view B).
Step 5. Draw in the hexagon (view Q).
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FI GURE 30. CONSTRUCT A HEXAGON - FOURTH
METHOD.

égo 1 3 3+0°
5
+ (A)
30° 2 4 3g°
Y M

|
_l,_ﬁ
2 4
l
(B)

(<)

(5) Construct a Hexagon - Fifth Method, (figure 31 on the follow ng page). We
have to construct a hexagon C across the flats. To construct this hexagon, perform

the follow ng steps:
Step 1. Construct a circle of dianeter C (view A).
Step 2. Construct two vertical lines tangential to the circle (view A).

Step 3. Using a 30 triangle, construct lines tangential to the circle, and 30 to
the horizontal as shown in view B.
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FI GURE 31. CONSTRUCTI NG A HEXAGON -

FI FTH METHCOD.

(a)

- C -
~
e S~
+ -~ ~
~ - +
N L~
o
horizontal {C)
Step 4. Draw in the hexagon (figure 31, view O).
e. Pent agon, (figure 32 on the follow ng page). In the follow ng subparagraphs,
we wll discuss the procedures for constructing a pentagon. W have to draw a
pentagon inscribed in a circle of dianeter A To draw this pentagon, performthe

foll owi ng steps:

Step 1.

Step 2.

40
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FI GURE 32. DRAW NG A PENTAGON.

(A)

N o

5)
Y

¢B)

Bisect line 0-1 and define the m dpoint as point 3 (figure 32, view A).
Define point 4 as shown in view A

Using a conpass set on point 3, construct an arc through point 4 and line

Define the intersection of the arc and Iine 2-0 as point 5.

Using a conpass set on point 4, construct an arc through point 5 and the

of the circle (view B).

41



PRI NCl PLES OF DRAFTI NG AND SHOP DRAW NGS - OD1641 - LESSON 1/ TASK 2
Step 8. Define the intersection of this arc and the circle as point 6 (figure 32,
view C, on the previous page).

Step 9. Using a conpass, nmark off the distance 4-6 around the circunference of the
circle as shown in view C

Step 10. Draw in the pentagon (view C).

f. Cctagon, (figure 33). In this problem we have to draw an octagon D across the
flats. To draw this octagon, performthe foll owi ng steps:

FI GURE 33. DRAW NG AN OCTAGON.

(A}

N
~N /1
PERNYE

(B) 45°10 the
horizontal

Step 1. Draw a circle of dianmeter D (view A).
Step 2. Construct four tangent lines as shown in view B.

Step 3. Construct four lines, 45 to the horizontal, tangential to the circle as
shown in view C.

Step 4. Draw in the octagon (view Q).
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g. Approximate Ellipse, (figure 34). In this problem we have to draw an
approximate ellipse fromthe followi ng given information: we have a ngjor axis A-O
B and a minor axis of X-OY (view A). To construct this ellipse, perform the
foll owi ng steps:
FI GURE 34. DRAW NG AN APPROXI MATE
ELLI PSE.
2 x-2
X
X
3
o \
Y Y
(A) (B}
Bisect of
line 3-8
2
x_\ %
[ 4
Al 5 '8 A st B
y
Y -
AS 4-8 ‘t‘
\_ 5
5-X
(€ (D)
Step 1. Draw an arc of radius OA, wusing point O as a center, such that it
intersects point A and an extension of line Y-O X (view B).
Step 2. Draw a straight line between points X and B (view B).
Step 3. Draw arc X-2 as shown in view B.
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Step 4. Define the intersection of arc (X-2) and line X-B as point 3 (figure 34,
view B, on the previous page).

Step 5. Bisect line 3-B and draw the bisect line so that it intersects an
extension of the line X-OY. Define this intersection as point 5 (view Q).

Step 6. Define the intersection of the bisect line and Iline OB as point 4 (view
0.

Step 7. Using point 5 as center, draw an arc of radius 5-X as shown in view C
Also draw an arc of radius 4-B as shown in view C These two arcs will generate

half of the ellipse. Draw the other half by symetry (view D).

4. Concl usi on
In this task, we covered drafting instrunments and the fundamentals of geonetric

construction. In the next task, we will discuss the theory and fundanmentals of
pictorial draw ngs: oblique and isonetric projection.
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LESSON 1
DRAFTI NG AND SHOP DRAW NG FUNDAMENTALS
TASK 3. Descri be the theory and fundanentals of pictorial draw ngs: oblique and
i sometric projection.

CONDI Tl ONS

Wthin a self-study environnment and given the subcourse text, w thout assistance.

STANDARDS

W thin one hour

REFERENCES

No suppl enmentary references are needed for this task.

1. I ntroduction

In the previous two tasks of this subcourse, we discussed orthographic projection,
freehand drafting, drafting instruments, and geonetric construction. In this task,
we will discuss pictorial drawi ngs: oblique and isonetric.

Shop drawings are divided into two main categories of projection, pictorial and
ort hographic. These two main categories are further subdivided into various types.
For instance, under pictorial drawings there are four subdivisions, perspective,
oblique, isonetric, and cabinet. In this task, we will only be discussing two of
t hese subdi vi si ons, oblique and isonetric.

2. | sonetric Draw ngs

I sonetric drawings are technical pictures that can be drawn by using instrunents.
They are not perfect pictures because their axes do not taper
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as they approach infinity. Figure 35 shows a conparison between an isonetric
drawi ng of a rectangular box and a pictorial drawing (such as an artist would draw)
of the sane object; it denonstrates the distortion inherent in isonetric draw ngs.
Not e how the back corner of the isonmetric appears much |arger than the back of the
pictorial draw ng. Despite the slight distortion, isometric drawings are a
val uabl e way to convey technical infornmation.

FI GURE 35. A COWPARI SON BETWEEN AN
I SOVETRI C AND A PI CTORI AL
DRAW NG

Pictorial

isometric

The basic reference system for isometric drawings is shown in figure 36 (on the

foll owi ng page). The three lines are 120 apart and nay be thought of as a
vertical line and two lines 30 to the horizontal, which neans that they nmay be
drawn by using a 30-60-90 triangle supported by a T-square. Al isonetric draw ngs

are based on this axis system

46



PRI N. OF DRAFTI NG AND SHOP DRAW NGS - OD1641 - LESSON 1/ TASK 3

FI GURE 36. THE BASI C REFERENCE SYSTEM
FOR | SOVETRI C DRAW NGS.

120°

30° 3¢°
f Bl
‘\—-Horizcntai

120 120°

Normal |y, an isonetric drawing is positioned so that the front, top, and right side
vi ews appear, as shown in figure 37 (on the follow ng page). This nay be varied
according to the position that the draftsman feels best shows the object.

Di mensi onal values are transferable from orthographic views only to the axis, or
lines parallel to the axis, of isonetric drawings. Angles and inclined dinensiona
values are not directly transferable and require special supplenentary |ayouts
which will be explained | ater (page 50, paragraph 2b) in this task.

I sometric drawings do not normally include hidden lines, although hidden |ines may
be drawn if special enphasis of a hidden surface is required.
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FI GURE 37. THE RELATI ONSH P BETWEEN THE
FRONT, TOP, AND SI DE VI EW6
AS DRAWN ORTHOGRAPHI CALLY
AND | SOVETRI CALLY.

Top /

Front -Z/

Right
Side
a. Nor mal Surf aces. Figure 38 (on the following page) is a sanple problem that
requires you to create an isonetric drawing from given orthographic views. Si nce

all surfaces in the problem are normal (90 to each other), all dinmensional values
may be transferred directly from the orthographic views to the isonetric axis, or
lines parallel to the isometric axis. The basic height, width, and length of the
object are 1 1/2, 2, and 3, respectively, in both the isonmetric and orthographic
dr awi ngs. In figure 38 we are given the front, top, and side views of an
ort hographi c projection. Qur task is to draw an isonetric dranwing from this
i nformati on.
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FI GURE 38. | SOVETRI C DRAW NG PROBLEM

e L e o

Figure 39 (on the following page) is the solution to figure 38 and was derived by
the followi ng procedures:

Step 1. Make, to the best of your ability, a freehand sketch of the solution.
Renmenber that since it is easier to make corrections and changes on a sketch than
on a drawing, you should make your sketch as conplete and accurate as possible
(figure 39, view A).

Step 2. Using very light lines, lay out a rectangul ar box whose height, w dth, and
| ength correspond to the height, width, and length given in the orthographic views
(view B).

Step 3. Again, using very light lines, lay out the specific shape of the object.
Transfer dinmensional values directly from the orthographic views to the axis, or
lines parallel to the axis, of the isonmetric drawing (views C and D).

Step 4. FErase all excess lines and snudges, carefully check your work, and darken
inall final lines to their proper color and pattern (view E).
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FI GURE 39. SCLUTION TO | SOVETRI C
DRAW NG PRCBLEM

(A)

{C)

(D)

b. Slanted and Oblique Surfaces. Figure 40 (on the following page) is a sanple
problem that involves the creation of an isonetric drawing from gi ven orthographic
views that contain a slanted surface. The slanted surface is dinmensioned by using
an angul ar dinension. That presents a probl em because angul ar di mensi ons cannot be
directly transferred from orthographic views to isonmetric draw ngs.
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FI GURE 40. | SOMETRI C DRAW NG PROBLEM
CONTAI NI NG A SLANTED
SURFACE.
FIGURE 41. TWO EXAMPLES OF ANGULAR
DI MENSI ONS.
i——!—v-
I a
60° b W\
{ | b
c K |
——-1 d pe—
75° —r
/¥ 14
}-— 1
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To transfer an angul ar dinmensional view from an orthographic view to an isonetric

drawi ng, convert the angular dinensional value to its conponent |inear value and
transfer the conmponent values directly to the axis of the isonetric draw ng.
Figure 41 (on the previous page) illustrates this procedure by showi ng two angul ar
di nensi ons that have, been converted to their respective linear values, then
showing how these values are transferred to the isonetric axis. Normal ly, a
draftsman sinply neasures his full-sized orthographic views and then transfers the
information. |If the information is not available, they make a suppl enentary | ayout

from which the necessary values nay be nmeasured. Supplenmentary |ayouts may be nade
on any extra avail able piece of paper and should be saved for reference during the
checki ng of the drawi ng.

Figure 42 (on the following page) is the solution to the problemin figure 40 and
was derived by the follow ng procedures:

Step 1. To the best of your ability, make a freehand sketch of the solution (view
A .

Step 2. Using very light lines, lay out a rectangul ar box whose height, w dth, and
I ength correspond to the height, width, and length given in the orthographic view
(view B).

Step 3. Using very light lines, lay out the specific details of the object. Were
necessary, nake supplementary |ayouts that furnish the |inear conponent val ues
which can transfer to the isonetric axis. In this case, the 30 conponent |ayout
is shown in figure 41 (on the previous page).

Step 4. Erase all excess lines and snudges, check your work, then draw in all
lines to their proper color and pattern.

C. Holes in Isonmetric Drawings. There are two basic nmethods for drawing holes in

i sometric draw ngs. One nmethod is to use instruments and draw the holes by using
the four-center ellipse
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FI GURE 42. SCLUTION TO THE | SOVETRI C
DRAW NG PRCOBLEM

i %
(B)
{F)

‘j% (E)

net hod. The other method is to use an isonetric hole tenplate as a guide. The
tenplate is much easier and faster to use, but tenplates are available only in
standard hole sizes. Very large or odd-sized holes may only be drawn by using the
four-center ellipse method.

The four-center ellipse nmethod is presented in figure 43 (on the follow ng page).
When you use this nethod, be careful that the four centers are
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| ocated accurately. If the centers are not |ocated properly, the four individual
arcs will not nmeet to forma snooth, continuous ellipse. A good practice that will
help you draw a smooth, continuous ellipse is to lightly construct the ellipse,
then check it for accuracy before drawing in the final heavy arcs.

FI GURE 43. FOUR CENTER METHOD OF
DRAW NG AN | SOVETRI C
ELLI PSE.

N o a’}
&2

& #

An isonetric hole tenplate may be conveniently used as a guide for drawi ng the hole

size for which it is cut. To align the tenplate for drawing, first draw in the
hole center lines, then align the guidelines printed on the tenplate adjacent to
the desired hole with the center lines on the draw ng. If you are still unsure of
how to position the tenplate, draw in the center lines and the ngjor and mi nor axes
of the ellipse as shown in figure 44 (on the follow ng page). Then align the
tenpl ate

54



PRI N. OF DRAFTI NG AND SHOP DRAW NGS - OD1641 - LESSON 1/ TASK 3

with the four intersections forned by the center lines as they cross the major and
m nor axes (|l abeled points 1, 2, 3, and 4 in figure 44) and draw in the ellipse.

FI GURE 44. METHOD FOR DRAW NG ELLI PSE
W TH A TEVPLATE.

Figure 45 is a problem that requires you to draw a hole in an isonmetric draw ng.
Figure 46 (on the follow ng