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Figure I-5 Mechanical illustration (Courtesy Ken Elliott)

ing the represented parts. Notice that the drawings
contain 2 graphic representation of the part diinen-
sions. material specifications. and notes.

(NTuStrations OT RENGEnnes
1 or renderings are referred
to as a third type of drawing because they are not
completely technical. neither are they completely
artistic: they combine elements of both. as shown in
Figures|-3,1-4,1-5, and I-6. They are technical in that
they are drawn with mechanical instruments oron a
computer-aided drafting system. and they contain
“ some degree of technical information. However. they
are also artistic in that they attempt to convey a
mood, an attitude, a status or other abstract. nontech-
nical feelings.

Types of Technical Drawings

Technica! drawings are bascd on the f |

i
51
representation of an entity onan imaginan € o7,
planes. This projection plane serves the 2<% Pl
pose in technical drawing asis served by T POV
screen in a theater. 4
As can be seen in Figure 1-7. a projectior: swlves
four components: 1) the actual object that T =¥
ing or projection represents. 2) the eyeof tre VEWer
looking at the object. 3! the imaginary PRSI
plane (the viewer's drawing paper of the a\‘-“"‘d'q
play in a computer-aided drafting syste™ nddl
imaginary lines of sight called projectos.
Two broad types of projection. both Wi =
subclassifications. are parallel projection #™ (2
spective (converging) projection.

parallel Projection

E
Parallel projection s subdivided int the ““:::

three categories: orthographic. obliaue: s

metric projections. daw
Orth fic projecti zredﬂ""‘“"“"_‘“::_-m

principles of projection. A projection is a drawing or
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Figure [-8 Orthographic

Figure 1-6 Mechanical illustration (Courtesy Ken Elliolt)

PROJECTORS

FRONT VIEW

THE PROJECTION
OR DRAWING

OBJECT BEING
VIEWED

, 7 multiview drawing
L] Section |
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DEPTH- HALF SCALE

__‘ OBLIQUE (CABINET)

Figure I-9 Oblique projection (cabinet]

[—FLLL SIZE

of the subject Figure |-8. Ofligze projections actually
show the depth of the subject. and are of two varieties:
abinet (half scale] or aalier (full scalel projections.
Figures 1-9 and 1-10. Azwonometnc projections are three-
dimensional drawings. and are of three different
varieties: isometric. dimetric. and trimetric. Figures
1L 12, and I-13

Perspective Projection

Perspective projections are drawings which attempt to
replicate what the human eye actually sees when it
views an obje<t. Thatis why the projectors in a per-
spective drawing converge. There are three types of

ISOMETRIC
Flgure J-1T Axonometric proiection (isometric)

L— FJLLS!ZE—J OBL

Figure I-10 Qblique projection Icavalier)

.n

iQUE (CAVALER)

perspective projections: one-point. two-point. and
three-point projections. Figures I-14. I-15, and I-16.

Purpose of Technicai Drawings

To appreéciate the need for technical drawings. one
must understand the design orocess. The design pro-
cess is an orderly, systematic procedure used in
accomplishing a needed desisn.

DMETRIC
Figure I-12 Axonometric projection (dimetric)
{nzroduction
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2 TRIVETRIC
Figure I-13 Axonometric projection (trimetric)

ONE- POINT PERSPECTIVE
Figure I-14 One-point perspactive prejectior

AZNISHING

PONT (L) VANISHING - i

POINT (R)

Figurc I-16 Three-point perspective projection
Figure I-17 The design Figure I-18 The design

A'I)" product that is to be manufactured. fabricated.
T 4

Figure I-15 Two-point perspective projection

opmeni and testing of models or prototypes. and 5)
devel working i Figure I-17.

ess must first be de-
signed. For example. 2 house design
A printed circuit board

The age of computers has altered the design pro-
cess slightly for those companies which have con-
verted to computer-aided design and drafting. For
these companies, the exp ive, tin
fourth step in the design process — the making and

support the design process is called drafting. People
who do drafting are known as draficrs or drafting
(echnicians. The words “draftsman™ or “draughtsman”
are no longer used.

In the first step of the design process. technical
drawings are used to help clarify the problem or the
need: The drawings may be old ones on file or they
may be new ones created for the purpose of clarifi-
cation. In the second step. technical drawings — often
in the form of sketches or prel y drawi -
are used to document the various ideas and con-

:
process (manual) process (CAD)
1
> -
TWO-POINT PERSPECTIVE 2 P The purpose of technical drawings is to document individuals involved in the conversion process. Fig-
<he design process. Creating technical drawirgs to ure 1-20is 2 working drawing documerticg the design

of a simple mechanical part. The drawing was pro-
duced manually Figure 1-2 1 is a similar drawing pro-
duced on a CAD system.

before it can be manul H
must be designed before it c3 testing of actual models or prototypes — has been 1 cepts formed. In the third step, technical drawings —
N subsz:nﬂally altered. Figure I-18. This fourth step has 1 again. usually preliminary drawings — are used to
Th'e Design Process been replaced with three-di fonal c 1 communicate the purposed solution. s
g D ; ized. step-by-step pro-  models ‘which can be quickly and easily produced 1 ; ::lel'he V‘d‘:"""?";‘,’:ﬂ"h:leb,'" mﬂgiilcﬂhpwf:;“ = 3
: The design process s an organized. Sep A B o1 3 CAD system using the data base bullt up during } s being used. reliminary dravings andsketchs from ' ity
cedure in which mathematical an Brought to bear the first thiee phases of the design process. Figure the first three steps will be used as guides in con- 1 X
ple<. coupled with experience- ane ed. The 119 ; i structing models or prototypes for testing. If the more
Tn order to solve 2 problem "3&“'“;5“*'9”5 hether in the traditional design p or the ¥ modem fourth step is being used, the data base
Il ; eSBIPIOECS: has;ve ::r‘:f’:e pron:!em oraneed. more modem computer version, in either case. work- l bull(t-)up d’uzr{e.d:curren‘tano: of the first pueel sxeps.
£ have been 1)identificat Seas for solving the pro- g drawings are an integral part of the design pro- i can. be used in developing three-dimensional com ] 4
|4 2) development of initial § easd jution, 4) devel-  cess fiom start o finish. t puter models. In both cases. the final step is the devel- Flgurz 119 Three-dimensional computermodel ¢
L biem. 3) seleciion of a proposed soiution. - opment of complete working drawings for guiding (Courlesy Terak Corporation) i
: B Section | E Introduction [
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Applications of Technical Drawings

Technical drawings are used in many different
applications. They are needed in any setting which
involves design. and in any subsequent form of con-
version process. The most common applications of
techrical drawings can be found in the fields of
manufacturing, engineering. architecture and con-
struction. and all of their various related fields.

Architects use technical drawings to document their
designs of residential. commercial, and industrial
buildings. Figures I-22 and I-23. Structural, electrical.
and mechanical [heating. ventilating. air conditioning

(HVAC) and plumbing]| engineers who work with archi-.

tects also use technical drawings to document those
aspects of the design for which they are responsible.
Figures 1-24. 1-25, and 1-26.

Surveyors and civil engineers use techniczl draw-
ings to document such work as the layout of a new

5.

|

|
l

Figure I-21 Simple mechzanical
drawing [CAD)

24- 6"

Flgure 1-22 Techrical drawing
(architectural)

) Section |
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Figure I-24 Technical drawing (structural)

Flgure I-25 Technical drawing (electrical)
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or the
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as their

Regulation of Technical Drawings
cal drawing practices must be regulated

Techni
b of the diversity of their applications. Just as

blueprints in convarting

ing designs into reality. Figures 1-28 and 1-29.
Technical drawings are equally important to engi-

neers. designers, and various other individuals work-

h | and engil

ring engi-

neers use technical drawings to document their de-
ical drawings guide the collective efforts

d with the same com-

Is who are
mon goal. Figures 1-30 and I-3 1. pages 15 and 16.

Section |

the English language must have certain standard rules
of grammar. the graphic language must have certain
rules of practice. This is the only way to ensure that
all people attempting 0 communicalz‘ using the
graphic lang are king the same
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IEngineering drawing
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Flgure I-30 Isometric mechanical drawing (Courtesy The Rust Engineering Company)
Inerhietion
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40 Mechanica! picicrial drawing (Courlesy Fruehauf Corporalion)

_ Name the three types of axono

1. What is a drawing?  Name the three types cf perspective

2. Whatold adage explains the basis
for technical drawings?

3. What are the two basic types of drawings?

4. Explain the major difference between
_ basic types of drawings. !
5. What are the four components of a pro-

the five steps in the design process?
ur fields in which technical d
are used-extensively.

technical drawings differ from

2. Name three organizations that regulate tech-

6. Name the three subdivisions of parallel pro- nical drawing practices.

Conventional and CAD/CAM
Drafting Equipment

In drafting. no lines are made freehand. Each and
every line is drawn using some kind of a drafting tool.
Itis up to the drafter toown a complete set of stan-
dard drafting tools in order to be fully functional.

‘When purchasing co! tional drafting equip!
care must be taken to obtain quality equipment from
a reliable dealer. It is advisable to consult with an
experienced drafter. 3 drafting Instructor, or a rep-
utable dealer. The foliowing is a list of the minimum
required drafting equipment. Special templates and
special equipment must be added to this list. depend-
ing upon the field of drafting and. in some cases. the
actual product manufactured by the company. Each
of the following pieces of equip tisill din
this chapter.

« Drawing board — 24"x 36"(60 cm x 90 cm) mini-
mum size |

« T-square (parallel straightedge or drafting ma-

chine) to suit board
o 45° triangle — 8"(20 cm) size
« 30°-60° triangle — 8"(20 cm) size

« Triangular scale (depending upon the field of
draftingl

« Center wheel bow compass — &" (15 am) with
extension bar) 2

« Drop bow compass(recommend:dl

« Irregular curves (two or :hree difterent configur-
ations)

« Dividers — 6"(15 cm)

« Drafting brush

« Mechanical drafting pencils with lead

» Protractor or adjustable triangle

« Erasing shield

» Eraser

« Lead pointer with steel cutting wheel (pencill

« Lead sandpaper or flat file (for compass lead)

« Circle template

o Ellipse template

« Drafting tape or drafting dots

« Calculator

« Dry cleaning pad (optional)

The following is a list of the required inking supplies.

« Tecknical pen #2 1/2 (for lettering scriber)
« Technical pen *| (for lettering scriber)
« Technical pen #0 (for lsttering scribet)
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Figure 1-7 T-square in use Couriesy Teledyne Post)

edge of the drawing board to guarantee parallel lines.

Figure I-7.

The T-square is composed of two parts: the head
and the blade. Figure I-8. The two parts are fastened
together at an exact right angle. The blade must be
straight and free of any nicks or imperfections. A trans-
parentacnylicedge is recommended since this allows
the drafter to see the drawing undemeath the edge.
T-squares can be purchased with adjustable heads
for drawing specific angles. )

Parallel S_traightedge

The parallel straightedge Is always parallel. regard-
Jess of where itis placed upon the drawing surface.
Parallel control is accomplished by a system of cords
and pulleys. Figure 1-9. The parallel straightedge
replaced the T-square in Industry. and is still used
somewhat today. Most straightedges come with a
transparent acrylic edge, and some have rollers fora
smooth gliding action. Some have a locking brake that
permits the straightedge t© be locked in any position.

Drafting Machines

A drafting machine I
drafting table and repl

s a device thatattach=s to the
laces both the T-square and

26 Section |

Figure 1-8 ‘Parts of the T—squa‘re (Courtesy Hearlify
and Co.)

Figure 1-9 Parallel straightecge (Courtesy Modcmn
School Supplie. Inc.)

the parallel straightedge. There are two basic kinds
of drafting machines. One is the arm type. Figure 1-10.
and the other. the newer. is the track type. Figure

1-11.On both types. a round head holds two stra
edges at right angles to each other. The head can
rotated to set the straightedges at any angle. M
machines are available with inte!

ight-

be
ost

rchangeable straight-

edges marked with different scales along their edges.

Figure 1-10 Arm-type draftin

Teiedyne Posl)
-~
B e

g machine (Courtesy

-

Figure 1-11 Track-type drafting machine (Cov:rtesy
Vemco. Inc.)

Drafting machines replace straightedges. scaies.
triangles. and protiactors They increase accuracy and
greatly reduce drafting time. A drafting machine is
one of the few tools that can be purchased either as
a right-hanced or a left-handed instrument.

Figure 1-12 Protractor with vernier

(2 OO £
vernier which permit readings to 5 minulesofa;"
Figure 1-12. Notice that zero on the protractor ,:"\
line with the zero on the vernier. The venieris erad:.
ated in 5-minute increments from zero to 60 minutes,
To read the vernier, first read the protractor. Figure
1-13. In this example. the zero on the vernier points
between 18°and 19°. On the vernier. notice thatthe
only line thatlines up with a line on the pm(,-aﬂo.r i=
the 45 thus.this is read as 18%-45". Some drafir;a
machine heads simplify this process by adding a dig-
jtal readout. see Figure I-14.

Drafting machine straightedges come in sizes of 9
(23 cm). 12" (30 cm) and 18" (45 cm). graduated or
ungmdua!edA in both transparent plastic and alumi-
num scale. Figure I-15.

A drafting machine. although a precision instru-
ment. snoulc be checked for accuracy at least once
2 ween. The instructions for checking and adjusting
a drafting macnine are included with the manufac-
curer’s information.

Drawing Sets

Typical rrawing sets include compasses. dividers.
and a ruling pen. Figure |-16. Many sets include 3
variety of tocls not normally used by the drafter. Itis
recommended that only those tools actually needed
be purchased.

VERNIER

\—«FROTRA:TO.’Q

Chapter | 27
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Compasses

There are two main types of compasses: the friction-
joint type. and the spring-bow type. Thc friction-joint
type is still widely used for lightly laying out pencil
drawings which will be inked. The disadvantage of

., this type of compass is that the setting may slip when
strong pressure is applied to the lead. -

i The spring-bow type of compass, Figure 1-17. is

i best for pencil drawings and tracings as it retains its

__ Flgure 1-14 Drafting machine head with digital

L

Figure 1-13 Reading the vernier

s 1 b IDAIL 00 PRk e

TECHNICAL
J ol PEN ADAPTORS

LARGE BOW
COMPASS

B1 70 1 He1- 1r ma DRV S T BT

readout (Courlesy Consul & Mulok. Lid.)

Figure 1-15 Transparent and metal

-
] ;
TRANSPARENT PLASTIC SCALE
‘ THREE POINT CHUCK
i A e e et e
: o= S (Dl G
(s - '\
ALUMINUM SCALE —
T e
8 Section |
A

drafting machine
straightedges with
scale (Conrlzsy
Vemaw. Inc.)

Flgure 1-17 Spring bow compass with pen
adaptor (Courtesy Vema. Inc)

Figure 1-16 Complete drafting set (Courtesy Keuffel & Esser Co.)

\es i
i
Note: POINTALITTLE 0
Fiat side LONGER THAN  [};
on outside LEAD i I '

Figure 1-18 Bow compass lead and metal points

SHARPEN WITH
PADDLE IN

DIRECTION OF
ARROW

Figure 1-19 Bow corpass lead peint shape (Cour- |
tesy Drafting for Traes and Industry. Basic “
Skills, Nelson, Delmar Publishers Inc.) |

Chapter | 2
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i REVOLVE COMPASS :
1 BETWEEN THUMB b
l AND INDEX FINGER : -
{ a
; .
| He Figure 1-22 Bow compass
! 1 ! with special lead clutch
Figure 1-20 Drawinga circle with a bow compass E (Courcsy B. Carter Lykins)

Figure 1-24 Iaking drop Eow
compass (Couricsy Koh-1-Noor
Rapidograph|

| setting even when strong pressure is applied 10
: obrain cark lines. The spring. located at the top of
the compass. holds the legs securgly against the
adiusting screw. The adjusting screw is used to make
fine adjustments. ¥ e
Compass leads should extend approximately 3/8 i
| (0.9 cml. The metal point of the compass extends
slightly more than the lead to compensate for the
‘distance the point penetrates the paper. Figure 1-18.
The lead is sharpered with a sandpaper paddle 10
produce clean, sharp lines. The fat side of the lead
faces outward in order to produce circles of very sfn;ll
diameter, Figure 1-19. Sharpen with paddie in dm:«:
tion of arrow. as shown. in order to keep the lea
longer.
Sh;::p draw‘ea circle with the bow compass. the com-
pass is revolved between the thumb and the index
finger. Figure 1-20. Pressure is applied downward :;n
the metal point to prevent the compass from jumping
out of the center hole.

Figure 1-23 Inking bow compass
(Courlesu Koh-1-Noor Rapidograph)

4

Bow Compass with Lead Clutch In order: to eliminate
the process of sharpening compass leads, some draft-
ers use a compass with a lead clutch of 0.5-mm lead.
Figure 1-22. This compass saves time. and ends niessy
lead sharpening. Special compasses are designed
only forinking. Figures 1-23 and 1-24. An adaptor to
attach to a sqndard compass to draw ink lines is Proportional Dividers P ] dividers are :<ad
illustrated in Figure 1-25. to enlarge or reduce an object in scale. This toc

5 a sliding. adjustable pivot which varies the pr

tions of the tips of each leg. Figure 1-29.

Beam Compass A beam compass. Figure 1-26, is used
to draw large circles or arcs. Fine line adjustments
can be obtained aind locked in place. Beam compasses
come in sizes from 13"(33 cm) bars and upwards.

Divider

Adivider is similar to a compass except thatit has
a metal point on each leg. It is used to lay off dis-
tances and to transfer measurements. Figure 1-28.

Triangle
2 Two standard triangles are used by drafters. One

The drop bow compass. Figure . < ol ; is a 30-60-degre= triangle, usually written as 30°60*
Drop IBo' C‘;“pj = ;3" 10.08 em) t0 50" (13 ‘ Adjuslable Curve An at‘husrable curve, Figure 1-27, has triangle. The other is a 45-degree triangle. written as
"2.\-. s used The el ‘< adiusted to the required 2 Iocuklug knob, and is used to dmw_ ary radius from 45° triangle. The 45° triangle consists of two 45-degree |
adius. The center point is located on the circle or b b 6-;5 10 200" (17 cmi to 500 cm). This tool takes over  angles. and one 90-degree angle. Figure 1-30A The
B e oh S ond held in plar.ewilh the index finger. y v‘z ere :\he ordinary compass leaves off. and elimi- 30%60° thangle contains a 30-degree angle. 3 60
Rotate the knurled head of the compass between the Figure 1-21 Drop bow compass (Courlesy Vemc. Inc.) nates the beam compass.
thumb and second finger.

degree angle, and a 90-degree angle. Figure I-308.
Chapter | 3l
30  Section |
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Flgure 1-25 Standard compass ink
adaptor (Courtesy
Koh-1-Noor Rapidograph)

32 section |

Flgure 1-28 Divider

Figure 1-27 Adjustable curve (Canrte:y Houle Producis.

Figure 1-29
Proportional dividers
(Courtesy Modern
School Supplies, Inc.)

3.
i

P

v

et T S

Figure 1-30 (A) 45° triangle. and (B) 30°-60° triangle

Triangles are made of plastic and corae in a vari-
ety of sizes other than those mentioned. When laying
outlines. triangles are placed firmly against the upper
edge of the straightedge. Pencils are placed against
the left edge of the triangle and lines drawn upwards.
away {rom the straightedge. Parallel angular lines are
made by moving the triangle to the right zfter each
new line has been drawn. Figure 1-31.

Adjustable Triangle An adjustable triangle may take
the place of both the 30°-60° and 45° triangles. Fig-
ure |-32. It is recommended. however, that this tool
be used only for drawing angles that cannot be made
with the two dard triangles. The adjustable trian-
gle is set by eye and thus is not as accurate as the
saiid triangle.

Template

A template is a thin, flat piece of plastic contain-
ing various cutout shapes. Figures 1-33, 1-34. and
1-35. ItIs designed to speed the work of the drafter
and to make the finished drawing more accurate. Tem-
plates are available for drawing circles. ellipses.
plumbing fixtures. bolts and nuts, screw threads. elec-
ticnic symbols, springs, gears. and structural metals,
to name just a few uses.

Templates zome in many sizes to fit the scale being
used on the drawing. A template should be used wher-
ever possible to increase accuracy and speed. It is
preferable to purchase tmplates that are samped

and not molded. as molded templates become brit-

tle in time and break.

SLIDE 43°TRIANGLE

(NOL D 307/60° TRIANGLE

PARALLEL LINES

Flgure 1-31 Drawing parallel angularlines

Flgure 1-32 Adjustable triangle (Courlesy Modern
School Supplies, Inc.)

French Curves

French curves are thia. plastic tools that come In
an assortment of curved surfaces. Figure 1-36. They
are used to produce curved lines that cznno(ble made
with a compass. Such lines are referred to as imegular
auves. Most good French curves are actually segments
of such geometric curves as ellipses. parabolas.
hyperbolas. and the like.

Chapter! 33
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Figure 1-33 Circle template (Courtssy Timely Products Co.)
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" Figure 1-34 Ellipse template (Courtsy Timely Products Co))
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Figure 1-35 Bolt and nut template (Courtesg Timely Products Co.)
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Ysing a French Curve To use a French curve. the irregu-
lar curve must be defined by a series of dots. Lightly
connect straight lines to get a general idea of where
the curved line is going. If the line makes an abrupt
turn. a line lightly skatched in place of the straight

Figure 1-37 Drawing an irregular curve (Courtesy
Kok-1-Noor Rapidograph)

36 Section |

Figure 1-36 Assotment of French énvves (Cnurisy Modert School Supp“é4 Inc)

lines may be more useful. Starting from one side or
the other. line up the French curve along as many
points as possible and draw a dark line connecting
these points. Figure 1-37. Readjust and align the
French curve along all additional points. and con-
tinue drawing the curved line. Proceed in this man-
ner until the line is completed.

Adjustable Curve Adjustable curves form smooth curves.
Figure 1-38 shows a flexible steel measuring tape that
measures the perimeter of the curve to be drawn.
The curve is held by friction between many layers of
interlocking channels.

Protractor

A protractor is used to measure and lay out angles.
Figure 1-39. It can be used in place of a drafting
machine or an adjustable triangle.

To use the protractor. place the center point
(located at. the lower edge of the protractor) on the
comer point of the angle. Align the base of the pro-
tractor along one side of the angle. The degrees are
read along the semicircular edge.

v

P

Figure 1-38 Using an adjustable curve (Courtesy
Hoyle Produds. Inc.)

Figure 1-39 Frotractor (Courtesy Keuffel & Esser Co.) c{—‘
o

‘J‘f*\l,

or S
Fhogl
9H 8H 7TH 6H SH 4H 3H 2H H F HB B 2B 3B 4B SB SB 7B
Hard Medium Soft
accuracy general purpose art work i

Figure 1-40 Grades of lead

Pencils and Leads

Lead for a mechanical drafting pencil comes in 18
degrees of nardness. ranging from 9H. which is very
hard. to 7B, which is very soft. Figure 1-40. For draft-
Ing purposes. the scale of hardness is as follows: 4H
lead is recommended for layout work. and 2H lead
is recommended for all other lines. Experiment with
various leads to determine which ones give the best
line thickness. This varies depending upon the pres-
sure applied to the point while drawing lines. Figure
1-41 shows leads for a mechanical drafting pencil.

Regular pencils are sharpened with a pencil sharp-
ener. It is important that enough wood Is removed to
ensure that the lead, not the wood. of the pencil
comes in contact with the straightedge or trian-
gle edges.

Lead Holders and Leads

Lead holders hold sticks of lead. Figure 1-42. The
leads designed for lead holders come in the same
range of hardness as those for regular mechanical
pencils, and are used for the same purposes. The

Flgure 1-42 Lead holder (Courtesy Teledyne Pest)

main advantage is that they are more convenient to
use. Leads are usually sharpened in a lead pointer.
Electiic lead pointers are fully automatic. A slight
downward pressure of the lead starts the motor

Chapter | 37 , !
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Figure 1-43 Lead pointer (Courtesy Rotex Co.)

is machine produces a per-

action, Figure 1-43. Th
d eliminates all loose cling-

fectly tapered point. an

ing graphite.

Sandpaper Paddle A sandpaper paddle consists of sev-

eral layers of sandpaperattached to 2 small wopden

holder, Figure 1-44. The sandpaper is used to sharpen

compass Jeads only. Do not sharpen Jeads overa draw-
“ing as the graphite will smear the drawing surface-

Erasers
Various kinds of erasers are available to a drafter.
One of the most commonly used is a soft. white block-
1-46 shows a pencil-

type eras=r. Figure 1-4 5. Figure
typ= eraser with an adjustable clutch. By developing

good drawing habits, erasingcanbe kepttoa minimum.

eraser speeds up cormections.

Eledric Eraser An electric
(17.5 cm) long eraser strip.

Some models take a 7"

38 Section |

Figure 1-44 Sancpaper paddle (Courtesy Keuffel &
Esser Co.)

DSIAEDTLER . -

MARS-PLASTIC.

Figure 1-45 Block-type eraser (Covrtzsy
Staclller Mars)

Figure I-46 Pencil-type eraser with clutch (Courlesu
Slacdtler Mars)

The model illustrated in Figure 1-47 has a slip clutch
to hold the eraser strip in place.

A cordless erasing machine can be used with or
without the standard electric cord. and usestecharge-
able NiCad batteries. Figure 1-48. As the eraser is
placed in the stand. the batteries are recharged.

Electric erasers do save time. but care must be
taken not to burn through the drawing paper. This

hield and plac-

can be avoided by using an erasing s!
ing a thick sheet of paper beneath the drawing to

cushion it 5
Erasing Shield An erasing shield restricts the erasing
area so that correctly drawn lines will not be dis-
turbed during the erasing procedure. It is made from
a thin, flat piece of metal with variously sized cutouts.
Figure 1-49. The shield is used by placing it over the
line to be erased and erasing through the cutout.

Drafting Bruch
< used to remove loose graph-

The drafting brush |
ite and eraser crumbs from the drawing surface, Fig-
ure 1-50. Do not brush off a drawing surface by hand
as this tends to smudge the drawing. Drafting brushes

T AW SRR R L

A

oy A,

ST 7 R PR

A e oty |

#

Figure 1-47 Electrc eraser with slip clutch (Courlsy
Rolex Co.)

come in various sizes from 10%" to 14"(26 cm to 35
cml. The bristles can be either horsehair or nylon.
and they can be cleaned with warm. sozpy water.

Dry Cleaning Powder

Cleaning powder Is used to help keep drawings
clean, to avoid smearing. and to speed up the draft-
ing process. Cleaning powder comes in a can or as
pads. Figure 1-51. and is sprinkled over the drawing
before starting. It is imperative that all cleanirg pow-
der is removed before placing the original drawing
into a whiteprinter as the powder tends to stick to
the roller. If good drafting habits are followed. the
dry cleaning powder is not necessary.

Scales

Various kinds of scales are used by drafters, Figure
1-52. A number of different scales are included on
each instrument Scales save the drafter the work of
F:mpu(ing new measurements every time a drawing
is mad2 larger or smaller than the original.

Scales come open divided and full divided. A full-
divided scale i5 one in which the units of measurement
are subdivided throughout the length of the scale.

Figure 1-48 Rechargeable electric eraser (Courtsy
Rolex Co.) # SR

Flgure 1-50 Drafting brush (Courtesy Hearlifiy & Co.)

Mechanical Engineer's Scale

Mechanical engineer’s scales are divided into

inches and parts to the inch. T lay out a full-size
use the scale marked 16. This scale

An open-divided scale has its first unit of

subdivided. but the remaining units are open or free 1

from subdivision.

hlas each inch divided into 16 equal parts o divi-
sions of 1716 Inch. It is used by placing the 0 on the

Chapter| 39
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Flgure |-53 Regular full-size scale
Section |

Flgure 1-5] Dry cleaning
powder (Courtesy Hearliky & Co.)

-52 A Variety o!drafﬂn( scales (Courtesy Teledyne Post)

off

point where begins. and g
the desired length. Figure 1-53.

To reduce a drawing 50 percent. use the scale
marked 1/2. The large 0 at the end of the first
subdivided measurement lines up with the other unit
measurements that are part of the same scale. The
large numbers crossed out in Figure 1-54 go with the
1/4 scale starting at the other end. These numbers
are ignored while using the 1/2 scale. To lay out

{

13 DISTANCE, 112 Si2€

| I
(T ;| ] Tias] T T T T T 7
]1/2 snzso‘”u”z"w;x4 W‘w'ms)lés;ia)’{z;églis’m]

Figure 1-54 Halfsize scale

| 3/4 inches at the 1/2 scale, read full inches to the
right of 0 and fractions to the leftof 0.

The 1/4 scale is used in the same manner as the
112 scale. Howeve:, measurements of full inches are
made to the left of 0 and fractions to the right.
because the 114 scale is located at the opposite end
of the 1°2 scale. Figure [-55,

Architect’s Scale

The architect's scale is used primarily for drawing
large buildings ana structures. The full-size scale is
used frequently for drawing smaller objects. Beczuse
of this. the architect's scale is generally used for all
Types of measurements. It is designed tc measure in
feet. inches. and fractions of an inch. Measure full
feet to the right of 0 Inches and fractions of an inch
to the left of 0. The numbers crossed out in Figure
1-56 correspend to the 172 scale. They can be usad,
however. as 6 inches as €ach falls halfway between
full-foot divisions, Measurements from 0 are made
in the opposite direction of the full scale, because
the 112 scale is located at the opposite end of the
scale. Figure 1-57.

-Civil Engineer's Scale

A civil engineer's scale is zlso called a decimal-inch
scale. The number 10, located in the comer of the scale
in Figure 1-58, indicates that each graduation is equal
to 1710 of an inch or .|, Measurements are read
directly from the scale. The number 20. located in
the comer of the scale shown in Figure |-59, indi-
€ates that itis 1/20 of an inch,

Using the same scale for civil drafting. one inch
€quals two hundred feet, Figure 1-69, and one inch
€quals one hundred feet, Figure 1-61.

A metric scale is used if the millimetre is the unit
of linear measurement. It is read the came as the
decimal-inch scale except that it is in millimetres,
Figure 1-62.

12 DISTANCE, 1/4 S12E

—4—

Flgure 1-55 Quartersize scale

2'-9" DISTANCE, 17 = 1-0" 5/ Z¢-

ﬂ*

1 20 ]

9 6 3 ¢

Figure [-56 Architectural scale (full size)

2-9” DISTANCE
172" = 10" SIZE

X 2

X

Figure 1-57 Architectural scale (half size)

t—\z.sr DISTANCE
FULL SIZE

|
' TTT >
o0 ]HH!HII][HI!HII]I
iR X W

Flgure 1-58 Civil engineer's scale

—‘ 250.0° DISTANCE
1" =200.0°

| |

[} 1 2 4 5

RV S BRI

Figure 1-59 Civil engineer's scale (half scale)
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2,50 DISTANCE
12 S1ZE

Figure 1-60 Mechanical scals (half size)

Pocket Steel Ruler

The drafter should make use of a pocket steel ruler.
The pocket steel ruler is the easiest of all measuring
100ls to use. The inch scale. Figure 1-63. is six inches
long and is graduatec in 10ths and 100ths of an inch

_on one side and 32nds and 64ths on the other side.

The metric scale is 150 millimetres long (approxi-
inately six inches) 2nd is graduated in millimetres
and half millimetres on one side. Figure 1-64. Some-
times metric pocket steel rulers are graduated in
64ths of an inch on the other side.

Measuring

The metric system uses the metre (m) as its basic

dimension. A metre is 3.281 feet long orabout 3 3/8 -

inches longer than a yardstick. Its multiples, or parts.
‘are d by adcing prefi These prefixes rep-
resent equal st=ps of 1000 parts. The prefix fora thou-

250.0° DISTANCE 1" = 100.0"

( IIHI]IIl!IlIllIH.llllH'IIl

10

W X R

Figure 1-61 Civil scale

t——e:sis mm DISTANCE FULL snze—-{

AR

o 2 4 6

Figure 1-62 Metric scale

sand (1000) is kilo: the prefix for a thousandth (1/1000]
is milli. One thousand metres (1000 m). therefore.
equals one kil (1.0 km). One th dth of a
metre (171000 m) equals one millimetre (1.0 mm).
Comparing metric to English then:

One millimetre (1.0 mm) = 0.001 metre (0.0 m) =
.03937 inck
One thousand millimetres (1000 mm| = 1.0 metre

(1.0 m) = 3.281 feet
One thousand metres (1000 m)= 1.0 kilometre (1.0

km) = 3281.0 feet

ISERERY!

10THS
roomes  No-30SR 1

12
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32M08 16
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16 48 l
8 24 | 4c % s6 8
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Figure 1-63 Steel scale (inch) (Courtesy L S. Sterretl Co.)

40

Figure 1-64 Steel scale (metric) (Courtesy L. S. Slarrett Co.)
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Figure 1-65 Micrometer
(Courtssy L. S- Starrett Co.)

How To Read a Micrometer Graduated
in Thousandths of an Inch (.001")

A micrometer consists of a highly accurate ground
screw or spindle which is rotated in a fixed nut. thus
opening or closing the distance between two meas-
uring faces on the ends of the anvil and spindle. Fig-
ure 1-65. A piece of work is measured by placing it
between the anvil and spindle faces. and rotating
the spindle by means of the thimble until the anvil
and spindle both cortact the work The desired work
dimension is then found from the micrometer read-
ing indicated by the graduations on the sleeve and
thimble. as described in the following paragraphs.

Since the pitch of the screw thread on the spindle
is 1/40" or 40 threads per inch in micrometers that

Anvil Measuring . Spindie Lock
Faces Nut

Sleeve

toward or away from the anvil face precisely | 40
.025inch.

The reading line on the sleeve is divided into 40
equal parts by vertical lines that corresponc ia the
number of threads on the spindle. Therefore. exch
vertical line designates 1/40 or .025 inch and every
fourth line. which is longer than the others. desig-
nates hundreds of thousandths. For example: the line
marked " 1" represents . 100", the line marked "2" rep-

resents .20(Y", and the line marked "3” represeats 300% .

and so forth.
The beveled edge of the thimble is divided into25

equal parts. with each line representing .001" and |

every line numbered consecutively Rotating the thim-
bls from one of- these lines to the next nioves the
spirdle longitudinally 1/25 of 025" or .001 inch: rotat-

are graduated to measure in inches. one c |
revolution of the thimble advances the spindle face

READING .178"

SLEEVE

ing two divisions represents .002". and so forth.

THMBLE
n (=)
o

Flgure 1-66 Reading a micrometer
{Courtesy L. S. Slactt Co)
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Freehand Lettering

Text i_s an important part of a technical drawing.
No(:ll information required on technical drawings

can lly: the most obvi
data being dimensions. Tet on techaica] d

single-stroke Gothic lettering. Vertical. single-stroke

Gothic letters are the most universally used of the

various styles available to drafters, Figure 2-3.
Some modifications of the standard Gothic con-

sists of dimensions, notes, legends. and other data
that are best conveyed using alphanumeric charac-
ters, Figure 2-1.

Several different ways are used to create text on
technical drawings. The traditional method Is by free-
hand lettering. Other methods include such mechan-
ical lettering techniques as scriber templates, type-
written notation, and typed lettering generated by
computer-aided drafting Systems. This chapter focuses

on freehand lettering, Other met 1
SR er methods are described

Lettering Styles

There are aumerous different |
e ettering styles or
::ts. Figure 2-2. The standard style for freehand let-
e ngon technical drawings, as established in Amer-
n National Standards document Y14.2-1973, is

vngs con-

of letters are often made, without actualiy
changing from the Gothic style of lettering. One way
is through the use of uppercase and lowercase let-
ters, Figure 2-4, but this is seldom acceptable on tech-
nical drawings. Another method Is to condense or
extend the letters. Figure 2-5. .

The most common way of modifying Gothic lette!
is by inclining them slightly to the right. Figure 2-6.
Inclined lettering is easier to make as it lends itself
to a natural direction of wrist action. The correct angle
of the inclined elements is a two-unit incline to the
right for each five units of letter height Emors are
not as detectable with inclined letters as they are
with vertical elements. As the inclined elements are
longer, they are easier to read. However, inclined let-
tering is not universally accepted, and caution must
be exercised to not conflict with customary drafting
styles. A backhanded or left-leaning inclination Is
never an acceptable modification. =

SI0E VIEW MITH

PUATE REOVEQ

IR
£l

LX)

L REAR VIEW OF
VIEA Souinc COMECTOR (REF. |1
OF S4lTCH IREF. 181,

EAR VIEN CF

a
SHITOH (REF,
5151 VIEM AT A-

f

4

3 T 2 I

Figure 2-1 Examoles of text on a technical drawing (Courtesy General Railway Signal)
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STROKE 3 = N STRAIGHT COGE Figure 2-19 A complete set of guidelines |

NUMRERS ARE 320d%
of AN INCH 2

STRCKE 2

STROKE 1

Figure 2-18 Lertering guide

MOVE HORIZONTALLY

) 2-19. The middle guideline helps drafters space mid-
{ such lettersasA. B.E.F.G. H.P.R.S.

: dle elements 0
; and Y. )
\ i The center row of holes on the lettering guide. being
equally spaced. is the one used most frequently for

e S— %
3 : e frechand Gothic lettering. The two outer rows of holes
i are used when lowercase letters are desired. The outer L
STRAIGHT EDGE |

STROKE 4 STROKE 5 .
% row of holes on the left produces guidelines for low-
ercase letters. the bortom portions of which are 3/5ths s . S
of the letter's total height. The outer row of holes on Figure 2-20 Making horizontal guidelines
roduces guidelines lor lowercase letters.
q

£ Figure 2-15 Six basic strokes are used for lettering > 5 = . the right p
30 i the bortom portions of which are 2/3rds of the total
e B \ ) height of the letters. |
; . z = Horizontal guidelines are made by placing the pen- |
- TRANGE |

cil pointin the appropriate holes and sliding the guide

across the top of the parallel bar: Figure 2-20. Guide-
linas for vertical lettering are produced by using the
guide together with a triangle or vertical straightedge.

‘
1

\

1

I Figure 2-21. 2

l Guidelines for letters. numbers, and fractions are \

MOVE VERTICALLY

created in the same way. However. when lettering frac-
tions. drafters should be careful to leave a visible
distance L the d i an

the fraction crossbar. which should be parallel. Fig- STRACHTALESE
ure 2-22,

Figure 2-21 Making vertical guidelines

S CORRECT |
Sf———— INCORRECT

Figure 2-22 Correct method for lettering fractions

Chapter 2

[Flgure 2-16 Forming stralght letters
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Line Work

Line work is the generic term given to all of the vari-
ous techniques used in creating the graphic data on
technical drawings. Mechanical line work is made
using either mechanical pencils or technical pens.
Such devices as parallel bars, drafting machines. tri-
angles. scales. and numerous othertoolsareused to -
guide the line-making Since inking is dealt with in the
first chapter. this chapter focuses on pencil line work.

Characteristics of Lines

Twelve basic types of lines are used in manual draft-
ing. Each has its own individual characteristics. The
visible line is thick and dark The kiddex line is a series
of short dashes separated by even shorter breaks.
The hidden line is thinner than the visible line. Dimen-
sion lines and adersicn lires are solid. thin lines of
approximately the same width as hidden lines. Dimen-
sion lines should be broken for dimensions. and have

arrowheads for terminations.
VISIBLE  LNE
THCK  (H,F, o HE)
|
fmmmmmmmmmmemm——=——=—---  HODEN  UNE
THN (2H o H)
TN (2n &« W) une
—_——— CENTER LINE
" s (in - M)
AND

™K (2H « H)

_

T (2He W)

Thcx (H,For 18 ) LINE

AN NN ANNAN T FREEHAND BREAK

= T™HCK (H,F,or HB) L€
MECHANICAL
THiN (2H o W) BREAK  LNE
P UNE
K (2H « H)
s e~ STITCH L
THIN (2H o W)

Flgure 2-23 Line types used on technical drawings

74 Section |

“The center line is broken with one short dash in its
center. It is the same width as the hidden. dimen-
sion, and extension lines. The phantom line is just like
the center line except that it has two dashes. The
dashes are repeated approximately every two inches.
The cutting plane line is thick like the visible line and
consists of a series of long. equally spaced dashes.
All lines used on technical drawings should closely
match those in Figure 2-23.

Horizontal and Vertical Lines

Horizontal lines are formed by pressing the straight-
edge (T-square. parallel bar, drafting machine scale.
and so forth) against the worksheet with one hand
and moving the pencil with-the other. Uniformity of
lire widths and weights can be achieved by holding
the pencil at approximately 60 degrees from the draw-
ing surface. maintaining an even pi d rd,

.and slowly revolving the pencil axially as it moves

across the drawing surface, Figure 2-24. This keeps
the lead tip symmetrical.

Vertical lines are created according to the same
principles. except that the drafter’s hand moves
upward rather than from leh to right. The angle of
inclination. the amoun: of pressure. and the rotating
motion are the same as they are for horizontal lines.

Angular Lines

Many modem devices are available to assist draft-
ers in making angular lines. These include protrac-
tors. ble triangles. and adj ble arms on
drafting machines. However. most angular lines can
be created simply by using the standard 30°-60° and
45° miangles alone. and in various combinations. Fig-
ures 2-25. 2-26. 2-27. and 2-28. These standard tools
create angles of 15°, 30° 45°, 60, and 75°.

ROTATE  COHTINUOUSLY

60° (APPROXIMATELY)

AW SURFACE

Figure 2-24 Maintaining uniformity of lines

i

ALL ANGLES MADE WITH
STANDARD 45-(ECSEE TRIANGLE

Figure 2-25 Making angular lines wirh

902

ALL ANGLES MACE WITH
STANCARD 30-60- DECREE TRIANGLE

Figure 2-26 Making angular lines with the 30°60"

the 45° triangla triangle
B = 2
e e i -
13-UEGALE AdLE -TEREE AMCLE 73- OtuReE avad T3-0EEL At
30-00 .
“ -

B -DEGREE ANGLE

Figure 2-27 Making 15* angles

Parallel Lines

Parallel lines can be created in a number of differ-
ent ways. Vertical land horizontal) parallel lines are

TS-0CSRCE AL

Figure 2-28 Making 75° angles

Parallel lines at angles can be created by using the
30°-60° and 45* triangles In combination much the
same as they are used for making angular lines. When

made by simply moving the htedge the required
distance and making each successive line. Figure 2-29.

using les to create angular lines. the firstline s
created at the desired angle. Aligning one edge of a

TRIANGLE OR
VERTICAL VERTICAL AR OM
PRRALLEL LmES A DRAFTING MACHNE
- ¥
—_—

L

STRAIGHTEDGE

] Flgure 2-29 Making vertical parallel lines :

Qupter? 7%
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Figure 2-30 Creating successive parailel lines

triar3le 1o the line. registar arv sice of the second
1 one of the ligned edges of the
hirst tnangle. Holding the second triangle to prevent
it from movir.g. and sliding the first triangle along
the engaged edge of the second triangle. will reposi-
tion the originally aligned edge to any desired paral-
lel position. Successive parallel lines are created in
the same way. Figure 2-30.

Perpendicular Lines

1 ched

PARALLEL LINES P ;
AT 75 CcGRCES \ HORZONTAL LINE
MADE WITH
7S | STRAIGHTEDGE
30-60 TRIANGLE |
- I STRAIGHTEDGE
[ STRAIGHTEDGE J Figure 2-31 Making perpendicular lines

Drawing pespendicular lines can Se c
ina similar to drawirlg parallel lines. Hori-
zontal and vertical perpendicular lines can be cre-
ated using a straightedge and a triangle. Figure 2-3 l.'

ThE f

Creating 2 line perpen twa r
or ronvertical line is accomolished by u'slng trian-
glesin i witha hiedge. Figure 2-32.

|

Figure 2-32 Creating 2 line perpendicular to 2
nonvertical or nonhorizontal line

STRAIGHTEDGE

B —1.40—]

Figure 2-33
Typical design sketch

e ——— T W

e |

i -

: . CENTERLINE

: -;’HANTOM LNE

. 400—
© " " DIMENSION LINE.

_rQJTﬂNG "PLANE _LINE_Z

Figure 2-34 Lines used in sketching

Line 1 in this figure is drawn first. Then the 45° trian-
gle is slid along the 30°-€0° triangle and the pem=n-
dicular line is created with the opposite side of the
45° triangle.

Sketching .

Even in the worid of high technology and comput-
ers. sketching is still one of the most important skills
for drafters and designers. Sketcking is one of the
first steps in communicating ideas for a design. and
itis used in every step thereafter. It is common prac-

. T STAINLESS SIEEL
LT FADNEE

Figure 2-35 Samgle design sketch

tice for designers to prepzre sketches that are tumed
over to drafters fcr conversion to finishad warking
drawings. Figure 2-33 is an exampi: o 3 typica!
design sketch.

Sketching Lines

The lines used in creating sketches closely corre-
spond to those used in creating technicai drawings
except. of course, that they are not as sharp and crisp.
Figure 2-34 illustrates the various types of lines used
in making sketches.

The basic line types are: visible lire. hidden lins.
center line. dimension line, sectioning line. exten-
sion line. and cutting plane line. These lines repre-
sentthe various lines available for creating sketches.
The character of each linz. as illustrated in Figure
2-35. should be closely adhered to when making

sketches. '

Types of Sketches

The types of sketches correspond to the types of
technical drawings. There are four types of sketching:
orthographic. axonometric. oblique. and perspective.
Figures 2-36. 2-37. 2-38 and 2-39.

Figure 2-36 Orthographic sketch

Flgure 2-37 Axonometric sketch

Chapter 2 7
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. .OBLIQUE
. -SKETCH

Figure 2-38 Oblique sketch

VANISHING POINT
Ok 34

Orthographic skelching relates to flat. hi imi:
h - at. graphic facsimi-
lesofa wbwa showing no depth. Six principal views
of a subject may be i dinanorth hi
w top, fron’. bottom, back. right side. and left
e. Fldceu;'sm. ;}r‘he views selected for use in a
on the natt f i
i m.m‘e 2 ure of the subject and the
Awnometric sketcking may be one of three types. iso-
metric, dimetric. or trimetric. Figure 2-41. The type
most frequently used is isometric, in which length and

78 Section | S

L

Figure 2-39 Perspective sketch
W

width lines recede at 30° to the horizontal and height
lines are vertical, Figure 2-42. In sketching. the use
of these terms is academic as they relate to propor-
tional scales and angle positions of length. width.
and depth. which are only estimated in sketching.
Oblique sketching involves a combination of a flat.
orthographic front surface with depth lines receding
at a selected angle fusually 45°). Figure 2-43.
Perspective sketching involves creating a graphic fac-
simile of the subject. Consequently. depth lines must

e a2 ]

e

Flgure 2.40

Six principal views

in orthographic
sketching

T_3.EQUAL ANGLES

2 EQUAL

Figure 2-41
Three types of axonometric
skety

’

LR e

Flgure 2-42 Isometric sketch
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Ly -
ketching done In an office environment requires

Figure 2-44 One-point perspective sketch

rece an vanishing polint (or pointsk
ﬁgm‘::l?-“ and 2-45. In fact. all plctorial sketches
naturally tend to assume characteristics of per'sp;'(-
tive sketches as a result of how the eye views e
apparent relative proportions of objects. This i< not
necessarily undesirable.

Sketching Materials

A 'odvln' ’ ching Is that It requires very
MM ter ‘n.s‘ohlm T must have a com-
pletz collection &f tools, equipment. and maler: ;
in order to do working drawings. sketching requ v:l
nothing more than a pencil and a plece of paper. t
s notuncommon for a sketch to be drawn o

" napkin duringa hurried luncheon meeting.

Figure 2-45 Two-point perspec

n a paper

tive sketch

h
three basic materials: pencil. media (paper or grap!
paper). and an eraser. Graph paper simplifies the

considerably especially for students

cketching process
just learning. 3nd should be used freely.

Sketching Techniques

Sketches, as with drawings. consist of straight and
curved lines. With practice. drafters can become
skilled in creating neat. <harp. clear examples —
straight or curved — of all the various lines types intro-
duced p ly. When hing. the following gen-
eral rules apply.

1. Hold the pencil firmly. but not so tightly as to
create tension or hand fatigue.
h to one
2. Grip the pencll approximately one Incl
and one-half inches up from the point.
3 in a comfortable angle the
pencil and the sketching strokes.

horizontal lines from jeft to right using
lapping strokes.

4. Draw
short slightly over!

5. Draw vertical lines from top to bottom using
short. slightiy overlapping strokes.
6. Draw curved lines using short slightly overlap-
ping strokes.
In addition to these g€
techniques are used inma
for sketching.

neral rules. some speclfic
king the various line types

¢ Lines and Curves
= ph paper Is a simple
ing the existing lines.

sketching Straigh

Makln,'( straight lines on ra|
prnuss’ol guiding the pencil us

~ VANISHING

L

e L - p—

Figure 2-46 Dots used as guides
in sketching

If graph paper is not available, pencil dots can be
positioned to plot the path of the line. Figure 2-46.
In this figure. the sketcher enters a series of pencil
dots on the paper which provide a basic outline as
to the shape of.the object. Then, using a series of
" short. slightly overlapping strokes. the pencil dots
are connected. Figures 2-47. 2-48, and 2-49. This tech-
nique is also used for curved lines. Figure 2-50.

Sketching Circles

Figure 2-51 illustrates a series of six steps that can
be used for skeiching a circle. Vertical and horizon-
tal center lines are sketched. which pcsitions the cen-
ter of the circle (Step 1) and the radial distances of
the desired circle size are marked on each of these
lines. equidistant from the center [Step 2). A square
\s drawn symmetricaliy around the center. with the
Lides lncated at the radial line marks {Step 31 Cn
the diagonals of the square (Step 4). the radial dis-
tances are again marked of[ from the center |Step 5).
This provides lour i for the circumference to
pass through at the sides of the square. and lour more
positions on the diagonals of the square. The right
half ol the circle Is sketched in frora top to Lottom
using short. slightly overlapping strukes. and then the
left hall is sketched in the sams manrer (Step 5).

Sketching Ellipses,

A similar technique is used for sketching ellipses.
except that the square becomes a rectangle, Figure
2-52, Ellipses are oriented on the object being
sketched as shown inthe diagram in Figure 2-53.

Proportion in Sketching

Skeltches are not done 1o scale, but it is Importent
that they are made proportionately accurate, All of

Figure 2-47 Using dots in
sketching lines

Figure 2-48 Continuing the
sketch by connecting
the dots

Figure 2-49 Completing the
sketch made by using
dots as guides

the variois components of a sketch should be kept
in proportion to those of the actual object. This tech-
nique takes a great d=al of practice to master.
Some methods for achievirg proportion recom-
mend using a penci! or a strip of paper as a simu-
lated scale. These i are not only i
in zerms of the rea! world. they defeat the very pur-
pose of skeiching. A skilled sketcher must lear to
maintain proportion without the use of tools and aids.
The best device for accomplishing proportion in
sketching is the human eye. With practice, the drafier
can become prcficient in maintaining proportion with-
out the use of extraneous. time-consuming device
The follcwing general rules relating to proportion w
also help.

Step 1. In sketching. use graph paper whenever
possible.

Slep 2. Examine the object to be sketched and
mentally break it into Its component parns.

Chapter2
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' Figure2-52

Sketching an ellipse

Sty 3. Beginning with the largest ; line
Wlﬂﬁlaﬁuxh

and rectangles to

-_block in irregularly shaped Figure
such as the length is 4/3 times the width or 5/2 2-54.

- times the width. and s0 on.

Skp 4. Lay out the largest component according
1o the proportions

Repeat Steps 3 and 4 untl the entire object is finished.
decided upon in Step 3. Use . i

Flgure 2-54 Blocking
in

° Figure 2-55 Blocking in an orhographic sketch

Ortnographic Sketching

Orthographic sketching rnay involve sketching any
combination of the six principal views of the subject.
The top. front. and right-side views are normally
selected for representing an object in an orthographic
sketch. Hovzever. these views are not always appro-
priate. The sketcher must leam to choose the most
appropriate views. These are the views that show the
mostdetail and the fewest hidden lines. A good rule
of thumb to use in selecting views Is to select the
views which would give you all of the Information
you would need if you had to make the object yourself,

Once the views have been selected. the ortho-
graphic sketch may be laid out using the techniques
set forth earlier in this chapter. To ensure that the
sketched views align, the entire sketch should be
blocked In before adding details, Figure 2-55. Once

Figure 2-56 Completing the top view

the layout s tlocked in. the details can be added
one view at a time. Figures 2-36, 2-37. and 144,

Axonometric Sketching

A3 was mentioned earlier. thera are three types of 3

J and
trimetric. Isometric projection is used in shetching.
Dimetric and trimetric projectian have little spplica-

tion in sketching due to the difficulty in propartioning
-al-ulu-ollmmmwmm

views have the same scaling value in all these divec-
m;dhmmﬂndnmmm
the three directions. In an Isometric sketch, helght
lines are'vertical. and width and lines recede
at approximately 10* and 150* |180°~10") from
the horizontal.

]

Tl

[EERNEET

Flgure 2-57 Completing the front view

Flgure 2-38 Completing the sketch
Cuper? B
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Figure 2-59 The isometric axis in

The first step In creating an isometric sketch is 10
lay out the jsomexric axis. Figure 2-59. All normal
lines will be panaliel to one = the axis lines. The
next step is 10 block in the abiect using conszruction
lines. Figure 2-60. Five steps in the development of
- an isometric sketch are shown in Figures 2-51. 2-62.
2-63.2-64 and 2-65.
1

‘ Oplique Skelching

. Oblique Sketching involves \ayingout the frontview
of an object. and showing the depth lines receding

sketching s _pmsanurly useful for dealing with an

object having round components. Oblique sketching
allows round components 0 be drawn round. rther

than elliptica LN
Using the b ng in method. the fiat front sur-
face of the object is aid out The depth Is then

blocked using parallel lines. and the com-
pleted b'ynuﬂlnmﬂ\e exposed pmﬁleoflhe rear

surface. Figures 2-66.2-67. and 2-68 fllustrate three
steps in creating an oblique sketch.

Perspective Sketching

Perspective sketching closely approximates how
the human eye actually sees a0 object. Two common
pgspedwskgtdﬁ are two-
pol‘\n:-w-pdm pe.-spealw sketch is similar to an
oblique sketch. except that depth lines recede 10 2

|SOMETRIC AXIS =]

Figure 2-60 Blocking in the object

Figure 2-63 SteP three In making an
= isometric sketch

STEP FIVE - —-- 5
~DARKEN LINES PARALEL T¢
THER . ANGLE OF THE AXIE

Figure 2-65 Step five in making an
. isometric sketch

- sTEPONE. -
. BLOCK N FLAT ONT VIEW

Figure 2-66 Step one in making an
oblique sketch

Figure 2-64 Step jour in making an
isometric sketch

Flgure 2-67 Step two in making an
2 oblique sketch

Chapiec?
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Figure 2-68 Step three in makingan
oblique sketch

vanishing point insteac of receding parallel to one
another. Figure 2-69. In constructing a one-point

"

the g apply.

Slep 1. Lay out the flat front surface of the object
using the blocking in method. Figure 2-70.

Step 2. Select and mark a single vanishing point.
Project all points on the front surface back to
the vanishing point. Figure 2-71. :

1
Slep 3. Estimate the depth o the object and mark
itoff on all line projectors. Figure 2-72.

Step 4. Complete the sketch by outlining the
exposed profile of the rear surface. Figure 2-73.

A two-point bles an i: i
sketch, except that width and depth lines recede tg
the left and right vanishing points rather than reced-
ing in parallel. Figure 2-74.

In n a two-point the follow-
ing procedures apply.
i

Slzp 1. Lay out the two-point perspective frame
which consists of the vertical height line. the
vanishing point left. the vanishing point right.

SESETED. = e
BLOCK N FLAT_FRONT_VIEW

Flgure 2-70 Step one in making a one-point
perspactive sketch

and the receding lines (all

Figure 2-75. The horizon line when d

the view provides a view of the bottom

of the object. and when positioned above
shows the top. The vanishing points must be
on the horizon.

Stepa. B!oddn the object. estimating the length

- ~and width for proportion, Figure 2-76.

Skp3. Lay out the details, lightly giving special
alention to proportion, Figure 2-77.

Step 4. Complete the int
sketch. Figure 2-10.“910 e EeRecve

% Secton1

“TPRGIECT. POINTS_TOM T =

Flgure 2-71 Step two in making a one-point
perspective sketch E .

STEP FOUR

CARKEN ALL LINES TO compPLETE

THE oalecT

MARK DEPTH OFF AND BLowk
IN RPEST OF 2BUsT

Figure 2-72 Step three in making a one-point

Figure 2-73 Step four in making; one-point
perspective sketch

Figure 2-74 Two-point

:
3
:
3
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 Flgure2-76 ~
. Blocking in the object

Figurs 2-77
Laying out the details

5. How high should fractions be?

6. How much space should be leit between
words?

7. What are two grades of lead commonly used
for freehand lettering?

8. Whatare guidelines?

9. \\;hy are guidelines important?

10. A settingof 8ona lettering guide will

: “’“ - R{ 278 Compleun::d‘; - produce letters of what height?

; ) i 1 1. Define the term line work.

12. Name ten basic lines types used on technical

drawings.

Review 13. What are two advantages of sketching over
\2 mechanical drawing?
i _ What is the standard style of frechand letter '
‘I : Ing on nical drawings? 14, What are the six pr;r.clpﬂ views of ortho
il 2. What is the slope of slanted lettering? graphic projection? )
i \ ‘Wha five characteristics of good 15. Which axonometric projection is preferres
i 2 ﬁul‘ﬂl.: ::mnm for sketching?
strokes are required to make 3 1 6. What kind of projection exhibits a circle asan
‘ s :::‘.;.\y 3 . elliptic shape?
\ 88 Section |
‘ TR R

|
|

The following problems are intended to give the begin-
ning dratter practice in using the various lettering. line
work and sl that are fund; | to
drahing. Cach problem should be studied carefully. while
lollowing the individual instructions.

e —
Problem 2-1

Lay out an Assize sheet for lettering practice, according
1o the figure shown. Use 112" borders. Use 5/16* guidelines.
using a lettering guide If available. and letter 3 rows of
characters In the manner shown. under each respective
row. Leave 1/8" space berween each row.

P
Problem 2-2
Repeat Problem 2-1. but use 1/4" quidelines.

Problem 2-3
Repeat Problem 2-1. but use /16" guidelines

Problem 2-4

Repeat Problem 2-1. but use 1/8" guidelines,

AeeBs ¢ ADE EenE

JKLMNOPQRST

UVWXYZ01234061789

Problems 21 through 2-4
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To be truly proficient in the layout of both simple
and complex drawings. the drafter must know a_nd
fully und d the many tion

ethods used. These methods are ill d in this
chapter. and are basically simple principles of pure
geometry. These simple principles are used to actu-
ally develop a drawing with complete accuracy. and
in the fastest time possible. without wasted motion

or any rk these g ic con-
rinciples give crawings a finished. profes-
sional appearance.

In laying out the various geometric constructions,
it s Important to use a very sharp, 4-H lead and to
be extremely accurate at all times. Always draw light
construction lines that can hardly be seen when held
atamm’s length. These light construction lines should
not be erased as this takes up valuable drawing time

and they can also be reused to check layout wark
if necessary,

Geometric Nomenclature
Points in Space

A point is an exact location in space or on a draw-
Ing surface. Figure 3-|. A point is actually represented

£ il il drawing p
S BB el
job=By using lhese geon

on the drawing by 2 crisscross at its exact location.
The exact point in (drawing) space is where the two
lines of the crisscross intersect. When a point is
located on an existing line. a light. short dashed line
or crossbar is placed on the line at the location of
the exact point Never represent a point on a drn_r-
ing by a dot except for sketching locations. This is
not accurate enough. and Is considered to be poor
dr{h:in; practice.

/snonr CROSS AT POINT
SHORT DASH AT POINT
/ ON LINE

00 NOT USE 4 DOT
/_TO LOCATE POINT
’

+

Figure 3-1 Points in space or on a surface

LINE 28
Vo
POINT "a’ [

POINT '8
Figure 3-2 A straight line is the shortest
distance betwzen two points

Line

Astraight line is the shortest distance between two
points. Figure 3-2 It can be drawn in any direction.
Aline can be straight. an arc. a circle or a free curve,
as illustiated in Figure 3-3. I a line is indefinite, and
the ends are not fixed in length, the actual lengrh is
a matter of convenience. If the end points of a line
are important. they must be marked by meins of
sma'l. mechanically drawn crossbars. as descnbed
Oy a point in space.

Straight lines and curved lines are consicered to
be parallel if the shortest distance betwsen them
remains constant. The symbol used for parallel lines
is Il. Lines that are tangent and at 90° are consid-
ered perpendicular. The symbol for perpendicular
lines is L (singularl. Figure 3-4. and s Iplural).
The symho! for an angle is £ (singularj and L’s
Iplural). To draw an angle. use the drafurg ma-
chine. a triangle. or a protractor. For extra accur-

acy. use the vernier on the drafting machine or a
vemier protractor. .

Angle

An angle is formed by the intersection of two lines.
There are three major kinds of angles: right angles.
acute angles. and obtuse angles. Figure 3-5. The right
angle is an angle of 90°. An acute angle is an angle at
less than 90°. and an oktuse angle is an angle at
more than 90°, Note that a straight line is 180°. Fig-
ure 3-5 also illustrates the complementary and sup-
plementary angles of a given angle.

There are 360 degrees (360°) In a full circle. Each
degree is divided into 60 minutes (60'). Each minute
is divided into 60 seconds (60"). Example: 48°2833"
is read as 48 degrees. 28 minutes, and 38 seconds.

To convert minutes and seconds to decimal de-
grees, divide minutes by 60 and seconds by 3600.

Example:

21°1827" =
21.3075°

1° + (18/60)° +(27/3600)° =

To convert decimal degrees to degrees. minutes,
and seconds. multiply the degree decima! by 60 to
obin mirutes. and the minute decima! by 60 to
obtain seconds.

Figure 3-3 Kinds of lines

INDICATES 30°

Figure 3-4 Perpendicular lines

CCMPLEMENT ||

OF amGiLL

SUFPLEMENT
OF ANGLE &

|
L
\
|

Flgure 3-5 Kinds of angles

Example:

77.365° =77+ (365 X 6Qr = 112 1.9
T7°21.9'= 77°21' + (.9 X 601 = 77°21'54*

A vernier may be used to measure and read off

minutes and secands of a degree. The vemier scale
Is discussed in Chapter 1.

Triangle

A triangle Is a closed plans figure with three straight
sides and three interior angles. The sum of the three

Chapter 3 w
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EQUILATERAL
ALL SIDES, ALL ANGLES

1SOSCELES
rws SIDES,TWO
ANGLES EQUAL

OBTUSE ANGLE
40 SIES OR ANGLES EFOUAL

SCALERE
O SIDES OR Z=GLES S0UAL

Figure 3-6 Kinds of triangles

internal angles s always exactly 180°, half of the 360°
in a full circle. Figure 3-6 shows the various kinds of
riangles: a right wiangle. an equilateral triangie. an
le. 3 scaiene triangle. and ar obtuse

A right triangle is 3 triangle having3 rightangle oran
angle of 90°. The two sides forming the right angle

- are called legs. and the third side \the longest) is the
hypotenuse- Any triangle inscribed in 2 semicirclc is

ight . Figure 3-7. .
i I;«c::umwsk as its name implies. isa trian-
gle with all sides of equal Iength: All of its interior
anglesare also equal. An isosceles triangle has two sides
of equal length and two equal interior angles. A

HEPTAGON OCTAGON

3 Figure 3-8 Examples of polygons

98 Section |

Figure 3-7 Any triangie inscribed
within a semicircle is
a right triangle

triangle has no equal sides cr angles. An obluse angle
triangie is 3 triangle having an obtuse angle greater
than 90°. with no equal sides.

Polygon
A polygon is 2 closed planc figure with three or more
straight sides. Figure 3-8. More specifically. shown in
the figure are regular polygons- meaning that alll sil
are equal in each of these examples. The mos’t.lmpor-
lygons as they relate to draiting are
bably the triangle with three sides. the square
:I:h four sides. the hexagon with siX sides, and the
octagon with eight sides.

Quadrilateral
A quadilateral is 3 plane figure bounded oy four
es. When opposite sides are parallel. the

straight sid
quadgrilla(eral is also considered tobe a parallelogrant.

Figure 3-9-

NONAGON DECAGON

TRAPEZOID

Circle

- Acirde is a closed curve with all points on the cir-
cle at the same distance from the center point. The
major components of a circle are the diameter. the
radius. and the circumference. Figure 3-10.

" The diameter of a circle is the straight distance
from one outside curved surface through the center
point to the oppsits outside curved surface. The
diameter of a circle is twice the size of the radius.

The radius of a circle is the distance from the cen-
ter point to the outside curved surface. The radius is
half the diameter. and is used to set the compass
when drawing a diameter.

The ciraumference of a circle is the distance around
the outer surface of the circle. To calculate the cir-
cumferenze of a circle. multiply the value of = (use
the approximation 3.14 16) by the diameter. A chart
similar to the one found in the appendix of this text
may be used.

Other important parts of a circle are tne central
angle. the sector. the quadrant. the chord, and the
segment. Figure 3-11.

A central angle is an angle formed by two radial lines
from the center of the circle.

A sedor is the area of a circle lying between two
radial lines and the circumference.

A quadrant is a sector with a central angle of 90°
and usually with one of the radial lines oriented
horizontally.

A chord is any straight line whose opposite ends
terminate on the circumference of the circle. (A diame-
teris a chord passing through the center of the circle.)

A sggment is the smaller portion of a circle sepa-
rated by a chord.

Concentric circles are two or more circles with a com-
mon center point. Figure 3-12.

Eccentric drdes are two or more circles without a com-
mon center peint Figure 3-12.

A semicirde is half of a circle.

© RECTANGLE RHOMBUS

. TRAPEZIUM

RHOMBOID

SQUARE
PARALLELOGRAMS

Figure 3-9 Quadrilaterals

\

Ny |
CIRCUMFERENCE

NOTE, THE COMPASS IS SET T0
THE RAJIUS

Figure 3-10 The major components
ofa circle

Figure 3-11 Other parts of adrcle

eccenric IR

CONCENTRIC CIRCLE
Figure 3-12 Concentric and eccentric circles

Cnapter?

Scanned with CamScanner



AT

e

v

12 PENTAGONS - .-

Q LES
@

AR 5 B e Rl ST ¢
5 e o : B
Figure 3-3 h‘m!dm“s 4 TRIANGLES 6 SQUARES & TRIANGLES
|solids) E : i 3 ;
TETRANEDRON  HEXANEDRON OCTAHEDRON  DODECAHEDRON ICOSAHEDRON
©  REGULAR souiDS
Polyhedron .

A p!yﬁiiiun is a solid object bounded by plane

surfaces. Each surface is called a face. If the faces

+ are equal.segular polygons. the solid figure Is a regu-
lar polyhedron. Figure 3-13.

Prism A
A prism is a solid having ends that are parallel
. marched polygons, and sices that are parallelograms,
Figure 3-14. This definition also applies to round or
circular objects. such as a cylinder. When the poiy-
gon on one end of a prism is not parallel to the other
end, itis said to be truncated. The altitude of a prism is
the perpendicular distance between its end polygons
(or bases).

Pyramid and Cone

/A pyramid Is a polyhedron h.:vln'g a polygon as its
base. Three or more triangles form Its lateral sides

which meet at a common vertex. Figure 3-15. A cone |

is a pyramid with a central axis. and an infinite num-
ber of sides which form a continuous curved lateral

" - surface: When the vertex of-a pyramid.or cone has

been removed by a plane that Intersects all the lat-~~
-~ enlsides(which forms a new

the

A

0BLIOUE
TANGULAR

L7
[

CUBE - GH

RIGHT  ~
RECTANGULAR _REC

RIGHT RIGHT 0BLIQUE
TRIANGLE . .PENTAGONAL . HEXAGONAL

Figure 3-14 Prism

Sphere

A sphere is a closed surface. every pointon which Is
equal distant from a common point or center. Figure
_3-17.1f a sphere Is cut Into two equal parts. the parts
* are called hémispheres. Poles are two reference measur-
Ing positions on the surface of the sphere on oppo-

or cone is said to be trunaled, Figure 3-16.

_—VERTEX

/

‘XIS

RIGHT SQUARE

Axs;

bt L1103

- SASE
RIGHT TRIANGULAR

site sides of its center.

VERTEX

Axis ‘/

OBLIQUE PENTAGONAL

Flgure 3-15 Pyramid e

TRUNCATED ARG

1OT PARALLEL
T0 84SE

e

PRISM PYRAMID

Figure 3-16 Truncated py-amid

Elemental Construction Principles

‘The remaining poition of this chapter is devoted
to illustrating step-by-step the mzry geometric con-
struction prirciples used by the drafter to deveiop
various geomstric forms. It Is important that each
step b= fully understood and followed. As the begin-
ning drafter uses these geometric construction prin-
ciples. various shortcuts will become evident. thus
reducing the drawing time and increasirg accuracy
even more. At the end of the chapter. #ach of these
tezhniques Is inccrporated or used in some way tc
complete the various given prcblems.

How To B_lsulq Line

To bisxt a line means to divide it In half or to find
its ceater point In the given process. a line will also

be constructed at the exact center point at exactly 90°.

GIVEN

A r—— 8
Flgure 3-18A How to bisect
aline A

APPROX 2/3 e i

S oo SETTING i

Flgure 3-18B Step | Flgure 3-18C Step 2 _§

i

X i !
A ) D
Y Figure 3-18E I ¥

Flgure 3-18D Step3 N Step 4
Chapter 3 101

/rwr/c.um

POLE

Figure 3-17 Sphere

Given: Line A-B. Figure 3-18A.

Slep 1. Set the compass approximately two-thirds
of the length of line A-B and swing an a:c from
point A. Figure 3-188.  °

Step 2. Using the exact same compass setting.
swing an arc from point B. Figure 3-18C.

Slep 3. At the two intersections of these arcs. lo-
cate points X and Y. Figure 3-180. *

Step 4. Draw a straight line connecting point X
with point Y. Where this ling Intersects line A-B
is the bisect of line A-B. Figure 3-18E. Line X-Y -
Is also perpendicular to line A-B at the exact -
" center paint:
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system.
decimal-inch dimensioning system.

ules should be observed. If a dimension Is -

= inch. only a decimal point and the num-

uired. A zero is not required to precede
2 point. Figure 9-4, Part A. The number of

L the decimal that a decimal-inch dimen- -
carried is determined by the specified toler-

- part in question, Figure 9-4. Part B. In

figu tolerance of .00 (three places to the

decimal) is specified. Consequently. the
537 Is carried out three places to the
decimal. :

spedﬁe& sizes for decimal points.

‘no
* but they should be made dark enough and large .

(diazo. ph

4 Flgure 9-2 Metric dimensioning

el

enough o be seen. and to reproduce through any 77

Figure 9-3 No commas in metric dimensions

z-actional Dimensioning

Fractional dimensioning is not ly used on
nechanical technical drawings. Its primary use is on
land 1 engineering drawings. How-

Ee=y

et since it is occasionally still used on mechanical

Tawings. drafters should be familiar with this system-
1d H Faoical

When using fracti on me
T=wings. several rules should be observed. Tne line
ting th and

=0 n of a frac-
+cn should be a horizontal line. notan inclined line.
=gure 9-5. Full-inch dimensions should be a mini-
um of one-eighth Inch in height. The combined

¢ of the numerator, denominator. and horizon-
= line of a fraction should be one-quarter Inch. Fig-
1re 9-6 for A-, B-, and C-size drawings. and a minimum
< five-sixteenths inch for D. E. and F sizes.

’
77

Dimension Components

Several components are common [0 all dimen-
sSoning systems. These include extension lines. di-
niension lines. leader lines. arrowheads, and the
=tual numbers or dimensions. Drafters and engi-
~eers should be knowledgeable in the proper use of

mese components.

Scanned with CamScanner
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TOUERANCE SPECIFED: .00

(8)

Figure 9-4 Decimal-inch
Jimensioning

I |
g é
CORRECT

Figure 9-5 Horizontal line is the correct m¢

INCORRECT

Extension Lines
An edension line is a thin. solid line thatéx!
the object in question or some feature ol
Several rules should be observed when
sion lines on technical drawings.
There should be a small but) i
the object or object feature and
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-APPROXIMATELY
/8" PAST
DIMENSION LINE

Flgure 9-7 Drawing extension lines

1
extension line. Figure 9-7. Part A. Extension lines
should extend uniformly beyond dimension lines a
i ‘of ap i ly one-eighth inch, Figure 9-7,
Part B. Extension lines that originate cn the object
such as center lines, may cross visible lines with no
gap required. Figure 9-8.

Dimension Lines

A dimension line is a thin, solid line used to indicate
graphically the linear distance being imensioned.
Dimension lines are normally broken for placement-
of the dimension, Figure 9-9, Part A If a horizontal
dimension line is not broken. the dimension is placed
above the dimension line with guidelines parallel to
it Figure 9-9. Part B.
When dimensioning multiple features of an object.
dimensions should be align=d uniformly rather than
d or randoml d about the object.

Figure 9-10. :
_Dimension lines are drawn parallel to the direc-
tion of me fficient di the

w)

NO
GAP REQUIRED

Lxxx

Figure 9-8 Center lines as
extension lines

XXX ——————

L——nmmslon LINES ARE

BROKEM TO ALLOW
FOR PLACEMENT OF
THE CIMENSION

i i TO DIMENSION LINE

Hﬁn;?:?’?hc;méhl of diménﬁ;n

away from the object. Figure 9-11. Part A Successive
dimension lines should be at least one-quarter inch
apart. If using metric dimensions. the first dimen-
sion line should be atleast 10 millimetres away from
the object. Successive lines should have at least 6

objectand the di ionlinesand b succes-

them, Figure 9-11. Part B.
“ When the shape of ar. object requires a series of

ive di lon lines is i so that d

t
and crowded dimensions do not result The ilrst
dimension line should be atleast three-cighths inch

parallel di ion lines. the breaks and the dimen-
- sions should be staggered to make it easler to read
the dimenslons, Flgure 9- s ' EIORD
s S

Figure 9-10 Proper placement of

ABOVE AND PARALLEL

Z

Z

BRI L

Figure 9-12 Staggering dimensions

-

I/H;uu 9-13 Leader iine
/—- R30 7
/ z

INCORRECT

Flgure 9-14 One dimension per Jeader line is
preferred

Leader Lines

A leader line Is a thin line that begins horizontally
breaks at an angle, and terminates In an amowhead
or. on occasion, a dot. Figure 9-13. Leader lines are
used for tying dimensions. notes. symbols or other
data to a specific point on a drawing.

When using a leader line to direct a dimension
its appropriats feature on a drawing a dimension
for each leader line i the prefered method. Figure

' 9-14. More than one leader line extending from the

Chaper9 103
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Flgure 9-21 Placement of
common
dimensions
between views

9. Dimensions thaz are common to two views
should Se placed between the views, as long
as they zan be clearly read. Figure 3-21.

10. In a series of dimensions. begin with the
shortest and work out 3nd away from the
obiject so that the last dimension is the
longest. Figure 9-22.

I1. No other type of lin= should cross 2 dimen-

sion line unless it is absolutely unavoidable,
Figure 9-23.

Specific Dimensioning Techniques

All of the information on dimensioning so far has
of a general nature. The following sections deal
with the techni used for applying din to
specific situations that are recurrent in drafting With
ath igh k dge of the general inf ion pre-
sented earlier, and the specific information presented
in these sections. drafters will be able to dimension
any situation ¢ d on technical d

Dimensioning Diameters
S

may be d d using
and dimension lines or using leader lines. In either
Case, the d! d ion is ded by a diam-

€ter symbol g. If the diameter is a spherical diame-
ter. the dfameter symbol is preceded by a capital

306 section2

Figure 9-22 The topmost dimension in a series.
should be the iongest

1
|

S
!
|
1
T
|

—i30 ——
= /
s
Figure 9-23 ‘Avoid crossing dimension
.lines

Figure 9-24 Dimensioning diameters in
longitudinal views

~S." Figure 9-24 illustrates how diameters may be
dimensioned in longitudinal views. Figure 9-25 illus-
trates how diameters are dimensioned in views where
they appear as circles. Figure 9-26 illustrates the.
d i g of a spherical d 3

/_'—m

e 2.00 S50t

4.00
Figure 9-25 Dimensioning holes

Dimensioning Radii

The symbol for radius is"R." The symbol for spher-
ical radius is "SR.” Each time a radius is called out. it
fust be preceded by either the R or SR 'symbcl. Radii
are cimensioned using leader lines which terminate
in arrowheads. Figures 9-27 and 9-28 il'ustrate vari-
ous ways in which radii are dimensioned.

ReT
¥

Figure 9-27 Dimensioning radii

:llm‘—7

3.83

Go- Mo GO GAce

Figure 9-26 Di

ing a spherical di

Dimensioning Chords, Arcs, and Angles

Chords, arcs. and angles are dimensioned in a sim-
flar marner. When di i a chord, the dimen:
sion Hne should be perpendicular to the extension
lines and parallel to the chord. Figure 9-29. -

When di ingan arc. the dii line runs
concurrent with the arc curve. but the extension lines
are either vertical or horizontal. Figure 9-30. An arc
symbol is placed above the dimension.

When di ioning an angle, the ion lincs
extend from the sides forming the angle. and the
dimension line forms an arc. Figure 9-31.

FORESHORTENING THE RADUS LEADER

+

: 4".; ACTUAL RADWS POINT

WOULO NORMALLY BE NERE
Flgure 9-28 Dimensioning the radius

Chapter 9 Jo7

Scanned with CamScanner




L—xx = xx

2 METRIC Figure 9-35 Dimensioning arc outli

Dimensioning Round Holas

One of the most common dimenzioning

is the round hole. Holes drilled in objects may

pass through the object or penetrate it to 3

; i fied depth. Depending on the nature of the drawing

radius must be dimensioned. may or may not be clear graphically which is the cas
fall outside of the object must When it Is not clear as to whether a hole passt

normal coordinate dimensions.  through an object or only penetrates it partially th
ted according to their points  conditicn must be clarified by the dimension. Fi

R : N ures 9-26 through 9-39 illustrate the varicus metl
re 9-35 contains an example of an obiect  ads used for dimensioning round holes.
sdn;ohuﬂsnhvs'mlwwdnunmlly e

mensioned.

Figure 9-36 Dimensioning round holes Flgure 9-37 Dimensioniny

Scanned with CamScanner
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Flgure 9-38 Dlmensioniné round holes
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Dimiensioning Slotzed Holes

. Slotted holes are a commén dimensioning situa-
5 tion. Several different methods are used in dimen-
| sioning slotted hales. The most commonly used
: method involves dimensioning the overall length and
g width of the slot and calling out. but not dimensioning.

| the radii. Figure 9-40. :

radii, Figure 9-41.

s E el

T

s

.

4 R - =

Flgure 9-40 D'lmulsloniu a slotted hole

Another: method involves dimensioning the over-
all width of the slot. the distance between the radil
centers. and calling out. but not dimensioning. the

Still another method involves using leader lines to
call out the overall length and width of the slot and
calling out. but not dimensioning. the radii. Figure

o {———-I— o2

METRIC

Figure 9-39 l3imensionin; round holes

Dimensioning Counterbored Holes

‘Holes in fact ured parts are fi ly counter-
bored to allow for a flush fitting of a fastener. Two meth-
ods are used for dimensioning counterbored holes.

{The diameter of the hole, the Jiameter of the coun-
terbore (CBORE). and the depth of the counterbore
may be called out using a leader line, Figure 9-43.
Another method involves calling out the diameter of
the hole and the counterbore on a plan or frontal
view and di the depth of the b
on a longitudinal or depth view, Figure 9-44. -

r_ i e

—

Flgure 9-41 Dimensioning a slotted hole

o S
2 PLACES .

i bi_m‘;ﬁgléﬁfn—g_aoﬁﬁiersunk Holes 7+

(o inking a hole in fa apatisa

%

Figure 9-42 Dimensioning a slotted hole
0.50

ol.s0u
.25 DEEP

Flgure 9-43 Dimensioninga
counterbored hole

R
NV

(o]

Figure 9-44 Dimensioning a counterbored hole

310 Section2
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process similar to counterboring. The major differ-
ence is that the countersink (CSK] is at an angle to
accommodate a different head style on a fastzner or
for clearance. A countersunk hole may be dimen-
sioned in one of two ways.

The first method involves calling out the diameter
of the hole. the diameter of the ccuntersink and the
angle of the countersink using a leader line. Figure
9-45. The second method involves calling out the
diameter of the hole and the diameter of the coun-
tersink on a plan or frontal view and dimensioning

the kangleonall inal or depth view.
“Figure 9-46. >

$.73 THRU

CIETE TR

Flgure 9-45 Dimensioning a
countersuhk hole

i
{
i
4]
i

|

.

; Flgure 9-46 Dimensloning 3 countersunk hole

Chapter9 311
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Figure 9-52 Dimensicning 2 cha
"~ edges less than 90°

-

=
mler on Figure 9-53 Dimensioning a chan
edges of more than 90

— 24 —T2 =

.

 Figure 9-54 Dimensioning a keyseat

and a linear dimension, as shown in Figure 9-52.
Chamfers applied to edges of more than 90° require
linear dimensions with extension lines that are per-
pendicular to the subjéct edges. Figure 9-53.

; Dim;ﬁszlonlngv' Keysea ats ; :
A Jot in a shaft to hold a key. Keyseats ~
L ¢ e

g a kevseat

- ma d parts. Dir
dimensioning the wil

in Figure 9-54. Notice thatdulcysatmuslbeloaud
If It does not extend the entire length of the part. It
must also be located If it is llowed to run out at

theshaft .« -~ -

Dimensioning Geometric Shapes

Special techniques are called for when dimension-
ing such geometric shapes as pyramids. cones.
spheres, and tapered objects. A rule of thumb to fol-
low when dimensioning such shapes is to provide only
those dimensions necessary lo define the shape and nothing more.

A pyramid requires base and height dimensions.
An diate d ion showing the distance from
the apex of the pyramid to any comer in a top ortho-
graphic view can also be provided, but is not required.
Figure 9-55.
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Flgure 9-56 Dimensioning a cone

A cone requires only two dimensions: a height
dii and a base d d Figure
9-56. Dimensioning a sphere is even simpler. A sphere

q only a di dii ion. Figure 9-57.

Tapered objects may be cones or pyramids in their
overall shape..Tapered objects are dimensioned
according to the rules of their basic shapes and. then,

a note specifying the degree of taper is added using
a leader line. Figure 9-58.

mensioning Systems
{and mul ple f c fa d
Parts must be located from some datum (reference
point or plane) and. on occaslon, with respect to one
another. Holes are the most frequently dimensioned
features located with respect to some datum. Their
location with regard to a specified datum Is critical
in some cases. In other cases. hole locations with
regard to other holes Is critical. Which case applies
depends on the function and nature of the part and
Its related features in the final assembly process.
Two basic dimensioning systems are used for locai-
Ing features on manufactured parts: rectangular coor-
dinate di loning and polar d dimen-

Individ.

SPHERE

Figure 9-57 Dimensioning a sphere

: 150 sQ,

TAPER- 025 PER. INCH

73|

 TAPERED BLOCX

Flgure 9-58 Dimensioning a tapered
y object

sloning. Redangular condinate dimensioning Involves locat-
Ing features using linear dimensions from specified
X-Y or X-¥-Z axes. Polar coordinate dimensioning involves
the use of both linear dimensions and angular dimen-
slons for locating features.

s

|
R

SR L

i

.. ~Figure9-60 il how

MOTES
HOLE A = fxx
HOLE B = @#XX
3 €= gxx

Flgure 9-59 Rectangular coordinate dimensions

Rectangular Coordinate Dimensions

Rectangular coordinate dimensions can be applied to a
partin several different ways: with linear dimer.sions.
in table form. and in a modified dimersioning for-
mat In which dimension lines are left off.

The first method is illustrated in Figures 9-59 and

9-60. In Figure 9-59. the X-Y coordinate system of
the rectangular part is used In locating the various
holes from a hypothetical zero origin. Notice that the
hole diameters are specified in a note rther than
with leaders. A more complex part would require that
the holes be shown in a table. This is done to avoid
overcrowding the drawing and ks a method frequently
used with | dinate d ing. More-
over. It lends itse!f to production by numerical con-
trol (NCL | 1(CNC). or com-
puter-alded manufacturing (CAM). =

S e e
1

plane for ref ']
Is the center line of the part. The various other cen-
ters are located In relation to the center of the part.
Notice that the hole dlameters have been specified
in tabular form. This Is another method frequently
used with rec 1 d d| ing to
avold overly complicating the drawing. 4
Another method used in rectangular coordinate
dimensioning involves giving dimensions from an X-Y
or X-Y-Z origin. but leaving off the dimension lines.
The dimensions are placed at the ends of the exten-
sion lines. Figure 9-61. The hole sizes are tabulated

dimensioning is applied to circular parts. The datum
A el

“- sionsare

Figure 9-61 \ dinate dimensi

A final method used in rectangular coordinate
dimensioning takes the method illustrated in Figure
9-61 one step farther In this method. dimensions

. and hole sizes are nbuhmd.,ﬂwrz 9-62. Dimen-

Notice that each dimension refers to the distance
from the origin to the hole center.

d to a thre | X¥Z axis.
The only dimensions placed on the part are overll
length, width, and depth.

Chaptery 1S
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Figure 9-65 Proportions of the finish symbol (From
Drafting for Trades and Industry — Methani-
cal and Electronic. 1ofin Nelson. Delmar Pub-
lishers Inc)

TOTAL MEASURED
MICROINCHES (MICROMETRES)

125/ o
\—DEPTH OF

IRREGULARITIES

000125 DEPTH OF
SURFACE
IRREGULARITY

Flgure 9-66 Measuring surface texture [From Drafting b"ll'lﬂﬁ and Industry —
: Mechanical and Electroic. John Nelson. Delmar Publishers Inc)

i FacE| Tusace. - a
e | o onUnrAS ‘ |

g ) Used where vibration or stress concentration are not
w5 || €9 || ~|critical and close tolersnces are not required.

| w 3 Focpv-riu-mmc‘-hqulmumd‘
Cdl || &= appearance are of minimal importance. E
Fﬂm&uwdﬁdummwmﬁw
and rivets with no motion between them. 3
Smoother than Fwdmhwmmmm-

32 125 | Average smooth

16 | 8 | average finish shatts, axles, and parts subject to vibrations. _
0.8 32 Fine finish Used for such applications #s bearings.
04 IG"‘ Very fine Used where smoothness is of primary
% finish such as high-speed shaft bearings.
0.5» g | Extemely fine Use for such pants as surfaces of cylinders
% finish S (engines).
01 4 Super fine Used on areas where surfaces slide and lubrica

finish is not dependable.

 Figure 9-67 Surface texture chart (From Drafing for Trades and Industry ~
d Electronic, John Nelson. Delmar Publishers 1nc)
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Figure 9-68 Notesond

notadequately explained using graphics. Figure 9-68.
Notes should be clearly worded so as to allow only
one correct interpretation.

There are no ANSI standards specifically goveming
the use of notes on technical drawings. However. sev-
eral rules of a general nature should be observed.
These ruies apply to both general notes and the more
specific detail notes.. - *

Rules for Appiying Notes
N s on Drawings

Notes may be lettered freehand. entered using a
hvboagd In a computer-aided drafting (CADI system.

or through any one of several mechanical lertering
processes. Sample notes are included on the draw-"
ings in Figures 9-69 ard 9-70. In any case. regardless
of how they are put on the drawing. notes should he
oriented horizontally on the draking sheet. Figure
9:71. General notes should be located directly above
the title block. Figure 9-72. When usirg manual
processes to apply general notes such as those in
Figure 9-72. the first note is placed directly above
the title block. the second is placed on top of it and
so on up the iine. This ailows notes to be added as
needed without renumbering. However. when using

2 CAD system. this.is not necessary since one of the °

advantages of CAD is that nates can be renumbered
and rearranged automatically. Detail notes should

2 x 8100

A
\J

S

—

=

i
i

sz —]

350

" Figure 9-69 Sample note lettered mechanically

318 Section2

DRAVN BY: IEE COMPUTER A[DED DRAFTING SYSTEM
r—rac o, 1.

15041 732-13

Figure 9-710 Notes lettered on a CAD system (Cour tesy Interactive Compuler Systems, Inc)
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!. HOw many pants make up (e assemoly’

2. How many screws are used in the assembly?

3. What are the part numbers of the screws used in the
assembly?

Of what matenial is the base of the assembly made?
How many springs coes the assembly contain?

= e

©. How many revisions have been made to the assembly
drawing?
7. When were the revisions made?
8. Who made the revisions?
9. What is the upper-limit thickness of the feeler gage?
10. Describe the dowel pins used in the assembly.
aarsiar
2| remvotaniey [arv nats vary
. s i |77
TP 2 | sueporr 1 g2tz )
S IR, 3 Iveenca are [ 1 [§ai7 4 At
2 |GWDE P 1 DIA ¢ 1 200
28 | S lcomporare | 1 [ ernng EH
G |sPemc 1 |.0z5 2ia ke
Tlctmescren| 1 [qomaiFie | 2235 - 2
8 |tacarcrpms| 2 |y <1 53 : e
i 9 |ooweLpmvs |2 TAom«tes | sro Piclorial dravings are. as their name implies. picto- appears as inclined and shows thm_e faces. Axono-
PRy i 10|scecw T | £-10NCe 3 35| STD rial views of an object. They are used in Industry for  metric projection includes isometric. dimetic and
& s B e 11 SereRare | 1 R agar2 |3 sales presentations. (o aid workers or: complicated tnmetric projections. Figure 18-L. It s customary to
o Lo (I | 1Z[TonGuE |1 [§e3 24 73] assemblies. to record new design ideas. for owner's  consider the three edges of the basic shape that meet
i ez I;M. i manuals and parts catalogs, and for technical printed  at the comer nearsst the viewer as the aomomelric azes.
28 i e lwaswces 2 Tmoe D"“;“‘ ey articles. In industry a technical illustrator usually does  Figure 18-2. . %
VASHERS 2 (3/-iCDx L D |ioio “most of this type of drawing. but all draiters should
I3 |CLaneur [ 1 | E-renc ’ff;’"; S1D] have a basic working knowledge in this area of draw-
16 |FELER saGE ] 1 [Bee3 Sio? (1S ! ing. This chapter touches on the various kinds of illus-
P . rations used. and basically how they are developed.
= VR T BT s 9 s Isometric Projection
:. v .uam. . fors ‘.".f. $ ” i lsemetric means “equal measure™ all three Pl'":d.'
= S | Types of Pictorial Drawings pal edges or axes are projected with equz:bI‘;(:s
a Figure 18-3. Any line on any surface
5 FIKTURE ASSEMBLY d Three types of pictorial drawings are used in indus- d"d',"':‘ p;.—ffl e pgr;endkuhrtnwolﬂ* prin-
5 o [- ] Ry ' ty today: oblique. and ve. cipal edges is called an isometric line. Any line on any
3 T T xz7e [T s ’ Each type is illustrated using a simple cube in order surface that is not either parallel toor perpendicular
[Swn [ £r | that they may be compared and studied. Each Is to one of the principal edges is called a nonisometric
: AT o P i explained in full. fine, In drawing an isometric. ,,Ma." use the J0*60*
SPACER PraTE. 1o+ > 10-22- tric lines.
Mo b Bt Randing o Vs Succhon b iy snd i By e ST THmr 7 O e T Poblihed by eimer ablczen I | “‘,‘r:g:;:::lfy":?f::gLm':'pmlmhn should be
i i Inacrual
t : s drwn approximately 50% of its true size, but.
’ Axonometric Drawings practice. It is drawn full size. Isometric mpb:.md
i In awnometric drawing, an object Is represented by grid paper are available to aid and speed up the draw-
» ! g ) its perpendicular projection cn a surface sc that it ing process.
Ty :
i ' 52 s, 7 l 29
B l
bo [\ _
AR
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Figure 18-5 Isometric and dimetric grid

 of reduztion. Figure 15-6. Of the three kinds of axo-
X ecti nmmismemmpliaud

. but it has by far the Jeast amount of distor-
d truly appears as 3 picture of the object.
projections are rarely usec in industry as

they take too much drafting time.

- ofp

; L
TRIMETRIC PAOJECTION
TWG OTHEAR SCALLS.

—FuLL sEALl

Figure 18-6 Trimetric projection e,

Oblique Drawings

Th iest rope of pictorial drawing tod
the oblique projection. In obliaur dracing. one st
of the object. usually the most important view.
drawn exactly as it would be drawn in a multivi
projection. I s drawn true size and shape.

Oblique dm{wuummmmamﬂ
(o each other. as in multiview drawings: the oth
the receding axis. is drawn at any convenient an,
to the horizon. g

There are three kinds of oblique drawings: ¢
tier. cabinet and general otlique. Figure 18-7.
each of the three kinds of oblique drawings. its ™

mportant surface is drawn p.lril'lel 1o the plz

are

Al basic procedures used in laying out an isomet-
l T

ric or dimetric p a

ing the trimetric projection.

~ Asthistextis primarily for dral

~ ularly for techaical illustrators. co
s 2

frers and not partic-
ncentration is given
d. these

Cavalier Drawing

~ onlyto P rce
same methods qnd basic procedures can be applied
o ic and ric projecti jection. the receding distances are drawn
- 1QUE PROJECTIONS
PARALLEL
i SCALE
REGULAR SREGULAR REGULAR
FRONT VIEW FRONT VIEW . FRONT VIEW
CAVALIER DRAWING CABINET DRAWING GENERAL DRAWING
o Figure 18-7 Oblique drawings
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CALSLIER DRAWING REVERSED
FULL SCaLE
A
1 iy /
f :
4 s
Max
0°
N
(45 SHOWN)

 Cabinet Drawing

L FRONTVIEW SAME 35

MULTIVIEW PROJECTION

Figure 18-8 Cavalier drawing

Figure 18-8. Notice how this creates much distortion:
therelore. this type of drawing is seldom used.

The term calier originated from the drawing of TVt SE4LE

medieval fortifications. The center area of these for-
tifications was much higher than the rest of the forti-
lication. and was referred to as the wnvalier because of
its command position.

In the cabiner drawing. the receding axis is drawn from

30”10 60° to the horizon. The receding distances are CFRONT ViEw SAME a

drawn half size. Figure 18-9. This helps somewhat to

limi the distorti d with the obligue
projection system. In past years. cabinet drawings
were used to illustrate furniture and cabinets.

Ceneral Oblique ;i f

The general oblique drawing is very similar to the cab-
inetdrawing. except that the receding Jdistances ate
drawn (o any scale that seems the most natural for
that particular object. This ould be from one-third
full size to three-quarters full size, Figure 18-10. |

" The receding angle can vary from 30° to 60°, s

GENZI4L PAOJECTION

CAGINET PROJECTION

REVERSED
FuLe THNALF scaLe s
scate~ \ :
N
\
o, /|
N N,
7N
l g s0*
/ Max
V\)c- ’
N
? 145°5HCWN)
FRONT VIEW SAME

AS
MULTIVIEW PROJECTION

Figure 18-9 Cabinet drawing

REVER3ED
r‘”"C‘LE
: s0°
/LR EMax
%\“.'\ i /
N hives

(43*5NOwN)

s
LTIV/EW PROJECTION

Flaure 18-10 General oblique

- how a proposed building will look when completed.

As a general rule. however. perspective drawings are
not used in the mecnanical draking field. Although
they illustrate the object exactly as it will appear.
they are too time-consuming and costly for drafters
to construct. Therefore. drafters need only a working
knowledge of perspective layout procedure.

Pe. ki

with all oblique projections. In oblique d it

,hb&mchooseﬂ!emoﬂmplagshapelsme
front surface, and project all receding lines from
that surface.

Perspective Drawing

Perspective drawings illustrate the object better
?ﬂn any other method. In a perspetive drawing, there is
iie or no distortion. and it approximates the object
35 It would be seen by the human eye or as pro-
iect2d upon the film inside a camera, Flgure 18-11,

A perspectivs drawing is used by architects. design-
€15, and technical illustrators in order to convey their
ideas. Architects often use perspectives (o illustrate

32 Section 4

gs are dit d more fully later

in this chapter.

Isometric Principles

An isometric drawing is drawn around three equally
spaced principal edges or axes, Figure 18-12. The
top illustration is the most commonly used. The object
should be placed either in the position it is usually
seen or in the position that best Illustrates all the
most important features.

How To Draw an Isometric Drawing

Civer: A multiview drawing of an object. Figure
18-13A.

V) e RS R R o e T T T N A AN B g

= sl SN el R

PEASPECTIVE nougcr sy

t PICTURE PLANE

Lve T HIRIZON LIfE

STARTING POINT

STARTING POINT

Figure 18-12 Isometric principles

S IO | Foaet “

GIVEN, MULTIVIE PROJECTION

=

N

Flgure 18-13A How 1o draw
: " an iscmetnc
drawing

,-ﬂ"'ﬂ" ruNT
207
/ 12e V o
/ >

MNCIPAL EDGES
Flgure 18-138 Step |

Ster 1. Locate the starting point and lighdy draw
the three principal edges 120% as illustrated n
Figure 18-118. Use the J0*00* tnangle.

Step 2. Transfer the depth. height. and width
directly from the multiview drawing, Figure
18-13A. to the three principal edges. Measurs

Chapeer 13 m
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GIVEN: MULTIVIEW PWICITIBN

Figure 18-15A Multiview projection

~ OFFSET DIMENSIONS
Offset Measurements ISOMETRIC PHOJECTION
 Offset messurements are used to locate one feature in '
dadondﬁvm-mu offset measurements must
 be made either parallel to or perpendicular to any
of the three principal surfaces. .
_Amummlduvdn'lsdven in Figure 18-15A. The
isometric drwl:f;'::( developed as wﬂ:\edﬂdbdul.c g ek 5
ercept that the offs ¢ measurements A. B. ai are - : .
measured parallel to and perpendicular to the three ot "f" E Offser measurements
ﬁ“’w;ﬂﬂ‘ﬁ;ﬁgxxm 3 {-um‘u LINES. Ven:'sz.::::n:n
. euggnmprwdmmlm'bepln‘llel.,spe‘ _chnly. ~ Qe as N
in the Isometric drawingalso. e b
, T L 5 e Sk CENTER LINES
Center Lines S [ — STENC CEWTER LINES OUTSIDE OF C1RCU
o 4 & . ZROSS AT CENTER
ndicate symmetry and to IF SIRCLE !
MWA“HM dr:l'dn;nsdn“n:vds REGULAR CIRCLE M
Al holes must i the . 8-16 Center lin
coordinates to indical pwgepumurpomrlr SFlgureiis:) s - - 1
ﬂmnnsmuﬁnudwuldedndtdr- L )
. Box ,Constljuétion;  GwvEN: MuLTIVIEW Tu‘
Some okijects do not conform to any of the three : AN
pﬂndpddm"anoﬂeﬂdounum-k e >
otumndemunbemmedlmndd\eoblen‘ 26 S
parallel to and pupu\dmlatmmevrlndpaledp. i .
becomes the basic shape of the object. o ‘

is constructed around the object so various points
of the object touch. Figure 18-17B.
hslcmipeoldneebieqlsdmnas _

An isometric
shown in Figure I&nt‘.ar\dmevarlouspolms.k&
:ando.mlootndonorwld\hlmebaﬂcd\ape. - \
the

—w—

c

¥

Figure 18-17D. Points A. B. and Care located on
 base of the basic shape. and point 0 is located. by Figure 18-17A Flgure 18-17B
offset measurements. on the 0 surface. Box construction Basic shape
Chapter 18
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Figure 18-41 Isometric rounds and fillets

Extension lines are projected from the various sur-
lace features and at the same angle as the teature.
All dimension lines are drawn parallel to the angle
of the corresponding surface. Figurs 18-42.

Isometric Templates

Various iso are to the
drafter to speed up the drawing process. A unique
template to help simplify isometric drawing is the

lines are at precisely 120° angles to the main straight
edges. Complete color instructions that clearly explain
its many functions. operation. and uses are included
with the template.

Perspective Drawing Procedures

A perspective drawing is a three-dimensional drawing
of an object that shows it exactly as the eye views it
from one particular viewiag location, The perspec-

I50-Draftar. Figure 18-43. This lats c

optical refe iines. 16 qiffe i ic ellip-
ses. and two scales. It also offers a right angle (90°)
reference line. and isometric: reference lines offset
307 on either side of it. These isometric reference

UNIDIRECTIONAL DIMENSIONS
Flgure 18-42 Isometric dimensioning

Section 4

tive drawing is actually like a photograph of an object
see Figure i8-44. At the top of the figure Is an out-
side view ot a building: below it s an inside view of a
room. Notice how all lines project to wo points in
space.

Perspective Terms

. Afull understanding of all terminology usea in per-
| spective drawing is very important in leaming the
| layout procedures that follow. Refer.to Figure 18-43.
|  Station point (SP) is the exact location from which
the observer views the object.
| Obiject Lo be viewed, as implied. is simply the object
that is to be drawn, .
Ground line (GL) Is the edge view of the ground. or
. base upon which the object to be viewed rests.
Horizon (H) is a line at the level of the viewer: in
this example, approximately 5'0'' above the ground

T'r':'TI

Flgure 18-43 Isometric template (Courtesy Intema-
tional Design Corporation)

\
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Outside view in two-poin: perspective
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Inside view in two-paint perspective
Figure 18-44 Outside and inside perspective view

HORIZON
APPROX, 50"

ABOVE GL

T

Chapter 18
Flgure 18-45 Perspective terms
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GIVEN | MULTIVIEW DRAWING

TOP VIEW

_FRONT JIET FHDVIEW
‘Figure 18-48A How1© draw 3
. two-point
gcysveclive
drawing
the top view at th= top of a sheet of
anzle; in this exampie. 307in :
to the sketch. Draw the
10 the front edge of

€ PLANE (PP

~_PICTUR

n the l:pmeduohheobie'ct. where It

at 10 the picture plane line. projectthe ‘Figure 18-48C Step 1
e:gu:i_n(line 90¢ to the picture plane line. 4 "
jgure 18-43D. Locate the station polnuny—\ %
where on *he measuring line so that the maxi-
inclusive angle is 30° or less. ‘o

-Plﬁ'l’lll(. PLANE

Step 3. m the station ;;oinn construct lines
llel to the two edges of the top view above.
£-42E. Think cf these three stepsas |1

an overall top view of the object. 212 picture
plane line on edge. and 3) a station point In3 WUST BE 30°OR LESS
regular two-point perspective there are acw- e i
ally two superimposed over each other. LINE
This it first of the twovlews. S_visuaL RATS
 Sups Drawalineto represent the horizon line
at any conveniant location. It is best to draw
this horizon line away from the other construc-

tion work. I possible. If space is limjted. it can
be drawn over the original work. Figure 18-48F.
From points 1 and 2 on the picture plane line.
ect downward to the horizon line to locate
“the left and right vanishing points. Locate the
ground line and draw the side or front view of
the object on the ground line. In this example.
the object Is viewed from above. If the object is
to be viewed from below. the ground line would
have been located above the horizon line (refer

 back to Figure 18-46).

Step 5. From the ﬁght—slde m prmect the true
* “height to the measuring line. From the height

on the measuring line. project back into space Figure 18-48E Step 3

—v T
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C o VIEW VIEW
i
!
!
),

- = 3
Ly |

PICTURE PLANE (PP) 2

B |
|
|

|
!
|

SIDE VIEW FAcuT®izw

4 >,,!
’

SI0E
VIEW

| | PICTURE PLANS (PP) “2
VSTATION PONT !

— e s T

e MORIZON LINE (H) RVP)
| (LESTVANISKING POINT) (RIGHT VANISHING 70iNT)

MOR:ZON LIKE LAZ3

- GROUND LINE
Flgure 18-48F Step 4 Flgure 18-48G Step 5

57 ": : | N &’

! - - : : i - 1 S

ToP
ViEW

Flgure 18-451

4 “, Z PICTURE PLANE (PF) Completed two-point - i e
I
|

perspective drawing

to the left and right va,
18-48G. Construct the perspective basic shape
of the object. The basic shape projects back
— Into space until it intersects a line projected
downward from the picture plane line.

nishing polnts. Figure

|

Slep 6. Project the true helghts of each feature
from the right-side view to the measuring line
and back toward the appropriate vanishing point
10 a point where the same feature intersects

. the picture plane line. Figure 18-48H. Lightly
develop the various features of the object as

.would be done In an Isometric view.

e c—‘_-?g Slep 7. Ch=ck all work. and, if correct. darken in » 4

RISHT-310E view the object using correct line thickness, Figure
uUND Limg 18-481. As a general rule. hidden lines are not Flgure 18-50 Perspective Irmegular curves
% B usually drawn except to illustate an important
Flgure 18-48H Step 6 feature that would otherwise not be seen.

5%  Sections y s g
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Ch. 1

The Graphic
Language
and Crsiga

1.9 Definitions. After surveying briefly
the historical development of the graphic lan-
guage and before starting a serious study of
theory and applications, the definitions of a
few terms should be considered.

Descriptive Geomelry is the grammar of the
graphic la it is the three-di ional
geometry forming the background for the

ical applicati of the I and

can be expressed quickly and effectively with-
out the use of special equipment.

Blueprint reading is the term applied to the
“reading” of the language from drawings
made by others. Actually, the blueprint proc-
ess is only one of many forms by which draw-
ings are reproduced today (see Chapter 15),
but the term “blueprint reading” has been

through which many of its probl may be

d through usage to mean the inter-

solved graphically.

Instrumental or Mecharical Drawing should be
applied only to a drawing made with drawing
instruments. Mechanical Drawing has been
used to denote all industrial drawings, which
is unft not only b such drawi

of all ideas d on technical
drawings, whether the drawings are blueprints
or not. -
Computer Graphics is the application of con-
ional computér techniques with the aid of
one of many graphic data Pprocessing systems

is . s
are not always mechanically drawn, but also
because it tends to belittle the broad scope of
the graphic language by naming it superficially
for its principal mode of execution.

Engineering Drawing and Engineering Drafting
are broad terms widely used to denote the
graphic language. However, since the language
is not used by engineers only, but also by a
much larger group of people in diverse fields
who are coricnrned with technical work or
with industrial production, the term is still not
broad enough.

Technical Drawing is a broad term that ade-
quately suggests the scope of the graphic lan-
guage. It is rightly applied to any drawing
used to express technical ideas. This term has
been used by various writers since Monge’s
time at least and is still widely used, mostly
in Europe. - ° e |

Engineering  Graphics or Engineering  Design

 Graphics is lly’ applied to drawings for

Iechninlusemdhasmmzbumnnﬂutp‘an
of technical drawing which is. d with
the graphical representation of designs and

spedifications for physical objects and data
relationships as used in engineering and sdi-
* ence.

Technical sketching is the freehand

ilable to the analysis, modification, and the
Enslivs O‘ a rl el Teebs.

1.10 what Engineering and Science Stu-
dents Should Know. The development of
technical knowledge from the dawn of history
has been accompanied, and to a large extent
made possible, by a corresponding graphic
language. Today the intimate connection be-

tiveen engineering and scence and ‘the uni- -

versal graphic language is more vital than ever
before, and the engineer or scientist who is
i of or deficient in the pri [ mode

of expression in his technical field is profes- .

sionally illiterate. That this is true is shown by
the fact that training in the application of
S R ired in virtually

g is req in
engineering school in the world.
The old days of fine-line drawings and of
shading and “washes” are gone forever; no
artistic talent is necessary for the moden
technical student to learn the Fundamentals of
the graphic language. For its. mastery he needs
precisely the aptitudes and abilities_he will
need to learn the science and engineering
courses that he studies concurrently and later.
The student who does poorly in the graphic

of the graphic language, while mechanical draw-
ing is the instrumental expression of it. Tech-
nical sketching is a most valuable tool for the
engineer and others engaged in hnical

\guage courses is like to do poorly in his
other technical courses.

The well-trained engineer, scientist, or
technidan must be able to make correct

8
work, because through it most technical ideas

grap of

d'uigns, and data relationships.

This means that he must understand the fun-
damental principles, or the grammar of the
language, and must be able to execute the
work with reasonable skill, which is penman-
ship.

Graphics students often try to excuse them-
selves for inferior results (usually caused by
lack of application) by arguing that after grad-
uation they do not expect to do any drafting at
all; they expect to have others make any
needed drawings under their direction. Such 2
student presumptuously pictures himself, im-
mediately after graduation, as the accom-
plished engineer concemned with bigger things
and forgets that in his first assi he may

neatness, speed, and accuracy—basic habits that
every successful engineer and scisntist must
have or acquire.

All authorities agree that the ability to think
in three dimensions is one of the most important
requisites of the successful scientist and engi-
neer. This trainizz to visualize objects in
space, to use the constructive imagination, is
one of the principal values to be obtained from
a study of the graphic language. The ability
to oisualizz is possessed in an outstanding de-
gree by persons of extraordinary creative abil-
ity. It is difficult *o think of Edison, De Forest,
or Einstein as being deficient in constructive

well be working with drawings and possibiy

may be called upon to make or revise drawings |

either on the board or with computerized aids
under the directior: of a really experienced
3 Eoeine lthe e o

With the increase in technological develop-
ment and the q ding of drawing
courses by the other engineering 2nd science
courses in our calleges, it is doubly necessary

via graphics provides an excellent opp
to leam about the product, the comp y oper-

for the ing or science student to make
the most of the limited time devoted to the

ations, and the supervision of others. |
Even if the young engineer has not been too
fulin developing a skillful p hip
in the graphic language, he still will have great
use for its grammar, since the ability to read
a drawing is of utmost importance, and he will
need this ability throughout his professional

language of the prof: to the end that he
will not be professionally illitcrate, but will
possess an ability to express ideas quickly and
accurately through the correct use of the
graphic language.

life. See §14.1. :

Furthermore, the engineering student is apt
to averlook the Ffact that, in practically all the
subsequent courses taken in college, technical
drawings will be ericountered in most texi-
books. The student is often clled upon by
instry to suppl lculations with
mechanical drawings or sketches. Thus, a
mastery of a course in technical drawing will

aid lly not only in professi d practice
after grad but more i diately in other
technical courses, and it will have a definite
bearing on scholastic progress. -

Besides the direct values to be obtained
from a serious study of the graphic language,
there are a number of very important training
values which, though they may be considered
by-products, are fully as essential as the lan-
8uage itself. Many a student learns for the first
time in a drawing course the meaning of

1.11 Pro;j Behind every drawing
of an object is a space relationship involving
four imaginary things: the observer’s eye or sta-
tion point, the object, the planc or planes of prajec-
tion, and the projectors.® For example, in Fig.
110 (a) the drawing EFGH is the projection
on the plane of projection A of the square
ABCD as viewed by an observer whase eye is
at the point 0. The prvi'ecﬁm\ or drawing upon
ﬂlephmispmdu:edbylhgpiudupdhs
of the projectors in the'plane of projection. In.
this case, where the observer is relatively close.
to the object and the projectors form a “cone™
of projectors, the resulting projection is known
as a perspective.

IEthe observer’s eye is imagined as infinitely
distant from the object and the plane of pro-
jection, the projectors will be panllel, as
shown in Fig. 1.10 (b); hence, this type of

*Also called visual rays and lines of sight.
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» | Distance from Observer
Classes of Projecti  to Plane of Projection | Direction of Projectors
Perspective Finite Radiating from station point .
Parallei Infinite Parallel fo each other. -
Oblique Infinite Parallel to each other and oblique
SRS e 1o plane of projection 3
~ Orthographic i Infinite Perpendicular to plane of p
B oansrcincli |0 @ Infinite Perpendicular to plane of projectio
iview ~.7 - Infinite _ Perpendicular to planes of proj

. Fg 112 m@awnij‘ DI

cular (normal) to the

 graphic® projection. If they are parallel to each
other but oblique to the plane of projection,
ﬂug'mnltisapaﬂiqunviuim : \

c isknuwnuapriudpniufh!f_
in addition to being parallel to

v ot_:enm] and “parallel projec-
tion—are further broken down into many
subtypes, as shown inFig. 1.11, and will be
treated at length in the various chapters that
follow. Wi 2
.Adasiﬁaﬁnnofdunuh\typ&ofmie@‘
tioqamdinslothﬁ[pmieﬁmsks\\ownh
Fig. 1.12.
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21 Typical Equij The ial items

instrumental
drawing

Details are trifles, but trifles make perfection, and perfection is ne trifle.

BEN FrANKLIN

of equipment needed by students ir. technical

* schools and by draftsmen and designers in

professional practice are shown in Fig.. 2.1. To
secure the most satisfactory results, the draw-
ing equipment should be of high grade. When
drawing instruments (item 3) are to be pur-
chased, the advice of an experienced drafts-
man or designer, or of a reliable dealer,*

beginners to distinguish high-grade instru-
ments from those that are inferior.

*Keufel & Esses Co., New York; Eugene Dietagen Co.,
New York; urles Bruning Co,, Mt Prospect, Il
Frederick Post Co,, Chicago; V & E Manut

Pasadena,

should be sought because it is difficult for’

A plete list of equip which should
provide a satisfactory sel, for students of
technical drawing, follows. The numbers refer
to Fig. 2.1:  _

1. Drawing board (approx. 20" x 247),
drafting table, or desk.

2. T-square (24", transparent edge), drafting

machine, or parallel ruling edge, §§2.5,

2.61, and 2.62.

Set of instruments, §§2.34 and 2.35

45° triangle (8” sides). ~

30° X 60 triangle (10” long side).

Ames Lettering Guide or lettering triangle.

Triangular architects scale (or flat me-

No s

g Co.,
Calif; and the Gramercy Guild Group, Inc.,
Denver, are some of the larger distributors of this equip-
ment; their products are available through local dealers.

\gi scale), see also Fig.
2.3s.
8. Triangular scales (two) for engineering,

Scanned with CamScanner
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* Fig. 2.1 Principal items of Equipment.
_ Leonardt’s ball-pointed 516F).
21, Drawing ink (black waterproof) and pen

decimal and metric (or flat metric scaie),

see also Fig. 2.35. 2
9. Irregular curve. ¢ Wiper.
;: Mechanical pencils and HB, F, 2H, and 4H | The Jollowing items (not showon in Fig 2.1) may also
to 6H leads or drawing pendils, see also h‘iululd if mecessary:
Fig. 29 ! ! Technical fountain rens, drop pen, detail
12. Tru-Point pendil pointer, sandpaper pac, | pen, proportional dividers, beam com-
or file. : pass, and contour pen.
* 13, Pendil eraser. - [ Circle and eliipse templates.
14. Enasing shield. Calculator or slide rule.
Cleansing tissue or dust cloth.

15. Plastic drafting eraser or Angum'duning

2.2 Objectives ir Drafting. On the follow-
‘methods to be used in
are explained. The stu-

dent should learn and practice correct manip-
ulation of the drawing instruments so that

eraser.
16. Dusting brush. :
17. Drawing paper, tracing paper, tracilg
cloth, or films as required. Backing sheet
(drawing paper—preferably wh ite—t
wsed under drawings and tracings).

ing pages the correct
: S

— A0 U

18, Drafting tape.
> correct habits may be formed and maintained.
Optional eguipmenl. Eventually he should draw correctly by habit
19. Pen staff. so that his full attention may be given to the
roblems at hand. The instructor will insist

ect form at all times,

upon absolutely corr
ly in cases of physical

making exceptions on.
disability.

The following are the important objectives
the student should strive to attain:

1. Accuracy. No drawing is of maximum
usefulness if it is not accurate. The student
must learn from the beginning that success in
a college career or later in professional em-
ployment cannot be had if the habit of accu-

racy is not acquired. ;
2. Speep. “Time is money” in industry, and

| 243, Drafting at Home or School. In the |

I school drafting room, as in the industria] |
drafting room, the student is expected to give
thoughtful and conti ion to the
problems at hand. If this is done, time will not
be available to annoy others. Work must be
done in quiet surroundings without distrac-
tions. Technical drawing requires headwork.
The efficient drafting student sees to it that the
correct equipment is available and refrains
from borrowing—a nuisance to eveyone.
While the student is drawing, the textbook—
the chief source of information—should be
ilableand in a co i ition, Fig. 2.2.

there is no demand for the slow draft or
engineer. However, speed is not attained by
hurrying; it is an unsought by-product of inlel-
ligent and continuous work. It comes with study
and practice, and the fast worker is usually
more mentally alert.

3. Lecisiurry.  The draftsman or engineer
should remember that the drawing is a means
of communication to others, and that it must
be clear and legible in order to serve its pur-
pose well. Care should be given to details,
especially to lettering, Chapter 3.

4. Neatness. If a drawing is to be accurate
and legible, it must also be clean; therefore,
the student should constantly strive to acquire
the habit of neatness. Untidy drawings are the

When questions arise, first use the index of
the text and endeavor to find the answer for
yourself. Try to develop self-reliance and
initiative. On the other hand, if you really

| need help, ask your instructor. The student
who goes about his work intelligently, with a
minimum waste of time, firs! studies the as-
signment carefully to be sure that he under-
I stands the orinciples involved; second, makes
| sure that the correct equipment is in proper
condition (such as sharp pencils); and third,
makes an effort to dig out answers for himself !
| (the only true education). *
One of the principal means of promoting
| efficiency in crafting is orderliness. All needed
quip and materials should be placed in

result of sloppy and careless methods, §2.13,
and will not be accepted by the instructor.

Fig. 2.2 Orderliness Promotes Efficiency.

an orderly manner so that everything is in a

n 1Gillott’ , 304; Hunt's 512;
lvfg'@mr | [pmiection] [prolecuon) |[Proiin|
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convenient place and can reacily be found
when needed, Fig. 2.2. The drawing area
should be kept clear of equipment not in
direct use. Form the habit of placing each item
in a regular place outside the drawing area
when it is not being used. ° -
When drawing at home, it is best, if possi-
ble, to work in a room by yourself. A book
can be placed under the upper portion of the
drawing board to give the board a

— Working edge of toord

must de stroignt
\ Lergth of T-squore

~Working edye of T-squore Heod
must o2 strovghl

(— Working edpe of T-squore
\ Vst e strognt

L 1

_ inclination, or the study-table drawer may be

pulled out and used to support the drawing
board at a slant.
It is best to work in natural north_light

coming fmm the left and slightly from the

front. Never work on a drawing in direct sun-
light or in dim light, as either may be injutious
to the eyes, If artifical light is neeaed, the light
source should be such that shadows are not
cast where lines are being drawn, and such
that there will be as lmle reflected glare from
the paper as possible. Special draftsman’s

lamps are available with adjustabl
arms so that the light source may be moved
to any desired position.” Drafting will not hurt
eyes that are in normal condition, but the
exacting work will often disclose deficiencies
not previously suspected.

Lor-Hawoess.  Place the head of the |

T-square on the right, and arrange the light
source from the ng,ht and slightly from the |
front.

2.4 Drawing Boards. . If the left edge of the |

drafting table top has a true straight edge and

if the s\nfamk\hnd and smoo(h (such as'
ng board is” unne Y.

a
prov-ded drafting tzpc is used to fasten the
gs. It is ded that a backing
sheet of h heavy drawing paper be placed be-
tween the drawing and the table top.
However, in most cases a drawing board
will be needed. These vary from 9" x 12" (for
sketching and field work) up to 48" X 72" or
larger. The ded size for stud is

*Dazor Mfg. Corp., St. Louis, Mo. 63110; Luxo Lamp
Corp,, Port Chester, N.Y. 10573, and Sausalitu, Cal 94965,

-Hordwood mm.l

=Tronscorent plostic ecbe

permits sesog dowig

LPﬁAD‘ wnderrearn

Fig. 23 The T-square.

20" x 24", Fig. 2.1, which will accommodate
the largest sheet likely to be used.

Drawing boards traditionally have been
made of soft woods, such as white pine, so

However, after considerable use the board is
likely to be full of objectionable thumbtack
holes. Many draftsmen now prefer to use
drafting tape, which in turn permits surfaces
such as hardwood, masonite, linoleum, or
|| other materials to be used for drawing boards.
| The left-hand edge of the board is called
| the working edge, because the T-square head
slides against it, Fig. 2.3. This edge must be
straight, and you should test the edge with a
framing square or with a T-square blade that
has been tested and found straight, Fig- 2.4.
If the edge of the board is not true, it should
I~ be rurrthrough a jointer or planed with a jack
plane.

«Tested edge

DRAWING BOARD

Fig.2.4 Testing the Working Edge of the Drawing
Board.

that thumbtacks can be easily pushed down. -

2.5 T-square. The T-square, Fig. 2.3, is
composed of a long strip, calied the blade,
fastened rigicly at right angles to a shorter
piece called the head. The upper edge of the
blade and the inner edge of the head are work-
ing edges and must be straight. The working
edge of the head must not be convex or the
T-square will rock when the kead is placed
against the board. The blade should have
transparent plastic edges and should be free
of nicks along the working edge. Transparent
edges are recommended, since they permit the
draftsman to sce the drawing in the vicinity
of the lines being drawn.

Do not use the T-square for any =2ugh purpose.
Mever cut pagier ulang its working edge. as the plaslic
is :r;nly cu! and eoen a slight nick :will ruin the

T .qulrr

2.6 Testing and Correcting the T-square.
To test the working edge of the head, see if
the T-square rocks when the head is placed
against a straight edge, such as a drawing
board working edge that has already been
tested and found true. If the working edge of
the head is convex, remove the head and plane
it by hand with a block plane uatil it tests
straight. In replacing the blade on the head,
use fumniture glue in addition to the screws.

To test the working edge of the blade, Fig.
25, draw a sharp line very carefully with a
hard pencil along the entire’ length of the
working edge; then tumn the T-square over and
draw the line again along the same edge. If
the edge is straight, the two lines will coincide;

Fig. 25 Testing the T-square.

otherwise the space between the lines will be
twice the error of the blade,

It is difficult to correct a crooked T-square
blade, and if the error is considerable, it may
be necessary to discard the T-square and ob-
tain another. However, if care is taken, the
blade may be made true by scraping the edge
with a scraper or a sharp knife, as in truing a
triangle, Fig. 2.25.

2.7 Fastening Paper to the Board. The
drawing paper should be placed close enough
to the working edge of the board to reduce
to a mini any error g from a
slight “give,” or bending of the blade of the
T-square, and close enough to the upper edge
of the board to permit space at the bottom of
the sheet for using.the T-square and support-
ing the arm while drawing, Fig. 2.6.

Fig. 2.6 Placing Paper on Drawing Board.

To fasten the paper in place, press the
T-square head firmly against the working edge
of the drawing board with the left hand, while
the paper Is adjusted with the right hand until
the top edge coincides with the upper edge
of the T-square. Then move the T-square to
the position as shown and fasten the upper-
left comer, and then the lower-right corner,
and finally the remaining comers. Small sheets
may require fastening only at the two upper
comers, while large sheets may require addi-
tional fastening.
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Many draftsmen prefer drafting tape, Fig.
U.fakdoumwthebmrdmdh
wﬂl:utdmgethep-perlflth

toward the edge of the paper-.

by pulling it of slo

Anoﬂlumnhodfawinlpawtoﬂu
bclrdktonsewh!mpls.Aspedlldnhs-
man’s mp)uisshmhﬂp 28.

d di-

rectly to the board because small imperfec-
ﬁmh\themrbceofmzbondwﬂlinmhre
with the line work. Always fasten a larger
backing shect of heavy drawing paper on the
board first, then fasten the tracing paper over
this sheet.

2.8 Drawing Pencils- High-quality drawing
pencils, Fig. 2.9 (3). should be used in technical
drawing—never ordinary writing pendils.
available, Fig. 2.9 (b), together with refill
dnmnslndsofcmvmﬁmnlsiumall
Choose the holder that feels well in
the hand nndmclhngripith:lud firmly

Tracing paper should not be

|

ithout slippi Mechanical pendils have the
-\ cf ining a constant Jength of
kzd(mmmmcdmdnwﬁ!hamb!),of
pumilﬁn;useofaludpﬂcﬁanytomzmd.
of being easily refilled with new Jeads, of

having no wood to be sharpened, and of easy

sharpening of the Jead by various mechanical
cil pointers now available.

Pm’l"hin‘-’lo:d mechanical pencils, Fig. 2.9 (o),

are available ysith 0.3 mm, 0.5 mm, 0.7 mm, of

09 mm diameter _drafting Jeads in several

grades. These thin leads produce uniform

width lines without sharpening.

(o)
DRAW.NG PENCIL

GRADE MARK
Do not shoipe this end !

purpose

(right) are used by some for
line work on engineering
drawings, but their use is re-

™ becausa the lines are

drawings. .The

work on |

Medium
These grades are for general
work in 1t
drawing. The solter grades
(right) are used for techni-
cal sketching. for lettering.
arrowheads, and other free-
hand work on mechanical

cils (left) are used for fine
machine

&S
zB 3B -
P

Sort
These pencils are 10 soft
to be useful in mechanical
drafting. Their use {for such
work results in smudged,
rough lines which are hard
to erase, and the pencil
must be sharpened con-

echnical *

harder pen-

drawings

_ stricted
-~ apt to be 100 light.

and
The H and 2H pencils are

Kinds, and for full-size detalls
S in architectura drawing. "

widely used on pencil tracings

Fig. 2.10 Pencil Grade Chart.

Mechanical pencils are recommended for
they are less expensive in the long run.

2.9 Choices of Grade of Pencil. Drawing
pencil Jeads are -made of graphite with kaolin
(clay) added in varying amounts to make
eighteen grades from 9H (the hardest) down
to 7B (the softest), Fig. 2.10. The uses of these
different grades are shown in the figure. Note
that small-diameter leads are used for the
harder grades, while Jarge-diameter leads are
used to give more strength to the softer grades.
Hence, the degree of hardness in the wood
pendil can be roughly judged by 2 comparison
of the diameters.

Specially formulated plastic-base leads are
available also in several grades for use on the
polyester films now used quite extensively in
inc-etry. See §2.64. g

Unforcnately, pencil grades are not suffi-
cently standardived; one can depend on the
grade marks only in a’zeneral way. Thus an
F lead in one brand may bu about the same
25 2H in another. Therefore, it is -scessary to
select a brand and then experiment wh the
various grades of that brand. The draftsmax
must first know the character of line required
and be able to tell at once by inspection
whether or not the line is made with the cor-
rect nencil.

for blueprinting.

To select the grade of p:ni:'\l, first take into
consideration the type of linework required.
For light construction lines, guide lines for
jettering, and for accurate 5eome|riu‘. con-
structions or work where accuracy is of prime
importance, use 3 hard pendil, such as 41 to
6H.

For mechanical drawings on drawing paper
or tracing paper, the lines should be Dlack,
particularly for drawings to be reproduced.
The pencil chosen must be soft enough to
produce jet-black lines, but hard enough not
to smudge too easily or permit the point to

crumble under normal pressure. This pencil
will vary from F to 2H, roughly, depending
upon the paper and weather conditions. The
same comparatively soft pencil is preferred for

Jettering and arrowheads.

Another factor to consider is the:texture of
the paper. If the paper is hard and has 2
decided tooth, it will be necessary g:nenlly
to use harder leads. For smoother surfaces,
softer leads can be used. Hence, to obtait
dense black lines, the paper should not havé
too much tooth. .

- A final factor to consider is the humidit¥
On humid days the paper absorbs moistur®
£~m the atmosphere and becomes soft:
can v recognized because the paper "P"]‘:'
and becon.~< wrinkled. It is necessany 03¢0
softer leads 1. offset the softenin® of -

— =
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Ch. 2
Instrumental

Drawing
‘

- Cowrlesy Elward Manufaciuring Co.
Fig. 211 Tru-Point Pencil Lead Pointer. |

paper. If you have been usir:g a 2H lead, fo’r
example, change to an F. until the weather

r clears up. v s X

2.10  Sharpening the Pencil. Keep your
pencil sharp! This is certainly the most frequent
W instruction needed by the beginning student.
A dull pencil produces fuzzy, sloppy, indefi-
nite lines, and is the mark of a dull and careless
student, Only a sharp pencil is capable of pro-
ducing clean—cut black lines that sparkle with
clarity, -~ .
If 2 good mechanical pencil, Fig, 2.9 (b), is
2 u_sed, Much time may be saved in sharpening,
since the lead can be fed from the pencil as

-f— 10 inm (.38

3B (1,57 —— ——

E

(a) ) (c

. Tig.2.12 Pencil Points.

nesded. An excellent leac pointer fur mechan-

i ical pencils is shown in Eig. 2.11. It has the
: advantages of one-hand manipulation and of
! collecting the loose graphite particles inside

where they cannot soil the hands, the drawing,

or other equipment.

if thin-lead mechanical pencils ar= used, no

! sharpening is required since the lezd diameter
| determires . the-line :vidth, Hence, several
' thin-lead mechanical pencils are required for

the various .line widths used in technical
drawing. Each thin-lead mecharical pencil will
accommodate only one diameter of lead.

If a wood drawing pencil is used, Fig. 2.9
(a), sharpen the unlettered end in order to
preserve the identifying grade mark. First, the
wood is removed with A knife or a special
draftsman’s pencil sharpener for about 38 mm
(1.5”) from the end with about 10 mm (.38") of
uncut lead exposed, Fig, 2.12 (a) and (b). Next
the lead is shaped to a sharp conical point and
the point is wiped clean with cloth or paper
tissue to remove loose particles of graphite.

The procedures for shaping the wood and
the lead are illustrated in Fig. 2.13. Mechanical
devices for removal of the wood are shown
in Fig. 2.14 (a) and (b).

Never sharpen your pencil over the drawing or
any of your equipment,

Many drafismen burnish the point on a
piece of hard paper to obtain a smoother,
sharper point. However, for drawing visible
lines the point should not be needle-sharp, but
very slightly rounded. First sharpen the lead

(Q)CUTTING THE WOOD AWAY

Fig. 2.13 Sharpening the Pencil.

O sHagpen
LEAD Owy—

Fig. 2.14  Pencil Sharpeners.

to a needle point, then stand the pencil verti-
cally, and with a few rotary motions on the
paper, wear the point down slightly to the
desired shape.

Keep the pencil pointer close by, as frequent point-
ing of the pencil will be necessary.

When the sandpaper pad is not in use, it
should be kept in a container, such as an en-
velope, to prevent the particles of graphite
from falling upon the drawing board or draw-
ing equipment, Fig. 2.14 (c).

2.11 Alphabet of Lines. Each line on a
technical drawing has a definite meaning and
is drawn in a certain way. The line conven-
tions recommended by the American National
Standards Institute (ANSI)* are used in Fig.
2.15, together with illustrations showing vari-
ous applications.

Two widths of lines are recommended for
use on drawings. All lines should be clean-cut,

*ANSI Y14.2-1973,

e A R LS s = S Tt

ROTATE
PENCIL AS
IT IS MOVED

(bl POINTING THE LEAD

FULL LENGTH
OF PAD

dark, uniform throughout the drawing, and
properly spaced for legible reproduction by all
commonly used methods. Minimum spacing
of 1.5 mm (.06") between parallel lines is usu-
aliy satisfactory for all reduction and/or re-
production processes. The size and style of the
drawing and the smallest size to which it is to
be reduced govern the actua! width of each
line. The contrast between the two widths of
lines should be distinct. Pencil leads should be
hard enought to prevent smudging, but soft
enough to produce dense black lines so neces-
sary for quality reproduction.

If ph duction and blowback are not
necessary, as is the case for most drafting
laboratory assignments, three weights of lines
may improve the appearance and legibility of
the drawing, The “thin lines” may be made
in two widths—regular thin lines for hidden
lines and stitch lines and a somewhat thinner
version for other secondary lines such as cen-
ter lines, extension lines, dimension lines,
leaders, section lines, phantom lines, and
long-break lines.
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Cch. 2
Instrenental

3

Lines

Visible Iiy~

Hidden line

Section fine

“ &l{ﬂﬁm P

Dimension line,
Extension line,

Leaders

Short-break line
. Long break ine

Phantom line

Width and Character of Lines

=

Applications

“_un—“_—__lvqﬁ -l t—u—ua‘n

i Q38— 0.55 mm OIS 0227

A
a7 C.IE—0.55 mm (0I5 ~.0227

3 _!l—u;.bz'l
., i
] i -1
meih “.J‘_'-D.JJMI.M—.MIZ'/

I____-—go 5__15"‘——1 -
vicin .3 0.55 am 015 =022 ;

o DE— T Ly e
width C.75 — ﬁ?.’l—’-’;:]ﬂ-.ﬂ)l'/

s2 -

- |

Hane =, Tim—uscl |
o G 7S = Gt = 19300367

4 1
/r‘mc\'::'-.d

Width 0.7 — 0.96 7030 -.0387

-5 -tos =922

+atome 4E0I SizR)

T e "”"’"’/

3 THICK
T rh 675 — 0.96 mn (030 —0387 3

Zatension ime.
Line L
——s

/o.mm
7.250 TH (.004) INCH

Fig. 2.16 Line Gage.

For the “thick lines”—visible, cutting plane,
and short break—use a relatively soft lead
such as F or H. All thin lines should be made
with a sharp medium-grade lead suchas H or
5H. All lines (except construction lines) must
be sharp and dark. Make construction lines with
 sharp 4H or 6H Jead so thin that they barely

* can be seen at arm’s length and need not be

erased.

The high-quality pholortdudion'lnd re-
production’ processes used in the production
of this book permitted the use of three weights
of lines in many illustrations and drawings for
increased ]egibiliry.'

In Fig: 2.15, the ideal lengths of all dashes
are indicated. 1t would be well to measure the
first few hidden dashes and center-line dashes
vou make, and then thereafter to estimate the
lengths carefully by eve.

The line gage, Fig. 2.16, is convenient when
referring to lines of various widths.

. Fig. 217 Erasers.

S T

2.12 Erasing. Erasers are available in
many degrees of hardness and abrasiveness.
For generzl drafting the Pink Pearl or the
Mars-Plastic is suggested, Fig. 2.17. These
erasers are suitable for erasing pencil or ink
Jinevsork. Best results are obtained if a hard
surface, such as 2 triangle, is placed under the
area being erased. If the surface has become
badly grooved by the lines, the surface can be

improved by burnishing with 2 hard smooth

obiject or with the back of the fingernail.
Either eraser is recommended for general

Courlesy Pirt €%

2.19 Electric Erasing Machine.

Fig.
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cleaning of large areas of a drawing or for
remeving pencil lines from an inked drawing.

The erasing shield, Fig. 2.18, is used to protect
the. lines near those being erased.

The electric erasing machine, Fig. 2.19, saves
time and is essential if much drafting is beirg
done. (For design details of the eraser, see
§14.9)

Fig. 2.20 nnMan's Dusting Brush.

A dusting,brusk, Fig. 220, is useful for re-
moving eraser cumbs without smearing the
drawing.

2.13  Keeping Drawings Clean. Cleanli-

_ ness in drafting is very important and should
becof bi i jus! -
e Cossnolju-thap s been observed. The practice of making a pen-

pen; it results only from a conscious effort to
observe correct procedures.

First, the draftsman’s hands should be clean
at all times. Oily or perspiring hands should
be frequently washed with soap and water.

Talcum powder on the hands tends to absorb
excessive perspiration. |

Second, all drafting equipment, such as
drawing board, T-square, triangles, and scale,

should be wiped frequently with a cléan cloth. -

Water should be used sparingly and dried off

lmmedia!dy.Aso&ensemyalstbeus:d |

for dleaning drawing equipment. |

Third, the largest contributing factor to dirty
drawings is not dirt, but graphite from the-pendil;
hence the draftsman should observe the fol-
lowing precautions:-

1. Never sharpen a pencil over the drawing
or any equipment. 4 5

2. Always wipe the pendil point with a clean
cloth or cleansing tissue, after sharpening
or pointing, to remove small particles of
loose graphite. g

3. Never place the sandpaper pad or file in

contact with any other drawing equipment

unless it is completely enclosed in an enve-
lope or similar cover, Fig. 2.14 (c).
. Never work with the sleeves or hands rest-
ing upon a penciled area. Keep such parts
u{ the drawing covered with clean paper
(not a cloth). In lettering a drawing, always
place a piece of paper under the hand.
Avoid unnecessary sliding of the T-square
or triangles across the d-awing. Pick up the
_ triangles by their tips and tilt the T-square
blade upward slightly before moving. A
very light sprinkling of powdered Artgum
on the drawing helps to keep the drawing
clean by picking up thz loose graphite par-
ticles as you work. it should be brushed off
' ~and replaced oxcasionally.
Never rub across the drawing with the palm
of the hand to remove eraser particles; use
a dust brush, Fig. 2.20, or flick—don't
rub—the particles off with a clean cloth.

-

(i

o

When the drawing is completed, it is not

¢ necessary to clean it if the above rules have

cil drawing, scrubbing it with a soft eraserand
then retracing the lines is poor technique and a
waste of time, and this habit should not be
acquired. - .

At the end of the period or of the day’s
work, the drawing should be covered with
paper or.cloth to protect it from dust.

2.]'-4 Horizontal Lil:ms. To draw a hori-
zontal line, Fig. 221 (a), press the head of the
T-square firmly against the working edge of
the board with' the left hand; then slide the
left hand to the position shown, so as to press
the blade tightly against the paper. Lean the
pendl in the direction of the line at an angle
of approximately 60* with the paper, (b), and
draw ‘the line from left to right. Keep the
pencil in a vertical plane, (b) and (c); other-
wise, the line may not be straight. While
drawing the line, let the little finger of the
hand holding the pencil glide lightly on the
blade of the T-square, and rotate the penci:
slowly, except for the thin-lead pencils, be-

2.

7

Pencil oppror

Fig. 221 Drawing a Horizontal Line.

tween the thumb and forefinger so as to dis-
tribute the wear uniformly on the lead and
maintain a symmetrical point.

When great accuracy is required, the pencil

. may be “toed in" as shown at (d) to produce a

perfectly straight line. .
Lerr-HaNoers. In general, reverse the above

procedure. Place the T-square head against the

right edge of the board, and with the pencil

Fig. 2.22 Drawing a Vertical Line.

HORIZONTAL LINES

POSITION
FOR
MORE.
_ 1] NORMAL ACCURACY
g POSITION
Z spxce Spoce
(c) d

in the left hand, draw the line from right to
left.

Triangles and T-squares, especially. when
new, often have very sharp edges which tend
to cut into the pencil lead and cause a trail
of graphite on the drawing. To prevent smear-
ing of these particles, blow them off at inter-
vals. If the edges of the triangles or T-square
are too sharp, they can be sanded cery lightly

yd
@T/WIW s0"

! slowly

|
|
|

A
&

fo paser

g

il e AR
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Correcting the Trian-
subject to warping and

-

Fig. 225 Scraping the Triangle.
mdnT-ﬂmahddnwnvaﬁalﬂne;d\m
turn the triangle over (like tuming 2 page in
nbook)mddnwﬂse’llmmhllmt.‘w
came edge. If the two lines thus drawn do not
coincide, the right angle is not 90 and the
error is equal to half the angle between the
two lines. : .
To test the 45" angle, place
the T-square, as at (b), and draw a line along
the hypotenuse; then turn the triangle over,
and using the other 45° angle of the triangle,
dnwaﬁpeawﬂuhypo!u'\mlfﬁcm
lines do not coincide, there is an error in one
or both 45° angles. A direct test of the 45°
wlzunbemd:bydnwlmnxw\lmk.
mﬂdaadjamllod\e”'u\]kwiﬂbe

= equal if the two 45" angles are correct (assum-

ing the 90" angle to be correat). .
To test the 60° angle of the 30* X 60" tri-
angle, draw an triangle, as shown

e u(:).lfallllueddsmndaadlynqml

hlﬂtﬂ;hﬂ'a@ekmm
method of testing the 60* angle, (d), is to draw
a horizontal line AB slightly shorter than the
hypotenuse of the triangle, and to draw arcs
with A and B as centers and AB as radius, in-
tersecting at C. When the triangle is placed as
shown, its hypot: should pass through C.

To true up the edgeof a triangle, make a
rough cut by scraping the edge with a sharp

 kaife, Fig. 2.25. Or place the triangle in a vise

thcnhn;kcnv

and plane with a sharp block plane set for 2
vgryshllhvvﬂt.'ﬂu'lholdthrwlﬂ
againist the edge of a table top, with the edge
ofdleh’hn‘kkvdwhlll!.lﬂlundﬂ!dtt
vllth#mnn#lpu_wﬂwdnmdlblod.

2.18 Inclined Lines. The positions of the
Whrd.m:ﬁn‘ﬁnundlefﬂnp_ibh
mlumslwwr.inﬂg.mln!he&m!lj
is understood that the triangles in each cse

in the right half are drawn away from the ¢

2.19 Protractors. For measuring or st
ting off angles other than those obtainable
with the triangles, the protracor is used.
best protractors are made of nickel silver
are capable of most accurate werk, Fig:
(a). For ordinary work the plastic P

is satisfactory and is much cheaper, (b). T
off angles with greater accuracy, use €
t_hemuwdspmcmedmml.
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2.20 Drafting Angles. A variety of de- GIVEN' ANY UNE AB 2.22

vices ccmbining the protractor with triargles 2 Parallel Lines
to produce greal versatility of use are avaii- / ) 4
able, one type of which is shown in Fig. 2.28.

o
i
3

(0) MOVE T-SQUARE. AND TRIANGLE
TO LINE UP WITH AB

m
@
=== S
90* VERTICAL ——

e A R
Fig- 2.28 Adjustable Trizngle.

2.21 ToDraw a Line Through Two Points.
To draw a line through two points, Fig. 229,
place the pencil vertically at one of the points,
and move the straightedge about the pencil
point as a pivot untii it lines up with the other
poirt; then draw the line along the edge.

o
s

S

(c) oRAW REQUIRED LINE
. FARALLEL TO AB

Fig. 230 To Draw a Line Parallel to a Given
Line.

Obviously any straightedge, such as one of
the triangles, may be substituted for the
= — T-square in this operation, as shown at (a).
=, 718 2.29 ' To Draw a Pencll Line Through Two .| . Todraw parallel lines at 15* with hori
- Given Points. arrange the triangles as”shown in Fig. 231

. 5 7l R ALL ANGLES WITH s
J s - RESPECT TO HORIZONTAL

F-‘-.—zzs The Triangie Wheel. i
SN T e e e 4 -

2.22 Parallel Lines. To draw a line paal-
lel to a given line. Fig. 2.30, move the triangle
and T-square as a unit until the hypotenuse
of the triangle lines up with the given line, (a);
then, holding the T-square fimly in posi-
tion, slide the triangle away from the line, (b),
and draw the required line along the hypote-
nuse, (c). Fig. 231 Parallel Lines.
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science and industry, and is clearly defined.
The modern form of the metric system is “The
International System of Units,” ly re-

in 1975. During this changeover period, the

. auto and other industries have used a dual

N

ferred to as SI (from the French name, Le
Systéme Intemational d'Unités). It is impor-
tant to remember that SI differs in several
respects from former metric systems. For ex-
ample, cc was previously an P bbrevi
ation for cubic centimeter; in SI the symbol
used is cm?. In the past, degree centigrade was
accepted as an alternative name for degree
Celsius; in SI only degree Celsius is used.
Probably the most important characteristic of
SI is that it is a unique system; each quantity
has only one unit. The SI system was estab-
lished in 1960 by intemational’agreenent and
h now e 2, A ﬂ\! A= 1T 3 1
1 of Many are
ing from ic sy to SI; or

are in’ the process of changing their metric
practices to conform to SL o

The metric scale is used when the meter is the
standard for linear measurement. The meter
was established by the French ir 1791 and its
lenigth represents one ten-mil'ionth of the dis-
tance from the earth’s equator to the pole. The
meter is equal to 39.37 inches or approxi-
mately 1.1 yards.

The metric system for linear measurement
is a decimal system similar to our system of
counting money. For example,

1mm = 1 millimeter (g of 2 meter)
1 centimeter (g of a meter)
10mm |
1dm = 1 decimeter (g of a meter)
= 10 cm = 100 mm !
1m = 1lmeter = 100 cn = 1000 mm

= 100 000 cm = 1 000 000 mm-.

The primary unit of measurement for engi-
neering drawings and design in the mechanical
industries is the millimeter (mm). Secondary
units of measurement are the meter (m) and
the kil (km). The i (cm) and
the decimeter (dm) are rarely used.

Much US. industry has converted, even at
great cost, to the usc of the SI system of

foll the Metric C i
Act that was signed into law by the president

system of millimeters and
inches; see Fig. 14.22. The large agricultural
machinery manufacturers have elected to use
all metric dimensions with the inch equivalents
given in a table on the drawing Fig. 14.22.
Many of the dimensions in the illustrations
and the problems in this text are given in
* metric units. Dimensions that are given in the
customary units (inches and feet, either deci-
mal or fractional) may be converted easiiy to
metric values. In accordance with standard
practice, the ratio 1in. = 25.4 mm is used.
Equivalevts tables can be fourd inside the

. front cover and in the Appendix or this text.

Metric scales are available in flat and tri-
- anguar styles with a vaviety of scale gradua-
tions. The triangular scale illustrated in Fig.
2.37 has one full-size scale and five reduced-
size scales, all full divided. By means of these
scales a drawing can be made full size, en-
larged size, or reduced size. To specify the
scalz on a drawing, see §2.32.

Fuie Sze. Fig. 237 (a). The 1:1 scale is
full size and each division is actually 1 mm in
width with the numbering of the calibrations
at 10 mm intervals. This same scale is conven-
ient also for the ratios of 1:10, 1:100, 1:1000,

etc. .

Hacr Sze. Fig. 2.37 (a). The 1:2 scale is
one-half size and each division equals 2 mm
with the calibration numbering at 20-unit in-
tervals. In addition, this scale is convenient for
ratios of 1:20, 1:200, 1:2000, etc.

The remaining four scales on this triangular
metric scale include the typical scale ratios of

_1:5,1:25,1:33}, and 1:75, as illustrated at (b) .-
and (c). These ratios also may be enlarged or °

reduced as desired by multiplying or dividing
by a factor of 10.

The metric scale is also used in map draw-
ing and in drawing force diagrams or other
graphial constructions to such scales as
1mm = 1kg 1 mm = 500 kg, etc.

2.27 InchFoot Scales. Several scales

based upon the customary (English) inch-foot
system of inue in d i

Illlllhl i
(E] natai)sston]
I 10mm 20 30 40

08s 09§ oS 025 00%

IIm]l||||uu||n|=nnl| T

0y 097
sdeenly gl e sy

1:1 RATIO METRIC-SCALE (FULL-SIZE)

o I e
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09 o o o |
by byttt 23
1

1:2 RATIO METRIC-SCALE (HALF-SIZE) | am
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1:33F RATIO METRIC-SCALE

e
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I:7SRATIO METRIC-SCALE
Fig. 237 Metric Scales.

use today along with the worldwide accepted 5

metric system of measurement for science,
technology, and intemationaltrade.

2._28 Engineers Scale. Fig. 235 (b). The
mgineers scale is graduated in the decimal sys-
tem. It is also frequently called the cinil engi-
neers xfxlt because it was originally used mainly
in n.v|l engineering. The name chain scale also
persists becanse it was derived from tke sur-

50 fm —ij—
2350mm(235m) =

4475mm(4.475m)

veyors’ chain composed of 100 links, used for
land The name engineers scale is
perhaps best; because the sale is used gener-
ally by engineers of all kinds.

The engineers scale is graduated in units of
one inch divided into 10, 20, 30, 40, 50, and 60
parts. Thus, the engineers sale is convenient
in machine drawing to set off di ions ex-
pressed in decimals. For example, to set off
1650” full size, Fig. 2.38 (a), use the 10-sale
and simply set off one main division plus 6}
subdivisions. To set off the same dimension
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iply every dimensil 1ty by two. To
utoﬂ‘l",muswez";tomoﬁsﬁ",mwe
64", and so on. The double-size scale is occa-
sionally used to represent small objects. In
such cses, a small actual-size outline view
shou'd be shown near the bottomm of the sheet
to help the shop man visualize the actual size
of the object. a 3

A Omuer Suxs. Fig. 239 The other scales
L 45y Eesides those described above are used chiefly

3 o: Machine

arily made only double size, full size, } size,
4 size, or § size. e :

(Full size) i z;:
FULL-SIZE_AND HA ji: =

LF!SIE SCALE

2.30 Decimal Scale. Fig. 235 (- The -
ing use of decimal dimensions has
brought about the development of 2 scale spe-
dfically for that use. On the full-size sale,
each inch is divided into Gftieths of aninch,or
.02, as shown in Fig. 238 (c); and on the half-
and quarter-size sales the inches are com-
pressed to half size or quarter size and
are divided into ten parts, so that each subdi-

vision saands for JES A
— The complete decimal system of dimen-
sioni inwhich!hissaleisused.i’*'.

scried ir 311.10.
g y
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Mechanical Engineers Scale. Fig.
2.35 (c). The objects represented in machine
drawing vary in size from small parts, an inch
or smaller in size, to machines of large dimen-
sions. By drawing these objects full size, half
size, quarter size, or eighth size, the drawings
53 will readily come within the limits of the
standard-size sheets. For this reason the me-
chanical engineers scales are divided into units
representing inches to full size, half size, quar-
-ter size, or eighth size. To make a drawing of
* an object to a scale of one-half size, for exam-
ple, -use the mechanical draftsmans scale
mark:d half size, which is graduated so that
every 3" represents 1. Thas, the half-size
F; scale is simply a full-size compressed to one-
y half size. S
These scales are a‘so very useful in dividing
2 dimensions. For example, to draw a 34" dia.
i : circle full-size, we need half of 3" to use as
E radius. Instead of using arithmetic to find half
B
|

of 313", it is easier to set off 314" on the half-
size' scale.
Triangular combination scales are available
: which include the full and half-size mechani-
34 . ¢ cal draftsmans scales, several architects scales,
¥ : . and an engineers scale.

232 To Speafy the Sale ona Dramng
For machine drawings the scale ‘indicates the
nnoo(th:smofthzdnmng of the lpart or
machine to its actual size irrespectivel of the
unit of used. The rec ded

given as 2:1 or 2X; 3:1 or 3X; 5:1 or 5X;
10:1 or 10X; etc.

The various scale calibrations available on
the metric scales and the engineers scale pro-
vide almost unlimited scale ratios. The pre-
ferred ‘metric Scale ratios appear to be 1:1,
1:2,1:5, 1:10, 1:20, 1:50, 1:100, and 1:200.
For examples of how scales may be shown on
machine drawings, see Figs. 14.26 and 14.27.

Map scales are mdncated in terms of frac-

tions, as Scole T, or graphically as
B0 _KCF* See also Fig. 3.38 and Fig.
23.2.

2133 Accurate Measurements. Accurate
drafting depends considerably upon the cor-
rect use of the scale in setting off distances.
Do not take measurements directly off the
scale with the dividers or compass, as damage

drawing with the edge parallel to the line on
which the measurement is to be made and,
with a sharp pencil having a conical point,
make a short dash at right angles to the scale
and opposite the correct graduation mark, as
shown in Fig. 2.40 (a). If extreme accuracy is
required, a tiny prick mark may be made at
the required point with the needle point or
stylus, as shown at (b), or with one leg of the
dividers.

Avcid cumulalm errors in the use of the scale.
If a number of distances are to be -set off

pnch'oekblélter FULL SIZE or 1:1; HALF
- SIZE oem,md similarty for other reduc-
Eq:um or enlargement sczle are

I-'lg, 2_40 ; k.mnh Measurements.

d-t d, all should be set off at one setting
of the sal: by adding each successive meas-
to the di

, if p
Avoid setting off the dlsnnus mdmduahv by

will result to the scale. Place the scale on the .

moving the scale to a new position each time,
since slight errors in the measurements may
accumulate and give rise to a large error.

: A :
2.34 Drawing Instruments. Drawing in-
struments are generally sold in sets, in cases,
but they may be purchased separately. The
principal parts of high-grade instruments are
usually made of nickel silver, which has a
silvery luster, is corrosion-resistant, and can
be readily machined into desired shapes. Tool
steel is used for the blades of ruling pens, for
spring parts, for divider points, and for the
various screws.

In technical drawing, accuracy, neatness,
and speed are essential, §2.2. These objectives
are not likely to be obtained with cheap or
inferior drawing instruments. For the student
or the p ional draf it is advisable,
and in the end more economical, to pun:hase
the best instruments that can be afforded.
Good instruments will ‘satisfy the most rigid
and the satisf: , saving in
hme, and improved quality of work that good
instruments can produce will niore than justify
the higher price.

Unfon'unalely, the qualities of high-grade
instruments are not likely to be recognized by
the beginner, who is not familiar with the
performance characteristics required and who

Fig. 241 Glant Bow Set.

is apt to be attracted by elaborate sets contain-
ing a large number of shiny low-quality in-
struments. Therefore, the student should ob-
tain the advice of his drafting instructor, of an
experienced draftsman, or of a reliable dealer,

2.35 Giant Bow Set. Formerly it was gen-
eral practice to make pencil drawings on detail
paper and then to make an inked tracing from
it on tracing cloth. As reproduction methods
and transparent tracing papers were improved,
it was found that a great deal of time could
be saved by making drawings directly in
pendil with dense black lines on the tracing
paper' and making prints or photocopies
therefrom, thus doing away with the prelimi-
nary pencil drawing on detail paper. Today,
though inked tracings are still made when a
fine appearance is necessary and where the
greater cost is justified, the overwhelming
proportion of drawings are made directly in
pencil on tracing paper, vellum, polyester
films, or pendil tracing cloth.

These developments have brought abeut the
present giant bow sets that are offered now
by all the major manufacturers, Fig. 2.41. The
sets contain various combinations of instru-
ments, but all feature a large bow compass in
place of the traditional luxe compass. The
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us with the Beam Compass. - -

re usually unsatisfactory for
construction lines. In
the compass that will
that match the straight

the compass a
most line work except
summary, use leads in:
produce arcs and circles
pencil lines. . - -~ x
It is necessary to exert pressure on the com-
pass to produce heavy "reproducble” drcles,
and this tends to enlarge the compass center
hole in the paper, especiall
number of concentric circles. In such cases,
use a horn center, of center tack, in the hole,
and place the needle point in the hole in the
tack. o 2o LS
2.38 Sharpening the Compass Lead.
Various forms of compass lead points are i
Justrated in Fig. 2.45. At @a single elliptical
face has been formed by rubbing on the sand- 3

ﬂ\mla'n F lead might be found suitable for the
SN compass work. The hard leads supplied with

Fig. 2.457- Compass Lead Points. -
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Fig. 2.46 Sharpening Compass Lead.

paper pad, as shown in Fig. 2.46. At (b) the
. point is narrowed by small side cuts. At (c)
two long cuts and two small side cuts have
been made so as to produce a point similar
to that on a screwdriver, At (d) the cone point
is prepared by chucking the lead in a mechan-
ical pencil and shaping it in a pencil pointer.
Avoid using leads that are too short to be
exposed -as shown.
In using the compass, never use the plain end
of the needle point. Instead, use the shoulder end,

" asshown in Fig. 2.45 (d), adjusted so that the

tiny needle point extends about half-way into
the paper when the compass lead just touches
the paper. : .

2.39 Beam Compass. The beam compass,

or trammel. Fig. 2.47, is used for drawing arcs -

or circles larger than can be drawn with the
regular compass and for transferring distances
too great for the regular dividers, Besides stee|
peints, pendil and pen attachments are pro-
vided. The beams may be made of nickel
silver, steel, or wood, and are procurable in
various lengths. * '
2.40 Dividers. The dividers are similar to
the compass in construction, and are made in
Square, flat, and round forms, j
e friction adjustment for the pivot joint
should be loose enough to permit easy manip-
ulation with one hand, as shown in Fig. 2.48. If
the pivot joint is too tight, the legs of the
€ompass tend to spring back instead of stop-
Ping at the desired Point when the pressure of

ﬁ

Courtesy Gramery Guild Group, Inc.
Fig. 2.47 Beam Compass.

the fingers is released. To ad|
use a2 small screwdriver,

Many dividers are made with a spring and
thumbscrew in one leg 5o that minute adjust-
ments in the setting can be made by turning
the small thumbscrew.

just the tension,

‘2.41 Using the Dividers. The dividers, as

the ‘name unplies, are used for dividing dis-
tances into a number of equal parts. They are
used also for transferring distances or for setting
off a series of equal distances, The dividers are
used fer spaces of approximately 25 mm (1”)
or more. For less than 25 mm Spaces, use the
bow dividers, Fig. 2.52 (a). Never use the large
dividers for small spaces when the bow dividers can be
used; the latter are more accurate,

To divide a given distance into a number

-
Fig. 2.48 Adjusting the Dividers.

pr——

. o
Fig. 2.49 Using the Dividers.

of equal pasts, Fig. 2.49, the method is one of
trial and" error. Adjust the dividers with the
fingers of the hand that holds them, to the
appreximate unit of division, estimated by
eye. Rotate the dividers counterclockwise
through 180°, and then clockwise througa
180%, and so on, until the desired number cf
units has been stepped off. If the last prick
of the dividers falls short of the end of the
line to be divided, increase the distance be-
tween the divider points proportionately. For
example, to divide the line AB, Fig. 2.49, into
three equal parts, the dividers are set by eye
to approximately one-third the length AB.
When it is found that the trial radius is too
small, the distance between the divider points
is increased by one-third the remaining dis-
tance. If the last prick of the dividers is beyond
the end of the line, a similar decrusing ad-
justment is made,

Fig. 2.50 Proportional Dividers.

|

The student should avoid cumulative errgrs,
which may result when the dividers are used
to se: off a series of distances end to end. To
set off a large number of equal divisions, say
15, first set off 3 equal large divisions and then
divide each into 5 equal parts. Wherever pos-
sible in such caces, use the scale instead of
the dividers, as described in §2.33, or set off
the total and then divide into the parts oy
means of the parallel-line method, §§4.15 and
4.16.

2.42 Proportional Dividers. For ealarging
or reducing a drawing, proportionz| dividers,
Fig. 2.5C. are convenient. They may be uced-
also for dividing distances into a number of
equzl parts, ur for obtaining 3 parcentage re-
duction of a distance. For this Ppurpose, points
of division are marked on the instrument so
s to secure the required subdivisions readily.
Some instruments are calibrated to obtain
spedial ratios, such as 1: /2, the diameter of
a circle to the side of an #qual square, and
feet to meters.

2.43 The Bow Instruments. The bow in-
strumeénts are classified as the bon dividers, bow
pen. and bow pencil. A combination pen and
penal bow, usually with center-wheel adjust-
ment, Fig. 2.51, and separats instruments with
either side-wheel or center-wheel adjustment,
Fig. 2,52, are available. The choice is a matter
of personal preference. =~

2.44 Using the Bow Instruments. The
bow pencil and bow Pen are used for drawing
circles of approcimately 25 mm (1) radius or
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* sow DIVIDERS

maﬂ:r.T}gtbodednsanmed for the .

same purpose as the large dividers, but for
* chown at (b). In either case, always keep the

smaller (nppmximatdy 25 mm or less) spaces
and more accurate work. 2
Whether the center-wheei or side-whee!

instrument is used. the adjustment snould be

z madcwidlﬁuﬂmmbandﬁn;ﬂof!he‘hand

that holds the instrument, Fig. 2.53 (a)- The
5 v is ppiats Sy Aapd Ty

5 hudbehnﬂl&!elh'umbmdﬁngm,(b).

in the same manner
§2.38, except that for

Bow PEN
(o) (b)
Fig. 2.52 Bow Instruments with Side Wheel.

" small radii, the inclined ‘cut may be turned

inside if prejerr:d, Fig.2.54 ia). For general use,
the lead should be turned to the outside, 2s

compass lead sharpened. Avoid stubby compass
leads, which cannot be properly sharpened. At
Jeast 6 man () of Jead should extend from the
ccmpass at al! times..

In adjusting the needle point of the bow
pencil or bow pen. be sure to have the needle
extending slightly longer than the pen or lead,
Fig. 2.45 (d), the same as for the large compass.
' In drawing small circles, greater care is nec-
essary in sharpening and adjusting the lead

" 2nd the needle point, and especially in accu-

'i

Irately setting the desired radius. If a 6.35 mm
'(4) diameter circle is to be drawn, and if the

 radius is “off”’ only 0.8 mm (&) the total error

i

on diameter is -ppm:u'mauly 25 percent,

which is far too much error.
Appropriate templates may be used

drawing small circles.-See Fig. 2.81.~

2.45 Drop Spring Bow Pencil and Pen.
These compasses, Fig. 255, are designed for
drawing multiple identical small circles, such
as drill holes or rivet heads. A cential pin is
made to move easily up and down tnrough a
tube to which the pen or pencil unit is at-
tached. To use the instrument, hold  the

Fig. 2.54 Compass-Lead Points.

knurled head of the tube between the thumb
and second finger, placing the first finger on
top of the knurled head of the pin. Place the
point of the pin at the desired center, lower
the pen or pendil until it touches the paper,
and twirl the instrument clockwise with the

(=]

(a)OROP SPRING

(bloroe sPRIN
BOW PENCIL BOW PEN 5

Fig. 2.55 - Drop Spring Bow Instruments.

thumb and second finger. Then lit the tube
independently of the pin, and finally lift the
entire instrument.

2.46 To Lay Out a Sheet. Fig. 2.56. (See
also Layout A-2, inside back cover.) After the
sheet has been attached to the board, as ex-
plained in §2.7, proceed as-follows:

1. Using the T-square, draw a horizontal
frim line near the lower edge of the paper; and
then using the triangle, draw a vertical trim
line near the left edge of the paper. Both
should be light construction lines.

I1. Place the scale along the lower trim line
with the full-size sale up. Draw short light
dashes perpendicular to the scale at the required
distances. See Fig. 2.40 (a). .

1I1. Place the scale along the left trim line
with the full-size scale to the left, and mark
the required distances with short light dashes
perpendicular to the scale.

V. Draw horizontal construction lines with
the aid of the T-square through the arks at
the left of the sheet.

V. Draw vertical construction lines, from tae
boltom wpward, along the edge of the triangle
through the marks at the bottom of the shect.
V1. Retrace the border and the title strip to
make them heavier. Notice that the layout is
made independently of the edges of the
paper.” . ;

2.47 Technique of Pencil Drawing. By far
the greater part of commercial drafting is exe-
cuted in pencil. Most prints or photocopiés are

made from pendil tracings, and all ink tracings

must be preceded by pendl drawings. It %

should therefore be evident that skill in draft~
ing chiefly implies skill in pencil drawing.
Technique is a style or quality of drawing
imparted by the individual draftsman to his
work. It is characterized by crisp black line-

®In industrial drafting rooms the sheets are available,
cut to standard sizes, with border and tile strips already.
printed. Drakting supply houses can supply such '

_printed to order, to ‘schools for little extra cost-
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work and lettering.
discussed in §3.12.
1. Darx. Accenteo Lives.  The pencil lines
of a finished pencil drawing or tracing should
be very dark, Fig. 2.57. Dark crisp lines are
necessary to give punch or snap to the draw-
ing. Ends of lines should be accented by alittle'
extra pressure on the pencil, (a). Curves
should be as dark as other lines, (b). Hidden-
line dashes and center-line dashes should be

Technique in lettering is

carefully estimated as to length and spacirg, -
and should be of uniform width throughout

‘their length, (c) and (d).

Dimension lines, extension lines, section

lines, and center lines also should be dark. The
difference between these Lincs and visible lines
‘is mostly in width—there is very littls differ-
ence, if any, in blackness.

A simple way to determine whether your -
lines on tracing paper or cloth are dense black

is to hold the tracing up to the light, Fig. 2.58. -
Lines that are not opaque black will not print .

clearly by blueprinting or otherwise.
Construction iines should be made with a°
sharp, hard pencil and should be so light that they
need not he crased when the drawing is com-
pleted.. : =
2. Contrast v Lives. Contrast in pencil-
lines siould be similar to that of ink lines; that
is, the difference betwean the various lines
should be mostly in the widths of the lines,
with little if any difference in the degree of
darkness, Fig. 2.59. The visible lines should
contrast strongly with the thin lines of the
drawing. If necessary, draw over a visible line
several times to get the desired thickness md‘
dark A short ing stroke backward
(to the left), producing a jabbing action, results
in a darker line.

2.48 Pencil Tracing. While some pencil
tracings are made of a drawing placed under;
neath the tracing paper (usually when a great
deal of erasing and changing is necessary on
the original drawing), most drawings today are
made directly in pencil on tracing paper,
pendil tracing cloth, films, or vellum. These ate
not tracings but pendl drawings, and lh‘é
methods and technique are the same as previ-
ously described for pencil drawing.

SHARP CORNERS HIDDEN LINE CENT)
\4«.4.47 OASHES ENTER UNE pasres 249
gy i [ —_—— Tzdm@ 1
OARK % Zsuane enps OAAK UNES "\ Fountain ¢y
LINES. Acerled ENDS SHARS, Lecon/py. Pens |
Accenied Encs DARK UNES.
4
THIS THIS THIS |
\z‘)‘::';'ns? DAIHES To0 SHOAT INDEFINITE ENDS—)
7 ———— et
LIGHT '\\'QtﬁlelY! (—L'G"T UNES
UNES—~ EAb3 D SPACES TOO LARGE
}-.NNFINIYE \ ‘—lNDCfIMIT[ UNES
EnDS ENDS
NOT THIS NOT THIS NOT THIS Y NOT THIS
la) (o) (c) ]

Fig. 2.57 Technique of Linss (Enlarged).

In making a drawing directly on a tracing 1 !
medium, a smooth sheet of heavy white draw- : :

ing paper should be placed undemeath. Such
a sheet is known as a backing sheet. The white-
ness of the backing sheet improves the visibil-
ity of the lines, and the hardness of the surface
makes it possible to exert pressure on the
pencil and produce dense black lines without
excessive grooving of the paper.

Thess tracings, or drawings, are intended to
be reproduced by blueprinting or by .other |
kindred processes, Chapter 15, and all. lines
must be dark and cleanly drawn.

2.49 Technical Fountain Pens. The techni.
«al [ountain pem, Fig. 2.60, with the tube and
needle point, - is available in several line

Fig. 259 Contrast of Lines (Enlarged).
THICK,

|
UNES,VERY /ipht/ IJrn.g N oARK :'
(a) coLor (b) (c) a5
.
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2.53 Use of the Ruling Pen. The ruling
pen, Fig. 261, is used to ink lines drawn with
instruments, never to ink freehand lines or
freehand lettering. The proper method of fill-
ing the pen is shown in Fig. 2.64. The hands
may be steadied by touching the little fingers
together. Twisting “instead of pulling the
stopper from a new bottle of ink, or one that
has not been used for some time, will often
save the stopper from being broken. After the
has been filled, the ink should stand about
6mm (17) deep in the pen.
Horizontal lines and vertical lines are drawn

di

in the same as for the p
lines, Figs. 2.21 (a) and 222 (a).
Practically all the difficulties encountered in
mmdm«ndm;pmmqh-mibuud
10 (1) incorrect position of the pen, (2) lack
of allewance for the quick-drying properties

j .
1, Posrmon or Tt Pen. The pen should lean
at an angle of about 60" with the paper in the

direction in which the line is being drawn and
in a vertical plane containing the line, Fig. 2.65
(a) and (b). In general, the more the pen is
leaned toward the paper, the thicker the Jine
will be; and the more nearly vertical the pen
hheld,tlwthllmumnllmwmu‘rhc
*\humbscrew is faced away from the straight
edge, and is adjusted, _(c). with the thumb and

s lonhxueroflheumhmdthuholdsme

instrument. The correct position of the pen
u\dunmulungcoﬂealhuugdwwnhﬁg.
266 (a). s ;

If the nibs are pulled tightly against the

'T-lqmreartriu\de,dueﬁuthw'dmw

nibs and thus reduce the thickness of the lines,
(b). If the pen is held as shown at (c), the ink
will come in contact with the T-square and

N pap«nd\esamﬁmemdwiﬂnmundu!he

T-square and cause a blot on the drawing. The
fmcmnhmaymﬂ,mﬁuwd\:pm.
:::z:snt;d on the outside of the nib that
e T-square. If the pen is held as
shmvnn(d),. the outside nib of the ruling pen
::Zemmmhthcppu,mdtheumhlpl
i

When the line has been correctly drawn,
care must be exercised not to touch the wet

[C] Auus THUMS “
Fig. 2.65 hdﬂnnc'ﬂmdlnuhll“ 1
Pen.
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(o) CORRECT

(b) EXCESSIVE PRESSURE UPON RULING
PEN AGAINST T-SQUARE PRESSES

NIBS TOGITHER

(C] B A OANE
INK ALLOWED TO RUN UNDER ' T-SQUARE

(@ OUTSIDE NIB DOES 10T TOUCH PAPER

!
Fiz. 2.66 Errors in Using the Ruling Pen.

ink when removing the T-square or trjangle.
The triangle’of T-square should be carefully
moved away from the line before being picked
up. If moté than 6 mm (4”) of ink is placed in
the pen, the ink will flow too_readily, thus

increasing the danger of a blot. | :

Some draftsmen prefer to place another tri-

angle under the one being used, as shown in
Fig. 2.67; to raise the first triangle above the
paper and ‘thus prevent.ink from running
under the edge. This is especially useful if the
lines are heayy and blots may easily occur.

2. Conxecr Use of DrawinG iNk. Oneof the

most common difficulties is that the pen will
not “feed” A clogged pen often may be
started by touching it to drafting tape or the
back of a finger. If the pen will not make 2
fine line, the nibs have been screwed too close

_ together, the ink has been allowed to partially

dry-and thicken in the pen, the ink in the
bottle is too thick from age and exposure to
air, or the pen is dull and needs sharpening.

The pen should never be filled until the
draftsman is ready to use it, because the ink
dries quickly when not flowing from lhg pen.
Ink should never be allowed to dry in any instrument.
Never lay a ruling pen down with ink in it. Some
drawing inks have an acid content that will
“pit” a ruling pen if left to dry in the pen
repeatedly. The student should clean the pen
frequently by slipping 2 stiff blotter or a
folded cloth.between the.nibs..Sandpaper should
never be used to remove dry ink. Dry ink should
be removed by scraping verylightly with a

_pen knife. Ruling pens constructed so that the

VISBLE LINE

HICOEN LINE
e

SECTION LINE

CENTER UNE
|————3.25——ﬂ
DIMENSION & EXTENSION UNES

s

CUTTING-PLANE LINES
VIEWING - PLANE LINES

— —— — — — —

SMORT-BREAK LINE

LONG-BREAK LINE
PHANTOM UNE

STITCH UNE
Fig. 2.68 Alphabet of Ink Lines (Full Size).

nibs will scparate for cleani g are available in

1

2. Slow movement of the pen.
=43,

4

distinguish fine variations, and must also ac-
quire skill in producing the desired widths.
The student must remember that the thumb-
screw alone does not control the width of the
line. The following factors affect the width of
a line,with a given setting of the thumbscrew.

Factors that tend to make line heavier:

. Excess ink in the pen. _

. Dull nibs, -

. Caked particles of ink on the nibs.

. Leaning the pen more toward the paper.
6. Soft ‘working surface.

Factors that tend tc make line finer: o

1. Smail amount of ink in the pen.
2. Rapid movement of the pen.

3. Sharp nibs. .

4. Fresh ink and clean pen

5. Pen more nearly vertical.

6. Hard working surface. ;

- Before making a new ink line on a drawing,
the thickness of line shculd be tested by

a number of good designs.
The stopper should always be kept in the
bottle when it-is not in use, since

drawing a test line pn a separate piece of paper
under the same conditions. Never fest the pen
freehand. or on a different kind of paper.” Always

of the ink to the air causes it to become thick
and difiicult to use.

3. How 1o Controt THicxness oF Lives. The
various widths of lines used for inked draw-
ings or tracings are shown in Fig. 2.68. The
draftsman must first develop a trained eye to

Fig. 2.69 Ink Lines.
CORRECT AMOUNT

|
|
|

use a straightedge, and use id| I paper.
1 excess ink is in the pen or if wet lines

are allovsed to intersest previously drawn lines

that are still wet, teardrop ends and rounded

corners will result, Fig. 269 (a) and (b).

* The ruling pen is used in inking irregular

curves, as well as straight lines, as shown in

DRY LINES 35 .
OF INK IN PEN. t KORY LINE
——— 4»1'\ = — - ~
Stop o S con
™ W SHARP WET UNE—]
MEDIATELY  IMMEDIATELY CoaNERS
CORRECT CORRECT _ CORRECT CORRZCT

8o™H UNES WET]

S - TOO MUCH INK i
: C‘ /-N PEN—
Lsiow - \-swow - 4
o5 SLow  LFAST

INCORRECT INCORRECT

() ()

“Sow

START MOVEMENT STOP

ROUND w;

INCORRECT

(d)
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TOP-HEAVY
LETTERS
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Fig. 3.5 Stability of Letters.

a pleasing effect. Letters are designed to look | monia prints, or other reproductions. To re-
well and some allowances must be made for | produce well byany process, the pencil letter-
errors in perception. Note that in Fig. 3.18 the ing must be gense black, as should all other
width of the standard H is less than its height | fin2l lines on the drawing. The right lead to
to eli a square 3pp! ce: the numeral | use depends largely upon the amount of tooth
8 is narrower at the top to give it stability: in the paper, the rougher pap=rs requiring the
and the width of the letter W is greater than
its height for the very acut= angles in the W/
give it 2 compressed appearance. Such acute
angles should be avoided ingood letter design.

black areas are carefully balanced to produce \ in pencil and reproduced as blueprints, am-

harder pencils. Tne Jead should be soft enough
to preduce jet-black Jettering. yet hard enough
to prevent excessive -wearing down of -the
point, crumbling of the puint,” and smearing

|
|
\\ of the graphite.
l

3.9 stability. 1f . the upper portions of
certain letters and numerals are equal in width
to the lower portions, the characters appear
top-heavy. To correct this, the upper portions
are reduced in’size where possible, thereby
-produding the effect of stability and a more
pleasing appearance, Fig. 3.5-
1f the central horizontal strokes of the letters
B E F 2nd H are placed at midheight, they
will appear to be below center. To overcome
this optical illusion, these strokes should be 2355 proz R e
i ter. ints in a° -quill,
R ﬂlsml)t abor s R finest, to the ball-pointed. the coarsest. Tke
4 iwidths of the lines made by the several pens
. ttering Pencils- Pendil letters can 1are shown full size. The medium widths, rep-
ilgt nL\:de m:sh 2 medium-soft Jead with 2 !rsemed by the G‘Ll{otft's 303 .nnd A:: (o;
jcal point, - 212 ¢), or with.a suitable | 'eq ivalent) are suita or | notes an
ﬁi‘aa pend};,,&ﬁp z.; :c). p ‘diuimiafns'oh'dnﬁhsé,'in\r{hid\ -case the
Today the majority of drawings are finished | lettersare usually 3 (32 mm) high. F0( letter-

3.11 |Lettering Pens- The choice of a pen
for lettering is determined by the size and
1 style of the letters. the thickness of stzoke
desired, and the personal preference of the
draftsman. These conditions vary 50 much that
it is impossible to specify any certain pen fo
use. The student who is zealous in his efforts
» his ability to letter will learn by
e which pen is best suited to his
purpose. Fig- 3.6 shows a variety of the best

Fig. 3.6 Pen Points
(Full Size)-

5 Josenn g
—_— = " GILLOTTS|
B WARANTED

— <)

£w 800"

LN o e
—_— — 5 GILLOTTS — a88
EXTAA FINE

ing 1" (4.8 mm) to 3" (6.4 mm), as for titles,
the ball-pninlzd pens may be used.

Letters more than 4" (12.7 mm) in height
generally require a special pen, Fig. 3.7. The
Speedball pens are excellent for Gothic letters,
Fig. 3.1, and are often used for titles and for
the large drawing numbers in the corner of the
title block, Figs. 14.15 to 14.17. Other styles of
Speedball pens are suitable for Roman or text
Jetters. These pens have the additional advan-
tage of being Jow in cost. The Barch-Payzant
Lettering Pen is available in eleven sizes ranging
from 000 (very coarse) to 8 (very fine). The size
s pen produces a stroke fine enough to be used
for the usual |ettering on technical drawings.

The Henry Tank Pen is available in both plain

and ball points, and has 2 simple device under

:ke pen to hold ink and prevent the nibs from
spraading.

The Leroy Pen is also available in a wide
range of sizes, and is highly recommended. It
can be used in a regular pen staff for freehand
lettering, or in the scriber for mechanical let-
tering, Fig. 331.

Fiz. 37 Special Pens for Freehand Lettering.

X0 X008

(o) VERTICAL (b) incLineD
Fig. 3.8 Basic Lettering Strokes.

The Koh-I-Noor “Rapidograph” or similar
technical fountain pens are of a different type
in which the point is 2 small tube. See §2.48. A
small automatic plunger rod keeps the ink
flowing. 8

Any lettering pen must be kept clean. All of these
pens should be frequently cleaned with clean-
ing fluid to keep them in service. Drawing ink
corrodes the point of the pen if allowed to dry
and builds up the width of the point, so that it
has to be cleaned anyway. To remove dried
drawing ink from any instrument, scrape
carefully with a knife or use a special pen-
cleaning fuid.”

3.12 Technique of Lettering. Any normal
person can learn to letter if he is persistent and
intelligent in his efiorts. While it is true that
“practice makes perfect,” it must be under-
stood that practice alone is not enough; it must
be accompanied by continuous effort t2 improve.
Lettering is freehand drawing and not writ-
ing. Therefore, the six fundamental strokes *
and their direction for freehand drawing are
basic to lettering, Fig. 3.8. The horizontal
strokes are drawn to the right, and all vertical,
inclined, and curved strokes are drawn down-
ward.

Good lettering is always accomplished by
conscious effort and is never done well other-
wise, though good muscular coordination is of
great assistance. Ability to letter has little rela-
tionship to writing ability; excellent letterers P
are often poor writers.

There are three necessary steps in learning
to letter: )

1. Knowledge of the proportions and forms of
the letters and the order of the strokes. No
one can make a good letter who does not

'rbguuh\\nﬁmerK:uﬁdhbnuCo.
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have a clear mental image of the correct
form of the letter.
2. Knowledge of compositi the spacing of
letters and words. Rules governing com-
position should be thoroughly mastered,
o R §324.
. Persistent practice, with conlinuous effort to
B improve.

w

; First, sharpen the pencil to a2 needle point;
\ then dull the point very slightly by marking on
paper while holding the pencil vertically and
rotating the pencil to round off tne point.

Pencil | should be d with a
fairly soft pencil. such as an F or H for ordi-
nary paper; and the strokes should be dark and
sharp, not gray and blurred. Many draftsmen
acquire “snap” in their lettering by accenting
. or "bearing down” at the beginning and the
end of each stroke. Beginners should be care-
. ful not to overdo this trick or to try it without
first acquiring the ability to form letters of
correct shape: After 2 few letters are made, the
pendil will tend to become dull. In order to
wear the lead down uniformly and thereby to
keep the lettering sharp, turn the pendii fre-
quently to a new position.

is shown in Fig. 3.9. In genera!, draw vertical
strokes downyward or toward you with a finger
movement, and draw horizontal strokes from
left to right with 2 wrist movement without
turning-the paper. |
The f should be app tely at

_ right angles to the line of lettering, and resting

Fig. 3.9 Position of Hand in Lettering.

! technique is shown in Fig. 3.10.

_ The correct position of the hand in lettering -

on the bourd—never suspended in mid-air. If
the board is small, revolve it counterclockwise
about 45°, until the line of lettering is approx-
imately perpendicular to the forearm. If the
board is larger and cannot be moved, shift

your body around toward the left side of the . .

board to approximate this position as nearly
as possible.

Since practically all pencil lettering will be
reproduced by blueprinting or otherwise, the
letters should be dense black. Avoid hard
pencils that, even with considerable pressure,
produce gray lines. Use a fairly soft pendil and
keep it sharp by frequent dressing of the point
on the sandpaper pad or file. An example (full
size) of pend! lettering exhibiting correct

In ink lettering, most beginners have a
-tendency toward excessive pressure on the
- pen point, thus producing strokes of varying

widths. Select a pen point that will make
strokes of correct thickness without spreading
the nibs. The correct position of the pen is
shown in Fig. 3.9. Move the pen with light
uniform pressure, and allow the ink to flow off
the point-instead of being forced cif by pres-
sure upon the point. -

Before an inked tracing is lettered, ail guide

lines should be drawn in pencil directly upon
the trazing paper or cloth if the guidelines
und h are too indistinct to serve their
purpose well as a guide for inking.

3.13 LeftHanders. All evidence indicates
that the left-handed draftsman is just as Skll.l-
ful as the right-hander, and this includes sklll_
in lettering. The most important step in learn-
ing to letter is to learn the correct shapes and
proportions of letters, and ‘these can be
learned as well by the left-hander as by any-
one else. The left-hander does have a problem
of developing a system of strokes that seems

most suitable for himself. The strokes shown

i ight-handers.
in Figs. 3.18 and 3.19 are Eor right h
The \g:ft-handu should experiment with each

letter to find out which strokes are best for

i uch
him. The habits of left-handers vary so m
that it is Futile to suggest a standard system
of strokes for all left-handers. -

o g e eI 87 T T

HE IMPORTANCE

MAKE: OR

3 3

Fig. 3.10 Pencil Lettering (Full Size).

OF GOOD LETTERING
OVER-EMPHASIZED. THE-LETTERING ‘CANEITHER™:
S BREAK ,ﬁN OT,}:‘_ERWIAS/I:_-,?GOODDRAWL’N? ;
PENCIL.-LETTERING SHOULD BE DONE WITH A FAIRLY
SOFT SHARP PENCIL AND SHOULD BE CLEAN-CUT
AND DARK.”ACCENT ‘THE ENDS OF THE STROKES.

ST ———

LANNEJT BE J

OF-

The left-hander, in developing his own sys- | drawn downward as for rignt-handers, but

tem of strokes, should decide upon strokes he
can make best with the pen, and he should

thei: use the same strokes for pencil lettering, |

on strokes can be drawn in the direction the
pen is leaned, or at right angles to this, or in
curved paths between ke two. The pen should
never be jabbed in the direction contrary to
the way the pen is leaned, as the point has
a tendency to dig into the paper. The strokes
should, therefore, be those which are in har-
mony wich the natural and intended use of the
pen point. © }

The regular left-hander assumes a natural

position exactly opposite to that of the right- |
hander. but he will be able to use many of '

the same strokes as shown for right-handers,

with perhaps some minor differences. As pre-

scribed for right-handers, he will draw all ver- .
" tial strokes downward, and may also draw all

horizontal strokes from left to right. He may,

_ however, prefer to draw horizontal strokes

from right to left, and he should do this if it
seems more natural to him. Also he may wish
to change the order of drawing horizontal
strokes, so that in the case of the E, for exam-
ple, the top stroke would be drawn first and
the bottom stroke drawn last. If this is done,
the pen or pencil will not tend to hide strokes
already drawn. Curved strokes will be essen-
tially the same as for right-handers, with per-
haps some adjustments of the starting and
ending points of the curves.

The hooked-wrist left-hander has a more
serious problem, and each such person will
have to adopt a system that seems best for his
own particular habits. Vertical strokes may be

many hcoked-wrist left-handers will find it
easier to draw verticel strokes urward. Hori-
zontal strokes will most cerinly be drawn
from right to left with a finger movement, for
the penci! or pen will dig into the paper i
pushed in the other direction. Furthermore,
the order of horizontal strokes will be to do
those at the bottom first, and those at the top
last, as described above for the letter E. Since
asheet is lettered from the top downward, the
hooked-:vrist left-hander must inovs his hand
over lines of lettering previously made. There-
fore, a piece of paper should be placed over
the lettered areas so that smearing of the
graphite cannot occur.. -

If you are left-handed, advise your instruc-
tor at once. On examinations in which letter-
ing is tested, use strokes that you have found
most suitable for your own.use, and letter 2

statement in the margin to the effect that you
are left-handed.

3.14 Guide Lines. Extremely light hori-
zontal guide lines are necessary to regulate the
height of letters. In addition, light vertial or
inclined guide lines are needed to keep the
letters uniformly vertical or inclined. Guide
lines are absolutely essential for good letter-
ing, and should be regarded as a welcome aid,
not as an ary requi Panadoxi
cally, the better draftsman always uses guide
lines, while the unskilled letterer who needs
them most is inclined to slight this important
step. See Fig. 3.11.

Make guide lines for finished pencil letter-
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Fig- 3.1

g ~ (9)-
' Fig.3.14  Spacing of Guide Lines-

~ high and the spaces between lines of lettering
being three units. If the scale is rotated clock-
wise about the zero mark as a pivot, the height |
of the letters and the spaces between lines of
letters diminish but remain proportional. If the
scale is moved counterclockwise, the spaces
are increased. The same unequal ‘spacing may
he accomplished with ‘the bow dividers, as
shown at (d). Let distance x = a + b, and set
off x-distances, as shown. R
3 V‘Vhen"-,lr;e and small capitals are used in
~ combination, the small capitals should be
three-fifths to two-thirds as high as the large
 czpitals, Fig. 3.15. This is in conformity with
3 the guide-line devices described below, §§3.16
R fand 7R R =

s s Elnuiuugu]wi,unm»munzun

_Fig. 3.15 Large and Small Capital Letters.

- 3.16 Lettering Triangles. Leltering triangles,
PrER which are available in a variety of shapes and
; ; sizes, are p.rovidad with skts of holes in which

* the pencil is inserted and the guide lines pro-
o duced by moving the triangle with the pencil

space BETweEN Lnes § TO FULL MEIGHT or LeTTERS

3 Guide Lines for Inclined Capital Letters.

o 6o

i (b)n.r. (O)sreciaL T

point along the T-square. The Braddock-Rowe
Lettering Triangle, Fig. 3.16, is convenient for
drawing guide lines for lettering and dimen-
sion figures, and also for drawing section lines.
In addition, the triangle is used as a utility 45°

* triangle. The numbers at the bottom of the

triangle indicate heights of letters in thirty-
seconds of an inch. Thus, to draw guide lines
for £ (3.2 mm) capitals, use the No. 4 set of
holes. For lower-case letters, draw guide li ’
from every hole; for capitals, umit the secon
hole in each group. The spacing of holes is
such that the lower portions of I

letters are two-thirds as high as the capil

sLor Fom

Fig. 3.16
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INCLINED & VERTICAL GUIDE LINES

s

@) < mens et of letters will be §lor 4
Fig. 3.17 Ames Lettering Guide.

and the spacing between lines of lettering is
2lso two-thirds as high as the capitals.

The column of holes at the extreme left is
used to draw guide lines for dimension figures
" (32mm) high and fractions 1” (6.4 mm)
high, and also for section lines %" (L6 mm)
part.., ¢

i S
3.17 Ames Lettering Guide. The  Ames
Leltzring Guide, Fig. 3.17, is an ingenious trans-
paient plastic device composed of a frame
holding a disc containing three columns of

. holes. The vertical distances between the holes

may be adjusted quickly to the desired spacing
for guide lines or section lines by simply turn.
ing the disc to one of the settings indicated
atthe bottom of the disc. These numbers indi-
cate heights of fetters in thirty-seconds of an
inch. Thus, for §” high letters, the No. 4 setting
would be used. The center column of holes
is used primarily to draw guide lines for nu-
merals and fractions, the height of the whole
number being two units and the height of the
fraction four units. The No. 4 setting of the
disc will provide guide lines for §” whole
numbers, with fractions twice as high, or 3y
as shcwn at (2). Since the spaces are equal,
these holes can also be used to draw equally
spaced guide lines for lettering, or to draw
section lines. For desired equival metric

H#_

GUIDE LINES VERTICALLY

letters, the column marked three-fifths being
used where it is desired to make the lower
portions of lower-case letters three-fifths the
total height cf the lstters, and the coiumn
marked two-thirds being used where the
lower portion is to be two-thirds the total
height of the letters. In each case, for capitals,
the middle hole of each set is not used. The
two-thizds and three-fifths also indicate the
spaces between lines of letters.

The sides of the guide are used to draw
vertical or inclined guide lines, as shown at
(b) and (c).”.

The Ames Lettering Guide is also available
with metric graduations.

-3.18  Vertical Capital Letters and Nu-

merals. Fig. 3.18. For convenience in learning

the proportions of the letters and numerals,

each character is shown in a grid 6 units high.
Numbered arrows indicate the order and di-
rection of strokes. The widths of the letters
can be easily remembered. The letter |, or the
numeral 1, has no width. The W is 8 units
wide (1} times the height) and is the widest
letter in the alphabet. All the other letters or
numerals are either 5 or 6 units wide, and it
is easy to remember the 6-unit letters because
when assembled they spell TOM Q. VAXY. All
Is, except the 1, are 5 units wide.

Spacing, the Ames Lettering Guide with metric
calibrations is used for the disc setting.

The two outer columns of holes are used
to draw guide lires for capitals or lower-case

All horizontal strokes are drawn to the right, . 1§

and all vertical, inclined, and curved strokes
are drawn downward, Fig. 3.8. Most of the
strokes are natural and easy to remember. All

/u 2 ’./_n .
. N ’
N—~ -

=

PN

772 Q.6,0nd 9 or rl/iplwl\

Fig. 3.18 Vertical Capital Letters and Numerals.

the strokes and proportions should be thor-
oughly learned in the beginning, and it is
recommended that this be done by practice

sketching the vertical capital letters on cross-

::;ion Paper, making the letters 6 squares
igh.

As shown in Fig. 3.18, the letters are classi-
fied as straight.line Letters o curved.line letters. On
the third row, the letters 0, Q. C. and G are
all based on the circle. The lower portions of
l)}e J and U are semiellipses, and the right
sides of the D, P, R, and B are semicircular,
The 8, 3, S, and 2 are all based on the ﬁg\u’e‘
8, which is composed of a smail ellipse over
a Ifrger ellipse. The 6 and 9 are based on the
elliptical zero, The lower part of the 5 is also
elliptical in shape.

1
The lerters AQC,G,ond 0 one bo7ed on o Irue CirTTe. 77 lower
‘ CUAVEO-UNE LETTZAS AND NUMERALS ¥

B8 3

W2 - ~
The 8 s Compased of Ime eitpiei The 3,5, ond et besed on M S

=)

o5
e

23

NS

3.19 -Inclined Capital Letters and Nu-
merals. Fig. 3.19. The order and direction of
the strokes and the proportions of the inclined
capital letters and numerals are the same as
those for the vertical characters. The methods
of drawing guide lines for inclined capital
letters are given in §3.15, and for numerals in
§3.20. S

Inclined apitals may be regarded as oblique
Projections, §§17.1 and 17.2, of vertical capi-
tals. In the inclined letters, the circular parts
become elliptical, the major axes of the el-
lipses based on the O making an angle of 45°
with horizontal. The letters are classified as
straight-line letters or curved-line letters, most of
the curves being elliptical in shape. Therefore,
skill in incli d lettering depend b
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Spoce befween word's = letter O

Spoce O offer comme

SPACEOWORDS WELL AP?I;%T,OAND LETTERS CLOSELY.
)

AVOIDTHISKINDOF SPA(C)\NG:!T'SHARDTOREAD
2 b

Lower-caseOwords also should be kept well oport‘

Spoce =lerter O (C)
Fig. 3.29 Spacing Words.

which is frequently the case in titles, Figs. 335
to 3.37, number the letters as shown, with the
space between words considered as one letter.
Then place the middle letter on center, making
allowance for narrow letters (I's) or wide let-
ters (W's) on either side. The X at (b) is placed
slightly to the left of center to compensate for
the letter I, which has no width. Check with
the dividers to make sure that distances a are
exactly equal.

Anocther method is to letter roughly a trial
line of lettering along the bottom edge of a
scrap of paper, place it in position immediate!y
above, a< shown at (c), and then letter the line
in place. Be sure to use guide lines for the trial
lettenng. — - .

lflhelmisbemdoneonmdn;
paper or doth, the trial letters can be placed

d th, \ged for 1 ing to a stop
line or “on center,” and then lettered directly
over or with slight improvement as may be
desired, Fig. 335. _

3.25 Lettering Devices. The Leroy Leltering
Instrument,~Fig.- 331, is the ‘most

\

lows grooved letters in a template, and the
inking point moves on the paper. By adjusting
the arm on the instrument, the letters ma: oe
made vertical or inclined. A number of tem-
plates and sizes-of pens is available, including

templates for a wide variety of “built-up” let- A/

ters similar to those made by the Varigraph
and Letterguide, described below. Inside each
pen is a cleaning pin used to keep the small
tube open. These pins are easily broken, espe-
cially the small ones, when the pen is not
promptly cieaned, To clean a pen, draw it
across a blotter until 2ll ink has been ab-
sorbed; then insert the pin and remove it and
wipe it with a cloth. Repeat this unlil the pin
remains clean. If the ink has dried, the pens
may be cleaned with Leroy pen-cleaning fiuid,
available at dealers.
“The Wrico Letiering Guice, Fig. 332, consists
| of a scriber and templates similar to the Leroy

the Leroy letters.

Jetters or “built-up” letters. As shown in Fig-

widely used lettering device. A guide pin fol-

Fig. 3.30 Spadn'g to a Stop-line and “on Center.”

e
PUME DETAILS

e
I
(o) LETTERING TO A STOSLINE

(b) LeTTERIG ‘On CENTER

| system. Wrico letters more closely resemble %
American National Standard letters than do -

The Varigraph is a more elaborate device for
making a wide variety of either single-stroke : 3

333, a guide pin (lower right) is moved along -

(c) LETTERING FROM TRIAL STRIP %

the grooves in a template, and the pen (upper
left) forms the letters. The Lellerguide scriber,

. Fig.234, is amuch simpler instrument, which

also makes a large variety of styles and sizes
of letters when used with the various tem-

plates available. It also operates with a guide f

}ie moVing in the grooved letters of the tem-
plate, while the pen, which is mounted on an
adjustable arm, makes the letters in outline.

Various forms of press-on lettering and spe-
cisl lettering devices (trpewriters, etc.) are
available. In whatever way the lettering is ap-
plied to the drawing and whatever style of
lettering is used, the let ring must meet the

requirements for legibility and microfilm re-
praduztion.

Courlesy Kexfel & Esser Co.
Fig. 3.31 Leroy Lettering Instrument. :

Courtesy Wosd-Regun Instrument Co., lac.
Fig. 3.32 Wrico Lettering Guide. -

Courtesy The Varigraph Ca, Inc

Fig. 3.33 The Varigraph.

VERT:calLS
SEALSTS ITALICS
SOLIDS|
CGUTLINES SpEcIAL
ALL wiTH ONEQ -
LETTERGUIDKY

Courtesy Letterguide
Fig. 3.34 Letterguide.

3.26 Titles. The composition of titles on
machine drawings is relatively simple. In most
cases, the title and related information are
lettered in “title boxes” or “title strips,” which
are printed directly on the drawing pipet,
tracing paper, or cloth, Figs. 1424 and 1426
to 14.28. The main drawing title is usually
centered in a rectzngular space. This may be
done by the method shown in Fig. 330 (b)
or if the lettering is being done on trdng
paper cr cloth, the title may be lettered first
on scrap paoer and then placed undemeath
the tracing «s shown in Fig. 335, and then

“lettered direct'y over.
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LSaup of poper 'underneoth
Fig. 3.35 Centering Title in Title Box.

If a title box is not used, the title of a ma-
chine drawing may be lettered in the lower-
right corner of the sheet as a “balanced title,”
Fig. 3.35. A balanced title is simply one that

is aranged symmetrically about an imaginary

center line. These titles take such forms as the
rectangle, the oval, the inverted pyramid, or
any other simple symmetrical form.

1
TOOL GRINDING MACHINE
TOOL REST ss%lzDE

SCALE : FuULL
AMERICAN MACHINE COMPANY
NEW YORK CITY

DRAWN BY ___ CHECKED BY.

Fig. 3.36  Balanced Muhin.—Dmin[‘Tille.

On display drawings, or on highly finished
maps or architectural drawings, titles may be
composed of filled-in letters, usually Gothic or
Roman, Fig. 3.37.

In any kind of title, the most important

MAP OF
BRAZOS COUNTY
TEXAS

. SCALE:1=20000
SR —— N s5y

.
Fig. 3.37 Balanced Map Title.

words are given the
making the lnttering larger, heavier, or both.
Other data, such as scale and date, are not so

important and should not be prominently dis-
played.

most prominence by

3.27 Gothic Letters. Fig. 3.38, Among the
many forms of Gothic styles, including Old
English and German Gothic, the so-called
sans-serif Gothic letter is the only one of inter-
est to engineers. [t is from this style that the
modern single-stroke engineering letters, dis-
cussed in the early part of this chapter, are
derived. While they are admittedly not as
beautiful as many other styles, they are very
legible and comparatively easy to make.

Sans-serif Gothic letters should be used on
drawings where legibility and not beauty is
the determining factor. They should be drawn
in outline and then filled in, Fig. 3.39, with
the thickness of the stems from one-fifth to
about one-tenth the height of the letter. An
attractive letter may be produced by making
‘heavy outlines and not filling in, as for the
letter H shown at (a). A slight spur may be
added to the ends of the stem, as for the letter
T at (a). An example of condensed Gothic is
shown at (b).

3.28 0ld Roman Letters. Fig. 3.40. The
Old Roman letter is the basis of all of our
"letters, and is still regarded as the most beau-
tiful. The letters on the base of Trajan's Col-
umn in Rome are regarded by many as the
finest example of Old Roman letters.

The Old Roman letter is used mostly by

architects. Because of its great beauty, it is - 3

used almost exclusively on buildings and for
inscriptions on bronze or stone. Full-size
“details” of the letter are usually drawn for
such inscriptions.

Originally, this letter was made on manu-
scripts with a broad-point reed pen, Fig. 1.8;
the wide stems were produced by downward
strokes, and the narrow portions by horizontal
stzokes. A biief examination of any Ror'mn
letter will show why certain strokes are wide,
while others are narrow.

Fig. 3.33 Gothic Capital Letters.

GOTHI

()

Fig. 3.39 Gothic Letter Construction.

merals

Fig. 3.40 Old Roman Capitals, with Nu

Several styles of steel broad-nib pens are
available and are suitable for making Roman, [
Cothic, or Text letters, Figs. 3.1 and 341. If |
‘r’\r(cssary, an ordinary pen may be used to !

touch up” after using the broad-nib pen, or
to add fine-line fourishes, as in Text lerters. '

As in the case of Gothic, Old Koman letters |

may be drawn in outline and filled in, o may
be left in outline.

and Lowercase of Similar Design.

3.29 Moden Roman Letters. Figs 3.42
and 3.43. The Modem Roman, or sumply
“Roman,” letters were evolved during the
eighteenth century by the type founders; the
letters used in most modemn newspapers,
magazines, and books are of this style. The
text of this book Is set i Modern Roman
Letters. These letters are often used an mags,
especially for titles, They may be drawn in
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outline and then filled in, as shown in Fig.
3.42, or they 1nay be produced with one of the
broad-nib pens shown in Fig. 3.7

1f drawn in outline and filled in, the straight
lines may be drawn with the ruling pen, and
the circular curves drawn with the bow pen.
The fillets and other noncircular curves are
drawn freehand. The thickness of the stem, or
broad stroke, varies widely, the usual thick-
ness being from one-sixth to one-eighth of the
height of the letter.

A typical example of the use of Modemn
Roman in titles is shown in Fig. 3.37. Their
use on maps is discussed below.

Lowar-case Modern  Romar letters are

Fig 344 Microfont Alphabet.

shown in Fig. 3.43. The lower-case italics are
known as stump lellers. They are easily made
freehand, and are often used on maps and on
Patent Office drawings, §14.26.

3.30 Lettering on Maps. Modern Roman
Jctters are generally used on maps, as follows:

1. Vertical Capitals. Names of states, countries,
townships, capital cities, large cities, and
titles of maps. See §3.26.

Verticai Lowercase. (First letter of each word
a capital.) Names of small towns, villages,
post offices, and so forth.

. Inclined Capitals. Names of oceans, bays,
gulfs, sounds, large lakes, and rivers.

. Iuclined Lowerase, or “Stump Letlers.” (First
letter of each word a capital) Names of
rivers, creeks, small lakes, ponds, marshes,
brooks, and springs.

"

-

a

Frominent land features, such as mountains,
plateaus, and canyons, are lettered in vertical
Gothic, Fig. 318, while the names of small
Jand features, such as small valleys, islands,
and ridges, are lettered in vertical lower-case
Gothic, Fig. 326. Names of railroads, tunnels,
highways, bridges, and other public structures
are lettered in inclined Gothic capitals, Fig.
3.19.

3.31 Microfont Alphabet. The microfont
alphabet, Fig. 3.44, is a recent adaptation of
the single-stroke Gothic characters developed
by the National Microfilm Association. It is
designed for general usage and increased legi-
bility in reproduction. Only the vertical style
is shown.

3.32 Greek Alphabet. Greek letters are
often used as symbols in both mathematics
and technical drawing by the engineer. A
Greek alphabet, showing both upper-case
and lower-case letters, is given for reference
purposes in Fig. 345,

Aa alpha L] iota P
be bela [N kappa -
ry gamma AX lambda T
Y3 delta My mu 1
F o« epsilon Nr nu L)
Zy zela ¢ %l X
Ha eta O omicron ¥
e theta ns= pl Q

LCxO=T"n
3333§i§3

Fig. 3.45 Greek Alphabet.

3.33  Lettering Exercises. Layouts for let-
tering practice are given in Figs. 3.46 to 349.
Draw complete horizontal and vertical or in-
clined guide lines very ligh!ly. Draw the vertical
or inclined guide lines through the full height
of the lettered area of the sheet. For practice
in ink lettering, the last two lines and the title
strip on each sheet may be lettered In ink, if
assigned by the instructor. Omit all dimen-
sions, '
Lettering sheets in convenient form for let-
tering practice may be found in Technical
Drawing Problems, Series 1, by Giesecke,
Mitchell, Spencer, Hill, and Dygdon; in Teh-
nical Drawing Problems, Series 2, by Spencer,
Hill, and Dygdon; and in Technical Drawing
Problems, Series 3, by Spencer, Hill, and Dyg-
don, all designed to accompany this text and
published by Maanillan Publishing Co,, Inc
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@) maGINARY PLANES

PERPENDICY)
INCUNED SURF ACe.

'(3) PLANES OPEN FLAT

187 Line of sight is perpendicular to the

o !ri'f:l.lnod surace
_ °<'-

e 18-5. An auxiliary is simply another ortho-
phic view projected pe icular to the
ned surface (Fig. 18-6). The line of sight must
right angles to the inclined surface, with the & <
of the auxiliary view parallel to the edge of e va
e ncline rface (s 187 QDR <
3
TRANSFERRING AUXILIARY
MEASUREMENTS A 33

 Measurements can be transferred 1o the auxiliary

i view in two ways. One method is to transfer mea-

. surements directly from the views with a divider as
s is}l:llﬂhﬁguel&-l.“\eo(hermdhodlslouse 3

- the reference lines from the imaginary planes of 3 ah O
' projection as shown in Figure 18-9. A FIG. 188 Treaglering measureme” ot 4

-
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- FIG. 11-58 Problem

FIG. 11-59 Problem
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{10 ' DRAFTING

'

SLIGHT ANGLE =~
SHARFENING AND

ADJUSTING THE
| CCMPASS LEAD

|

SHOULDER
if POINT S
|

FORWARD.

|
| FIG.5-16 Use of the compass

| " STERPING OFF
DIMENSIONS
ON A LINE

LR,
Oividers (Taledyne Post)

“ )l PROPORTIONAL

l DIVIDERS ’
| |
g l G

SLIGHT ANGLE

ANGLE

SPIN COMPASS BETWEEN
THUMB AND INSEX FINGER
EAN COMPASS SLIGHTLY

>

f

i

}

FIG. 5-18 Protractors (Teledyne Post)

Dividers (Fig. 5-17) are used
surements and divide lines,
can be adjusted 1o di
end

to transfer mea-
A proportional divider
'ferent ratios on the opposite
Protractors (Fig
angles ~ine
Templates (Fig. 5-19) are used to reduce draw-
Ing ime. A tremendous variety of templates are
available. Some of the types of templates are:

5-18) are used to measure

1. Circles and ellipses
2. Architectural
3. Nut and bolt
4. Lettering
5. _Electrical
6. Guide line
7. Math and scientific symbols
8. Piping

Irregular curves (Fig. 5-20) are used to darken
imegular lines. A good deal of practice is needed to
darken irregular lines smoolhly. Irregular curves
Come in a variely of shapes ard forms. A flexible
Curve can be used for long iregular curves. For
many long, smooth curves (aircraft and ship draft-
'rg) a set of lofting curves can be used. Lofting
curves are very long to allow for full size drawings.

DRAFTING EQUIPMENT

FIG.5.20 Irregular Curves (Teledyne Post)

FIG. 5-21 Cralting machines (Teledyne Posr)
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(ne)'=(sc+(c=",
S

LOGRAMS ———

oPPOSITE WO,
s —
| TAAPEZUM
(d) R (e)

UAJ RECTANGLE RHOMBOIC TRAP\:far i
(O (0) )

- Quadrilaterals.

,,».um(,;ﬁ
L

(@,
tary. (8):

1 technical

ilaterals. Fig. 4.4. A quadrilateral

figure bounded by four straight

the opposite sides are parallel, the
is also a parallelogram. | .

4.6 Polygons. Fig. 4.5. A polygon is any

plane figure bounded by straight lines. If the

~ polygon has equal angles and equal sides, it

an be inscribed in or circumscribed around a
grfle, and is called a regular polygon.

4.7 Circles and Arcs. Fig. 4.6. A crcle, ().
isa do.sed curve all points of which are the
!éll\e distance from a point called the center.
* Circumference refers to the circle or to the dis-
tance around the circle. This distance equals
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THE 3 REGULAR SOL0S

G

ON  OCTAMEDRON  DODECAMEDAIN
(8Triengles): (12 Pentogons)

RIGHT ~~RIGHT OBLIOUE. RAGHT
TRIANGULAR PENTAGONAL  MEXAGCNAL CIRCULAR
e CONES ~

— =
A
N ( 2,
< 3 A\
SV
TRamr  oBMUEGR  neucu: Cik
ORCULAR (Frustum) (Trurzo=ed)
Fig. 4.7 Solids. T

the diameter multiplied by = (called pi) or
3.1416. Other definitions are illustrated in the
figure.

4.8 solids. Fig. 4.7. Solids bounded by
plane surfaces are polyhedra. The surfaces are
alled faces, and if these are equal regular
polygons, the solids are regular polyhedra.

A prism has two bases, which are parallel
equal polygons, and three or more Jateral
faces, which are parallelog: A triangul
prism has a’triangular base; a r gular prism
had rectangular bases, etc. If .the bases are
parallelograms, .the prism is a parallelepiped. A
right prism has faces arid lateral edges perpen-

T —“YUNOERS ——

dicular to the bases; an obligue prism has faces |
rere i E2a o}

e ;.

Fig. 48 Bisecting a Line or a Circular Arc (§4.9)-

TN T PRISUS (Poronetepipeds ) ———.
\

Tt

1COSAHEDRON
(20 Triangies)

osuQue

{ RIGHT
CIRCULAR

RIGHT SQUARE  DBLIGUE.
TRIANGULAR  (Truncatec) PENTAGONAL

s e
& p s

21 . £}

OBLATE
ELLIPSCID

and lateral edges oblique to the bases. If one 3

end is cut off to form 4n end not parallel to
the bases, the prism is said to be truncated.
A pyramid has a polygon for a base and
triangular lateral faces intersecting at a com-
mon point called the vertex. The center line
‘from the center of the base to the vertex is
the axis. If the axis is perpendicular to tne
base, the pyramid is a right pyramid; ‘otherwise
it is an oblique pyramid. A triangular pyramid has
a triangular base, a square pyramid has a square
base, etc. If 2 portion near the vertex has been ;
cut off, the pyramid is truncated, ot refeg:d to
- as a frustum. ’ e
A ylinder is generated by a straight .lme, E
called the generatrix, moving in contact with a
curved line and always remaining parallel to

‘Fig. 4.9

its previous position or to the axis. Each posi-
tion of the generatrix is called an element of the
vlindér.

A one is generated by a straight line moving
in contact with a curved line, and passing
through a fixed point, the vertex of the cone.
Each position of the generatrix is an element of
the cone.

A sphere is generated by a circle revolving
about one of its diameters. This diameter be-
comes the axis of the sphere, and the ends of
the axis are poles of the sphere. '

A lorus is generated by a circle (or other
curve) revolving about an axis which is eccen-
tric to the curve, )

4.9 To Bisect a Line or a Circular Arc. Fig.
45. Given line or arc AB, as shown at (a),
to be Eisected.

I. From A and B draw equal arcs with radius
greater than half AB.
- Il ard IIL Join intersections D and E with
4 straight line to locate center C.

4.10 To Bisect a Line with Triangle and
T-square. Fig. 4.9. From end points A and B,
draw construction lines at 30°, 45°, or 60*
with the given line; then through their inter-
section C, draw line perpendicular to the given
line to locate the center D, as shown.

Bisecting a Line with Triangle and T-square (§4.10).

To divide a line with the dividers, see §2.41.
Fig. 4.11  Transterring an Angle (§4.12),

c GIVEN ANGLE
B NEw
LOCATION
OF AB
A
:
A 8

(al A

R=R'

C ~ANY RADWS 72"
)
A |
o
I . A

et

A Canter 4
To Transtes -
o c &

4.11 ToBisact an Angle. Fig 4.10. Given
angle BAC, as shown at (a), to be bisected.
L Strike large arc R.
IL Strike equal arcs r with radius slightly
larger than half BC, to intersect at D.
lIl. Draw line AD, which bisects angle.

; e

Fig. ‘10 Bisecting an Angle (§4.11).

4.12 To Tansfer an Angle. Fig 41L 1
CIlemleBAC.uxhownn(a).hbnwms-
ferred to the new position at A'S".

18

— A o i M
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A Equal Parts (§4.15).

;.. 4.4 Dividing 2 Line into
* Prick with needle | 3 :

or shawp pencil — 3 EQUAL DIVISIONS

g

(b) v : ()

ne into Equal Parts.(§4.16). )

' Fig. 416 Practical Applications of Dividing a Li
X oo 8 o

parallel lines through other division points, as Some practical applications of this m
- shown. i i are shown in Fig. 4.16.

4.16 To Divide a Line into Equal Parts. 4.17 To Divide a Line into Pro
l'"i;. 415 Preferred Method. Parts. Fig. 4.17 (a) and (b). Letit e re
1. Draw vestical construction line at one | to divide the iine AB into three parts pro
‘end of given line.

11 Set zero of scale at other end of line.
111, Swing scale up until third unit falls on vertical line from point B. a

wertical line, and make tiny dots at each point, convenient size for a total of 9 units
the zero of the scale at A. Swing the 59

tional to 2, 3, *\d 4. g
Fig. 4.17 (a)- Preferred Method-

or prick points with dividers.
& IV. Draw vertical construction lines through |- until the ninth unit falls on the 2
eachipoint : ] . Along the scale, set off points for 2.
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rectangular foundati of large hines, M. Draw sides A and B from intersection 421
2 2 ‘_-B A buildings, or other structures, For this purpose of arcs, as shown. To Lay ut 1
i B a steel tape may be used and distances of 30, 4 “Aoge
N I 1 /A 40, and 50 feet measured as the three sides ;
S i // I N of the right triangle. " 4.20 ToDraw a Right Triangle with Hypot-
¥ : A—2 e N - Fig. 4.16 (¢). Preferred Method. Move the | enuse and One Side Given. Fig. 4.20. Given N
- 10 :~—r—’.-ﬁ§__,\_ \ triangle and T-square asa unit until the triangle ] sides S and R. With AB as 2 diameter equal
@ S M L) " lines up with AB; thenslide the triangle untilits | to S, draw semicircle. With £ as center, and
13) < (o) 3

edge passes through the point P (whether Pis | R as radius, draw an arc interse
on or off the line), and draw the required circle at C. Draw AC and CB ¢
perpendicular. right triangle.

cting the semi-

fig. 417 Dividing a Line into Proportional Parts (§4.17). © complete the

4 units, as shown. Draw vertica! lines through |
these poirits.
Fig. 417 (b). Diaw « line CD parallel to AB *

Whien THe Point 1s Nor on THE Line. Fig. 4.18 '§
(3).  FromPdrawany convenient inclined line,
as.PD. Find center T of line PD, and draw arc

4.19. To Draw a Triangle with Sides Given.

Fig. 419. Given the sides A, B, and C, as . .

and at any convenient distance. On this line, ‘ with radius CP. The line EP is the required shown at (a): '
set off 2, 3, and 4 units, as showp-Draw * perpendicular. T |
lines through the ends of the two lines to | Fig. 4.18 (b).  With P as center, strike an arc A ’~
intersect at the point O. Draw lines through | to intersect AB 2t C and D. With C and D as eI /\ L :
0 and ths points 2 and 5 to divide AR into centers, and radius slightly greater than half - _t A \ - B
the required proportional parts. . CD, strike arcs to intersect at E. The line PE c / c ! eiven e
Constructions of this iype are useful in the | is the required perpendicular. . o I Vg osoesl—2Ff .
. preparation of graphs (Chapter 26). When The Point Is on the Line. Fig. 4.18 (). Fiz. 420 Drawing a Right Triangle (§4.20).
- FHg. 417 (). Given AB, to divide into pro- With P as center and any radius, strike arss - &
“ portional parts, ir. this case proportional to the  to intersect AB at D and G. With D and G as :
square of X, where X = 1,2, 3, ... . Set zero centers, and radius slightly greater than half > - S
of scale at end of line and set off divisions 4, DG. strike equal arcs to intersect at F. The line Sab! 4.21 1o . -
9,16, ... . Join the last division to the other  PF is the required perpendicular. 3 . o Many ‘“Biﬂl:i,n E:Li:nu:"dl'h Fl"‘ s
end of the line, and draw parallel lines as | Fig. 4.15 (d). Select any convenient unit of ; _C‘\‘ triangle, Fig. 2.26; or T l’::ﬂhz with the
shown. This method may be used for any length, for example, €6 mm or 1. With P as ; . T o (G .Protnclor, ‘Fi; g;’“yo o out with
Power of X, The construction is used in draw-  center, and 3 units as radius, strike an arc to - - Fig. 4.19° Drawing a Triangle with Sides Gived  ‘where i = is - "x "‘JM
ing nomographic'charts (Chapter 27). : ! intersect given line at C. With P as center, and (54.19). b ol Y quired, are as
. { ' 4 units as radius, strike arc DE. With C as 2 J X

i k ;. I centér, and S units as radius, strike an arc to

TaNGENT Mmoo, Fig.a21a) T
B 4.18 To Draw a Line Through a Point and | intersect DE at F. Tke line PF is the -"q“md. ¥

1 Draw one side, as C, in desired position, of angledis Y, andY =

< tangent

Perpendicula n Xtand. T

i i i X O construct
rto a Line. Given the line AB | perpendicular. 3 : 3 : d strike arc with radius equal to given ; the
nd a point P, . et 1 1 This method is frequently used in laying off ide A 8 he angle, assume a

convenient

: preferably 10 units of (MV!I\E.I'I:.‘::": :

::?'\\:: (The larger the unit, the more accurate
the construction.) Find the tangent of

- AL i i
o B'Slrike arc with radius equal to given

~ Fig. 418 Drawing a Perpendicular to a Line and Through a Point (§4.18).

Fig. 4.2] Laying Out Angles (§4.21), .

R Re10 SN &

! n_ C=2si(3)

T
A TRIANG LE MAY
BL USED INSTEAD X (0. C &
OF A T-SOUARE TANSENT METHOD x
£ ' SINE MZTHOD

Q) o CNORD‘ l:m
<
95
.
4 # SRR N e P e
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Fig. 4.24 Drawing a Pentagon (§4.24).

s
arcuinscribed circle (distance “across cor-

-quare.
Fig. 4.25 (d) n
insciibed circle (distance “across flats,” as in
Zrawing bolt heads). Using the T-square and
457 triangle, draw the Four sides tangent to the
circle. See Fig. 1331. ;! ¢

b I

4 '

4:24  To Draw a Regular Pentagon. Given
 the circumscribed circle.

 Fig. 4.23 (a). Preferred Melkod. Divide the
circumference of the circle into five equal parts
straight lines. 3

Ceomeraicat Merwoo. Fig, 424 (b).

1. Bisect radius OD at C. ?

M. With C as center, and CA as radius,
strike arc AE. With A as center, and AE as
radius, strike arc EB.

IIL. Draw line AB; then set off distances AB
around the circumference of the circle, and
draw the sides through these points.

4.25 ToDrawa Hexagon. Given the cir-
<umscribed circle,
Fig. 425 (a)." Each

side of a hexagon is
€qual to the radjus of

the circumscribed circle.

lines AC and BD perpendicular to AB, and the -

' ners”). Draw two diameters at right angles to
h other. The intet A g
;-:pl;lh the circle are vertexes of an inscribed Js

Preferred Method, Given the

with the dividers, and join the points with | .

i

Fig. 4.25 Drawing a Hexagon (§4.25).

Therefore, using the compass or dividers and K
the radius of the circle, set off the six sides
of the hexagon around the circle, and connect
the points with straight lines. As a check on
the accuracy of the ¢onstruction, -make sure
that opposite sides of the hexagon are parallel.
Fig. .25 (b). Preferred Method. This construc-
tion is a variation of the one shown at (a). Draw
vertical and horizontal center lines. With Aand
B as centers and radius equal to that of the
circle, draw arcs to intersect the circle atC, D,
and F, and complete the hexagon as shown-
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Fig. 4.26 Drawing 2 Hexagon (84.26).

) ' i
4.26 To Draw 2 Hexagon. Given the cir-

cumscribed or inscribed circle. Both P_n-]frrz(‘
Methods. 3 2
Fig. 426 () and (b). Given the cu'cum
scribed circle (distance “across corners”).
Draw vertical and horizontal center lines, af\d
then diagonals AB and CD at 30" or 60' with
horizontzl; then with the 30" X 60° triangle
and the T-square, draw the six sides as sh(?w‘n.
Fig. 626 (c) and (d). Giver the msmlj:td‘
circle (disnncé “across flats”). Draw vertica:
and horizontal center lines; then with the
30° X 60° triangle and the T-square, draw th_e
<ix sides tangent to the circle. This method is
used in drawing bolt heads and nuts, §13.26.

" For maximum accuiacy, diagonals may be |

added as at (a) and (b).

i

' y I

4.27  ToDraw a Hexagon. Fig. 427- Using

the 30° X 60° triangle and the T-square, draw

lines in the order shown at (2) where the dis-

tance AB (“across comers’) is given, or as
shown at (b) where a side CD is given. -

.
 Fig. 428 Drawing an Octagon (§4.28).
EN CIRCLE

\

N e
\ &Y
LY —
E (o) z
N
AN
D
I

) -
Fig. 4.27 Drawing 2 Hexagon §§4,27).

4.28 To Draw an Octagon. X il
Fig. 4.28 (a). Preferred Method. an:n in- 2
scribed dircle, or distance “across flats.” Using 78

the T-square and 45' triangle, draw the eight
sides tangent to the circle, as shown.

Fic. 4.26 (b). Given circumscribed square,
or distance “across fats.” Draw diagbmlf of
squarc; then with the corners of ‘lhe given
square as centers, and with half the diagonal
ac rzdius, drave 2res cutting the sides as shown
311, Using the T-square 2nd 45° triangle, draw
the eight sides as shown at I

4.29 To Transfer Plane Figures by Geo-
metric Methods.

To Transrer A TRIANGLE 1O A New LocaTiok.
Fig.4.29 (a) and (b). Set off any side, as AB,
in thé new location, (b). With the ends of the~
line as ceaters and the lengths of the other
sides of the given triangle, (a), as radii, strike
{wo arcs to intersect at C. Join C to A and B
to complete the triangle. .

To Transtr o Porvcon sy THE Tuncie
Mo Fig. 429 (c). Divide the polygon into
triangles =3 shown, and transfer each triangle
as explained above.

To Transtr A Porycen sy THe Rectancie
Mcmnoo. Fig. 429 (d). Circumscribe a rectan-
gsleabout the given polygon. Draw a rnngr(lznl
recangle in the new location and locate the
vertexes of the polygon by transferring loca-
tion measurements 3, b, ¢, etc,, along the sides
of the rectangle to the new rectangle. Join the
points thus found to complete the figure.

To Transrer IrxEGULAR Ficunes, Fig. 4.29 (e).
Figures composed of redtangular and cir-
cular forms are readily transferred by enclos-
ing the elementary features in rectangles and
determining centers of arcs and circles. These
may then be transferred to the new location.

To Transrer Ficures sy Orrstr Measume-
wonts. Fig. 429 (f).  Offset location measurements
are frequently useful in ferring figures
composed of free curves. When the figure has
been enclosed by a rectangle, the sides of the
rectangle are used as reference lines for the
location of points along the curve.

To Transrer FIGURES BY A SYSTEM OF SQUARES.
Fig.429 (g). Figures involving free curves are’

o+ easily copied, enlarged, or reduced by the use
s

fa system of squares, For example, to enlarge

||

(a) (b) (c) 3= (d) Le-

1 : { P
(e (f) (g)
Fig.- 4.29 Transferring a Plane Figure (§4.29).

a figure to double size, draw the containing
rectangle and all small squares double their
original size. Then draw the lines through the
corresponding points in the new set of
squares. See also Fig. 5.18.

4.30 To Transfer Drawings by Tracing-
Paper Methods. To transier a drawing to an
opaque sheet, the following procedures may
be used: -

Pricx-Poixt Mrerwoo. Lsy tracing paper
over the drawing to be transferred. With a
sharp pencil, make a small dot directly over
each important point on the drawing. Encircle
each dot so as not to lose it. Remove the trac-
ing paper, place it over the paper to receive
the ferred drawing, and the
tracing paper into the desired position. With
aneedle point (such as a point of the dividers),
prick through each dot. Remove the tracing
paper and connect the prick-points to produce .
the lines as on the original drawing.

To transfer arcs or cirdles, it is only neces- = T 7'
sary to transfer the center and one point on
the circumference. To transfer a free curve,
transfer as many prick-points on the curve as
desired.

Tracing Meruoo. Lay tracing paper over
the drawing to be transferred, and make a
pencil tracing of it. Turn the tracing paper over
and mark over the lines with short strokes of
a sck pend! 5o as to provide a coating of 99
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Fig. 432 Finding Center of Circle (§§4.32 and 4.33).

- T

~ Fig. 4.33 Drawing a Cjrcle Tangent

4.33 o Find the Center of a Circle. Fig.

432 (b). Draw any chord AB, preferably |

toa ”“' (§4.34).

CENTER
OF CIRCLE

[ 15
(o
‘tl%y. |

L At P erect a perpendicular to the line.
11 Set off the radius of the required drcle
! on the p dicul. Sl a

horizontal as shown. Draw perp
from A 2nd B, cutting circle at D and E. Draw
~ diagonals DB and EA whose intersection C will
~ be the center of the circle. Er
Another method, slightly longer, is to
verse the procedure of Fig. 4.32 (a). Draw any
two nonparallel chords and draw perpen-
dicular bisectors. The intersection of the bi-
- sectors will be the center of the circle. g

.

. 4.34 Yo Draw a Circle Tangent to a Line
at a Given Point. Fig. 433. Given a line AB
and a point P on the line, as shown at (a).

111, Draw circle with radius CP.

4.35 To Draw a Tangent to a Circle
Through a Point, Preferred Method.

Fig. 454 (a). Given point P on_the circle.
Move the T-square and triangle as a unit until
one side of the triangle passes through the
point P and the center of the circle; then slide
the triangle until the other side passes through
point P, and draw the required tangent. 1

Fig. 434 (b). Given point P outside the

circle. Move the T-square and triangle as 2

Fig. 434 _Drawing a Tangent to a Circla Through a Point (§4.35). . .
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Fig. 436 Tangents (§4.37).

unit until one side of the triangle passes
_ through point P and, by inspection, is tangent :
+ 10 the cirdle; then slide the triangle until the i
other side passes through the center of the
 drde, and lightly mark the point of tangency |
T. Finally move the triangle back to its starting
Position, and draw the required tangent.
Inboth constructions either triangle thay be,
used. Also, a second triangle may be used in
Place of the T-square.

.

436+,

Draw Tangents to Two Circles,
Fig 435 (2) and (). Move the triangle and
" Tsquare as o unit until one side of the triangle
s tangen, by inspection, to the two circles;

then slide the triangle until the other side

Bhases through th center of one circle, and

Y mark the point of tangency. Then slide

E
4
P@L
#A\L B
o .
\

Craw perpendicular bisector DE, and aQ
+ ~ eredt a perpendicular to the line to intersect
DE ai C, the center of the required tangent arc,
Fiy 436 (). Given arc with center Q. paint

- Pand radics R From P strike arc with radius—|

" R.From G strike arc.with radius equal to that

of the given arc plus R. The intersection C

of the arcs is the center of the required tan-
genl arc. .

4.38 vYoprawa Tangent Arc to Two Lines
at Right Angles. Fig. 437 (a).
N L Given two lines at right 2ngles to each
other.
Il. With given radius R, strike arc inter-
secting given lines at tangent points .
1. With given radius R again, and with
points T as centers, strike arcs intersecting

the triangle until the side passes through the .

Fig. 437 Drawing a Tangent Arc in a Right Angle (§4.38).

center of the other circle, and mark the point 3
of tangency. Finally slide the triangle bar.k to
the tangent position, and draw the tangent o
lines between the two points of. tangency.
Draw the.second tangen! line in a similar i
manner. 3

atc

Fig. £3¢ Drwing Tangent Arcs (§4.39),

4.37 To Draw an Arc Tangent to a Line or 3
Arc and Through a Point. . ,
rF.‘,, 4.36 (a). Given line AB, puu?t P, and ;
radius R. Draw line DE parallel to given lmue‘
at distance R from it. From P draw arc mof
radius R, cutting line DE at C, the center of
th uired tangent arc. ;
eFi;.thJﬁ (b). Given line A.\B, with tangent 3
point Q on the line, and point P. D_nw :g: E
which will be a chord of the requuzd.

ACUTE
ANGLE

I I

R
C
OBTUSE
b) ANGLE R
3 I

IV. With C as center and given radius R,
draw required tangent arc.

For Smawt Raou. Fig. 437 (b). For small
radii, such as R for fillets and rounds, it is
not practicable to draw complete tangency
constructions. Instead, draw.a 45° bisector of
the angle and locate the center of the arc by
trial along this line, as shown.

4.39 ToDrawa Tangent Arc to Two Lines
at Acute or Obtuse Angles. Fig 438 (a) or (b).

LGtveanimsmxnukh; 0% with
each other. ’

IL. Draw lines parallel to given lines at

M, 1o intersect at C, the

distance R from the;
required center,

IL From C dro,
given lines respect
“gency T.

P perpendiculars to the
vely to locate points of tan-
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Draw an Arc Tangent to
Fig 440 @ or (B
1. Given arcs with centers A and B, and
radius R.
i1 With A and B as centers, draw arcs
pa wthegivenarrsmdnadmﬁ
from them; their intersection C is the center
 of the required tangent aic. 3
IIi. Draw lines of centers AC and BC to
cate points of tangency T, and draw required
tangent arc between the points of tangency,

as shown.

Two Arcs.

4.42 To Draw an Arc Tangent to Two Arcs
and Enclosing One or Both.
“Tue Requneo Axc Encioses Bomt
Arcs. Fig. 441 (a). With A and B as centers,

rike arcs HK — r (givea radius minus radius
ot small circle) and HK — R (given radius

(b)

minus radius of large circle) intersect
the center of the required tangent s,
of centers GA and GB (extended) dey
points of tangency T. .

Tre Requiren Arc Encroses Oxe Gy 4,
Fig. 4.41 (b). With C and D as centers,
arces HK + r (given radius nlus radius of.
circle) and HK — R (given radius minus
of large circle) intersecting at G, the ce;

and GD (extended) determine points of tan.
gency T. .

4.43 To Draw a Series of Tangent.

Conforming toa Curve. Fig. 4.42. Firsts|
lightly a smooth curve as desired. By trial, tind
a radius R and a center C, preducing an
AB which closeiy follows that portion of th
curve. The successive centers D, E, etc,
be on lines joining the centers with the points
of tangency, as shown. a

ters of the required tangent arcs.
Fig. 4.43 (b). Let AB and CD be t
parallel lines, with point B as on®

m:ve,anthhe;iv:nndii-AtB e
pendlculuwka,lukeﬂGaR,md

441 Drawing Tangent Arcs (§4.42).

| as shown. Draw line SP parallel
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Fig. 443 Drawing an Ogee Curve (§4.42).

tance R from CD. With center G, draw arc of !
radius 2R, intersecting line SP at O. Draw \
W\dimhx 0J to locate tangent point J, \
and join centess G and O to locatc point of |
tangency T. Using centers G znd O and radius
R, draw the two tangen! arcs as shown, \
Comnecrg: Two™ Nowrazaur.- Lines. Fig.
443 (0). Let AB and CD be the two non-
parallel lines. Erect perpendicular to AB at B.
Select point G on the perpendicular so that BG |
equals any desired radius, and draw arc as
_ shown. Erect perpendicular to CD at C and
make CE = BG. Join G to E and bisect it. The
intersection F of the bisector and the perpen-
dicular CE, extended, is the center of the sec-
ond arc. Join centers of the two arcs to locate
tangent point T, the inflection point of the
curve. s

Fig. 4.45 Rectifying Circular Arcs (554.46 and 4.47).

. —°
e
A [
_ ®

4.45 Yo Draw 2 Curve Tangent to Three
Intersecting Lines. Fig. 4.4 (2) and (b).

Let AB, BC, and CD be the given lines. Select 3
point of tangsncy P at 2ny point on line BC. 3

Make BT equal to BP; and CS equal to-CP,

and erect perpendiculars at the points P, T, and -4
S. Their intersections O are the centers of thg" 5

required tangent arcs.

4.46 To Rectify a Circular Arc. To redify
an arc is to lay out its true length along a y

straight line. The constructions are approxi-

mate, but well within the range of accurzcy |

of drawing instruments.

To Recriry A Quanrant oF A Crecur, AB. Fig. '3

4.45 (). Draw AC tangent to the circle and

BC at 60° to AC, as shown. The line AC is °
almost equal to the arc AB, the difference in

length bsing about 1 in 240.
To Recriry Axc AB. Fig. 4.45 (b). - Draw tan-

gent at B. Draw chord AB and extend it 10

C, making BC equal to half AB. With C

center and radius CA, strike the arc AD The 5
tangent BD is slightly shorter than the given T8

arc AB. For an angle of 45 the difference in
Jength is about 1 in 2866.

- Fig. 4:457(0)- e thebow dividers, and
beginning at A, set off equal distances until 3

=% )
<
s ;
- il + [l § f
«©) (d 7

Fig. 4.46 Conlc Sections (54.48).

o PARABOLA HYPERBOLA
View of cone show- ELLIPSE «
'.:g cutting planes. Plane perpendicu- Plane oblique 1o Plane oblique 1o Plane making
lar to axis. avis, but making ads, and making smaller angle with
greater angle with same angle with axis than
axis than acs s elements.
elements. elernents.

- the division point nearest to B is reached. At

his point, reverse the direction and set off an
equal number of distances along the tangent
to determine point C. The tangent BC is
slightly shorter than the given arc AB. If the’
angle subtended by each division is 10°, the
error is approximately 1 in 830.

Note: 1 the angle @ subtending an arc of
radius R is known, the length of the’ arc

[)
is 2:R—= = 0.0 b
is 2 - 1745R4.

" 4.47 To Set Off a Given Length Along 3

Given Arc,

Fig. 445 (c). Reverse the method described
above so as to transfer distances from the
tangent line to the arc. -

Fig. 4.45(d). To set off the length BC along
the arc BA, draw BC tangent to the arc at B.

~ Divide BC into four equal parts. With center

at 1, the first division point, and radius 1C,

the difference is approximately 1 in 3232, and

- for 60 it is about 1 in 835.

Intersecting a right circular cone. Four types
of curves are produced: the circk, llipse, para-
ul."vﬂndimbdh, according to the position

raw the arc CA. The arc BA is practially |
- equal to BC for angles less than 30", For 45°

" seudied in detail by the ancient Greeks, and

are c(yuﬂmen:slinnu!hmﬁts,asw:u
as in technical drawing. For equati see any

text on analytic geometry.

AXLS AND FOCH

Fig. 4.47 Elfipse Constructions (58449

4.49 Ellipse Construction. The long axis
of an ellipse is the major axis, and the short
axis is the minor axis, Fig. 4.47 (a). The foci E
and F are found by striking arcs with radius
equal to half the major axis and with center
at the end of the minor axis. Another method
is to"draw a semicircle with the major axis as
diameter, then to draw GH parallel to the
major axis, and GE and HF.parallel to the
minor axis, as shown. .
An cllipse may be generated by a point moving
50 that the sum of ils distances from hoo points (the
fod) is constan! and equal to the major axis. For
example, Fig. 4.47 (b), an ellipse may be con-
Sh'\.lﬂ!d by placing a looped string around the
fod E and F, and arcund C, one end of the
minor axis, and moving the pencil point P
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Fig. 4.48 Drawing a-Foci Ellipse (§4.50).

along its maximum orbit while the string is
, kept taut.

4.50 To Draw a Focl Ellipse. Fig. 4.45. Let
AB be the major axis, and CD the minor axis.
This method is the g = P of
the pin-and-string method. Keep the con-
struction very light, as follows:

1. To find foci E and F, strike arcs R with
radius equal to half the major axis and with
centers atthe msd:;:; ':," ""“‘:::'m v | Fie 4.49 Drawing 3 Trammel Eipse G450. -

il. Between on xis, o
'mmuk:; th:kﬁlm dﬂdefy;chuequl‘ ;oﬂw the other they are end to end. To :ue::;t:.hu—-' S
i the trammel so that two e
f points desired in each quadrant of method, place e
l‘;l:m:ﬂzw:e In this figure, five points were points are on !he. respective axes, as lhawr;
deemed sufficient. For large ellipses, more the third pol::; wdlu:htn be .uo: tl:g ;:;v: ;:‘ ]

i be marked with a small dot. Fi di-
moodl.wtwn: ::r-__mw‘h = ir.w-rf X ;:nml points by moving the trammel to other ;
::uum :n:elu\uepaints,mduss( /i posiﬁm,:lmyskeephgu-zm;ol::un-_
EandFyu centers and radii A3 and B3, re- actly on the ax:s.d&fcn ; .

spectively (from the ends of the major axis to to use the long trammel. Fin enguglhlﬁsm !

3 ihﬂcnrabim&s«:llfour ts tolnsu!asmoolh_and symmetrical ellipse.
e Mm,‘ Using the remaining points 1, Sketch the ellipse lightly through the points; 3

23,"4‘:nd5,fwu'dlﬁndfoura¢dldondpoints then heavy in the ellipse with the aid of the

on the ellipse in the sgame manner. = - drregular gurve, Fig- 279 ..
TL Sketch the ellipse lightly through the . . 3
Soly fhen harvy o 0 e ol 4,.52 To Draw a Concentric-Circle Ellipse.

poin
aid of the w.hrmm 2.79.
o ' of sight is perpen 1
d:d":’:‘s shown for the silver dollar at (a), the

Trammel Ellipse. Fig. e will appear a5 a circle, in true size and ]

452 "lon‘ro mm.;d" “short trammel”
£ 7 i dircle is viewed at an angle, as
pared strip of stiff | shape. If the e .
mp’;rb:fpgln o .:::"Mwnpln both | shown at (b), it v;ﬂldappur als‘ an el.lllnps:.sl:
2 i the circle is viewed edgewise, it appe.
aus.utﬂonmted;eofdulnmmddu- 5mi‘mmu,ushownn(¢),n¢m¢,hm

tances equal to the semimajor and semiminor basis for the construction of an

uzs.lnon:anlhesedisumaovuh;r,in ! at (b) is the

- ordinate EZ of the ellipse is to the corresponding . |- Y )20 S
" ordinate XZ of the cirdle as b s to 3, vihere b | DEr-and FO-and'GE:

Fig. 4.50 Drawing a Concentric-Circle Ellipse (§4.52).

ellipse by the cencentriccircle method, as follows

-(keep the construction very light): I
I. Draw circles on the two axes a< diame-

sers. and draw any diagor.al XX through centec |

0. From the points X, in which the diagonai |

intersects the large circle, draw lines XE paral- |
lel to the minor axis; and from points H, in
whizh it intersects the small circle, draw lines
HE parallel to the major axis. The intersections
E are points on the ellipse. Two additional
points, S and R, can be found by extending
iines XE and HE, giving 2 tota} of four points

from the one diagonal XX. -\

IL. Draw as many additional diagonals as
needed to provide a suffident number of
points for a smooth and symmetrical ellipse, |
each diagoral accounting for four points on
the ellipse. Notice that where the curve is ]
sharpest (near the ends of the ellipse), the I

Fig. 4.51 Oblique-Circle Ellipse (§4.53).

parallel 1o the langents al the extremities of the other,
With center at C and radius CA, draw a circle;
draw the diameter GF perpendicular to AB,
and draw lines joining the points D and F, and
G and E.-

Assume that the required ellipse is an
oblique projection of the circle just drawn; the
points D and E of the ellipse are the oblique
projections of the points F and G of the circle,
respectively; and similarly, the points P and
Q are the oblique projections of the points R
and S, respectively. The points P and Q are
determined by assuming the point X at any
point on AB and drawing the lines RS and PQ,
and RP and SQ, parallel respectively to GF and

points are constructed closer together to better
determine the curve.

IIL. Sketch the ellipse lightly through the
points; then heavy in the final ellipse with the
aid of the irregular curve, Fig. 2.79.

Note: It is evident at I, Fig. 4.50, that the

R T Determine at least five points in each quad-

auis. Thus, the area of the ellipse is equal to the
| area of the circumscribed circle multiplied by %;
hence it is equal to wab.

rant (more for larger ellipses) by assuming
additional points on the major axis and pro-
ceeding as explained for point X. Sketch the
ellipse lightly through the points: then heavy
in the final ellipse with the aid of the irregular
curve, Fig. 2.79. s A

4.53 To Draw an Ellipse on Conjugate Di-
ameters. Oblique Circle Method. Fig. 4.51.
Let AB and DE be the given conjugate diame-
bers. Two diameters are conjugale when each is

4.54 1o Draw a Parallelogram Ellips&'r'l'
452 (a) and (b). Given the major and minof
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(a)

u_o

© MAJOR L MINOR AXES GIVEN

(o) CONIUGATE oy
. \AMCTERS
AND LLUPSE ARE evEN

CONUUGATE DIAMETERS GIVEN
b

Fig. 4.52 Parallelogram Ellipse (§4.54)

axes, or the conjugate diameters AB and CD,
draw a rectangle or parallelogram with sides
parallel to the axes, respectively. Divide AO
and AJ into the same number of equal parts,
and draw light lines through these-pgi}\ts, as
shown. The intersection of like-numbered
lines will be points on the ellipse. Locate
points in the remaining three quadrants in a
similar manner. Sketch the ellipse lightly
through the points; then heavy in the final
ellipse with the‘aid of the irregular curve, Fig.
279. 0

4.55 To Find the Axes of an Ellipse, with
Conjugate Diameters Given.

Fig. 4.53 (a). Conjugate diameters AB fnd
CD and the ellipse are given. With intersection
O of the conjugate diameters (center of ellipse)

Fig. 4.53 Finding the Axes of an Ellipse (§4.55).

b
(C) CONJUGATE DIAMETERS GIVEN

as center,
circle to i
Join these

and any convenient radius, draw l(
ntersect the ellipse in four poin!
points with straight lines, as shown;
the resulting Quadrilateral will be a rectangle
whose sides are parallel, respectively, to the |
required major and minor axes. Draw the axes 3
EF and GH parallel to the sides of the rec. |
tangle.
Fig. 4.53 (b). Ellipse only is given. Top find
the center of the ellipse, draw a drcumscribing -3

Fig. 453 (). Conjugate diameters AB.and

CD only are given. With O as center and CD ;2

as diameter, draw a circle. Through center/O
and perpendicular to CD, draw line EF. From 3
points E and F, where this perpendicular in-
tersects the circle, draw lines FA and EA to E
form angle FAE. Draw the bisector AG of this 2
angle. The major axis JK will be parallel to -
this bisector, and the minor axis LM will be
perpeadicullar to it. The length AH will be
one half the major axis, and HF one half the

minor axis, The resulting major and minor

axes are JK and LM, respectively.

4.56 To Draw 2 Tangent to an Ellipse.:
Concentric Cecie Consteucrion. Fig: 4.54
(a). -To draw a langznld::lmy'go‘ins_yn‘
Ilipse, as E, draw the ordinate at E to 5
:thztd'e at V. Draw a tangent to the'drcle’
at V, §435, and produce it to lnlel;sg:l‘ qhe_
major axis produced at G. The line GE’IS the

draw a tangent from a point outside the
¢ll-1r:se.dr:s P, dur:\:'the ordinate PY and odﬂ'ldx:
it. Draw DP, intersecting the major axis 'al X
Draw FX and extend it o intersect the q.rdml 3
through P at Q. Then, from similar man:l‘:‘s;
QY:PY = OF:0D. Draw tangent to the R:,
from Q, §435, find the point o(‘nnguunjlh ;
and draw the ordinate at R to m“f“;‘nn-v
ellipse at Z The line ZP is Q\e requirel =
ent. As a check on the drawing, !.hf I:::
§(Q and ZP should intersect at 2 pm:\ &
major axis extended. Two hngenu 0
lipse can be drawn from pmnl.P. .

required tangent. A

(-]
Fig. 4.54 Tangents to an Bllipse (§4.56).

Foa Constaucriow. Fig. 454 (b). To draw
3 tangent at any point on the ellipse, such as
point 3, draw the focal radii E3 and F3, extend
one, and bisect the exterior angle, as shown.
The bisector is the required tangent. S

To draw a tangent from any point outside
the ellipse, such as point P, with center at P

,and radius PF, strike an arc as shown. With
. center at E'and radius AB, stke an arc to

dntersect the first arc at points U. Draw the

wur'|...A

6...0“
s Y

lines EU to intersect the ellipse at the points
Z. The lines PZ are the required tangents,

4.57 Ellipse Templates. To save time in
drawing ellipses, and to insure uniform re-
sults, ellipse templates, Fig. 455 (a), are often
used. These are plastic sheets with elliptical
openings in a wide variety of sizes, and usually
come in sets of six or more sheets.

Ellipse guides are usually designated by the
ellipse angle, the angle at which a circle is
viewed to appear as an ellipse. In Fig. 455 (b)
the angle between the line of #ight and the
edge view of the plane of the circie is found
to be about 49°; hence the 20" ellipse template
is indicated. Ellipse templates are Ity
availible in =llipse angles at 5° intervals, as
157, 20%, 25°, etc. On this 50" template a
variety of sizes of 50" ellipses is previded, and
itis only necessary to select the one that fits.
I£ the ellipse angle is not casily determined,
yau can always look for the ellipse that is
Approximately as long and as “fat” as tke el-
lipse to be drawn. 3

A simple construction for finding the ellipse
angle when the Views are not available s
shown at (c). Using canter O, strike are BF;
then draw CE parallel to the major axis. Draw
diazonal O, and measure angle EOB with the
protractor, §2.19. Use the ellipse template
nearest ta this angle; in this case a 35° tem-
plate is selected.

Since it is not practicable to have ellipse
openings for cvery exaqt size that may be
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4.16(d), is 3 parabola. A parabola may be generaled
by u point moving so that its distances from a fixed
‘poinl, the focus, and from & fixed line, the directriz,
remuin equal. For example:

Fig. 4.57 (a). Given focus F and directrix
AB. A parabola may be generated by a pencil
guided by 3 string, as shown. Fasten the string
at F and C; its length is GC. The point C is
selected at random, its distance from G de-
pending on the desired extent of the curve.
Kecp the string taut and the pencil against the

(b)
Fig. 4.58 Drawing a Parabola (§4.59).

c

) I

I
Fig. 4.56 Drawing an Approximate Ellipse (§4.58).
T-square, as shown.

Fig. 4.57 (b). Given focus F and directrix
AB. Draw a line DE parallel to the directrix
and at any distance CZ fromi it. With center

_at F and radius CZ, strike arcs to intersect the
linc DE in the points Q and R, which are points
on the parabola. Determine as many addi-
tional peints as are necessary to draw the
parabola ly, by drawing additional
lines parallel to line AB and proceeding in the

same manner. q Pucnicar Arrucations.  The parabola is

A tangent to the parabola at any point G | used for reflecting surfaces for light and
bisccts the angle formed by the focal line FG | sound, for vertial curves in highways, for
and the lin= SG perpendicular to the directrix. | forms of arches, and approximately for f;nu

Fig. 4.57 (). Given the rise and span of the | of the curves of cables for suspension bridges.

paldbnh.dDdividde AODimo any number of equal | It is also used to show the bending mornsznl
parts, and divide AD into a number of equal | at any poi i
parts amounting to the square of that numqber, B S ety JQ-ZdEd b
From line AB, each point on the parabola is
o:im by a number of units equal to the square
of the number of units from point O. For ex- | 4.60 To Join T i
lmplt: point 3 projects 9 units (the square of Curve. Fig. 4.59. Z:t ;0';:; Ybyb: li:ﬂ
::,DO‘T,:‘:";,M is generally used for drawing | points. Assume any point O, and draw tan-

. et f; £55 ) gents XO and YO. Divide XO and YO into the
] pz’f.\bola ('o).rn(:l:r:n fpmnls P. R and V of same number of equal parts, number the divi-
o maki;.s al— s :) ocus F. Dm:v hmg:r.lk sion points as shown, and connect corre-

2 d = b. Draw perpendicular bi- sponding points. These lines are tangenis of

uired parabola.and form its envelope. .

| 3ector of AP, which intersects the axis at f, the the reg;
- focus of the parabola, "I Sketch a light smooth curve, and then heavy

required, it is often necessary to use the tem- Iil. Find. centers M and L oy setting off
plate somewhat in the manner of an irregular | OL = OK and OM = OJ. Using centers K, L,
curve. For example, if the opening is tco long [ M, and J, draw circular arcs as shown. The
2nd too “fat” for the requir=d ellipse, one en | poirts of tangency T are at the junctures of
, may be drawn and then the template shifted , the arcs on the lines joining the centers. S
slightly to draw the other exd. Similarly, one .
long side may be drawn and then the template |
shifted slightly to draw the opposite side. In
such cases, leave gaps between the four seg-
ments, to be filled in freehand &r with the aid
of an irregular curve. When the differences
b the ellipse openings and the ired
ellipse are smal, it is orly recessary to lean
the pendil or pen slightly outward or inward
from the guiding edge to offset the differences.
For inking the ellipses, the Leroy, Rapido-
graph, or Wrico pens are recommer.ded. The
Leroy pen is shown in Fig 4.55 (d). Place
triangles under the ellipse template, as shown,
50 as to lift the template from the paper and
R prevent ink from spreading under the tem-
# plate; or better still, place a larger npem‘ngy of

another ellipse guide undemeath. !

Fig. 4.58 (a) or (5). Given rectangle or par-
allelogram ABCD. Divide BC into any even
number of equal parts, and divide the sides
AB and DC each into half as many parts, and
draw lines as shown. The intersections of
liki bered lines are points on the pan-

bola.

4.59 To Draw a Parabola. The curve of 8

girder.

A

.~.

& - ]
" 4.58 To Draw an Approximate Ellipse. Fig.
4.56. For many purposes, particularly where-

::mﬂdﬁplehnqlﬂrai.ﬂmapprwinﬁle

circul. method is perfect! isfactory. x

Such an ellipse is sure to be symmetrical and b= - 5 i

may be quickly drawn. dig Fig. 459 Parabolic Curves (54.60).
i X

Given axes AB and CD.
L Draw line AC. With O as center and OA

- as radius, strike the arc AE. With C as center
and CE as radius, strike the arc EF. :

IL Draw perpendicular bisector GH of the
line AF; the points K and J, where it intersects

the axes, are centers of the required arcs.

c) (1]
Drawing a Parabola (§4.59).

Fig. 4.57

112
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in the curve with the aid of the irregular curve,

1

§2.59. . ]
These parabolic curves are more pleasing in

arance than circular arcs and are useful

."::\e:chine design. If the tangents OX and OY

lm equal, the axis of the parabola will bisect

7 the angle between them.

4,61 ToDraw a Hyperbola. The curve of

intersection between a right circular cone and
- a plane making an angle with the axis smaller
*than that made by the elements, Fig. 4146 (e),

is a hyperbola. A kyperbola is generated by a point
wnoring so tha! the difference of its disiances from
two fixed points, the foci, is constant and’ equal to

the transoerse axis of the hyperbola. ;i

Fig. 4.60 (a). Let F and F be the foci and

AB the transverse axis. The curvetwmmay be

generated by a pencil guided by a string, as

shown. Fasten a string at F’ and C; its length

is FC minus AB. The point C is chosen at
! plusuré; its distance from F depends on the

desired extend of the curve. ;

- Fasten the straightedge at F. If it is revolved
about F, with the pencil point moving against
it and with the string taut, the hyperbola may

— be drawn as shown.

Fig. 4.60 (b). To construct the curve geo-
metrically, select any point X on the transverse
axis produced. With centers at F and F’ and
BX as radius, strike the arcs DE. With the
same centers and AX as radius, strike aresito
intersect the arcs first drawn in the points!Q,
R.S, and T, which are points of the required
hyperbola. Find as many additional points as
necessary to draw the curves accurately by
selecting other points similar to point X along
- s € transverse axis, and proceeding as de-

el scibed for point X. 5

_To draw the tangent to a hyperbola at a
8Iven point P, bisect the angle between the

radii FP and F'P. The bisector is the
'.!q\lil!d tangent. S 1

To draw the asymptotes HCH of the hyper-
bola, draw 2 circle with the diameter FF’ and
:r:a Perpendiculars to the transverse axis at

Points A and B to intersect the circle in

the points |y The lines HCH are the required
BSymptotes, ST

. asymptotes, at right angles to each other, may

TRANSVERSE
XIS

Fié. 4.60 Drawing 2 Hyperbola (54:61).

4.62 To Draw an Equilateral Hyperbola.
Fig. 4.61. Let the asymptotes OB and 0A, at
right angles to each other, and the point P on
the curve be given. !
Fig. 4.61 (a). Ir.an equilateral hyperbola the3

be used as the axes to which the curve s
referred. If a chord of the hyperb?li is ex
tended *to intersect the axes, the intercepts
between the curve and the axes are :qua.L For,
example, a chord through given.]_aomt P m';erl-
sects the axes at points 1 and 2,.mle.r'c:pt__‘ -1
and 2-3 are equal, and point-3 is a point

“* Fig. 4.61 (b).

on the hyperbola. Likewise, another chord
through P provides equal intercepts P-1’ and
3'-2, and point 3’ is a point on the curve. All
chords'ngg_d not be drawn through given point
P, but as new POints are established on the
curve, chords may be drawn through them to
obtain more points. After enough pointe
found to insure an accurate-
bola is drawn with the aj
curve, §2.59,

are
curve, the hyper-
d of the irregular

In an equilateral hyperbola,
re related so that their prod-
gh given point (%)
Z parallel, respec-
€ origin of coordi-

the coordinates a

nates O, draw any diagonal intersecting these
two lines at points 5 and X, At tliese points

draw lines parallel to the axes, intersecting at -

point 4, a point on the curve. Likewise, an-
other diagonal from C intersects the two lines
tnrough P at points & 2nd Y, ard lines through
thece points parallel to the axes intersect at

point 9, another point on the curve. A third *

diagonal similarly produces point 10 on the
curve, and so on. Find 25 many points as nec-

: essary for a smooth curve, and draw the para-

boia with the aic of the irregular curve, §2:59.
It is evident from the similar triangles O-X-5
and 0-3-2 that lines P-1 x P-2 = 4-5 b
4-6.

The equilateral hyperbola can be used to
represen: varving pressure of a gas as the

i vclume vades, becausc the pressure varies

inversely as the volume; that is, pressure

" volume is constant.

463 10 Draw a Spiral of Archimedes. Fig:
4.62 To find points on the curve, drav: lines
_through the pole C, making equai angles with
each other, su:b 45 30° angles, and beginning
with any,one line, set of any distance, such
252 mmor "; set off bwice that distance on the
next line, three times on the third, and so on.

- Through the points thus determined, draw a

stooth curve, using the irregular curve, §2.59.

G
Fig. 4.62 Spiral of Archimedes (§4.63).

4.64 ToDraw a Helix. Fig. 4.63. A helix .
15 generaled by a point moving around and along
the surface of @ cylinder

f or cone with a wniform
angular veldcity about the axis, and with a sniform
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‘\An excellent plain white paper for sketching

* s lodyer paper. which is heavier than bond and
may be purchased at low cost from a stationer

CRDSINEAD AGAMST LUS
: et
Q‘g 1 or printing establishment.
a For isometric sketching, a specially ruled ¥
isgmetric paper is available, Fig. 5.26. Fie. 5.4 i e
s e “eoft penclls;suchas HB or  should be used | 1= > Comparison of Lines.
N for freehand sketching. For carefully made
fase7 - P 3 - skelches, hwo soft erasers are n;ammendrd, a | optional, depending upon the complexi
.‘3‘4.’,?”:’” o 9 by : —2a5, =5 Pink Pearl or a Mars-Plastic, Fig. 2.17. the object and the size of paper I:::l:i:
—“..,! B _ — 772 '1_\;; ’L. r Small objects are often sketched oversize g
;":-g | 5 = 23 A-:mm ss S a5 to show the necessary details clearly,
L"“‘_’_—’? 95 g WATHOUT wmz'”" 5.3 Types of Sketches. Since technical
= » I szt O ¢ 270 cpaxcios skeiches are made of three-dimensional ob-
x i aeans ROO T jects, the form of the sketch conforms approx- 5.5 Technique of Lines. The chief diffe
l y 132 : imatcly to one of the four standard types of I ence between an instrumental drawing u.:;
4 P s Fig. 5.1 Typical Design Skeich. ; T projection, as shown in F{& 53. In multiview | freehand sketch lies in the character or ik,
‘ } : 5l 1 = o ete. On the other | T : - : :. F projection, (a), the object is.described by its | migue of the lines. A good Freehand line shoule
: 5 may “.“""l' tothe P BE ying | I T : EH = necesiary views, as discussed in 555-11 to | not be rigidly straight or exactly uniform, as
;, f A = ':"4- l"“md"’ m‘ 75 jon to engi- | — 3 — 324. Or the objéct may be shown pictorially | an instrumental line. While the effectiveness
, b T P"“"““ ot it should be d | = = foos : in a_single view, by axanometric, vb{Iqur. or per- | of an instrumental line lies in exacting uni-
f : ¥ :mu s ”ﬂmﬂhh N e b mam : —rH spective sketches, (b) to (d), as discussed in | formity, the quality of freehand line lies i it
: ! = z i | . e ] - §§5.25 to 5.31. [freedom and variety, Figs. 5.4 and 5.7.
I S f - . ‘mm" free J sketch” is too often . - i v Conventional lines, drawn instrumentally,
S 3 w""o mean a crude or sloppy frec- Ty - T T are shown in Fig. 2.15, aad the corresponding
7 o ﬂﬂ‘u‘nm‘ i which no particular effort has —— T Sk e freehand renderings are shown in Fig. 5.5. The
: ’ % = hand "“' Ou"*dzc;‘:l“ﬂﬁ- .d "“Lh d 'kg.“h i = ]‘r :l o freehand construction line is a very light rough
v 5 —- k should be ma RILEATE A1) e : e T il ool oo v
- i 2 to correct line widths. T = 3 — 3
i - 5 & % CONSTRUCTION Lii Sk
- 1 - ]
1 g . . o Fig. 5.2 Sketch on.Cross-Section Paper. “ e R Tt ,L,,ig o %
¥ =2 One of the ad- 5 = — -
. ! 5.2 s’““?:':h'::':t:;“u is that it re- Where multiple’ coples of a sketch are VisialE AINE ""\.53
pe, P 7 ~ vantages of ! s items | needed, a special tracing paper with cross- Vo o
< b B 17 : gpvioss el ::s for ::r:'y' use. i ek section lines that do not reproduce on a h‘";
i that anyone e o enade in the field, where | print can be used. Alio, sketching pads of
;3 When sk is required, a small note- plain tracing paper are available, Accomp
., an u:nrllc I‘C"A‘_" pid Is b tly used. | byamaster ction sheet. The
g 1 - book o 8 ds are émployed to hald the places 4 blank sheet aver the master grid
; i3 Often clip B sketches while following the squares, (closLique  (d) per:
.2 t'ﬂ' p the trans t sheet. Q PERSPECTIVE
1XE0 R fon t payer 1l Jibelpful l\to s the i e (can ses through the FaoPpees) » €L Fit 53 Types of Projectio
S on; | Pl or to the An excellent procedure is to draw, n.
= cially to the beg i ts, a master coss-section sheet 5
king the squares either, .4 S(;.ale. Skelches usually are not made to any
_ sale. Objects should be sketched in their cor-

Fect proportions as accurately as possible, by
€ye. However, cross-section. paper provides a
ready _sal: {by counting squares) that may be
used, l{onl;' to assist in sketching to comect
Proportions, The size of the sketch is purely

e m’ cannot skeich - 5 ia ink,
f Fio g T bl & 00 | 1008 0 Db Sy o
" or 10 squares per inch is ;.;,.s‘ﬁ ter sheet
""“m”:;’mufwu:a snd the | sketch is not only more uniform and “true,
be assigned to the 5q ' % but shows up better pecause the cross-sectiof
| lines are
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line in which some strokes may overlap. All
other lines should be dark 'md clean-cut, Ac-
cem‘the ends of all dashes, and rr.nintain a
sharp contrast between the line thicknesses,
Especially, make visible lines heavy so the
outline will stand out clearly, and make hid-
den lines, center lines, dimension lines, and

extension lines thin.

5.6 Sharpening Sketching Pencils. Use a
soft pencil, such as HB or F, or a mechanical
pendl with an HB or F lead, and sharpen it
to a conical point, as shown in Fig. 212 (c).
Use this sharp point for center lines, dimen-
sion lines, and extension lines. For visible
lines, hidden lines, and cutting-plang_Yines,

. round off the point slightly to produce the
desired thickness of line, Fig.' 5.6. Make all
lines dark, ‘with the exception of construction
lines, which should be very light.

SHARP-AND BLACK
|5 (omercsion, txtension ano civree mes)
1

MEDIUM - AND BLACH
(wibbta Lines)

SUGHTLY

DULL-AND BLACK
(VISIBLE & CUTTING PANE UNES)

VERY DULL- AND LIGHT
|5 lcomsTaucrion, nes)

@i = ‘

Fig. 5.6 Pencll Points.

- The use of thin-lead mechanical pendls

with suitable diameters and grades °f'lu.ds

minimizes the reed for sharpening and point
_ dressing.

5.7 Straight Lines. Since the I'l\_lif‘-'il?m‘;‘
lines on the average sketch are straight well'
it is necessary to learn to make them .

(@ POOR-srows Tient erip <
ON PENCIL-DOES NOT CONTINUE ALONG

STRAIGHT PATH- IS AN ATTEMPT To
IMITATE MECHANICAL LINES.

BETTER-SHOWS FREE HANDLING or 7
PENCIL -CONTINUES ALONG STRAGHT PATH-
SUGHT WIGELES DO MOT DETRACT,
—_— s
() BEST-HAS =¢FECTIvENESS OF (b) PLUS

© S:VAP ADDED £Y_OCCABIONAL >

EASIER TO DRAW STRAGHI.
Fig. 5.7 Drawing Horizontal Lines.

I
|
1
|

(bl

=

ig. 5.8 Drawing Vartical Lines.

Fi

FINGER RIGID -~

(o) SUDE AloNG ur.:)

hig. 5.10

Hold the pencil naturally about 1§" back from
th~ roint, and approximately at right angles
t0 the iins to be drawn. Draw horizontal lines.

from left to right with a free and easy wrist- |

and-arm movement, Fig. 57. Draw vertical
Lnes duwnward with finger-and-wrist move-
ments, Fig. 5.8. ¥+ .
Inclined lines may be made to conform in
direction to horizontal or vertical lines by
shifting pusition with respect to the paper or
by turning the paper slightly; hence, they may|
be drzwn with the same general movements,

- Tig. 59,

In sketching long lines, mark the ends of
the iinc with light dots, then move the pencil
back and forth between ~the dots in long
sweeps, keeping the eye always on the dot
toward which the pencil is moving, the point

of the pencil touching the paper lightly, and .

cach successive stroke correcting the defects
of the preceding strokes. When the path of
the line has been established sufficently, apply
a little more pressure, replacing the trial series
with a distinct line. Then, dim the line with

4 soft eraser and draw the final line clean—cut
o lnddark,ke:pin;ll’[eqer_awonﬂ!p_oinlof

the pencl.  ~ ¥
An easy method of blocking in horizontal

or vertical lines is to hold the hand and pendl

rigidly and glide the finger tips along the edge

L the pad or board, as shown in Fig. 5.10. .

Another method, (b), is to mark the distance

on the edge of a card or a strip of paper and
transfer this distance at intervals, as shown;
then draw the final line through these paints.
Or the pencil may be held
lower part of (b), and distance marks made
on the paper at intervals by tilting the lead

as shown at the'

Blocking In Horizontal and Vertical Lines.

down to the paper. It will be seen that both
methods of transferring distances are substi-
tutes for the dividers and will have many uses

|Tin sketching. -~

To find the midpoint of a line AB at (c), hold
the pendl in the-leR hand with the thumb
gaging the estimated half-distance. Try this
distance on the lekt and then on the right until
the center is Jocated by +4rial, and mark the
center C, as shown. “Another method is to

mark the total distance AB on the edge of a >

strip of paper 2nd then to fold the paper to
bring points A and B together, thus locating
center C at the crease. To find quarter points,
the folded strip can be folded once more.

35 00 o

5.8  Circles and Arcs. Small cirdles and
arcs can be easily sketched 'in one or two

I I
Fig. 5.11 Sketching a Circle.

I R
Fig. 5.12 Sketching a Circle.
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(d)

how well the small detzils are drawn, if the
-{_Rreporti ially the large over-all pro-

‘upper pa= =f the forearm, and move
pidh zove the paper in the ellip-
irec 1=n lower the pencil 5o as

the znal ellipse, II.
other methaz (b), is to sketch lightly the
rectange. [, mark the midpoints of
. and sk=h light tangent arcs, as

Then, Il, =mplete the ellipse lightly,

| lines wit: 1 soft eraser, and heavy
final ellips= - o AR
' same genel procedure shown at (b)
used in sk=ching the ellipse upon the
axes, as shova at (c). -

sketching is=etric ellipses, see §5.13.

LU Proporti ; ‘Tlu._-'vil i , rule
Jrechand sketching 5 0 keep the skelch in propor-

a"}ﬂ#ha"ﬂ'ﬂﬂhnl lhe‘ted\nlq!u or

portiors—are bad, the skftc_h will be bad.
 First, the relative proportions of the height to
the width must be crefully established; then
as you proceed to the medium-size areas and
‘the small details, constantly compare each new
estimated distance with established distances

" already set down.

If you' are working from a given picture,
such as the utility cabinet in Fig. 5.16 (), it is
first necessary to establish the relative width
compared to the height. One way is to use the
pencil as a measuring stick, as shown. In this
case, the height is about 13 times the width.
Then: .

L Sketch the enclosing rectangle in the
correct propartion. In this case, the sketch is
Lo be slightly larger than the given picture.

IL Divide the available drawer space into
three parts with the pencil by trial, as shown.
Sketch light diagonals to locate cenfers of
drawers, and block in drawer handles. Sketch
all remaining details. )

=1L Dim all construction with a soft eraser,
and heavy in all final lines.

Another method of estimating distances is
illustrated in Fig. 5.17. On the edge of a card
or strip of paper, mark an arbitrary unit. Then
see how many units wide and how many units
high the desk is. If you are working from the

* actual object, you could use a scale, a piece of
paper, or the penil itself as a unit to deter-
mine the proportions.

To sketch an object composed of many

»
"t

dpmnen
ZHEAR
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Difference between i >
) e Fig. 519 Estimating Dimensions. h
g
H
b
’ 'u
s .
i Fiz. 5.15 Sketching a Utility Cabinet. :
bt - -
:"- 1 UNIT'(full size.cr lager or Smoller; - 5
l% -z 3 by wsing the penil to compare measurements | method is' recommended, especially for irreg-
3 e E ____ as shown in Eig. 5.19. While doing this, do ular shapes. The steps for blocking in and
= not change yolr position, and always hold ! completing the sketch of a Shaft Hanger are -
< £ your pencil at arm’s length. The length sighted | shown in Fig. 520. As always, first give atten-
b can then be compared in similar manner with | tion to the main proportions, next to the gen-
any other dimension of the object. l.f‘ll‘e object | eral sizes and direction of How of curved
is small, such as a machine part, you can com- | shapes, and finally to the snappy lines of the |
= - parc distances in the manner of Fig. 5.16, by | completed sketch.
- b = T . o actu:lly placing the pencil against the object | I making sketches from actual machine
79 - 5 sell. o pans,itis Y to use the ing tools |
Fig. 5.17 Sketching a Desk. 3 _In p the g-in | used in the shop, especially those needed to
SR, - N i 3 : R | determine dimensions that must be relatively
¥ . 3 ing the spacing of the lines propor- 5 T e R accurate, For a di ion of these hod
le or to a larger or ; grid, making B 3 s 5 5 5
¢ :lnr:l::r :.x:et::n:et;c:deof “squares” is rec- fonal to the original, ;‘:‘:;"dk‘::’; :;e:rl:rg.edr i ] ' ¥ see §1021. , ‘
B , 2 - sketch wing —-
1 ommended, Fig. 5.18. On the given picture, | 25 dd‘m¢ M‘:::::s, the grid lines as in the - ¢ % ' Tt .
1 id lines to form squares ofany the lines in an timate by eye.S : 5.11 Pictori
& A Iuleaccurate gric fines le and | original, as near as you &n estin T : L5 . orial Sketching. We shall now
B . convenient size. It is l?csl to :5::;;‘& = | In sketching from an a.d-nl oblxt;h Zo:bjm': ! ‘ St e;?l:e :cvenl simple methods of preparing
I - some conveénient spacing, such £ | 'usily compare various djstances on t ¥ i 14 ] ri f etches that will be of great assistance
k ﬂ, or 10 mm. On the new sheet, rule a similar 4 - - 7 — in g the principles of multiview projec-
&b ' % g I I ";"\- 12 :i:lzg: and more scientific treatment :
3 2 ‘ 3 - of pictori wing is gi
!h"\', Fig. 5.18 Squares Method. 2 7t given in Chapters 16,
2y L = . 3 s
- —— 5.12 isometric Sketching. To make an
T ; | l!;'_umf sketch from an actual object, hold the
| ; ; | — ©Object in your hand and tilt it toward you, as
1 ;ll:\own in Fig. 521 (a). In this position, the
= - — °“; comner will appear vertical, and the two
; 5 i o = :‘::n.‘ﬂs boﬂnmledga and those parallel to !
! respectively, will dppear at about 30°
] ] Lo | Fig. 520 Blocking In an Irregu'ar Object i ; PPe el
. TR I 1= 2 - = (Shatt Hanger). ;:u:d‘:?ﬂmnhl. as shown. The steps in
T , ==, i . e X 133
() Given crawinG B ¥ 5o
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© L
Fig. 5.23 Isometric Ellipses.

{11 Sketch lightly the parallelogram for the
back ellipse, and sketch the ellipse in the same
_manner as the front ellipse. ”
IV. Draw lines GH and JK !angent to the
* o ellipses. Dim all construction with 4 soft

eraser, 2nd heavy in all I lines.
~ Another method for determining the back
ellipse is shown in Fig. 524.

1. Select points at random on the front el-
 Jipse and sketch “depth lines” equal in length
to the depth of the block. p

L. Sketch the ellipse through the ends of

the lines, as shown. 5

Twwo views of a Bearing with a semicylindri-
cal opening are shown in Fig. 525 (a). The
steps in skelching arc: s

1. Block in the object, including the rectan-
gular space for the semicylinder.
= 11 Block in the box enclosing the complete
cylinder. Sketch the entire cylinder lightly.

111. Dim all construction liries, and heavy in
all final lines, showing only the lower half of
the cylinder. ;

~ 5.14  sketching on Isometric Paper. . Two
viev:s of a Guide Block are shown in Fig. 5.26
(). The steps in sketching illustrate not only
the use of isometric paper, but also the
sketching of individual planes or faces of the
- object in order to build up pictorially a visual-
 ization of the given views. e
l_Skadmisauhi:ol‘m‘dosingbox,:wnl-
hsﬂﬂthenomaﬂ: grid ‘spaces to equal the

P

Fig. 524 Isometric Ellipses.
| 5

i

E, and so forth, and the small ellipse, to com-

S an D G0

I 2

11 and IIL Sketch additional surfaces B, €,

lete the sketch.
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ch.5 #
Sketching

and Shape
Descriplion

it
4
;
i
L

(o) cuipe 8LOCK
Fig. 5.26 Sketching on Isometric Paper.

5.15 Oblique Sketching. Another simple -
method for sketching pictorially is oblique -
sketching, Fig. 527. Hcld the object in your
hand, as <kown at (a). :

I. Bleck in the front face of the Bearing, as
if you were sketching a front vievs.

1. Sketch receding Jlines parallel to each
other and at any ccnveniert argle, say 30* or
45° with horizontal, zpproximately. Cut off
receding lines so that the depth appears cor-
rect. These lines may be Ffull length, but a
more nztural appearance results if they are cut -
to three-quarters or one-kLalf size, approxi- -
mately. If they are full length, the sketch is -
a cavalier sketch. If half size, the sketch is a
cabinet sketch. See §17.4.

IIl. Dim all construction lines with a soft
eraser and heavy in the final lines.

Note: Oblique sketching is a less suitable method

+ for any object having nr.ulr shapes in or parallel -

to more than one plane ‘of the object, because
ellipses result when circular shapes are viewed

obliquely. Thereiore, place the oblen with most |

or all of the circular shapes toward " 'you, so that
Fig. 5.27 Sketching in Oblique.

Esnimote depth

_ 5.28 (a). The dimensions are determined sim-

il

H

Rt 2o ) A g v )

<o
they will appear as true ciccles and arcs in oblique
skuchmg, as in Fig. 527,

5.16 oOblique Sketching on Cross-Section
Paper. Ordinary cross-section paper is suita-
bie and c for oblique sketching. Two

views of a Bearing Bracket are shown in Fig.

ply by counting the squares.

1. Sketch lightly the enclosing box con-
struction. Sketch the receding lines at 45”
diagonally through the squares. To establish
the depth at a reduced scale, sketch the reced- .
ing lines diagonally through half as many
squares as the given number shown at (a).

I1. Sketch all arcs and circles.

11l. Heavy in all ﬁml lines.

3, 17 Perspechve Sketching. The Bearing ~
sketched in obhqu: in Fig. 5.27 can 2asily be”
Ketched in )

'o) BEARING BRACKET

Fig. 5.28 Oblique Sketching on Cross-Section Paper.

just as in oblique sketching. Select the vanish-
ing point (VP) for the receding lines. In most
cases, it is desirable to place VP above and to
the right of the ‘picture, as shown, although
it can be placed anywhere in the vicinity of

the picture. But if it is placed too close to the :

center, the lines will converge too slurply, and
the picture will be distorted.
11 Sketch the receding lines toward VP.
1Il. Estimate ‘the depth to look well, and
sketch'in the back portion of the object. Note

L. Sketch front corner of desk in true
height, and locate two oanizhing poinis (VPL and

; VPR) on a horizen line (eye levei). The distance
. CA may vary—the greater it is, the higher the

that the back circle and arc will be slightly °

smaller than the front circle and arc.
IV Dim all construction with a soft eraser,
and heavy In‘all final lines. Note the similarity

“between the perspective sketch and the |

oblique sketch in Fig. 5.27. -

Tao-point perspective (two vanishing points) is
the most-true to life of all pictorial methods,
but -equus some natural sketching ability or
i practice for best results. A simple

< Lo
point perspeclive (one

oint), as shown in Fig. 529.
s l.,Skzlch the true fmnt face of the oblec!.

method is shown in Fig. 530 thal un be used
fully by the

Fig. 5.29 Sketching in One-Point Perspective.

)

eye level will be and the mor= we will be
looking down on top of the object. A good
rule of thumb is to make C-VPL one third to
one fourth of C-VPR.

II. Estimate depth and width, and sketch
enclosing box.

IIL. Block in all details. Note that sll parallel
lines - -converge toward the same vanishing
point.

“IV. Dim the construction lines with a soft
eraser as necessary, and heavy in all final
lines. Make the outlines thicker and the inside
lines thinner, especially wkere they are close
together.

5.18 Views of Objects. A pictorial draw-
ing or a photograph shows an object as it
appears to the observer, but not as it is. Such
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Fig. 536 Choice of Views.
object. These minimum required views are re-
ferred to as the mecessary piews. In selecting
views,
show best the essential contours or shapes and
should give preference to those with the least
number of hidden lines.

distinctive features of this object

the draftsman should choose those that

As shown in Fig. 536 (3), there are three
that need to
be shown on the drawing:

1. Rounded top and hole, seen from the front.
2. Rectangular notch and rounded comers,

sesn from the top.
3. Right angle with filleted corner,

the side.

‘seen from
|

Another way to choose necessary views is
to eliminate unnecessary views. At (b) 2
“thumbnail sketch” of the six views is shown.

Both the front and rear views show the trde 5.23

shapes of the hole and the rounded top, but
the front view is preferred because it has no

Fig. 537 Two Necessary Views.

hicden lines. Therefore, the rear view (which .
is seldom nceded) iz
Both the top and

rectangular notch and rounded corners, but

the top view is preferred because it has fewer
hidd=n lines.
Both the right
the right angle w!
in this case the si
reversed. In such
choose the right-side view.
The necessary Views, then,
remaining views: the top,
views. These are the three re;
nnection with Fig. 5.32.
cated objects may require more :
or in many cases special

_side and left-side views show -
ith the filleted corner. In fact, -3
de views are identical, except 3

ferred to in <o

More compli
than three views,
views such as partia
views, Chagter 7; auxiliary views,

Two-View Drawings. Often only two 33
views are needed to describe clearly the shape

B

crossed out. b
bottom views show the

are the three
front, and right-side
gular views r2- &

1 views, §6.9;- sectional 4
Chapter 8. 34

FRONT

Fig. 5.38 Three Views.

of n object. In Fig. 5.37 (a), the right-side view
<rows no significant contours of the object,
and iv crossed out. At (b) the top and front
views are \dentical, so the top view is elimi-
nated. At (¢), no additional information not |
already given in the front and top views is
shown in the side view, so the side view is
unnccessarny.

The question often arises: What are the
absolute minimum views required? For exam-
ple, in Fig. 5.35, the top view might be omit-
tcd, lcaving only the front and right-side
\iews, However, it is more difficult to “read”

Fig. 5.39 Choice of Right-Side View.

Fig. 5.41 Choice of Views to Fit Paper. V

Fig. 5.40 Choice of Top View.

the hwo views or visualize the object, because
the characteristic “Z” shape of the top view
is omitted. In addition, one must assume that
corners A and B (top view) are square and not
filleted. In this example, all three views are
necessary.

If the object requires only fwo views, and
the left-side and right-side views are eq’:nl)y
descriptive, the right-side view is customarily
chosen, Fig. 539. If contour A were omitted,
then the presence of slot B would make it
necessary to choose the left-side view in pref-
erence ‘o the right-side view. N

1f the object requires orly two views,

!!1: top and bottom views are equally descrip-
tive, the top view is customarily chosen, Fig.
5.40. )

1f only two views are necessary, and the top
view and right-side view are equally descrip-
tive, the combination chosen is that which
spaces best on the paper, Fig. 541

Ty

(b) Poor

© pm:j
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Fig. 5-42 One-View Drawings.

) jew Drawings. Frequently a
ssi;il‘:v;:’;;‘:::lemented by a note or lettered
bols is sufficient to describe clearly the
:z:‘pe of a relatively simplLoEif;L In F.ig, .5,41
(a), one view of the Shim, plu_sAa note fnd‘u"
ing the thickness as 0.25 mm, is sufficent. At
(b), the left end is 65 mm square, the next
portion is 49.22 mm diameter, the next is

3175 mm diameter, and the portion with the _

thread is 20 mm diameter, as indicated in the
note. Nearly all shafts, bolts, screws, and simi-

q lar parts can and should be represented by
single views in this manner.

5.25 Hidden Lines. Correct and incorrect
practices in drawing hidden lines are illus-

Fig. 5.43 Hidden-Line Practices.

[—-es saQ M20 1250
94922

23T

e
—“i;mu ! 51.5—‘ ==

i
(b) stoox:es sa crs

trated in Fig. 5.43. In general, a hidden line &
should join a visible line except when it causes >
the visible line ta extend too far, as shown at3
(2). In other words, leave a gap wameer ¢
hidden-line dash forms a conlinuation of a visible
line. Hidden lines should intersect to form L "3
and T comners, as shown at (b). A hidden line 3
preferably should “jump” a visible line when -
possible, (). Parallel hidden lines shauld: be.
drawn so that the dashes are staggered, in 2 3
manner similar to bricklaying. as at (d). When n
two or three hidden lines me:ta:apoinl.ll\::
dashes should join, as shown for the bottom -
of the drilled hole at (), and for the top nf r
a countersunk hole, (f). The example at (g) is :
similar to () in that hidden lines sl}‘».u\d not
join visible lines when it makes the visible line +

= drawn in the longitu,

Fig. 5.44 Center:Line Appiications.

extend too far. Correct and incorrect methods
of drawing hidden arcs are shown at (h).

Poorly drawn hidden lines can easily spoil
a drwing. Each dash should be arefully
drawn about Smm long and spaced only
about 1 mm apart, by eye. Accent the begin-
ning and end of each dash by pressing doven
on the pendl, whether drawn freehand or
mechanicallly. 2

In general, views should be chosen that
show features with visible lines, so far as pos-
sible. After this has been done, hidden lines
should be used wherever necessary to make
the drawing clear. Where they are not needed
for clearness, hidden lines should be omitted,
3035 not to clutter the drawing any more than
necessary and in order to save time. The be-
ginner, however, would do well to be cautious
about leaving out hidden lines until experi-
ence shows him when they can be safely omit-
ted.

5.26 Center Lines. Center lines (symbol:
€) are used to indicate axes of symmetrical
objects or features, bolt circles, and paths of
motion. Typical applications are shown in Fig.
SA4. As shown at (a), a single center line is

dinal view and cros:
center lines in the sed.

circular view. Th,
_. dashes should cros: o £ gonall
o

s at the intsrsections of

center lines. Center lines should extend uni-
formly zbout 8 mm outside the feature for
which they are drawn. 1
The long dashcsofcgnxcrllnum:yvuy
from 20 min to 40 mm or more in length, de-
pending upon the size of the drawing. The

- short dashes should be about 5 mm long. with

Spaces about 2 mm. Center lines should al-
ways start and end with long dashes. Short
center lines, especially for small holes, as at
(e), may be made solid as shown. Always leave

3 83p as at (e) when a center line forms a
continuation of a visib

le or hidden line. Center

Enes should be thin enough to contrast well

with the visible and hidden lines, but dark
enough to reproduce well a

Center lines are useful mainly in dimen-

sioning and should itted from uni

tnt rounded or filleted <ormners
shapes that are self-locating.

5.27' Sketching Two Views. The Support

Block in Fig. 5.45 (a) requires only two views.

ThelstBeps in sketching are:
. Block in lightly the enclosi rectang|

ing les

for the two views. Sketch horizontal lines 1
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Ch. 5
- Sketching
and-Shape
Descriptipn

Fwintr=
/3)
Fig. 5.45 Sketching Two Views of a Support Block.

e

the already established height, while making
spaces B approximately equal, and space Cc
equal to or slightly less than space B.

(. Block in smaller details, using diagonals
to locate the centes, as shown. Ske:ch lightly
the circle and arcs. 2

111. Dim all constructio
eraser, and heavy in all final lines.

lines with a ~.of¢

5.28 Sketching Three Views. A Lever
Bracket requiring three views is shown in Fig.
5.46 (3). The steps in sketching the three views
are as follows:

1. Block in the enclosing
three views. Sketch horizonta
and 4 to establish the height of
and the depth of the top view,

rectangles for the
I lines 1, 2, 3.
the front view
while making

Fig. 5.46 Sketching Three Views of 3

Lever Bracket. |

r—-.-:-nrn——‘ |
I. i

equal, and space (&)
less than space A. Sketch
vertical lines 5, 6, 7, and 8 to establish the
width of the top and front views, and the
depth of the side view. ‘Make sure that this
is in’correct proportion to the height, whil
making spaces B approximately equal an
space D equal toor slightly less than one space
B. Note that spaces C and D are not necessarily
equal, but are independent of each other. Sim
ilarly, spaces A and B are not necessaril:
equal. To transfer the depth dimension from
the top view to the side view, use the edge
of -a card or strip of pape
fer the distance by using
uring stick, as shown in Fig.
Note tual the
aloays be equal.

spaces A approximately

equal to or slightly

the pencil as a meas-
5.10 (b) and (c). -

r, as shown; or trans- 7

depth in the lop and side views musl |

ﬁ[ i
2 @ sicE

=

| 1

(o) OFFSET GUIDE
fig. 5.47 Position of Views.

IL. Block in all details lightly.
111, Sketch all arcs and circles Jightly.
IV. Dim all construction lines with a soft

era;

will stand out clearly.

5.29 Alignmant of Views., Errors in ar-
ranging the views are so commonly made by
students that it is necessary to repeat the
views must be drawn in accordance with the
American National dard ar Fig.
532, In Fig. 5.47 (a) an Offset Guide is shown
tkat requires three views. These three views,
correctly arranged, are shown at (b). The top
view must be directly above the front view,
and the right-side view directly to the right

<er.
\. Heavy in all final lines so that the views

©

=

£0G¢ -
itw CF
ConTour  SURFACE
5 <~
& 3 i"-. —EDGE
ViLw or
SURFACL
=

INTERSECTIN /

OF SURFACES:

Fig. 548 Meaning of Lines.

at only the front and side views. However, the
fop view shows that the line represents the
ion of an inclined surface.

" of the front t out of alig t, as at

- (c). Also, never draw the views in reversed
positicns, with the bottom over the front view,
or the right-side to the left of the front view,
as shown at (d), even though the views do line
up with the front view.

5“‘50 Meaning of Lines. A visible line or

a hidden line has three possible meanings, Fig
s:u: (1) intersection of two surfaces, (2) 'tdge.
view of a surface, and (3) contour view of a
turvfd surface. Since no shading is used on a
;'whl![ drawing, it is necessary to examine all
li:e‘v:;w-s to determine the meaning of the
1 f;o;‘ fxamp!:, the line AB at the top of
il v‘l‘ew might be regarded as the edge
e m; at snl.u'face if we look at only the
L l-;t:p views and do.not observe the
P ;uh:c$ on top of the object as shown
o oD ight-sice view. Similarly; the vertical
s dm th_e front view might be regarded

the edge view of a plane surface if we look

5.31 Precedence of Lines. Visible lines,
hidden lines, and center lines often coincide
on a-drawing, and it is necessar for the
draftsman to know which line to show. As
shown in Fig. 5.49, a visible line always takes

E

&
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Fig- 6.1 Projection of an Object.

view, the hole is invisible and its extreme

3 The same procedure @n be appli:d- o ’\ I
4 2 curved lines—for example, the top curved | contours are represented by hidden lines, as SR 3
: contour of the object. A point, 5; on the curve shown. v ik ) ~
’ is projec(ed to the plane at 6. The projection The right-side view, (b), is necessary be- RGeS o —=
{ £ of an infinite number of such points, 3 few ; cause it shows the right-angled characteristic @ X UNFOLD'.E THE GLASS BOY. ~—
i : - of which are shown at (b), on the plane of , shape of the object and shows the true shape f a i (o) 2
l i1 7 projection results in the projection of the . of the curved intefsection. Note how thegyl- Fig. 6.3- The Glass Box.
I l i1 curve. If this procedure of projecting points indrical contour on top of the object appears 5 .,
t 5 is applied to all edges and contours of the ~ when viewed from the side. The extreme Of 7 6.2 The Glass Box. If pl 5
= 5 2 SO o fect i fl . anes of ' &
[ g object, 2 complete view or projection ?f the , contour element lj on dl;E 0‘")“l %P“;l:‘;:: - are plac=d parallel to the p}:incipa'i’fapc::l::?::: Gl The positions of these six planes, after they
1 U object results. This view is necessary in the @ 1o BIVE the line 3-4 on the view. & e }: e orm a."glase box.” as shown:n | ave been revolved, are shown in Fig. 64
i l i shape description because it shows the true ! hole is also vepgesemedby projecting the €x- Fig, 6.3 (2). Notice that the obs' ek °‘;"“'"‘ . Carefully identify each of these planes and
1§ carvature of the top and the true shape of the treme elements. 1 e e i hat L DR corresponding views with its original positi
i | : hole. The plane of projection upon which the through the plai 4 ; at the objectis seen | in the glass box, and repeat this gt ll)os‘ gl
> < " s £ 9 nes jecti i 5 o ment: .
‘ 2 A similar procedure may be used to obtain | front view is projected is called rhe.lmnlll e st d:; s‘;:?:::‘:':f f’}:"‘“b}ht | dure, if necessary, until the rcvc:l,:x:im:oi:
11 . et | TR T | s | ey ]
| i - saryinthe shape description because it shows \ jected, the horizon slplanc an ppS Note that the object h SEEPET S n Fig. 6.3 (b), observe that Li
iB! il the true angle of the inclined surface. In this the side view 15 projected, the profile plane. ‘;‘ﬂ'sions: width, h:n‘:h) ::n;h:;f “';";:Tl di- | around the glass box from one vip:vn :: :::;n:
i Gt 3 B i ed g . These ‘are | upon th g >
| §5 l“- 3 mio:;":\s T e i ereions linlihese (diz) | pii:rc\li“: }:!a'}\‘es of‘PrO)emun. These are the
1 a3 Fig. 62 Top and Right-Side Views. ; ] See §5. ;aegardless of the shape of the object. object to lh‘: ‘\'i:v;\’.:w;t::ors fmml points on the
1 e f 3 %, . ‘ ey G oz . . For example, the projector
e tmelimnrind) G G o s Dot 16-17. When the
paper, it is necessary to unfold the | b p plane is ‘oided vp, lines 9-10 4nd 7-8 will
ecome vertical and line up with 10-6 and

i
i
|
|
|
|
1
|
|
|
|
_ planes so that th i l
¢ ey il ali lie in th
srielin in the same .| 8-2, respective! 2 m
A hing::);,All planes except the rear ‘ a singlepstrn‘i\;h.:,.lijr—}e“;' 2—‘0 e
pon the frontal plane, the \ form a single strai:;hl I‘l : ‘7"‘]2'7'8 i”d i
ne 7-2, as shown in

-. Tear plane being hi 3
Each pl. g hinged to the ieft-side plane.* :
plane revolv : plane. Fig. 6.4. This i S
nal box posili:r: E:r:’tlil)h‘»arﬁl)’ f_'om the origi- | same w1dt}: :sxf:em;:r’:y Sh! R uthe
it lies in the frontal placed directly above the f:::v"end %‘:)’ o
Y iew. The same

~Plane, which i
e of remains stationary. The hin, i i
lines of the o e s [al.i,i: relation exists between the front and bottom

h
|
1 g a v
' ' . i v:‘zv.ls. Theref.ol:, the fron, tcp, and botlom viFws
il i .b‘;w ; . al llmr_-up vertically and are the same width.
. ‘ A Ir'w Fig. 6.3 (b), when the profile plane is 1§
= foided out, lines 4-13 and 13-15 become 3
+, 81 - : ‘.
? ]
e §
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‘your sketch.

Fig. 5.50 Multiview Skltgh (Layout A-1).

- precedence over (covers up) a center line or

- a hidden line, as shown at A and B. A hidden -

line_always takes precedence over a center

- line, as at C. Note that at A and C the erds
of the center line are shown, but are separated

from the view by short gaps.

|

s i |
5.32 Sketching Problems. Figures 551 |
and 552 present a variety of objects from

- which the student is to sketch tHe necessary” |

- Views. Using 8.5 x 11.0"” cross:. ion paper,
sketch a border and title strip d divide the
!Mh\hotwopmasshownhﬁ;m‘

Sketch two assigned problems per sheet, as

2
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Sketching
=~ Problems

e R M~ T X

==

B EE e

-
Frots [-5 N0 inclned 54
o colge arfoces

- 0] o
S R

AP E

=
== |

- Fig 5.53 Missing-Line -
e and Yo no Sketching Problems. (1) Skelch given views, using Layout A-1 of ]
knes. The squares ma ;be;‘gaper o plain paper, two problems pe? heet as in Eig. 5:50- Add mnss": ol
oblique on crocs action p:;’e’rz.s or 5 mm. See §5.32. (2) Sketchin isometric on isometric pape -
i

Fig. 5.52 Multiview Sketching Prob necessa
ion paper of plain paper,
in Prob. and apply to pre!

(1red\=nd). ‘on cross-section
scale with divisions equal to those 5
each division equal either .50 oF 10 mm on your sk

6.36.
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‘Fig. 6.4 The Glass Box Unfolded.

1

single straight line 4-15, and lines 2-16 and
16-17 become a single straight line 2-17 as
shown in Fig. 6.4. The same relation exists
between the front, left-side, and rea: views.
Therefore, the rear, left-side, front, and right-side
views all line up horizontally, and are the same

+ height.- - --- !
In Fig=63 (b), note that lines O$ and OW -

and lines ST.and WX are respectively equal.
These lines of equal length are shown in the
unfolded position in Fig. 6.4. Thus; it is seen
that-the top view must be the same: distance
from the folding line OZ as the right-side view
is from the folding line OY. Similarly, the
bottom view and the left-side view. are the
same distance from their respective folding
lines as are the right-side view and the top
View. Therefore, the fop, right-side, bottom, and
left-side views are all equidistant frem the respective
folding lines, and are the same depth. Note that in
these four views that surround the front view,
the front surfaces of the object are faced in-
Ward, or toward the front view. Observe also
that the left-side ard right-side views and the
'op and bottom views are the reverse of each

6.3 Folding Lines,

6.4,

sired distance apart,

be drawn anywhere

. other in outline shape. Similarly, the rear and
_ front views are the reverse of each other.

The three views of the

iect discussed above are shown in Fig.. 65,
?;{G with folding lines between the views)
These folding lines correspond to the
lines of the glass box, as we have s:’:\.
H/F folding line, between the lop L
views, Is the intersection of the horizon!
frontal planes. 'l;he F/P f;ld.i“;; line,

and side views, is y
y &: ::nn‘ul and profile planes. See Figs. 63 &

. ThedisumﬁdeY.fmnd\ehn::\I
to the respective foul‘dei;\:‘linu, are

i , since
:::l:x:tqa‘::‘ﬁ of the object from the s f
and profile planes. However, as ":;‘h“ Y
§62, distances D, from!l}e top 35 A
to the respective (oldin‘_lmls, m! 2 )
equal. “Therefore, the views may ¢

pend upon the

the folding lines 2

0,
() —
Fig. 65 Folding Lines.

ditances O, ate kept equal and the folding
- lines are at right angles to the projection lines
betwesn the views.

It will be scen that distances D, and D,,
respectively, are also cqual and that the
folding lines H/F and F/P are in reality refer-
ence lines for making equal depth measure-

ments in the top and side views. Thus, any

reint in the top view is the same distance from

H/F as the corresponding point in the side

view is from F/P.

While it is necessary to understand the
 folding lines, particularly because they are use-
ful in'solving graphial problems in d crip
tive geometry, they are as a rule omitted in

wuﬁddnmn;.ﬂnthuvimwﬂhlh i
foiding lines omitted, are shown in Fig. 6.5 (b).

Again, the distances between the top and front

" views and between the side and front viees

are not necessarily equal. Instead of using the
lddln;linunnhmelhmfwutﬁh:\: off
v hhmmmhmmwmm

/. memay use the front surface A of the object 15

lll&m\«llm.lnlhbmy,b D, and all
“"""P'hmnmml:ld:tnmng.

#pond in the two views in the same manner
¥ folding lines were used. -

6.4 Two-View Mecha
nical
be required to dra e, Lat

! v, full size with
* on Liyout A-2, the ne Instruments

Cla o

L Determine the spacing of the views
Mmdﬂmhnlmdmmhmﬂ'
mately 152 mm (6), and the width of the
working space i approximately 266 mm
(104"). As shown at (b), subtract 152 mm from
mm"‘““'“‘“‘"&ﬂlbjlhmm
valmel!pn!.'l‘omulu.m’u
memlemtmymmw“h

marks,
The depth of the top view I3

Approximately
64 mm (24) and the height of the
S (), white th Lo St Siow )
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S yeneraly, recommended, for |
e itis 3¢ B that the depth dimen-
s ,"m‘ the aid of the divid-
‘methods are best

Third View. In Fig. 68
drlMl‘l of a ‘ivu\ object,
required.

curnet

oulsia-
‘numeral is placed inside i
corner. For example, at 1 point 1 is visible
ews is therefore plu:ed outside |
views. However, point 2 Rt

-i"’*‘ system, in whw.h wmts are

e numbers in all views,
ojecting known points in two
#‘nkn wn positions in a third view. .

this numbering system a given
! be d with the

153! in Fig. 623 and others, in which |
hs d\ﬁ'ﬂm\ numbers in each view.

pommn the nghl~nde view
using a hard pe/ndl and very

t 1, locate point 1 in the side
. ~2"”“‘“\35“:“\ point 1 in the top

'and point 1 in the front view. In space
Points 2, 3, md 4 in a similar man-

Fig.6.8 Use of Numbers.
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fep ot

i incli face
ide view of the inclined surk
mmp;d)e !_;\_:“: completes the right-side view,
s invisible points 9, 10, 8, and 7 are di-
slr:: behind visible corners 5, 6, 4 and 3,
0 thiv:ly. Note that in the sideA view alco,
:;ipinﬁsiblé points are lettered inside, and the
isil ints oulside. o

ws.l:’shs::v:n in space IV, the drawing is com-
pleted by heavying in the lines in the right-side
view.

6.7 Three-View Mechanical Drawing. Let '

it be required to draw, full size with .i.nslm-
ments on Layout A-2, the necessary views of
the V-Block in Fig. 6.9 (a). In this case, as
shown by the arrows, three views are needed.
L Determine the spacing of-the views. The
width of the front view is 108 mm, and the
depth of the side view is 58 mm, while the
width of the working-Space is 266 mm. As-
sume 2 space C between views, say 32 mm,
that will look well and will allow sufficient
‘space for dimensions, if any.
As shown at (b), add 108 mm, 32 mm, and
58 mm, subtract the total from 266 mm, and

Fig. 6.2 Three-View M

divide the result by  to get the value of sp. W
A. To set off these horizontal spacing measure-
ments, place the scale along the bottom of the
sheet and make short vertical marks,

The depth of the top view is 58 mm, and the 3
height of the front view is 45 mm, while the
height of the working space is 194 mm. As.

sume a space D between views, say 25 mm. As

shown in §6.3, space D need not be the same
as space C. As shown at (b), add 58 mm, &
25 mm, and 45 mm, subtract the total from -
194 mm, and divide the result by 2 to get the
value of space B. To set off these vertical spac- o
ing measurements, place the scale along the 1
left side of the sheet with the scaie used on the -
left, and make shert marks perpendicular to
the scale. Allow for dimensicns, if any.

1L Locate th= center lines from the spacing ™3

marks. Construct lightly the arcs-and cird.es,_
III. Draw horizontal, then vertical, then in-

clined construction lines, in the order shown.
Allow construction lines to cross at the cor- "
ners. Do not comp\ek: one view at a hmg»

t the views simul e
TV. Add hidden lines and heavy in all ﬁml
-lines, .clean-cut and dark. A convenient;

| Drawing

(0] POCR ARRANGEMENT OF VIEWS.
Fig. 6.10 Position of Side View.

method of transferring a hole diameter from
the top view to the side view is to use the
vompass with the same setting used for draw-
ing the hole. The visible lines should be heavy
enough to make the views stand out. The
hidden lines and center lines should be sharp
in contrast to the visible lines,
enough to reproduce well. Construction lines
need not be erased if they are drawn lightly.
If you are working on tracing paper, hold the
sheet up to the light t

O see if the ‘densi
" your lines is sufficient tyiof

to reproduc 1L
§247 and Fig. 2.58. B el iSee

5‘.8_ Alternate Positions of Views. If three
views of a wide Aat object are drawn, using
the conventional Arrangement of views, Fig.
610 (), a large wasted Space is left on the
Wi In such cases,

(B) APPROVED ARRANGEMENT OF ViEwsS

and in some cas

- es makes the use of a reduced
scale unnecessa

Y.

It is also permissible in extreme cases to
place the side view across horizontally from
ll:e bot.tom view, in which case the profile
Plane is'considered hinged to the bottom

of projection. Similarly, the rear view n:;i::
Placed directly above the top view or under
r, if n i
e o ecessary, in which case

om plane, as the ase
be, and then rotated j > -
frontal plane. into coincidence with the
6.9 Pania Views. A : -
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L7 G Lt Reced":nngsl.ine_s. Si“-‘-' o receding lines. The range of scales chosen is
2 accustomed 10 5% Sng oI AT sufficient for almost all problems, and most of °
‘, receding parallel lines appearing to CONVETgE. R Galaee e e archiiects
_ . an oblique’ projection presents an unnatunal 7 e eteecting e lengmlh-—
\ S e that is, when the projectors make an angle of
‘\ depending upon the object shown. For exam
\

s 3 45" with the plane of projection—the oblique
ple, the object ﬁ'w“,‘:‘ ﬁ::lrl;,n(;t):;u?:\c; = drawing is called a cavalier projection, Fig. 17.7
the receding lines ':3 Toe oo long and/to (a). Cavalier projections originated in the
receding lines appear to £ the bl k.s A strik drawing of medieval fortifiations and were

. diverge ‘toward the rear of the B¢ ‘ made upon horizontal planes of projection. On

\hese fortifications the central portion was

higher than the rest and it was called cavalier

because of its dominating and commanding
position. R =

When the receding lines are drawn to half
size, as at (d), the drawing is commonly known
as a cabine! projection. The term is attributed

(a) (b)
Fig. 17.6 Angle of Receding Axis.

ief li < ons of oblique projection: ob- &%
1e. Some typical drawings with the reced- | the chief limitations.
:nn: lines in various directions are shown in | rct;n dnn.:teoﬂ;‘e‘d::y v::l:hlﬂfs‘:g s:lzu\::s 'i‘:\
i d be used in an e drawn in obliq 3  din
el 25 el e e | .‘perpendicuhr 1o the plane of projection-

Fig- 17.8 Unnatural Appearance.of Oblique Drawing.

(b) oeuique

in the furniture industries. A comparison of
cavalier projection and cabinet projection is
shown in Fig. 17.9.

17.5 Choice of Position. The face of an
object showing the essential contours should
generally be placed parallel to the plane of
projection, Fig. 17.10. If this is done, distortion
wili be kept at a minimum and labor reduced.
For example, at (a) and (c) the circles and
circular arcs are shown in their true sizes and
shapes and may be quickly drawn with the
compass, while at (b) and (d) these curves are
not shown in their true sizes and shapes and
must be plotted as free curves or in the form

the object and the location of its significant ! The ap! distortion may be mat
es. For example, in Fig. 17.6 (3) 2 large < d
?::;::n und' inu‘:&a to obtain a better view | receding lines (remember, we esu‘!;lhs!l\edr 3
of the rectangular recess on the top, while at || §17.2 that uwy could be any le'n; ). In Fie
(b) a small angle was chosen to show a s
feature on the side. Y

to the early use of this type of oblique drawing

cavaLlER

Fig- 17.7 Foreshortening of R.e.ﬁn;'uwn.
PRQUECTION ¥

==

(a) (b)

| I sm{__L/

(o) cavavien poJEcTiON

Fig. 17.9 Comparison of Cavalier and Cabinet Projections.

of ellipses.

The longest dimension of an object should

==
e —
—_———

— | |
——
———
——

= _— /
g £
e y
B
(b) cABmET PROJECTION \\5
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6.1 Mul'\lvleu Projection.® A view of a
part for a design is known technically as a
rrojection. A projection is a view ived
be drawn or projected onto a plane known as
the plane of projecsion.

The method of viswing the part to obtain
4 mulliview projection, in this case a front.view,
is shown in Fig. 6.1 (a). Between the observer
and the part, a transparent plane or pane of
glass representing a plane of projection is
located parallel to the front surfaces of the
Part. Shown on the plane of projection in out-
line is how the design appears to the observer.
Theoretically, the observer is at an infinite
distance from the part or object, so that the
lines of sight are parallel.

28 RS 29 aga RS

f d), oni
o -1 adjusted (freehan
Layout A-1 or A4 1 2 van VIEWS and 3
ird-Vi ing Problems. (1) Using J etch the two given ¥ :
2515 5_.51 l’rm. d-Vnre;: Sl:fr“c:;:zr two problems per sheet as in ZFISg' ‘5“550;': e !‘Ve"d".
o :h?;‘:::'::srws Das Indicated T e :‘:;pb::::uﬂndden holes with center lines are il

i " i i front an b
are either front and right-side views or

“See ANSI Y143-1975,
i i i on cross-section paper.
holes. (2) Sketch in isometric 2n isometric paper or in oblique

to |

In inore precise terms, this view is obtained
by drawing pei dicul. called proj
from all points on the edges or contours of
the part or object to the plane of orojection,
(b). The collective piercing points of these
projectors, being irfinite in number, form lines
on the pane of glass, as shown at (c).

Thus, as shown at (c), a projector from point
1 on the object pierces the plane of projecticn
at point 7, which is a view or projection of
the point. The same procedure applies to point
2, whose projection is point 9. Since 1 and
2 are end points of a straight line on the ob-
Ject, the projections 7 and 9 are joined to give
the projection of the line 7-9. Similarly, if the
Projections of the four corners 1,2, 3, and 4
are found, the projections 7,9, 10, and 8 may
be joined by straight lines to form the projec-
tion of the rectangular surface.
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ble line 5-6 in the top view, and as a hidden | .!A&
line 15-16 in the side view. Aiso, hole A, . is sl
which apgears as a circle in the front view, | a
shows as hidden lines 1-4 and 2-3 in the top
View, and 11-12 and 13-14 in the side view.
;;r 3 complets discussion of hidden lines, see
§5.2s5.

3 | %
Also, at (d) note the use of center lines for

2 the hole. Sec §5.26. 2 i =l
5.20 The Six Views. Any object can be | *.‘
V‘:wed from six mutually ,perpendicular di-

NS, as shown in Fig. 5.33 (a). Thus, six.

may be drawn if necessary, as shown
3t (b). These six views are always arranged as
which is the American National
\rd arrangement of views. The top, front, |
nd boltom views: line up vertically, while the |
Tear. leftside, front, and right-side views line up |

Uy. To draw a view out of place is |
rious error, genarally regarded as one
the worst mistakes one can make in th
ect. See Fig. 5.47. A
“ote that the height is shown in the rear,

& EXCePt a5 explained in §6.5.
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Fig. 5.30 Two-Point ‘Perspective.

Fig- 531 _Front View of an Object.

a picture cannot describe the object fully, no
matter from which direction it is viewed, be-
cause it does not show the exact shapes and .
sizes of the several parts.

of the shape and size of an object to be made
is necessary, to make certain that the object
will be m.
the designer. In order to provide this informa-
tion clearly and accurately, 3 number of viaws,
systematically arranged, are used. This system
of views is called multiview projection. Each view 7
provides certain definite informatior. if the g:
view is taken in a direction perpendicular to

In industry, a complete and clear description

ded b

f: d exactly as i y

a prindpal face or side of the object. For ex- 25

ample, as shown in Fig. 531 (a), i the observer #

Jooks perpendicularly toward one face of the =
object, he obtains a true view of the shape and !
size of that side. This view as seen by the 3
observer is shown at (b). (The observer is v
theoretically at an infinite distance from the 2
object) s
An object has three principal dimensions:
width, height, and depth, as shown at (a). In
technical drawing, these fixed terms are used
for dimensions taken in these directions, re-
gardless of the shape of the object. The terms
“Jength” and “thickness” are not used because 3
they cannot be applied in all cases. Note at
. (b) that the front view shows only the height 388
and width of the object and not the depth. In 3
fact, any one vicw of & Ihree-dimensioral objec! can -3
show only hoo dimensions; the third dimension will
be found in an adjacent view.

5.19 Revolving the Object. To_obtain 3
additional views, revolve the object as shown

~-are clled the three regular vicws, because they

- |-r_9mv»’i
2 i
A
|

o
<

T

(2) 7=z = REGULAR VIEWS °

oermhl

Fiz. 532 The Three Regular Views.

il} Fig. 532, Fi;s(, hold the object in :h‘: front-

view position, as_shown at (a). %

s“Tn lgel the lop vicw, (b), revolve the object
as i ji

2 o bring the top of the object up and toward
To get the right-side view, (c), revolve the

object so as to bri :
ring the i i
el ey ' right side lo ,Ih: right

m:,°|°bmn views of any of the ou:ter sides,
nerely turn the object 50 as to bring th
sides toward you. 1 BT
.:gh:d hl:p, front, and right-side views, ar-
closer together, are shown at (d). These

are the views most frequently used.

At this stage we can consider spacing be
tween views as purely a matter of appearnce
The views should be spaced well apart and
yet close enough to-appear related to ad
o_ll\en The space between the front and top
views may or may not be equal to the spict
between the front and side views. If dimer-
sions (Chapter 11) are to be added to the
sketch, sufficient space for them betweeh
views will have to be allowed.

An important advantage that a view has
over a photograph of an object is that nidden
features can be clearly shown by me of
hidden lings, Fig. 2.15. In Fig. 532 (d) sufi®
7-8-9-10 in the front view appears 4%
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4.1 Geometric Constructions, Many of | tions of terms and

th: constructions used in techaical design
drawing are based upon plane geometry, and
cvery draftsman or engineer should be suffi-
dently familiar with them to be able to apply
them to the solutions of problems. Pure ge-
Ometry problems may be solved only with the
€ompass and a straightedge, and in some Cases
these methods may be used to advantage in
technical drawing. However, the draftsman or
designer has available the T-square, triangles,
dividers, and other equipment, such as drafting
Machines, that in many cases can yield accurate
results more quickly by what we may term
“prefarred methods,” Therefore, many of the
s'olulioru in this chapter are Practical adapta-
tions of the Principles of pure geometry.
This chapter js designed to present defini-

|
I

geometric
constructions

Beometric constructions of
importance in technical drawing, suggest sim-
plified methods of construction, point out
Practical applications, and afford opportunity
for practice in accurate instrumental drawing.
In the latter sense, the problems at the end
of this chapter may be regarded as a continu-
ation of those at the end of Chapteér 2,

In dnwin; these constructions, accuracy is
most important. Use 3 sharp medium-hard
lead (H to 3H) in your pencil and compasses,
Draw construction lines extremely light—so
light that they can hardly be seen when your
drawing is held at arm’s length. Draw all given
and required lines medium to thin but dark.

4.2 Points and Lines, Fig. 4.1. A point rep-

| resents a location in space or on a drawing,

Scanned with CamScanner
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Fig. 3.24 Guide Lines for Lower-case Letters.

but remain equal, (b). Thus, this method may
b= easily used for various heights of lettering,

The Braddock-Rowe Triangle, Fig. 2.16, and
the Ames Letteiing Guide, Fig. 3.17, produce

guide lines for lower-case lettess as described .

here, and are highly recommended. r

In'addition to horizontal guide lines, vertical
or iﬁdh\:d guide lines, drawn at random,
should always be used to keep the letters

uniformly vertical or inclined, Fig. 3.24.

3.22 \Vertical Lower-case Letters. Fig.

326. Vertical lower-case letters are used '

Fig. 3.25 Spacing with the Scale.

| strokes 1. The curved strokes of h, m, n, and
r intersect strokes 1 approximately two-thirds
of the distance from the base line to the waist

i line..

i The descenders of the g j, and y terminate

' in curves that are tangent to the drop line,

| while those of p and q terminate in the drop

line without curves.

largely on map drawings, and very seldom on !

machine drawings. The shapes are based upon
4 repetition of the circle or circular arc and
the straignt line, with some variations, The

lower part of the letter is usually tweithirds

the height of the capital letter. |
Stroke 3 of the e is slightiy above mid-

height. The crosses on the f and t are on the

waist line and are symmetrical with respect to

Fig. 3.26 Vertical LDNG‘I;;ISI Letters. -—

! 3.23 Inclined Lower-case Letters. Fig.
| 327. The order and direction of the strokes
and the proportions of inclined lower-case

case letters. The inclined lower—case letters

may be regarded, like the inclined capital let-

ters, as oblique projections of vertical letters,

ESEEEG!
Ling AT R . T AL = - - —
s% LI I W 0 L S W ToL 9 1 el J—-i Fema
P N~/ N/ AT AN 2 e A DT N e 7 )
A R AR\ W7 A W\ LN AT L — (= )
' L AW/ NN “ TR = = o

1 i wa— s

t ’ Tt

- T T

- taaal ety
S N1 77 | Fam N ] |

(ga\l| cant W ( 15

= SIErElEER
| R I =
— S Eam e

| letters are the same as those of vertical lower~

Fig. 3.27

Inclined Lower-case Letters,

in which all circles in the vertical alphab

areas b,

become ellipses in the inclined alphabet. As
in the inclined capital letters, all ellipses have

their major axes inclined at an angle of 45°

with horizontal.

The forms of the letters , o, s, v, W, X, and
Z are almost identical with those of the corre-
sponding capitals.

The slope of the letters is the same as for
inclined capitals, or 68.2° with horizontal. The
siope may be d ined by d| ing a “slope

letters are ap ly equal,
and the result is an even and pleasing spacing.
Some combinations, such as LT and VA, may
even have to be slightly overlapped to secure
£00d spacing. In some cases the width of a
letter may be decreased. For example, th:
lower stroke of the L may be shortened when
followed by A.
. Space words well apart, but space letters closely
within words. Make ‘each word a compact unit

triangle” of 2 in 5, as shown in Fig. 324 (b),
or with the aid of the inclined slot in the
Braddock-Rowe Triangle, Fig. 3.16, or with the
Ames Lettering Guide, Fig. 3.17 (b).

3.24 Spacing of Letters and Words. Uni-
formity in spacing of letters is a matter of
€qualizing spaces by eye. The background areas
betsceer: letters, net the distances beteen them, should
be approximately equal. [n Fig. 3.28 (a) the actual
distances are equal, but the lette;
Ppear equally spaced. At (b) the distances are
Intentionally unequal, but the background

Fig- 3.28  Spacing Between Letters.

well-sep d from adj words. For either
upper—case or lower—ase [ett fing, make the
spaces b en words i ly equal to

a capital O, Fig. 3.29. Avoid spading letters too
far apart and words too close together, as

shown at (b). Samples of good spacing are -

shown in Fig. 3.10.

When it is necessary to letter to a stop-line
as in Fig. 330 (a), space each letter from right
fo left. as shown in step II, estimating the
widths of the letters by eye. Then letter from
Left to right, as shown at III, and finally erase
the spacing marks_ SUAR

When it is necessary to space letters sym-
metrically about a center line, Fig. 3.30 (b),

LATHNG o {literate

EQuAL DISTANCES - INCORRECT

BAIBHIINIG © [ feearcite

EQuAL BACKGROUND AREAS - CoaReCT
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may be drawn from the central col;
_holes. 2

The experieaced letterer may dispense.
the drawing of guide lines for dimens
figures, particularly where the most finisi
: g work is not required, hy prepiring a sm
i card with marks indicating h:iz;}:;lo{

/, same five gt’xidz lines, each %" (ll,é mm)

= merals, Fig. 3.22, and then holding the caj
Use of Braddock-Rowe Triangle. in place swhile lettering without acnsl guide
lines. :

Sonie of the most common errors in letter-
ing fractions are illustrated in Fig. 323. Never
let numerals tourh the fraction bar, (a). Center
the denominator under the numerator, (b).
Never use 2n inclined fraction bar, (c). except
whaen leitering in a narrow space, as in a parts
1 list. Make the fraction bar slightly longer than
. the widest part of the fraction, (d).

Fig. 3.21

fourths as high as the whole number, to allow
ample clear space between them and the frac-
tion bar, as shawn.

~ Fordi i the most ly used
 height for whole numbers is {” (32 mm), and
for fractions 1 (6.4 mm), as shown at (a) and

" (c). These spaces may be easily sct off directly
‘with the scale, as shown. After the horizontal
guide lines have been drawn, add vertical or
inclined guide lines spaced at random, (b)

3.21 Guide Lines for-
Lower-case letters have

and (c).

If the Braddock-Rowe Triangle is used, the |
column of holes at the l2ft produces five guide | 'dro» line. Fig. 324 Strokes of letters that
lines, each $” (i.6 mm) apart, Fig. 321. . extend up to the cap line are called ascenders,

I¢ the Ames Lettering Guide, Fig. 3.17, is | and those that extend down to the drop line,
used with the No. 4 setting of the disc, the | descenders. Sirce there are only five letters that

(% g s ‘g have descenders, the drop line-is little needed
= * | and is usually omitted. In spacing horizontal
guide lines, space 2 may vary from three-fifths
to two-thirds of space b. Spaces ¢ 2re equal,
as shown. -

If it is desired to set off guide lines for letters
(4.3 mm) high with the scale (using two-
thirds ratio) it is only necessary to set off equal
spaces each " (L6 mm), Fig. 325 (a) The
lower portion of the letter thus would be §*
(32 mm), and the space between lines of let-
: Courtesy Prof. Albert Jorsensen | ters would also be §” (3.2 mm). If the scale is
Fig. 3.22 Letter-Height Indicator. placed at an angle, the spaces will diminish

cicy

Fig. 3.23 Common Errors.

4 guide lines for %yg : 4{4&% %fl/z éz_‘??_z_s_
Wrong! Wrong ! Wrong !

.

Fig. 3.20. Thus, 3

@Rt 0 - () - ©
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Fig. 3.1 Classification of Letter Styles.

ABCDEFGH
abcdefgh
ABCDEFGH
abcdefghij
ABCDEFGHI
abcdefghijklm

ABCDES

GOTHIC it tebters having the
elementary strokes of wen width
are classified as Gothic

T Wavie it Syle dor 3 Soevcool Am

Roman Al letters having
elementary strokes “accenbed *or
consisting of heavy and light
e .:qc;;:?c:fzm-n;j.r

Gtalic- Al slanking Lebters are
classified as Jtalics- These may
}; [,'u_rllur disigncled as Roman=

talics. g(;::gﬁa;l’lgw&r’umh:.

Coxt—Tuis torm includes all

skyles of OLCnglish. German ert,
Bradley kest or others of varior

ﬂ.b Clj Qfghij 1{1 ‘;l‘:‘:“"“;‘;‘:‘ ::lff 3 u:rt oo

became known as Old English. The early

German printers adopted the Old English let-
ters, and they are still in use in Germany. The
early Italian printers used Rcman letters,

where they gradually replaced the Old English
letters. The Roman capitals have come down

to us vim:a[lx in their origmal form.
i

3.2 Letter Styles. A genenf classification
of letter styles is shown in Fig. 31. They were

=, whith were later introduced into England, |

term ROMAN refers to any letter having wide
downward strokes and thin connecting
strokes, as would result from the use of a wide . °
pen, while the ends of the strokes are termi-
nated with spurs called serifs. Roman letters
include Old Roman and Modem Roman, and
may be vertical or inclined. Inclined letters are
also referred to as [lalic. regardless of the letter
style; those shown in Fig. 3.1 are inclined
Modern Roman. Text letters are often loosely
referred to as ©lb €nglish, although these let-
ters as well as the other similar letters, such

Commercial Gothic shown at the top of Fig.
3lisa ively modern develop which
originates from the earlier Gothic forms. Ger-
man Text is the only commerdially used form
of medieval Gothic in use today.

For more extensive and detailed information
regarding the styles of letters, see §§3.27 to
329.

meet_design or space requirements, letters
may be narrower and spaced closer together,
in which case they are called compressed or
condensed letters. If the letters are wider than
normal, they are referred to as extended letters,
Fig. 32.

3.4 Lightface and Boldface Letters. Let-

all made with Speedbzll pens, as ind d
and are therefore largely single-stroke letters.

If the letters are drawn in outline and filled
in, they are referred to as filled-in letters, Figs.
339 and 3.42. The plainest and most legible
style is the GOTHIC, from which our single-
stroke engineering letters are derived. The

Fig. 3.2 Condensed and Extended Letters.

- CONDENSED LETTERS

EMSIENDED LETTERS,

" Condensed Lefrers

ters also vary as to the thickness of the stems
or strokes. Letters having very thin stems are
alled LIGHTFACE, while those having heavy
stems are clled BOIDEACEFE-33.

- LIGHTFACE
BOLDFACE

Fig. 3.3 Lightface and Boldface Letters.

s« [Lxlended [effers

as German Text, are actually Gothic. The '

3.3 Extended and Condensed Letters. To -

3.5 Single-Stroke Gothic Letters. During ]
the latter part of the nineteenth century the

development of industry and of technical
drawing in the United States made evident a
need for a simple legible letter that could be
executed with single strokes of an ordinary
pen. To meet this need C. W. Reinkardt, for-
merly Chief Draftsman for the Engineering
News, developed alphabets of capital and
lower-case inclined and “upright” letters,”
based upon the old Gothic letters, Fig. 3.38.
For each letter he worked out a systematic
series of strokes. The single-stroke Gothic
letters used on the technical drawings today
are based upon Reinhardt's work.

¥

3.6 sStandardization of Lettering. The first
step toward standardization of technical let-
tering was made by Reinhardt when he devel-
oped single-stroke letters with a systematic
series of strokes, §3.5. However, since that
time there has been an unnecessary and con-
fusing diversity of lettering styles and forms,
and the American National Standards Institute
in 1935 suggested letter forms that are now
B Iy idered as dard. The present
Standard (ANSI Y14.2-1973) is practically the
same as that given in 1935, except that vertical
lower-case letters have since been added.
jhe letters in this chapter and throughout
this text conform to-the American National
Standard. Vertical letters are perhaps slightly
more legible than inclined letters, but are more
difficult to execute. Both vertical and inclined
letters are standard, and the engineer or
draftsman may be called upon to use either.
:::denu should, therefore, learn to execute
.n:; ;:r:\:u wu:ll, !h;:u;l\ thz.y may give more
bR b:n:y e they like and in which
Lettering on drawings must be legible and
sf.uhble for easy and rapid execution. The
single-stroke Gothic letters shown in Figs. 3.18
a.nd 3.1_9 meet these requirements. Either ver-
tical or inclined lettering may be used but only
one style should be used throughout a draw-
ing. Drawings for il

tion

-

RELATIVE LY

REIQTivE[)/

Letters ot
uniform in style.

Letters nct
uniform
in hesght. |

RELATIVE LY
RELATIVE LY

RELATIVELY tetesnat |

RELATINELY ot nctes.
RE LATIVELY tstesmtsnem
RELATIVELY dsme
RELA TIVELY Aeirseers
RIS e
AID OF MIS COUNTAY w3 act unilorm.

Fig. 3.4 Uniformity in Lettering.

“Rll-ins.” Background areas between letters in
words should ‘appear approximately equal,
and words should be clearly separated by a
space equal to the height of the lettering. Only
when spedial emphasis is necessary should the
lettering be underlined.

[Uis not desirable to vary the size of the {
lettering according to the size of the drawing
except when a drawing is to be reduced in
reproduction. %

3-? Uniformity. In any style of lettering
uniformity is essential. Uniformity in hei

pm%_rg‘nn. inclinatioy m? of lines, - “
ing of letters, and spaci words ME-‘:
pleasing appearance, F‘I; RN

Uniformity in height and indlination is pro-
moted by the use of light guide lines, §3.14.
Uniformity in strength of lines an be ob-
tained only by the skillful use of properly

require  well-spaced lettering ": prevent

*Published in
- the

AL Engincering News about 1893, and (n

1 d pencils and pens, §§3.10 and .11,

3.8 optical lllusions. Good lettering in- ;
volves artistic design, in which the white and |
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3.1 origin of Letter Forms. The designs
of modern alphabets had their origin in Egyp-
tian hiercglyphics, Fig. 1.3, which were devel-
oped into a cursive hieroglyphic or hieratic

day. They may still be seen on Trajan’s Col-
umn and other Roman monuments. The letter
V was used for both U and V until the tenth

J was dopted at the end of the fourteenth

- writing. This was adopted by the Ph

and was developed by them into an alphabet
~ of twenty-two letters. This Phoenician alpha-
bet was later adopted by the Greeks, but it
- evolved into two distinct types ‘in different
sections of Greece: an Eastern Greek type,
used also in Asia Minor, and a Western Greek
type, used in the Greek colonies in and near
luly. In this manner the V/estern Greek al-
Phabet became the Latin alphabet about 700
s.c. The Latin alphabet came into general use
throughout the Old World.

e Originally the Roman capital alphabet con-
o m of tweaty-two characters, and these

il changed to this

century as a modification of the letter L The
dot over the Jowercase j still indicates its kin-
ship to the i; in Old English the two letters
are very similar. The numerous 3
of letters were derived From the design of the
original Roman capitals.

Before the invention of printing by Guten-
berg in the fifteenth century, all letters were
made by hand, and their designs were modi-
fied and decorated according to the taste of
the individual writer. In England thes letters

* Leltering, not “printing” is the correct term for Juking
letters by hand. Prinking means the production of printed
material on a m;m

i
|
‘I
century. The last of the twenty-six chancters, ]
1'
:
]
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NOTE:
1 2mm THK ALUMINUM

FIG.4-36 A comparison n.l lettering qualities

senlences, vou will have excellent lettering tech-
figue. To achieve this skill requires continual
Paciice, careful observation, determination, and
p‘"""“- FQinn_ing level draftspersons are usually
0ot hired if their lettering quality and speed are
:°u:|'; Many people feel that lettering reflects the
'tad,ly of a drawing and of the draftspersgn. People
"8 3 poorly lettered engineering drawing will

b ::"::! much faith in the drawing or the drafis-

| mdﬂ“_ﬁut fed[ngs do you get from Figure 4-362

A gy 1ings are identical except-for the lettering.
Mmeasure of the drawirgs in Figure 4-36

g2
NOTE:
2mm THK ALUMINUM

would be to microfiim then, blow them back up to
full size, then see if the lettering is still legible.

EXERCI?ES

1. Draw up a sheet with % inch guide lines, and
practice vertical lettering.

2. Draw up a sheet with % inch guide lines, and
practice inclined lettering. «

3. Draw up a sheet with % inch guide lines, and

A practice microfont lettering.

Chapter

Drafting Equipment

reed pen and a colored liquid. The Greeks and Ro-
mans wrote in wax with a shap stvlus, and later
used a piece of metal ior scribing lines on a sur-
face. Leonardo da Vinci drew with charcoal on
paper, and then went over the lines with a quill
pen and ink. Graphite was discovered around 1100
and was used for crude drawings. In the 1600s the
graphite was encased in wood hoiders. Later, clav
was added to the graphite to stop it from smearing.
As drawings became more technical, more
accurate drawing instruments were developed and
improved upon. Drawing became an accurate com-
munication medium for conveying manufacturing
and construction ideas. The advancement of tech-
nology is related to the accuracy of the available
i . tools, and products (Fig. 5-3).
As you read this chapter, you should leam how

to:

1. Care for and use instruments.
. 2. Test your T-squares and triangles for accuracy.
i INTRODUCTION 3. Usehe T-square to draw horizontal lines.
" Twenty thousand years ago prehistoric people were 4. Draw vertical and inclined lines using the T-

scratching drawings on walls with sticks and bones square and triangles.

(Fig. 5-2). The pyramids were designed on pap rope! cil i
-2) | yrus 5. Select the r grades of pencils used in
by scribing a-line, then. tracing over the mark with a drawing. g .
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Drawing in today’s world (Teledyne Post)

o

6. Sharpen your pencils zorrectly.

7. Hold the pencil correctly to produce good line
quality.

8. Square up and fasien paper to the drawing
board.

9. Make simple corrections on drawings.
10. Draw circles and arcs.
11. Sharpen and adjust a compass lead.
12. Select the proper media on which to make dif-
ierent types of drawings. d

MODERIN CRAFTIN. CQ°F

The difierent types of drawing instruments and

- «equipmen! used in loday’s drafting room are quite

numerous (Fig. 5-4). They may be divided inlo
three groups:

Beginning student

drawing paper

FIG. 5-4 Modern drafting instrument kits (Teledyne
Post]

tracing paper-
drafting pencils

erasers

erasing shield

drafting boards = . .. .- |
drafting tape_

pencil sharpeners
T-squares

triangles

scales

compasses

dividers

protractor

templates (circle, isometric)
irregular curve

dusting brush

Advanced student.

drafting machine

drawing surface cover
parallel slide

vellum

adjustable triangle

flexible curve

templates, as needed
lettering templates

guide line lemplate

pow -4

mechanical pencils
technical pens 3

ink \
transfer letters i
shading tones '

Professional draftsperson:

track drafting machine

drawing table

electric eraser

drawing filin

lofting curves

lettering set

drop bow compass

proportional dividers

draiting lamp

perspective board

pantograph

templates, as needed

computer

duplicator
Drawing media (Fig. 5-5) are available in rls

and sheets (see Chapter 9 ior sizes). There are mayy 4

types of drawing media available. A fewarelised

below:

1. Drawing paper comes in white. buf, and

green. :

Tracing paper is thin. inexpensive, and /

translucent.

3. Vellum is heavier than tracing papet, 123t
with chemical additives, costier. 3
translucent.

4. Polyester film is

~

an indestructible plastic fim,

transparent, and very expensive.

NG PAPER, TRACING
B, VELLUN, ARZ FILN

FIG.5-5 Drafting media
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MEDIUM

FIG.56 Dralting pencils (J. S. Staedtler, Inc. (Telecyne Post)
|

5. Craph paper is squared drawing paper or vel-
lum with light, nonreproducible lines,
© 2wailable in all sizes

. Drafting pencils (Fig..5-6) or leads are divided
into three 8roups: hard, medium, and soft.
Hard pencils fange from o 10 4H. They leave
2Yery sham, but fight line, and will not smear eas-
3re used for first draft outlines.
s 'um pencils fange from 3H to B. They are
ood for all limshAed line work in engineering draw-
Sof mcnce is needed to select the best pencil.
e s:;"lilt "ange from 28°to 78. These pencils
e used g 'end:_on engineering drawings. THey

'Ngs and general art work.
* A Specia| plastic | il i for draw-
il lead
in ) : pencil is used f

:l:}d holder grips individual drafting leads.
Pening. 'It"h’" lead mechanical pencil needs no
mm diam!lﬂ.c‘" hold Varimjs drafting leads of 0.5

Re.sy -
i Crayin, = i
Pogy 9 leaning equipment (Teledyne

DRAFTING TAPE

-

FIG. 5-8 Drafting tape

Cleaners (Fig. 5-7) play a large part in lhg pro-
duction of quality drawings. Some cleaning aids
are:

1. Basic white eraser for all-purpose uses.

2. Artgum eraser for erasing light lines and

. smudges.

3. Kneaded eraser for picking up loose graphite
that may cause smudging. It is soft and
pliable.

4

Dry cleaner for cleaning light smudges. It is a

powder in a small cloth bag that may be

sprinkled on the drawing while doing layout

work. The instruments will ride on the powder

and keep the drawing clean.

5. Erasing shield for protecting parts of line work
that are not to be erased. SR

6. Electric eraser. for fast

does little damage to

ing media.

and efficient erasing. It
the surface of the draw-

" 7. Dusting brush for r

emoving foreign matter
from the drawing. It is cleaner to use a brush
than to blow or wipe off foreign matter by
& hand.”

Drafting tape (Fig. 5-8) is the approved method
of attaching a drawing 0 a drawing surface. The
tape will not damage the surface.

Drafting boards (Fig. £-9) come in a variety of
sizes. A good size for the beginning student is

DRAFTING EQUIPMENT 67

FIG. 5-9 Drafting boards

.

PENCIL SHARPENERS

TO SHARPEN
LEAD ONLY
To cut =

FIG. 5-10 Pencil sharpeners
20 inches by 26 inches. Larger boards are available
for larger size drawings. The board allows the draw-
ing to be easily stored, freeing the desk for other
work.

Pencil sharpeners (Fig. 5-10) are available in

many styles. There are two types of mechanical
Pencil skarpeners for the wood-encased drafting
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pencil. One sharpener will sharpen with a long
smooth sharp point. The drafting sharpener will re-
move only the wood. Another operation called
pointing the lead is then necessary. A lead pointer
will sharpen the exposed end of the drafting lead.

Figure 5-11 shows the Proper way to sharpen a
drafting pencil. 4

REGULAR PENCIL SHARPENER

LCONICAL POINT

T-squares (Fig. 5-12) come in i Yariety of sizes
to match drafting board sizes. They are used 10
ing instruments. The'paralle_l

that is Permmanently attached 1o the drawing board.
COL ey It can be moved quickly and will not slip.
ThIS END

Triangles (Fig. 5-13) are used with the T-square
S - 10 draw angular and vertical lines. i
< “7 Scales (Fig. 5-14) come in many different
@ shapes and lengths. Chapter 7 explains the uses of
melnc scales.
Compasses (Fig. 5-15) come in a variety of
. shapes and sizes. Using the compass and sharp-
FIG. 511 Methods of sharpening pencils ening the compass lead are shown in Figure 5-16,

slide is a straight edge

GRADE MARK

PARALLEL SUIDE MOUNTED
ON DRAWING BOARD -

DRAWING A HORIZONTAL LINE

(Teledyne Post)

draw horizontal Jines and as a guide for other draft-

2

T 3P - 5
TRIANGLE

TRIANGLE

ALL ANGLES WITH

A
DRAWING Averniy
RESPECT TO HORIZONTAL

907 VERTICAL—=—

FIG.5-14 Scales (Clark E. Smith) (Blundell Harling)

: Post)
FIG.5-15 Compasses (Teledyne

)

Scanned with CamScanner



12 DRAFTING

ot

_

~— FIG.5-23 Drafting tables (Teledyne Post)
Drafting machines (Fig. 5-21) are used to
speed up drawing time. They take the place of T-
squares, triangles, scales, and protractors. The arms
and scales come in various lengths to
accommodate any size drawing board.

Track drafting machines (Fig. 5-22) allow
smoother and faster movement than the standard
drafting machine. Various sizes of tracks and scales
will fit any drafting board and drawing.

Drafting tables (Fig. 5-23) are the drafts-
person’s work station. Most students will work on
drafting boards placed on the table. The profes-

* sional draftsperson will work directly on the table
surface. Tables come in many different sizes to han-
dle any size drawings.

Drawing surface covers (Fig. 5-24) provide a
smoother drawing surface. A sheet of drawing
paper will make an inexpensive, temporary cover.
Laminated vinyl is a permanent, almost periect
drawing surface. There is no glare, it cleans easily,
and small holes seal themselves. Vinyl covers are
easily attached with two-sided tape.

Adjustable triangles (Fig. 5-25) allow different

. angles to be drawn quickly i conjunction wit the

T-square. i e

-

&) -

" FIG.5-25 Adjustable triangle (Teledyne Post)

F!G. 5-26 Technical pens (Telgdyne Post)

Technical pens (Fig. 5-26) are used for ink
drawings. Each pen has its own line width. The 4
most common ink used is black, opaque India ink.

Transfer letters, symbols, and shading tones
(Fig. 5-27) are used by the technical illustrator for
leti=ring heads and shading crawings (sce Chapter
23). An unlimited number of letter stvles, sizes, and
variations of shading are available

FIG. 5-28 Lettering sets (Teledyne Pnsli

FIG. 527 Transfer symbols (Teledyne Posi)

Lettering sets (Fig. 5-28) are mechanial ret. |
ods for producing precise lettering. The Lerya .
Unitech sets are most common,
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t\ FIG. 529 Dralting lamp (Teledyne !Sosl)
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Chapter

" |sometric/ Pictorials

you study this chapter, you should leam to under-l
stand the following types of pictorial drawings:
isometric, dimetric, trimetric, cavalier, cadinet, two -
point perspective, and one paint perspective. You
should also develop the skill to make isometric
drawinigs. d

PICTORIAL

A single drawing that shows more than one side of
an object is called a pictarial drawing. Pictorial
drawings are divided into axonomeiric, obliGue.
and perspective drawings (Fig. 11-2). The fastest
and most efficient pictorial drawing is an isemelric
drawing. Al the lines in an isometic drawing of 2
rectangular object will be vertical or 30 degree 3
gular lines. The axes will form 120 degree angular,
lines (Fig. 11-3).

ISOMETRIC DRAWING |

! Al obijects, regardless of their shape and size. e
Pictorial drawing is the simplest type of drawing 1o three basic dimensions: length, width, and heig"t

understand. The isometric drawing is the simplest From these basic dimensions an isometnc dn:;"l
and fastest type of pictorial drawing to draw. As can be laid out on the isometric axes (Fig Utk

INTRODUCTION
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ISOMETRIC/FICTORIALS 135

AXONOMETRIC osLique PERSPECTIVE L)
ISOMETAIC| CAVALIER \ = o :
. | \
r |
L 27 combuer
ONE 20N T- L3 o ANGLE
PERSPECTIVE l
' . i _l,‘,
™ s S1zE
! ] ~
. \ DINETAIC / R neETIC CAZIE - RRCIDIG Lt
L TWO FINT- ' AHE - P T
SERSPICTIVE ) > 2
V y FIG.11-7 Dimetric and trimetsic axonometric FIG.11-3 The cabinet obliqua
i drawings
l

Axonometric Drawings

* The isometric drawing is cne form of axonometric
drawings. The other ic drawi the
> A

gs are
dimetric and trimetric drawings (Fig. 11-7). Di-
metric and trimetnic drawings are mare difficuit 1o

- draw than isometric drawings, therefare the iso-
. . metric drawing is used most often.

Obligue Drawings

T=LALEAR - ALLDINENSICN T
ITAUS SIZE,

The two oblique drawings are called cavalier and
cabinet drawings. Oblique means inclined. The
cavalier (Fig. 11-8) has its front face drawn true size
and shape. The receding Iinesmdmnnlm
FIG.11-8 The cavalier oblique convenient angle between 15 and 45 degrees. All
. dimmsiomandnwnbhidn.hﬂ'd::&w
ing will look distorted in shape. To comect
distortion, a cabinet drawing can be used
(Fig. 11-9),
This blocking-in is the starting point for all iso- The procedure for making a cabinet drawing is
metric drawings. Once the overall isometric form is  the ame as foc the lier. H the receding
blocked in with the correct dimensions, the acwal  lines are drawn one-half actual size. Note how the
shape of the object can be drawn with less chance  cube in Figure 11-9 now looks fike a cube even
L of error (Fig. 11-5). though the side dimensions are one-half size.
In an isometric drawing, all vertical and 30 de-
gree lines are draw/n true size for convenience and
speed. Because the top surface is usually seen in re- Perspective by
ality, the top, front comer should be slanted The last type of pictorial drawing you will be con-
Holg : forward. This forward slant is slightly over 35 de- illustrated in
@

)

5 i . i
NI
‘3.
4
ey
,315-"'...“'

L 23 ease LVERTICALS s compLeTE

cemed with is perspective drawing,
8rees (Fig. 11-6). This is why isometric templates Figure 11.2. Chaprer 22 explains how 10 maka per
Hq,,._‘ are set at 35 degrees. spective drawings,
5 fan
% Serain drawing an isometric block FIG. 11-6 Side view shows the actual angle of a

isomeltric drawing
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MEASURE ENDS OF 3 COMPLETE

2 N ENTEOMETRIC LINES
 ON ISOMETRIC LINES.

®

ISOMETRIC DRAWING

sometric drawing will save layout
ing the steps in Figure 11-10 you

LINES

lines that are not panllel o
e vlgues (Figure 11-1 |) All lines that are

eI

ISOMETRIC

 FROMTHETWO & SETCOWPASS & SETCOWASE
OBTUSE ANGLES  AS SHOWM 25 sHOWN.
DRAW LINES TO ANODAAW, ""“'m
THECENTEROF  TWOENO T GRS
THE OPPOSITE. ‘
SIOE.

1. BLOCK-IN
ISOMETRIC

2. MEASURE ENDS OF
NONISOMETRIC LINES
ON ISOMETRIC LINES.

FIG. 11-14 An oblique nonisometric sutacs

)

parallel to the isometric axes are isometric
are drawn true size. Tlmeloce a nonisome!
must be an angular line. An anluli' "'!
metric drawing cannot e :
protractor (uniess an isometric F

one shown in Figure 11-12 Kusedl-T
to draw an angular line is 10
of its ends on fhe jsometric lines (Hi “’ E
oblique surface can be drawn in the 53
(Fig. 11-14).

i i
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ISOMETRIC CIR
Isometric circles are
circle in an iso
16" ellipse. The ?
metric circle | in
procedure can be used
cles on any of the
drawing (Fig. 1
isometric surface require plotti

and using a French curve to darken in the
(Fig. 13-17). .~ ey
Constructing an isnmetric circl

"~ suming,. Since industry is conc T

FIG.11-16 Isometric circles on other surfaces

.

OSINTER UnE 2y uEssuAnG

—, 2

lo
b
CATE MesAIInG FOWTS 1.4 4,43,
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" HORIZONTAL PLANE

2-7 F-irsl-ang\e projection views the ob,ect
~ trom in front of the planes

128 Thirg.. 3 he object!|
angle projection views the object
from behind the planes o

object by a linerdrawing on a projection

Orthographic projection is a method of repre- |

the
To ¢
multi

plac

The majority of eny
" the| United States will
thod

5 Tf::rpe.ndlcular 1o parallel

'€ Projectors are at 90 degrees to the

first or third-angle of projec-
X Views (Fig. 12-10). The
in first-angle projection are

wo 1o si
Mtgnusgd'

acent planes are at 90 degrees.

The theory of
projection plane, U
-surface is r
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FIG.11-43 Problem
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ALIGNED DIMENSIONING ]
Figure 9-18 Aligned dimensioning REFERENCE DRMENSION  LEFT OFF !

_ General Rules of Dimensioning

300
A number of specific rules of dimensioning are used 100 300 (100)
for dealing witn the various irdividual dimensioning ' !
sitcations that arise. The specific situations are cov- .
ered in this chapter. Howsver. before dealing with
specific rules. the general rules which apply in all

. : cases should be examined. Follawing are these ge-

(L)

e Rl !
Flgure 9-15 Leader lines point at the center of a eral rules of dimensioning.
i circle . 1. Unidirectional p! of d jions on
: ek ¢ arawings is the preferred method. This means
i e gk that all Gim=nsions can be read [rom the L
REFERENGE OIMEXSON  PLACED

MY BS STRAIGHT bottom of the drawing. Figure 9-17. :
- HTL N PARENTHEAL
OR SUGH X ; - g 2. Aligned dimensioning is the less preferred
'CURVED -
L_______-—-— hod for placing jons on i

Y ; 28 When aligned dimensions are uscd. they

should be placed so that they can be read

Flm.r.- 9-19 Reference dimensions

from the bottom or right side of the drafting e
sheet. Tigure9-18. P = 130 (commecT)
Figure 9-16 s 3. When an overall dimension is given. one inter- l
o proper size and mediate dimension may be either left off or -
shape of I ~ placed in pareniheses to indicate thatitis a
‘arrowheads reference dimension. Figure 9-19.

¥ R 4. Dimensions should be'placed outside of the
outline of an object. except in cases where
the required extension andlor leader lines

: would be unusually long.

: 5. yd ioning should be avoided.

! Only those di i quired 1o fac-
ture the part should be given. but given only
once.

6. Enough dimensions should be provided so
that the various tradespeople who will be
using the drawing do not have to calculate.
scale or estimate.
7. Features of an object should be dimensioned
on the view or views where they appear true
. e N size and true shape.
Flgure 9-17 :"I'X‘:ml 8. Avoid dimensioning a feature where Itappears . '
h as a hidden line. Figure 9-20.
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1. Whatis 2 transitional piece and which kind

3. What does a gage number represent?

4. In parllel line development. at what angle
to the fold lines must the baseline be pro-
jected?

5. Why is it important to develop the pattern or
template with the inside surface up?

€. List the three major kinds of developments
used o develcp a pattern of an object.

R ©of development would be used to develop a
patiem?
‘ 2. What are the two major kinds of notches
i- -~ used in 3 development?
o >~

286 Section2

W B e

. // S Review
7 . '

7. Why are tabs used?
8. What is bend allowance, and why is it used?

9. Explain what must be done if a transitionzl
pizce does not have fold lines.
10. Whatis a true-length diagram and why is it
used?
I1. Why is the gage system of calling out the
thickness of 2 material being phased our?

12. What two elements must be located or iaid

out before a development can be actualiy
Started?

One of the most fundamental drafting tasks is to
meet the i of the engi ing definiti
of the part. while providing for the most economical
production process and the interchangeability con-
siderations. All of this is accomplished by the use of
proper dimensioning and notation on drawings.
Diniensioning is the process wherein size and location
data for the subject of a technical drawing are pro-
vided. Notation is the process wherein needed infor-
mation not covered by dimensions s placed on a
technical drawing.

Itis critical that drafters, designers. and engineers
be proficient in sandard dimensioning practices. The
most widely accepted dimensioning standard is Amer-
ican National Standards Institute document Y 14.5 M-
1982 (ANSI Y14.5M-1982). Similar standards are pro-
duced by the Intemational Standards Organization
(ISO). However. unless atherwise specified. ANSI
Y14.5M-1982 is the standard used for guiding dimen-
sioning practices.

Modern dimensioning practices described in ANSI
Y14.5M-1982 apply in most instances where inter-
changeability cf paits is a major consideration. The
concept dictates that parts produced from a draw-
ing at one facturing site will be interchangea-

tle with those produced at ancther manufacturing ~

site. Automotive parts are an excellent example of
production for interchangeability. Some parts are
manufactured in America. some in Europe. and some
in Japan. but they must all fit together in one car
during assembly Although interchangeability is not
a factor with all parts that are produced. the drafar
should still use the basic d‘umen\s‘onlm principles of
ANSI Y14.5M-1982. This is pariculary important
when the parts will be produced by such ever increas-
ing dor i d as numer-
ical control or computer-aided marufacturing.

Specifying the Scale

As has already been leamed. techaical drawings
are usually made to scale. Whan this is the case. the
scale should be indicated in the appropriate space
in the title block. On occasion. one or more dimen-
sicas on 3 technica! drawing may be made NOT TO
SCALE (NTSL Any NTS dimensions should be distin-
guished from scaled dimensions. This Is accomplished

299
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Flgure & 10C Si=p )

h‘uﬂdﬁ-.-h-ulﬁr

- side wew reference line 1o the 10p view refer-
ence line. Label each point lightly as each is
lound. Figure 6100

wuluﬂ-‘lm
in all views. This completes the 10p

i g L
Line

Flgure 6107 Swep 6

How to Draw an Auxiliary View of u
'.l'oul Surface

Siep 6. Draw light projection lines %0° from the
inclined surface of the front view. Constiuct the
reference line paralld to the inclined surfacs at
any convenient distance. Label the points that
are on the reference line; In this example. &
and g Figure & 10F.

Siep 7. Draw light projection lines from the 12
points in the right-side view (o the Inclined
edge in the front view (Step 3. Project these
same 12 points directly up 16 the ausiliary view
from the Inclined edge In the front view. Again.
notice points & and g are ax the reference line
Figure 6-10C. In the rdght-side view, measure
the distance cach point is from the reference
line. Transfer each of these distances frum the
Oght-side view reference line 1o the auxiliary
view relerencs line, Label each point lightly as
cach is lound.

Sy 8. Ughtly connect all points and, if comect,
darken In the auailiary view. This completes the

Flgurs & 100 Step & Mushed drwing

ausilary view, Figure & 100, Notics!
e nctined suidace has besn
he ausiliary view,

Haw la Plot an trregular C

Cven: The usual Bres vews frost
pletel fan view. andt the

& | 1. This Is an cxample of &
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g SIDE =
-AUXILIARY VIEW

B
<

FRONT VIEW . SIDE VIEW

Flgure 6-3 Side view guxlliary view
auxiliary. An auxiliary view projected from the right-
side view would appear as it does in Figure 6-3. This
is referred to as a side view auxiliary. Note in each case
that the auxiliary view Is projected 90° from the in-
clined or slanted surface. and is viewed from a line
of sight 90° to the inclined or slanted surface. or as
viewed looking directly down upon the inclined surface.

s -
Hidden Lines in an Auxiliary View

Hidden lines should be omitted in an auxiliary view.
unless they are needed for clarity. This is the drafter's
prerogative or decision.

How To Draw an Auxiliary View

Givex: The pictorial view of an object. Figure 6-4.
' Notice the inclined surface. As the inclined
surface Is on the front view. this will be a front
view auxiliary. The usual three views of an
object. front view. top view and right-side view,
are shown in Figure 6-5.

Step 1. Label all important points of the auxiliary
view. as illustrated in Figure 6-6A.

Step 2. Construct a reference line. which Is also the
edge view of a reference plane, in the right-
side view. Always construct a reference line so
that it Is vertical and passes through as many
P2in's as possible. In this example. it passes
through points a-d. Figure 6-6B.

Slep 3. Draw light projection lines 90° from the

d surface. and a line

panllel to the inclined surface at any conven-
ient distance, as shown in Figure 6-6C. Label

all important points established thus far. Notice

Points a and d are on the reference line.

20 Section 2

-

PICTORIAL VIEW

Figure 6-4 Drawing an auxiliary view

TOP VIEW

FRONT VIEW GIVEN SIDE VIEW

Flgure 6-5 Given: Three views of an object

] L) c

Flgure 6-6A Step |

Slep 4. In the right-side view. measure the dis-

tance each point is from the reference line. Pro- °

Ject these distances back to the inclined sur-
face of the front view and up 90° from the
inclined surface to the reference line above.
Transfer each distance, and lightly label each
point as Illustrated in Figure 6-6D.

REFERENCE LINE
a/b. 5 :

<

Figure 6-6B Step 2

Flgure 6-6D Step 4

Step 5. Recheck all work. Be sure-

« The projection is 90* from the inclined surface.
in this example the front view.

® The reference line is panllel to the inclined sur-
face of the front view.

* All distances have been transferred accurately.

If correct. carefully darken In and complete all
views. The final finisbed drawing viill appear as it
does In Figure 6-6E. Notice that only the inclined sur-
face Is projected into the auxiliary view. Anything else
would be foreshortened and. thus. not of true size or
shape. and therefore of no use. Good drafting prac-

tice is to project only the surface of the inclined line,
Figure 6-7.

How To Project a Round Surface from an
Inclined or Slanted Surface

Given: The usuai three views of an object. front
view, right-side view and unfinished top view.

AUXILIARY WiEw
TRUS SHAPE
T’Uf SiCE

[

b 2\

Figure 6-6E Step 5 finished drawing

FORE SNORTENED
0T TRUE LENGTH

FRONT VIEW

SIDE VIEW

Flgure &-7 Draw only the inclined surface in the
avxiliary view

are shown in Figure 6-8. (The usual 45° projec-
tion angle line will be omitted. as a slightly
newer projection method will be used to com-
plete the top view.) Refer also to the pictorial
drawing of this object. Figure 6-9.

Chapteré 221
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1. What ty‘pe of section Is Section A-_;‘\?
2. What type of section is Section E? -
3. What type of section is Section C-C 2
4. What type of section Is Section D-D? s
5. What Is the width cf the rib at Section D-D? l
6.-What is the diameter of the through hole at Section
(e =
7. How many sections are cuton View 112 1
8. How many surfaces in Section A-A al’E(lo be machin
9. What is the depth cf the partin Secticn C-C?
10. What is the depth of the rib at Section B-B?

—

ScALE 1
Secrion €€
< 120
T
300
soak 1t
SECTIoN DD
s = [i-nmzrassm
3) 37003 2 [d-lmc-2ad LG
— e il Pt
e D) |rtres | 2 |eare ammenss
A 1) |CAGE SICTioN
= T et eIl
amazoca 1700 gt e T
K. OFFSET INDEXLR CAGE
-

A

C s

Auxiliary Views Defined

Many objects have inclined surfaces that are not
always parallel to the regular planes of proiection.
For example. in Figure 6-1. the front view is correct
as chown, but the top and rightside views do not
correctly represent the inclined surface. To truly rep-
resent the inclined surface and toshow its true shape.
an auxiliary view must be drawn. An auxiliary view has
a line of sight that is perpendicular to the inclined
surface, as viewed looking directly at the inclined
surface. Auxiliary views are always projected 90° from -
the inclined surface.

FRONT
/— AUXILIARY VIEW

TOP VIEW

FRONT VIEW SIDE VIEW

Figure 6-1 Front vizw auxiliary view

An auxiliary view serves three purposes: *

» Itillustratss the true size of a surface.

o Itillustrates the true shape of a surface. includ
ing all true angles and/or arcs.

 Itis used to project and complete other views

An auxiliary view can be constructed from any ol
the regular views. An auxiliary view projected from
the front view would appear as it does in Figure &4
This is referred to as a front view awiliang An auﬂh'é
view projected from the top view would appearas|
does in Figure 6-2. This is referred to as a by v

ros
-AUXILIARY VIEW j
AN b
TP viEW™

SIDE VIEW

FRONT VIEW

Figure 6-2 Top view auxiliary view
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OISTANCE

S
ACROSS “FLATS "

Figure 3-36A How to draw a hexagon

LIGHT LAYour
LINES

Figure 3-36C Step 2 Figure 3-36D Step 3

How To Draw a Hexagon (6 Sides)

Given: The location of the required center and the

required distance across the “flats” of a hexa-
gon. Figure 3-36A.

Step 1. nghdyaraw a circle with a diameter equal
to the distance across the *flats” of the hexagon.
e

Set the ¢ at half the
Figure 3-368B,

Step 2. Draw two horizontal lines tangent to the
curve. or two vertical lines if the hexagon is to
be oriented at 90° to the illustrated position,
Figure 3-36C.

Step 3. Using a 30°-60° triangle. lightly complete
the hexagon by constructing tangent lines to
the circle. Figure 3-36D. Allow the light con-
struction lines to extend as shown: do not
erase them.

Slep 4. Check to see that there are six equal sides
and. if so, darken In the actual hexagon using
correct line thickness and taking care to con-
struct six sharp corners, Figure 3-36E. Again,
do not erase the light construction lines.

How To Draw an Octagon (8 Sides)

Given: The location of the required center and the
required distance across the “flats™ of an octa-
gon. Figure 3-37A.

Slep 1. Lightly draw a circle with a diameter equal
to the distance across the “flats” of the octagon.
Set the compass at half the required diameter,
Figure 3378, i

2 Section |

P

,'\Lourmv OF CENTER

HAMETER = DISTANCE ~~
. . ACROSS “FLAT:

SET COMPASS AT HALF
DISTANCE AcROss FLATS™

Figure 3-36B Step | - %

SHARP CORNERS

S e LEAVE LIGHT LAYOUT LINES
Figure 3-36E Step 4

'\wc‘nm« OF CENTER

DISTANCE
< o ACROSS "FraArs "
Figure 3-37A How to draw an octagon

DIAMETER = DISTANCE
ACROSS “FrLaATS*

SET COMPASS AT WALF
DISTANCE ACROSS “FLATS"

Figure 3-37B Step |

Flgure 3-37C Step 2

=
4s° 90

LGHT urm/r3
LINES

= " Figure3-37D Step 3

Slep 2. Lightly draw two horizontal lines and two
vertical lines tangent to the circle, as illus-
trated in Figure 3-37C.

Step 3. Using a'45° triangle. lightly complete the
octagon by constructing tangent lines 1o the
circle, Figure 3-37D. Allow the light lines tc.
extend.

Step 4. Check that there are eight equal sides
and. if so. darken in the actual octagon using
correct line thickness and taking care to con-
struct eight sharp comners, Figure 3-37E. Again,
do not erase the light construction lines.

Circular Construction

How To Locate the Certer of a Given Circle

Given: A circle without a center point. Figure
3-38A

Slep 1. Using the drafting machine or T-square,
draw a horizontal line acrose the circle approxi-

GIVEN

Flgure 3-38A How to locate the center
of a given circle

Figure 3-33C Step 2

Sley 2. Draw perpendicular lines (90°) Gownward

" Sten3. Carefully draw a straight line from point A

Flgure 3-33D Step 3

|
AT ‘
B—

6T

LEAVE LGHT Lavour Lines
Figure 3-37E Step 4

G

mately halfway between the estimated center of
the given circle and the uppermost pointon
the circumference. Label the end points of the
chord thus formed 3sAand B. Figure 3-335,

from points A and B, Locate points Cand D

where these twu lines Pass through the circle,
Figure 3-28C.

 point D and from point C to point B. Where
these lines crossiis the exact center of the
given circle. Place a <ompass point on the cen-
ter paint: adjust the lead to the ecge of the
circle and swingan are to check that the centar
isaccurate. Figure 3-38D.

Altematively, the intersection of oerpendicu-
lar bisectors of any two nonparallel chords
serve ta locate the center. This is a modifica-
tion of the previous construction for passinga
circle through any three nonaligned points.

PRSI PO

Flgure 3-38B Step |

e

Chapterd 113
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GIVEN.

Figure 3-33A Howtodrawan -
equﬂam'l!‘lﬂand po7

Step 3. Conne:tAtoCand B to C to complete
the triangle. Figure 3-32D.

How To Draw an Equilateral Triangle
Given: A baseline and the given length of each
side. Figure 3-33A-
P iy B Py 3 T N PR RN
Step 1. Either adjust the drafting machine angle
10 60° or use a 30°-60" uiangle and project
from points Aand Bat 60° using light lines.
Figure 3-33B. Allow light construction lines to
cross as shown: do not erase them.

Step 2. a:edtmseeﬂuuherearedrmeeq,ua!
sides and. If so. darken in the actual triangle
using correct line thickness, Figure 3-33C. Care

the sharp

should be exercised in
s mme&AgalndondmsedlelwuconSWc-

tion lines.
GIVEN: |
—’:\—{—
H LOCATION OF CENTER
- _prsTANCE
., —
ACROSS “FLATS

. Figure 3-34A How to draw 3 square

110 Section !

‘Flgure 3-33B Step |

" Figure3-33C Step2 .

How To Draw a Square

Given: The location of the center and the required
distance across the “flats™ of a square. Figure

3-34A - %

Step 1. Lightydrawa circle with a dlameter equal
to the distance across. the “flats™ of the square.
et the compass at half the required diameter.

Figure 3-34B.

Slep 2. u'slnl a triangle. lightly complete the °
square by constructing tang=nt lines to the
circle, Allow the light construction lines to pro-
ject from the square. as shown, without erasing
them)| Figure 3-34C.

|
Step 3. Check to see that there are four equal
sides and. If so. darken In the actual square
using the correct line thickness. Figure 3-34D.
Care should be exercised in constructing the
- sharp comers. Again. do not erase the light
construction lines-

DIAMETER * DISTANCE ~
DIAME T = " ACROSS “FLATS™ =

SET COMPASS AT HALE
DISTANCE ACROSS “FLATS

‘Flgure 3-34B Step |

<

/

) B 52 . LIGHT LAYOUT
_Figure 3-34C Step 2 s

To Draw a Pentagor: (5 Sides)

Giwen: The location of the pentzgon center. and
the diametar that will circumsznbe the penta-
gon, Figure 3-35A. !

Step 1. Locate peint A 2t the top-center of the
circle and, using a drafting mackine. position
an angle of 72° (360/5) from. the horizontal (or
18° from the vertical| through pointA to locate
point B where the angle crosses the circumfer-
ence of the circle. Figure 3-35B.

How

OVERALL SIZE OF PENTACON

Tlgure 3-35D
Step 3

SHARP : v
connERs m’; 33608

LEAVE LIGHT LAYOUT LINES

Siep 2. Draw a horizontal line from point B ta lo-
cate point C on the circumferenc of the circle
on the opposite side. Figure 3-35C.

Slep 1. Set the compass at the distance from point
B to point C. and swing this distance from the
points as lllustrated in Figure 3-35D to locate
points Xand Y.

Step 4. Lightly connect the points. Check to se2
that there are five equal sides and. If correct.
darken in the actual pentagon taking care 1
construct five sharp comers. Flgure 3-35E

|

a

Flgure 3-35C Step?
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STEP &

e ) v A

- Flgure 3-29G Step 6

BASE LINE
(a-8)

8
Flgure 3-30A How to transfer
- complex shapes

108 Secion

Step 3. Transfer this distance. B-C, to the layout. -~
Figure 3-290.

Steps 4 and 5. Going back to the original object.
place the compass point at letter A. Figure
3-29E, and exrend the compass lead to letter
C. Traasfer the cistan<z'A-C as Illustrated in
Figure 3-29F. Locate and letter each point

Slep 6. Connect points A'. B'. and C' with light.
straight lines. This completes the transfer of
the object. Figure 3-29G. Recheck all work and.
if correct. darken lines to the correct line weight

How To Transfer Complex Shapes

A complex shape can be transfecred in exactly the
same way by reducing the shape into simple trian-
gles and transferring each triangle using the forego-
ingmethod. .

Giver: An odd shape. A. 8.C, D. E. r. G. Figure
3-30A. Letter or number the various ccmers
and pcirt locations of the odd shape in clock-
wise order around the perimeter. Figure 3-30A.

s

Use the longest line or any convenient line asa

starting point. Line A-B is chosen here as the
example.

Step 1. Lightly divide the shape into triangle divi-
sions, using the baseline if possible. Transfer

i each triangle in the manner described in Fig-

ures 3-29A lhmugh 3-29G.-Suggested triangles

to be used in example Figure 3-30A are ABC.

ABD. ABE. ABF. and ABG, Figure 3-30B.

1 . Step 2. This completes the transfer. Check all work
' and. if correct. darken in'lines to correct Ime
thickness. See Figure 3-30C. ~----

& ABC
A AsO
4 ABE—
ASADF =1
ATARG ===

[}
Flgure 3-30B Step |

Figure 3-31A How to proportionately
enlarge or reduce a shape

ENL‘FGEHENF7.

FuLLSIZE

oraGoNAL

Llntv

Figure 3-31B Step |

FULLSIZE-

Flgure 2-31C Step 2

Haw To Propomomﬂcly Enlarge or Reduce
Sﬁnpe e
Given: A recungle Figure 3-3 IA. Problem: To en-
large or reduce its size proecmonalely
Step 1. Draw a line from comer to comer diag- -
onally. and extend it as shown in Figure 3-31B.
Step 2. The rectangle is enlarged to any size pro-
portionately if the vertical and hodzontal sides
are located from the extended diagonal line.
Figure 3-31C.
Step 1. The rectangle is mduced proportionately
if the vertical and horizontal lines are located
on the unextended diagonal line. Figure 3-31D.

GIVEN .

LENGTH 1
LENGTH 2

LENGTH 3

Flgure 3-32A How to
draw a triangle with
known lengths of sides

ﬁeur-e‘z-ilD'Stepl BT

Polygon Construcnon

" How To Draw a THnugle with Known
Lengths of Sldu

Giver: Lengths 1, 2. and 3. Figure 3-32A.

Step 1. Draw the longest length line. in this exam-

ple length 3. with endpoints A and B, Figure
3-32B. Swing an arc (R1) from point A whose
radius Is either length | or length 2: in this
example. length I.

Slep 2. Using the radius length ot used In Step 1.
swing an arc (R2) from point B to intercept the
arc swung from point A at point C, Figure
3-32C

LENGTN 1

R1
LENGTH 3
a

Flgure 3-32B Step |

— i i A e
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STEP I A

o 4 \
Figure 3-28B Given:
8 Point 0' P

Figure 3-26D Step3

o z
Figure 3-28A How to
transfer an angle

Figure 3-26E An example of equal SrEP 2
=W spacing within a given
h
s R lengt o £ o
> . F. X
How To Divide a Line into Proportional Parts
- . : Given: Line A-B, Figure 3-27TA- Problem: Locate N
Siep 2. Place 2 scale with its zer at point A of tne point X at 2/3 of the distance from point A to RI— s / \]
given line. If three equa! parts are.| required. point B. : Figure 3-28D o ¢
i hescal bnl e m'““erﬁl‘nl :h'r'f::';! Step 1. Draw a line 90* from either end of the line. | Transferred angle Figure 3-28E Step 2 S BOIREEL Step3
mel':(o'ramny klnt“;()reé%m::d 90 mm.lorexam- A 90° line from point B is illustrated in Figure
of m : 30. 3
;'I‘elis on the perpendicular line drawn in Step 3-278B. i : Ha?w Tl{ Transfer an Angle
|. Place a short dash at these points. The exam- Step 2. Place a scale with its zer on point ’: o Given: An angle formed by two straight lines.
ple in Figure 3-26C shows these dashes at the the given line. Because 3 2/3 proportion i 0A-OB, Figure 3-28A. and one location of where
I-inch and 2-inch marks." r=quired, pivot the scale until any multiple of the transferred angle begins (point O'l. Figure
ot lines downward from these points three units of measure Intersects HepePiTe 3286 ’
1 Sup3. Project = S0 here these pro- - dicular line drawn In Step L. In this example ] :
- and add slmft_hashmarks where these p! is used. representing three 2-unit increments. _ Step 1. Refer to Figure 3-28C. Draw an arc through
jected lines cross the original given line A-B. \ The 2/3 position of this Jength is two 2-unit both legs of a given angle (R1)and then dupli-
bl This divides the line A-B int© three exact equal increments, or the 4 position. where hash cate this radius at the transferred angle loca-
%  parts. Checkall work comparing ylou;fﬁ"a}:al e ’m‘de' as shown in Figure 3-27C. Pro- tion, Figure 3-28D. Figure 3-29A How 1o transfer
- sepwith ;'!"" 3'1";:)":" SRS e jecting this point downuard w:;.ngoc:éllltdss- Step 2. Transfer the chord length between the two an odd shape
- Spacing. st gaua lyen;lh i< Illustrated in becomes polnt X. which is 2/3 the angle legs at the intersection of the arc (R2) to
; = :_ulm: ;116-2 agiven i3 tance from point A- the arc at the transfer angle location.
i 4 |¢u e , £ Stzp 3. A line from the arc center to the intersec-
‘ 3 z ¢ 3 N s ! tion of arc and chord length forms the §ecor.d ° A%
oA e 5 GIVEN - | Jine. forming an angle equal to the original. .~ X
’.‘ Figures 3-28E and 3-28F.. NN
| z | N
- 5 W el ; ; How To Transfer an Odd Shape OISTANCE 48 OINT B
. R <02 o = premmmm————— - - Given: Triangle ABC. Flgure 3-29A. BN
SRR S - Figure 3-27A How to divide a line Step 1. Letter or number the various comers and k-
=Syl into proportional pointlocations of the odd shape in counter- Figure 3-29B Step |
parts clockwise order around its perimeter. In this 1
example, place the compass point at point A of q = |
the original shape and-extend the lead to point
B. Refer back to Figure 3-29A. Swing a light arc £
at the new desired location, Figure 3-29B. Let-
ter the center.point as A' and add letter B'at
L any convenient location on the arc. Itisa good L
: i habit to lightly let‘ler each point as you proceed.
3 o6° Step 2. Place the compass point at letter B of the
original shape. Figure 3-29C, and extend the

Fi 3-27C Step 2 compass lead to letter C of the original shape.
gure 3-
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POINT P

Figure 3-23A
. Howtodrawa =
perpendicular to a line at a point (method 1)

POINT P

Figure 3-23C 7
Step 2 et

Ha‘m To DrAw a Perpendicular to a Line ata
Point (Method 1)

Giver: Line A-B with point P on the same line.
Figure 3-23A. '

Slep 1. Using P as the center. make two arcs of
equal radius or one continuous arc (R1) to inter-
cept line A-B on either side of point P. at points
Sand T. Figur= 3-238.

Slep 2. Swing larger but equal arcs (R2) from each
+ of points S and T to cross each other at point

Figure 3-24A
Howtodraw a A
perpendicular to a line at a point {method 2)

INT P

Figure 3-24C
Step 2 A

104 -~ Secton l_ 7

GIVEN: ey 8

Figure 3-23B
Step 1

U. Figure 3-23C.

Step 3. Aline from U to P is perperdicular to line
A-B atpoint P. Figure 3-23D. E

How To ISraw a APzrpemﬂcular to a Line- .
at a Point (Method 2)

Giver: Line A-B with point P on the line. Figure
3-24A.

Step 1. Swing an arc of any convenient radius
| whose center O is at any convenient location

Flgure 3-24D
S\xep 3

a0

INT P
A + PO

Figure 3-25A How to draw a
perpendicular to 3
line from a point not
on the line

- Figure 3-25C Step 2

NOT on line A-B. but iaosizioned to mzke the
arc cross line A-B at points P and Q. Figure
3-24B. S X2 .

Ste 2. Aline from point Q through center O Inter-
cepts the opposite side of the arc at point R,

“Figure3-24C. . -

Slep 3. Line R-P is perpendicular to line A-B. (A
right triangle has been Inscribed in a semi-
circle.) See Figure 3-24D.

How To Draw a Perpendicular to a Line from
a Point Not on tae Line

Giver: Line A-B and point P. Figure 3-25A.

GIVEN:

A
Flgure 3-26A How to
divide a line into
equal parts

1
920
AO————!—n‘l

Flgure 3-26B Step |

Figure 3-26C Step 2

Figure 3-25D Step3

Slep 1. Using P as a center. swing an arc (R1) td

- intercept line A-B at points G and H. Figure
3-258. . . - %oley

Step 2 Swing larger. but equal length arcs (R2)
from each of the points G and H to intercept
each other at ooint |, Figure 3-25C.

Slep 3. Line P-J is perpendicular to line A-B. Fig-
ure 3-25D. S

How To Divide a Line into Equal Parts

Given: Line A-B, Figure 3-26A.

Step 1. Draw a line 90° from either end of the
given line. A 90" line from point B Is illustratec
in Flgure 3-26B. but either end or either direc-
tion will work as well.

ADD SHORT DASHES AT
EVEN INCH MARKS, d

e e ‘o'
AT PONT ‘1

Scanned with CamScanner



Figure 3-19A Howto A
blsectanangle  Lor

Figure 3-19C
Step 2

How To Bisect an Angle

To bised an angle means to divide itin haifortocut’ .

f it into two equal angles.
Given: Angle ABC. Figure 3-19A

Slep 1. Set the compass atany convenient radius
and swing an arc from polnt B. Figure 3-19B.

Step 2. Locate points X and Y on the legs of the
angle. and swing two arcs of the same identical
length from points Xand Y. respectively. Figure

o 319C .
S i3, Where these arcs intersect. Jocate point Z.
Draw a stralght line from B 1o Z. This line will
_ bisect angle ABC and establish two equal
angles: ABZ and ZBC, Figure 3-19D.

GIVEN!

LD

- secTIon POINT
TR OF AfC OR CIACLE)

20D Step 3

A
Flgure 3
102 Sectlon !

- Given: Three points in spacc at ral

Figure 3-198 Step |

Figure 3-19D
Step 3

How To Draw an Arc cr Circle (Radius)
tirough Three Given Points
ndom: A. b.and

C. Figurz 3-20A.

_ Slep 1. With sml;hxllnes.“ghdy connect points

Ato B, and B 10 C. Figure 3-20B.

Step 2. Using the method outlined for biseciinga
line. bisect lines A-B and B-C, Figure 3-20C.

Step 3. Locate point X where the two extended bi-
sectors meet. Point X Is the exact center of the
arc or ciicle, Figure 3-20D.

Step 4. Place the point of the compass on point X

and adjust the lead to any of the points A. B. or

C (they are the same distance). and swing the

circle. If all work is done correctly. the arc of

circle should pass through each point. as shown

. In Figure 3-20E.
|

B > Flgare 3-20B Step | A
Flgure 3-20A How 1o
draw an arc or circle
A (radius) through
> three gliven points

Figure 3-20C Step 2

GIVEN.
A . . J

REQUIRED
x—t
DISTANCE

Figure 3-21A Howto draw a line parallel
to a straight line at 2
given distance

How To Draw a Line Parallel to a Straight
Line at a Given Distance

Given: Line A-B.anda requirsd Gistance to the
parallel line. Figure 3-21A.

Step 1. Set the compass at the required distance
to the parallel line. Place the point of the com-
pass at any location on the given line. and
swing a light arc whose radius is the required
distance. Figure 3-218B.

Step 2. Adjust the straightedge of either a drafting
machinc or an adjustable triangle so that it
lines up with line A-B. slide the straightedge up
or down 10 the extreme high point of the arc.
then draw the parallel line. Figure 321C.

Nole: The distance between parallel lines is meas-

ured o any line that is perpendicular to both.

GIVEN: —\_/

REOUIRED
* XGISTANCE

Flgure 3-22A How to draw a line parallel to a
curved line at a given distance

A

NIGN POINTS OF ARCS

PARALLEL LINES

Flgure 3-22C Step 2

Figure 3-21B Step |

\man POINT OF ARC

PARALLEL LINES

Figure 3-21C Step 2

How To Draw a Line Parallcl to a Curved
- Lineata Given Distance

Given: Curved line A-B. and a required distance
to the parallel line. Figure 3-22A.

Step 1. Set the compass at the required distance
10 the parallel line. Starting from either end of
the curved line. place the point of the compass
on the given line. and swing 3 series of light
arcs along the given line. Figure 3-228.

Step 2. Using an irregular curve. draw a line along
the extreme high points of the arcs. Figure
3-22C. :

RADIUS*X-Y

A
Flgure 3-22B Step |
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REVIEW OF ISOMETRIC ¢
- PROCEDURE fiCicH

The normal procedure i £

L Tor maki

drawmg‘ is shown in Figure ”k :;! 2

steps will ensure fast and accu 4 'h"

S o = Irale isomeyric
h

gs. (
able on isometric dimensions.)

OFYEN USED VIEW
TWO-SIDES AND TOP-

3 ¢

FIG.11-22 Different views of an isometric object

pictorial drawings un-

Hidden lines are not used in
he object

$ ﬂ,“hgy;l!mmﬂryloidenlifypanoﬂ
_;‘)l t cannot be seen (Fig. 11-26).
iy )

FIG. 11
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ORTHOGRAPHIC

N

® ]

FIG.11-27 Basic drawing steps for an isome!

i
T
'

Scanned with CamScanner



INCREASING DRAWING SPEED
To reduce drawing ime; the thidview of

2 4 Figure 12-19. The":;"be jiected 35 shown!
igure 12-19. The end view i
— ting lines from the top a:\d ,,':,:e'.""'*g p
: - can be r.zversed by projecting "U“‘!mlhe ‘rhe p
- profile views to develop the lop view m;’:;;‘ﬁ_
LINE CONVENTION X
Line conventions must be used correaly in worki g
i3

FRONT RIGHT SIDE > L
Jotasd _ drawings sO the fabricator will have no difiicully

' Ihrec-view o1t hird-2ngle .
rojection

nographic with

“'I'.M'u'evkw orthogrephic with first-angle projection
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EDGE O

@ LocaT

&
VIEW AND TOP

() oRaw FRONT AnD

TOP VIEWS,

PROJECT ALL EDGSS.
FROM FRONT
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A :
form 1o drafting standards (Fig. 12-22).
should be a series of dashes drawn . -
d spaced '/ inch apar, or a near
idden lines should be
iner than object lines. The proper use A -
lines is shown in Figcre 12-23. FIG.12:25 The proper use ol “"m s
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FIRST-ANGLE PROJECTION ‘NIND«AN';;,E PROJECTION

iews for orthographic

S o
o

ONE-VIEW
43

i : : N\
& e O 8 . v/,
I g -/ 5 i

=~

(FLAT)

THREE VIEW /

1o the fabricator how the object s o be constructed
(Fig. 12-32). A multiview working drawing carely

~ needs more than three views lo communicate allfof Setis

the necessary information to the fahricator. How-. in Figure 12-34. See

the obiject is extremel lex, more than Itiview drawings.

duction iFig. 12-33). - o =
'A typical industrial multiview drawing is "u" o
Chapter 30 for more deta
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DRAFTING

,- :‘ 3 - v!'7»._ “.";—'ﬂ
* AUXILIARY VIEWS « . 261

HEIGHT
1
!
P
-
7
REFERENCE LINE .
GAT
{
FIG.18-9 Transferring measurements by reference t
lines =
2 THICKNESS \ - Aoy 3 i
: \ 5 . FIG. 18-11 Auxiliaries projected Irom the lop view o v \
/ﬂ : TS THICKNESS e = will show true height o 3
o~ THICKNESS \% g : -

B g
i '
(R
rmcxuzss—H
.

FIG. 18-10 Auxiliarles projected from the front view
will show true thickness ? g

: TYPES OF AUXILIARIES -

An auxiliary view can be taken from any primary
-orthographic view at any angle. An auxiliary taken
off the front view will show the true thickness of

the object (Fig. 18-10). An auxiliary taken off the
top view will show the true height of the object
(Fig. 18-11). An auxiliary taken off the side view
will show the true length of the object (Fig. 18-12),

bFIGl. 18-12 Auxiliaries projected from 'he side view

will show true length

———
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DRAFTING

PO
. A%
P (Y= “I‘
Z a
: 3 _
= A
P 3
o=z
'___\\Zﬁl/* G

@ TRANSFER MEASUREMENTS FROM SIDE VIEW.

~Cumed auxiliary view

DIVIDE ARC INTO CONVENIENT PARTS AND

PROJECT TO FRONT AND AUXILIARY VIEWS.

() oanxen N

=

NUMBER OF" AUXILIARY VIEWS

The number of auxiliary views will vary with the
amount of graphic information the draftsperson
feels is necessary for full communication with the

fabricator. The first auxiliary taken from a primary

view is called the primary auxiliary. An auxiliary

(D PRIMARY AUXILIARY CAN BE TAKEN OFF
ANY VIEW W1TH PROJECTIONS PARALLEL
TO ONE OBLIQUE EDGE-

ES

PRIMARY
AUXILIARIES

7
(2) PROJECTED PRIMARY AUXILIARIES WILL
SHOW THE O8LIQUE SURFACE AS AN
EDGE VIEW.

FIG. 18-19 Primary and secondary auxiliaries

taken from a primary auxiliary is called a secondary
auxiliary. A secondary auxiliary is sometimes neces-
sary 1o obtain a true view of an oblique surface

(Fig- 18-19). The reference line system of projection

is used for the secondary auxiliary (see Chapter 191

If more are needed, successive auxiliaries can be
drawn indefinitely (Fig. 18-20).

— PROJECT LINES PERPENDICULAR TO OBLIQUE SURFACE.
— PLACE REFERENCE LINES AT CONVENIENT LOCATIONS.
— TRANSFER DISTANCES AND DRAW IN
- OBLIQUE SURFACE IS TRUE SIZE. e

SECONDARY
AUXILIARIES

SECONDARY
AUXILIARIES

7

1
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Chapter

Pers_peoti‘ve»

T manufacturers of a product. However, the penplg
who are invoived with financing, devel L
‘sales of a product do not read engineering
ings. It 1s advantageous for this group 1o have:
drawing as lifelike as possible.

Perspective drawings (Fig. 22-2) help lay

. sans visualize the finished product. The p

o is a two-dil icnal i

three-dimensional object as it appears to the

as it would appear in a photograph (Fig. 22

you study this chapter, you should leam to

simple forms with one-point, two-poinl, and
point types of perspective drawings.

THEORY OF PERSPECTIVE

The theory of perspective is _illusm-d!lf‘
4. The projectors go from the object
projection (picture) plane and converge at the
The perspective drawing is the view as seen

projection plane. The size.and position of

4
It 1 o spective drawing will vary with different
INTRODUCTION -~ of the eye. pro plane, and
E RGP  ME  E ) the object will d a
| Escnginesripg g is primarily a method of com-  which gives the perspective

quality (Fig. 22-5)-

between the designers and the
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i
& PERSPECTIVE 365
v
§ : I
i ) Perspective projection can be a5 exacting as 4
descriptive geometry (Fig, 22.6). Exact siges are not
M 2
WS:EIVNI?I’:RAWING PENSFEc.nvg g

critical because the Purpose of perspective .
is 10 present lay people with a realistic image of an
object, and the drawing will not be used in many.

facturing. Using the rules of perspective drawing,
2n approximation of sizes will suffice.

PICTORIALS

Perspective drawing is pictorial drawing (see Chap-
ler 11). The word “pictorial™ comes from the word
“picture.” Pictorial drawings are “picture-like™
dravings which show the object in one viewr. Pic-
torial drawings are placed into three groups

(Fig. 22-7):

1. perspective (one-paint. two-paint, thres-poing
2. iC i ic. dimetric, trimetri

P ]
PRORS

ing for i

3. oblique (cavalier, cabinet)

As the pictorials in Figure 22-7 show, the per- ol
. spective drawing is more liflike than axonome:ric

FIG. 22.5 Lifelike perspective

. - = ~ e .- ¥ .
// - ‘ < 5 .
- 4 TOF VIEW 5 '
> A ) 8 » fl
PERSPECTIVE DRAWING ¢ ; \ ) l‘ : 3
! ? cA i 0 PCTURE PLANE
SN
PROJECTION 0 . d O
LINES f > . p
PARALLEL 1
2 8 ATION POINT .
| A b 3
i v v
1%
\~ \
' =T

TWO-POINT
PERSPECTIVE -

FiG. 226 ‘Accuucy in .pmpecuvo drawing using two-point perspective

A4,
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PICTURE PLANE -

-VARISHING POINT

HORIZON
PROJECTORS

— PERSPECTIVE
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DRAFTING

=i
NORMAL VIEW OVERHEAD
“THE EYE IS ALWAYS LEVEL WITH THE HORIZON, REGARDLESS

OF WHETHER THE VIEW IS LOOKING UP OR DOWN AT THE DBJECT.

29 Eye level and the horizon o

Q@ EsTIMATE

A1 O
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" CURAFTING : A

EVE LeveL : : e

FiG. 22-14 Views'in relation to the horizon with
two-point perspective

LA TN

RLTAR

GROUND VIEW

HORIZON . \id

¥
S @B

F1G.22-16 True-size drawings

L 7%3@&&1

Yo

the object above the horizon will show its sides
and bortom. The object on the horizon will show
only its sides. The object below the horizon will
show its sides and top (Fig. 22-14),

THREE-FOINT PERSPECTIVE

Three-point perspective is used to give 3 more lie
like quality to drawings of tall objects such as
buildings (Fig. 22-15). The third vanishing point is
placed in line with the station point (viewer's posi-
tion). The further it is placed above or below the
drawing, the less distortion there will be.

PERSPECTIVE PROPORTIONS

All objects have three dimensions: length. width.
and height. These three dimensions will form a rec-

gular prism. Orthographic and

drawings are true size (Fig. 22-16). A two-point per-
spective dawn with ue basic dimensions will
appear out of proporion. The receding sides must
be shortened to ob’ain lifelike Pproportions.

(Fig. 22-17).

FIG. 2217 Receqing sldu are shortened

PEASPECTE 373

L
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possible andlor the cbiect is plac

 rizon. When the v_anis!:ing poir) sy

© PERSPECTIVE PROJECTION

The science of perspective drawing is

* plex. Books have been writlen on perspect
Jayouts by projection of one-point (Fig. 2
two-point perspective (Fig. 22-22). The ¢
{hese projection methods should be unde

elike perspective
ety degrees (Fig. 22-

n 90° will be assured

spread out as far as
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- FIG.22-12

~ORIZ20N

- point perspective

- TYPES OF PERSPECTIVES

~

perspective image is visualized and drawn. |
Projectors ~ The lines or visual rays that converge

from the object to ghe viewe’seye.

The dr;ﬁsp'érson can select one-, two-, or three-
point perspective (Fig. 22-10) to represent the ob-
ject. The majority of perspective drawings are
two-point.

ONE-POINT PERSPECTIVE

One-point perspective is also callad parallel per-
spective because the front face of the drawing is

parallel to the picture plane. As an orthographic
view, this face is drawr: true size. The sides of a

Views in relalion 1o the horizon with one—

i

|
perspective drawing will recede 10 a single van-
ishing point (Fig. 22-11). Note in Figure 22-12 how
the sides of the object are viewed as it is placed in
different positions. An object drawn'above the hori-
zon will show a combination of its front, sides, and
bottom. An object drawn on the horizon will show
its front and sides. An object drawn below the hori-
zon will show its front, sides, and top.

TWO-POINT PERSPECTIVE

Two-paint perspective is also called angular per-
spective because both sides of the object recede at - —-
an angle from the front corner to two vanishing

points. Figure 22-13 shows the steps that must be

”Tollowed to draw a two-point perspective. Placing

e

o womzon .

DRAW FRONT CORNER OF
(OZJECT (ESTIMATE HEIGHT).
PLACE HORIZON AND <
VANISHING POINTS.

@

DRAW COSNERS
T0 VANISHING
POINTS.

s

W, @ ESTIMATE LENGTH AND DEPTH.

<) DRAW BACK CORNERS TO
VANISHING POINTS.

7

| (5) CcOMPLETE EXTERIOR.

() FINISH ARTWORK.

. /
= |

¥ y‘\ f x' i

3 FIG.22-13 Two-point perspective & | i

i

e
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ive sketches. The main
grid paper are the
imitation of the perspective

will radiate from a vanishing -

¥ Point. These by,
are expensive, but they reduce Perspecti
time. T

PROBLEMS

Make perspective drawings of the ob =
22-27 through 22-29. iechilE

as

]
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Pictorial drawing showing the progosed duilding, ga rd.n. road.

wing
r-alistic way is the rcquir:mem: ot (hc owner bu: -rom lhe cons\r'

\(ulu-\uew Pro;ecunn

© "Omnce’ means —e:-;mdlcul:u' or "at
'pro..le pl:nes :re 2Xizadz=d uevond T

arst or third qu:dr.\n& :lsshow-n in F
on the different planes will be

First Angl: P'op.tnon
bl =x—st angle proje'-uanﬁ that ia wi

]
o
|

PLAN
HORZONTA L=
FLNE

FRom ELEVATION—

MU YEY PRATFCTICN

r.g,gx"h‘ﬁ from dﬁ?@g— Q
(5) The view irom the ear ..>J «L
"@ nd conveaicat.

is that in ‘C{sf'ﬁétﬁj 91
gv@mm@emm w@aﬁf
: feacures of

views are in juxraposition. It is thus €2
i ccem:" me&eru*
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ensuu::unm soms adumonal mfo.malmr. is zlso n
c.'lhn!nphxe projection meihod shows only the si of
details required from the pcnm of view of cons!
,-size of the room, posmom of the door, etc. are !
order 10 show these details. the building is imagincd
ulung planc 21 2 conveniznt height. so 2510 cut
rs. elc. suck 2 plan will now show al: dezails. Whateve
izne is shown by dotied lines, for :umplc ridee of th
ia, l‘ool' pto_yccuon (Fig. 3-3). The® posmon af 1 g
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[ et

\mhod of Dramng

Fiz. 35 = e

window, thickness of wall, detaiis of foctings and f{oundation Jdepth. details
of roof, ard other detaiis inside the house.

Plan. cievauon and section toge: n-- fumish cata reauired for preparing
estimates and for execution. In ordes to have a cieur idea of plan. eievation and
section. students should be asked :o recore me2curements—external and inter-
nal—for heignt, 'cnng and width of the building. They should then
draw the plan. slevation. and secuon. These d:--szs are known as “measured.
drawings™. In practice, studeats are supposed to follow the reverse way, ie.
preparation of plh.n clevations, and section: from: the given line plaa and not

from the complcl;d structure. The method of drawing plau_ sccuou. and el:vx~ :
tion ‘are thoroughly -discussed _in Chamc- 53

33 ISOMETRIC DRAWING, OBLIQUE DRAWING AND PERSPECTIVE
DRAWING

Orthographic views offsr ccrtain advantages, but at the same time, there are
some limitations. Two or three views are required to be studicd to: get the
exact idea and details of the object. Heacs, in order to give a detailed represen-
tation, an architect has to use other methods such as isometric, oblique and pers-
pective drawings. Each drawing has got a different purpose, method and
principle of drawing. These methods are used according 1o the requirements.
Isometric #nd oblique drawings are pictocai in nature. As such, thres sides
of the object are seen and the-principal lines of each side or planc are measured.
directly. To the average man, it gives a rnlist_ic.‘view. Both these methods are:

found to be quick and'suitable for giving construction details to cowarkers. On -

the otier hand, perspective drawing shows the building and surroundings as wilt

be ‘seen by the. 0b§crver arter lhc conplc.mn or s:mctuu ‘n\ ‘lhe mase aatueal
and pleasing way. ﬂ..

[sometric Drawing

The prefix “iso™ is takea from the Greek wor
The object is turned to make three sides visiole 2nd
lic on three equally divided uxes cut about 2 ceatr

0s”, which means equal.
‘such a way that they should

. Theaxes may oe turmed
in any position, but it is found that by kc:pmg one axis vertical and the other

two axes at 30° angle with the horizontal, a pleasing view is obtained. First
select the angle from which the object is to be viewed to get the required and

also the maximum dezaiis. Scudy the geometric form of the ‘object and imagine
the box in which the object caa be placed.

Draw the axis lines and other
derdils by drawing parallel lines as shown in Figs. 3-6 and 3-7. [n order to draw

overhead struczural ‘features such as joinery of members of timber roof work,
“reverse axis” method is used (Fig. 3-8). [nisometric drawing a circle apgears
as :n,ellipse.

Otlique Drawiag

In the oblique drawing, the top and side view o: the object is shown by pro-

TRUE ISOMETRIC AXIS
INCUNED| AT 20

Al X
Fig.3-6 3
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HIC PROTECT! ION

=3 REMMNS SAME

HOGRAP

T o THE FICT‘IRE PLANE

AT ENLARG:D VIEW
B AND C DIMINISHED VI:W&

5 ‘l 2,3, 4 PROJECTORS ~
3 C'DNVERGE TO A !"I'LTIQ\' RN
- ’- : -POJNT
- "~ CONICAL PROJECTION

SlZE OF THE oBJECT ON THE PICTURE PLANE DAMINISHES,

s ‘s
RIS ) ORTENLARDES.
T ;Fiz. v 2
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. PEROPECTNE  CONVERGING RAYS
; FROM EYE. TO THE. OBJECT..

1

PLAN OF THE CRIECT
WITH Lnes -
INCLINED TQ THE
PICTURE PLANE

,--——'_\ LINED OF ALAN
-7 PEAPENDICULAR
— & PARALLEL TO

_The principlz of the perspective drawing is that of conjeal pm;ecuou.kay: ace

(Centre of Vision, Horizon and Vanishing Point

coming [rom one point of observation, i.e‘.‘ eye to the object and the perspective

view is obained on the picture plane. [n this method, size of view will depend
opon the position of the picture plane or the tmansparent plane.

If we stand between two miis; then it will be seen that the two mils appear to
mect at oae point, though they are separated by » consuat distance (Fig. 3-17). .
Such a point where two parallel lines 3ppear (o meet is known as the “Vanishing ¥
Poiat™. [t is situated on the horizon. i.e. on a line where the sky appears to mest

the ground. Whea we look towards the Jiffereat points on the rils aearer o

away (rom th= piace where w= stand. then our cye is required to adjust simul-

2aeously for differen: angles in the verzca! and the horizonul plans (Fig. 3-13)

This is tie reason wny we se= the two rils mesting at the vaaishing point.
If we stand in front of a building, then it 2ppears that the two sets of the parallel
horizonal lines of the wails mest at two J’flerznt vanishing pomnts oa the right
and the le:t side. These two vanishing points are 2iso situated at the eve icvel of
the observer., i.z. the horizon

TWO RAILS ARE SEPARATED 3Y A CUNSTANT DISTANCE o
-
2 5
£ye Laves S
~ ;
el |
BA3E UNE > 1
i 2 ‘]
& i
: > |
HEIGHT.OF POLES IS THE SAME. STILL WE DO NOT SEE LIKE THIS ‘ a
R RS . 2 . 7
BUT WHAT WE SEE IS LIKE THIS X :
g . 1 . N
_— g
HORIZON,SYE LEVEL AND | ; g
NAMISHING POINT ON THE
SAME UNE 3

BAIE

25 THE. PICTURE. - J P
sraTion powrt === 1 5 LANE - e

E ’ . : 24 5 TWO RAILS APPEAR TQ VANISH AT ONE POINT, POLES APPEAR TO s

5 ; i OHE PONT (PARALLEL) PERPECTVE DIMINISH WITH THE DISTANCE. WHY? . 3
- s Fig. 3-16 ; p Flge 1T S eias - = e

L
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with - i - 5 g
ntat a dissncemore than JH-i.c. three imes the height of the

l‘md‘ mark poinl‘of centre of vision on mkd

\ : ) {

ound 10 bz convenient 16 show intsriors of auditorium. plan
iture arrang I d jon. street views, and some-
it clevations of the building (Fig. 3-19 2nd 3-20).

POINT PersPECTIVE -

/0 sides of the object are inclined to the picture plane, then there are
shing points for two sets of horizontal lines as shown in Fig. 3-2)
d of drawing perspecti is explai
(1) Draw the line representing picture plane.
(2) Draw plan inclincd to the picture plane with convenient angle. I
better to keep one corner of the building touching the picture
- so that the same scale can be used for perspective and plan.
) Mark the position of the station_poiat, i.c. position of the abserver
 per desired view of the building. Distance between the station pol
and the picture plane should be more than three times the beil
 the object to get a pleasing perspective.
Draw lines parallel to 1, 6 and 1, 2 from the suation point 1o cu
picture plane in V.P.R. (vanishing point right) 2nd V.P.L. (vanishing
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Method of Drawing ™ -

1

e ot O A ,-_'.:V-P-L- (Eye level) and parallel lines 1,2, 3% and 6,5 will vanish to-
R e R Y P:Fé: (_EyeT:v'El). e Ao ' b o
P ‘(11)” For roof project line 7.8 to out picture plane in X. Draw vertical
s ) . .. XX on ground linc and mark truc height of roof top as per scale.
A : ; : Then vanish the line 7.8 to V.P.L2. Similarly mark 9,10 and 11,12
it J " Two point perspective or. angular. perspective metiiod is used for buildings.
By changing the height of the eve level, i.=. horizon. bird's eye view is obtained.
STy S :
PICTLNC LA N ¥ £, 4 - -

THREE-PCINT (PERSPECTIVE

In this case. not only vertical lines do not appear to be verucal but they also
vaaish to a point.  This happens while viewing 2, skyscraper from a road or
e 2 v o from an acropiane,

3.4 SHADES. SHADOWS. RENDERING AND PRESENTATION
” DRAWINGS :

Fig. 3-20

crowe e

: 2 " Perspective drawing s i . without showing 1 lings of
T ENAIGRRY road. tress, garden, and the sky. lo naturz. we always observe shadows of
various objects such as, chajjas. canopics. rouf overhangs. ree, elc. The introduc-
tion of shades and shadows.to 1 perspective drawing adds a pleasing thres

THE PICTURE i

Note: Steps for drawing perspective
1. Draw plan. picture planc. clevation. sclect station point

2. Draw ground line. oy = level and centre of vision _ dimensional view on a two-dimensional surfuce by giving 3 solid appearzacc.
3. Extendline 5.1 to 1” and 6, 2 o 2° o mext picture plane (Fig. 3-26).

4. Draw i’ 1, 2 > vedal lines equal to H and vanish o Centre of Vision 5 K

5. Project X and Y to get the reduced heignt (H1* of the obj=xt e

s e e . Shades aod Shadows : - g

-(5)

5 ()

0]
(]

©)

: < -
| point leit). These ai

-, (10)_Mack 1,1 height ar corner (1) and_then vanish it lo right and lefc. Diviowic, LISe

Perspective drawing produces only the outlines of objects. Shades and shadows
of various vbjects do not have uniform tone. Ci and i of the

r= the positions_of vanishing points on the picture

shadow should be studied in nature and skstches should be drawn off evisting
plane. - - structures and surroundings which will help an architect in giviag a touch of
Draw rays to all corners,- doorsy windows. etc. l'mi'n_lh: station point  ° reality to the drawing. -

- ~as shown. : R ‘ - R S s - - s . .

Draw linc representing ground level at a convenicnt distance from the Sun -~ e e 3 3 - S
picture plane. 0 ftis. the source of illumination. [t illuminates the object fram a distancs. Rays
Draw horizon line above the ground line at a distznce of 1.5 m for of light are assumed to be parallel.
normal cye level, o at more or less height as per desired view.
Transler the positions of V.P.R_ and V.P.L. oncyelevel. ie. the horizon ' SHAROW e
l“‘f; ! : . 1tis the part cfa surface from which light is excluded by an opaque object.
Point (1) of the comer of the building ix on the picture plane. Draw .
vertical line by projecting point (1) on ground fine. All vertical measure- SHADE

ments for plinth window sill, door, window top. caves leyel S etS = e e e
should be marked on this line and then they shouid be transferred 1o It is the part of aw object not exposed to rays of light.
the reauired positions— o= os e S RGO

Then mark the projections 6,67 227 337 and 4,47 Vertical lines” TS (e TS whicR Givides the illdminated-
will remain-verucal. Parallel lines 1,632, .and 4.5 willvanish to point_____(Figs_3=1L & R P e — = s
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. of the
o
31). i 4

\tion Dravings.
plin shoyvi;lk~ furniture
clevation with rendering.

arrangcment and 2 perspecti
i.e. he shows differenc eat

CONVENIENT
I DISTANCE BETWEEN
PiCT URE PLANE AND
GROUND LINL 3
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Method of Drawing

'
'
el £ | VB
l

ana their texture using strokes of soft penciis giving differcnt pressure. These
drawings give a clear idea of the would-be structure to the client, to the assistants
of the architects who help in preparing submission and working drawings, and
“ also to the contractor and his workmen. Pr drawing includes (1) pers-
pective drawing, (2) floor plan and rendered elevation, and (3) plot.pian show-
ing proposed ori ion of the building ding garden, road and
eatrance. Presentation drawings are prepared in different media. Pendil, pen, ink,
coloured pencils, water colour, pastel and charcoal pencils are used. Each
mediam has got some advantages and some limitations. [nk work requices
more time compared to pencil work. The combinaton of pencil or ink line wark

with transpareat water<olour wash is used by many architects (Figx 32 o
3-34). L R

READING EXERQSE (FIG. 3-12)

PERSPECTIVE"

(1) What type of perspective drawing s drawn—<a) coc-point or (8) two-poiat per- _
pective? z %

(@ What is the advamge of drawing the bird's eye view?

@) Study shades and shadows, mess, and method of pretzuution.

READING EXERCISE (FIG. 3-23)

PERSTECTIVE OF BUNGALOW

Q) What type of perspective drawing i drawn—a) ce-point ot () two-powt pe-
~pectivel

(@) Study shades, shadows, projecticns of
gound in froet and on the sides.

\errace, panapet, and reament of
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Building Drawing

Q) Srdy the ground fico!

@
(€)

)
(5)

QuiKoe s &

READING EXERCISE (FIG. 3-24)

; .mPEm VIEW OF. A COMMERCIAL BUILDING
r plan (Fig- 2-13), first fioor plan (Fig. 2-14) aid perspective

(Fig. 3-24) together. }

Study locations of windows and type of chajjc.

Swdy roof over the staircase, front and side clevations, projections, shades, and
shadows. \

How many Storeyed building is this? Ground ficor + ......floors.
Which type of pespective arawing is. da

wn—(a) ope-point or (b) two-point

T

READING EXERCISE (FIG. 3-25) . Pt
PERSPECTIVE OF A BUILDING

(1) Which type ‘of peripective drawing i draem—(a) coc-point  or (5) two-poi =
rspective? o o p i . o5
@) ;:dy various projections of balconics, easjjas, and roof provided oves the sairca
p shad z
Study shades and ows. 2
g; Swd§ treatoent of ground op front side and for the sky.

”[m T
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Method of Drawing

importance of drawing and the tequirement ia

35 TRACING, BLUE-PRINTING AND AMMONIA PRINTING
Tracing

Original drawings are generally prepars
several copies requirsd for submission

is done on the trazing cloth or tracing paper. The choice depends upoa’ the

the future. Tracing on- tracing
“cloth is durdble. Commercial practice is 0 prepare direct drawing on  tracing

paper in pencil and take odt many prints. This is found to be easy, cfficieat,

and economical. Tracing paper is obtainable in sheets or in rolls, while tracing

cloth is obtainable in. rolls, Waterproor  ink is used for doing tracing on tracing
cloth. Tracing cloth is stretched on the drawing board. and is then dusted lighdy
with freach chalk. The surplus chalk powder snould be removed by’ soft duster
ensuring that oniy fine film is kept cver the surface zs toc much chalk powcer
will ciog the inking pen. The shiny or glazed surface is turned to ta
bourd 9n@ inking work is done on the dull surface of the cloth. Zras
tracing paper or tracing cloth must be done carefuily.
is removed by a fine razor blade or ink remover
or grapno-pen is used for doing inking work.
tracing cloth or tracin;
legibie copies.

c drawing
ing oa tke
Ink on the tracing cloth
paste. A bow-pen, crow-quill
. Line work and lettcring on
g paper must be opaque and distinct in order to produce

Blue-Prints

Blue-print 15 votained by unng ferropucer. Ordinary ciuper is dipped 1n «

SHADES AND SHADOWS EXIST WHEN THERE IS LIGHT.. RAYS OF
LIGHT COMING FROM THE SUN ARE CONSIDERED TO BE PARALLEL.

THE RAYS COMING FROM ARTIFICIAL SOURCE SUCH AS A LIGHT
BULB ARE OF RADIAL TYPE

d on drawing paper. [n order to gcz‘
and construction, tracing of the drawing -

ASSUMING 45° AS THE ANGLE OF THE LIGHT RAY THE

LENGTH OF SHADOW IS EQUAL TO THE LENGTH OF

PENCIL

THE PARALLEL UGHT RAYS COMING FROM

THE LEFT ARE PARALLEL TO THE OBSERVER'S FACE
ANO TO THE PICTURE PLANE

ELAVATION

_SHADES AND SHADOWS

‘THE SUN IS SUPPOSED TO

PROVIOE THE SOURCE OF
LIGHT AND THE RAYS STRIKE
AT AN ANGLE OF 45° TO THE
EARTH. PICTURE SHOWS THE
OIRECTION AND ANGLE OF THE
LIGHT RPAYS AS THEY ARE
PROJECTED ON PLAN AND
ELEVATION

SHADOWS CAST B8Y RQOF
PROJECTIONS ARE EASILY
SHOWN BY DRAWING LIGHT,
RAYS AT 45° ANGLE .WHICH
GIVES SHADOW OF THE SAME
DEPTH AS THE PROJECTION

DRAW IN LINES OF 45° FOR
VARIOUS PROJECTIONS PLAN
AND ELEVATION. PROJECTION
OF VERTICAL DOTTED LINES
SHOWS LOCATION OF SHADCW
LINE ON ELEVATION
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citrate and potassium ferricyanide. Tt is thus coated - : BERw! ; s 1
\W/
VsouRce

~ solution of ferric
: with-these-two salts and also by the ferric ferricyanide which is formed by.the
interaction of the two. The blue colour is due to the formation of the latter.
EYE LEVEL KRR LIGKT
e

Afier applying the solutions, the paper is dried in the dark. For taking out &
print, the tracing cloth is kept in the blue-printing frame and f=rro paper is kept
over it It is then exposed to sunlight. The light then passes through the blank
portions, but po: through the black portion of the line work and lettering. The
ferric compound is reduced to the ferrous state wherever light pass=s through the.
tracing cloth and strikes the paper; but no change takes place below the line
of drawicg. The fezro  paper is then developed by dipping it in water. A reaction -~
»

betwe=a ferrous icns and ferricvanide ion takes place forming insoluble bluc on
rion below the lines whers thzre kad been no

theexposed surfece. Thn= poar
ducti =mai h d The paper is then dred.
= QLT g 3 o B

SHADOWS FROM ARTIFICIAL LIGHT
WMARK EYE LEVEL. LIGHT SOURCE, AND BASE OF LIGHT.

——

BasSE OF __ '
LIGHT 3 ;

i i s t as” E ~ .
Now-a-days, ammonia prints are found to b= co jent 2nd icil as &
compared 10 the blue-prints. The original paper is coated on one side with Jight- 2. DRAW LINES 1,2 2 TO CUT 42, 2!
sersitive diazo chemicals. The scnsitive paper is kept in contact with the macing S 3. .DRAW 4, 3", 3" TO MEET THE WALL, DRAW VERTICAL UNE JOINING
in machine and is then exposzd 1o light for a controlled 2mount of time. Afeer Fig. 3-30 QIO BICICUTAL 3 FRODUCED:
1 i 0 ig. 3-3
LE. 2

the exposure, the sensitized paper is fed into 2 dry d P
vaponrs which tum the background of the print white and of the lines either
bluc,-black, or scpia depending upon the chemical used. -

‘  SHADOWS ON PERSPECTIVE ! :
4. MARK LIGHT SOURCE ABOVE EYE LEVEL AND BASE OF LIGHT ON 7

EYE LEVEL. .

2. DRAW LINES 1,2.2', 1,3.3% 1, 4,4% 1,55, ETC. TO CUT RADIATING
LINES FROM BASE OF LIGHT. -

3. CONNECT 2, 3', 3, 4, 4', 5, ETC. AND COMPLETE THE SHADOW.

Fig. 3-29 . s 3 ’
p % % o) st
IR (o
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1 PREPARATION OF SUBMISSION i
AND WORKING DRAWINGS i
Three mmgs.:\;:tobcluok:dloinabuil“.ing, that it stands on :he right : 2 it !
Spot, that it be securely founded, that it be ’Ilyexef:gled. i 2

% GoteTHE
E '
|
z - . .
i~ i e
51 Cuoaventions, Abbreviations and Ceaphical
Symbols
53 Composttion of Drewiess—R ol
Submirsion, Working and Detailed Drawings
53 Prepanag Sabmission and Working Drawings
# 54 Site Plaa
£S5 Kiwchen, Bach and W.C. Plans
546 Plumbiag 3od Draissge Plios
57 Electrical Iosallatics Plua
53 Engineeriag Drawiag snd A | Draw-
3 Ing with Architectwral Style
59 Teaching Civil Eaginceriag Drawing
5.10 Specimen Working Drawings
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-(Fig. ;—2). Ahcmate long and short lines shall

5.1 CONVENI'IONS, ABBREVIATIONS AND GRAPHICAL SYMBOLS

ions and Necessity of C in Drafting =

The preparation of drawings b an important part of architectural ser-
vice. Ideas are converted into drawings so as to give information to tradesmen,
estimator, contractor, and all concerned persons for the construction - of a
building. Draftsman should put himself in the place of these persons. Then
only will he bz in-2 position to realize correctly the importance of drawings with
correct dimensions and clear notes. He must avoid iikely misinterpretation and

waste of time duc to wrong dimensioning. Hence, it is absdlutely necessary to
adopt some measure of uniformity in the preparation of drawings. Indian

Standards Specification—IS : 962-1967—specifies code of praciice for Archi-
tectural and Building Drawings.

Conventions as per. LS. : 962-1967
s

This code of practice lays down recommendations for sizes and layout of draw-

ings, hods of proj and ] views, sizes of lettering,
di! ioning, abbrevi and bols used in archi ] and buildi
icc. These dau arc given below.

drawing office p!

LINeS

All liries on 2 érawing should bave significance or they have no rezson for being -

on vour drawing. All lines sh2ll be dease, cléan and black 1o produce good

prints. A full linc should be used to ind wvisible linz, and the thick
of the line sbould be varied in accordance with its purposs. A linc showing

<o

wall should appear prominent 2nd heavy as compared 1o the guideline for dimen-

sion which showd be lighs Thickness of lines shall be in accordancs with the

C cy and
1s abl= to araw is 0.20 mm in thickness. Centre lines and extension lines require

minor emphasis and should be made fine. Kecp vour pencil sharp,-and vary
pressure on lines according 1o the purpose. Also use 2 chisel point pencil wheo-
ever required. .

Vis1ELE OUTLINES

.

“The visible outlines shall be outstanding in appearance on the drawing. Thick

line may be 0.60, 0.80, 1.00 or 1.30 mm according to the purpose (Fig. 5-1).

CenTRE LINES
These lines shall project for a short distance beyond the outline to which they
refer, but in order to aid dimensioning or to correlate views, they shall be
itabl d=d 5o that the di

hsve & proportion ranging from
6:1 to 4:1 closely and evenly spaced, but in any drawing, the ratio ouce adopted

shall be maintained.

h of the drawing permit. The finest line that 2 draftsman |

figuree are ciear of the drawing outlines -

/——_——_‘—\

130 MM :

1-00 ™Mm

o-8omm

o.comm

 VISIBLE OUTLINES-THICK

Fig. 5-1

—.-—_—/—_—_' ----- (¥ de)
&l Gl 0-25 OR
5 s —— o e e D TR A o-30 M
%] 4l 4l .
4 |— CENTRE UNE

.I : ' THIN
= = ¢
I | !
. 2-o0Mm '

| OBTECT LINE _
CENTRE LINES-THIN

THICK i

Fig. 5-2

HIDDEN LINES

These lines show hidden or interior surfaces or work to be removed (Fig. 5-3). §

They should be included only where their use definitely assists in the interpre- ‘
tation of the drawing. These lines, consisting of short dashes closely and evenly |
spaced; should be used to represent hidden lines. They should begin with 2
dash cuning the adjoining outline, and 21l lines should cross at corners. Broken
lines arc used on plan to show Various lines of roof such as ridge, valley; eaves,

gable board, truss, R.C.C. loft, canopy and chajja, etc.

DiMENZIONS

Dimensions are given by drawing dimersion and extension lines, arrow heads
or dots and lcaders.

Scanned with CamScanner



RRETAE - L MEDIUM
Bulding Drawing Sl e 0=40Q
S s = = = = = e S5O R

- X 050 mMm
.. RQOF PROTECTION —‘ :
& . I"C —————— J-—_'-—-"_—_——_t‘
i \ T — : ~—EAVES
| | i = : BOARD
| 1
£ : ,~'H—TRuUss
3 UL }-— -_-’.-_1_.. 1
- (N 1 - l" _l
o I I a8 i
! ‘ A0 .4 J | ICHAITA
. 1l \ IR |1 i A
TRk B A =7 5 ]
HIP RAFTER , 1 :I : +—RIDGE
1 ! 1
VALLEY RAFTER—! 1 i :
i A T o JL—'.-J % G
bt U S =t R VI———GABLE
. - BOARD
PL AN SHOWING DIFFERENT . -
: : - HIDDEN LINES =~ ' :
S Fig. 5-3

Dim-nm'a.;l Lines

' - 'These lines shall be thin full lines so as to contrast with the heavier outlines of
S the drawing, and should be placed -outside the figure, wherever. possible. The
g_ixawing is useful only when dimensions are correct and manner of placement is

< casy to read. Expeasive mistakes are avoided and lot of time is saved by the

use of correct dimensions (Fig. 5-3).
Extension Lines
These are light or thin liaes drawn from the extremities of the feature requiring

. ~ dimension. These lines should not touch the feature, but should start from a

distance of 2 mm and the lines shouid extend about 4 mm beyond dimension-
ing line.

Arrow Heads or DoL; >

= These aze used to terminate. dimension lin\n The length of arrow head is about

three times the dept. The space of arrow hesd should be filled in. Whea dot
is used, it should be placed at the intersection of!b:axfnsionlln::\nd dimea-
sion line. They should be neat and uniform with their points just touching the
extension lines. Use sharp peacil to avoid ‘spotty’ appearaace. V

Leaders (Pag'ntzr lines) .

S imes, itvis noc possible to write the note and the dimeasion figure oear the
feature of the drawing to whichi it relates. In such cases, it is writen sligady
away from the feature, and.lines known as leaders or pointer lines, are dr.an
from notes and Egures to show where the notes, figures, etc., apply c‘,an.'S-S). ‘
These are thin straight lincs terminated by arow heads or Jdots. Arrow Reads

TENSION | o
LEJ):lE Geeom i Jf"‘”'m“
ARROW t T
HEAD
DIMENSION : i g
LINE : : 4B
DIMENS [ON —————— :
 DIMENSION AND EXTENSION
"LINE  runuNes o-20,0-25 or o-3omm
: 4 Enﬁm onLy R
. ..200 z0a S
® il .
METHOD

@ — 200 ——-* >"_“a“ —

@ ‘ 2-oom 1 ‘ 2z.00M ‘
. PLACING ‘OF DIMENSION

METHOO(D IS CONVENIENT, QUICKER THAN (D
Fig.5-4 s g
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" other construction lines of drz

THICK

- , e S ONENO NGRS
=30, TS T s e— ee e - — ANDTWQ
100, CUTTING PLANE LINE SHORT=: . .-
Q0-80, (SECTIoN) DASHES
O-60mm et A =5
THicR ~————~~~~—~~ FREE HAND

JREAK'LINES FOR - LINE
SHORT BREAK
THIN RULED UNE
©-20p30, A.)~ID_ FREE
.35 MM BREAK LINES FOR HAND ZIG
LONG BREAKS ZAG
s
£ A
a~__ _ _ - r
H A .
Ul o T A o 2
A A |
A o ————a — e =N 1
A Yo 3
SECTION LINES -AND LA

BREAK LINES

Fig. 5-8

RECTANGULAR SECT|ON = IBE naat:

- RAUMD SECTION

e PIPE OR TUBING

4 N

w000 (RECTANGULAR SECTION)

B e UL

CONVENTIONAL BREAK

o TP AR g

d I
- =UNmMs ofF DiMenNsioNING

Dimmdonini shall -‘be done in metres and milli If the dir isim = -
metres, write ‘'m” and'if it is in millimetres do not write ‘mm’ and give a noté on

d.ragving stating that all the dimeasions are in mm.
Dimensions, dimension lines, and extension lines should oot interfere with the

wing If the drawing sheet is to be inked, red ink

should be used for the dimension line.

Breax Lives

Brukﬁnnmybemcdindnwhpwshowbluknfwnﬁnuity(ﬁg.ﬂ).
For short break, it should befree hand line and for long breaks, it-should be a

ruled line and free hand zigzag.
SecToN Lines S

The cutting plane an which & section hu-becnllkﬂl should be mdlaledby

a thick long dash and two shondﬂhsaluxna:mli and cvenly spaced and lettered
at the ends. i g &

PuotoGrarmc Rermopucrion T C =

Whmdnwix;g are to be reproduced m.i;mﬂ!:xsal.nb‘yapmc‘?ﬁc
procesy, the thickness of lines in the originals shall be i . o

cosure suficient legibility and clarty after reduction.

LErTERING

The main requi for ‘lettering’ on archil 1 and building drawings
are legibility, uniformity, eass ard rapidity in execution. All lettenn :Hnuld_befm
capitals ‘except where lower case leners are accepted in monal ‘:‘%’v“
abbreviations, If sloping type is used, an inclination of )
‘recommended (Figs. 59 to 5-13).

$3%
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Building Drawing

53 ENGINEERING DRAWING AND ARCHITECTURAL DRAWING

WITH ARCHITECTURAL STYLE

It is interestng to see the difference in the drawing prepared by a mechanical
draftsman for a part of any machine 1ad the drawing prepared by aa architect
for a buildicg. Drawings of diffezeat architects are also prepared with what is
¥nown. as ‘different style in-draftsmanship’. Pure line work aod leqering is
also done by a ypical style giving *professional touca’ to the drawing. In order
1 acquire this pleasing style with ease and speed, one has to smive dard. Ao
architect is supposed to draw [ree-hand drawing and geometrical drawings-
Plans, elevations, and details are Arst drawn on a graph paper, Or Ucing papez,
or an ordinary paper. This gives basic car for the imagination of the designer.
Tores-dimensional views are drawn and such a skewch delos in dmalizing the
cievatQns. Brain,.eve and hacd should simultaneousiv work on 2 graph paper
to decide various features of the proposed structure. Joy of creation and painc
for the same are experienced by the architecz from this sketching stage. Skewching
work must be done systemadcaily and band must be trained for skezwching. The
following -guidelines will be useful in drawing sketches:

(i) Skerching or freshand drawing is simply drawing without the use of
drawing instrumects. 2 .

(2) Well-dimeasioned sketches are uséd id¢ prepariog working drawics;
hence. sketches ‘must be proportionate and show sufficient detads.

(3) Appearance of the skewch improves with expericace.” )

() H or B penciis. tracing paper, Zrapa paper, €rascr. and sand paper
should be used. For preiiminary lice work 2 H pencil should te used
and 2 B for darker accsatls. . Py . i

(5) Draw differenc parallel. verucal, horizontai, and inclioed lines with

conical and-chisel poiats. ‘

(6) Draw lincs perpeadicular to each other; draw squares, recangles
thereaiter. Divide the liaes into number of required divisions by visual
comparison. 3

(7) Draw inclined lines with different angles like 30°, 45°, 60°, etc.

(8) Skerch circles and curves.

“(9) Mainuin proportion in a sketch by comparing length, width, and
height of the object

(10) Important lines in a skewch shouid be bold and other lines should be
thin.

(11) Sketch-book conuining different types of masonry, joints in wood
work, types of doors, windows, stircase, and roof work should be
prepared.  Sketches should be first drawn on the graph paper and
then the same cketchss should be drawn on drawing paper which will
show improvement in the line work (Fig. 5-27)-

Engineering Drawing aod Architecrural Druwing
The difference in these drawings can be noted easily. Maximum azcuracy,

uniform thickness of lines, lerering work with solid block type for easy reading
arc the main features of the cngineering drawing, while architectural drawing

“ad types of leering with whar.is kaown 33 Qrchitectural style’. Slight pres- | !

35 of lines

shows *artistic 1ouch’ in line work and leaering, by varying thickac

surc is givea acthe beginning and cading of peacil lines to make the
and distinct. Architectural line ‘work looks more pleasing by cxteadin,
at comers, Thisalso helps in @king correct di ions. This ioa shot
2bout 2 mm. Over elaboration is 3 waste of time. Th= main aim of 2 drawing is td

make clear the ideas of desigaet, a3 aiso to give data and guidelines for aa i

estimate acd execution of work. §

Lettering with Architecrural Style S
Quality of 2 drawing depeads ‘upon the quality of leucring and line work.
Lettering and dimeasioniag snould be donc rapidly and :,c:uily_ It should be
"lclsing-md uciformity musi Se maintained. [n order to give 2 pleasiag arusac
:ouch (o th= drawing, differeat styles in | have beza developed by dife-
reat agchitesss. Studeats should study these different styles, aod deveiop switable

ARCHITECTURAL ALPHABET
MASTER THESE STYLES BY TRACING

CoMbENSED

A3 CDEFGHIJKLMIGCP QRS
TUV W AYL £1234561890
(ITCHEN CONCRETE

CONDENSED TYPE—EXTREMELY CONDENSED LETTERS AND ARE
CMTTEN W/ITH EXAGGERATED SPACING. ‘U AND ‘T° ARE
EXTENOED BEYOND GUIDELINES

S SFERIDED . -
ABCDEFGHIJKLMMNO
0OPRSTUVWAYZ &
234567 &9
KITCHEN COMCRETE

o EXTENDED TYPE—WIDE LETTERS. UTTLE SPACE AND LOW
Fig. 5-28 CENTRE STROKES -
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SPACING WITHIN WORDS
BHOULD BE CLOSE

e SPACING BETWEEN WORDS
SHOULD BE FAR.

THIS 1S A PROPERLY SPACED SENTENGE.
THISISANIMPROPERL Y SPACEDSENTENGE, Seimsienen

OZ0ZOZOXOXON

: HARD

- 00eeee

SH 1 2H  H F HB B

MEDIUM -
@OO@OO®E

48 5B 6B 7B

SOFT

4 PENCIL
GRADE CHART

2B 3B

Flgure 2-12 Grades of lead
70 Section|

TASK LEAD
’i CONSTRUCTION L S In, v
& GUIDE _LINES N, 2M
b LETTERNG Wr o
1l OMENSION  UNes 2,4
5’ LEADERLINE 2,4
B HIDDEN _LinEs 2,
{ CROSSHATCHING LiNeS M4
CENTERLINES MM
PHANTOM  LINES ™,
STITCH _LNES MM
5 LONG BREAK LINES W, N
b VISBLE _Lines H,F, W
SUTTING PLANE LINES R
EXTENSION LINES W,
FREEHAND BREAK LINES | w.r.va
Figure 2-13 Lead-lines chart

i and fast. Some arafters neyer reach this goal. Those
i who Jdo. reach it through constant practice, coupled
with continual effcrs © improve,

Freehand Lettering Techniques

Freehard lettering techniques are leamed by know-
ing what grades cf lead 1o use. how to make the basic
d lettering strokes. and how to use guidelines: and by

constantly practicing and uying to Improve,
Y Figure 2-12 Catagorizes the various grades of lead
N available to drafters, Figure 2-13 matches the lead
grades with typical [ine styles. The actual choice of
lead for a given situation in rechnical drawing is up
. o the user. The personal preference of one techni-
can will differ from that of another. The i

Flgure 2-14 Modarn techrical pens (Cottesy Zeulld
& Eser Cu)

1% degrees. The second siroke 5 mace downward
and t3 the left at approximately 45 degrees. The third
stroke Is vertical. and is made from top to bowom.
Stroke number four i horizonal, and is made fram
ieft to right. The fifth stroke is & hall-clrcular sroke
to the left. made from top te boom. The sixth stroke
15 3 hall-circular stoke to the rdght. made from rop
to botom. All alphanumeric characters can be cre-
ated using combinations of these six sroken. lgures
2-16 and 2-17 give examples of how these strokes
are used for making selected chamcters.

Lettering Guidelines
Cuidelines are a critical pant of freehand
Unifo

] tions set forth in Figure 2.3 should be viewed as
guidelines, rather than hard-and-fast ules.

Lettering in ink has been ereatly simplified In recent
Years. Old-fashioned tools, such as adjustable nib
ruling pens and specdball pens, have been replaced
by the less cumbersome, easier-to-use technical pen,
Figure 2-14. When lettering in ink. drafters still use
light guidelines made with pencil lead. The acwal
lettering is done with the desired pen point size. Com-
monly used pen points for lettering in ink are sizes
0.1, and 2. which are standard American sizes. In
metrics. these point sizes represent line widths of
035 mm. 0,50 mm. and 0.60 mm

All letters and numbers are created using six basic
strokes. Figure 2-15. The first stoke is a single stroke
made downward and 1o the right at approximately

% and sability cannot be achieved
* without using guidelines. Guidelines can be made
using a small plastic device called a puicle,
Figure 2-14. The lectering guide shown is & devics
Wwith a vertical side on the left, and & ad-degiee
Inclined side on the Mght, the 21§ incline nesded
for slanted lettering. In the center is 3 movable clr-
cular component containing three rows of variously
spaced holes. The holes are used lor the spacing of
Quidelines. A row of numbers on the battom of the
circular component allows drafters o set the Quide
for various heights of lettars. The numbers ~ 304
5.6.7. 8 and 10 ~ Indicate 32nds of an Inch. A set
Ung of 4 means 4/32nds of an Inch, or quidelines
that will yield leters 1/8th of an Inch In height.

A complete set of guidelines consists of three lines
4 top line. a middie line, and a bottom line. Figure

Chapar 1 71
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'C'oNbENSED VAHIATION‘

condensed vana(lons of Gothic leztering

. The proper spacing of letters and
tant and it takes a lot of practice to
goad rule of thumb to follow in terms
use close spacing within words. a T
detween words, Figure 2-10. The proper posit
lerters relative to one another in words is.
plished by spacing the letters in the word
the area. not hy trying to equalize the spacing b
letters. This becomes automatic if the:
centrates on the word being lettered.
letter. Another rule of thumb for spacing is
the width of one round letter. such )0
between words.. Flgure 2-11 illustra
of make the I 1

‘ e . BEFR382 wwn
SREATERYE = BEFR382
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usch & Lomb. Inc.)

« India ink — black

 Pen cleaning solvent

o Leutering scriber

o Lettering template <100
o Lettering template 7175
» Lettering temolate “299
« Compass idaplo'! for pen

Note that some specialized or expensive equipment
is often furnished by the company.

CAD/CAM equipment is another drafting tool and
is covered more fully in Chapters 10 and 11 in Sec-
tion 3 of this text. For a very basic descripzion, refer
to Figure I-1. The photo shows the following equip-
mént. from left to right:

Printer — The printer is an output device used for
producing printouts of alphanumeric data.
Workstation — (Text display. trackball. auxiliary-key-
board. push-button menu board).
a. The lat display iy
An output device for displaying user prompts
which tell the user what to do and how to
doit
b. The trackball
A baseball-shaped Input device used for cre-
ating hori; I, vertical. and di | lines.
and for positioning the cursor.
< Auxiliary keyboard
An input device for entering commands, text
annotation. and dimensions.
d. Push-bution menu bourd
An Input device for entering commands from
3 menu, and calling up stored data.
Craphics duplq_ = An ouput devic= fcr displaying
drawings and other graphic data as they
are being worked on.

Section |

Flsur: 1-1 A computer-aided design syst=m (Courtesy
Bai

Flgur= 1-2 Drawing tabie and reference desk
(Countesy euffel & Esser Co.)

Figure 1-3 Small drawing table (Courtesy
Stacor Corp.)

— Digitizing table with puck — An input device used for
entering graphic data into the system.
Graphic data is converted to digital data
(digitized) and entered into the system as

X-Y coordinates.

Conventional Drafting Requisites

Drawing Table

Drawing tables are available in a variety of styles.
Most zre adjustable up and down. and can tilt to
almost any ang'e from vertica! 90° to horizonta!. Fig-

ures 1-2 and I-3.
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Drawing Surface

The drawing surface. whether it is a drawing table-
top or drawing board. must be flat. smooth and large
enough 10 accommodate the drawing and some draft-
ing equipment. If a T-square is used on a drawing
board. at least one edge of the board must be abso-
lutely true. Most quality drafting boards have a metal
edge to ensure against warpage and against which
to hold the T-square securely.

Standard drafting boards range in size from small.
12°x 177130 cm x 43 cm). to large. 3 1"x 42"(78 cm x
105 cml. Standard drafting tabletops range in size
from 31"x 42"(78 cm x 105 cm) to 37'"x 60" (94 cm X
150 cm)

Lighting 't is important that the drawing surface be
fully lighted without any shadows, Figure [-4.

Top Cover The drafing board should have a top cover
which protects the board surface and provides a per-
fect drawing surface A good top cover actually seals
over holes made by compass points. and it is easily
cleaned. Figure I-5

Flgure 1-4 Fluorescent lamp for drawing surface
(Courtesy Waldmann Lighting Co.)

Figure [-5 Drafting board top cover (Courtesy
Modem School Supplies, Inc.)

Efficiency 4

To be fully efficient at drufting. all equipment must
be clean, correctly adjusted and/for sharpened, and
stored in a convenient location, ready for use at all
times. It is good drafting practice to store each piece
of equipment in a specific location and return it to
its location after use. An organizer, such as the one
shown in Figure 1-6, aids in keeping all equipment

in its place.

A

Left-handed Drafters g

Most drafting equipment is designed for the right-
harded drafer. although left-handed types of draft- i
ing machines can be purchased. The T-square is 4
simply placed on the right side of the drafting board -4
by left-handed drafters. but everything else is right {
kanded. The !eft-handed drafter has to adapc The i1
lettering scriber is especially difficult to manipulate. £

T-Square
While Tsquares are not used today in industry they £

do provide a parallel straightedge for the beginning

drafter. The Tsquare is used to draw horizontal lines.

Draw lines only against the upper edge of the blace.

Make sure the h=ad is held secursly against the left !

Stacor Corp.)

Chapter | 25

TARES ¥
Flgure i-6 Equipment organizer (Courlesy "’
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 The Jetters -are designated
obrain uniformity, specially where dificrent draftsmen are working on the same
set of drawings. The-sizes of letiers and numerals for drawings are indicated

in Table 5-1. .
All Jetters and numerals shall be kept clear of dimension and other lines.

Words may ‘be undérlined in a drawing where preferred
that it may be read

Leniering shall be done on the drawing in such a manncr
when the drawing is viewed from the bottom edge. Leunening, which is required
10 be wrinen in a directioa at right angles to the borom edge of the drawing,
shall be so written as to be r=2d when viewed from the right hand edge of the

drawiag.

SymBOLS T 3
Symbols for materials in secuon arc  shown by various types of haichiog.
Discretion should be used in adopting the spacing of hatching lines 1o Lhe scale
of drawing. It is ded that when hatching is required 10 bz done on
tracing papsr or clotn, 2 sbeet of squared paper shall be piac=¢ underneath 10
mainraic uniformity of spacing and direction of the batching (Fig. S-14).
Wb'.cn large areas of section bhatching are to be indicated, especizlly for such
matenials as concrete and plaster, il is recommended thai 2 portion ncar-the

edge only be treated, the hatching gradualiy fading towards the cenire.

by their heights. Stencils and letter-gurdes help-to -

I

LETTERING —

BEFORF

Fig. 5-10
QISR it

Nore: Use eyeor optical

PRACTICING LE

MAKE SUFFICIENTPF\‘ACTICE
TTER FORMS

e e

¥

B (O) =57 .

oF ABOYE STROKES

LETMER. SANEINE -

BT TER SPACING

STAIRCASE OETAILB

vide unifcrm onc. Do pot provide

constant’spacing.

judgement 1o pro’
Each letter has 2 diffc:

awkward appecarance duc 10 poor spacing

Arcas in section which are too thin for linc sectioning. suck 2s some metal

LETTERING : :
BASIC ALPHABET WITH VERTICAL |
SINGLE STROKE SHOWING PRO- !
PORTION AND SEOQUENCE. MASTER
THIS STYLE BY TRACING THIS |
ON TRACING PAPER :

i

'Smm

(s:4)

2 mm

L

I

]

2 —

RS ]
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B\ﬂd\ng D':wmg

* kacching.

_ sections, shall bc bhck:m:d in sohd. le.-mng a unn spacs bctwc:n adjacent

portions. -~ 255

On a drawing showing existing ‘and proposcd wo:k, th: existing work may bc :

distinguished from the new work by blackening in solid or by dlscrc.xonary

Abhreﬁaﬁons

Abbreviations are gencﬁﬂy used in drawing for the sake of clarity. A systematic

nowtion.of architectural and building terms is necessary for uniformity, and -,
for avoiding confusion and ambiguity. I.S.962-1967 givés sandard list of

abbreviations.

Graphical Symbols

Symbols are in constant use on small scale drawings and it is coasidered that
Ume = $3n be saved and confusion avoided, if a standard range of symbols is
cu:nsxvely used. Careful atteation shall be given to the size of these symbols
having due regard to the scale of the drawing. Wherever practicable, they shall
be drawn 10 scale. Some symbols may have to be slxghllv enlarged for the pur-
pose of clear mdxmuon (see I.S. 962-1967).

WiNDOWS AND Docrs

Geacerally, ‘window opeaings shall be d:ﬁncd in clevaticn. and of doors, screen
and sliding windows ‘on the plaa (Fig. "5.15). Fcr windc'vs the point or 3pex
of two lines crossing the il; or di the hinged side.
Doors of differeat types lnkc (i) sicgle shutter, (2) double shunter, (3) sliding,
(O)) l'oldmg. (5) revolving, ctc. are shown by the graphical symbols.  The direc-

tion in whick the shuucr of the door wiil swing should be shown clearly in the
plan. -

|
SErvice Press

Identification letters shall be used to denote the-service: ~For example, we can.

use (1) Air-A, (2) Drainage-D, (3) Electricity-E, (4) Fire service-F, (5) Gas-G,
(6). Oil-O. (7) Refrigeration-R, (8) Steam-S, (9) Water-W, ctc. and a note shall
be giver in drawiag about the letters used.

SCALES

For the preparation of submission and workicg drawings, the following scales
shall be used. Other scales for the preparation of differeat types of drawings
are given in I.S. 962-1967. .

1:200 (5 mm = | m) For submission and :working druvihp;
1:100 (10 mm = 1 m) plans, clevation and sections
1:5 (20 mm =1m) 57 o

120 (50 mm = [ m)

1 'For Ia.rg: seale dnwmp :u-d general.
1:10 (100 mm = | m) drawings

1:10 (100 mm = [ m) v s
1: 5 (200mm = | m) - For enlarged detaiis

1:2 (00mm=1m = ' .- <

1:-1 (full size)

52 COMPOSITION OF DRAW‘R‘JCS—REQU‘IREMEW OF SUB— b
MISSION, WORKING AND DETAILED DRAWINGS

Submission 'drawings are prepared with the scale [0 mm = | m. Hence, ail the
required views shall he arrangzd on onc shect convenienily. Before starting

Table 51 Siz=s or LETToRs avo NHUMERALS FOR Drawnncs

. No. Purrose Size of lettering and numercls (mm)
(1)” Main Tite aod Drawang No. 6 3, 10, and 12
(@) Sub-Tites and Hadmp 4 3.4, 5 and §
(3) Note, Schedules. M: Is, Dt L X4, ands
— s vOID GAPS | TERSECTICN
"/\I'I \..l.'ll:.|\| AVOID GAPS AT INTERS

QF STROKES

AVQOIO PENCIL BECOMING TCQO DULL

KITCHEN

ANOID: FAULTY LETTER FORMS

KITCHEN -

Narz: Ruuumlmumy between strokes o kecp niform pencl p-nb
Fig. 5-12

Eaisiisgana i
Einsimiciie imes il

GUIDE LINES
Nomi: Use guiddina o in scruight b Draw
peoil. Do oot rub these lincs.  Guidelines may be two or mare,
Fig. 5-13

idlizes with \ berp
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SWLMUNG 51D MUNG
RIGHT HARD  LEFT WAND

CenTRE HUNG  SUDING

WINDOWS .

. poupLs LEAF ooUBLE LEAT
OCLUSLE SVMING

SINGLE SWNG

FoLoms DSLYLt
S LR B -

© CENTRE HUNG

SUDING

ROLUING SHUTTER
INTERNAL

1 2s Wi POOTECTZD ROLLUNG
HING L3 slurrgnA
exTzRAL

DOORD

POINT OF APZX OF TWG LINSS CROSNG

THE HINGED 3DZ. IN CASE ™

 DOO!

NOTE: WINDOW S. NORMALLY
TWE VERTILATOR OF CASEMENT INDICATES
OF CENTRE MING WINDOWS THE LOCATION OF HIN
INDICATED BY DASHES. ALLTHESE AQs DRAWN A3 THE
VIEVED FROm OUTSIDE THE  BULLDING =

Fig. 5-15

GES WOLLD B=
W DORS YOU‘-D' 3
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Building Drawirg

drawing work, rough sketch should be prcparéd taking into consnu:.—.:\uuﬂ-. 2rea

required for plans, elevation, sections, schedules and site plan. The armange-

ment of all views should be done in an attractive way by providing uniform clear
margin around thnese views and _notes shou!d be written conveniently in the
remaining area. Students should d-ve‘op an ability to ‘compose the shest’ with
proper balance in the views and giving 2
throughout the shest (vide-Fig. 3-16).
other. Horizanml or vertical bi

sease of continuity in a !ugical sense
Eye must mo‘/- from one view t0 the
jons will be pl g depending upon the
shape of the pl:uL Only the necessary information r:qurcd for the construction
shouid te given in the working drawings. Scaled measurcments shouid agree
with the written ficures of dimznsions. Workinz drawings should be seiated to
the spscifications. information rc-aromv design, jocztions. and .lm-cmuo.\s i5 -
given by the working drawings,  whereas information rezarding avality of
materials and workmanship is givea by the specificztions. Other 1is give.
information regarding shape of the various parts. methad of joints

Plans, elevations, sections and detils should be arranged in the minimum
number of drawings. 1t may not always be possible to show ail the above views
and dezils in one drawing shezt. For working drawings, it wiil he conveaient
to gioup all plans separately from elevations and sectiors. Size of the drawing

SECTION . SECTION SCHEDULE CONST =
A A 22 CF RUCTION
i : 5 DCORS NOTES l
ELEVYATION LOCATION " | scHEDULE : \
PLAN

)

COMPOSITION OF SUBMISSION DRAWING

Fig. 5-16

Note: (1) Find the size of each block rqu-red for plan clevation, zections, with

the scale | 2 100, Le.

Nomelo- - . .

(2) Amangeall views, schedules, etc. in 2 pleasant manoer asd wing
minimum size of tracing paper.

_should b aiform and convc11enl to handle on. lhe site. S:venl pl:ms ¢levations

and sections snouid be | ngcn proper fitles and cross refereaces to each other.

Notes should te minimum. A simple rule on the use of note is to ask firstif
the drawing conveys the designer’s intent. If it is not, can lh:d.ﬂwm; lheu be

improved or clarified still in 3 Eetter way? [f the drawirg cannot be lmproved

or clarified, thea and then oniy the note is required. Schedule for columns,
footings, windows. doors, hardware, room finishes, plumbing fixtures. lighting
fixturss, etc. should be given. Choose convenieat type of tde block vide Figs.
5.17, 5.18 aad 5.19.

T SCALE | NAME OF OFFICE e
| Y Ifn;n’; n
o | REVISIONS To | 8
L ARCHITECT 2
o 0 A
i = oA &
i-l TITLE OF DRAWING Prte— =
e ) —
- 150 -
\ TITLE SLack
Fig. 5-17
T - = L} L
i scais NAME OF OFFICE @
3 l ) =
l a
\ : =
REVISIGNS 2
) : o
BT O : =
\ TR E
il ARCHII'E +
i DATE n
\ .
=
\ &
AL
e Ta 4 p— 50 —*
—
— S0 4

ORN- DRAWING BY T\TL: BLOCK
TRD- TRACED 6Y

CHD-CHECKED BY

Fig. 5-18
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st RSy e SRene ; 5 " 53 PREPARING SUBMISSION AND WORKING DRAWINGS R i
R = e el & . 53 ; <) - e o o i e ; : S e
et ,..Pﬁp;tlﬂqn of MARGK - N sz e . Presentation drawings consisting of p:rsp:c::_\‘:,plan with” furniture 2rrangement \ ’I’q
and layout of garden is prepared for thz approval of the clierz. Once they 2rz ) A
" approved, the architect gives jnstructions, ali sketches, and not=s 1o the draft- =
é drawings. These grawings arc dr2wn to the scale ‘

Submissiop 2nd

" Working Drawings
man {or preparing submission d c
iffierent fioor plans. (2) elevations, (3) secyions,

7 : :

T \ 2 10 mm = 1 m and include (1) >

i ol (4) location plam. (5) site plan. (6) schedule of doors, and windows, (7) are2

= . starement and block plan, and (f) construciion noies. After these plans 2re b
—= b King drawings 2re prepared to e

S
G

appraved by the sanclioning authority, Wor
] morevento? Jarger scale. These drawings includz (1)
1| esevations. (4 wypicel sclics,

¢ ‘L—
: S Q C fFROR TOF T;:rnm RD5D i scale of 20 mm =
o - e — = "’}/}\” - L dificrent foor plans. (%) foundation plans, (3) 2
! : . 5 . | craom soTTom u? TR be (5) staircasc details, (6) doors and windows geaiis. (7) canopyand chzjj2 dezaiis, L
e o R - ———— | marow (8) grill work for windows, (9) cntrance g2I=5. and {10) clectrical conncctios a
R ——— 1°° ) : plass, etc. according to the requirement of the buiiding. : :
5 X = .= The stcps necessary for the preparalion of the above drawings are explainzd
- ° TITLE Oi DRAWI X G below. Ji is necessany’ for the draftsman 10 study carefully iins plan, skeiches
< ! ... for clevati p:rspu:liv:, and construction notes before the drawing work 15
l ' taken on lia Then he shou'd prepare the sketch showing the composition of - g
¥ - | views for sy‘bmission drawings. considzring the arca reauired for cach view. 3
e Ju will be necessary 1o refer handbooks of coastruction whiis drawing the de ils ‘.
N 4 0] B in working drawings. He should refzr Jacian | Standard Specifications while :
o A s : o DETAILD GIVEK 1K TH £ DRAWING Q drawing both the drawings. A good drawing should satisly the following requires 1
‘ s 5 oty T . ; ments: . 2 ;'
o 5 b e .
1 = < STALES | l L (1) 1t should pz clezr and accurats; f 2 ?
\ l h L AlenET ._;'T———-——;'— e -, (2) 1t should be properly dimensioned W distinct figures: . .
A e . S L P ik f (3) It should Confzin Decessary noles: ané ’
| f. 4 ’ SR jf:i‘_’L EATES s SI@NATURE- : (4) 1t should be complete, i€ it should con:zin all datz for prepariagz 20 i K
2 ) “c _I_ WA KE | ! lmn E ! estimate and for carrying out construction. 1 1
3o i 5 7 = ‘4”_-"11-5 CT/E.NGINELF. Different Steps for Drawing Plan, Elevation-and Section - : iy
o ; ! (1) Swdy Jinc plan, data and the type of construstion, i.c. whether it is 2 load '
: A A 2 g bearing structure or R.C.C. framed structure, C=ntre jines are shown and dimen- %
= v ; sions for columns and walls arc given from centre 10 ceulre. 1 |
o . . 3
_L (2) Draw lines for side margns, name-plats or title, and rectangle or square
§ | L g area in which the plan ic to be drzwn. !
S DRAVING KD )
il R 1 s PR 4 ‘
i : s e 5
i 5 < . (1) Load bearing structire: Start from any convenienl COrmer, preferably ‘
k}n{'l"md bo:;m corner, Draw all exterior wall Lines as light lines usinz 3 H ¢f
4 H fencil. Thicknsss of the wall should bs drown as per glven dzta. Study clezt
1i - TITLE ELOCK ;ntcroal dimensions of the rooms and draw linss for internal walls with rhe givea
WA e B . Fig. 5-19 : thickness. Draw completer lines throvgh windows and door openings. SBOW
{: . e = - plinth offset.
e ————————————— ——'-’_. Pa— L}
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Judding Drarwing

of masonry structures, i.c. load bearing structures, give dimensions. from wall
surface to the opening for door or Window. ‘In ¢ase of framed-structure, these
dimensions should be from the ceatre of the column or the door or the  window.
(6) Draw aline of 2 mm h=ight, roughly st the centre of the room for titles.
Write down room titles. Draw lines for notes wherever required and write cotes
ina systematic way as shown (Fig. 5-20). Write and complete the schedule
for doars, windows, and floor finishes separately. 3 = g
(7) Complete the hatching work by symbols for stone masoary, brick maso~
ary, and concrete work. - =

Cueck List

Check your plan with the following ckeck list for any omission—
(3) Dimensions : (1) Outside walls

) (2) Rooms, passage, etc.

(3) Window and door ceatre lines 5
(4) Thickaess of stone and brick masonry
(5) Arrow heads for dimension lines
(b) Door and window symbols and swing
(c) Staircase, up and down direction. Numbers for sicp 1, 2, 2, 4, etc.
Dimensions for landinss.
(d) Floor level difference by levels.
(c) Symbols for kitchen. orta, sink. W.C.; bath details—wash basio. tub, etc.
(f) Built-in cupboards, sautters, swings, rod position [or clothes.
(8) Roof liges. 2
(B) | Section lines. %
(i) : Tides for rooms and other areas.
(9) i Floor finish schedule. ’
(k)| Floor. plaz, title, scale.

First Floor Plan

“=-" I the &ase of the'loid Bearing ‘structures, wall thickmess is less for first fioor
than for ground floor. In the case of R-.C.C. frame structures, columa sizes are -

normally reduced for the first and other top floors. While drawing first floor and
other plans, these changes, if any, should be shown. If the building is 2 mult-
storcyed structure, then oaly the ground fioor plan and a typical floor plan
should be drawn. ’

(1) Draw all external walls and iaternal walls.

(2) Draw ceatre lines of doors and windows. Mostly they will be as per
ground floor plar. Show width of doors and windows, shutiers aud
their direction of opening. *

(3} Complete the plan with staircase as per instructions for the ground floor
plan. In the case of structure of more than one storcy, “roof plan should

"~ 'be shown in the floor plan of the topmost foor..

. Foundation Plan -~ - - S sta e *

LoAD BEARING STRUCTURE -

Find the depth of foundation required as per trial pit results. [t should rest oa
bard stats. Find the required width of the foundation wench as per thumb
rules for masonry walls, Draw centre lines for all walls. Stow the width of the
treaci. with internal and exicrpal di i as also diagooals for checking at
the time of line out Check all the dimeasions as accuracy of further comstiuc-
lion cntircly depends upon correst foundation plan.

R.C.C. Framed Structurz ¥

If the depth of foundation is more than I-1.5 m, and if it is d=cided to have
framed structure though the ¢zt is 'ess, then the preparation of fouadation
plaa is carried ot as follows:

Q) Draw ;enxre linies of columns; walls and mark the distance petween tem;
“(2) Show the size of the pir to be excavated for the columns. S:r\.mmr.ll
engineer’s drawings should be reierred o while drawing sizes of pits and

columns: and - ] : : .
(3) Number all columns as per structural enginens’s drawings. (vide IS:
962-1967). ¥ g

Foundation Plan—RCC’ Frame Structure (Fig. 5-21)

Foundation plan for RCC siructurs gives detaiis regarding column positions,
footings and walls. The accompanying foundation plan shows sizes and loca-

tions of col and sizes of footings. The y of the jon eatirely
depends upon the correct founcation pian and correct line out, and hence, in
order to ensure this Y, the [c ion plan is preparcd. The new method

shows 0.00 co-ordinates for top left hand corner of the wall. With reference to
this co-ordinate, chainages for centres of varigus coiumns on north and west
side are given. [n the same way, sming 0.00 chai for b left hand
comer and top right hand comer, chainage for centres for coiumas are given for

* columas on.the-south and east side. Note that the chainages for the end points

are the same. This system ensures correet length, width of the building and

correct location of columns. 6 x

Foundation Plan—RCC. Framed Structure (Fig. $-37)°

Compare both foundation plans given in Fig. 5-21 and Fig. $-37%. In Fig. 537,
foundation plan shows distance between centres of two columns. With this
method, high accuracy is required in giving line-out, if the length and width of
the building is more. [n such a case, the method shown in Fig. 5-21 should be
preferred. ¥

Numbering of Columnz .
Columnon\hekﬁhandloymcri.smxk:du(l) and then the numbers are
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Building Drawing

Fig. 5-22

¥ EAST SIDE ELEVATION

SCALESTEE
M OO
1T JOIC
CICJCIC L
TGl I
T
i L
=
GRILLE ||
NI
| _SWLL LEVEL |
2|0@R
. | FIN. FLOOR LEVEL
' GROUND LEVEL

givea to the columns on the right hand | to 4. Again starting from the left
band side, oumbers 5, 6, 7, 8, 9, ec. are given. i

Dimensions .
Dimensions should preferably be given in millimetres to avoid confusion due ta
incorrect placing of decimal point, .

Roor Pran

Roof may be (1) flat roof, such a3, R.C.C. slab- (2) pitch roof with different

types of roof covering—Maagalore tiles, country tles, asbestos, or G.1. sheems.
As per given data, show the deails of the roof plan. Refer to roof Tables givea
in Chapter 7 for finding the sizes of various members of trusses, purling, rafters,
etc. according to the span of the s

(1). R.C.C..1lab, if projecting from the wall, should be shawz. :
(2) If the smircase room and parapet are W be shown, draw deails with
reference 0 other plans.

(3) Show positions of R.C.C. beams by doued lines,

(4) Show position of mild steel, R.C.C., or other procast tank’s for wai=r
storage and the method of support. This is g ity provided over W.C. or

P
e s ot
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(a)- All vertical dimeasions from the outside
“ (b) Grade line for ground
(c) Window and door symbols
(d) Roof slops indicatucn
(e) Exterior material conventional signs and notes
(D) Steps and flower beds
(g) Rain water pipes
(b) Elevation utle

bath. It may be bined or scp depending upon ber of users.

(5 In the case of R.C.C. fiat slab, note for waterproofing treatment, position |
of rain water pipes, direction of slope and ridge lines for draining water should
‘be provided. Type of finishing work to be donc on the slab should be mentioned.
* (6) In the case of pitch roof, show the truss by & dorted line. Show other
members such as, ridge, hip rafters, valley rafiers, puslins, wall plates, common
B rafters, jack rafiers, caves plates and barge board, etc. Mark the Jengths of
F g each member, total length and size in the schedule of wood work.  Give overall

dimensions of the roof.

Prepasation of =
. ¢ Submission and
Working Drawings

S S

_ Sections ]
Sections are drawn to show construction details from foundation bed level to
the top of the roof (Fig. 5.23). These details give information regarding thick-
pess of wails and foundation for the walis, slab thickness, fiooring details for

! heights above the fioor for window sill,

finish and bed below flooring, veruca h; ;
1op height cf doors and windows: lintel thickness, chajjz project oo and thick-
pess, height for the bot:om of the truss. etc. In short. a secton gives all infor-

mation for an csumals and construction which is not -available oo plan and

Elevations

Study the fioor plans and roof pian. Thea draw 2 typical seciion showing window
sills, window, jamb, reveal, beight from fioor level to the borom of the slab,
slab thicknese, parapet height. roof projection, canopy, chajja..and give vertical -
heights as shown in the Fjg. 5.22. These heights show difiercat stages 2nd levels
during the construction and the same are useful for drawimg elevations quickly

2w v

=i :
% an ly. T i y i i 53
] ro:m:’"\w?nld);w ?rw\.\}(s:m:::s b:nu:} ;:: ,l:;rs:i.mm“gh doon pden o clevation. Section iinc is a broken line having one lor.fg 2nd two short dashes
L aliernately and evenly spaced. This line may be straight or -offseL Section
Iine is given an offsel 1o show more derails. This shouid be drawn with due
s and should pass through doors, windows,

consideration to show intcrior dewil
ards, bathroom, W. C. and saircese. It should cut the foof to give

d=zails. Section lins shculd be shown on (1) ground Ffoor plan,
placs, (3) foundation plan. and (4) roof plan.
There are 1wo 1yp=s of sections. viz.

gl ) DRrAWING ELEvATION
Elevation should be drawn over the plan by projecting lines. The steps are: CUPPO .
(1) Draw lincs showing differen: levels ac beiow at  proper beights above r:,”;,'mv": s o0
3 ground level (G.L.) line for (i) plinth level. (i) window sill, (i) door, window e kHel) O D st _' e
- v g P W . This will help in showing correct denails.
10p level, (iv) slab bottom. (v) slab thickness; i.c. firs: floor 1op level, and (vi) Jongitadinal section and €ross secuon 4
other lines for first fioor as per requirements. SHRBL . o e el

(2) Project lines: sterung from left hand side. First line will be for plinth, Longitudinal section should be drawn above helelcyatng b:""””""? jiness
if provided. Draw this linc from ground level (G.L.) 10 plinth level. Then draw Draw all Jines representing vertical heihis from foundation bed level to the top
e e es L R, 73 ';...“ L “ of the roof. Study the section linc and trs objects it will cut, like window:, chzjia.
(3) Erom the roof pl.an, draw “rojccﬁon.s r:rs roof fnd.shm;' top of ridge tiles door, etc. Project those walls which are cut by the section linz. Use divider and
i R A ey S dsP ; e g take dimensions aiong section line on the plan. Show windows, doors, lintels,
@ ij.::nsiuns ongz:lcu:ioi;s should _be .min;mum. Vertical _heights for. eic. Give all vertical dimensions and write notes. 1o the same way, draw cross-
D SioEi b fhiown acd the tonal height of the susture < sepon 2 B e nenti 1lines for different heighiy g
above ground level should be }n L f_or longitudinal section and take dimensions by divider along the cross-section

(5) Frame thickngss for doors and windows, an hnéhoa:k‘hzhﬂ: * Jevations and sections. Place yoursell in the positon of. th
division of window by shutters, etc. should be shown. Details of panels should 5 PSR o o ons. A yoursellin e oSO
2 estimator, CONLraclor, Carpentsr, supervisor, mason and plumber. Make a list
of details to be drawn 1o enlarged scale 10 Ciear ideas regarding joinery and other

d lines showing venlators.

L B ! R 7
;‘ |i e~ be shown in detailed drawing and not in elevation.
s (6) Simple notes indicating exteriar materials of finish for walls and steps details with dimensions.
WA . should be provided. X
i 5
il ) (@) 1o the case of pitch roof, slope should be shows by parallel lines with 54 SITE PLAN &
varyifig distance giving the efiect of inclination and shadz. Dy » Al
The plan of the plot showing the dimensions and shape of the boundary, issued b
t docu-

(8) If the ground is sloping then it should be showz with proper gradicat in
all elevatioas. The ground line showing th:e finished Jevel after filiing snould be
shown with 2 pate. Refer contour map of the plot for showing differen levels.

Elevation provides 2 view of the building from ground to the top of the roof.

by the Ciry Survey Office, is supposed to be the essential and importan!

ment at the time of submission of the plans for approval.

Sitc plan is drawn using the above plan with dimensions. The architect

an, showing the

Check this clevation view with reference to the following points: studies the plan of the plot at the time of preparing the line pl
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4

Proposed. building in ihq
should

plot and marginal distaricés from all ‘sides.
show - the - proposed: building, “wates ‘supply. and’drainage connections,

sides. Sice plan

- Inspection chambers, man holes ca the adjoining road. position of entrance gate,

compound wall, agrty direction, survey number of the plot and the surrounding

Flot. drive ways, walk ways, and garage. Contour lines of
are shown by dotted lines and after Alling the piot they are

The proposed building area is hatched or shown by red outline. Existing trees
Which are proposed (¢ be ptssstved - are alse shown. Water supply line and (
drainage line are shown by diffcrent colours. Location and reduced level of
so that ife contractor may use the sam= during

Bench Mark should he shown,

the existing' ground
showa by full lines.

5-38).

;qonsl‘l_'.\‘lt;ﬁou.. Check site phn with reference to

'(3) . 'North direction
(4) Steps and porch
(5) Conmtours . . :. ABE S
(6) Trees to be removed and to be kept

the following essential poats:
1 As 3 e

(D) ALl di -and marg Hpee i
(2) Survey numbers of the ploc and surrounding plots

7) Reduced level of bench mark - -

(8) Service connections—water supply and drainage *(Ses Figs 5-34 to

.
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Block plan along with 2rca statcment is drawn near the site plan. It shows the .

area of the plot, arca allowed to be built, and arca_proposed to be built. While
calculating plinth arc2 and area required for steps, porch and balcony is not
taken into ideration. The ing of *Built-up arc2™ as given by the act
stat=s that it shall mean any area covered with a structure or structures of any
sont cither with plinth or otherwise. The arca covered by open  omas, steps,
fountains, compound walls, weather sheds, portions not more thaa 3 metresX 6
metres d comidors ing the main and subsidiary buildings and the
“Jike shall not be counted in calculating the buili-up area. “Building” includes a

housc, out-house, stzble shed, but and other enclosure br strucrure whether of

‘masonry, obricks, wood, mud, metal, or of any other material wherever used
25 2 human dwelling or otberwiss, and also includes verardah, fixed pladorms.
plintos, door steps, walis, and the like. “Pioi™ means continuous portign of
Jané Leld in cnc ownsrship (Sec Fig. 5-38).

Location Flas L ]
Generally, 2 plot is purchased in a housing society or 2 ;ilm developed under
the development scheme by the owner of the land or development authority.
Hence, 1 order 10 know the exact location of the propossd ploi and construc-
tion worl: location, 2 plan showing part 1racinz of the !zyoui cf the housing
sociery and the plol concerned is shown neur the site plaz .

1
55 K.'T'CHE\.. BATH AND W.C. PLANS
“Kurchex DETAILS

Kitchsn consists of kitzhen otta with the siuk, R.C.C. lofis—orer the ortz and on
the side walls. Sometimss, sub-coniaciors specializing in tae work of buiii-up
cabinets in kitchen are eatrusicd with this special job. Hence, desziled drawings
according 10 the cabinets, sinks, range hood, store vnit. refrigeration, dishwasher,

" “eic. with-heir positions ar;_dn_u!.'n. In order 1o know the proposed requircments,
Gerailed plan and clevations are drawn 10 large scale with dimensions, stating
finishirg materials for kitchen otia, dado of glazcd tiles. wier tap connections,
ec.

BATHROOM AND W.C. DETAILS

 Bathrooms and W.Cs are provided with dado of glazed sles. Jt may be of fill

height or 1 m or 1.5 m 2bovefioor level. Tt may be with plain white glazed tiles
or ccleured tiles or even combinations of both. Bathroom may contain bath
1wk, shower, difierent 12ps, towel rods, etc. In order o 12ke into consideration’
these details at the time of preparing estimate and for execulion of work. it is
necessany 10 draw fioor plan and elevations of all sides to enlargsd scale with
proper notes for differert finishes. Different varieties of wash basins, tiles, W.C.
pans, showers and mirrors are coming into the market every vear. and hence,

Chacl thic eleVAUOD VIEW WILL ICICI Gt sar wov == e

owner should be consulted before finalizing these drawings, as the cost varies
with each typ: of item. ’ 2

Schedules -

. For doors, windows and grili work—Schedules for doors, windows, and grill wark

—R.C.C. or mild steel 10 give consolidated information to the estimator and
contractor are given in Tables 5.2 10'5-5. The information is givea 2s regards
size, symbol, type, finish, etc. ] j

The schedule for materials and finish for rooms gives the information regardinz
finish of fioor, walls, and ceiling for all rooms. T[le details should btz written
in 2 tabular form. For bath and W.C.. either detailed drawinz is prepared
showing cievations of all sides with details of dado or informaiion 1= writien in
schedulc as per convenience (Table 561

5.6 PLUMBING AND DRAINAGE. PLANS

" Economy is the main consideraiion in piznning plumbinz anc dramnaze system

for any 1yps of building. The plazemen: of batnroom. W.C. and kitchen sink
is plunned with this consideration. V-aier conncction max be for direct supply

Table 52 Scuepurt ror Doons

Sr “Door No. Cicarsize  Frome :ize Shutier  Finish ail Remark:
‘No.  symbol masanry npe thizkness  paint.polish
openings mm mm
ram
1 D 4 090%2.10 755150 ., 30 Ol pant C.C.T. WL single.

shun=. nanclicd
door as per drawing

2 - DI 1 090210 75> 15¢ 30 Oil paint ~de-
3 D2 1 075%2.10 7£%150 30 Qil paint —de—
<4 D3 £ 1 075%210  75%150 30 Oil paint ~do-

Table 53, SoEDULE FOR WiNDOWs

Sr. Window No. _Clear size Frame size, Shutier Finish polish Remarks
No. masonry ype thickness  oil pant
opening mm mm
mm
1 w 3 150x1.35  75%100 25 Oil paiat C.CT.W. panly

and glazed partly X
panclied with MS
grill as per drawing

~

wi 4 100438  75X100 25 il paint ~do-

3 w2 2 0.60%0.60 . 75>100 25 Oil paunt C.CT.W. with
glass Jouvens  and
MS grill as per
amawing

Note : Separate detailed drawing showing plan, secuoa, clevation is necessary [or different
types of doors and windows.

——— e i S e
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Table 34 Scooulr ror FoXTumes anp Fasearcy: Dooe LG 5 3 L. = Table S Scooulx FoR Roow Foamc YV
Sr. Door  Typeof  Hinger Tower Handles Aldrops Tadperrt Remarks ..
No. symdol shutter

bolts

No. Size No. Stz No. Size No. Size
mm No. Size mm mm mm
\ mm B £
ik D Single shuner 4 100 1 250 2 150 1 300 .I 300 (1) ron-oxidized
2 Dl Double shutter 87 100 1 250 2 150 1 300 1 300 Fixrurs to be
3. D2 Double shumter 6 100 —+— 2 150 1 300 1 300 approved by the
= owner.
4. D3 Singhk shuter 4 100 — — 2 150 1 300 1 300 (2) Door stopper
10 be nsed for D and
- D1 -
- Table 5-5. Scwrourr for FiXTURES aND FasTEvNGs: Woipow
Sr. Window  Number of  Hinges Tower bolts Handles Hooks & Extra  Remarks
No. symbol  shutters - -eyes - fixtures
No. Size No. Size No. Size
= No. Size
mm mm mm mm
1 w Four shuttess 12 100 R ECO0) 4 150 4 200 — lren-oxidized
I Wl Two shuues 3 100 2 200

— Fomurs ©
be approved
by the owner _

which may be for specific hours in a day or with separate pipe coraection for

water [rom storage-tank which is supplied for 24 hr. Plurabing work is cacried

out as per plumbing code. A certificate from ths plumber having corporation’s
licence is required 10 be submitted after execution of work. For water supply
connection. 20 mm galvanised iron pipe is generally allowed. Water is supplied
under pressure, but the drainage line works on the principle of gravity. Asphalt
coated cast iroa pipes (100 mm diameter) known as *soil pipes’ are used for
drinage connections. Vent pipes are provided to discharge sewer gases into
the air. The sewer pipe provided is of 200 mm diameter, concrete hume pipe
or castiron. All drainage pipes must be straight aad direct. Inspection chambers
are provided at the bend and where branch connection is provided.

Site plaa should show water supply and drainage lines in plot and their
conaections to respective lines on the road. Detailed plan to .calarge sale
should be prepared showing requirements of the aps—direct and from storage
taak, positions of shower, drainage pipe line and its diameter, slope, man hole,
inspection chamber—its positions and size. In bathroom and W.C., water
supply pipes may be concealed in wail if walls are to be finished with glazed tiles,
or they can be fitted directly on walls. [.S. symbols for sanitary insuallations are
uszd for preparing these drawings. |n the case of a multi-stocey building, verti-
cal section is shown for all connecuons. These drawings snould be completed

- 1. Living room - 11.10 m?

Carper Tiles ype  Skirting rype  Colowr ﬁ; ;‘”:I ‘Remarks !
R Hize size ceiling distermper(

2 ol bound diztem- - ¢
' . ° Jion etc. 3

Marble mosaic  Half tle Distemper for Tles to be

3 tles—white skirting tles  walls: white  sdlecied a3
} . " ccmenfbase as p ficor  wash for per choice of
200 X 200 ceiliog Jwoer
2. Bed room 1200 m? Masble mosaic —do— o —do-
gies with grey -
i c=neat base
. o 200 X 200
. 3. Kicha 1554 m! Bloeusdur  Halfle skiring  — —
tiles 200X200 o blue tandur
Kitthenora 1.6 m?  Black Kidappa White glaz=d = =
(Z.70m x wi hign tles for Daco
0.69m) polsh¥dmm over Ota
< thick. 1.5 m high
4. Passage 370 m* Bleundu  Hallle  Distemperfor ~  —
til=s 200% 200  skirting of walls; white
< . blue andur wash for cziling
S. Bath 260m*® Blue tandur ‘White glazed Distemper for
: © cdla’ o diles: Dado,  walls: white —_
00 X 200 . - .1.50m, h‘lln wash for ceiling
6. W.C. l_‘é m?  Whire ﬂund’ White glazed ~do- —
“tiles Dado .
1.50 m high -
with proper notes regarding material, di ec, slope, invert levels, etc. Cor-

poration authorities should be consulted for connection 16 the street sewer be-
fore drawings are prepared: .

£7 ELECTRICAL INSTALLATION PLAN

For small rcsidemial buildings, these plans can be prepared aiter _smdying' the
requiremeats of the owner. Fot putlic h)&‘_,\dius. \\:\p_t?l' the elecurical m;m:cr‘
is taken. Drawings showing plan with'vari < should be prep

as per clectrical code.  Posiuons of fans, and slectrical points an ﬁ?l\lm .t.nd
walls with switch boards should be shown by using electrical insuallaton
symbols (Refer Figs. 5-24, $23).
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The following points should be taken into consideration while preparing thess
drawings: .
jren -
(1) Uniform lighting :hoﬂd’be“provided:
(2) For smallrooms, cciling fixtures arc suffcent. For larger rooms, cciling
fxtures and additiopal points 0B wall should be provid=d-
(3) In dining room, ceiling fixtures may be provided over the dining table.

(4) Entrances and outdoor lights should be ample and their switches must
be inside the building. ~
(5) Light switches am provided at & height of 1.5 m above the floor.
y tdoy‘e_mm; through roo;ns. [passage, ctc. should be considercd while
c P b

(6) Power connsctions are provided for tlevision, refrigerator, ironing.
Beyser, ac

(7) Electric wising may be

pipes arc required to be fited during casting of slab.

both concealed and open; if concealed, conduit -

e <
Table 5-7- E1eCTRICAL INSTALLATION PLAN (Fnc..}?-‘)

1. Main switch
- Light—250 V _
15 A. LC.DP-
2. Main swich 1 o2
Power 250 V
30 A. 1.C.D.P.
- (lrop clad double pole)
3. Light points
(2) Pendant—!
(v) Brackel—35
(n) Tube -2
20 Wau
(¢) Bulcbead—5 16.5 X €0 W= 1 kW Approx.
fitingz
- (¢) Fans —2
1200 swe=2
(@ Pug —3=15
(Plugs—hall Points)
4. Powc points
3 Pio powe plug with indicator
and swiich witk fuse = 4kW
UﬁlkpovﬂTuu] =5 kW

/—/—
/’/

¥ OMNE WAY SVITCH «

LIGKT PLUG -
POWER PLUG a . BULK HEADFITTING D
METER o MAIN OWITCHED =2
(u.u'nl-ﬂj
LIGHT BRACKET 0. MAIN SWITCHED <P
CPowERD
FLUORESCENT = FLUOREDC ENT =
Quexr anGLr) (LEXTIOUsLED -
BELL Sid MAIN FUOE. BOARD IS
(wrm™ouT SwITCHES
Ll.d"l!')
CEILING FARN o0, MAIN FUOE BOARD =
3 (e TH BWITCHES
& LaxTin®)
BUZZER - SINGLE LIGHT @)
3 ( PERIANTY
BELL PUDK = EXHAUST TAN @

SYABOLS FOR ELECTRICAL IROTALLATIONS (ser 1o.pea-me®

Fig. 5-25
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READDNG EXERCISE (FIG. 520~ = _ T =
SKETCH PLAN D
(1) What is the necsssity of drawing.a sketch plan?
(2) Study the dralsmanship—thick 2ad thin lines for walls, method for showing st00<™,
masonry, R.C.C. gail, paviog, aod different types of doors. = "
(3) What type of finish will-you suggest foc temce? i
(4) Prepacea skeich plaa for the plan shown in Fig %21 l
= GUEST BED
cTcHING - =1 ==
KETCHI . - : : ) £ A
ST R ) = s . 3.00%1 2+ I £
i CRTABLE, STROKES 0 t
< F ABL
Sl : =) i
___’_’_,_——;—,— v H
AL CaR. 2
ZXCTAG LNETO BE AVIDED VO EGUA IPARTS| 1
: ¥ s !
e TOGLS| C: §
T TCRE] %
AVCID CASHES FOUR EGUAL IS.G:??; i
2.3X2.7 » ¢
3 e i i
£ ¥ CM
MARK TERMINATION PTS THREZ EQUAL WCRKRCC T ;
o v 1
DRAW SHORT LINES WITH s1x SQUAL % i

FINGERS AND WRIST
MOVEYENT; FCR LONGEF
LnES (DRAW SERQIES

OF SHORTER LENGH

BISECTING UNES BY
VISUAL COMPARISON

. SKELTCHING ANGLES SKETCHING CJRCLE

_ﬂe
2s° i
! & 3.0X9.0 ™
= COVERED AREA
\ : ground f{loor "
" ; 157.5 SGM. G. FLOTR i
= sz8 SQM G. FLOOR S |
¢ 2123 saM- | B\l
Fig. 5-26 Heutdl : - ,\_
i
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~ Preparation of
L= Submission and
Working Drawings
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style. Refined and polished snylei
styles (Figs. 528 and 5-29) arc:
(1) Condeased;
(2) Extended;.
(3) Vanauorn; and
(4) .Kzbel Modern.

s a result of constant drawing work. Important

Conpenstd TYPE ;
Letiers are condscsed and zrc wil

letter s’ is wmined With one reverse
marked with promineat points. The lemers

guig=lines. 5

curve stroke. End strokes for letiers arc
“L' and T arc extcoded beyond

ExTENDED TYFE -
2 -

wide with little space berween each letier oppositz to the condensed

Leners are

VARIATION TYPE—CIRCULAR STROKES WITH INCLINED CUR-

VES AHND HIGH CENTRE STROKES

L VARIATION

DEFGHIJHLMNOPQR

ABC
cTUVWAYZ 1234567670

piITCHEN CONCRETE

e

(ABEL MODERN

ABCDEFGHITKLMNOP QRS T
UVWAYL & 1234567620 —

KITCHEN CONCRETE
LETTERS. CIRCULAR

Fig. 5-29 KABEL MODERN TYPE—CONTRAST [N
ig. 5-29 LZTTERS WITH TRUE CIRCLES AND OTHER LETTERS CONDEKSED.

e with uniformly-spread spacing. The K

type. ‘E', 'F\ and ‘H" bave Jow centre strokes. -

VARIATION TYPE' -
inclined centre swokes arc placed high. Oand P arc not

Curved strokes 07
¢ are slightly rectangular.

having full round pature bui

KABEL MODERK
Kabel js the name

berween the full roun
Spacing may be sprea

of the designer of this type. He bas provided contrast
tters are kept 2s condensed.

d circular letters and other Je
d or tight Sometimes, dot is marked in O, C, Gand P.

59 TEACHING CIVIL ENGINEERING DRAWING
gineering drawicg:

steps in teaching civil en
2nd (4) Developmeat of

The following are the basic
(1) Skeiching. (2) Tracing, (3): Measured Drawing,
line plan. Z
The basic requirements of the stud
enginser, Or 20 architect is his artistca
as 2150 perspecve andé orthographic drawings.
ing of coastruction and construction materials.

ent intending to work 25 2 draftsman. civil
bility. He must know frechand sketching.
He must have 2good understand-

Sketching

Ja ordzr to develop con
the first part of thc traini
stand the construction msthods, joinery d=

fid=nce. ability. and architectural styic in the drawing.
ng should start with sketching which wili help to- under-
wils, and various techniczl t=rms.

Tracing

The sezond step should include the tracing work On tracing paer first by esing
pencil and then ink. Drawing of difierent types of buildings such as load bearing
and framed structures by different architects, should be studied. and then given
for tracing. This will help in studying the composition of drawing sheet, P!
clevation, section deails, and requirements of each view. Thnus the students will

get sufficient practice for letiering, dimensio; writing notes and

schedules.

ning. and for

Measured Drawicg
The third step in training should involve measured drawing. First visit should
be used for studying construction details and writing of construction noles, as
alsodrawing elevation of alisides. Second visit should bz used to take all external
and internal mezsuremsnts and preparation of skeich plac. Then section line
should bs marked on the plan and stwdenis should be 2sked to draw secuen.
This method gives them confidence. They become familiar with the construction
aspects and indirectly stdy differeat styles in architeciure, clevation treatment,
proportion, balange, shadow projections and symmetry it the structures. Afier-
wards, they should be asked to draw plan clevation and section first on gruph
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g Ao & SROTE CIlION A it SRS SO ROAD 6 I WIDE
7 , R 5 h B vC
Fig. 5230 LINE PLAN o SITE PLAN
= i F . g -
(e e -paper, qnd thea on drawing siesz with appropriate compasition. DATA 4
, Develnp;jnen( of the Line Plan ’ L 5 4 Fou’ndar.ion : 3 3 < g hrd.‘nn aca deoth 13 m below
The fourth step in L hing saould include develcp of the line plan with the d G
given daw and constructon notes. Skeiches tor plan, cievation, and section Plinth heighc — 0 mm
shouid be prepared firston gfaph pager and thea on drawiag paper. At this stage, Plinth and foundation masonry _ U.CR. masoary in cemeat DofRr
'zhe students should also study construction, duilding bye-laws, and design ol 1 : 6 with cement plaster | o=
structural members. Superstruciurs : — E. B. Masonry, ‘00 mm thick in ke
i cement morar | :6 with cement plas-
3 ; ter 1:3 with neeru finish intermally
5.10 SPECIMEN WORKING DRAWING and sand faced externally. Partton
5 3 d walls for W.C. and bath 200 mm.
P Residential Building—Working Plans Supersuructure height — Hegne of caves board abave pbl}lh;
. bomom of R.C.C.shb abave plinth
Line pla, site plan (Fig. 5:30) and datz for preparing working plans are given Flooring — Cement tles 25 mm tRick aver lime
below. Method for developing the line plan and various-steps for drawing plan, concrete | 33 1 6 bedding 125 mm over
clevation and section is explained in Section 5.3. Study all these drawings, sche- 3 rubble soling 200 mm %
dules carefully.- The same method should be followed for small or large, siaglz Doors and windows — C.CT.W.of suiablssize and at swit-
or multi-storcyed buildings. 3 . Pk 3 S aole places
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SECTION—1- DRAW ALL HORIZOKTAL UNES SHOWING DIFFERENT
LEVELS FROM FOUNDATION TO ROOF TOF
2. MARK WALLS Bv DIVIDER
3. PLALE YOURSELF IK THE POSITION OF MASON, CAR-
PENTER. ET!

C. AND_SHCW ALL CONSTRUCTIORAL
DETAILS. THICKNESS ETC. .
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=9 ' ) T e R N TR Roof —  Pitch and fat roof. Pitch roof covered
(i ; = 135 = S N S with Mangalore tiiss over CCT.W.
Buiiding Drawing - ‘7, & wock. Flacroofof R.C.C. slab 150 m=m
L " % / G  with water proofing Ueitmeat Assume
:.%. * acdidonal daw, if required
E|  WASHING S .
l = PLACE, Houo " How to Draw Flag
& \ = 7
g STEPS
| Bty rQe. . R . PR g /
4 3 Lo Coehl J Bm (1) Complete the sketch of plaa and with all Check
ST 8 S permissible 2nd propused ouilt-up area. o !
J L (@) Find the size o€ the suiradle recaagie witiout offsezs. [n
4 E B Ve the case of the given plan the size is 8..0: mx905m -
g % E f=a.1. (3) Draw the rectangle 8.05 m X 9.05 o with rhe scale 10 mo =lm
% 3 : 7 for stomission and 20 mm = | m for, working drawing. Draw izint
- ot - o . = %
B i . lines. 5 :
¥ ; : (4) Remember the principie—work from the whole 1o the pait Kesp the
e “ scale near title olock 1nd usc the divider 0 mack pliath offset 75 mm.
: external wails <00 mm 3ad other ‘atemal walls of 270 m= aad
E 400 mm. b 2. e
' O § - (5) Compiete other dzzaiis step dY steD 25 expiained iz Se=zor 2.3.
' = How to Draw Elevation
. : 79 WATEA LINE )
_GRAINAGE LINE SIEE S <y |
MM 1me 2 (1) Draw norizonal lines showing diferent levels from ground to ridge
p ROAD G WIDE or top of roof according to the aumber cf noou. aod type of roof—
- - pitch or fat. wizh or with P or LT of pitch and flac ;
- A“' 3 ; (2) Project vertical lines from the plan R, S .
g ! A OF THE PLOT =300 3 Ny e U e S e 1 : '
AREA ALLOWED TO S (3). Draw all details as exp 3 8 2 :
| 8E BULTI[3 = I0Q SqM These steps are illustrated in Figs. S-31 aad §-32.
AREA PROPOSED = €7=6 Z2 39m
3 PLOT BOUNDARY SHAWWN THUI— . READING EXERCISE (FIG. 3-15)
T i PROPO3ED-WORK THOWN THUS — .
' DRAINAGE LINE SHOWN THUS — 5 . WORKING DRAWINGS
WATER LINE SHOWN THUS C— T i A=
|- iNSRECTIOIICRAMEER i i i i a0d scction for cstimating aod- coastructiog the E
GT-GULLY TRAP 2 Working ‘.".""'s’:;';‘::‘f" G sl \0 ihe folowiag poiats
MM MAN HoL e 3
(1) Dimensions in centre line plan asd ground flcoc plan.

@) Puositioa of columns.

AREA OF THE BLOCK = 72-852 T4 (3) Prepare schedule for room finish foc Aooriag.

< 4 - - 5. 4) Calculate carpet area. -
; DEDUCTO 4-10X30 = 5-330 ((i)l reoase scutule for doars, wiadown." from the gvea dau and paka s st of tba
————— . NET AREA -“&7.522359m roquired additiooal daa if cot found ia e dawing. |
>esm +om (6 Prepare suitable (umniture layout plaa.
806 M - ‘(N Prepare decuical iastallation plas.

g : . : Wocking drawi r:puu.aa-tknwdm.-my‘p-ﬂvwvlm“
Fig. 5-34 _SITE PLAN . Nota RS Ce Le R
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Any oier speainc deiai
"~ furniture pieces, ‘cupboards, -elc.
g-wor'king Grawings. its utiliny and imporizoce from
pervision should bz kept in Tind. Table 51 gives details
s and their units of measuremeat apd peyment. Quantities.
be calculated in 1o? and m O per runping metrz. Hence, stu
2 knowledge of the items and respsctive  units of measuremer
. This paturally imparts 2 nEw practical vision 10 write and then
mensicns so 2s to caletlat the Juanti
k i ith 2 scale of 1250 of 5
as regards malciiels cic. 2re n
. but also save a lot of time on sitc ai the time
Cotrect estimation. accurate dimensioning, 2nd desired 4
id unnecessary dispute and loss of im= =ven at 2 later dats.
ws details of toilets. Stucy carefully the plan. notss and

ws details of stzircase. Study carefuliy ths pian for shku;:

WS p!;-m. -ation and scction a0d Figs. 542, 543 anod 544
for xesidentiﬂ buildinzs. Study tzrcfr. Iy 2]l drawings ziong
‘exercises. S 7 -

UniT< 01 MEASUREMENT aND Pavusns 171 0 WoRKS

: Uair of
Measurement © Payment
in mks im ks

 hem

excavauor, filling S m

) Lime concrete in foundation !

B (b) Cement concrete = ke m?

() Reinforeed cement.conersie m

- ) RCC chajiz s

t mal: 7 () Precasi CC or RCC m3

gﬂﬂ work. i A= () Jali work (thickness o e specificd) < m*
rill, m=thod ~ (g) Damp-proofl course -

) ~ (thickness to be specificd) m*

) 1n foundation and plinth. sups? structure
‘inarches, etc. in csment, lime or m d monar
_ (b) Half brick work with or without reinforcement
() Stenc work 3
Stone masonry—Random rubble. coursed Tub-
ble. ashlar masonry in walls, arches. €lc-
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Drawings Described

A duwmg is a graphic representation of an idea.

concept of an entity ty which auually or potentially

| exists in life. The drawing itself is 1)2 way of commu-

rizating all necessary information about an abstrac-
tion. such as an idea or a concept: or 2] a graphic
regresentation of some real entity. such as a machine
part. a house. or a tool. for example.

Drawing is one of the oldest forms of communica-
tion. dating back even farther than verbal communi-

~ cation. Cave dwellers painted drawings on the walls

'

oi their caves thousands.ofyears before paper was
d. These crude drawings served as a means
of c.crnmumraung long before verbal communications
had d d beyond the stage. In later
years. Egypdan hlero;lyphus were a more advanced
form of
The old adage “one pxctur! is worth a thousand
words” is still the basis of the need for techni-
cal drawings.

Types of Drawings

There are two basic types of drawings: artistic and
technical. Some experts believe there are actually

2 Section |

three types: the two mentioned and ancther type
which combines these two. The third type is usuaily
referred to as an iilustraticn or rendering.

Artistic Drawings

Artistic drawings range in scope from the most sim-
ple line drawings to the most famous paintings. Regard-
less of their complexity or status, artistic drawings
are used to express the feelings, beliefs. philosophies
or abstract Ideas of the artist This is why the lay
person often finds it difficult to understand what is
being communicated by a work of art.

In order to und d an artistic drawing. it is
sometimes necessary to first understand the artist
Artists often take a subtle or abstract approach in

icating through menr i This gives rise
1o the various interp ions often a iated with
artistic drawings.

Technical Drawings

The technical drawing. on the other hand. Is not
subtle or abstiact. it does not require an understand-
ing of its creator: only an understanding of technical

Figure -1 Technical
drawing (mechanicall

—-; 50 +—— 200 —= 50 ~—

._pn.‘.-uv-j

drawings. A technical drawina is a means of clearly and
con:welxafmmumcaung all of the information nec-
essary (otransform an idea or a concept into reality.
Thereiore. a technical dzawing often contains more
than just a graphic représentation of its subject. It
also contains dimeasions. notes. and specifications.

The mark of a good technical dmwmg is thatit :on-

version process may involve manufacturing assembly.
construction. or fabrication. Regardless of the pro-
cess involved, a good technical dmin; allows the
conversion process to proceed without having to ask
designers or draiters for additional (nmrmanon ey
or clarification.

'l
Fguru I-1 and 12 contain samples of technial .

tains all of the information needed by individuals for
cnnverting the idea or conzeptinto reality. The con-
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