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Preface

Purposes Technical Drawing is intended for use in such
courses as basic and advanced technical drawing,
basic and advanced drafting, engineering graphics,
descriptive geometry, mechanical drafting. machine
drafting, tool and die design and drafting, and man-
ufacturing drafting. It is appropriate for those courses
offered in comprehensive high schools, area vocational
schools, technical schools, community colleges, trade
and technical schools, and at the freshman and soph-
omore levels in universities.

Prerequisites There are no prerequisites. The text be-
gins at the most basic level and moves step-by-step
to the advanced levels. It is as well suited for stu-
dents who have had no previous experience with
technical drawing as it is for students with a great
deal of prior experience.

Innovations An advantage of the text is that it has
evolved during a time when the world of technical
drawing and design is undergoing a period of major
transition from manual to automated techniques.
Computer-aided drafting (CAD) is slowly but steadily
gaining a foothold. This transitional period will last
at least until the turn of the century, with CAD gaining
greater acceptance every year.

This transition has created a need for a major text
that deals with both traditional knowledge and skills
and CAD-related knowledge and skills. Technical Draw-
ing fills this need. Even when the world of technical
drawing and design has become fully automated,
drafters and designers will still need to know the
traditional basics and technical drawing fundamen-
tals. These basic factors will not change. Therefore,
the traditional fundamentals are treated in depth in
this text.

What is changing, and will continue to change, is
the way that drafters and designers prepare techni-
cal drawings. For this reason, CAD is also treated in
depth, and many of the drawings and illustrations
were prepared on various CAD systems. Along with
this treatment, Technical Drawing offers students and
teachers a special blend of the manual and auto-
mated knowledge and techniques that are needed
now through the turn of the century and even beyond.

Another advantage of the text is that it was written
after the latest update of the most frequently used
drafting standard—ANSI Y14.5. This standard was
updated with major revisions in 1982, and is now
ANSI Y14.5M—1982. Consequently. all dimensioning
and tolerancing material in Technical Drawing is based
on this most recent edition of the standard.

X Preface

New Features in the 2nd Edition

Four new chapters, including Pipe Drafting, Elec-
tronic Drafting and Charts and Graphs.

Brand new design chapter introduces students to
the unique "design process” they will need to
succeed in industry.

Completely new chapters in geometric dimensioning
and tolerancing and dimensioning and notation have
been commented upon as “the best presentation
of dimensioning information in any currently
available text.”

Over 400 new drawing problems, most of which
are classified in the "challenging to very difficult”
range, have been classroom tested.

Rewritten, in-depth Descriptive Geometry chapter will
give students a solid foundation in this subject.

CAD chapters are fully updated to reflect the
very latest in microCAD technology and are based
on AutoCAD*, VersaCAD?, and CADKEY? systems.

Much new art is CAD-generated to familiarize
your students with the style of machine-drawn art.

Computer Integrated Manufacturing (CIM) infor-
mation is fully integrated into the Shop Processes
chapter.

Technical screening done on existing art and prob-
lems to set a high standard for the 2nd Edition.

Tested and Proven Features

Step-by-step explanations of drawing procedures
and techniques.

Written in language your students will understand;
technical terms are defined as they are used.

Unique blue and red color format depicts iso-
metric views more clearly than “flat” black-and-
white drawings; shaded effect is an excellent
"depth” projector.

Text and illustrations are located in direct rela-
tionship to each other.

CAD techniques are integrated thoughout the
text as well as in two fully dedicated chapters.

"Real-world” techniques and drawings are high-
lighted throughout the text.

Although the emphasis is on mechanical drafting,
other pertinent drafting subjects are included for
a comprehensive, well-rounded approach to tech-
nical drawing.



The Package
m Comprehensive Textbook.
m Comprehensive, up-to-date manual Workbook.

m All new multi-function Workbook with drawing prob-
lems that can be done manually or with CAD, via

AutoCAD?*, VersaCAD®, CADKEY?®, or MicroStation®.

m |nstructors Guide with overhead transparency mas-
ters and complete course syllabus.

m Solutions Manual with solutions for selected
problems from both the textbook and the
manual workbook.
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This introduction to Technical Drawing and
Design presents the concept of technical drawing
and fraces its evolution from primitive manual
techniques to modern computer-aided drafting
(CAD) techniques. Major topics covered include:
drawings described; types of drawings; types of
technical drawings, their purpose, applications,
and regulation; and a checklist of what students
of technical drawing and drafting should leam.

INTRODUCTION

Drawings Described

A drawing is a graphic representation of an idea. a
concept or an entity which actually or potentially
exists in life. The drawing itself is 1) a way of commu-
nicating all necessary information about an abstrac-
tion, such as an idea or a concept; or 2) a graphic
representation 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
of their caves thousands of years before paper was
invented. These crude drawings served as a means
of communicating long before verbal communications
had developed beyond the grunting stage. In later
years, Egyptian hieroglyphics were a more advanced
form of communicating through drawings.

The old adage "one picture 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 another type
which combines these two. The third type is usually
referred to as an illustration 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 understand an artistic drawing, it is
sometimes necessary to first understand the artist.
Artists often take a subtle or abstract approach in
communicating through their drawings. This gives rise
to the various interpretations often associated with
artistic drawings.

Technical Drawings

The technical drawing, on the other hand. is not
subtle or abstract. It does not require an understand-
ing of its creator; only an understanding of technical




Figure I-1 Technical
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drawings. A technical drawing is a means of clearly and
concisely communicating all of the information nec-
essary to transform an idea or a concept into reality.
Therefore, a technical drawing often contains more
than just a graphic representation of its subject. It
aiso contains dimensions, notes, and specifications.

The mark of a good technical drawing is that it con-
tains all of the information needed by individuals for
converting the idea or concept into reality. The con-

e——3.00———*

#.69 T THRU

.00

e

e— 2 00 ————=

MATERIAL:

! 1
| 50
i {

e —

version process may involve manufacturing, assembly,
construction, or fabrication. Regardless of the pro-
cess involved, a good technical drawing allows the
conversion process to proceed without having to ask
designers or drafters for additional information
or clarification.

Figures I-1 and I-2 contain samples of technical
mechanical drawings which are used as guides by
the people involved in various phases of manufactur-
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Figure I-2 Technical
drawing (mechanical)

(V)

Introduction



y. /i =

] N
o AR S
% l..’f‘ld"“’(\
"o A wmoN O ]
A ¥ e

. RN A N‘\ "y
A AR R, TN

RS
< AT ™3

] e
(RGN
v \ =\ -
3 AR A

S oS M -

3
S ,.:S‘"\f\ N}
>3 7
-

}

|
'{.\blf

11 ? il ‘ £ L
I' 'l']»}ti'll \‘]: ‘.n.‘.]',l.“ ~d

S 7NN

Figure [-4 Rendering

Caction




Figure I-5 Mechanical illustration (Courtesy Ken Elliott)

ing the represented parts. Notice that the drawings
contain a graphic representation of the part, dimen-
sions, material specifications. and notes.

[llustrations or Renderings

Illustrations or renderings are sometimes 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 I-3, [-4, I-5, and 1-6. They are technical in that
they are drawn with mechanical instruments or on 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

Technical drawings are based on the fundamental
principles of projection. A projection is a drawing or

representation of an entity on an imaginary plane or
planes. This projection plane serves the same pur-
pose in technical drawing as is served by the movie
screen in a theater.

As can be seen in Figure I-7, a projection involves
four components: 1) the actual object that the draw-
ing or projection represents, 2) the eye of the viewer
looking at the object. 3) the imaginary projection
plane (the viewer's drawing paper or the graphics dis-
play in a computer-aided drafting system). and 4)
imaginary lines of sight called projectors.

Two broad types of projection. both with several
subclassifications, are parallel projection and per-
spective {(converging) projection.

Parallel Projection

Parallel projection is subdivided into the following
three categories: orthographic. oblique. and axono-
metric projections.

Orthographic projections are drawn as multiview draw-
ings which show flat representations of principal views

Introduction 5



Figure 1-6 Mechanical illustration (Courtes

y Ken Elliott)
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Figure 1-8 Orthographic
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DEPTH- HALF SCALE

| OBLIQUE (CABINET)

-—FULL SIZE

Figure I-9 Oblique projection (cabinet)

of the subject, Figure 1-8. Oblique projections actually
show the depth of the subject, and are of two varieties:
cabinet (half scale) or cavalier (full scale) projections,
Figures [-9 and [-10. Axonometric projections are three-
dimensional drawings, and are of three different
varieties: isometric, dimetric, and trimetric, Figures
I-11, 1-12, and I-13.

Perspective Projection

Perspective projections are drawings which attempt to
replicate what the human eye actually sees when it
views an object. That is why the projectors in a per-
spective drawing converge. There are"three types of
perspective projections: one-point, two-point, and
three-point projections, Figures I-14, I-15. and I-16.

Purpose of Technical Drawings

To appreciate the need for technical drawings, one
must understand the design process. The design pro-

DEPTH-FWLL SCALE

culsze | OBLIQUE (CAVALEER)

-

Figure 1-11 Oblique projection (cavalier)

ISOMETRIC

Figure 1-10 Axonometric projection (isometric)

cess is an orderly, systematic procedure used in
accomplishing a needed design.

Any product that is to be manufactured, fabricated.
assembled, constructed. built or subjected to any
other type of conversion process must first be de-
signed. For example, a house must be designed before
it can be built. An automobile must be designed
before it can be manufactured. A printed circuit board
must be designed before it can be fabricated.

The Design Process

The design process is an organized, step-by-step pro-
cedure in which mathematical and scientific princi-
ples, coupled with experience, are brought to bear
in order to solve a problem or meet a need. The
design process has five steps. Traditionally, these steps
have been 1) identification of the problem or a need,

DIMETRIC

Figure 1-12 Axonometric projection (dimetric)

Introduction 7
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Figure I-13 Axonometric projection (trimetric)
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ONE - POINT PERSPECTIVE

Figure I-14 One-point perspective projection

2) development of initial ideas for solving the pro-
blem. 3) selection of a proposed solution, 4) devel-
opment and testing of models or prototypes. and 5)
developing working drawings, Figure I-17.

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 expensive, time-consuming
fourth step in the design process — the making and
testing of actual models or prototypes — has been
substantially altered. Figure 1-18. This fourth step has
been replaced with three-dimensional computer
models which can be quickly and easily produced
on a CAD system using the data base built-up during
the first three phases of the design process. Figure
I-19.

Whether in the traditional design process or the
more modern computer version, in either case, work-
ing drawings are an integral part of the design pro-
cess from start to finish.

The purpose of technical drawings is to document
the design process. Creating technical drawings to
support the design process is called drafting. People

8 Section |

TWO-POINT PERSPECTIVE

Figure I-15 Two-point perspective projection
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Figure I-16 Three-point perspective projection

who do drafting are known as drafters or drafting
technicians. 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 preliminary drawings —
are used to document the various ideas and con-
cepts formed. In the third step. technical drawings —
again, usually preliminary drawings — are used to
communicate the purposed solution.




Figure 1-17 The design
process (manual)

Figure I-18 The design
process (CAD)

Figure 1-19 Three-dimensional computer model
{Courtesy Terak Corporation)

If the traditional fourth step in the design process
s being used. preliminary drawings and sketches from
he first three steps will be used as guides in con-
tructing models or prototypes for testing. If the more
nodern fourth step is being used. the data base

4Xx .50 T THRU
_\/////

i

3.00 2.00 - 4 00 5.00

2 Yl /_///

/e

le—— 3,00 —>+=1. 00

Figure I-20 Simple mechanical drawing (manual)

built-up during documentation of the first three steps
can be used in developing three-dimensional com-
puter models. In both cases, the final step is the devel-
opment of complete working drawings for guiding
individuals involved in the conversion process. Fig-
ure 1-20 is a working drawing documenting the design
of a simple mechanical part. The drawing was pro-
duced manually. Figure I-21 is a similar drawing pro-
duced on a CAD system.

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
technical 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 [-24, 1-25. and 1-26.

Surveyors and civil engineers use technical draw-
ings to document such work as the layout of a new
subdivision, or the marking-off of the boundaries for
a piece of property, Figure 1-27. Contractors and con-
struction personnel use technical drawings as their
blueprints in converting architectural and engineer-
ing designs into reality, Figures 1-28 and 1-29.

Introduction 9
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Technical drawings are equally important to engi-
neers, designers. and various other individuals work-
ing in the manufacturing industry. Manufacturing engi-
neers use technical drawings to document their de-

signs. Technical drawings guide the collective efforts
of individuals who are concerned with the same com-
mon goal, Figures [-30 and [-31.
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Figure 1-30 Isometric mechanical drawing (Courtesy The Rust Engineering Company)
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Figure 1-31 Isometric piping schematic (Engineering Graphics, Inc.)

Regulation of Technical Drawings

Technical drawing practices must be regulated
because of the diversity of their applications. Just as
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 to communicate using the
graphic language are speaking the same language.

Standards of Practice

A number of different agencies have developed
standards of practice for technical drawing. The most
widely used standards of practice for technical draw-
ing and drafting are those of the U.S. Department of
Defense (DOD). the U.S. Military (MIL), and the Ameri-
can National Standards Institute (ANSI).

The American National Standards Institute does
not limit its activities to the standardization of tech-
nical drawing and drafting practices. In fact, this is
just one of the many fields for which ANSI maintains
a continuously updated set of standards.

Standards of interest to drafters, designers, check-
ers, engineers, and architects are contained in the
"Y" series of ANSI standards. Figure 1-32 contains a
list of ANSI standards frequently used in technical
drawing and drafting specifications.

What Students of Technical Drawing
and Drafting Should Learn

Many people in the world of work use technical
drawings in various forms. Engineers, designers,
checkers, drafters, and a long list of related occupa-
tions use technical drawings as an integral part of
their jobs. Some of these people must be able to
actually make drawings; others are only required to
be able to read and interpret drawings; some must
be able to do both.

SIZE AND FORMAT. Y4 |
LINE CONVENTIONS AND LETTERING__YI4.2
PROJECTIONS Y43
PICTORIAL DRAWING Yl 4
DIMENSIONING AND TOLERANCING____ Y14 5M
SCREW THREADS Y46
GEARS,SPLINES AND SERRATIONS____ Y147
GEAR DRAWING STANDARDS Y471
MECHANICAL ASSEMBLIES Y414

Figure I-32 Sample list of drafting standards
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LEARNING CHECKLIST

FOR
STUDENTS OF TECHNICAL DRAWING

FUNDAMENTAL RELATED ADVANCED

KNOWLEDGE KNOWLEDGE KNOWLEDGE

AND SKILLS AND SKILLS
DRAFTING EQUIPMENT MATH DEVELOPMENT
FUNDAMENTAL DRAFTING  WELDING GEOMETRIC DIMENSION-

TECHNIQUES SHOP PROCESSES ING AND TOLERANCING
SKETCHING MEDIA AND THREADS AND FASTENERS
GEOMETRIC REPRODUCTION SPRINGS

CONSTRUCTION CAMS
MULTIVIEW DRAWING GEARS
SECTION VIEWS MACHINE DESIGN
GRAPHICAL DESCRIPTIVE DRAWING

GEOMETRY PICTORIAL DRAFTING
AUXILIARY VIEWS DRAFTING SHORT-CUTS
GENERAL DIMENSIONING CAD TECHNOLOGY
NOTATION CAD OPERATION

Figure I-33 Checklist for students of technical drawing

What students of technical drawing and drafting
should learn depends on how they will use technical
drawings in their jobs. Will they make them? Will they
read and interpret them? This textbook is written for
students in the fields of engineering, design, drafting,
and architecture, among others, who must be able
to make, read, and interpret technical drawings. These
students should develop a wide range of knowledge
and skills, Figure 1-33.

-

The learning required of technical drawing students
can be divided into three categories: fundamental
knowledge and skills, related knowledge. and ad-
vanced knowledge and skills.

In the “fundamentals” category, students of techni-
cal drawing and drafting should develop knowledge
and skills in the areas of drafting equipment: such fun-
damental drafting techniques as line work, lettering.
scale use, and sketching; geometric construction: mul-
tiview drawing: sectional views; descriptive geometry:
auxiliary views: general dimensioning: and notation.

In the “related knowledge” category. students of
technical drawing and drafting should develop a broad
knowledge base in the areas of related math, welding,
shop processes, and media and reproduction.

In the "advanced” category, students of technical
drawing and drafting should develop knowledge and
skills in the areas of development, geometric dimen-
sioning and tolerancing, threads and fasteners,
springs. cams, gears, machine design drawing, picto-
rial drafting, drafting shortcuts, and CAD/CAM tech-
nology and operations. The latter area represents a
significant change in techniques used to create,
maintain, update, and store technical drawings, Fig-
ures 1-34 and 1-35.

Figures 1-36 through 1-40 contain examples of sev-
eral different kinds of technical drawings taken from
the “real world" of drafting.

Figure 1-34 Modern CAD technology (Courtesy CADKEY)
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Figure 1-35 Modern CAD system (Courtesy Autodesk, Inc.)
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Review

. What is a drawing?

. What old adage explains the basis of the need
for technical drawings?

_ What are the two basic types of drawings?

. Explain the major difference between the two
basic types of drawings.

. What are the four components of a pro-
jection?

_ Name the three subdivisions of parallel pro-
jection.

Figure 1-40 Mechanical pictorial drawing (Courtesy Fruehauf Corporation)

. Name the three types of axonometric pro-

jection.

Name the three types of perspective pro-
jection.

9. What are the five steps in the design process?

_ Name four fields in which technical drawings

are used extensively.

. Explain how technical drawings differ from

artistic drawings.

. Name three organizations that regulate tech-

nical drawing practices.
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CHAPTER 1

This chapter discusses in detail the use of
conventional drafting instruments and equip-
ment, including their proper care; touches on
CAD/CAM equipment, which is described more
fully in Section 3; line-making methods; drafting
media; copying equipment; measuring devices;
scales; and many other basic drafting require-
ments and techniques.

DRAFTING INSTRUMENTS
AND THEIR USE

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.
It is up to the drafter to own a complete set of stan-
dard drafting tools in order to be fully functional.

When purchasing conventional drafting equipment,
care must be taken to obtain quality equipment from
a reliable dealer. it is advisable to consult with an
experienced drafter, a drafting instructor, or a rep-
utable dealer. The following 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 equipment is illustrated in
this chapter.

e Drawing board — 24" x 36" (60 cm x 90 cm) mini-
mum Size

e T-square (parallel straightedge or drafting ma-
chine) to suit board

e 45° triangle — 8" (20 cm) size

e 30°-60° triangle — 8" (20 cm) size

N
[

e Triangular scale (depending upon the field of

drafting)
Center wheel bow compass — 6" (15 cm) with
extension bar)

e Drop bow compass (recommended)
e Irregular curves (two or three different configur-

The

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 (pencil)
Lead sandpaper or flat file (for compass lead)
Circle template

Ellipse template

Drafting tape or drafting dots

Calculator

Dry cleaning pad (optional)

following is a list of the required inking supplies.

e Technical pen #2 [/2 (for lettering scriber)
e Technical pen #1 (for lettering scriber)
e Technical pen #0 (for lettering scriber)




Figure 1-1 A computer-aided design system (Courtesy
Autodesk, Inc.)

India ink — black

Pen cleaning solvent
Lettering scriber
Lettering template # 100
Lettering template #175
Lettering template #290
Compass adaptor 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 description, refer
to Figure 1-1. The photo shows the following equip-
ment, 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 text display
An output device for displaying user prompts
which tell the user what to do and how to
do it.
b. The trackball
A baseball-shaped input device used for cre-
ating horizontal, vertical. and diagonal lines,
and for positioning the cursor.
c. Auxiliary keyboard
An input device for entering commands, text,
annotation, and dimensions.
d. Push-button menu board
An input device for entering commands from
a menu. and calling up stored data.
Graphics display — An ouput device for displaying
drawings and other graphic data as they
are being worked on.

Figure 1-2 Drawing table and reference desk
(Courtesy Keuffel & 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 are adjustable up and down. and can tilt to
almost any angle from vertical 90° to horizontal. Fig-
ures 1-2 and [-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 to 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 17"(30 cm x 43 cm), to large, 31"x 42" (78 cm x
105 cm). Standard drafting tabletops range in size
from 31"x42"(78 cm x 105 cm) to 372" x 60" (94 cm x
150 cm).

Lighting 1t is important that the drawing surface be
fully lighted without any shadows, Figure [-4.

Top Cover The drafting 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 1-5.

Figure 1-4 Fluorescent lamp for drawing surface
(Courtesy Waldmann Lighting Co.)

Figure 1-5 Drafting board top cover (Courtesy
Modern School Supplies, 1nc.)
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Efficiency

To be fully efficient at drafting, all equipment must
be clean, correctly adjusted and/or 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.

Left-handed Drafters

Most drafting equipment is designed for the right-
handed drafter. although left-handed types of draft-
ing machines can be purchased. The T-square is
simply placed on the right side of the drafting board
by left-handed drafters, but everything else is right
handed. The left-handed drafter has to adapt. The
lettering scriber is especially difficult to manipulate.

T-Square

While T-squares are not used today in industry, they
do provide a parallel straightedge for the beginning
drafter. The T-square is used to draw horizontal lines.
Draw lines only against the upper edge of the blade.
Make sure the head is held securely against the left

Figure 1-6 Equipment organizer (Courtesy
Stacor Corp.)




Figure 1-7 T-square in use (Courtesy 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 [-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-
parent acrylic edge is recommended since this allows
the drafter to see the drawing underneath the edge.
T-squares can be purchased with adjustable heads
for drawing specific angles.

Parallel Straightedge

The parallel straightedge is always parallel, regard-
less of where it is 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 for a
smooth gliding action. Some have a locking brake that
permits the straightedge to be locked in any position.

Drafting Machines

A drafting machine is a device that attaches to the
drafting table and replaces both the T-square and

”_‘\"(_i:Heavlmy & Co=—= = ——
ey ——

Figure 1-8 Parts of the T-square (Courtesy Hearlihy
and Co.)
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Figure 1-9 Parallel straightedge (Courtesy Modern
School Supplies, 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 straight-
edges at right angles to each other. The head can be
rotated to set the straightedges at any angle. Most
machines are available with interchangeable straight-
edges marked with different scales along their edges.

Figure 1-10 Arm-type drafting machine (Courtesy
Teledyne Post)
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Figure 1-11 Track-type drafting machine (Courtesy

Venico, lnc.)
Figure 1-12 Protractor with vernier

Drafting machines replace straightedges, scales,
triangles, and protractors. 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-handed or a left-handed instrument.

Most drafting machines have a protractor and a
vernier which permit readings to 5 minutes of an arc,
Figure [-12. Notice that zero on the protractor is in
line with the zero on the vernier. The venier is gradu- IN LINE
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 that the
only line that lines up with a line on the protractor is
the 45: thus.this is read as 18°-45. Some drafting
machine heads simplify this process by adding a dig-
ital readout, see Figure 1-14.

Drafting machine straightedges come in sizes of 9"
(23 cm), 12" (30 cm) and 18" (45 c¢m), graduated or
ungraduated, in both transparent plastic and alumi-
num scale, Figure [-15.

A drafting machine, although a precision instru-
ment, should be checked for accuracy at least once
a week. The instructions for checking and adjusting
a drafting machine are included with the manufac-

turer’s information. Figure 1-13 Reading the vernier
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Figure 1-14 Drafting machine head with digital
readout (Courtesy Consul & Mutoh, Ltd.)

TRANSPARENT PLASTIC SCALE

Drawing Sets

Typical drawing sets include compasses, dividers,
and a ruling pen, Figure 1-16. Many sets include a
variety of tools not normally used by the drafter. It is
recommended that only those tools actually needed
be purchased.

Compasses

There are two main types of compasses: the friction-
joint type. and the spring-bow type. The 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.

The spring-bow type of compass. Figure 1-17, is
best for pencil drawings and tracings as it retains its

Figure 1-15 Transparent and metal
drafting machine

ALUMINUM SCALE straightedges with

m;;';z [/ /1;’ [T

scale (Courtesy
Vemico, 1nc.)

Figure 1-16 Complete drafting set (Courtesy Ke

uffel & Esser Co.)
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TECHNICAL
PEN ADAPTORS

LARGE BOW ¥
COMPASS )

Note: POINT A LITTLE
Flat side LONGER THAN
on outside LEAD

Figure 1-18 Bow compass lead and metal points

SHARPEN WITH
PADDLE IN

DIRECTION OF
ARROW

Figure 1-19 Bow compass lead point shape (Cour-
tesy Drafting for Trades and Industry, Basic

i - i ith pen - .
Figure 1-17 igggtgokr)ol\é ;?ﬂzza\zfnm I n? ) Skills. Nelson. Delmar Publishers 1nc.)

REVOLVE COMPASS
BETWEEN THUMB
AND INDEX FINGER

Figure 1-20 Drawing a circle with a bow compass
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setting even when strong pressure is applied to
obtain dark lines. The spring, located at the top of
the compass, holds the legs securely against the
adjusting screw. The adjusting screw is used to make
fine adjustments.

Compass leads should extend approximately 3/8"
(0.9 cm). 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 sharpened with a sandpaper paddle to
produce clean, sharp lines. The flat side of the lead
faces outward in order to produce circles of very small
diameter, Figure 1-19. Sharpen with paddle in direc-
tion of arrow, as shown, in order to keep the lead
sharp longer.

To draw a circle with the bow compass, the com-
pass is revolved between the thumb and the index
finger, Figure i-20. Pressure is applied downward on
the metal point to prevent the compass from jumping
out of the center hole.

Drop Bow Compass The drop bow compass, Figure
1-21, is used for circles of .03" (0.08 cm) to .50" (1.3
cm)diameter. The compass is adjusted to the required
radius. The center point is located on the circle or
arc swing point and held in place with the index finger.
Rotate the knurled head of the compass between the
thumb and second finger.

Figure 1-21 Drop bow compass (Courtesy Vemco, 1nc.)

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 messy
lead sharpening. Special compasses are designed
only for inking, Figures 1-23 and [-24. An adaptor to
attach to a standard compass to draw ink lines is
illustrated in Figure 1-25.

{ \

Figure 1-22 Bow compass with special lead
clutch (Courtesy B. Carter Lykins)

i

Figure 1-23 Inking bow compass
(Courtesy Koh-1-Noor Rapidograph)
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Figure 1-24 Inking drop bow
compass (Courtesy Koh-1-Noor
Rapidograph)

=

>

J

Figure 1-25 Standard compass ink
adaptor (Courtesy

Koh-1-Noor Rapidograph)

Beam Compass A beam compass, Figure 1-26, is used
to draw large circles or arcs. Fine line adjustments
can be obtained and locked in place. Beam compasses
come in sizes from 13"(33 ¢cm) bars and upwards.
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Figure 1-26 Beam compass (Courtesy Vemco, Inc.)
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Figure 1-27 Adjustable curve (Courtesy Hoyle Products,
Inc.)

Adjustable Curve An adjustable curve, Figure 1-27, has
a locking knob. and is used to draw any radius from
6.75" to 200" (17 cm to 500 cm). This tool takes over
where the ordinary compass leaves off, and elimi-
nates the beam compass.

Divider

A divider is similar to a compass except that it has
a metal point on each leg. It is used to lay off dis-
tances and to transfer measurements, Figure 1-28.

Proportional Dividers Proportional dividers are used
to enlarge or reduce an object in scale. This tool has
a sliding, adjustable pivot which varies the propor-
tions of the tips of each leg, Figure 1-29.

Triangle

Two standard triangles are used by drafters. One
is a 30-60-degree triangle, usually written as 30°-60°
triangle. The other is a 45-degree triangle, written as
45° triangle. The 45° triangle consists of two 45-degree
angles, and one 90-degree angle, Figure 1-30A. The




Figure 1-29
Proportional dividers
(Courtesy Modern

School Supplies, 1nc.)

|

SIZE

Figure 1-28 Divider
(Courtesy Vemco, Inc.)

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

30°-60° triangle contains a 30-degree angle. a 60-
degree angle, and a 90-degree angle, Figure 1-30B.
Triangles are made of plastic and come in a vari-
ety of sizes other than those mentioned. When laying
out lines, 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,

HOLD 3060° TRIANGLE

PARALLEL LINES

Figure 1-31 Drawing parallel angular lines
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Figure 1-32 Adjustable triangle (Courtesy Modern
School Supplies, Inc.)

away from the straightedge. Parallel angular lines are
made by moving the triangle to the right after 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 1-32. It is recommended. however. that this tool
be used only for drawing angles that cannot be made
with the two standard triangles. The adjustable trian-
gle is set by eye and thus is not as accurate as the
solid triangle.

Chapter | 31



Template tronic symbols, springs, gears, and structural metals,
to name just a few uses.

Templates come 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 templates that are stamped
and not molded, as molded templates become brit-
tle in time and break.

A template is a thin, flat piece of plastic contain-
ing various cutout shapes, Figures 1-33, 1-34, and
[-35. It is 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-

7716 13/32 n 516 932
"’b\u
0 0 e ®@@0c0sssciiiilt

15/32 » 179432, 16 3 G
2 2

. . . 13716 .

‘ ‘ ‘.‘. 1.578
\No 185 ULOLCECLN. c el 'e3 nc CIRCLES J

Figure 1-33 Circle template (Courtesy Timely Products Co.)
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Figure 1-34 Ellipse template (Courtesy Timely Products Co.)
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Figure 1-35 Bolt and nut template (Courtesy Timely Products Co.)

French Curves

French curves are thin. plastic tools that come in
an assortment of curved surfaces. Figure 1-36. They
are used to produce curved lines that cannot be made
with a compass. Such lines are referred to as irregular
curves. Most good French curves are actually segments
of such geometric curves as ellipses. parabolas.
hyperbolas, and the like.

Using 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 sketched in place of the straight

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
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Figure 1-37 Drawing an irregular curve (Courtesy
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Figure 1-36 Assortment of French curves (Courtesy Modern School Supplies, Inc.)

Koh-1-Noor Rapidograph)
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Figure 1-38 Using an adjustable curve (Courtesy
Hoyle Products, 1nc.)




CONSTRUCTION  LINES 3H,2H
GUIDE LINES 3H ,2H
LE TTERING H,F, HB
DIMENSION LINES 2H,H
LEADERLINES 2H, H
HIDDEN LINES 2H, H
CROSSHATCHING LINES 2H,H
CENTERLINES 2H, H
PHANTOM LINES 2H, H
STITCH LINES 2H, H
Figure 1-39 Protractor (Courtesy Keuffel & Esser Co.) LONG BREAK LINES 2H, H
VISIBLE  LINES H,F, HB
CUTTING PLANE LINES H,F,HB
Protractor EXTENSION LINES 2H, H
A protractor is used to measure and lay out angles, FREEHAND BREAK LINES H,F, HB
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
corner 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. (@) e (e (e . e ®
o' 8 7H 6H AH
Pencils and Leads e
Lead for a mechanical drafting pencil comes in 18 Bl
degrees of hardness, ranging from 9H, which is very (e \: (e @ °® @

hard. to 7B, which is very soft, Figure 1-40. For draft- =t
ing purposes. the scale of hardness is as follows: 4H . _
lead is recommended for layout work, and 2H lead : A ==
is recommended for all other lines. Experiment with NE '
various leads to determine which ones give the best ;
line thickness. This varies depending upon the pres- e @ °® P P
sure applied to the point while drawing lines. Figure : - -
I-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- Figure 1-40 Grades of lead (top) and lead-lines
gle edges. chart (bottom)

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
main advantage is that they are more convenient to
use. Leads are usually sharpened in a lead pointer.
Electric lead pointers are fully automatic. A slight Figure 1-41 Drafting lead (Courtesy Staedtler Mars)
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Figure 1-42 Lead holder (Courtesy Teledyne Post)

Figure 1-43 lead pointer (Courtesy Koh-1-Noor
Rapidograph, 1nc.)

downward pressure of the lead starts the motor
action, Figure 1-43. This machine produces a per-
fectly tapered point, and eliminates all loose cling-
ing graphite.

Sandpaper Paddle A sandpaper paddle consists of sev-
eral layers of sandpaper attached to a small wooden
holder, Figure 1-44. The sandpaper is used to sharpen
compass leads only. Do not sharpen leads over a 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-
type eraser, Figure 1-45. Figure 1-46 shows a pencii-
type eraser with an adjustable clutch. By developing
good drawing habits, erasing can be kept to a minimum.
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Figure 1-44 Sandpaper paddle (Courtesy Keuffel &
Esser Co.)

] QSWAEDTLER

MARS-PLASTIC

Figure 1-45 Block-type eraser (Courtesy
Staedtler Mars)

Figure 1-47 Electric eraser with slip clutch (Courtesy
Rotex Co.)

Electric Eraser An electric eraser speeds up corrections.
Some models take a 7" (17.5 cm) long eraser strip.
The model illustrated in Figure 1-47 has a slip clutch
to hold the eraser strip in place.

e




Figure 1-48 Rechargeable electric eraser (Courtesy
Rotex Co.)

A cordless erasing machine can be used with or
without the standard electric cord. and uses recharge-
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
can be avoided by using an erasing shield and plac-
ing a thick sheet of paper beneath the drawing to
cushion it.

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 Brush

The drafting brush is used to remove loose graph-
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
come in various sizes from [0'2" to 14" (26 cm to 35
cm). The bristles can be either horsehair or nylon,
and they can be cleaned with warm, soapy 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 cleaning 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.

Figure 1-49 Erasing shield (Courtesy Staedtler Mars)

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

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
computing new measurements every time a drawing
is made larger or smaller than the original.

Scales come open divided and full divided. A full-
divided scale is one in which the units of measurement
are subdivided throughout the length of the scale.
An open-divided scale has its first unit of measurement
subdivided. but the remaining units are open or free
from subdivision.

Mechanical Engineer’'s Scale

Mechanical engineer's scales are divided into
inches and parts to the inch. To lay out a full-size
measurement, use the scale marked 16. This scale
has each inch divided into 16 equal parts or divi-
sions of 1/16 inch. It is used by placing the O on the
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Figure 1-51 Dry cleaning
powder (Courtesy Hearlify & Co.)

Figure 1-52 A variety of drafting scales (Courtesy Teledyne Post)

. : _ 12 DISTANCE, FULL SIZE
point where measurement begins, and stepping off i 2

the desired length, Figure 1-53.

To reduce a drawing 50 percent, use the scale
marked 1/2. The large O at the end of the first I“““ll“lnl IIIHHHTIWU
subdivided measurement lines up with the other unit 16 I e
measurements that are part of the same scale. The 0 1 2
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 Figure 1-53 Regular full-size scale
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Figure 1-54 Half-size scale

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

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

Architect’s Scale

The architect’s scale is used primarily for drawing
large buildings and structures. The full-size scale is
used frequently for drawing smaller objects. Because
of this, the architect’s scale is generally used for all
types of measurements. It is designed to measure in
feet, inches, and fractions of an inch. Measure full
feet to the right of O; inches and fractions of an inch
to the left of 0. The numbers crossed out in Figure
1-56 correspond to the 1/2 scale. They can be used,
however, as 6 inches as each falls halfway between
full-foot divisions. Measurements from O are made
in the opposite direction of the full scale, because
the 1/2 scale is located at the opposite end of the
scale, Figure 1-57.

Civil Engineer's Scale

A civil engineer's scale is also called a decimal-inch
scale. The number 10, located in the corner of the scale
in Figure 1-58, indicates that each graduation is equal
to 1/10 of an inch or .1". Measurements are read
directly from the scale. The number 20, located in
the corner of the scale shown in Figure 1-59, indi-
cates that it is 1/20 of an inch.

Using the same scale for civil drafting, one inch
equals two hundred feet, Figure 1-60, and one inch
equals one hundred feet, Figure 1-61.

A metric scale is used if the millimetre is the unit
of linear measurement. It is read the same as the
decimal-inch scale except that it is in millimetres,
Figure 1-62.
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Figure 1-55 Quarter-size scale
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Figure 1-56 Architectural scale (full size)
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Figure 1-57 Architectural scale (half size)
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Figure 1-59 Civil engineer’s scale (half scale|
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Pocket Steel Ruler

The drafter should make use of a pocket steel ruler.
The pocket steel ruler is the easiest of all measuring
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Figure 1-60 Mechanical scale (half size)
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Figure 1-61 Civil scale
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Figure 1-62 Metric scale

tools to use. The inch scale, Figure 1-63, is six inches
long, and is graduated 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-
mately six inches) and 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 or about 3 3/8
inches longer than a yardstick. Its multiples, or parts,
are expressed by adding prefixes. These prefixes rep-
resent equal steps of 1000 parts. The prefix for a thou-
sand (1000) is kilo; the prefix for a thousandth (1/1000)
is milli. One thousand metres (1000 m). therefore,
equals one kilometre (1.0 km). One thousandth of a
metre (1/1000 m) equals one millimetre (1.0 mm).
Comparing metric to English then:

One millimetre (1.0 mm) =
.03937 inch

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

0.001 metre (0.0l m) =
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Figure 1-63 Steel scale (inch) (Courtesy L. S. Starrett Co.)
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Figure 1-64 Steel scale (metric) (Courtesy L. S. Starrett Co.)

40 Section |




Anvil Measuring Spindle
Faces

Figure 1-65 Micrometer
(Courtesy 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 contact 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
are graduated to measure in inches, one complete
revolution of the thimble advances the spindle face
toward or away from the anvil face precisely 1/40 or
.025 inch.

The reading line on the sleeve is divided into 40
equal parts by vertical lines that correspond to the
number of threads on the spindle. Therefore, each
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 .200", and the line marked "3" represents .300",
and so forth.

The beveled edge of the thimble is divided into 25
equal parts, with each line representing .001" and
every line numbered consecutively. Rotating the thim-
ble from one of these lines to the next moves the
spindle longitudinally 1/25 of .025" or .001 inch: rotat-
ing two divisions represents .002", and so forth.
Twenty-five divisions indicate a complete revolution:
.025 or 1/40 of an inch.

To read the micrometer in thousandths, multiply
the number of vertical divisions visible on the sleeve
by .025", and to this add the number of thousandths
indicated by the line on the thimble which coincides
with the reading line on the sleeve.

Thimble

Ratchet
Stop

Lock Sleeve
Nut

Example (See Figure 1-66):

The 1" line on the sleeve is visible, representing
100"

Three additional lines are visible, each repre-
senting .025". Thus, 3 x .025" = .075"

The third line on the thimble coincides with the
reading line on the sleeve. each line represent-
ing .001". Thus, 3 x .001" = .003"

The micrometer reading is 100" + .075" + .003"
=.178"

An easy way to remember how to read a microme-
ter is to think of the various units as if you were mak-
ing change from a ten dollar bill. Count the figures
on the sleeve as dollars, the vertical lines on the sleeve
as quarters, and the divisions on the thimble as cents.
Add up your change and put a decimal point instead
of a dollar sign in front of the figures.

READING .178

Figure 1-66 Reading a micrometer
(Courtesy L. S. Starrett Co.)
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Micrometers come in both English and metric
graduations. They are manufactured with an English
size range of | inch through 60 inches, and a metric
size range of 25 millimetres to 1500 millimetres. The
micrometer is a very sensitive device and must be
treated with extreme care.

Vernier Caliper

Vernier calipers have the capability of measuring
both the outside and the inside measurements of an
object, Figures 1-67 and 1-68. Use the bottom scale
when measuring an outside size. Use the top scale
when measuring an inside size.

Microfinish Comparator

The microfinish comparator is a handy tool for the
drafter to approximate surface irregularities. Various
kinds of microfinish comparators are available. Fig-
ure 1-69 illustrates a comparator for cast surfaces.

Ellipses Instrument

Two unique instruments are used to draw large
ellipses. An ellipsograph is shown in Figure 1-70A.
The OvalCompass is shown in Figure 1-70B. With
these tools, the height and width of the ellipse are
measured, locked-in, and quickly drawn. A template
is used to draw small ellipses.
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Figure 1-67 Caliper—
outside measurement
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Figure 1-68 Caliper— i
inside measurement
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Figure 1-69 Microfinish comparator (Courtesy GAR
Electroforming Div., Mite Corp.)

(Courtesy Omicron Co.)

Figure 1-70A Ellipsograph T Bl “1.

Ink Tools

Some fields of drafting. such as civil (map) drafting,
require that all drawings be done in ink. Some com-
panies ink their drawings so that they can be reduced
and filed on film. All artwork that is to be reproduced
by camera, such as in the field of technical illustration,
is done in ink. Ink drawing is no more difficult than
pencil drawing. Figure 1-71.

lTechnical Pen

The key to successful inking is a good technical
pen, Figure 1-72. Technical pens are produced in two
styles. Notice the ends of the two pens in the figure:
Figure 1-70 B Oval compass (Courtesy Oval Compass) one has a tapered end. the other a straight end. The
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Figure 1-71 Technical inking pen (Courtesy Koh-I-
Noor Rapidograph)

5 -amy

Figure 1-72 Drafting and art technical pens
(Courtesy Koh-1-Noor Rapidograph)

tapered pen is used primarily for artwork; the straight
end is used for drafting and mechanical lettering. Pens
are available in various sizes and styles of pen-holder
sets, Figures 1-73 and 1-74.

Technical pen points are manufactured of stain-
less steel, tungsten or jewels. The stainless steel point
is chromium plated for use on tracing paper or vellum.
Tungsten points are long wearing for use on abrasive,
coated plotting film or triacetate. Jewel points are
used on a plotter that has a controlled pen force.

Pen points are available in thirteen standard sizes
of varying widths, Figure 1-75. For general drafting

_inking, numbers .45/1 and .70/2'% are recommended.

Cleaning Technical Pens

Pens should be cleaned when they get sluggish or
before storing them for long periods of time. The parts
of most technical inking pens are similar to those
shown in Figure 1-76. When not in use, technical pens
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Figure 1-73 Revolving pen holder (Courtesy Koh-I-
Noor Rapidograph)

Figure 1-74 Flat pack pen holder (Courtesy Koh-I-
Noor Rapidograph)

should be kept in a storage clamp or else capped to
prevent ink from drying in the point. If a pen does
get clogged, remove the point and hold it under warm
tap water. This normally softens the ink. If the ink
has dried, use an ultrasonic cleaner or a mild solvent.
If the pens will not be used for a week or more, all

 ———— e ——




13/5x0 18/4x0 25/3x0 30/00 35/0 .45/

Figure 1-75 Pen sizes (Courtesy Staedtler Mars)

Reservoir Pen

INK CONTAINER PEN BODY

LOCK RING SPACER RING

50/2 70/2'2 .80/3

CLEANING NEEDLE

NEEDLE RETAINER

1.0/3%. 12/4 14/5 20/6

POINT SECTION

COVER OR CAP

Figure 1-76 Internal parts of a technical inking pen

ink should be removed and the pens stored empty
and clean. Care must be taken when removing and
replacing the cleaning needle. An ultrasonic cleaner
is used quickly and efficiently to clean technical pens,
Figure 1-77.

When pens are to be cleaned by hand, use the
following recommended steps:

Cleaning. Pens can be ruined by improper cleaning.
Study Steps | through 5 and follow them closely
when cleaning pens. (Refer again to Figure 1-76.)

Step 1. Remove the cap and the ink container.

Step 2. Soak the body of the pen in hot water. The

ink container should also be soaked if ink has
dried in it.

Step 3. After soaking, remove the pen body from
the water. Hold the knurled part of the body with
the top downward. Unscrew and remove the
point section. Remove the end of the cleaning
needle weight. Do not bend the cleaning needle
or it will break.

Step 4. Immerse all body parts in a good pen-
cleaning fluid or hot water mixed half with
ammonia.

Step 5. Dry and clean.

Filling. To fill the pen. follow Steps | through 5:
Step 1. Unscrew and remove the knurled lock ring.

Step 2. Remove the ink container. Leave the
spacer ring in place.

Step 3. Fill the ink container with lettering ink. Do
not fill it more than % inch from top.

Step 4. Hold the filled container upright and
insert the pen body into the container.

Step 5. Replace the knurled lock ring.

Ink

A high-quality. fast-drying ink must be used in tech-
nical pens for the best results. The ink must be black
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Figure 1-77 Technical pen ultrasonic cleaner
(Courtesy Keuffel & Esser Co.)

Figure 1-78 Drawing ink

and erasable, and it must not crack. chip or peel.
Figure 1-78. Keep inks out of extremely warm or
cold temperatures. The bottles or jars should be kept
airtight. and the excess ink should be cleaned from
the neck of the container to keep it from drying in
the cap. Inks in large containers should be trans-
ferred to smaller bottles or directly into pens, away
from working areas to avoid the possibility of spillage.
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Mechanical Lettering Sets

Lettering sets come in a variety of sizes and tem-
plates, Figure 1-79. All sets contain a scriber, and
various pen sizes and templates.

Scriber Templates

Scriber templates consist of laminated strips with en-
graved grooves which are used to form letters. A
tracer pin moving in the grooves guides the scriber
pen (or pencil) in forming the letters, Figure 1-80.

Guides for different sizes and kinds of letters are
available for any of the lettering devices. Different
point sizes are made for special pens so that fine
lines can be used for small letters and wide lines for
large letters. Scribers may be adjusted to form verti-
cal or slanted letters of several sizes from a single
guide by simply unlocking the screw underneath the
scriber and extending the arms, Figure 1-81.

One of the principal advantages of lettering guides
is that they maintain uniform lettering. This is espe-
cially useful where many drafters are involved. Another
important use is for the lettering of titles, and note
headings and numbers on drawings and reports.

Letters used to identify templates are:

U = Uppercase
L = Lowercase
N = Numbers

Thus, a template identified as 8-ULN means it is 8/ 16
inch high (1/2"). and has uppercase letters and lower-
case letters, and numbers.

Tracing Pin Better, more expensive scribers use a
double tracing pin. Figure 1-82. The blunt end is
used for single-stroke lettering templates or very
large templates that have wide grooves. The sharp
end is used for very small lettering templates, double-
stroke letters or script-type lettering using a fine
groove. Most tracing pins have a sharp point, but
some do not. Always screw the cap back on the
unused end after turning the tracing pin to the desired
tip. Be careful with the points as they will break if
dropped and can cause a painful injury if mishandled.

Standard Template

Learning to form mechanical letters requires a
great deal of practice. Figure 1-83 shows a template
having three sets of uppercase and lowercase letters.
Practice forming each size letter and number until
they can be made rapidly and neatly. Use a very light.
delicate touch so as not to damage the template,
scriber or pen.

Size of Letters The size or height of the lettering on a
template is called out by the number used to iden-




Figure 1-80 Forming letters with a scriber (Courtesy
Koh-1-Noor Rapidograph)

LOCKING SCREW

TAIL PIN

VERTICAL/SLANT
ADJ. SCREW
(UNDERSIDE)

Figure 1-81 Scribers are adjustable

tify each set. Sizes are in thousandths of an inch. A
#100 is .100 inch high, or slightly less than an eighth
of an inch: a #240 is .240 inch high. or slightly less
than a quarter of an inch.

Another system to determine template size uses
simple numbers. These numbers are placed above
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BLUNT POINT

RED RING

SHARP POINT

Figure 1-82 Double tracing pen

the number 16 to indicate the fraction height of the
letter. For instance, the number 3 placed above the
number 16 would read as 3/16 inch in height.

Pens

There are two types of pens: the regular pen and
the reservoir pen, Figure 1-84. The regular pen must
be cleaned after each use. The reservoir pen should
be cleaned when it gets sluggish or before being
stored for long periods of time. This procedure is
the same as it is for the cleaning of technical pens as
described previously.

Butterfly-Type Scriber

Basic Parts

The butterfly-type scriber shown in Figure 1-85 is
a delicate, precision tool that does its job without
requiring any adjustments, repairs or maintenance.
The clear plastic base of the scriber bears the set-
ting chart used in adjusting the pen arm for enlarge-
ments, reductions, verticals, and slants to be pro-
duced by tracing the engraved letters of a letter
guide template.

The pen arm of the scriber holds the pen accesso-
ries for the various jobs to be performed. The pen
and the arm have a thumb-tightening screw device

SPACE BARS

INK

RESERVOIR
"“AIR"* GROOVE

PEN SIZE
WIRE
PEN SIZE
POINT

POINT

Figure 1-84 Ink pens used for lettering

for securing the pen being used, and an adjustable
pressure post screw with locking nut for controlling
the amount of pressure at which the pen is set. The
pressure post rides on the surface of the work when
in use, and is used only in conjunction with the
swivel knife. The bull's-eye setting marker at the oppo-
site end of the pen arm offers a concise, accurate
means of setting the scriber for the various percent-
ages and angles desired.

The tracing pin is the hardened tool steel point
used in tracing the template letter. The tail pin serves
as the pivot point for the triangular action of the
scriber. This pin travels in the center groove of the
template.

Operation of the Butterfly Scriber

The butterfly scriber, a precision lettering tool, is
the key to producing clean, sharp. controlled letter-
ing. The setting chart, using the bull's-eye at the end
of the pen arm for a marker, begins at the outer edge
with a starting line marked "vertical.” In this position,
the scriber produces a vertical letter of normal size
with the template being used. To enlarge this letter,
set the bull's-eye at a position above the 100 per-
cent intersection. At 120 percent, the scriber pro-
duces a letter 20 percent greater in height than it
does at 100 percent. A reduction can be produced
by setting the bull's-eye at a position below the 100

/—DOT ALSO USED FOR A DASH LINE (-)

_/ ZBCDEFGHIJKL/MNOPQRSTUVWXYZ& ,abcdefghijkimnopqrstuvwxyz
ABCDEFGHIJKLMNOPQRSTUVWXYZ&,abcdefghijkimnopqrstuvwxyz

AB DEFRGHIUKLMNOPQRSTUVWXY Z&,abcdefghij

GROOVED LETTERS
Figure 1-83 Lettering template
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HEIGHT ADJUSTMENT SCREW

PEN TIGHTENING SCREW
PEN ARM

TRACER PIN
\k
~ s

RESULTS = v+ ¥
ENGRAVED LETTERS__ =

TAIL PIN SLOT DEEN
\

CALIBRATIONS
FOR ITALICS

TAIL PIN
BULLS-EYE

Figure 1-85 Butterfly-type scriber
(Courtesy Letterguide Inc.)

CALIBRATIONS FOR
HEIGHT VARIATION

percent intersection. Variations in height range from
100 up to 140 percent and down to 60 percent. The
extreme settings produce condensed letters, and the
intermediate settings produce headings, subhead-
ings or large or small letters.

Slants in all sizes are easily produced by setting
the bull's-eye on a line other than the vertical line.
Normal slants or italics are produced in all height
adjustments by setting the bull's-eye on either the
15-degree or 22 1/2-degree line, and at the desired
percent of height of the letter on the template.

Variations may be produced in slants ranging from
0 degree to 50 degrees forward. Tracing the engraved
template letter requires a very light and delicate
touch. This results in more accurately traced letters
and less wear on the equipment. Each lettering appli-
cation requires its own specific pen, and will place
at the fingertips of the drafter the very best in stan-

Figure 1-86 Adjustable scriber
creates special effects
(Courtesy Letterguide Inc.)

dard typeface and hand-lettered alphabets for fast,
easy rendering.

Special Effects By using one's imagination many spe-
cial effects can be achieved, Figures 1-86, 1-87 and
1-88.

Airbrush

Airbrush guns are used for such purposes as pro-
duction designing, pictorial rendering, portrait fig-
ure rendering, architectural rendering, and technical
illustration. There are two kinds of airbrushes: the
single-action type and the double-action type. In the
single-action airbrush, the trigger controls the flow
of air only. The fluid control is adjusted in front by
the nozzle. In the double-action airbrush, the trigger
controls both the flow of air and the amount of fluid
to be sprayed, Figure 1-89.
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Figure 1-89 Airbrush
(Courtesy Badger Airbrush Co.)

INCHES MILLIMETRES
SIZE DIMENSIONS SIZE DIMENSIONS
Pigure 1-901 Paper sizes A 81/2 x 11 9 x 12 A-4 210 x 297

B 1 x 17 12 x 18 A-3 297 x 420
© 17 x 22 18 x 24 A-2 420 x 594
D 22 x 34 24 x 36 A-1 594 x 841
E ! 34 x 44 36 x 48 A-0 841 x 1189

— Paper Sizes

~FOLD

y Two basic standard paper sizes are 8 1/2 x 11

inches and 9 x 12 inches. The basic standard metric

size, A-4, is 210 x 297 millimetres. See Figure 1-90.
Examples of paper folded to A-size are shown in Fig-

/
T_,_--;/// \ ure 1-91.
1\\\ \ e
"\\"\ ‘(/
\\__—

~FOLDS

i e [ N

Figure 1-91 Paper folded to A-size
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Figure 1-91A Standard border sizes
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orders

The location of the borders varies with each size
1eet of paper, Figure 1-91A. This chart indicates the
arious standard borders used today. A standard
orizontal border is shown in Figure 1-91B. A stan-
ard vertical border is shown in Figure 1-91C.

oning

Zoning is used to pinpoint a particular detail on a
rawing. The exact rectangular zone is located by the

use of numbers running horizontally and letters run-
ning vertically in the margins. By extending these
imaginary lines, the exact rectangular zone, Zone 7-C,
is located as shown in Figure 1-91A. See the corre-
sponding symbol below the chart. The number at the
left (1) indicates the page number, the number at the
top right (7) indicates the corresponding number on
the horizontal margin. The letter at the lower right
(C) indicates the corresponding letter in the verti-
cal margin.

[OWGV NO ISH l REV
REVISIONS
REV DESCRIPTION QATE APPROVED
ory FSCM PART OR NOMENCLATURE MATERIAL T
REQD NO IDENTIFYING NO OR DESCRIPTION SPECIFICATION 1
PARTS LIST
UNLESS OTHERWISE SPECIFIED CONTRACT NO
OIMENSIONS ARE IN INCHES
TOLERANCES ARE
FRACTIONS DECIMALS ANGLES
xx
RXX APPROVALS OATE
MATERIAL DRAWN
CHECKED
FNEH SIZE | FSCM NO OWG NO [ REV
NEXT ASSY USEQ ON st
APPLICATION DO NOT SCALE DRAWING SCALE i SHEET
BISHOP GRAPMICS INC
REOROER NO 20509

Figure 1-91B Standard horizontal border (Courtesy Bishop Graphics Co.)
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Whiteprinter

Many types of whitepapers are available for use in
drafting rooms. A whiteprinter Figure 1-92, reproduces
a drawing through a chemical process. Most of these
machines work on the same basic principle, Figure
1-93. A bright light passes through the translucent
original drawing and onto a coated whiteprint paper.
The light breaks down the coating on the whiteprint
paper, but wherever lines have been drawn on the
original drawing, no light strikes the coated sheet.

Section |

A

Figure 1-91C Standard vertical border (Courtesy Bishop Graphics Co.)

Then the whiteprint paper is passed through ammo-
nia vapor for developing. This chemical developing
causes the unexposed areas — those that were shaded
by lines on the original — to turn blue or black.

Most whiteprinters have controls to regulate the
speed and flow of the developing chemical. Each
type of machine requires different settings and has
different controls. Before operating any whiteprinter,
read all of the manufacturer's instructions.

Today. with the advent of new technology. copies
are made on an outprint printer, Figure 1-94.




Figure 1-92 Whiteprinter (Courtesy Blu-Ray Inc.)

EXPOSED TO AMMONIA [ g e /

REMOVE ORIGINAL —=——— \AMMONIA

(FACE UP) syt
\/ VAPORS
ORIGINAL DRAWING

bbb

WHITEPRINT PAPER
(COATED SIDE UP)

Figure 1-93 Whiteprinter process
PAPER STORAGE

LIQUID
AMMONIA

—

Figure 1-94 Copier (Courtesy ]. S. Staedtler Inc.)
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Figure 1-95 Drawing file system (Courtesy Safco
Products 1nc.)

Files

A finished drawing represents a great deal of valu-
able drafting time and is, therefore, a costly invest-
ment. Drawings must be stored flat in a clean stor-
age area, Figure 1-95. Vertical drawing storage is pro-
vided by hangers, Figure 1-96. Most engineering firms
keep their files in fireproof and theftproof vaults.

Open-End Typewriter

A word processor-equipped. open-end typewriter
is used to speed up the lettering process on a large
drawing, Figure 1-97.

Figure 1-97 Open-end typewriter
(Courtesy Diagram Corp.)

Figure 1-96 Vertical drawing file (Courtesy Safco
Products nc.)

Care of Drafting Equipment

Drafting tools are precision instruments, and the
proper care will ensure that they last a lifetime.

Plastic Tools

Plastic drafting tools, such as T-squares. parallel
straightedges, templates and triangles. should be
wiped immediately after use with a damp cloth to




remove ink or graphite that may stain the tools or be
carried to the next drawing. Once a plastic instru-
ment is stained, a mild soap or ammonia solution
will dissolve many water- and oil-based inks. Be care-
ful not to use a solvent such as paint thinner, lacquer
thinner or alcohol.

Plastic drafting tools should be kept out of direct
sunlight and away from warm surfaces to prevent
them from becoming brittle, cracked, and warped.
They should be stored in a flat position with cloth or
paper between them to reduce scratching the surface.

A great number of plastics are used in drafting
instruments. Most are made from either styrene or
acrylic plastic. Styrene is a more flexible and softer
plastic than acrylic. Although acrylic instruments are
harder, they are more prone to chipping. Because
both types of plastic are relatively soft, plastic draft-
ing instruments should never be used for a cut-
ting edge.

Compasses

Almost all compasses are made of brass that is
chrome- or nickel-plated. To clean these instruments,
use a mild solution of soap and water to remove resi-
due and dirt.

Compasses should not normally need oiling, unless
they are kept in a damp area which could cause rust.
If a compass is oiled unnecessarily, there is a risk of
soiling the next drawing on which it is used.

Tables and Chairs

Wooden drafting furniture is cared for in the same
manner as any other wooden furniture. It may be
polished or waxed with ordinary products. Do not
polish the insides of drawers or cabinets. These areas
may retain the wax, which can then be transferred
to drawings.

Steel furniture can be cleaned with soap and water,
and then waxed.

The gears and joints on adjustable drafting tables
are lubricated at the factory, and generally do not
require further oiling. Additional oiling increases the
risk of getting oil or grease on a drawing.

The tops of most drafting tables are coated with a
vinyl film such as melamine or a phenol-laminate
material. A glass cleaner or mild.ammonia solution
is used to clean these surfaces.

Use of Appliques

The word applique is a generic term used to describe
a variety of shortcut products used in drafting. These
products include such items as tapes. pads, and var-

©
o
o
o
'y

Figure 1-98 Tapes and pads for printed circuit
board drafting

ious other ready-made appliques for creating printed
circuit board artwork, Figure 1-98. These same mate-
rials may also be used for a variety of tasks in other
drafting fields, Figure 1-99. For example, architects
use tapes for making lines and walls on floor plans.

Transfer cards are used primarily as substitutes for
mechanical lettering. but any type of symbol or fre-
quently used piece of graphic data can be placed on
a transfer card. Transfer cards are especially designed
to fit against a parallel bar, drafting rule or other
straight edge for ease of alignment. Symbols are
transferred from the card by rubbing them with a
blunt point.

Dry transfer sheets are designed according to the same
principles as transfer cards. The major differences
are that transfer sheets are just that, sheets—not cards.
Dry transfer sheets are used a great deal in architec-
tural drafting and technical illustration. The transfer
is made by rubbing the symbols on the sheet with a
blunt. rounded point or a special burnisher.

Dry transfer materials do have some drawbacks.
The heat of ammonia-developing print machines
tends to lift dry transfer material from the sheet. In
addition, the material may dry out and crack with age.

Use of Burnishing Plates

Burnishing is another shortcut for creating graphic
symbology fast and easily. Burnishing involves placing
an especially textured plate under the drafting
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Figure 1-99 Sample applique (Courtesy A.D.S./Linex, lnc.)

medium (usually paper or vellum) and rubbing the
drafting surface with a pencil. The pencil may be soft
and dark or light and hard. depending on the amount
of emphasis desired. Two of the most commonly used
symbols on burnishing plates are bricks and stone,
but any symbol could be made into a plate.

One weakness of burnishing plates is that the sym-
bols they produce do not reproduce well.

Text on drawings and other types of documenta-
tion consists of dimensions, notes, and callouts. Cre-
ating text, or lettering, is one of the slowest, least
productive manually performed tasks in drafting.
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Typewritten text is a shortcut for improving on letter-
ing in manual drafting situations.

A number of different methods for typing text are
used in drafting. The most frequently used are the
open-carriage typewriter and the lettering machine.
The open-carriage typewriter is any brand of typewriter
that has been especially designed to hold larger-than-
normal media, such as drawings, bills of material,
and parts lists. Once a drawing is completed and
ready for annotation, the drafter or engineering sec-
retary rolls it into an open-carriage typewriter and
types the required text. Typewritten text is fast, neat.
and consistent. Figures 1-100 and 1-101.

Lettering machines provide another means for
accomplishing typewritten text. Lettering machines
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Figure 1-100 Typewritten text on drawings

!

L

- -
n

— 38—

[ .

== 0

SEPEE I e

METRIC

Figure 1-101 Typewritten text on drawings

are used primarily for titles on drawings. but may be
used in any situation where Leroy lettering is used.

Lettering machines, such as the Kroy machine, output
the letters on a clear tape that is pressed onto the
drawing surface, Figure 1-102. Lettering machines are
capable of producing text in a number of different
sizes and styles. There are some drawbacks to this
shortcut. The machine and its type fonts are expensive.

Another method used more and more frequently
in modern drafting rooms for accomplishing type-
written text is the computerized lettering machine, Figures
1-103 and 1-104. This machine allows drafters to
enter data through a keyboard and receive a simul-
taneous readout on a small display screen. If the text
is correct as typed, an ENTER command will cause
the lettering to be accomplished in ink automatically.
If there are errors. they can be corrected before giving
the ENTER command.

Overlay Drafting

Overlay drafting is a complete drafting process that
uses advanced reproduction techniques and mate-
rials to reduce the amount of time spent in prepar-
ing drafting documentation. Actually more than a
shortcut technique, the underlying principle of over-
lay drafting is nonrepetition. Nonrepetition means that
once any type of graphic data or symbology has
been drawn the first time, it should never have to be
drawn again.

) ,(fﬂ ,,./l("
(felh"”'g
Le
e i
a,;,D/e
Lettering Sample

<Gl‘feﬁ/

2

gs p, th
/o SAN\
e
(1t
Wt

LETTERING SAMPLE
Figure 1-102 Kroy lettering samples
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Figure 1-103
Computerized lettering
machine (Courtesy Ozalid Corp.)

The special tools and materials of overlay drafting
include pin bars, registration tabs, prepunched pol-
yester film or a punch to punch holes in standard
film, a flatbed vacuum frame printer, and a diazo
print machine.

Overlay drafting involves placing a punched base
sheet on a drafting table over a pin bar and placing
various overlay sheets on top of it. Each successive
overlay sheet is automatically lined up (registered)

60 Section |

Figure 1-104
Computerized lettering
machine (Courtesy A.D.S./
Linex, Inc.)

by the pin bar. The simplest example of how overlay
drafting works is in preparing a set of commercial
architectural plans.

In manual drafting, this preparation requires draw-
ing the floor plan four separate times: once for the
floor plan, once for the electrical plan, once for the
plumbing plan, and once for the HVAC plan. Overlay
drafting eliminates this time-consuming repetition.
In overlay drafting, the floor plan is drawn once. Then,




before it is dimensioned. three additional originals
are created from it, using a special sensitized poly-
ester film, a flatbed vacuum frame printer, and a
diazo print machine. In general terms, this is how
the process works:

Step 1. A sheet of punched polyester film is placed
on the drafting board. The holes across the top
of the film fit over the pin bar which is perma-
nently attached to the top edge of the drafting
board. The floor plan is drawn on this base
sheet, but, for the moment, the dimensions
and all other annotation are left off. These will
be added later, after the base sheet is used to
reproduce several other originals that do not
require dimensions or annotation.

Step 2. The base sheet is taken from the drafting
board. A sheet of punched sensitized polyester
film is placed on top of it. The two sheets are
fastened together with plastic registration pins.
Together, they are placed in the flatbed vac-
uum frame exposure unit. The lights in the unit
expose the sensitized film, "burning away” all of
the special light-sensitive emulsion, except
where the light is blocked out by lines from the
base sheet. The exposed polyester film is then
run through the ammonia developing section
of a print machine, producing what is called a
slick. A slick is a polyester reproduction of the
base sheet original. It is not drawn on: rather, it

is used as a base sheet over which electrical,
plumbing. and HVAC plans may be overlaid.
The original base sheet of the floor plan may
now be completed by adding dimensions and
other annotation.

Step 3. The new slick may now be placed over the
pin bar on a drafting board. and a clear sheet
of polyester film placed on top of it. The elec-
trical symbols for the electrical plan are added
on this new sheet. Only information for the
electrical plan is entered on this overlay sheet.
To get a print of the electrical plan superim-
posed on the floor plan, the slick base sheet
containing the floor plan and the electrical
plan overlay are placed in the flatbed vacuum
frame printer, along with a sheet of ammonia
developing print paper. All three sheets are
secured together with plastic registration pins.
When the exposure step is completed, the
sheets are separated and the print paper is run
through the ammonia developing section of a
diazo print machine, thus producing a print of
the electrical plan. The same process is re-
peated for the plumbing plan and the electri-
cal plan. To save even more time, three slicks
of the floor plan could have been made and
given to three different drafters: one of whom
would create the electrical plan overlay, one
the plumbing plan overlay, and the other the
HVAC plan overlay. This process is illustrated in
Figure [-105.

SENSITIZED POLYESTER

FILM OVERLAY
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FLATBED VACUUM FRAME DEVELOPER
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Figure 1-105 Overlay drafting process
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Scissors Drafting Techniques

Scissors drafting is an extension of overlay draft-
ing. The two combined can bring substantial produc-
tivity benefits in manual drafting situations. In scissors
drafting, if any part of a set of drawings has ever been
drawn before. say a typical detail or sectional view, it
need not be redrawn. Rather, the techniques outlined
previously to create a slick are used, and the details
and other data needed from the slick are cut out
and taped to a carrier sheet, Figure 1-106. A new
slick is created using the carrier sheet as the original.

The scissors drafting technique is best illustrated
by example. A mechanical drafter must construct a
sheet of typical details and sectional views for a doc-
umentation package. All of the needed details have
been drawn before, but in different jobs. Some of
the details needed are in one job, some in another,
and so on. Rather than redrawing, the drafter decides
to use scissors drafting techniques.

First, the drafter locates all of the details needed
and pulls the required sheets from the filing drawers.

SENSITIZED POLYESTER FILM

A

.

CUT OUT DETALS

. .

Ay

CARRIER  SHEET

Figure 1-106 Scissors drafting
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A slick of each sheet is then made. After cutting out
the details from the slicks, the drafter assembles
them on a carrier sheet. The first slicks allow the
original drawings to be kept in case they are ever
needed again.

Using the carrier sheet as an original, the drafter
creates a slick containing all of the details. The slick
may then be copied onto polyester film that accepts
plastic lead or ink. and this new medium is used as
any other original. The entire process takes about
20 minutes, whereas completely redrawing each detail
would take hours.
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Review

. Among the pencil lead grades from hard to soft.

which two are recommended for drafting?

. Describe the whiteprinter process used in

today's drafting rooms.
List three kinds of drafting triangles.

Explain how to read a micrometer.

. Why are the drawing surface and top cover

so important?

List the various kinds of drafting tools used to
draw horizontal lines, and explain which is the
best and why.

. List the standard paper sizes used in indus-

try today.

What is the difference between an open- ,
divided scale and a full-divided scale? ||

. Which kind of compass is recommended and

why?

. For what is dry cleaning powder used, and why

must it be removed from the drawing?

. Why is a dusting brush used in drafting?

. Explain how to read a vernier protractor. Why

is it used?

. Define the term applique.

. What is the difference between a transfer

card and a dry transfer sheet?

. What is a Kroy lettering machine?

. What tools and materials are needed to do

overlay drafting?

7. What is scissors drafting?






Problems -7 through 1-22

Construct each object using the given dimensions. Use
consistent thick. black object lines throughout. Keep all
corners tight and sharp. Where indicated. draw thin, black
center lines.
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CHAPTER 2

This chapter covers three of the basics that
are needed in preparing all types of technical
drawings. All three concepts represent manual
drafting techniques. Computer-aided drafting
(CAD) techniques are covered in later chapters.

4 -
UNDERCUT

7D

The major topics covered in this chapter are
freehand lettering, freehand leftering tech-
niques, line work, and skeiching.

LETTERING, SKETCHING,
AND LINE TECHNIQUES

Freehand Lettering

Text is an important part of a technical drawing.
Not all information required on technical drawings
can be communicated graphically; the most obvious
data being dimensions. Text on technical drawings 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 methods are described
elsewhere in this text.

Lettering Styles

There are numerous different lettering styles or
fonts, Figure 2-2. The standard style for freehand let-
tering on technical drawings, as established in Amer-
ican National Standards document Y14.2-1973, is

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-
figuration of letters are often made, without actually
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 letters
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. Errors 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.
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VARIATION

CONDENSED  VARIATION

Figure 2-5 Extended and condensed variations of Gothic lettering

SAMLE OF WOLIED LETTERNG

Figure 2-6 Inclined Gothic lettering

SOPY (ETTERNG /2 T

TO KED

Figure 2-7 Sloppy lettering is difficult to read

Characteristics of Good Lettering

Good freehand lettering. regardless of whether it
is uppercase or lowercase. condensed or extended
or vertical or inclined. must have certain characteris-
tics. These requisites include neatness. uniformity,
stability. proper spacing. and speed.

Neat lettering is important so that the information
being conveyed can be easily read. Few things detract
from the appearance and quality of a technical draw-
ing more than sloppy lettering. Figure 2-7.

For uniformity. all letters should be the same in
height. proportion. and inclination. A necessary tac-
tic for maintaining uniformity is the use of guidelines,
Figure 2-8. The customary heights of characters in
technical drawing are 1/8" (6 mm) for regular text,
and 3/16" (9 mm) for headings and titles.

The proper stability or balance of letters is an
important characteristic in freehand lettering. Each
letter should appear balanced and firmly positioned
to the human eye. Top-heavy letters are not balanced
because they appear about to topple over. Figure 2-9.

The proper spacing of letters and words is impor-
tant, and it takes a lot of practice to accomplish. A
good rule of thumb to follow in terms of spacing is to
use close spacing within words. and far spacing
between words. Figure 2-10. The proper positions of
letters relative to one another in words is accom-
plished by spacing the letters in the word equally in
the area. not by trying to equalize the spacing between
letters. This becomes automatic if the drafter con-
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centrates on the word being lettered. not on each
letter. Another rule of thumb for spacing is to allow
the width of one round letter, such as O. C. Q or G.
between words. Figure 2-11 illustrates how this type
of spacing can make the lettering much easier to read.

In the modern drafting room. because time is
money. speed in freehand lettering is critical. Typi-
cally freehand lettering is one of the slowest. most
time-consuming tasks drafters must perform. It takes
many hours of practice to develop freehand letter-
ing that is neat. uniform. balanced. properly spaced.
and fast. Some drafters never reach this goal. Those
who do. reach it through constant practice. coupled
with continual efforts to improve.

T INIOL N ONAT TN/~ 3—
TN O T — CUIDELINES

Figure 2-8 Guidelines improve uniformity

BEFR38 QD rorrear
BEFR362

Figure 2-9 Top-heavy letters are not balanced
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Figure 2-10 The proper spacing of
letters and words

SPACING WITHIN WORDS
SHOULD BE CLOSE

SPACING BETWEEN WORDS
SHOULD BE FAR.

THIS IS A PROPERLY SPACED SENTENCE.

THISISANIMPROPERLYSPACEDSENTENGE.

Freehand Lettering Techniques

Freehand lettering techniques are learned by know-
ing what grades of lead to use. how to make the basic
lettering strokes, and how to use guidelines: and by
constantly practicing and trying to improve.

Lettering in ink has been greatly simplified in recent
years. Old-fashioned tools, such as adjustable nib
ruling pens and speedball pens, have been replaced
by the less cumbersome, easier-to-use technical pen.
Figure 2-12. When lettering in ink, drafters still use
light guidelines made with pencil lead. The actual
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
0.35 mm, 0.50 mm, and 0.60 mm.

All letters and numbers are created using six basic
strokes, Figure 2-13. The first stroke is a single stroke
made downward and to the right at approximately
45 degrees. The second stroke is made downward
and to the left at approximately 45 degrees. The third
stroke is vertical, and is made from top to bottom.
Stroke number four is horizontal. and is made from
left to right. The fifth stroke is a half-circular stroke
to the left, made from top to bottom. The sixth stroke
is a half-circular stroke to the right, made from top
to bottom. All alphanumeric characters can be cre-
ated using combinations of these six strokes. Figure
2-14 shows how these strokes are used for making
selected characters.

Lettering Guidelines

Guidelines are a critical part of freehand lettering.
Uniformity, neatness, and stability cannot be achieved
without using guidelines.

Figure 2-11
Spacing between
words is important

Figure 2-12 Modern technical pens (Courtesy Keuffel
& Esser Co.)

Ve T

STRAIGHT SLANTED CURVED HORIZONTAL
VERTICAL LETTERS

[\ () —

STRAIGHT SLANTED CURVED HORIZONTAL
INCLINED LETTERS

Figure 2-13 Basic strokes used for lettering
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Figure 2-14 Forming uppercase Gothic letters and
numerals—vertical style

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 other tools are used 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 hidden 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 extension lines 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.

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 2-15.
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VISIBLE LINE
THICK (H,F, or HB)
———————————————————————— HIDDEN  LINE
THIN (2H or H)
CROSSHATCHING
THIN (2H or H) LINE
- - — - CENTER LINE
THIN (2H or H)
- r. DIMENSION AND
THIN (2H or H) EXTENSION LINES
LEADER LINE
THIN (2Hor H)
L= = oo _—— CUTTING PLANE
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W_/\/\/W\/\/\N\/_"\ FREEHAND BREAK
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\/\ \/\ MECHANICAL
THIN (2H or H) BREAK LNE
—_ —- —- —-——  PHANTOM LINE
THIN (2H or H)
————————————————————————— STITCH LINE
THIN (2H or H)

Figure 2-15 Line types used on technical drawings




ROTATE CONTINUOUSLY

60° (APPROXIMATELY)

4 DRAFTING SURFACE

Figure 2-16 Maintaining uniformity of lines

- 90°

45°

ALL ANGLES MADE WITH
STANDARD 45-DEGREE TRIANGLE

Figure 2-17 Making angular lines with the 45° triangle
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ALL ANGLES MADE WITH
STANDARD 30-60- DEGREE TRIANGLE

Figure 2-18 Making angular lines with the 30°-60°
triangle
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15~DEGREE ANGLE I15-DEGREE ANGLE

30-60

I15-DEGREE ANGLE I5-DEGREE ANGLE

Figure 2-19 Making 15° angles

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
line widths and weights can be achieved by holding
the pencil at approximately 60 degrees from the draw-
ing surface, maintaining an even pressure downward,
and slowly revolving the pencil axially as it moves
across the drawing surface. Figure 2-16. 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 left to right. The angle of
inclination, the amount of pressure, and the rotating
motion are the same as they are for horizontal lines.

Angular Lines

Many modern devices are available to assist draft-
ers in making angular lines. These include protrac-
tors, adjustable triangles, and adjustable arms on
drafting machines. However, maost angular lines can
be created simply by using the standard 30°-60° and
45° triangles alone, and in various combinations, Fig-
ures 2-17, 2-18, 2-19, and 2-20. These standard tools
create angles of 15°, 30°, 45°, 60°, and 75°.

Parallel Lines

Parallel lines can be created in a number of differ-
ent ways. Vertical (and horizontal) parallel lines are
made by simply moving the straightedge the required
distance and making each successive line. Figure 2-21.

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
using triangles to create angular lines. the first line is
created at the desired angle. Aligning one edge of a
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PARALLEL LINES
' AT 75 DEGREES
75-DEGREE ANGLE 75-DEGREE ANGLE

N

75- DEGREE ANGLE 75~DEGREE ANGLE
STRAIGHTEDGE

Figure 2-20 Making 75° angles Figure 2-22 Creating successive parallel lines
triangle to the line. register any §ide of the second v"ﬁsglc.?'ﬁ]A'ﬂgEEMADE
triangle against one of the nonaligned edges of the ‘
first triangle. Holding the second triangle to prevent }
it from moving. and sliding the first triangle along /» [ HOARD%OW%IQ SLE
the engaged edge of the second triangle. will reposi- - {90 /  STRAIGHTEDGE
tion the originally aligned edge to any desired paral-
lel position. Successive parallel lines are created in
the same way. Figure 2-22.
Perpendicular Lines RN S

Drawing perpendicular lines can be accomplished STRAIGHTEDGE
in @ manner similar to drawing parallel lines. Hori- ) _ ) )
zontal and vertical perpendicular lines can be cre- Figure 2-23 Making perpendicular lines
ated using a straightedge and a triangle. Figure 2-23. ‘ "‘\9@, :

Creating a line perpendicular to a nonhorizontal LINE | \

or nonvertical line is accomplished by using trian-
gles in conjunction with a straightedge. Figure 2-24.
Line 1 in this figure is drawn first. Then the 45" trian-
gle is slid along the 30°-60° triangle. and the perpen-
dicular line is created with the opposite side of the
45° triangle.

Sketching

Even in the world of high technology and comput- STRAIGHTEDGE
ers, sketching is still one of the most important skills I

for drafters and designers. Sketching is one of the RIS Creating alling perpen.dicular.to a
nonvertical or nonhorizontal line

/ﬁ— TRIANGLE OR

VERTICAL . VERTICAL ARM ON
PARALLEL LNes X | ‘ A DRAFTING MACHINE
’
Figure 2-21 Making vertical parallel lines
—_—
|
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[ STRAIGHTEDGE
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Figure 2-25
Typical design sketch
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first steps in communicating ideas for a design. and
itis used in every step thereafter. It is common prac-
tice for designers to prepare sketches that are turned
over to drafters for conversion to finished working
drawings. Figure 2-25 is an example of a typical
design sketch.

VISIBLE LINE

HIDDEN LINE

EXTENSION ¢ SECTIONING
LINES

CENTERLINE

PHANTOM LINE

4.00
DIMENSION LINE

—— —— —— —— — — — —

CUTTING PLANE LINE

Figure 2-26 Lines used in sketching

Sketching Lines

The lines used in creating sketches closely corre-
spond to those used in creating technical drawings
except, of course, that they are not as sharp and crisp.
Figure 2-26 illustrates the various types of lines used
in making sketches.

The basic line types are: visible line, hidden line,
center line. dimension line. sectioning line, exten-
sion line, and cutting plane line. These lines repre-
sent the various lines available for creating sketches.
The character of each line, as illustrated in Figure
2-27, should be closely adhered to when making
sketches.
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Figure 2-27 Sample design sketch
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ORTHOGRAPHIC SKETCH
Figure 2-28 Orthographic sketch
AXONOMETRIC
SKETCH

Figure 2-29 Axonometric sketch

5 OBLIQUE

SKETCH

Figure 2-30 Oblique sketch
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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 2-28, 2-29, 2-30, and 2-31.

Orthographic sketching relates to flat, graphic facsimi-
les of a subject showing no depth. Six principal views
of a subject may be incorporated in an orthographic
sketch: top, front, bottom, back, right side, and left
side, Figure 2-32. The views selected for use in a
sketch depend on the nature of the subject and the
judgment of the sketcher.

Axonometric sketching may be one of three types: iso-
metric, dimetric, or trimetric, Figure 2-33. The type
most frequently used is isometric, in which length and
width lines recede at 30° to the horizontal and height
lines are vertical, Figure 2-34. 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 (usually 45°), Figure 2-35.

Perspective sketching involves creating a graphic fac-
simile of the subject. Consequently, depth lines must
recede to a hypothetical vanishing point (or points),
Figures 2-36 and 2-37. In fact, all pictorial sketches
naturally tend to assume characteristics of perspec-
tive sketches as a result or how the eye views the
apparent relative proportions of objects. This is not
necessarily undesirable.

Sketching Materials

An advantage of sketching is that it requires very
few material aids. Whereas drafters must have a com-
plete collection of tools, equipment, and materials
in order to do working drawings, sketching requires
nothing more than a pencil and a piece of paper. It
is not uncommon for a sketch to be drawn on a paper
napkin during a hurried luncheon meeting.

Sketching done in an office environment requires
three basic materials: pencil, media (paper or graph
paper), and an eraser. Graph paper simplifies the
sketching process considerably. especially for students
just learning, and 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, sharp. clear examples —
straight or curved — of all the various line types intro-
duced previously. When sketching, the following gen-
eral rules apply.

I. Hold the pencil firmly, but not so tightly as to
create tension or hand fatigue.




VANISHING POINT

A;7 PERSPECTIVE
SKETCH

Figure 2-31 Perspective sketch
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Figure 2-32

Six principal views
in orthographic
sketching
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ISOMETRIC DIMETRIC TRIMETRIC

Figure 2-33
Three types of axonometric 3 EQUAL ANGLES 2 EQUAL ANGLES NO EQUAL ANGLES
sketches

VANISHING

ONE-POINT PERSPECTIVE

Figure 2-34 Isometric sketch Figure 2-36 One-point perspective sketch

2. Grip the pencil approximately one inch to one
and one-half inches up from the point.

3. Maintain a comfortable angle between the

/\\ pencil and the sketching strokes.
| + 4. Draw horizontal lines from left to right using i
short. slightly overlapping strokes. |
5. Draw vertical lines from top to bottom using
45° short. slightly overlapping strokes. .

6. Draw curved lines using short, slightly overlap-
ping strokes.

Figure 2-35 Oblique sketch
In addition to these general rules. some specific

techniques are used in making the various line types
for sketching.
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VANISHING

VAN)SHING

TWO-POINT  PERSPECTIVE

B R=ay '/PONT

Figure 2-37 Two-point perspective sketch

Sketching Straight Lines and Curves

Making straight lines on graph paper is a simple
process of guiding the pencil using the existing lines.
If graph paper is not available, pencil dots can be
positioned to plot the path of the line, Figure 2-38.
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 2-39, 2-40, and 2-41. This
technique is also used for curved lines, Figure 2-42.

Sketching Circles

Figure 2-43 illustrates a series of six steps that can
be used for sketching a circle. Vertical and horizon-
tal center lines are sketched, which positions 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
is drawn symmetrically around the center, with the
sides located at the radial line marks (Step 3). On
the diagonals of the square (Step 4). the radial dis-
tances are again marked off from the center (Step 5).
This provides four positions for the circumference to
pass through at the sides of the square, and four more
positions on the diagonals of the square. The right
half of the circle is sketched in from top to bottom
using short. slightly overlapping strokes. and then the
left half is sketched in the same manner (Step 6).

Sketching Ellipses

A similar technique is used for sketching ellipses.
except that the square becomes a rectangle, Figure
2-44. Ellipses are oriented on the object being
sketched as shown in the diagram in Figure 2-45.

L3 . . . . . . .

Figure 2-38 Dots used as guides
in sketching

-

Figure 2-39 Using dots in

sketching lines

Figure 2-40 Continuing the
sketch by connecting
the dots

— —

i ;

Figure 2-41 Completing the
sketch made by using
dots as guides
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Figure 2-42 Using dots in sketching curved lines

STEP 1 STEP 2 STEP 3

STEP 4 SIEES STEP 6

Figure 2-43 Sketching a circle

N _..r._—,(_.
% Y
N
.. Al
T N TET
\'\
S
N =

T\“ Lj

Figure 2-44 Figure 2-45 Orienting an ellipse on an object
Sketching an ellipse
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Figure 2-46 Blocking

in components

Proportion in Sketching

Sketches are not done to scale, but it is important
that they be made proportionately accurate. All of
the various components of a sketch should be kept
in proportion to those of the actual object. This tech-
nique takes a great deal of practice to master.

Some methods for achieving proportion recom-
mend using a pencil or a strip of paper as a simu-
lated scale. These techniques are not only unrealistic
in terms of the real world. they defeat the very pur-
pose of sketching. A skilled sketcher must learn 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 drafter
can become proficient in maintaining proportion with-
out the use of extraneous, time-consuming devices.
The following general rules relating to proportion will
also help.

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

Step 2. Examine the object to be sketched and
mentally break it into its component parts.

Step 3. Beginning with the largest components
(length and width), estimate the proportion.
such as the length is 4/3 times the width or 5/2
times the width, and so on.

Step 4. Lay out the largest component according
to the proportions decided upon in Step 3. Use
construction line squares and rectangles to
block in irregularly shaped components, Figure
2-46.

Repeat Steps 3 and 4 until the entire object is finished.

Orthographic Sketching

Orthographic sketching may 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. However, these views are not always appro-
priate. The sketcher must learn to choose the most
appropriate views. These are the views that show the
most detail 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 2-47. Once
the layout is blocked in, the details can be added
one view at a time, Figures 2-48. 2-49, and 2-50.

Figure 2-47 Blocking in an orthographic sketch

BHEE s

l

Figure 2-48 Completing the top view
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Figure 2-49 Completing the front view
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Figure 2-50 Completing the sketch

Axonometric Sketching

As was mentioned earlier, there are three types of
axonometric projection: isometric, dimetric, and
trimetric. Isometric projection is used in sketching.
Dimetric and trimetric projection have little applica-
tion in sketching, due to the difficulty in proportioning
scale values of length, width, and height. Isometric
views have the same scaling value in all three direc-
tions, eliminating the need to vary proportions among
the three directions. In an isometric sketch. height
lines are vertical, and width and length lines recede
at approximately 30° and 150° (180°-30°) from
the horizontal.

The first step in creating an isometric sketch is to
lay out the isometric axis. Figure 2-51. All normal
lines will be parallel to one of the axis lines. The
next step is to block in the object using construction
lines. Figure 2-52. Five steps in the development of
an isometric sketch are shown in Figures 2-53, 2-54,
2-55, 2-56 and 2-57.
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Figure 2-51 The isometric axis in sketching

BLOCK IN WITH
CONSTRUCTION LINES

ISOMETRIC AXIS

Figure 2-52 Blocking in the object

STEP ONE

SKETCH THE
AXIS

ISOMETRIC

Figure 2-53 Step one in making an isometric sketch




STEP TWO

BLOCK INTHE OBJECT WITH
CONSTRUCTION LINES

Figure 2-54 Step two in making an isometric sketch

STEP THREE
DARKEN ALL VERTICAL LINES

STEP FOUR

DARKEN LINES PARALLEL TO
ONE ANGLE OF THE AXIS

Figure 2-56 Step four in making an
isometric sketch

STEP FIVE

DARKEN LINES PARAWLEL TO
OTHER ANGLE OF THE AXIS

Figure 2-55 Step three in making an
isometric sketch

Figure 2-57 Step five in making an
isometric sketch
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Oblique Sketching

Oblique sketching involves laying out the front view
of an object, and showing the depth lines receding
at an angle (usually 45°) from the horizontal. Oblique
sketching is particularly useful for dealing with an
object having round components. Oblique sketching
allows round components to be drawn round, rather
than elliptical.

Using the blocking in method, the flat front sur-
face of the object is laid out. The depth is then
blocked in using parallel lines, and the sketch is com-
pleted by outlining the exposed profile of the rear
surface. Figures 2-58, 2-59, and 2-60 illustrate three
steps in creating an oblique sketch.

Perspective Sketching

Perspective sketching closely approximates how
the human eye actually sees an object. Two common
types of perspective sketches are one-point and two-
point perspectives.

b ) ‘4_

STEP ONE
BLOCK IN FLAT FRONT VIEW

Figure 2-58 Step one in making an
oblique sketch

STEP TWO

pler W

BLOCK IN THE DEPTH

Figure 2-59 Step two in making an
oblique sketch
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A one-point perspective sketch is similar to an
oblique sketch, except that depth lines recede to a
vanishing point instead of receding parallel to one
another, Figure 2-61. In constructing a one-point
perspective, the following procedures apply.

Step 1. Lay out the flat front surface of the object
using the blocking in method, Figure 2-62.

Step 2. Select and mark a single vanishing point.
Project all points on the front surface back to
the vanishing point, Figure 2-63.

Step 3. Estimate the depth of the object and mark
it off on all line projectors, Figure 2-64.

Step 4. Complete the sketch by outlining the
exposed profile of the rear surface. Figure 2-65.

STERP-THREE

COMPLETE THE OBJECT BY
DARKENING ALL LINES

Figure 2-60 Step three in making an
oblique sketch

Figure 2-61 One-point perspective sketch

Y




STEP ONE
BLOCK IN FLAT FRONT VIEW

Figure 2-62 Step one in making a one-point
perspective sketch

STEP TWO

SELECT VANISHING POINT AND
PROJVECT POINTS TO (T

Figure 2-63 Step two in making a one-point
perspective sketch

A two-point perspective resembles an isometric
sketch, except that width and depth lines recede to
the left and right vanishing points rather than reced-
ing in parallel, Figure 2-66.

In constructing a two-point perspective, the follow-
ing procedures apply.

Step 1. Lay out the two-point perspective frame
which consists of the vertical height line, the
vanishing point left, the vanishing point right.
and the receding lines (all estimated locations),
Figure 2-67. The horizon line when positioned

STEP THREE

MARK DEPTH OFF AND BLOwK
IN REST OF OBJUECT

Figure 2-64 Step three in making a one-point
perspective sketch

STEP_FOUR

DARKEN ALL LINES TO COMPLETE
THE OBIECT

Figure 2-65 Step four in making a one-point
perspective sketch

below 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.

Step 2. Block in the object, estimating the length
and width for proportion, Figure 2-68.

Step 3. Lay out the details. lightly giving special
attention to proportion. Figure 2-69.

Step 4. Complete the two-point perspective
sketch. Figure 2-70.
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Figure 2-66 Two-point
perspective sketch

SR ~HORIZON LINE = VPR
& - HEIGHT LINE
4
B!
/ Figure 2-67
) Laying out the
SRECEDING LINES two-point perspective
frame
i
\
@ ) =%
S /
Figure 2-68
Blocking in the object
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Figure 2-69
Laying out the details

Figure 2-70 Completing the
two-point perspective sketch

Review

. What is the standard style of freehand letter-
ing on technical drawings?

. What is the slope of slanted lettering?

. What are the five characteristics of good
freehand lettering?

. How many strokes are required to make a
letter B?

5. How high should fractions be?

How much space should be left between
words?

. What are two grades of lead commonly used

for freehand lettering?

What are guidelines?

. Why are guidelines important?

. A setting of 8 on a lettering guide will

produce letters of what height?

. Define the term line work.

. Name ten basic lines types used on technical

drawings.

. What are two advantages of sketching over

mechanical drawing?

. What are the six principal views of ortho-

graphic projection?

. Which axonometric projection is preferred

for sketching?

. What kind of projection exhibits a circle as an

elliptic shape?
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Chapter Two
Problems

Problems 2-1 through 2-4

The following problems are intended to give the begin-
ning drafter practice in making neat uppercase. vertical.
and Gothic-style letters and numbers. On an A-size sheet
of vellum, carefully lay out light, .12 spaces as shown. Use
.50 borders all around and be sure to skip a space between
lines of letters or numbers. Practice letters, numbers, words,
sentences, and paragraphs. as given.

Problem 2-1
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———_

12
(3)
t YOUR FIRST NAME™

09 — =
(20 ATE (EXAMPLE, BAUG 88)
YOUR SCHOOL- COLLEGE NAME
YOUR TOWN = a—
YOUR STATE = = —
e~
Problem 2-2
12
i3
| GOOD LETTERING TAKES PRACTICE B
T = = =
09 ————— 3
(2) = =
S =

IMPROVEMENT IN I;ETTERING REQUIRES EFFOR]’

I
‘
‘

l“JlJL“JIL

SINGLE - STROKE ,UPPER CASE, VERTICAL GOTHIC
LETTERING 1S USED IN THE MECHANICAL DRAFTING
-FIELD

Problem 2-3




LETTERING 1S EXTREMELY IMPORTANT. IT MUST BE NEA®
i|32) LEGIBLE, CLEAR, IN PROPORTION AND MUST BE DONE
INA REASONABLE AMOUNT OF TIME
[ 5
T =
i - >
.r_ ]
09
(2 _ >2
) >/
J
= >
>
= >
3}
]
; .50 (/0) SQUARES
]
]
]
]
)|
= ]
]
—
]
]
]

Problem 2-4

:
<

Problems 2-5 through 2-24

These problems are intended to give the beginning
drafter practice in sketching. On an A-size sheet of vellum,
neatly sketch the top. front. and right-side view of each

N NN N N Y

pictorial figure shown. The grid is provided for proportion
only. Try to keep the object in scale as you sketch: keep
all parallel lines parallel. and sketch as neatly as possible.
Do not use any drawing instruments. Add all lines, includ-
ing hidden lines and center lines.

Next, sketch each object from your three-view drawings
into isometric pictorial views.

;
:

.50 (/0) SQUARES _

b
Problem 2-6

Problem 2-7
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Problem 2-8
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Problem 2-14

<<<<<<

ININXYXRS ORI

UXNIRNSE

MVAVAVAVA =~ AVAVA'

%

A
P
50 (10) SQ

3+
/
><
K/ 1
50 (/0) SQUARES

Problem 2-18

.50 (I0) SQUARES — !

blem 2-15

.50 (10) SQUARES — V

Problem 2-19

Problem 2-16
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CHAPTER 3

The basic techniques associated with geo-
metric construction must be thoroughly mas-
tered. The various procedures discussed in this
chapter will be used in solving all drawing
problems throughout this book, as well as later
on the job. By using these geometric construc-

tion techniques, drawings will be of profes-
sional quality and accomplished in the least
amount of time. It is important for the begin-

ning drafter fo thoroughly know and understand
these techniques and, more importantly, to know

when and where to apply them.

GEOMETRIC CONSTRUCTION

To be truly proficient in the layout of both simple
and complex drawings, the drafter must know and
fully understand the many geometric construction
methods used. These methods are illustrated 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 guesswork. Applying these geometric con-
struction principles give drawings a finished, profes-
sional appearance.

In laying out the various geometric constructions,
it is 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
at arm’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 work
if necessary.

Geometric Nomenclature
Points in Space

A point is an exact location in space or on a draw-
ing surface, Figure 3-1. A point is actually represented

on the drawing by a 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 draw-
ing by a dot, except for sketching locations. This is
not accurate enough, and is considered to be poor
drafting practice.

,—SHORT CROSS AT POINT

+
,—SHORT DASH AT POINT
ON LINE

—F

— DO NOT USE A DOT
TO LOCATE POINT

/7
.

Figure 3-1 Points in space or on a surface
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! LINE A-B

!
7T
Z/ /
POINT ‘A’ POINT ‘B’

Figure 3-2 A straight line is the shortest
distance between two points

Line

A straight line is the shortest distance between two
points, Figure 3-2. It can be drawn in any direction.
A line can be straight, an arc, a circle or a free curve,
as illustrated in Figure 3-3. If a line is indefinite, and
the ends are not fixed in length, the actual length is
a matter of convenience. If the end points of a line
are important, they must be marked by means of
small, mechanically drawn crossbars, as described
by a point in space.

Straight lines and curved lines are considered to
be parallel if the shortest distance between them
remains constant. The symbol used for parallel lines
is //. Lines that are tangent and at 90° are consid-
ered perpendicular. The symbol for perpendicular
lines is L (singular), Figure 3-4, and L's (plural).
The symbol for an angle is /_ (singular) and L's
(plural). To draw an angle, use the drafting ma-
chine, a triangle, or a protractor. For extra accur-
acy, use the vernier on the drafting machine or a
vernier 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 obtuse 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°28'38"
is read as 48 degrees, 28 minutes, and 38 seconds.

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

Example:

21°18727"=21° + (18/60)° + (27/3600)° =
21.3075°
To convert decimal degrees to degrees, minutes,
and seconds, multiply the degree decimal by 60 to

obtain minutes, and the minute decimal by 60 to
obtain seconds.
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Figure 3-3 Kinds of lines

LIND/CA TES 90°

Figure 3-4 Perpendicular lines

RIGHT
ANGLE

90° 90°

1

COMPLEMENT
, OF ANGLE 6

OBTUSE SUPPLEMENT
/ANGLE OF ANGLE 8

Figure 3-5 Kinds of angles

Example:
77365°=77°+(.365 X60)=77°21.9'
77°21.9'=77°21'+ (.9 X 60)' = 77°21'54"

A vernier may be used to measure and read off
minutes and seconds of a degree. The vernier scale
is discussed in Chapter 1.

Triangle

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

s




h A

RIGHT TRIANGLE EQUILATERAL
ONE ANGLE 90° ALL SIDES, ALL ANGLES
EQUAL

ISOSCELES
TWO SIDES, TWO
ANGLES EQUAL

SCALENE
NO SIDES OR ANGLES EQUAL

NO SIDES OR ANGLES EQUAL

Figure 3-6 Kinds of triangles

internal angles is always exactly 180°, half of the 360°
in a full circle. Figure 3-6 shows the various kinds of
triangles: a right triangle, an equilateral triangle, an
isosceles triangle, a scalene triangle, and an obtuse
angle triangle.

A right triangle is a triangle having a right angle or an
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 a semicircle is
a right triangle, Figure 3-7.

An equilateral triangle, as its name implies, is a trian-
gle with all sides of equal length. All of its interior
angles are also equal. An isosceles triangle has two sides
of equal length and two equal interior angles. A scalene

N

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

triangle has no equal sides or angles. An obtuse angle
triangle is a triangle having an obtuse angle greater
than 90°, with no equal sides.

Polygon

A polygon is a closed plane figure with three or more
straight sides, Figure 3-8. More specifically, shown in
the figure are regular polygons, meaning that all sides
are equal in each of these examples. The most impor-
tant of these polygons as they relate to drafting are
probably the triangle with three sides, the square
with four sides, the hexagon with six sides, and the
octagon with eight sides.

Quadrilateral

A quadrilateral is a plane figure bounded by four
straight sides. When opposite sides are parallel, the
quadrilateral is also considered to be a parallelogram,
Figure 3-9.

(4 SIDES)
(3 SIDES)
>
TRIANGLE SQUARE PENTAGON HEXAGON
\ \
/ (8 SIiDES) |
HEPTAGON OCTAGON NONAGON DECAGON

Figure 3-8 Examples of polygons
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£oUAL OPPOSITE T OPPOSITE
by 1 SIDES piely s SIDES
EQUAL EQUAL
SQUARE RECTANGLE RHOMBUS RHOMBOID
_ - —)
PARALLELOGRAMS H
Two NO #
SIDES SIDES
PARALLEL PARALLEL A
TRAPEZOID TRAPEZIUM Figure 3-9 Quadrilaterals #
| //r\
Circle

A circle 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 opposite 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 circumference of a circle is the distance around
the outer surface of the circle. To calculate the cir-
cumference of a circle, multiply the value of = (use
the approximation 3.1416) 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 the 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 sector 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-
ter is a chord passing through the center of the circle.)

A segment 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 circles are two or more circles without a com-
mon center point, Figure 3-12.

A semicircle is half of a circle.

96 Section |

CIRCUMFERENCE

NOTE, THE COMPASS IS SET TO
THE RADIUS

Figure 3-10 The major components

of a circle
f
ANGLE

£ QUADRANT ‘

3 -
90° |
1 :

CHORD

SEGMENT

Figure 3-11 Other parts of a circle

CONCENTRIC CIRCLE ECCENTRIC CIRCLE

Figure 3-12 Concentric and eccentric circles




Figure 3-13 Polyhedrons
(solids)

TETRAHEDRON

Polyhedron

A polyhedron is a solid object bounded by plane
surfaces. Each surface is called a face. If the faces
are equal, regular polygons, the solid figure is a regu-
lar polyhedron, Figure 3-13.

Prism

A prism is a solid having ends that are parallel
matched polygons, and sides that are parallelograms,
Figure 3-14. This definition also applies to round or
circular objects, such as a cylinder. When the poly-
gon on one end of a prism is not parallel to the other
end, it is 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 having 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-
eral sides (which forms a new polygon). the pyramid
or cone is said to be truncated, Figure 3-16.

_—VERTEX —_

-

AXIS

N— BASE -
RIGHT TRIANGULAR

BASE

RIGHT SQUARE

4 TRIANGLES KG SQUARES

HEXAHEDRON

« 12 PENTAGONS

—8 TRIANGLES 20 fRIANGLES7

&

OCTAHEDRON

DODECAHEDRON ICOSAHEDRON

/

REGULAR SOLIDS

RECTANGULAR

RIGHT
TRIANGLE

RIGHT
PENTAGONAL

OBLIQUE
HEXAGONAL

Figure 3-14 Prism

Sphere

A sphere is a closed surface, every point on 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 femispheres. Poles are two reference measur-
ing positions on the surface of the sphere on oppo-
site sides of its center.

VERTEX —__

OBLIQUE PENTAGONAL

Figure 3-15 Pyramid
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~TRUNCATED

~TRUNCATED AXiy s
NOT PARALLEL /
TO BASE ‘
POLE
PRISM PYRAM ID Figure 3-17 Sphere
Figure 3-16 Truncated pyramid
Elemental Construction Principles Given: Line A-B, Figure 3-18A.

The remaining portion of this chapter is devoted
to illustrating step-by-step the many geometric con-
struction principles used by the drafter to develop
various geometric forms. It is important that each
step be fully understood and followed. As the begin- Step 2. Dsingihaltelort Eo ey oal
ning drafter uses these geometric construction prin- swiﬁ ™ int B. Fi p 3-18C &
ciples, various shortcuts will become cvident, thus s anarc from point b, rigure P
reducing the drawing time and increasing accuracy
even more. At the end of the chapter, each of these
techniques is incorporated or used in some way to
complete the various given problems.

Step 1. Set the compass approximately two-thirds
of the length of line A-B and swing an arc from
point A, Figure 3-18B.

Step 3. At the two intersections of these arcs, lo-
cate points X and Y, Figure 3-18D.

. . Step 4. Draw a straight line connecting point X
ElorioiSesact arline with point Y. Where this line intersects line A-B
To bisect a line means to divide it in half or to find is the bisect of line A-B, Figure 3-18E. Line X-Y
its center point. In the given process, a line will also is also perpendicular to line A-B at the exact
be constructed at the exact center point at exactly 90°. center point.
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How To Bisect an Angle

To bisect an angle means to divide it in half or to cut
it into two equal angles.

Given: Angle ABC, Figure 3-19A.

Step 1. Set the compass at any convenient radius
and swing an arc from point 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 X and Y, respectively, Figure
3-19C.

Step 3. Where these arcs intersect, locate point Z.
Draw a straight line from B to Z. This line will
bisect angle ABC and establish two equal
angles: ABZ and ZBC, Figure 3-19D.
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Figure 3-20A How to
draw an arc or circle
(radius) through
three given points

~INTERSECTION POINT
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Figure 3-20D Step 3

A

Figure 3-19B Step |

Figure 3-19D
Step 3

How To Draw an Arc or Circle (Radius)
through Three Given Points

Given: Three points in space at random: A, B, and
C. Figure 3-20A.

Step 1. With straight lines, lightly connect points
Ato B, and B to C, Figure 3-20B.

Step 2. Using the method outlined for bisecting a
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 circle, 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 or
circle should pass through each point, as shown
in Figure 3-20E.

Figure 3-20E Step 4

Chapter 3 99



GIVEN.'

+~B

REQUIRED
2 S
DISTANCE

Figure 3-21A How to draw a line parallel
to a straight line at a
given distance

How To Draw a Line Parallel to a Straight
Line at a Given Distance

Given: Line A-B, and a required distance to the
parallel line, Figure 3-2 1A.

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 3-2 [B.

Step 2. Adjust the straightedge of either a drafting
machine or an adjustable triangle so that it
lines up with line A-B, slide the straightedge up
or down to the extreme high point of the arc,
then draw the parallel line, Figure 3-2IC.

Note: The distance between parallel lines is meas-
ured on any line that is perpendicular to both.
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Figure 3-22A How to draw a line parallel to a
curved line at a given distance
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How To Draw a Line Parallel to a Curved
Line at a 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
to the parallel line. Starting from either end of
the curved line, place the point of the compass
on the given line, and swing a series of light
arcs along the given line, Figure 3-22B.

Step 2. Using an irregular curve, draw a line along
the extreme high points of the arcs, Figure
3-22C.

. ——

Figure 3-22B Step |
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Figure 3-22C Step 2
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How To Draw a Perpendicular to a Line at a
Point (Method 1)

Given: Line A-B with point P on the same line,
Figure 3-23A.

Step 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
S and T Figure 3-23B.

Figure 3-23C
Step 2

Step 2. Swing larger but equal arcs (R2) from each
of points S and T to cross each other at point
Figure 3-24A

B
GIVEN.
POINT P
How to draw a A

perpendicular to a line at a point (method 2)

R
/a
v POINT P
Q
Figure 3-24C
Step 2 A

/B

T

j

POINT P

Figure 3-23B
Step |

Figure 3-23D
Step 3

U. Figure 3-23C.

Step 3. A line from U to P is perpendicular to line
A-B at point P, Figure 3-23D.

How To Draw a Perpendicular to a Line
at a Point (Method 2)

Given: 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

Figure 3-24B
Step |

/"/ Figure 3-24D
Step 3
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Figure 3-25C Step 2
NOT on line A-B, but positioned to make the

arc cross line A-B at points P and Q, Figure
3-24B.

Step 2. A line from point Q through center O inter-
cepts the opposite side of the arc at point R,
Figure 3-24C.

Step 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 the Line

Given: Line A-B and point P, Figure 3-25A.
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Figure 3-25D Step 3

Step 1. Using P as a center, swing an arc (R1) to
intercept line A-B at points G and H, Figure
3-25B.

Step 2. Swing larger, but equal length arcs (R2)
from each of the points G and H to intercept
each other at point |, Figure 3-25C.

Step 3. Line P-] is perpendicular to line A-B. Fig-
ure 3-25D.

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 illustrated
in Figure 3-26B, but either end or either direc-
tion will work as well.
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Figure 3-26D Step 3

1

|
3 EQUAL SPACES

Step 2. Place a scale with its zero at point A of the
given line. If three equal parts are required,
pivot the scale until the three-inch measure-
ment (or any length representing three equal
units of measure: 30, 60 and 90 mm, for exam-
ple) is on the perpendicular line drawn in Step
1. Place a short dash at these points. The exam-
ple in Figure 3-26C shows these dashes at the
1-inch and 2-inch marks.

Step 3. Project lines downward from these points
and add short hash marks where these pro-
jected lines cross the original given line A-B.
This divides the line A-B into three exact equal
parts. Check all work, comparing your final
step with Figure 3-26D. An example of equal
spacing, where equally spaced holes are re-
quired within a given length, is illustrated in
Figure 3-26E.

GIVEN '
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Figure 3-26E An example of equal
spacing within a given
length

How To Divide a Line into Proportional Parts

Given: Line A-B, Figure 3-27A. Problem: Locate
point X at 2/3 of the distance from point A to
point B.

Step 1. Draw a line 90° from either end of the line.
A 90° line from point B is illustrated in Figure
3-27B.

Step 2. Place a scale with its zero on point A of
the given line. Because a 2/3 proportion is
required, pivot the scale until any multiple of
three units of measure intersects the perpen-
dicular line drawn in Step 1. In this example, 6
is used, representing three 2-unit increments.
The 2/3 position of this length is two 2-unit
increments, or the 4 position, where a hash
mark is made, as shown in Figure 3-27C. Pro-
jecting this point downward to line A-B, it
becomes point X, which is 2/3 the overall dis-
tance from point A.

1 B

Figure 3-27A How to divide a line
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How To Transfer an Angle

Given: An angle formed by two straight lines,
OA-OB, Figure 3-28A. and one location of where
the transferred angle begins (point 0'), Figure
3-28B.

Step 1. Refer to Figure 3-28C. Draw an arc through
both legs of a given angle (R1) and then dupli-
cate this radius at the transferred angle loca-
tion, Figure 3-28D.

Step 2. Transfer the chord length between the two
angle legs at the intersection of the arc (R2) to
the arc at the transfer angle location.

Step 3. A line from the arc center to the intersec-
tion of arc and chord length forms the second
line, forming an angle equal to the original,
Figures 3-28E and 3-28F.

How To Transfer an Odd Shape
Given: Triangle ABC, Figure 3-29A.

Step 1. Letter or number the various corners and
point locations of the odd shape in counter-
clockwise order around its perimeter. In this
example, place the compass point at point A of
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
any convenient location on the arc. It is a good
habit to lightly letter each point as you proceed.

Step 2. Place the compass point at letter B of the
original shape, Figure 3-29C, and extend the
compass lead to letter C of the original shape.
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Step 3. Transfer this distance, B-C, to the layout,
Figure 3-29D.

Steps 4 and 5. Going back to the original object,
place the compass point at letter A, Figure
3-29E, and extend the compass lead to letter
C. Transfer the distance A-C as illustrated in
Figure 3-29F. Locate and letter each point.

Step 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 transferred in exactly the

same way by reducing the shape into simple trian-
gles and transferring each triangle using the forego-
ing method.

Given: An odd shape, A, B, C, D, E, F, G, Figure
3-30A. Letter or number the various corners
and point locations of the odd shape in clock-
wise order around the perimeter, Figure 3-30A.
Use the longest line or any convenient line as a
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
each triangle in the manner described in Fig-
ures 3-29A through 3-29G. Suggested triangles
to be used in example Figure 3-30A are ABC,
ABD, ABE, ABF, and ABG, Figure 3-30B.

Step 2. This completes the transfer. Check all work
and, if correct, darken in lines to correct line
thickness. See Figure 3-30C.
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Figure 3-30C Step 2
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Figure 3-31A How to proportionately
enlarge or reduce a shape
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Figure 3-31C Step 2

How To Proportionately Enlarge or Reduce
a Shape

Given: A rectangle, Figure 3-3 1A. Problem: To en-
large or reduce its size proportionately.

Step 1. Draw a line from corner to corner diag-
onally, and extend it as shown in Figure 3-3 IB.

Step 2. The rectangle is enlarged to any size pro-
portionately if the vertical and horizontal sides
are located from the extended diagonal line,
Figure 3-31C.

Step 1. The rectangle is reduced proportionately
if the vertical and horizontal lines are located
on the unextended diagonal line, Figure 3-31D.
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Figure 3-32A How to
draw a triangle with
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Polygon Construction

How To Draw a Triangle with Knowi
Lengths of Sides

Given: Lengths I, 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 1.

Step 2. Using the radius length not 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.
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Figure 3-32B Step |
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equilateral triangle

Step 3. Connect A to C and 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.

Step 1. Either adjust the drafting machine angle
to 60° or use a 30°-60° triangle and project
from points A and B at 60° using light lines,
Figure 3-33B. Allow light construction lines to
cross as shown: do not erase them.

Step 2. Check to see that there are three equal
sides and, if so, darken in the actual triangle
using correct line thickness, Figure 3-33C. Care
should be exercised in constructing the sharp
corners. Again, do not erase the light construc-
tion lines.
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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. Lightly draw a circle with a diameter equal
to the distance across the “flats” of the square.
Set the compass at half the required diameter,
Figure 3-34B.

Step 2. Using a triangle, lightly complete the
square by constructing tangent 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 corners. Again, do ot erase the light
construction lines.
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How To Draw a Pentagon (5 Sides)

Given: The location of the pentagon center, and
the diameter that will circumscribe the penta-
gon, Figure 3-35A.

Step 1. Locate point A at the top-center of the
circle and. using a drafting machine, position
an angle of 72°(360/5) from the horizontal (or
18° from the vertical) through point A to locate
point B where the angle crosses the circumfer-
ence of the circle, Figure 3-35B.
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SHARP Figure 3-34D
CORNERS Step 3

/
4;:1/5 LIGHT LAYOUT LINES

Step 2. Draw a horizontal line from point B to lo-
cate pcint C on the circumference of the circle
on the opposite side, Figure 3-35C.

Step 3. Set the compass at the distance from point
B to point C. and swing this distance from the
points as illustrated in Figure 3-35D to locate
points X and Y.

Step 4. Lightly connect the points. Check to see
that there are five equal sides and. if correct.
darken in the actual pentagon taking care to
construct five sharp corners, Figure 3-35E.
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Figure 3-36C Step 2
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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. Lightly draw a circle with a diameter equal
to the distance across the “flats” of the hexagon.
Set the compass at half the required diameter,
Figure 3-36B.

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.

Step 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.

Step 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 3-37B.
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Step 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 to the
circle, Figure 3-37D. Allow the lignt lines to
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 corners, Figure 3-37E. Again,
do not erase the light construction lines.

Circular Construction
How To Locate the Center of a Given Circle

Given: A circle without a center point, Figure
3-38A.

Step 1. Using the drafting machine or T-square,
draw a horizontal line across the circle approxi-
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mately halfway between the estimated center of
the given circle and the uppermost point on
the circumference. Label the end points of the
chord thus formed as A and B, Figure 3-38B.

Step 2. Draw perpendicular lines (90°) downward
from points A and B. Locate points C and D
where these two lines pass through the circle,
Figure 3-38C.

Step 3. Carefully draw a straight line from point A
to point D and from point C to point B. Where
these lines cross is the exact center of the
given circle. Place a compass point on the cen-
ter point; adjust the lead to the edge of the
circle and swing an arc to check that the center
is accurate, Figure 3-38D.

Alternatively, the intersection of perpendicu-
lar bisectors of any two nonparallel chords
serve to locate the center. This is a modifica-
tion of the previous construction for passing a
circle through any three nonaligned points.

N
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Tangent Points

A tangent point is the exact location or point where
one line stops and another line begins. Tangent also
means to “"touch.” As an example, a tangent point is
the exact point where a curved line stops and a
straight line begins, Figure 3-39.

How To Locate Tangent Points

The tangent point is a point 90° from the straight
line to the swing point of the curved line. Place a

/\‘90° FROM LINE TO SWING POINT
\

\ SWING POINT
TP~ ! -1/

;

1y
>~ 90° FROM LINE TO

’l/*SW/NG POINT

light hash mark at each tangent point. It is a good
habit to always find all tangent points on the object
in all views before darkening in the drawing.

The tangent points for a right angle bend are illus-
trated in Figure 3-40A. The tangent points for an acute
angle bend are illustrated in Figure 3-40B. The tan-
gent points for an obtuse angle bend are illustrated
in Figure 3-40C.

In each preceding example, a light line is con-
structed 90° from the straight line to the exact swing
point of the radius. Find all the tangent points before
darkening in the final work. Always darken in all com-
pass work first, followed by the straight lines.

The tangent point between two arcs or circles is
the exact point where one arc or circle ends and the
next arc or circle begins. The tangent point could
also be where one arc or circle touches another arc
or circle, Figure 3-40D.

The tangent point is found by drawing a straight
line from the swing point of the first arc or circle to
the swing point of the second arc or circle, Figure
3-40E. Place a short light dash at the exact tan-
gent point.
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Figure 3-40A How to locate tangent
points on a right angle

Figure 3-40D How to locate tangent points
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Figure 3-41F Example of an arc tangent
to two lines at a right angle
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How To Construct an Arc Tangent to a Right
Angle (90°)

compass point on the swing point and lightly
construct the required radius, Figure 3-41D.
Allow the radius swing to extend past the
required area, as shown in the figure. It is
important to locate all tangent points (T.P.)
before darkening in.

Given: A right angle (90°), lines A and Band a
required radius, Figure 3-4 1A.

Step 1. Set the compass at the required radius
and. out of the way, swing a radius from line A Step 4. Check all work, and darken in the radius
and one from line B, as illustrated in Figure using the correct line thickness. Darken in con-
3-41B. necting straight lines as required. Always con-

Step 2. From the extreme high points of each struct compass work first, followed by straight
radius, construct a light line parallel to line A lines. Leave all light construction lines. See
and another line parallel to line B, Figure 3-41C. Figure 3-41E.

Step 3. Where these lines intersect is the exact
location of the required swing point. Set the

112 Section |

An example of an arc tangent to two lines at a
right angle (90°) is illustrated in Figure 3-4 IF.



How To Construct an Arc Tangent to an Acute
Angle (Less Than 90°)

Given: An acute angle, lines A and B, and a
required radius, Figure 3-42A. Follow the exact
same procedure as outlined in the preceding
example.

Step 1. Set the compass at the required radius
and, out of the way, swing a radius from line A
and one from line B, as illustrated in Figure
3-42B.

Step 2. From the extreme high points of each
radius, construct a light line parallel to line A
and another line parallel to line B, Figure 3-42C.
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Figure 3-42A How to construct an
arc tangent to
an acute angle
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Figure 3-42E Step 4

Step 3. Where these lines intersect is the exact
location of the required swing point. Set the
compass point on the swing point and lightly
construct the required radius, Figure 3-42D.
Allow the radius swing to extend past the
required area, as shown in Figure 3-42D.

Step 4. Check all work, and darken in the radius
using the correct line thickness. Darken in con-
necting straight lines as required. Always con-
struct compass work first, followed by straight
lines. Leave all light construction lines. See
Figure 3-42E.

An example of an arc tangent to two lines at an
acute angle (22°) is illustrated in Figure 3-42F.

R /
A </
/'/ )
/

R

Figure 3-42B Step |

/ :
T. P/
R /
/

_—SWING POINT

—/MPORTANT
LOCATE TANGENT POINTS

Figure 3-42D Step 3

Figure 3-42F Example of an arc tangent to two
lines at an acute angle
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How To Construct an Arc Tangent to an
Obtuse Angle (More Than 90°)

Given: An obtuse angle between lines A and B,

and a required radius, Figure 3-43A. Follow the

exact same procedure as outlined in the two
preceding examples.

Step 1. Set the compass at the required radius
and, out of the way, swing a radius from line A
and one from line B, as illustrated in Figure
3-43B.

Step 2. From the extreme high points of each
radius, construct a light line parallel to line A
and one parallel to line B, Figure 3-43C.
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Step 3. Where these lines intersect is the exact
location of the required swing point. Set the
compass point on the swing point and lightly
construct the required radius. Allow the radius
swing to extend past the required area, as
shown in Figure 3-43D.

Step 4. Check all work, darken in the radius using
the correct line thickness. Darken in connect-
ing straight lines as required. Always construct
compass work first, followed by straight lines.
Leave all light construction lines. See Figure
3-43E.

An example of an arc tangent to two lines at an
obtuse angle (120°) is illustrated in Figure 3-43F.
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How To Construct an Arc Tangent to a Straight Step 3. Where these lines intersect is the exact
Line and a Curve location of the required swing point. Set the

compass point on the swing point and lightly

Given: Straight line A, an arc B with a center construct the required radius, Figure 3-44D.

point, and a required radius, Figure 3-44A. Allow the radius swing to extend past the
Step 1. Set the compass at the required radius required area as shown. Locate all tangent
and, out of the way, swing a radius from the points (T.P) before darkening in.
given arc B and one from the given straight line Step 4. Check all work, darken in the radius using
A, Figure 3-44B. the correct line thickness. Darken in the arcs
Step 2. From the extreme high points of each first and the straight line last, Figure 3-44E.

radius, construct a light straight line parallel to
line A, and construct a radius outside the given
arc B equal to the required radius, as illus-
trated in Figure 3-44C.

An example of an arc tangent to a straight line and
a curve is illustrated in Figure 3-44F.

GIVEN: L,
ARC 'B

RADIUS
e

\—LINEA A

Figure 3-44B Step |
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Figure 3-44E Step 4 a curve
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How To Construct an Arc Tangent to Two
Radii or Diameters

Given: Diameter A and arc B with center points
located, and the required radius, Figure 3-45A.

Step 1. Set the compass at the required radius
and, out of the way, swing a radius of the
required length from a point on the circumfer-
ence of given diameter A. Out of the way, swing
a required radius from a point on the circumfer-
ence of given arc B, Figure 3-45B.

Step 2. From the extreme high points of each
radius, construct a light radius outside of the
given radii A and B, as illustrated in Figure
3-45C.
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Step 3. Where these arcs intersect is the exact
location of the required swing point. Set the
compass point on the swing point and lightly
construct the required radius, Figure 3-45D.
Allow the radius swing to extend past the
required area as shown. Before darkening in, it
is important to locate all tangent points (T.P.),
Figure 3-45D.

Step 4. Check all work, darken in the radii using
the correct line thickness. Darken in the arcs or
radii in consecutive order from left to right or
from right to left, thus constructing a smooth
connecting line having no apparent change in
direction, Figure 3-45E.

An example of an arc tangent to two radii is illu-
strated in Figure 3-45F.
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Figure 3-45E Step 4

How To Draw an Ogee Curve

An ogee curve is used to join two parallel lines. It
forms a gentle curve that reverses itself in a neat sym-
metrical geometric form.

Given: Parallel lines A-B and C-D, Figure 3-46A.

Step 1. Draw a straight line connecting the space
between the parallel lines. In this example,
from point B to point C, Figure 3-46B.

Step 2. Make a perpendicular bisector to line B-C
to establish point X, Figure 3-46C.

Step 3. Make perpendicular bisectors to the lines
B-X and X-C, Figure 3-46D.

Step 4. Draw a perpendicular from line A-B at
point B to intersect the perpendicular bisector
of B-X, which locates the first required swing
center. Draw a perpendicular from line C-D at
point C to intersect the perpendicular bisector
of C-X which locates the second required swing
center, Figure 3-46E.

Step 5. Place the compass point on the first swing
point and adjust the compass lead to point B,
and swing an arc from B to X. Place the com-
pass point on the second swing point and
swing an arc from X to C, Figure 3-46F. This
completes the ogee curve.

Note: point X is the tangent point between arcs.
Check and, if correct, darken in all work.

An example of an ogee curve is illustrated in Fig-
ure 3-46G.
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Figure 3-46F Step 5

Conic Sections

A conic section is a section cut by a plane passing
through a cone. These sections are bounded by vari-
ous kinds of shapes. Depending upon where the sec-
tion is cut, the various shapes can be a triangle, a
circle, an ellipse, a parabola or a hyperbola, Figures
3-47A through 3-47E.

Triangle, Figure 3-47A. This shape results when a plane
passes through the apex of the cone.

Circle, Figure 3-47B. This shape results when a plane
passes through the cone, parallel with the base and
perpendicular to the axis.

Ellipse, Figure 3-47C. This shape results when a plane
passes through the cone inclined to the axis.

Parabola, Figure 3-47D. This shape results when a plane
passes through the cone parallel to one element.

Hyperbola, Figure 3-47E. This shape results when a
plane passes through the cone parallel with the axis
of the cone.
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Figure 3-47A Triangle section
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Figure 3-47B Circle section
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Figure 3-47D Parabola section

How To Draw an Ellipse, Concentric
Circle Method

Given: The location of the center point, the major
diameter, and the minor diameter, Figure
3-48A.
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Figure 3-47C Ellipse section
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Figure 3-47E Hyperbola section

Step 1. Lightly draw one circle equal to the major
diameter and another circle equal to the minor
diameter, Figure 3-48B.

Step 2. Divide both circles into 12 equal divisions
by passing lines through the center at every 30
degrees. Number points | through 5 in clock-
wise consecutive order on the major diameter,
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Figure 3-48A How to draw an ellipse
(concentric method)

|
Figure 3-48C Step 2

positioning the 3 location on the right horizon-
tal axis. Number points 7 through 11 in clock-
wise consecutive order. positioning the 9 loca-
tion on the left horizontal axis. Point 6 is on
the lower vertical axis at the minor diameter,
and point 12 is on the upper vertical axis at the
minor diameter, Figure 3-48C. If the ellipse
were to be positioned at 90° from this exam-
ple, the point locations would be rotated
accordingly.

Step 3. Project down from point | on the major
diameter, and to the right from point 1 on the
minor diameter. Where these lines intersect is
the exact location where point 1 will be on the
ellipse, Figure 3-48D.

Step 4. Project down from point 2 on the major
diameter, and to the right from point 2 on the
minor diameter. Where these lines intersect is
the exact location where point 2 will be on the
ellipse, Figure 3-48E.

Step 5. This completes the first quadrant of the
ellipse. Continue around the circle to locate
points 4, 5, 6,7, 8,9, 10, and 11 in the same
manner except in reverse, Figure 3-48F.
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Figure 3-48G Step 6

Step 6. Lightly draw straight lines connecting
points | through 12 in order to get a general
idea of the ellipse outline, Figure 3-48G.

Step 7. Darken in the ellipse using an irregular
curve. Carefully connect all the points with a
smooth continuous line of the correct thick-
ness, Figure 3-48H. It is sometimes helpful to
divide into 10° or 15° spaces the two ends
where the ellipse curves the fastest in order to
have more points around the extreme ends. In
this example, this is done between points 2-4
and 8-10.

Examples of ellipses are illustrated in Figure 3-48I,
showing how a rotated circle would look at 0°, 15°,
45°, 60°, and 90°.

60°

90°

How To Draw a Trammel Ellipse
Figure 3-481 Example of ellipses

Given: A major or minor axis of a required ellipse, at various degrees

and any located point through which the ellipse
must pass, Figure 3-49A. If a major axis is given,

mark the end points A and B. If the minor axis Step 1. Draw a perpendicular bisector of the given
is given, as is shown in the figure, mark the end axis to locate the unknown axis position, cross-
points C and D. Mark as P the known location ing the known axis at a point that will become
of where the ellipse must pass. 0, Figure 3-49B.
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+P
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Figure 3-49A Trammel S
ellipse Figure 3-49B Step |
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PIECE OF PAPER

Figure 3-49D Step 3

Figure 3-49F Step 5
Figure 3-49E Step 4

Step 2. Mark an end corner of a separate strip of Step 5. Using a French curve, pass a smooth line
paper as point O, and mark along the edge of through each of these established points, Fig-
the strip one-half of the distance A-B or C-D, ure 3-49F.

whichever is known. Mark this point on the
strip as A' or C' to correspond to the known
axis, Figure 3-49C. Position the strip so that
point O lies on the known point through which How To Draw a Foci Ellipse
the ellipse must pass. Position the other strip
mark on the axis that is not represented by the
half-length on the strip, at the position (of two
possible positions) that is nearest to the ellipse
center.

Given: Major and minor axes of a required ellipse.
The end points of the major axis are labeled A
and B, the end points of the minor axis are
labeled C and D, and the ellipse center is
labeled O, Figure 3-50A.

Step 3. With the strip positioned as specified in
Step 2, mark the strip at the location of where
it crosses the other axis. The length of end

point O to this new position represents one- GIVEN.
half of the unknown axis length, and should MAJOR @ = A-B le
correspondingly be labeled as A’ or C', Figure MINOR © =C-D
3-49D. '
Step 4. Using the two marked strip locations, Al - *o - 5

reposition the strip so that the mark represent-
ing one-half of the major axis always lies on the !
minor axis, and the mark representing one-half

of the minor axis always lies on the major axis.’ e
Repeat as needed to establish enough points
for constructing the ellipse, Figure 3-49E. Figure 3-50A How to draw a foci ellipse
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Step 1. Swing a radius of one-half of the major
axis (OA) from the end point of the minor axis
(C or D) to locate the focal points E and F at
the points where the arc crosses the major axis

Figure 3-50B.

Step 2. Select a random array of points on the
major axis between one focal point and the
ellipse center (space those at the ends more
closely). Number these in consecutive order,
Figure 3-50C.

Step 3. Swing an arc whose radius is the distance
from point B to number 1. Swing this dis-

Figure 3-50C Step 2

Figure 3-50E Step 4

c

T

D

Figure 3-50G Step 6

tance from focal point F. Intersect this arc with
an arc whose radius is the distance from point
A to the same numbered point, number | in
this example, but whose center is at focal point
E, Figure 3-50D.

Step 4. Repeat Step 3, but reverse the focal point
positions of the arc centers, Figure 3-50E.

Step 5. Repeat Steps 3 and 4 for each point
selected in Step 2. Figure 3-50F.

Step 6. Connect the points into a smooth curve,
using a French curve, Figure 3-50G.
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Figure 3-51A How to locate the
major and minor
axes of a given
ellipse

A
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Figure 3-51C Step 2

How To Locate the Major and Minor Axes of a
Given Ellipse with a Located Center

Given: An ellipse, with center O located, Figure
3-51A.

Step 1. From the ellipse center O, draw a circle at
a radius that allows intersecting the ellipse at
any four locations. Label these points in succes-
sive order 1, 2, 3, and 4, moving clockwise
around the ellipse center, Figure 3-51B.

Step 2. Draw a rectangle by connecting each of
the labeled points in successive order. As
shown in Figure 3-51C, the major and minor
axes are parallel to these sides, found by draw-
ing perpendicular bisectors of two consecutive
sides.

Step 3. Draw the major and minor axes parallel to
sides 1-2 and 2-3 through point O, Figure 3-51D.

How To Draw a Tangent to an Ellipse at a
Point on the Ellipse

Given: An ellipse, and a point P on its perimeter,
Figure 3-52A. If not provided, locate the major
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TANGENT POINT

Figure 3-52C Step 2

axis A-B and minor axis C-D, and the focal Figure 3-52D Step 3
points E and F.

Step 1. Draw E-P and F-P, Figure 3-52B.

Step 2. Bisect the angle EPF, Figure 3-52C. Step 1. If not provided, locate the major axis A-B

d focal points E and F, Fi -53B.
Step 3. Draw a perpendicular to the angle bisec- - i et

tor of angle EPF at point P. This is the required Step 2. Swing an arc R1 from point P to pass
tangent, Figure 3-52D. through either focal point. F is selected for this
example, Figure 3-53C.

How To Draw a Tangent to an Ellipse from a Step 3. Swing an arc whose radius is equal to the

Distant Point major axis, from the other focal point (E in this
Given: An ellipse and a distant point P, Figure example). Intersect the arc from Step 2 at
3-53A. points R and S, Figure 3-53D.
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Figure 3-53A How to draw a tangent to an Figure 3-53B Step |
ellipse from a distant point

Figure 3-53C Step 2 Figure 3-53D Step 3
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Figure 3-53E Step 4

Step 4. Extend the lines from E to each of points
R and S, to cross the ellipse at U and V, Figure
3-53E.

Step 5. The two possible points of tangency of the
two possible lines from point P are U and V.
Select and draw either. or both, Figure 3-53F.

How To Draw a Parabola (Method 1)

Given: The front view and plan view of cone ABC
with cutting plane X-Y, Figure 3-54A.

Step 1. Locate points Y' and Y" in the plan view. In
the front view, place the point of the compass
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PLAN VIEW

Figure 3-54A How to draw a parabola
(method 1)
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on point Y and position the lead on point X.

Swing point X to the extended baseline and

down into the plan view, as illustrated in Fig-
ure 3-54B.

Step 2. Locate a point along line X-Y (in this exam-
ple, point D) and, using point Y as a swing
point, swing point D to the extended baseline
and down into the plan view. In the front view,
reset the compass to a distance equal to the
horizontal distance from the cone axis to the
outer edge (identified as length 1), illustrated

FRONT VIEW

PLAN VIEW
Figure 3-54B Step |
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Figure 3-54C Step 2

PLAN VIEW

in Figure 3-54C. Transfer this distance to the
plan view. Project point D down into the plan
view and, where point D intersects the arc,
locate points D' and D". Project these points to
the right, intersecting with point D from above
at the actual intersection points D' and D".

Step 3. Choose other various points along line X-Y
in the front view, and project them over and
down as described in Step 2, Figure 3-54D.

Step 4. Using an irregular curve, connect all
points. This completes the parabola, Figure
3-54E.

How To Draw a Parabola (Method 2)

Given: Required rise A-B, and required span A-C.
Problem: Construct a parabola within the re-
quired rise and span, Figure 3-55A.

Step 1. Divide half the span distance A-O into any
number of equal parts. (In this example, 4
equal parts are used.) See Figure 3-55B. Divide
half the rise A-B into equal parts amounting to
the square of the equal parts in Step | (in this
example, 42 = 16 equal parts).

Step 2. From line A-O, each point on the parabola
is offset by a number of units equal to the
square of the numbers of units from point O,
see Figure 3-55C. For example, point | projects
1 unit; point 2 projects 4 units; point 3 projects
9 units, and so forth.

FRONT VIEW

PLAN VIEW
Figure 3-54D Step 3

FRONT VIEW

PLAN VIEW
Figure 3-54E Step 4

Step 3. Using an irregular curve, connect the
points to form a smooth parabolic curve, Fig-
ure 3-55D.

How To Find the Focus Point of a Parabola

Given: A parabolic curve with points A, 0, and B,
Figure 3-56A. Problem: Find the focus point of
the parabola AOB.
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Figure 3-56A How to find a Figure 3-56B Step |
focus point of a parabola

Step 1. Draw a line from point A to point B. Con-
tinue the center line to a point equal to length
X, distance Y. to find point C, Figure 3-56B.

128 Section |

RISE {

D 2 4 6 8!012!4@
3r A EQUAL |SPACING
a —

2iF SPACES OF RISE
MUST BE THE SQUARE

L TO HALF THE
SPACES OF SPAN

2.
SPAN G+—-——-—— 4°=16

|

c

Figure 3-55B Step |

RISE ~
2 468101214 I%
B

Figure 3-56C Step 2

Step 2. Draw a line from point C to point A and

bisect it. The intersection of the bisect line and
the axis is the focus of the parabola, Figure
3-56C.




How To Draw a Hyperbola (Method 1)

Given: The front view and plan view of cone ABC
with cutting plane X-Y, Figure 3-57A.

Step 1. Locate points Y'and Y" in the plan view. In
the front view, place the point of the compass
on point Y and set the lead to point X. Swing
point X to the extended baseline and down to
the plan view, as illustrated in Figure 3-57B.
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Figure 3-57A How to draw a hyperbola (method 1)
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Step 2. Locate a point along line X-Y (in this exam-
ple, point D). Using Y as a swing point, swing
point D to the extended baseline and down into
the plan view. In the front view, reset the com-
pass to a distance equal to the horizontal dis-
tance from the cone axis to the outer edge
(length 1), as illustrated in Figure 3-57C. Trans-
fer the arc to the plan view; where the arc
intersects with the cutting plane line X-Y, pro-
ject to the right, and where these points inter-

FRONT VIEW

PLAN VIEW

Figure 3-57B Step |

FRONT VIEW

Figure 3-57D
PLAN VIEW Step 3
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PLAN VIEW
Figure 3-57E Step 4

sect with point D from above is the actual
location of points D' and D"

Step 3. Choose other points along line X-Y in the
front view and project them over and down as
described in Step 2, Figure 3-57D.
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Figure 3-58A How to draw a hyperbola (method 2)

Figure 3-58C Step 2
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Step 4. Using an irregular curve, connect all points.
This completes the parabola, Figure 3-57E.

How To Draw a Hyperbola (Method 2)

Given: Coordinates, a square whose sides equal
the transverse axis, and points A and B, Figure
3-58A.

Step 1. With the center at the intersection of the
diagonal lines from opposite corners of the
square, place the compass lead at the corner
of the given square and swing arcs to intersect
the horizontal line through the center. This
locates focus A and focus B. Progressing out-
ward along the horizontal line, mark off equal
spaces of arbitrary length from the focus points,
Figure 3-58B.

Step 2. Set the compass at dimension X (A-1) and
swing an arc from focus A. Set the compass at
dimension Y (B-1) and swing an arc from focus
B. See Figure 3-58C.

Step 3. Follow the same procedure for as many
points as are required (in this example, 6
points). Set the compass at distance A-2 and
swing from focus A. Set the compass at dis-
tance B-2 and swing from focus B, and so on,
Figure 3-58D.
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Step 4. Using an irregular curve, carefully com-
plete the hyperbola curve, Figure 3-58E.

How To Join Two Points by a Parabolic Curve

Focus A Given: Points X and Y with O an assumed point of
/—Facus 2] tangency, Figures 3-59A, 3-59B, and 3-59C.

Step 1. Divide line X-0 into an equal number of
parts: divide 0-Y into the exact same number of
equal parts. See Figures 3-59D, 3-59E, and

3-59F.
Step 2. Connect corresponding points, Figures
(TEEERBOLA 3-59G, 3-59H, and 3-591. Using an irregular
curve, draw the parabolic curve as a smooth
Figure 3-58E Step 4 flowing curve.
X
XL
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. - Figure 3-59C Given: More than
0 v o/ A 90° angle

Figure 3-59A How to join Figure 3-59B Given: Less than 90° angle

two points by a parabolic
curve (given: 90° angle)
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Figure 3-59G Step 2 Figure 3-59H Step 2 Figure 3-591 Step 2
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Figure 3-60A How to draw a spiral

upplementary Construction
How To Draw a Spiral
Given: Crossed axes, Figure 3-60A.

Step 1. Divide the circle into equal angles (in this
example, 30°). Set the compass at a required
radius and draw various diameters to suit,
evenly spaced, as illustrated in Figure 3-60B.

Step 2. Starting any place along the angles, step
over one angle and up one diameter until the
required spiral is completed, Figure 3-60C.

Figure 3-60C Step 2
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12 EQUAL SPACES
12 /| BETWEEN DIAMETERS

)
N—/2 EQUAL DIVISIONS

Figure 3-60B Step 1> 747"

How To Draw a Helix

A helix, a form of spiral, is used in screw threads,
worm gears, and spiral stairways, to mention but a
few uses. A helix is generated by moving a point
around and along the surface of a cylinder with uni-
form angular velocity about its axis. A cylindrical helix
is simply known as a helix, and the distance meas-
ured parallel to the axis traversed by a point in one
revolution is called the lead.

Given: The top and front views of a cylinder with a
required lead. Figure 3-6 [A.

GIVEN.
TOP VIEW

DIAMETER

N

FRONT VIEW REQUIRED
LEAD

HEIGHT

L e

Figure 3-61A How to draw a helix




Step 1. Divide the top view into an equal number
of spaces (12 in this example). Draw a line equal
to one revolution and/or circumference, project
the lead distance from the end. and label all
points per illustration 3-61B.

Step 2. Divide the circumference into the same
amount of equal spaces, and project each from
the inclined line to the corresponding point
projected from the front view, Figure 3-61C.

TOP VIEWI
Il

Step 3. Connect all points of the helix. and draw
as hidden lines the lines that would disappear
from view on an actual helix form, Figure 3-61D.

Notice that a right-hand helix is illustrated. To con-
struct a left-hand helix, simply project all the points
in the opposite direction, Figure 3-61E.

LEAD
O N
FRONT VIEW
10 11 Ig i 2 ) )
98 7 5 43 Figure 3-61B Given views
‘ |
i '
I *Tl
LEAD
el
| 90°
[ | I5° {
9%7 % 43 f
10 11
R e l———CIRCUMFERENCE -
(ONE REVOLUTION)
TOP VIEW
I I
10 2
4
6 LEAD
FRONT VIEW
oI 12 1 2
98 7 g 5 43 ,
[ ] - - ——— —— N e R
! =y > []
I - e LEAD
} - " SECOND REVOLUTION
. ‘ !
T— = - — —t "\ 1
. e ‘
B 5 2= | LEAD
| _ B
— ~—=T | FIRST REVOLUTIOM
{ o / | ! N ‘ ) D, | | | | _...___L
98 7 € 543 ¢ 5 4 3 2 1 121 1093 8 7 6
Figure 3-61C Steps | and 2 === CIRCUMFERENCE——— —
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HELIX

Figure 3-61D Step 3

How To Draw an Involute of a Line

The curved path of a point on a string as it unwinds
from a line, a triangle, a square or a circle is an involute.
The involute is used to construct involute gears. The
involute forms the face and part of the flank of the
teeth of the gear.

Given: Line A-B, Figure 3-62A.

Step 1. Extend line A-B, as illustrated in Fig-
ure 3-62B. Set the compass at the length A-B.
and, using point B as the swing point, swing
semicircle A-C. With the compass set at length
A-C, and, using point A as the swing point.
swing semicircle A-D. Continue in this manner,
alternating between points A and B until the
required involute is completed, as shown in
the figure.

How To Draw an Involute of a Triangle
Given: Triangle ABC, Figure 3-63A.

Step 1. Extend straight lines from the triangle, as
illustrated in Figure 3-63B. Set the compass at
length A-C, and, using point A as the swing
point, swing semicircle A-C. With the compass
set at length B-D, and, using point B as the
swing point, swing semicircle B-E. Continue
similarly around the triangle until the required
involute is completed, as shown in the figure.

How To Draw an Involute of a Square
Given: Square ABCD, Figure 3-64A.

Step 1. Extend straight lines from the square, as
illustrated in Figure 3-64B. Set the compass at
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TOP VIEW
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Figure 3-61E Step 4

GIVEN
A ,

B ETC.

Figure 3-62A
How to draw an F E
involute of a line

Figure 3-62B Step |

GIVEN
c 8B
Figure 3-63A

How to draw an
involute of a triangle

Figure 3-63B Step |

length A-B, and using point A as the swing
point, swing semicircle A-E. With the compass
set at length B-E, and. using point B as the
swing point, swing semicircle B-F. Continue in
the same manner around the square until the
required involute is completed, as shown in
the figure.



GIVEN. I

=

DR 1 N , /"’
Figure 3-64A Figure 3-65A - il
How to draw How to draw ~g ' s/
an involute an involute S
of a square of a circle

Figure 3-64B Step | Figure 3-65B Step |

How To Draw an Involute of a Circle
Given: Circle A, Figure 3-65A.

Step 1. Divide the circle into a number of equal \

parts and number each point clockwise around
the circle (in this example, 12 equal parts).
Project a line perpendicular to the radius at
each point in a clockwise direction, Figure
3-65B.

Step 2. Set the compass at length 1-2, and, using
point 2 as the swing point, swing semicircle - > INY L
1-2. With the compass set at length 1-2 plus A\ i
2-3, and, using point 3 as the swing point, C 7/ T\ e~
swing semicircle [-3. Continue in the same
manner around the circle until the required

involute is completed, as shown in Figure
3-65C. Figure 3-65C Step 2

.\.
\ 15-16

/
6-17  /
/ /

ETC.

How To Draw a Cycloidal Curve
Given: A required span of a cycloid.

Step 1. As the span represents the rolling dis-

tance of one revolution of a diameter, divide

the span length by pi to find the required - ] .
diameter. Divide the span into an equal num- Xo- 2 \ \ —
ber of divisions. Twelve is a convenient number. i }2_7_',3_ 3 :

Figure 3-66A.

Step 2. Draw the rolling diameter tangent to the s p

given span at point 0/ 12. Divide this diameter Figure 3-66A How to draw a cycloidal curve
into the same number of equal spaces as done (Step 1)

in the Step | span division. Consecutively num-

ber the radial end points of these divisions to E 6

make them meet their corresponding number < TT ';/»’ =

of the span divisions as the diameter rolls / /' '

along the span, Figure 3-66B. 3 f \
Step 3. At each span division draw the rolling \ "’// , \\ \

diameter tangent to the span in the rolled L A vATAY A A \ \ =

position, with the division numbers of span
and diameter matching at their contact point. Figure 3-66B Step 2
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Locate the point 0/12 position on the diameter
at each of these locations, marked with a small
cross, Figure 3-66C.

Step 4. Connect all the point 1 diameter division
positions with a smooth curve to complete the
cycloidal curve, Figure 3-66D.

Note: If the given span is a concave arc, a hypocycloid
will be drawn, Figure 3-67. If the span is convex, an
epicycloid will be drawn, Figure 3-68.

: KAAAARAX X X \i{;\_‘;/ i/e‘

Figure 3-66C Step 3

Review

. Explain the following terms:
right angle, acute angle, obtuse angle

. List six polygons.

. Why are geometric construction procedures
so important to the drafter?

. What is meant by the term tangent, and why is
it important to find all tangent points before
darkening in a drawing?

. Explain the following parts of a circle:
central angle, sector, quadrant, segment

. Explain the difference between a concentric
circle and an eccentric circle.

. How is an actual point in space represented
on a drawing?

. Completely describe an angle.

9. List five kinds of triangles.

Figure 3-68 An epicycloid

. What is meant by the circumference of a
circle, and how is it calculated?

. What is the sum of the three internal angles
of a triangle?

. Define a line.
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The following problems are intended to give the begin-
ning drafter practice in using the many geometric construc-
tion techniques used to develop drawings. Accuracy, line
work, neatness, speed, and centering are stressed. It is rec-
ommended that dimensions not be added to problems at
this time. The beginning drafter should practice using draft-
ing instruments and correct line thicknesses, and should

concentrate on developing good drafting habits.
The steps to follow in laying out all drawings throughout

this book are:

Step 1. All geometric construction work should be made
very accurately using a sharp 4-H lead.

Step 2. All geometric construction work must be laid
out very lightly.

Step 3. Do not erase construction lines. If constructed
lightly, they will not be seen on the whiteprint copy.

Step 4. Make a rough sketch of each problem before
beginning to calculate the overall shape.

Step 5. Lightly draw each problem completely, first.

Step 6. Locate all tangent points as you proceed. Make
short light dashes at each tangent point.

Step 7. Try to center the problem in the work area.
Step 8. Check each dimension for accuracy.

Step 9. Darken in the drawing using the correct line
thickness and the following steps:

e Locate and draw all center lines with a thin black
line.

e Darken in all diameters using a compass.

e Darken in all radii using either a compass or a
circle template.

e Darken in all horizontal lines, either from right to
left or from left to right.

e Recheck all dimensions.

e Check all lines for correct thickness.
Fill out the title block using light guidelines and
neat lettering.

Problem 3-1

Divide the work area into four equal spaces. In the upper
left-hand space, draw an inclined line 3.25 long. Bisect this
line. Show all construction lines lightly.

In the upper right-hand space, draw an acute angle with
intersecting lines, each approximately 2.75 long. Bisect this
angle. Show all light construction lines.

In the lower left-hand space, draw an inclined line 2.88
long. Divide this line into 5 spaces. Show all light construc-
tion lines.

In the lower right-hand space, draw an inclined line 3.125
long. Divide this line into three proportional parts 2, 3,
and 4. Show all light construction lines.

Problem 3-2

Divide the work area into four equal spaces. In the cen-
ter of the upper left-hand space, draw an equilateral trian-
gle having sides of 2.0. Bisect the interior angles. Show all
light construction lines.

In the center of the upper right-hand space, draw a square
having sides of 2.0. Show all light construction lines.

In the center of the lower left-hand space, draw a hexa-
gon having the distance of 2.0 across the flats. Show all
light construction lines.

In the center of the lower right-hand space, draw an octa-
gon having the distance of 2.0 across the flats. Show all
light construction lines.

Problem 3-3

Divide the work area into four equal spaces. In the upper
left-hand space, draw two lines intersecting at 60° and draw
an arc with a .88 radius tangent to the two lines. Show all
light construction lines.

In the upper right-hand space. draw two lines intersect-
ing at 120° and draw an arc with a .625 radius tangent to
the two lines. Show all light construction lines.

In the lower left-hand space. draw two lines intersecting
at 90° and draw an arc with 1.25 radius tangent to the two
lines. Show all light construction lines.

In the lower right-hand space. draw an ellipse with a
major diameter of 3.00 and a minor diameter of 1.75.
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Divide the work area into four equal spaces. In the upper
left-hand space, center a line 10 mm long and label it line
A-B. Construct a straight line involute with five arcs.

In the upper right-hand space, center a triangle with sides
equal to .25 and label the triangle ABC. Construct a triangu-
lar involute with five arcs.

In the lower left-hand space. center a square with sides
equal to 10 mm and label the square ABCD. Construct a
square involute with five arcs.

In the lower right-hand space, center a circle with a diam-
eter of 1.00. Construct a circle involute with as many arcs
as space will allow.

Divide the work area into four equal spaces. In the cen-
ter of the upper left-hand space draw a spiral with 30°
spaces, at 4 mm increments, for one 360° rotation.

In the center of the upper right-hand space, draw two
lines at right angles intersecting a point 0. One line is to
be 3.5 long, and the other 2.5 long. Draw a parabolic curve
between these two lines.

In the center of the lower left-hand space, draw a rectan-
gle 2.0 x 4.50 in size. Label the 2.0 side as the rise, and the
4.50 as the span. Construct a parabola (Method 2). and
locate the focus point.

In the center of the lower right-hand space, draw a line
80 mm long, and label its end points as A and B. Locate a
point on line A-B at 5/8 of the line's length from point A.
Label the point X.

Problem 3-6
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Problems 3-6 through 3-19

Using the art for problems 3-6 through 3-19, center each
object within the work area using correct line thickness.
Do not erase all light construction lines.

Locate and draw a light short dash at all tangent points.
Do not dimension objects.

5

o)

Problem 3-8
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On an A-size sheet of vellum, carefully construct each of
the assigned figures. Use thin, black center lines and thick,
black object lines. Leave all light construction work. Do
not add dimensions.

Probler 3-20

Problem 3-21
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Problem 3-23
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CHAPTER 4

Most drawings produced and used in indus-
try are multiview drawings of one, two, three, or
more views. The concepts of multiview projec-
tion, that is, taking a three-dimensional object
and drawing it on a two-dimensional sheet of
paper, must be fully understood and mastered
by the student. All drafting practices are fully
illustrated in this chapter, and must be leamed
by the beginning drafter.

MULTIVIEW DRAWINGS

Providing accurate shape descriptions of objects Viewing an object by eye creates a depth distortion.
by drawing methods requires that three-dimensional This phenomenon is recreated in a field of drawing
object information be presented in a flat, two-dimen- called perspective projection, Figure 4-1. This distortion
sional drawing space. This is usually done by draw- occurs because the visual rays used to create the
ing images of the object from multiple directions. image in the viewer's eye are not parallel. This
Commonly shared methods and interpretations are distortion, while useful in providing the illusion of
essential for all who make or use such drawings. Tech- distance, results in a loss of image accuracy and fails
nical drawings seldom use more than lines to out- to provide the information needed for most detailed
line an object’s features. Visual qualities, such as color technical communication.

and texture, are more accurately specified by writ-
ten requirements.

VISUAL RAYS
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~——PROJECTION PLANE EDGE OF PROJECTION PLANE

Figure 4-1 Perspective projection
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OBJECT
/_

i

AOJECTION PLANE

Figure 4-2A Imaginary windowpane
in front of object

/]~VI$UAL RAYS
DIRECTION

—  JOF VIEWING

OBJECT

EDGE OF PROJECTION PLANE

Figure 4-2C Reversed projection

Orthographic Projection

Orthographic projection is the most accurate method
of shape description wherein an undistorted image
of the object appears in a flat, transparent, but imagi-
nary projection plane. A projection plane may be thought
of as an imaginary pane of window glass, with an
object underneath or behind it, Figure 4-2A. Viewed
from the side, the pane of glass appears as a line,
Figure 4-2B. Assume that light beams emitting from
the surfaces of the object are projected to the pro-
jection plane, and that each light beam from each
exposed surface is directed toward the viewing plane,
Figure 4-2C. The image shown in Figure 4-2A traces
the path of each light beam as it intersects the viewing
plane. This image is called a projection, and illustrates
the reflected features of the exposed surfaces of the
object. Note, however, that Figure 4-2B is an image

VISUAL RAYS

OBJVECT

DIRECTION
OF VIEWING

=>

——

EDGE OF PROJECTION PLANE
Figure 4-2B Side view of windowpane

/ OBJUECT

PROJECTION PLANE\

Figure 4-2D Reversed projection

created in the same manner from Figure 4-2A. This
reversal is shown in Figures 4-2C and 4-2D. Figure
4-2C shows the object’'s image resulting from the sur-
face projectors striking the viewing plane, as illus-
trated in Figure 4-2D.

Normal Surfaces

The surface images of the figures just described
do not represent the size and shape of their corre-
sponding real surfaces. Rectangular surfaces appear
as parallelograms. The lengths of edges are shorter
in the image than their actual lengths (a phenome-
non known as foreshortening). However, if the viewing
plane were positioned parallel to some of the object's
surfaces, as shown in Figure 4-3A, then the image
appearing in that viewing plane would provide the
actual size and shape of those surfaces, as shown in
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OBJECT

VISUAL RAYS

PROJECTION PLANE

Figure 4-3A Viewing plane parallel to surfaces

Figure 4-3B. A surface that is parallel to a viewing
plane is said to be normal to the viewing plane.

A simple object, such as the round cannonball in
Figure 4-4, needs only one view to describe its true
size and shape. An object such as the flat gasket in
Figure 4-5 needs only one view and a callout stating
its required thickness. The callout can be noted on
the drawing, as illustrated, or listed in the title block
under "material.” Figure 4-6A shows an object with a
viewing plane placed in a normal position relative
to some surfaces of the object, resulting in the ortho-
graphic views shown in Figure 4-6B. The sizes and
shapes of the object’s normal surfaces are shown in
perfect outline in the orthographic view, but the viewer
still cannot determine other features of the object.
Forexample, Figures 4-6C, 4-6D, and 4-6E are differ-
ent objects that provide exactly the same projected
view. Furthermore, not all surfaces of the projected
views of Figures 4-6C and 4-6E are shown in their
real size and shape, as they are not normal to the
viewing plane. There is no way to fully distinguish
these without additional information. .

Two Orthographic Views

In order to present the images of each viewing
plane in a flat drawing area, one of the viewing planes
must be repositioned to lie in the same plane of the
drawing as the other. The procedure used to do this
is to create a fold line where the imaginary perpen-
dicular orthographic viewing planes meet each other
along the straight edge of intersection. as shown in
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Figure 4-3B Viewing plane provides
actual size and shape
of surfaces
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Figure 4-4 Simple one-view drawing
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Figure 4-5 Simple one-view drawing
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Figure 4-6A Viewing planeina
normal position




Figure 4-6B Orthographic
view of the
object

OBJECT

PROJECTION
PLANE

Figure 4-6D Another object with
the same orthographic
view

Figure 4-7A. The figure shows the object in Figure
4-6A with a second viewing plane positioned. The
fold line acts as a hinge line around which the
intersecting viewing planes are swung into the same
plane, Figure 4-7B. The resulting orthographic views
are shown in Figure 4-7C, each of which contains the
image of a 90° rotated view or projection of the other.
Note that the distance from the viewing plane to the
object's surfaces in each image can be determined
by locating from the fold line the position of the same
surface in the adjoining image. in this procedure, the
features and surfaces are always aligned to each other
and thus can be located. The same two orthographic
views are shown in Figures 4-7D, 4-7E, and 4-7F in
haphazard relationship to each other, putting them
each in error and making it impossible to determine
surface positions or the real shape of the object.

Labeling Two Views

Figure 4-8A shows the positioning of two adjoining
orthographic viewing planes to describe the object
shown in Figure 4-6C. The orthographic view that pre-
sents the most characteristic shape of the object is

OBJECT
! iPROJECTON

PLANE
Figure 4-6C Different object with

the same orthographic
view

OBJECT

PROJECTION
PLANE

Figure 4-6E Another object with

the same orthographic
view

OBJECT

ZFOLD LINE

Figure 4-7A Fold line
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Figure 4-7B Fold line acts as a hinge

/FOLD LINE

Figure 4-7C Projecting features from one
view to the next view

usually selected and identified as the front view. If
this is not feasible, the normal surface containing
the most visible details is usually the next best choice.
Once the front view is selected, the orthographic view
that is projected to the right of the front view is iden-
tified as the right-side view. The term front view is often
referred to as the front elevation and the right-side view is
referred to as the right profile. To aid in this example,
the normal surfaces to each viewing plane in Figure
4-8B are flattened out by shading, but this should
not be done in practice.

Note that the edge view of each of the shaded sur-
faces appears as a line in the other orthographic view
from where it is shaded, and that those edge views
are always parallel to the fold line. Figure 4-9A shows
viewing planes and view images to accurately describe
Figure 4-6D. The viewing planes were earlier identi-
fied as imaginary: therefore. the fold line is imagi-
nary also. The finished orthographic drawing should
not include the borders of a viewing plane, which
are usually a matter of choice. This omission is shown
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Figure 4-7D Incorrect positioning of views
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Figure 4-7E Incorrect positioning of views
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Figure 4-7F Incorrect positioning of views
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Figure 4-8A Positioning of two adjoining ortho-

graphic viewing planes
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POLE A in Figure 4-9B. Often, there is a need to draw the

/ fold line for view constructions, as is discussed later.

| l/ but it is preferable to remove it from the final drawing.
The distance of the image from the fold line identifies
the object’s location from the viewing plane and is

e selected by the drafter. This decision is often based
f on the amount of space available for the drawings,
l O — dimensions, and notes.
|

| : Many objects can be drawn with only two views. A
third view would only duplicate the same information.
| FRONT VIEW SIDE VIEW Figure 4-10 shqws an example of a drawi'ng requir-
i . ' ing only two views. Do not use more views than
Figure 4-8B Two adjoining orthographic needed to draw an object. Too many views will only
viewing planes flattened out complicate the drawing, and waste a great deal of

drawing time.

Multiple Orthographic Views

Figure 4-11A shows two orthographic views that
do not completely describe the object. Multiple inter-
pretations of the object are possible, causing the
viewer to be misled by inadequate information.
Correctly interpreted, the object appears as shown
in Figure 4-11B. Incorrect interpretations are shown
in Figures 4-11C, 4-11D, and 4-11E.

A third viewing plane is commonly used to ensure
adequate definition of the represented object. The
third viewing plane is usually above the object, and
perpendicular to the other two. It is called the top
Figure 4-9A Viewing planes and image view or is sometimes identified as the plan view in
construction-related drawings. This addition to the
views is shown in Figure 4-12. The selection of views
may be based upon an attempt to present the object’s
shape using the most efficient use of drawing area,

FOLD LINE

] -

|

[ - Figure 4-11A Orthographic
I _ = views of an object
\FOLD LINE

Figure 4-9B Orthographic
drawing omitting
viewing planes

/— NOT NEEDED

/

=4
o -

-

AWING —FOLD LINE

Figure 4-10 Only two views are required Figure 4-11B Correct interpretation
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Figure 4-11C Incorrect interpretation

Figure 4-11E Incorrect interpretation

152 Section 2

Figure 4-11D Incorrect interpretation

Figure 4-12
Third viewing plane added




Figure 4-13A Orthographic view
of an object

Figure 4-13A, or to maintain the orientation of the
object that is most easily understood by the reader,
as illustrated in Figure 4-13B. Recall that the front
view should be an attempt to show the most charac-
teristic shape of an object. It can be disconcerting to
read a view of a building that is drawn sideways.
The three viewing planes shown in Figure 4-12 are
called principal viewing planes, as they are all perpendic-
ular to one another, beginning with the orientation
of the front view. There are three other principal
planes. When combined with the front, top, and right
side, they form the sides of a transparent box that

Figure 4-13B Three principal planes

completely surrounds the object. Figure 4-14A illus-
trates such a box, and Figure 4-14B shows some of
the many possible fold line selections that would
result in the multiple orthographic views of the object
shown in Figure 4-14C.

Figure 4-14A Transparent box
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RIGHT SIDE VIEW

Figure 4-14B Fold line selections

Figure 4-14C Resulting multiple views
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Object Description Requirements

All six views of Figure 4-14C are not necessary; three
will provide sufficient information. Either the front
view or the rear view may be selected as the front
view, as each provides the same information. The
common arrangement of top, front, and right-side
view then follows. In Figure 4-15, the top view aligns
directly above the front view and the right-side view
aligns directly to the right of the front view. Both the
top view and right-side view images are behind the
front view projection plane by the same distance.

Figure 4-15
Transferring dimensions—
45° projection method

Dimension Transfer Methods

Figure 4-15 shows a method of transferring dimen-
sions between the top and right-side views. This
method employs a miter line at an angle that is at
half of the angle between the intersection of the view
fold lines in the drawing space.

In Figure 4-16, using a compass, the distance from
the front view fold line to the image in the top view
is rotated to the right-view fold line to the image in
the right-side view.

e () =}t oy —o]

Figure 4-16 Transferring dimensions—
compass arc method
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Figure 4-17 Transferring dimensions—transfer
method

Figure 4-17 shows the transfer method between
top and front views. This method is potentially the
most accurate. If the front and top views are drawn
first. a fold line is arbitrarily positioned between them,
but recall that a fold line must remain perpendicu-
lar to the projectors, or projection lines between
views. A second fold line is drawn perpendicular to
projectors or projection lines to the right of the front
view at any distance from the front view. The distances from
the fold line to the top view feature, dimensions a
through c, are simply transferred directly to corre-
sponding dimensions a through ¢, using a scale or
dividers. If the front and right-side view are drawn
first, the reverse order of fold line selection and dis-
tance transfers would occur.

Hidden Lines

Figure 4-18 is an isometric view of an object. The
orthographic top, front, and right-side views of this
same object are illustrated in Figure 4-19. Hidden lines
are used to represent feature outlines whose visual
rays must pass through some obstruction before
reaching the viewing plane. Hidden lines mark the
real but invisible features in each of the viewing
planes where they are used.

A hidden line is often covered by a visible (solid)
object line in the same view which hides the hidden
line. This concept is shown in Figures 4-20A and
4-20B. Surface B aligns with corner A, as shown in
Figure 4-20B. This causes part of the hidden line rep-
resenting surface B in the right-side view of Figure
4-20B to "hide” behind the solid line representing
edge B. Considering that each intersection of flat sur-
faces of an object in orthographic projection is rep-
resented by either a solid line or a hidden line, then
almost every solid line in Figure 4-20B is covering
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Figure 4-18

Isometric view
of an object
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Figure 4-20A
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Figure 4-19 Orthographic views of ! |
the same object

Isometric view
of an object
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“—OBJECT LINE COINCIDES
WITH HIDODEN LINE

Figure 4-20B Object line takes precedence over
hidden line
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Figure 4-21 Average hidden line
construction

one or more hidden lines. The ability to mentally
perceive visible and hidden lines from orthographic
views can provide the reader with an understanding
of the object’'s actual configuration. This process is
called visualization.

The lengths of dashes and dash spacing in hidden
line construction are allowed to vary according to
the size of the features being drawn. The dashes vary
from 1/8 inch to 1/4 inch long (3.2 mm to 6.4 mm)
and the spacing is correspondingly varied from 1/32
inch to 1/16 inch (0.8 mm to .6 mm). Little variation
in size should be made from the average hidden line
construction shown in Figure 4-21 for most drawing.
The technical drawing trainee should concentrate on
maintaining some consistency of dash sizes and spac-
ing by estimation. Measuring dash lengths for precise-
ness is time consuming and does little to improve
the learner's recognition time. However, there is some
value for beginning drafters to measure their hidden
lines at first to gain an awareness of the desired size
and spacing. Recall that the line width of a hidden
line should be of a medium width, perceptibly nar-
rower than the width of the solid object line. Figure
4-22 illustrates the various drafting practices used
in drawing hidden lines.

Center Lines

Center lines are used primarily as origin locations of
circular, cylindrical or spherical features, but they can
also be used to specify locations of other principal
symmetries as well. As with hidden lines, the relative
size of long and short dashes can be varied slightly
with the size of the image being drawn. Crossed per-
pendicular center lines indicate a two-coordinate
location of where an axis exists, and a single center
line indicates the path of an axis. With the exception
of noncritical surface radius contours of 1/8 inch or
less, the axis of all circular features should be identi-
fied in all views.

Surface Categories

Recall that nonnal surfaces are parallel to one of the
principal projection planes of the imaginary trans-
parent box surrounding the object. In Figure 4-23.
these surfaces are identified as the top. front, and
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Figure 4-22 Hidden line drafting practices
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Figure 4-23 Surface categories

right side. The viewing planes containing these images
are identified as the horizontal, frontal. and profile
projection planes, respectively. A normal surface’s size
and shape appears in one of the principal views, Fig-
ure 4-24, but the surface appears as an edge view or
line in the other principal views.

Surfaces A, B. and C are inclined surfaces: they are not
parallel to any of the principal viewing planes. but
each inclined surface is perpendicular to one of them.
As with the normal surfaces, a surface that is perpen-
dicular to a principal viewing plane will appear as
an edge or line when projected on that plane.
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Figure 4-24 Orthographic views

Figure 4-25 Object inside
transparent box

Surface A, for example, is perpendicular to the fron-
tal viewing plane and accordingly appears as a line.
It does appear in distorted and smaller size than its
real size and shape in both the top and right-side
views because of the foreshortening phenomenon.
The maximum amount of foreshortening occurs when
a surface is perpendicular to the viewing plane, which
causes that surface to become so small as to con-
dense it into a single straight line. Surfaces B and C
are configured similarly to surface A, with B perpen-
dicular to the right side (or profile) principal projec-
tion plane, and C perpendicular to the top (or
forizontal) principal projection plane. Surface D is not
perpendicular to any of the principal projection
planes and is, therefore, categorized as an oblique
viewing plane. It appears in a partially foreshortened
condition in all of the principal projection planes.

The transparent box of principal projection planes
that surrounds cylindrical surfaces uses the cylindri-
cal axis as the line of orientation, Figure 4-25. If the
cylindrical axis is made perpendicular to one of the
principal viewing planes, then the cylindrical surface
is foreshortened into a single-line circular arc. Fig-
ure 4-25 shows a cylinder whose axis is perpendicu-
lar to the top horizontal principal projection plane,
and the circular image that results in the top view is
shown in Figure 4-26. The lateral surface of the cylin-
ders cannot be classified as normal, inclined or
oblique, as the surface has a quality of continuous
change in orientation. Surface A in Figure 4-26 is
inclined to the horizontal viewing plane, creating ellip-
tic contour with the lateral side. If surface A is 45°
from the horizontal viewing plane, a circular image
of the surface will appear in the right-side view.

Planning the Drawing

Before beginning a three-view drawing of any object,
make a sketch of the object. Figure 4-27B shows pre-
liminary sketches of the object in Figure 4-27A. The
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Figure 4-26 Circular image
results in this
top view

sketches were used to aid in selecting the best front
view and its best position. Sketches reduce the pos-
sibility of errors in the finished drawing, and are help-
ful in selecting the required views and their positions.

Follow these basic steps before beginning a three-
view drawing:

Step 1. Visualize the object. Be sure you have a
good mental picture of exactly what the object
actually is.

Step 2. Decide which view to use as the front view
by sketching it in various positions. See Figure
4-27B. Keep in mind:

¢ the front view is the most important view.

e the front view should show the most basic
shape in profile.

e the front view should be drawn so that it ap-
pears in a stable position. To accomplish this,
always place the heavy part at the bottom sur-
face of the view.

e the front view should be placed in such a
position that the other views have as few hid-
den edges as possible. This may take a little
practice, but is very important.

o the front view should show the most detail.

Step 3. Decide how many views are needed to
completely illustrate the object without
question.

Step 4. Decide in which position to place the
front view. Figures 4-28, 4-29, and 4-30 illus-
trate poor positioning. Study each figure care-
fully to understand why each is poor practice.
Figure 4-31 illustrates the best position for this
object. Do not measure distances or use a
straightedge when making a sketch. A sketch
should be nothing more than its name implies.

Step 5. Make sure the views are neat and centered
within the work area.

—
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Figure 4-27A Isometric view of an object
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Figure 4-28 Poor front view—too many
hidden lines
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Figure 4-29 Poor front view—unstable, too
many hidden lines
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Figure 4-27B Sketches of object to determine front
view
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Figure 4-30 Poor front view—unstable

Positioning the Views within the Work Area

The example shown on the left of the Figure 4-32
is poorly centered. It has wasted space on both sides
of the top view and front view, and both views are
too close to the top and bottom of the paper. Objects
should never be drawn within '» inch (12 mm) of the
border lines. The example shown on the right of Fig-
ure 4-32 is better than the first example, because it
appears balanced and well centered. A rule to remem-
ber is to try to keep the white space evenly distri-
buted around the view, if possible.

Sketching Procedure

Sketching should be done freehand. quickly. and
only to an approximate scale. Do not take the time
to make fancy sketches, and do not use any straight-
edges or compasses. Select the front view, and. using

Chapter 4 159



r NO HIDDEN LINES

=

— VERY STABLE

/ POSITION
/

BEST

Figure 4-31 Best position-
front view

the criteria previously outlined for the most impor-
tant view, sketch it in position. Project upwardly to
make the top view, and horizontally to make the right-
side view. Lightly draw the basic shape of each view
first, and then add the details to each view.

Centering the Drawing

The drawing must be neatly centered within the
work area of the paper or within the border, if one is
provided. A full one-inch (25 mm) space should be
placed between all views drawn, regardless of which
scale is used. This space may be adjusted with
increased experience, and as the demands of dimen-
sioning are introduced. Figures 4-33 and 4-34 show
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Figure 4-33 Centering views horizontally
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Figure 4-32 Positioning the views within the work
area

the procedures used to center a drawing within a
specified work area. Given is an isometric view of
the object with all dimensions added. In this example,
the total horizontal distance of the views (front view
and side view) is determined by adding 4.0, the width
of the front view, plus the [.0 space between views,
plus the 2.0 depth of the side view, for a total of 7.0
inches. See Figure 4-33. To center these two views
horizontally, subtract 7.0 from 11.0, the width of the
example work area. The answer 4.0 represents avail-
able extra space. This answer, or 4.0, is divided in
two in order to have equal spacing on either side;
refer to dimension D. l
To center the drawing vertically, the same basic pro- '
cedure is followed. The total vertical distance of the
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Figure 4-34 Centering views vertically
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Figure 4-35 A line is made up of
two points in space

two views is determined by adding the 2.5 height of
the front view, plus the 1.0 space between views, plus
the 2.0 depth of the side view, for a total of 5.5. See
Figure 4-34. To center these two views vertically, sub-
tract 5.5 from 8.5, the width of the example work
area. This answer, 3.0, represents the available extra
space. This space is divided by two to distribute it
equally. One half of 3 or 1.5 inches is placed at the
bottom of the work area, and the other half or 1.5
inches is placed above the top view. This centers the
required view vertically. The same process is followed
each time a drawing is to be centered, regardless of
the drawing size or available work area.

Numbering Drawings

Many times, a multiview drawing is so complicated
that the drafter is not quite sure of how some part of
a view will look. Numbering points of various fea-
tures of the more difficult drawings makes them eas-
ier to visualize, and helps to ensure that the final
drawing is correct. Think of a drawing as a group of
points in space joined together by lines. For instance,
think of each line as two points in space, Figure 4-35.
If the ends of a line can be found, all that has to be
done to complete a line is to connect the ends. Once
the ends have been found and numbered in one view,
the same can be done in other views by simple pro-
jection. Figure 4-36 is an isometric view of a simple
object. Each end of each line has been assigned
a number.

Use the following steps to add numbers to a diffi-
cult drawing:

Step 1. Lightly draw the basic shape of the
required views. Draw the light projection line
also.

Step 2. Assign a number to each corner of the
view where the profile is found. in this example,
the front view has been used as a starting
point. See Figure 4-37 and refer to the isomet-
ric view in Figure 4-36.

Step 3. Project these points up to the top view.
Number the points in the top view, as shown in
Figure 4-38.

Step 4. Project these points across from the front
view to the right-side view, Figure 4-39. Project

NUMBER EACH
CORNER

Figure 4-36 Given: an isometric
view of an object
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Figure 4-37 Number one view
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Figure 4-38 Project numbers
into the top view
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Figure 4-39 Project numbers into
the right-side view
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Figure 4-40 Rounds and fillets

the same points from the top view, over to the
45° line. Where the lines meet the 45° line,
project down to the right-side view. The points
where these lines cross are the exact locations
of each point. Number all points, as shown in
Figure 4-39. Other methods may be employed.
Review Figures 4-15, 4-16, and 4-17.

Step 5. Connect points together, for example,
point | to point 2, point 3 to point 4, and so on
until the figure is completed in each view. Refer
to the isometric view if necessary, Figure 4-36.

Note: If a point can be found in any two views, regard-
less of which two views, it can be projected into the
third view.

Rounds and Fillets

it is very difficult to manufacture objects with abso-
lutely square corners, especially with processes that
require the object’'s material to flow into position.
Rounds replace sharp external edges on cast objects,
and are rounded outside corners.

Fillets are the opposite of rounds; they are inside
rounded corners. Cast objects tend to crack due to
the strain placed on the metal during the cooling
process. Fillets distribute the strain and prevent

N~ ok

Figure 4-42 Locate the tangent points
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Figure 4-41 Runouts

cracking. Rounds and fillets also enhance the appear-
ance of an object. Examples of rounds and fillets are
shown in Figure 4-40.

Fillets and rounds

e remove sharp corners from the object.

e add strength to the object.

¢ enhance the appearance of the object, giving it
a "finished” look.

Runouts

Runouts are curved surfaces formed where a flat and
curved surface meet, Figure 4-41. To find the exact
intersection where a runout will occur

¢ locate the tangent points of the curved surface,
Figure 4-42.

e project these tangent points to the next view.

¢ add the runouts, as shown in Figure 4-43.

Take care to study in which direction the runouts
must be drawn.
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Figure 4-43 Complete runouts at
tangent points
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Figure 4-44 Intersecting surfaces

Treatment of Intersecting Surfaces

Figures 4-44 through 4-47 show how to illustrate
various intersecting surfaces. In these examples,
rounds, fillets, and runouts have been omitted to sim-
plify the drawings. In actual practice, rounds, fillets,
and/or runouts probably would have been added. In
Figure 4-44, the flat surface meets the cylinder sharply
(see top view). making a visible edge necessary in
the front view. The meeting point in the top view is
the exact location of the object line in the front view
and right-side view.

In Figure 4-45, the flat surface blends into the
cylinder, stopping at the point of tangency. Notice in
the top view, the tangent point is located at the cen-
ter line, and, in the front view, blends in at that
exact point.

In Figure 4-46, the surface blends into the cylinder.
stopping at the point of tangency. similar to Figure
4-45 except on an angle. Again, the tangent point is
projected into the front view and right-side view.
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Figure 4-46 Intersecting surfaces
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Figure 4-45 Intersecting surfaces

In Figure 4-47, the radius blends into the base, stop-
ping at the point of tangency. Notice that a line is
drawn in the top view extending to the tangent point
of the arc in the front view.

Curve Plotting

Some multiview drawings have a curved surface
that must be projected into other views. The follow-
ing steps are used to plot a curved surface.

Step 1. Lightly complete the basic shape of each
view, Figure 4-48. Locate the center of the
arc, point X.

Step 2. From this point, divide the arc into equal
spaces (any spacing will do). Figure 4-49. In this
example, 30° spaces have been used. The more
spaces, the more accurate the plotted cur :
will be. Increments of 10° would be more accu-
rate than 30° but would take more drawing time.

—OBJECT LINE REQUIRED

— - ¥

Figure 4-47 Intersecting surfaces
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Step 3. Number or letter the points in order clock-
wise, Figure 4-50. In this example, start and
end at the beginning and ending of the arc.

Step 4. Project these points up from the right-side
view to the 45° axis line, and to the left to the
top view, Figure 4-51.

Step 5. Project over to the slanted surface in the
front view and locate each point on the slanted
surface.

Step 6. Project these points up from the front
view to the top view.

Step 7. Where the lines projected from the given
points in the right-side view intersect with those
from the front view is the exact location of
points | through 7 in the top view (see Figure
4-51). Number all points at their intersection.

Step 8. Using an irregular curve, complete the
drawing, as shown in Figure 4-52.

Cylindrical Intersections

A drafter can often indicate the intersection of
cylinders, without actually showing the line of inter-
section between them. If there is a considerable dif-
ference in the diameters of each of the intersecting
cylinders, then a straight line is capable of indicat-
ing the cylindrical intersection, as shown in Figures
4-53A and 4-53B. If there is little difference between
the intersecting cylindrical diameters. then a simple
arc is constructed or approximated through three
principal points, as shown in Figures 4-54A and 4-54B.

On occasion. it is necessary to define the actual
edge of intersection between two cylinders, especially
in sheet metal construction. Figure 4-55 shows line
elements on each of two intersecting cylindrical sur-
faces that are parallel to each of their respective cylin-
drical axes, and to a common (frontal) viewing plane.
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Figure 4-51 Curve plotting—Step 4

Note that each of the intersecting line elements, |
through 4. are the same distance from the frontal
viewing plane. Using this relationship to construct a
line of intersection, line element locations are re-
flected on the perimeter of the smaller intersecting







Figure 4-55 Two intersecting cylindrical
surfaces

cylinder, Figure 4-56A, (Step 1). These line elements
are projected in the front view. A fold line location is
reflected between the front and right-side views in
Figure 4-56B (Step 2) and its corresponding position
is located between the front and top views by main-
taining distance A at both locations. Distances |
through 4 are transferred from the right-side view to
the top view, locating the corresponding line ele-
ments | through 4 on the larger cylinder. As each
corresponding line element from each cylinder is par-
allel to the front viewing plane and the same dis-
tance from it, they must intersect. A curve fitted
through these points of intersection, | through 4,
indicates the edge of intersection of the two cylin-
ders. Additional points of intersection of correspond-
ing line elements would be required to complete the
edge of intersection in Figure 4-56B.
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Incomplete Views

A drawing can be drawn absolutely correctly, but may
sometimes still be confusing, as in Figure 4-57. Notice
how the left and right-side views are difficult to under-
stand because they overlap. Under these conditions,
the drafter has the option of leaving out some fea-
tures in order to make the views more clearly under-
stood. Figure 4-58. Notice that the left and right-side
views, while not drawn correctly, are much easier to
understand. The right-side view illustrates only the
right-side details, and the left-side view illustrates
only the left-side details. This is actually incorrect,
but is the "standard” used.

-——







CONVENTIONAL PROJECTION
(AS SEEN)

Figure 4-59A [sometric view
of a symmetrical
part

FEATURE ALIGNMENT

Aligned Features

It is often of greater value to show features at a
real distance from a line of symmetry, rather than =
in the projected or foreshortened position. Figure
4-59A is an isometric view of a symmetrical part. Fig- Q
ure 4-59B indicates how this symmetrical part ap-
pears confusing in conventional projection (top
illustration) but gives a better indication of the part’s
symmetry when projected from the aligned position
(lower illustration).

0
How to Represent Holes AL cRcS e ‘

Many objects contain various kinds of holes within
their boundaries. The drafter must be able to iden-
tify and draw each kind of hole used.

Figure 4-59B Aligned projection 1
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Figure 4-60 o
Through hole and POINT OF DRILL —~ ACTUAL ANGLE
blind hole NOT INCLUDED IN FULL DEPTH
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Plain Holes

Two major kinds of plain holes are a through hole
and a blind hole, Figure 4-60. A through hole, as its
name implies, is a hole that goes completely through
the object. A blind hole is a hole that is made to a
specific depth. To the left in the figure is a top view
and a front view of a through hole. Holes are usually
produced with a drill. A drill cannot produce holes
of an exact size; therefore, a ream must be used for a
hole of an exact size. The hole is first drilled to a size
approximately .015 smaller than the exact size re-
quired in order to prepare it for reaming. For example,
a reamed hole of 1.0-inch diameter would first require
a drilled hole of .985 diameter. The actual size differ-
ence between the size of the drill and ream is called
the allowance. A standard ream can have a tolerance
of +.0005.

Blind Holes

A blind hole is a hole that is drilled to a specific
depth. Referring back to Figure 4-60, note that the
tip of the drill is conical and has a taper. This taper
is approximately 118° for general purpose work. In
representing the tip of the drill on the drawing, a
30°-60° triangle is used. The full depth of the drilled
hole includes only the cylindrical portion of the drill.
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HOLE DRILLED FIRST—
TAPERED HOLE

TAPER REQUIRED

Figure 4-61 Tapered hole

Tapered Holes

Another type of hole is the tapered hole, Figure 4-61.
A tapered hole must first be drilled using a drill
approximately .0 15 less in diameter than the smaller
diameter of the tapered hole. The tapered portion is
actually achieved by use of a tapered ream of the
required taper.

Countersunk Holes

A countersunk hole is first drilled to a diameter slightly
larger than the body of the fastener that is to be used.
The upper portion is enlarged conically to a speci-
fied angle and to a depth that will produce a speci-
fied diameter, Figure 4-62. Most fasteners are manu-
factured with an 82° inclusive angle. In representing
this angle, the 45° triangle is used, as illustrated. The
taper is cut into the part until a specified diameter is
achieved, usually slightly larger than that of the head
of the fastener.

Counterbored Holes

A counterbored hole is first drilled to a diameter slightly
larger than the body of the fastener that is to be used.

TAPERED REAM

|

|
!
!

4
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Figure 4-62
Countersunk hole

COUNTERSINK HOLE (V)

The upper portion is enlarged cylindrically to a speci-
fied diameter and depth, Figure 4-63. A counterbore
is usually slightly larger than the head of the fastener,
and slightly deeper than the height of the fastener's
head. A pilot of the counterbore is used to help guide
the cutter portion and to keep in centered.

Spotface

A spotface is used in conjunction with some holes.
A spotfaced hole is used to form a flat surface for a head
of a fastener, Figure 4-64. A spotface is very similar
to a counterbore, except that the depth is not speci-
fied as this is left up to the craftsperson at the time
of manufacture. To illustrate the depth of the spotface,
show it at a depth of .06. Think of the spotface as a
washer used to provide a flat surface for the head of
a fastener.

all

STANDARD 82°

82°

~0

Conventional Breaks |

Long objects, such as a pipe, as illustrated in Part
A of Figure 4-65, would appear very small if drawn 1/4
size scale in order to fit it on a sheet of paper. By
using a conventional break, the same pipe can be drawn
full size with a central portion “broken” or removed, as |
illustrated in Part B of Figure 4-65. This gives a much
clearer understanding of the object. Note that the
broken-out or removed section must be the same
section throughout its entire length.

Kinds of Conventional Breaks

There are three major kinds of "breaks” used to
remove center portions of an object: the “S” break. :
the "Z" break. and the freehand break. The "S” break
is used for round objects. To draw the "S” break, refer
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Figure 4-64 Spotfaced hole SPOTFACE (SF)

A to Figure 4-66, Steps 1 through 5. A template can
, also be used to draw the "S” break. The "Z" break is
usually used for thin, long or wide parts, Figure 4-67,
Part A. The "Z" itself is drawn freehand, as illustrated

HARD TO UNDERSTAND 0.25 . : .
7\\* ; The freehand break is used to illustrate long, rectangu-

lar parts, Figure 4-67, Part B.

SCALE® I/4 SIZE Visualization

Visualization is the process of recreating a three-
dimensional image of an object in a person’s mind,
using the evidence and clues provided by ortho-
graphic drawings or other presentations. This pro-
cess has been the focus of much investigation, often
used for studying a person’s ability to perceive (such
as in intelligence tests). The goal of reading an ortho-

NOT DRAWN FULL LENGTH

0.25 graphic drawing is to visualize accurately informa-
- tion about the relative positions of an object’s surfaces
)0 "1 538 and geometric features.
______ S There is some evidence that an active "what if”
N imagination is a key ingredient in the visualization
175

process. For example, in attempting to find the cause
of a discovered broken window, a “what if" attitude
seeks further clues, and a nearby baseball would pro-
SCALE:FULLSIZE vide a different probability of the event than would
s 0 a scattering of bird feathers. Correspondingly. a solid-
line circle in a view causes a "what if" visualizer to
seek further evidence. If an adjoining view has a solid-
Figure 4-65 Conventional breaks line rectangle, bisected by a center line (axis) that

__JFULLSIZE
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Figure 4-67 "Z" break and freehand break
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aligns with the circle’s center, a solid cylinder is indi-
cated (see Figure 4-68). If the aligned rectangle has
hidden lines, a hole is indicated (see Figure 4-69). A
single orthographic view seldom is capable of pro-
viding three-dimensional evidence, and the reader
must consider two or more views simultaneously in
seeking an understanding of feature outlines.

Engineering drawings all follow the same proce-
dures, and none is any more or less difficult to read
than another. However, the quantity of geometric
information varies considerably among drawings, and
the time required to interpret the information varies
accordingly. Visualization practice using simple draw-
ings is required by most individuals to gain experi-
ence in mental three-dimensional image construction.
Even experienced drafters often use modeling clay
to form a three-dimensional object from orthographic
views. [n such cases, it is best to cut away the outline
of each orthographic view, rather than piece together
components to form the outline. Once a brilliant (or
gestalt) image of the object has been perceived three-
dimensionally, the possibility of error in its drawing
or construction will be minimized. as it will be "real”
to the visualizer.

o Bd

Figure 4-68 Visualization of an object
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Figure 4-70
First-angle projection

First-Angle Projection

While the United States and Canada use the third-
angle projection multiview system, most of the rest
of the world uses first-angle projection. In third-angle
projection, the top view is projected directly above the
front view. The right side is projected directly to the
right of the front view, as has been explained through-
out this chapter.

First-angle projection also starts with the front view
as the most important view and starting point, but
rotates the views from the front view, Figure 4-70. Start-
ing from the front view, rotating the object to the
right, you will be viewing the left side; therefore, the
left side appears and is drawn to the right of the front
view. Again, starting from the front view, rotating the
object down toward the viewer, you will be viewing
the top view; therefore, the top view appears and is
drawn below the front view. Each viewing plane dis-
plays an image from the object's far side, rather than
the near-side image of third-angle projection.

Due to the increase in international exchange of
parts and drawings, the projection method used
should be indicated on the drawing. If it is not
indicated, simply note the drawing's country of origin.
Figure 4-7 1A illustrates the symbol used to denote
third-angle projection. Figure 4-71B illustrates the

Figure 4-69 Visualization of an object

=

(FV) (RSV)

£

(RSV) (FV)

THIRD ANGLE PROJECTION FIRST ANGLE PROJECTION

Figure 4-71A Figure 4-71B
Third-angle projection First-angle projection
symbol symbol

symbol used to denote first-angle projection. Both
symbols illustrate the front view (F.V.) and the right-
side view (R.S.V.). The symbols are usually placed
within the title block of the drawing.

Review

I. Why is a sketch so important?

2. Explain the following terms (use illustrations
if necessary): runout, rounds, and fillets.

3. Explain the difference between a perspective
view and a multiview of an object.

4. What is considered the work area?

5. Where is the third-angle projection multiview
system used? Where is the first-angle projec-
tion multiview system used?

6. What is the standard depth calloff for a
spotface?

7. For what is the lightly constructed 45° angle
projection line used?

8. In representing the tip of a drill in a blind
hole, what triangle is used?

9. List three important considerations that must
be used in positioning the front view.

10. How many views are used to describe an
object?

Chapter 4 173







The following problems are intended to give the begin-
ning drafter practice in visualizing the multiview system,
practice in choosing and sketching the required view, prac-
tice is using drafting instruments and using correct line
thickness. As these are beginning problems, no dimensions
will be used at this time.

The steps to follow in laying out all drawings throughout
this book are:

Step 1. Study the problem carefully.

Step 2. Choose the view with the most detail as the
front view.

Step 3. Position the front view so that there will be the
least number of hidden lines in the other views.

Step 4. Make a sketch of all required views.

Step 5. Center the required views within the work area
with a I-inch (25 mm) space between each view.

Step 6. Use light projection lines. Do not erase them.

Step 7. Lightly complete all views.

Step 8. Check to see that all views are centered within
the work area.

Step 9. Check to see that there is a 1-inch (25 mm)
space between all views.

Step 10. Carefully check all dimensions in all views.

Step 11. Darken in all views using correct line thickness.

Step 12. Recheck all work. and. if correct, neatly fill out
the title block using light guidelines and neat
lettering.

Problems 4-1 through 4-11

Construct a 3-view drawing of each object, using the listed ™~ (meTRIC]
steps. Problem 4-3
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Problems 4-18 through 4-25

Construct a 3-view drawing of each object, using the listed
steps.

3

N
P
¢R METRIC |

Problem 4-18 Problem 4-20

B Problem 4-21
Problem 4-19
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- Problem 4-26

METR

Problem 4-25

Problem 4-26

Construct a 3-view drawing of each object. using the listed
steps.

@ O

= 3 ~—2X©9.468 THRU
= 3 —— A F ETS 8

44

Problem 4-27

n wm

Construct a 4-view drawing of this object (front. top. right.
and left-side views). Use the listed steps.
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Problem 4-36

Problems 4-37 through 4-50

Choose the front view and construct a 3-view drawing of
this object, using the listed steps.
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Problem 4-37
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This chapter is an extension of Chapter 4,
Multiview Drawings, with the addition of vari-
ous drafting rules and practices associated
with making one view into a sectional view.
Covered in this chapter are full section, offset
section, half section, broken-out section, re-
volved section, removed section, auxiliary view,
thinwall section, and assembly section. The
beginning drafter must fully understand each
kind of sectional view, and know where to use
each to best {llustrate the object.

SECTIONAL VIEWS

Sectional Views

The conventional method used to draw an object
using the multiview or orthographic method of rep-
resentation is discussed in Chapter 4. This system is
excellent to illustrate various external features. Using
this method. complicated interior features are illus-
trated with hidden lines. These interior features can
be shown more clearly by the use of sectional views.
A sectional view is a view of an imaginary surface,
exposed by an imaginary slicing-open of an object.
allowing interior details to become visible. A sectional
view is sometimes referred to as a cross section or sim-
ply section, Figure 5-1.

Note that, as a rule, all hidden lines are omitted in
the sectional view. However, they can be added to
illustrate some important features if absolutely necessary.

Cutting-Plane Line

The cutting-plane line indicates the path that an imag-
inary cutting plane follows to slice through an object.
Think of the cutting-plane line as a saw blade that is
used to cut through the object. The cutting-plane line

is represented by a thick black dashed line, as shown
in Figure 5-2. The line on top is the newer cutting-
plane line; sizes are approximated and spaced by
eye. If the cutting-plane line passes through the cen-
ter of the object. and it is very obvious where the
cutting plane is located, it can be omitted. This is
the drafter's decision.

Direction of Sight

The drafter must indicate the direction in which
the object is to be viewed after it is sliced or cut
through. This is accomplished by adding a short
leader and arrowhead to the ends of the cutting-plane
line, Figure 5-3. These arrowheads indicate the direc-
tion of sight. Letters are usually added to the ends of
the cutting-plane line to indicate exactly what cut-
ting plane is used. The cutting plane extends past
the object by approximately .50. as shown.

Section Lining

Section lining shows where the cutting plane is
sliced or cut and the surface or surfaces touched by

193




SCREW-HEX HD CAP
1/4-28 UNF x 3/4 (19) LG
2 REQUIRED

SCREW-HEX HD CAP
1/4-28, UNF x 13 (28) LG

6 REQUIRED 25
KEY—-SQ (NOM SIZE)

1/8 (3) x 1/8 {3) x 3/4 (20) LG SCREW-HEX HD CAP

ik 5 1/4-28 UNF x 7/8 (22) LG
: 6 REQUIRED
-
_______ 6
- JIVSVL 5D AP SIS,
/\ 7
722722)
N A N T PR R R T T N T i T N A T AT A AN AR 2 R R N R N AR RN \\\\\\\l\\\
U e e Sl e N
) e o = =

e

AN\

—te N

=

PACKING MATERIAL

Figure 5-1 Sectional view

the cutting-plane line. Section lining is represented mm) to 1/4"(6 mm) apart, depending upon the over-
by thin, black lines drawn at 45° to the horizon, unless all size of the object. The average spacing used for
there is some specific reason for using a different most drawings is .13" (3 mm), Figure 5-4. Section lines
angle. Section lining is spaced by eye from 1/16" (1.5 must be of uniform thickness (thin black) and evenly

spaced by eye.

— ——SPACE .06 (1.5 mm} APPROX

Af-foxso OBJECT . APPROX..50
2 mm (12 mm)

-

DASH .25 (6mm) APPROX.

— —DASH .13 (3mm) APPROX
A .
I 3| 1 OVERHANG \
OUTSIDE 0BJECT =
——————=+—DASH 1.0(25) APPROX DIRECTION OF SIGHT
—— ~—SPACE .06 (1.5mm) APPROX. — INDICATES VIEW AT SECTION 4-A
Figure 5-2 Cutting-plane line Figure 5-3 The direction of sight
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Figure 5-4 Section lining

If a cutting plane passes through two parts, each
part has section lines using a 45° angle or other prin-
cipal angle. These section lines should not be aligned
in the same direction, Figure 5-5. If the cutting plane
passes through more than two parts, the section lin-
ing of each individual part must be drawn at differ-
ent angles. When an angle other than 45° is used,
the angle should be 30° or 60°. Section lining should
not be parallel with the sides of the object to be sec-
tion lined, Figure 5-6.

In past years, section lining used various symbols
to indicate the type of material used to make the
object. These symbols used only such general type
identifications as cast iron, steel, brass, aluminum,
and so forth. Today, because there are so many dif-
ferent kinds of material, section lining symbols have
been eliminated, and a single, all-purpose section
lining is used (as illustrated in Figure 5-4). Specific
information as to the type of material is given in the
title block under "material.”

Multisection Views

When an object is very complicated and cut in more
than one place, each cutting-plane line must be
labeled starting with section A-A, followed by B-B,
and so forth, Figure 5-7.

Kinds of Sections

Nine kinds of sections are used today in industry.

Removed section
Auxiliary section
Thinwall section
Assembly section

e Full section

o Offset section

e Half section

e Broken-out section

e Revolved section
(rotated section)

T PART ONE

\
\

L_paRT TWoO

0

Figure 5-5
Two parts with
section lining

T PARALLEL PARALLEL

POOR PRACTICE

Figure 5-6 Section lining angle

Some sections are made up of a combination of the
nine kinds of sections. Each is explained in full detail
in the following paragraphs.

Full Section

A full section is simply a section of one of the regular
multiviews that is sliced or cut completely in two.
See the given problem. Figure 5-8. a regular three-
view drawing of an object.

Determine which view contains many hard-to-
understand hidden lines. In this example, it is the
front view. Add a cutting plane to either the top view
or right-side view. In this example, the top view is
chosen. Indicate how the front view is to be viewed
or the direction of sight. After determining where the
object is to be sliced or cut and viewed. change the
front view into section A-A. Figure 5-9.

Think of the object as a pictorial drawing. Figure
5-10. An imaginary cutting-plane line is passed
through the object. Figure 5-11. The front portion is
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Figure 5-10 Pictorial view of the object

removed and the remaining section is viewed by the
direction of sight, Figure 5-12.

Notice that section lining is applied only to the
area the imaginary cutting plane passed through. The
back side of the hole and the back sides of the
notches are not section lined.

Offset Section

Many times, important features do not fall in a
straight line as they do in a full section. These impor-
tant features can be illustrated in an offset section by
bending or offsetting the cutting-plane line. An off-
set section is very similar to a full section, except
that the cutting-plane line is not straight, Figure 5-13.

Note that the features of the countersunk holes A,
projection B with its counterbore, and groove C with
a shoulder are not aligned with one another. The
cutting-plane line is added, and changes of direc-
tion (staggers) are formed by right angles to pass

Figure 5-12 Pictorial view of the full section

,—~IMAGINARY CUTTING-
VA PLANE LINE

Figure 5-11 Imaginary cutting-plane line added

through these features. An offset cutting-plane line
A-A is added to the top view and the material behind
the cutting plane is viewed in section A-A, Figure 5-14.
The front view is changed into an offset section, sim-
ilar to a full-sectional view. The actual bends of the
cutting-plane lines are omitted in the offset section.
Figure 5-15. By using a sectional view, another view
often may be omitted. In this example. the right-side
view could have been omitted. as it adds nothing to
the drawing and takes extra time to draw.

GIVEN:

[t T [Eraiu)

Figure 5-13 Offset section
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Figure 5-16 Given: Regular two views of an object
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Half Section

In a falf section, the object is cut only halfway through
and a quarter section is removed, Figure 5-16. A cut-
ting plane is added to the front view, with only one
arrowhead to indicate the viewing direction. Also, a
quarter section is removed and, in this example, the
right side is sectioned accordingly. Figure 5-17. A pic-
torial view of this half section is illustrated in Figure
5-18. The visible half of the object that is not removed
shows the exterior of the object, and the removed half
shows the interior of the object. The half of the object
not sectioned can be drawn as it would normally be
drawn, with the appropriate hidden lines.

Half sections are best used when the object is sym-
metrical, that is, the exact same shape and size on both




Figure 5-17 Half section

o =N

+ DIRECTION OF SIGHT

N

Figure 5-18 Pictorial view of the half section
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Figure 5-19 Given: Regular two views
of an object
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SECTION A

sides of the cutting-plane line. A half-section view is
capable of illustrating both the inside and the out-
side of an object in the same view. In this example,
the top half of the right side illustrates the interior:
the bottom half illustrates the exterior. A center line
is used to separate the two halves of the half section
(refer back to Figure 5-17). A solid line would indi-
cate the presence of a real edge. which would be
false information.

Broken-out Section

Sometimes, only a small area needs to be sectioned
in order to make a particular feature or features eas-
ier to understand. In this case, a broken-out section is
used. Given: Figure 5-19. As drawn, the top section is
somewhat confusing and could create a question. To
clarify this area, a portion is removed. Figure 5-20.

Figure 5-20 Pictorial view of the
broken-out section
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Figure 5-21 Broken-out section

The finished drawing would be drawn as illustrated
in Figure 5-21. The broken line is put in freehand,
and is drawn as a visible thick line. The actual cutting-
plane line is usually omitted.

Revolved Section (Rotated Section)

A revolved section, sometimes referred to as a rotated
section, is used to illustrate the cross section of ribs,
webs, bars, arms, spokes or other similar features of
an object. Figure 5-22 is a two-view drawing of an
arm. The cross-sectional shape of the center portion
of the arm is not defined. In drafting, no feature

Figure 5-23 Revolved section
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AXIS OF CUTTING
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Figure 5-22 Given: Regular two views of an object

should remain questionable, and a section through
the center portion of the arm would provide the com-
plete information.

A revolved section is made by assuming a cutting
plane perpendicular to the axis of the feature of the
object to be described, Figure 5-23. Note that the
rotation point occurs at the cutting-plane location
and, theoretically, will be rotated 90°. Rotate the imag-
inary cutting-plane line about the rotation point of
the object, Figure 5-24. Notice that dimension X is
transferred from the top view to the sectional view of
the feature; in this example, the front view. Dimen-
sion Y in the top view is also transferred to the front
view. The section is now drawn in place. The finished
drawing is illustrated in Figure 5-25. Note that the
break lines in the front view are on each side of the
sectional view, and are put in freehand.

The revolved section is not used as much today as
it was in past years. Revolved sections tend to be
confusing, and often create problems for the people
who must interpret the drawings. Today; it is recom-
mended to use a removed section instead of a
revolved or rotated section.

—IMAGINARY
CUTTING PLANE

Figure 5-24 Pictorial view of a revolved section

p———— S——




Figure 5-25 Revolved section view

Removed Section

A removed section is very similar to a rotated section
except that, as the name implies, it is drawn removed
or away from the regular views, Figure 5-26. The
removed section, as with the revolved section, is also
used to illustrate the cross section of ribs, webs, bars.
arms, spokes or other similar features of an object.

A removed section is made by assuming that a
cutting-plane, perpendicular to the axis of the fea-
ture of the object, is added through the area that is
to be sectioned. (Refer back to Figures 5-23 and 5-24.)
Transfer dimensions X and Y to the removed views,
exactly as was done in the rotated section. Height
features, such as dimensions A and B, are transferred
from the front view in this example.

Note that a removed section must identify the
cutting-plane line from which it was taken. In the sec-
tional view, do not draw features other than the
actual section.

Removed sections are labeled section A-A, section
B-B, and so forth, corresponding to the letters at the
ends of the cutting-plane line. The sections are usu-
ally placed on the drawing in alphabetical order from
left to right or from top to bottom, away from the
regular views.

/SOUARE CROSS SECTION FOR THIS LENGTH

Figure 5-27 Removed section view
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Figure 5-26 Removed section

Sometimes a removed section is simply drawn on
a center line that is extended from the object, Figure
5-27. A removed section can be drawn to an enlarged
scale if necessary to illustrate and/or dimension a
small feature. The scale of the removed section must
be indicated directly below the sectional view, Fig-
ure 5-28.

In the field of mechanical drafting, the removed
section should be drawn on the same page as the
regular views. If there is not room enough on the
same page and the removed section is drawn on
another page, a page number cross reference must
be given as to where the removed section may be
found. The page where the removed section is located
must refer back to the page from which the section
is taken. For example, section A-A on sheet 2 of 4.
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Figure 5-28 Enlarged removed section
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Figure 5-29 Auxiliary section

Auxiliary Section

If a sectional view of an object is intended to illus-
trate the true size and shape of an object’s bound-
ary, the cutting-plane path must be perpendicular to
the axis or surfaces of the object. An auxiliary section is
projected in the same way as any normal auxiliary
view, and it provides an option of orienting the cut-
ting plane at any desired angle, Figure 5-29.

Thinwall Section

Any very thin object that is drawn in section, such
as sheet metal, a gasket or a shim, should be filled-in
solid black, as it is impossible to show the actual
section lining. This is called a thinwall section, Figure
5-30. If several thin pieces that are filled-in solid black
are touching one another, a small white space is left
between the solid thinwall section, Figure 5-31.

Assembly Section

When a sectional drawing is made up of two or
more parts it is called an assembly section, Figure 5-32.
An assembly section can be a full section (as it is in

—SPACE BETWEEN PARTS

\\

Figure 5-31 Space between thinwall sections
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Figure 5-30 Thinwall section

this example), an offset section, a half section or a
combination of the various kinds of sectional views.
The assembly section shows how the various parts
go together.

Each part in the assembly must be labeled with a
name, part or plan number, and the quantity required
for one complete assembly. If the assembly section
does not have many parts, this information is added
by a note alongside each part. If the assembly has
many parts, and there is not enough room to pre-
vent the drawing from appearing cluttered, each indi-
vidual part may be identified by a number within a
circle called a balloon. The balloon callout system is
used in this example. A table must be added to the
drawing, listing the name, part or plan number, the
quantity required for one complete assembly, and a
cross reference to the corresponding balloon num-
ber. This is called a parts list. The exact form of the list
varies from company to company. Figure 5-33 is an
example of a parts list used with the balloon system
of callouts. Notice that entries are sometimes listed
in reverse (bottom to top) order, as illustrated.

3
1 1
2
<BALLOON CALLOUTS
L
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\ @3 3
.
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Figure 5-32 Assembly section
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Figure 5-33 Example of a parts list

Sections through Ribs or Webs

True projection of a sectioned view often produces
incorrect impressions of the actual shape of the
object. Figure 5-34 has a given front view and a right-
side view. Its pictorial view would look like Figure
5-35. A full section A-A would appear as it does in
Figure 5-36. This is a true projection of section A-A,
as the cutting-plane line passes through the rib.

However, such a sectional view gives an incorrect
impression of the object’s actual shape, and is poor
drawing practice. It misleads the viewer into think-
ing the object is actually shaped as it is in Figure
5-37. The conventional practice used to illustrate this
section is to draw the section view as illustrated in
Figure 5-38, which is not a true projection. Note that
the web or rib is not section lined.

Some companies use another method to compen-
sate for this problem. It is somewhat of a middle
ground or a combination of true projection and cor-
rect representation, Figure 5-39. This is called alter-
nate section lining. Section lining, over the rib or web
section, is drawn using every other section line, and the
actual shape is indicated by hidden lines. However,
most companies do not use alternate section lining.

Another example of a cutting-plane passing through
a rib or web is shown in Figure 5-40. This example is
a true projection, but it is poor drafting practice, as
it gives the impression that the center portion is a
thick, solid mass. Figure 5-41 is drawn incorrectly.
but does not give the false impression of the object's
center portion. This is the conventional practice used.

Holes, Ribs and Webs, Spokes
and Keyways

Holes located around a bolt circle are sometimes
not aligned with the cutting-plane line, Figure 5-42
The cutting plane passes through only one hole. This
is a true projection of the object, but poor drafting
practice. In actual practice, the top hole is theoreti-
cally revolved to the cutting-plane line and projected

B ®

Figure 5-34 Given: Two-view drawing
of an object

&

PICTORIAL VIEW

Figure 5-35 Pictorial view of an object

-
0
%‘

SECTION \AA

—TRUE PROJECTION OF SECT/ION

Figure 5-36 True projection of an object

MISLEADING

Figure 5-37 True projection can be misleading

I o e A==
77777 A
SECTION A-A A|

Figure 5-38 Conventional practice —
web or rib not sectioned
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Figure 5-40 Example of true projection
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Figure 5-44 Rib or web using true projection
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to the sectional view, Figure 5-43. This practice is
called aligning of features.

Ribs and Webs

Ribs or webs sometimes do not align with the
cutting-plane line, Figure 5-44. The cutting plane pas-
ses through only one web and only one hole. This is
a true projection of the object, but poor drafting prac-
tice. In actual practice, one of the webs is theoreti-
cally revolved up to the cutting-plane line and pro-
jected to the sectional view, Figure 5-45. Notice that

——A <~ CONVENTIONAL PRACTICE

NO SECTION LINING
ON WEEB

SECTION A-A

Figure 5-41 Example of conventional practice

TCONVENTIONAL PRACTICE
\

SECTION A-A

Figure 5-43 Holes using conventional practice
(aligning of features)

-A —CONVENTIONAL PRACTICE

N_woLE

SECTION AA
Figure 5-45 Rib or web using conventional practice
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Figure 5-46 Spokes and keyway using true
projection

the bottom hole is unaffected and is projected nor-
mally. This is another example of aligning of features.

Spokes and Keyways

Spokes and keyways and other important features
sometimes do not align with the cutting-plane line,
Figure 5-46. The cutting-plane line passes through
only one spoke and misses the keyway completely.
This also is a true projection of the object, but poor
drafting practice. In conventional practice, spoke B
is revolved to the cutting-plane line and projected
to the sectional view, Figure 5-47. The keyway is also
projected as illustrated. This is another example of
aligning of features.

Aligned Sections

Arms and other similar features are revolved to
alignment in the cutting plane, as were spokes in the

—ARM NOT IN LINE

IR e
L

!
1

Figure 5-48 Two-view drawing

" T T w4s seev awitTeD
é d

CCONVENTIONAL
e \"“PRACTICE

Ve KEYWAY INCLUDED
——-———--¥—- (ROTATED)

SPOKE 8—

-Ja SECTION A-A

Figure 5-47 Spokes and keyway using conven-
tional practice

preceding section. This procedure is used if the
cutting-plane line cannot align completely with the
object, as illustrated in Figure 5-48.

The arm or feature is now revolved to the imagi-
nary cutting plane, and projected down to the sec-
tional view, Figure 5-49. The actual cutting-plane line
is bent and drawn through the arm or feature and
then revolved to a straight, aligned vertical position.
Notice that section lining is not applied to the arm,
and is also omitted from the web area.

Fasteners and Shafts in Section

If a cutting plane passes lengthwise through any kind
of fastener or shaft, the fastener or shaft is not
sectioned. Section lining of a fastener or shaft would
have no interior detail. thus it would serve no pur-
pose and only add confusion to the drawing, Figure

IMAGINARY CUTTING-PLANE LINE

%/;%/////////////

SECTION A-A
Figure 5-49 Aligned section
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Figure 5-50 Parts not sectioned

5-50. The round head machine screw, the hex head
cap screw w/nut, and the rivet are not sectioned. The
other objects in the figure such as fasteners, ball bear-
ing rollers, and so forth, are also not sectioned.

If a cutting-plane line passes perpendicularly through
the axis of a fastener or shaft, section lining is added
to the fastener or shaft, Figure 5-51. The end view
has section lining added as shown.

A
-
I
\I\\
\ —SHAFT NOT SECT/ON LINED
) o
===
g | )
|
I
[N
ENO EW SECTION LINED —
AL SECTION AA
)
|
———

Figure 5-51 Shaft sectioned in end view only
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Intersections in Section

Where an intersection of a small or relatively unim-
portant feature is cut by a cutting-plane line, it is not
drawn as a true projection, Figure 5-52. Since a true
projection takes drafting time, it is preferred that it
be disregarded, and the feature drawn, using con-
ventional practice, as shown in Figure 5-53. This pro-
cedure is much quicker and more easily understood.

/ /
/

/45° PROJECTION
LINE

= L1
!
f

I
TRUE PROJECTION

SECTION A-A

Figure 5-52 Intersection using true projection
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CONVENTIONAL PRACTICE

SECTION A-A

,‘ Figure 5-53 Intersection using
conventional practice

' Review

1 I. Explain the difference between true projec-
tion and conventional practice. Which is used
in a sectional view and why?

2. Explain the difference between a revolved
section and a removed section. Which is rec-
ommended today?

s

6

(0]

. Are hidden lines used in a sectional view?
Why?

. Why is a removed section sometimes drawn
at a larger scale?

. List the nine kinds of sectional views and
describe the various features of each.

. What is alternate section lining? Where is it
used?

. List two major functions of an assembly
drawing.

. Explain the practice used for drawing inter-
sections of small or unimportant features
that are cut by a cutting-plane line.

What kind of sectional view illustrates both
the exterior and interior of the object?

. What must be done if a removed section is
placed on another page other than the page
on which the cutting-plane line is placed?

. Explain the two methods used in regard to a
cutting-plane line passing through the long
dimension and perpendicularly to the center
of a fastener or shaft.

. What must be included for each part in an
assembly section? Explain the two methods
used to accomplish this.
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Chapter Five
Problems

The following problems are intended to give the begin-
ning drafter practice in using the various kinds of sectional
views used in industry. As these are beginning problems,
no dimensions will be used at this time.

The steps to follow in laying out all problems in this
chapter are:

Step 1. Study the problem carefully.

Step 2. Choose the view with the most detail as the
front view.

Step 3. Position the front view so there will be the least
amount of hidden lines in the other views.
Step 4. Make a sketch of all required views.

Step 5. Determine what should be drawn in section
what type of section should be used, and where to

place the cutting-plane line.

Step 6. Center the required views within the work area
vith a I-inch (25-mm) space between each view

w
3

sht projection lines. Do not erase them.

wn

Lig complete all views.
Stey Che ce that all views are centered within
- wiv |
S B e ere is nch (25-mm)
S| = Sl
S eck ¢ mensions in all viéws
5 2. Darke all views using correct line thickness
S e and section lining as
R eatly fill out
g es and neat
208 Section 2

Problem 5-1

Center three views within the work area. and make the
front view a full section.

L
Lox 0 75 THRU |
~
63
\ 4.0
225 g3 63"

Problem 5-1

Problem 5-2

Center two views within the work area, and make one
view a full section. Use correct drafting practices for the

ribs.
738 (TYP.) 90°APART
©.88 THRU
240
Q@ 2.0
/t
/2‘5
L
Problem 5-2




Problem 5-3

Center two views within the work area, and make one
view a full section. Use correct drafting practices for the

holes.

/—Q.SS,THRU

3X0.50, THRU
EVENLY SPACED, 120°
APART ON A 225 B.C

Problem 5-4

Center the front view and top view within the work area.
Problem 5-3 Make one view a full section.

Problem 5-5

Center two views within the work area, and make one
view a full section. Use correct drafting practices for the = LRrRio(TYP)

arms, horizontal hole, and keyway.
Problem 5-4

Problem 5-5
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Problem 5-6

Center two views within the work area, and make one
view a full section. Use correct drafting practices for the |
keyway, ribs, and holes.

'/’“300
|
\, ]

_~—3 RIBS/120° APART

N—RIB THICKNESS
375, 3 REQ'D.

4
X ‘/\"\2
o6
—@1.25
2 /<'// \\7\
50, " =4
N
3X 0.50, THRU
120° APART ON
A D40 B.C.— Lo 56 THRU '
ALL UNMARKED RADIUS :
R .12
\ !
Problem 5-6 !
Problem 5-7 Problem 5-8

Center three views within the work area, and make one
view an offset section. Be sure to include three major
features.

Problem 5-7

2 Section 2

Center three views within the work area, and make one
view an offset section. Be sure to include three major
features.

Problem 5-8




Problem 5-9 Problem 5-11

Center three views within the work area, and make one Center two views within the work area, and make one
view an offset section. Be sure to include as many of the view an offset section. Be sure to include as many of the
important features as possible. important features as possible.

Problem 5-9

Problem 5-10

Center three views within the work area, and make one
view an offset section. Be sure to include as many of the
important features as possible.

Problem 5-11

T 044 0 12, THRU
\ / L, 02876

Problem 5-12

215~ Center the front view and top view within the work area.

06 THRU~_ | Make one view a half section.

~ N

AN T R.06
4 38 ‘ S <N
Ry - S\ s Us)
J & > ;
,/ A 40 >
*\/ 15y - i
20~ 138
(44) (TYP)
~ P f‘,\ o <

ALL UNMARKED RADIUS =R 3
[METRIC]

Problem 5-10

SN/
r//////////////,
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Problem 5-12
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Problem 5-13

Center two views within the work area, and make one
view a half section.

» ?’/—(8) TYP.
- |

0 44—

/
LQIG,THRU
o 028 ¥ 8(BOTH ENDS)
_METRIC |

Problem 5-13

Problem 5-14

Center the two views within the work area. and make
one view a half section.

Problem 5-14

N
N

Section 2

—

Problem 5-15

Center two views within the work area. and make one
view a half section.

©2.25 (0D)
/‘l S c21.0

2X @ .50,THRU
(IN LINE)

ALL UNMARKED RADIUS =R .09

Problem 5-15

Problem 5-16

Center two views within the work area, and make one
view a half section.

W I 79=y WiEE 25 (TYP) 90°APART

/

06.0
30
d \é‘f)
sHarp— 7 A
Z 125 ~_ 78
/‘// ~N N \\‘l
25
) ALL UNMARKED RADIUS = R .13 =

Problem 5-16







Problem 5-19

Center three views within the work area, and add removed
sections A-A and B-B.

[N
325_ 5\\-”’ //" ALL UNMARKED RADII = R .I25
. ~ //
~L
Problem 5-19
Problem 5-20
Pt
Center two views within the work area, and add removed 7

sections A-A, B-B, and C-C. 2375

Problem 5-20
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Problem 5-21

Center the required views within the work area, and add
removed section as required.

\{//
\—GIB,THRU

o 23279 (BOTH ENDS)

Problem 5-21

Problem 5-22

Center the required views within the work area, and add
removed section as required.

2.50
- 25
<
25~ >
|3 ‘I;SJ
1 | - ﬂ
' >
1
|
22 WALL i
| THICKNE SS| <0
125 ——= .AE
< 8X0.31, THRU
(IN HINE‘
: 275 l'
Lot 4
s
< “oq

Problem 5-22
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Problem 5-23

Center the required views within the work area, and add
removed sections A-A-and B-B.

Problem 5-25

Problem 5-23

Center the four views within the work area. Make the
top view section A-A and the right-side view section B-B.

125 F

i——1 75

Problem 5-24

Center the required views within the work area, and add
removed section A-A.

018, THRU
—032X 76

Problem 5-24
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Problem 5-25
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Problem 5-28

Center the front view. side view and removed sections
A-A, B-B, and C-C within the work area.

"»— ~3.125 —————=f

= 2.0 50 t~—
6363 ~0.217.75 {7 5=t 75 ~ 2X @ .28, THRU
‘ y l A’« B c| /" (IN LINE)
1 ¥
I i
g it T
—1 {1l [ ] 188
—f L 25
lesodh d —---i 1
LR L 12
I-ﬁo

; T
Qs ' | :

. P J

/ A B-QJ \:#

Lo.50, THRU 150 2X @ .21, | THRU —

@125 X ¥1.0

(OTHER END) 25— 1 b75

b——2.25—

I 4. 0S|

Problem 5-28

Problem 5-29

Make a two-view assembly drawing of parts 1. 2, 3, and
4. Make one view a full-section assembly. Use correct sec-
tion lining, and all conventional drafting practices.

<'ROUND' END SLIGHTLY
\\ t
=———3 020
0.

P 1.25—=

PART NO. 1 —0.20, THRU .

° TAPER RI.75

fr 3

\\
\
/
{ 1 1 / h
——— T T S — Vo B =
[ - 1 ~7 Il

.31
——1.0 3125 4.32 25—
— - 10.0
PART NO.2
' 3 = 5° TAPER
1 - 2X @20 (IN LINE)

\
I

PART NO. 3 -~ 68—

Problem 5-29A
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2X 0.38, THRU

@ .28, THRU ‘—1.38I—

ALL UNMARKED RADIUS = R.06

SECTION &4

I 2.5

1

21.25 |
SMOOTH |
SURFACE {
- FOR
BUMPER
0.25 . (3.625)
25 =5 l
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: {7 Gl TlE==T T ! T
T L |4 P
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09 | L 4
(2.25) PART NO. 3 —l3g— -75-~

Problem 5-31B

Problems 5-32 through 5-37

Center required views within the work area. Leave a |-
inch or 25-mm space between views. Make one view into
a section view to fully illustrate the object. Use either a full,
half, offset. broken-out, revolved. or removed section. Do p.
not add dimensions. 4

Problem 5-32

[+)}

.25

94 L. &}
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CHAPTER 6

This chapter also is an extension of Chapter 4,
Multiview Drawings, with the addition of an
auxiliary view to show the frue size and shape of
a surface not on the usual planes of projection.
The beginning drafter must fully undersiand
how to lay out an auxiliary view and, if neces-
sary, to add a secondary auxiliary view. The
student must know the various standard draft-
ing practices associated with auxiliary views.

e ———

AUXILIARY VIEWS

Auxiliary Views Defined An auxiliary view serves three purposes:

o [t illustrates the true size of a surface.

o It illustrates the true shape of a surface, includ-
ing all true angles and/or arcs.

o It is used to project and complete other views.

Many objects have inclined surfaces that are not
always parallel to the regular planes of projection.
For example, in Figure 6-1, the front view is correct
as shown, but the top and right-side views do not

correctly represent the inclined surface. To truly rep- An auxiliary view can be constructed from any of
resent the inclined surface and to show its true shape, the regular views. An auxiliary view projected from
an auxiliary view must be drawn. An auxiliary view has the front view would appear as it does in Figure 6-1.
a line of sight that is perpendicular to the inclined This is referred to as a front view auxiliary. An auxiliary
surface, as viewed looking directly at the inclined view projected from the top view would appear as it
surface. Auxiliary views are always projected 90° from does in Figure 6-2. This is referred to as a top view
the inclined surface. TOP

—AUXILIARY VIEW

FRONT

/'—AUX/L//JRY VIEW '
TOP VIEW / -
/ TOP VIEW %

/

FRONT VIEW SIDE VIEW FRONT VIEW SIDE VIEW

Figure 6-1 Front view auxiliary view Figure 6-2 Top view auxiliary view

N
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SiDE
—AUXILIARY VIEW

/
/
/
TOP VIEW O\
hN
AN

FRONT VIEW SIDE VIEW

Figure 6-3 Side view auxiliary 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.

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

Given: 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
points as possible. In this example, it passes
through points a-d, Figure 6-6B.

Step 3. Draw light projection lines 90° from the
inclined surface, and construct a reference line
parallel 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.

226 Section 2

PICTORIAL VIEW

F'gure 6-4 Drawing an auxiliary view

TOP VIEW

FRONT VIEW GIVEN SIDE VIEW

Figure 6-5 Given: Three views of an object

b c

a d

a/b a b
c/d d c

Figure 6-6A Step |

Step 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.




o

(2]
o
(2]

PROJECTION AN
LINE — N 7— REFERENCE
REFERENCE LINE A LINE
a/b 0 b asp” ( YN d b
] ‘ 90° :
I 90°2 :
CPARALLEL |
,/ =
c/d d c c/d d c
Figure 6-6B Step 2 Figure 6-6C Step 3

—AUXILIARY VIEW

| TRUE SHAPE
| TRUE SIZE

 DISTANCE

b

c/d d c

Figure 6-6E Step 5 finished drawing
Figure 6-6D Step 4

« [ FORESHORTENED
/.| NOT TRUE LENGTH

% { omIT
po8

Step 5. Recheck all work. Be sure:

FTRUE LENGTH
e The projection is 90° from the inclined surface,

ADD
in this example the front view.
o The reference line is parallel to the inclined sur- pY
face of the front view.
¢ All distances have been transferred accurately. / /
If correct, carefully darken in and complete all
views. The final finished drawing will 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- FRONT VIEW SIDE VIEW
tiFe is to project only the surface of the inclined line, Fighee 6-7= Drawohly theindlisedsideeamme
Figure 6-7. auxiliary view
How To Project a Round Surface from an &~ ol Rjegs o6 - {The Ssual 32 BSES
Inclined or Slanted Surface tion angle.hne- will be omlttgd, as a slightly
newer projection method will be used to com-
Given: The usual three views of an object, front plete the top view.) Refer also to the pictorial
view, right-side view and unfinished top view, drawing of this object. Figure 6-9.
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TOP VIEW (INCOMPLETE)

AN

GIVEN

FRONT VIEW SIDEVIEW

Figure 6-8 Projecting a round surface from an
inclined surface

. e =

Figure 6-10A Step |

Step 1. Divide the rounded view into equal spaces.

In this example, using a 30° triangle, the right-
side view is rounded and divided into 12 equal

parts, Figure 6-10A. Letter each point clockwise,

as shown in the figure.

Step 2. Construct a vertical reference line in the
right-side view so it passes through the center;
in this example, through points a and g. (Always
place the reference line through the center of
any symmetrical object.) Construct a reference
line in the top view which runs through the
center, as illustrated in Figure 6-10B.

Step 3. Draw light projection lines from the 12
points in the right-side view to the inclined
edge in the front view. Project these same 12
points directly up to the top view from the
inclined edge in the front view. Notice points
a and g are on the reference line, Figure
6-10C.

Step 4. In the right-side view, measure the dis-
tance each point is from the reference line.

228 Section 2

Figure 6-9 Pictorial view
of an object

b 4

REFERENCE LINE

Figure 6-10B Step 2

Figure 6-10C Step 3

Transfer each of these distances from the right-
side view reference line to the top view refer-
ence line. Label each point lightly as each is
found, Figure 6-10D.

Step 5. Lightly connect all points and. if correct.
darken in all views. This completes the top
view, Figure 6-10E. Always darken in the com-
pass and irregular curve layout work first. This
completes the top view.
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Figure 6-10F Step 6

How to Draw an Auxiliary View of a
Round Surface

Step 6. Draw light projection lines 90° from the
inclined surface of the front view. Construct the
reference line parallel to the inclined surface at
any convenient distance. Label the points that
are on the reference line: in this example, a
and g, Figure 6-10F.

Step 7. Draw light projection lines from the 12
points in the right-side view to the inclined
edge in the front view (Step 3). Project these
same 12 points directly up to the auxiliary view
from the inclined edge in the front view. Again,
notice points a and g are on the reference line,
Figure 6-10G. In the right-side view, measure
the distance each point is from the reference
line. Transfer each of these distances from the
right-side view reference line to the auxiliary
view reference line. Label each point lightly as
each is found.

Step 8. Lightly connect all points and, if correct.
darken in the auxiliary view. This completes the

Figure 6-10G Step 7

AUXILIARY
VIEW COMPLETED

g
~ @

Figure 6-10H Step 8 finished drawing

auxiliary view. Figure 6-10H. Notice that only
the inclined surface has been projected into
the auxiliary view.

How to Plot an Irregular Curved Surface

Given: The usual three views: front view (incom-
plete). top view. and the right-side view. Figure
6-11. This is an example of a top view auxilian
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TOP VIEW

ADD POINTS
AT RANDOM-\

FRONT VIEW SIDE VIEW

Figure 6-11 Plotting an irregular curved surface

Step 1. Add various points at random along the
curved surface. Even spaces are not necessary,
but try to choose points that pick up high and
low points along the line, Figure 6-12A. Always
label the points in a clockwise direction.

Step 2. From the right-side view, project these
points up to the 45° projection line and over to
the top view. Where these points intersect with
the inclined surface, project directly down into
the front view. Project these same points from
the right-side view to the front view. Where the
points intersect is where the point actually is.
Lightly locate and connect all lines and com-
plete the front view, Figure 6-12B.

Step 3. Establish a reference line in the right-side
view. Construct this reference line so it passes
through as many points as possible; in this
example, points a and j, Figure 6-12C.

Step 4. Add projection lines at 90° from the
inclined surface. Add a reference line parallel
to the inclined surface. Notice that points a
and j again fall on the reference line, Figure
6-12D.

Step 5. Project all points from the right-side view
up and over to the inclined surface of the top
view. Where the points intersect with the in-
clined surface, project 90° from the inclined
surface. Transfer all distances from the refer-
ence line in the right-side view to the reference
line in the auxiliary view. Lightly connect all
points and, if correct, darken in all views, Fig-
ure 6-12E.
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Figure 6-12D Step 4

Secondary Auxiliary Views

Up to this point, primary auxiliary views have been
dealt with. A primary auxiliary view can be projected
from any of the regular views, as has been illustrated
thus far.

Sometimes, a primary auxiliary view is not enough
to fully illustrate an object; a secondary auxiliary view
is needed. A secondary auxiliary view is projected directly
from the auxiliary view. Many times, the auxiliary view
and/or some of the other views cannot be fully
completed until the secondary view has been completed
first, Figure 6-13.

Partial Views

| The use of a partial auxiliary view makes it possible to
eliminate one or more of the regular views which, in
turn, saves drafting time and cost. Figure 6-14 is an
example of a front view, top view, right-side view and
auxiliary view. Note, the auxiliary view is always drawn
partial; only the inclined surface is drawn on the auxil-
iary view. By using a partial top and right-side view
in conjunction with the particular auxiliary view, the
drawing can be simplified without detracting from
its clarity; in fact, in most cases. these partial views
make the drawing easier to read, Figure 6-15.

Auxiliary Section

An auxiliary section, as its name implies, is an auxil-
iary view in section. An auxiliary section is drawn
exactly as is any removed sectional view, and is pro-

Figure 6-12E Step 5 finished drawing

AUXILIARY VIEW

// D

SECONDARY AUXILIARY VIEW

FRONT VIEW

Figure 6-13 Secondary auxiliary view

TOP VIEW
{*"/f’ AUXILIAR
v “A( — =
c === ‘
FRONT VIEW SIDE VIEW

Figure 6-14 Given: Regular three views

jected in exactly the same way as any auxiliary view,
Figure 6-16. All the usual auxiliary view rules apply,.
and generally only the surface cut by the cutting-plane
line is drawn.
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Figure 6-15 Partial auxiliary views

FRONT VIEW SIDE VIEW
Half Auxiliary Views Figure 6-16 Auxiliary section

If an auxiliary view is symmetrical, and space is
limited. it is permitted to draw only half of the auxil-
iary view, Figure 6-17. Use of the half auxiliary view Review
saves some time, but it should only be used as a last
resort, as it could be confusing to those interpreting 1. What three purposes does an auxiliary view
the drawing. Always draw the nearest half, as shown in serve?
the figure. 2. Name the three major kinds of auxiliary views.

E

3. What must be done first if the projected sur-
face is round or has a radius?

o X

4. Explain the use of partial views as used in
conjunction with an auxiliary view.

x HALF AUXILIARY VIEW 5. What is the practice for the use of hidden lines
% in an auxiliary view?
6. How should the regular views and the auxiliary
view be placed within the work area?
7. Explain the use of a reference line. Where
should it be drawn, and at what angle?

FRONT VIEW
8. Projection lines must be drawn at what angle
, lﬂ\ from the edge view?
# $ 9. When and why is a half auxiliary view used?
HALF BOTTOM VIEW 10. What is an auxiliary sectional view?
Figure 6-17 Half auxiliary view 11. Explain the use of a secondary auxiliary view.
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The following problems are intended to give the begin-
ning drafter practice in sketching and laying out multiviews
with an auxiliary view.

The steps to follow in laying out any drawing with an
auxiliary view are:

Step 1. Study the problem carefully.

Step 2. Choose the view with the most detail as the
front view.

Step 3. Position the front view so there will be the least
number of hidden lines in the other views.

Step 4. Determine which view from which to project
the auxiliary view.

Step 5. Make a sketch of all views, including the auxil-
iary view.

Step 6. Center the required views within the work area
with approximately I-inch (25-mm) space between
the views. Adjust the regular views to accommodate
the auxiliary view.

Step 7. Use light projection lines. Do not erase them.
Step 8. Lightly complete all views.

Step 9. Check to see that all views are centered within
the work area.

Step 10. Carefully check all dimensions in all views.
Step 11. Darken in all views using correct line thickness.

Step 12. Recheck all work. and. if correct. neatly fill
out the title block using light guidelines and neat
lettering.

Problems 6-1 through 6-4

Draw the front view top view. right-side view and auxil-
iary view Complete all views using the listed steps

175
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Problem 6-2
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Problem 6-3
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Problems 6-7 through 6-13

Draw the front view. top view, right-side view and auxil-
iary view. Complete all views using the listed steps.

Problem 6-4
Problems 6-5 and 6-6 [
. : . . . Problem 6-7
Draw the front view, top view, right-side view and two
auxiliary views to illustrate the true size and shape of the I
slanted surfaces. Complete all views using the listed steps. P

Problem 6-5

Problem 6-6 Problem 6-9
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CHAPTER 7

The basic techniques associated with descrip-
tive geometry must be thoroughly mastered.
Many procedures of this chapter are used in
solving the more advanced technical problems
that cannot be solved by any other method. It is
important that sufficient time is given to this
very important material, as it is incorporated
into many other areas of drafting.

DESCRIPTIVE
GEOMETRY

Descriptive Geometry Projection

Auxiliary views are views that have been projected
90° from an inclined surface and viewed looking
directly down upon that surface. As studied in Chap-
ter 6. the auxiliary view shows true size and true shape
of an object, and is sometimes used to complete other
views. If a surface is skewed, that is, slanting in more
than one direction and not 90° from one of the other
views, the auxiliary projection method cannot be used
to find the true size and true shape. A completely
different projection method must be incorporated.
The true shape and true size of the skewed surface is
a secondary auxiliary based on advanced ortho-
graphic theories called descriptive geometry.

Using the descriptive geometry method of projec-
tion not only gives true size and shape. but it also
can be used to find intersections, true distances of
lines in space, true angles between surfaces, and exact
piercing points. Descriptive geometry graphically
shows the solution to problems dealing with points,
lines and planes, and their relationship in space. In
order to be able to apply descriptive geometry to
various drafting problems, the drafter must know and
understand the various basic steps involved. This

chapter explains these basic steps. The basic theo-
ries covered in this chapter are:

Projecting a line into other views

Projecting points into other views

Determining the true length of a line

Determining the point view of a line

Finding the true distance between a line and a

point in space

e Determining the true distance between two
lines in space

e Projecting a plane surface in space

¢ Developing an edge view of a plane surface in
space

e Determining the true distance between a plane
surface and a point in space

e Determining the true angle between plane sur-

faces in space

Steps Used

All problems, regardless of their complexity. use
the same procedures or steps. These steps ultimately
must be done in the same order each time, although
some intermediate steps may be selected or are

()
pas
N




TRUE SHAPE OF SURFACE

EDGE VIEW OF SURFACE

POINT VIEW OF TRUE LENGTH LINE

TRUE LENGTH OF LINE

Figure 7-1 Steps used to solve descriptive
geometric problems

optional. Like climbing a flight of stairs, each step
must be executed, and only experience can provide
the ability to perform multiple steps simultaneously.
An example of the sequential steps needed in descrip-
tive geometry problems is as follows. In order to find
an edge view of a plane (flat surface). a true length
line must be located in that plane (Step 1) a point
view of the true length line must be projected, which
yields an edge view of the plane (Step 2): see Figure
7-1. By projective means, it would be impossible to
find the edge view of an oblique surface from nor-
mal views without performing Steps | and 2.

Notations

In order to progress through sequential steps it is
important to keep track of all views and points in
space. (Recall that a straight line is composed of two
spatially located end points.) To do this, a system of
notations or labeling is advisable. Each view and each
point should be labeled to provide an accurate iden-
tity of each at all times. For purposes of this text, the
following notations are used in this chapter.

Each point in space is called out in lowercase letters.

Example:
a.bcd

Each line in space is identified by the two lowercase
end points.

Example:
Line a-b

Each line in space is assumed to end at the indicated
end points, unless it is specified as an Extended Line
(continues without end).

Example:
Line p-g and Extended Line j-k

Each plane in space, such as a triangle, is called out
in lowercase letters.
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Example:
Triangle abc

Each plane in space is assumed to be limited (stops
at the indicated boundaries) unless otherwise defined
as an Unlimited Plane (limitless extension beyond the
indicated boundaries).

Example:

Plane defg and Unlimited Plane mno
Each viewing plane is called out in uppercase letters.
Example:

F = Frontal viewing plane (a principal plane).
T = Top (horizontal) viewing plane (a principal

plane).

R = Right side (profile) viewing plane (principal
plane).

L = Left side (profile) viewing plane (principal
plane).

A(digit) = an auxiliary viewing plane, with the
number of successive projections
from a principal viewing plane.

B(digit) = same as A(digit), but using a different
series of successive projections.

A combination of lowercase and uppercase letters is
used to fully describe each point in space, and the
view in which it is located.

Example:

aF would be pointalocation as seen in the Frontal
viewing plane.

aT-bT would be line a-b location as seen in the
Top (horizontal) viewing plane.

aR-bR-cR would be plane a-b-c as seen in the
Right side (profile) viewing plane.

Fold Lines

A fold line is represented by a thin black line, simi-
lar to a phantom line. It indicates a 90° intersection
of two viewing planes. Each fold line must be labeled
using uppercase letters, Figure 7-2. In this example,
the fold line is placed between the front view and
the top view. This placement eliminates the usual
45° projection line, Figure 7-3. It is important to add
these notations in order to keep track of exactly which
viewing plane is being executed.

~LABEL FOLD LINE

/
¥ ] - - L
F \

~FOLD LINE

Figure 7-2 Fold line
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45"\ PROJVECTION
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\
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NOT USED WITH DESCRIPTIVE GEOMET RY&

Figure 7-3 Regular multiview drawing using 45°
projection line

How To Project a Line into Other Views

Fold lines are placed between successive ortho-
graphic views and labeled with uppercase letters, Fig-
ure 7-4. Any appropriate spacing is permissible, but
the distance from the image to the frontal viewing
plane fold line must be equal at both the top and
right-side views. The spatial positioning of a line a-b
(surrounded by an imaginary transparent box) is
shown in Figure 7-5. Point a is closer to the frontal
viewing plane than is point b, but is farther below
the top (horizontal) viewing plane.

Represented on a normal layout drawing, it would
be illustrated and labeled as shown in Figure 7-6.

The customary 45° projection line is not used in
descriptive geometry projection. All points are pro-
jected along light projection lines drawn at 90° to
the fold lines. All measurements are taken along these
light projection lines and measured from the fold line
to the point in space, Figure 7-7.

An important rule to remember is to always skip-a-
view between all measurements. In Figure 7-7, notice
in the right-side view that dimension X (distance from
F/R fold line to point aR) is projected into and through
the front view and up to the top view and transferred
into the top view. (Distance from F/T fold line to point
aT) The front view was skipped.

Again, referring to the right-side view of Figure 7-7,
dimension Y (distance from F/R fold line to point bR)
is transferred into the top view (distance from F/T
fold line to point bT) and the front view was skipped.
In each of the instances, the distance is measured as
the perpendicular distance from the fold line to the
point.

Example:

To project a top view of a line from a given front
and right-side view.

/‘—FOLD LINE

FIR

Figure 7-4 Regular multiview drawing
using fold lines instead of 45°
projection line

b

BASIC SHAPE

Figure 7-5 Spatial positioning of line a-b

bT
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3 bF | bR
/
aoF
F
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Figure 7-6
Line a-b in
all three
regular views

Figure 7-7
Skip-a-view
when
transferring
distances
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Figure 7-8 Locating line a-b in top view

Given: Line a-b in the front view and line a-b in
the right-side view, Figure 7-8. Extend projec-
tion lines into the top view from the end points
in the front view, aF and bF. Find the distances
X and Y from the line end points in the right-
side view aR and bR to the frontal viewing
plane at fold line F/R and transfer them into
the top view. Label all points and fold lines in
all views. Be sure that all projections are made
at 90° from the relevant fold lines, Figure 7-9.

How To Locate a Point in Space (Right View)

A point in space is projected and measured in
exactly the same way as a line in space. except that
the point is a line with a single end point, Figure
7-10A.

Example:

To project the right-side view of a point from a
given top and front view.

Given: Point a in the front view and top view
(Figure 7-10A).

Project point aF from the front view into the right-
side view. Point aR must lie on this projection line.
Find X, which is the distance from fold line F/T to aT
in the top view and project it into and through the

,aT
+
G/VEN
F
aF
+ - -

Figure 7-10A Locating a point
in space (right view)
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aT

SKIP-A-VIEW

aF A | aR
FIR
Figure 7-9 Line a-b in the top view using the
fold line P

front view, Figure 7-10B. Project it over into the right-
side view. Transfer distance X to find point a. Be sure
to always label all points and fold lines in all views.

How To Find the True Length of a Line ,

Any line that is parallel to a fold line will appear in .
its true length in the next successive view adjoining !
that fold line.

To find the true length of any line:

Step 1. Draw a fold line parallel to the line of which
the true length is required. This can be done at !
any convenient distance, such as approximately !
one-half inch.

Step 2. Label the fold line "A” for auxiliary view.

Step 3. Extend projection lines from the end
points of the line being projected into the auxil-
iary view. These must always be at 90° to the
fold line.

Step 4. Transfer the end point distances from the
fold line in the second preceding view from the
one being drawn, to locate the corresponding
end points in the view being drawn.

+oF aR

SKIP-A-VIEW

FIR
Figure 7-10B Step |

e
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Figure 7-11A Finding the true
length of a line
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Figure 7-11B Step |

—~ TRUE L ENGTH

—SKIP-A-VIEW

Figure 7-11C Step 2

Example:
Refer to Figure 7-11A.

Given: Line a-b in the front view, side view, and
top view. The problem is to find the true length
of line a-b. A true length can be projected from
any of the three principal views by placing a
fold line parallel to the line in any view. The
right-side view is selected in this example.

Step 1. Draw a fold line parallel to line a-b, and
label it as shown in Figure 7-11B. Extend light
projection lines at 90° to the fold line from
pcints a and b into the auxiliary view.

Slep 2. Determine distance X and Y from the front
view to the near-fold line and transfer them
into the auxiliary view, as shown in Figure
7-11C. Label all points and fold lines. The result
will be the actual true length of line a-b.

Use these steps to find the true length of any line.

How To Construct a Point View of a Line
To construct a point view of a line:
Step 1. Find the true length of the line.

Step 2. Draw a fold line perpendicular to the true
length line at any convenient distance from
either end of the true length line.

Step 3. Label the fold line A-B (B indicates a sec-
ondary auxiliary view).

Step 4. Extend a light projection line from the
true length line into the secondary auxiliary
view.

Step 5. Transfer the distance of the line end points
into the secondary auxiliary view (B) from the
corresponding points in the second preceding
view.

Example:
Refer to Figure 7-12A.

Given: Line a-b in the front view, side view, and
auxiliary view. The true length is located in the
auxiliary viewing plane (A), which is projected
from the front view. (The true length could have
been projected from any of the given views.)

Step 1. At any convenient distance from either
end, draw a fold line A/B perpendicular to the
true length of line a-b. This will establish a
viewing plane that is perpendicular to the direc-
tion of the line's path. Extend a projection line
aligned with the true length line into this new

GIVEN. bA

TRUE
LENGTH- bF bR

A aF aR
F FIR

Figure 7-12A Constructing a point view of a line
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Figure 7-12C Step 2

secondary auxiliary view. The projection lines
from both points a and b appear to align in
this common projection line. Therefore, both
points a and b must be located on this projec-
tion line in the secondary auxiliary view. In
Figure 7-12B. the fold line A/B was added to
the left of the true length line a-b.

Step 2. The front view is the second preceding
view to the secondary auxiliary view being con-
structed. Therefore, distance X in the front view
from the fold line T/A to line a/b is transferred
to the secondary auxiliary view from the fold
line A/B, Figure 7-12C. As points a and b in the
front view are both at the same distance from
the fold line T/A. and they both lie on the same
projection line in the secondary auxiliary view.
they will appear to coincide at the same loca-
tion. This provides evidence that the end view
of the line has been achieved.

-

How To Find the True Distance Between a
Line and a Point in Space

The true distance between a line and a point in
space will be evident in a view that shows the end
point of the line and that point. simultaneously.

Step 1. Project an auxiliary view (viewing plane A)
to find the true length of the line, and project
the point into the same view.

Step 2. Project a secondary auxiliary view (B) to
find the point view of the line. and project the
point into the same view.

Step 3. The observable distance between the end
view of the line and the point will be the actual
distance between them. The location in the
line that is nearest to the point is on the path
that is perpendicular to the line from the point.
but this is not discernable in the secondary
auxiliary view.

Example:
Refer to Figure 7-13A.

Given: Line a-b and point c in the front view and
right-side view.

Step 1. Project the true length of line a-b by plac-
ing a fold line parallel to a given view of the
line. and project point c into the auxiliary view.
Recall that point locations are transferred from
the second preceding view. Label all fold lines
and all points, Figure 7-13B.

Step 2. Draw a fold line perpendicular to the true
length of line a-b. and label the fold line. Pro-
ject line a-b into the secondary auxiliary view
(B) to find the point view of line a-b. Project
point c along into the secondary auxiliary view
(B). The actual distance between the point view
of line a-b/B and point cB is evident, Figure

7-13C.
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Figure 7-13C Step 2

The location in the line a-b that is nearest to point
c lies on a path that is perpendicular to line ab and
passes through c. Any path that is perpendicular to
a line will appear perpendicular in a view where the
line is true length. Therefore, the path can be drawn
in the preceding view to locate point p on the line.
Point p can be projected to its correct location on
the original views of line a-b.

GIVEN
aT
' cT
| \
I bT daT
| T . __L
: F dF
: bE /
cF
aF
FIR

Figure 7-14A Finding the true
distance between
two parallel lines

aT

Figure 7-14B Step |

How To Find the True Distance Between
Two Parallel Lines

If two lines are actually parallel, they will appear

parallel in all views. A view is needed to show the
end view of both lines simultaneously. where the real
R distance between them will be apparent.

Step 1. Find the true length of each of the two
lines. Projecting a view that will provide the
true length of a line will automatically provide
the true length of any other parallel line that is
projected into the same view.

Step 2. Find the point view of each of the two
lines. Projecting a view that will provide the
end view of a line will automatically provide
the end view of any other parallel line that is
projected into the same view.

Step 3. The true distance between the parallel
lines is the straight-line path between their end
points. There is no single location within the
length of the lines where this occurs, as each
location in a line has a corresponding closest
point location on the other line, each on the
path connecting them and perpendicular to
their respective lines.

Example:
Refer to Figure 7-14A.

Given: The parallel lines a-b and c-d. in a front
view, right side view, and a top view.

Step 1. Find the true lengths of line a-b and line
c-d in auxiliary view A. The two parallel lines
will also be parallel in the auxiliary, if they are
actually parallel. See Figure 7-14B.

Step 2. Draw a fold line perpendicular to the true
length lines, a-b and c-d. Project the lines into
the secondary auxiliary view (B) to find the
point view of the two lines a-b and c-d. Meas-
ure the true distance between the point views
of lines a-b/B and c-d/B. See Figure 7-14C.
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Figure 7-14C Step 2
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How To Find the True Distance Between Two
Nonparallel (or Skewed) Lines

If two lines are not parallel, they will appear
nonparallel in at least one view. It is wise to first check
two nonparallel (or skewed) lines to determine if they
actually intersect, which would make the distance
between them to be zero. This can be verified by
projecting the apparent point of intersection of a view
to the adjoining view. If the apparent points of inter-
section align, then the lines actually intersect.

To determine the true distance between two non-
parallel lines:

Step 1. Project the true length of either one of the
two lines. and project the other line into that
auxiliary view (A).

Step 2. Find the point view of the true length line,
and project the other line into that secondary
auxiliary view (B).

GIVEN .
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Figure 7-15B Step |
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Step 3. Measure the true distance between the
point view line at a location that is perpendicu-
lar to the other line.

Example:
Refer to Figure 7-15A.

Given: Nonparallel lines a-b and ¢-d in a front
view and right-side view.

Step 1. Project the true length of line a-b in an
auxiliary view (A), and project line c-d along
into that auxiliary view, Figure 7-15B. Notice
that c-d is not the true length.

Step 2. Project the point view of line a-b into the
secondary view (B} and project line c-d into
this view. Measure the true distance between
the point view of line a-b/B. perpendicular from
line c-d/B. Figure 7-15C.

How To Project a Plane into Another View

A limited plane is located by points in space joined
by straight lines. In order to transfer a plane, find at
least three points in the plane and project each point
into the next view.

Example:
Refer to Figure 7-16A.

Given: Triangular plane abc shown in the top view
and front view.

Step 1. In the top view, find the distance from the
fold line to points aT, bT and cT Figure 7-16B.

Step 2. Project these same points from the front
view into the right-side view., and transfer the
corresponding distances from the top view
points to the top view fold line into the right-
side view, Figure 7-16C. Construct straight lines
between points a, b. and c. This transfers the
plane surface.
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Figure 7-16C Step 2

How To Construct an Edge View of
a Plane Surface

If the end view of a line that is in a plane is shown,
then the edge view of that plane is shown also. Recall
that to find the end view of a line, a true length must
be found first. When the boundaries of a plane are
provided, projecting a view to find the true length
of a selected boundary is a simple procedure. It is
necessary only to locate a fold line parallel to the
boundary to ensure its true length in the next pro-
jected view.

A shorter method of securing a true length line in
a plane is also used. if a true length line is not pres-
ent already. A line may be added on the plane in any
view, arranged to be parallel to an adjoining fold line,
and to have its terminations at the plane boundaries.
Projecting the added-line terminations to the corre-
sponding boundaries in the adjoining view relocates
the added line in that view. Moreover, it will be a
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Figure 7-17A Constructing an edge
view of a plane surface
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Figure 7-17B Step |

true length line, as it was made to be parallel to the
fold line in the preceding view.

Whichever method is used to find a true length
line in the plane, all point locations within the plane
should be projected to the view where the true length
line exists, if not there already. A fold line perpendicu-
lar to the true length line will provide a direction for
projecting the edge view of the plane. Projecting all
the points in the plane will provide evidence of this.
as they will all align into a single. straight path.

Example:
Refer to Figure 7-17A.
Given: Plane surface abc in the top view and front
view.

Step 1. Construct a line parallel to fold line F/R and
through one or more points if possible. In this
example, the line passes through point c. Label
this newly constructed line cF/xF. Figure 7-17B.

9]
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Figure 7-17C Step 2

Step 2. Construct the true length of line cF/xF in the
next view, Figure 7-17C.

Step 3. Construct the point view of the true length
line c-R/xR. Project the remaining points of the
plane surface into this view. Also. label all points
and fold lines. If done correctly, the result should
be a straight line which passes through the point
view. This straight line is the edge view of the
plane, Figure 7-17D.

How To Find the True Distance Between a
Plane Surface and a Point in Space

Finding the true distance between a given point
and a plane in space requires a view that shows the
edge view of the plane and the point in the same
view. The distance from the point to the plane is the
path that is perpendicular to the plane, and passing
through the point.

Step 1. Add a line on the plane parallel to a fold
line, if a true length line is not already avail-
able in the plane.

Step 2. Project the added line to an adjoining
view, where it will be seen in true length..

Step 3. Project a point view of the added true
length line.

Step 4 .Project the points of the plane into this
view. The result should be a straight line which
passes through the added line end view, which
is the edge view. Project the point in space into
this view. Measure the perpendicular distance
from the plane’'s edge view to the point in
space. This is the actual true distance between
the plane surface and the point in space.
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Example:
Refer to Figure 7-18A.

Given: Triangular plane abc and point X in the
front view and right-side view.

Step 1. Construct a line parallel to the fold line
F/R and through one or more points. Point ¢ is
a convenient line termination. Label this newly
constructed line cR/zR, Figure 7-18B.

Step 2. Construct the true length of line cR/zR in
the front view, and label the line cF/zF, Figure
7-18C. Bring point X into this view, also. Label
all points and fold lines.

Step 3. Project the end view of the true length line
cF/zF in the auxiliary view, Figure 7-18D. Pro-
ject the points of the plane surface into this
view, and also point X, projecting 90° from the
fold line. Label all points and fold lines. Meas-
ure the perpendicular distance from the edge
view to the point in space. This is the true
distance between the plane surface and the
point X in space.

How To Find the True Angle Between Two
Planes (Dihedral Angle)

The edge of intersection between two planes is a
line that is common to both planes. The end view of
that line will provide the edge view of both planes
simultaneously, and the angle between them will
be evident.

To find the true angle between two surfaces:

Step 1. Construct the true length of the intersec-
tion between the two surfaces, and project all
other points of both planes into that auxiliary
view.

aF © aR
+xR

zF ZR
bF 5 bR

R
‘ G

/ Fln
SKIP-A-VIEW

Step 2. Project the end view of the true length
edge of intersection line and project the points
of both planes into this secondary auxiliary
view. Label all points and fold lines. Measure
the true angle between the two surfaces.

Example:
Refer to Figure 7-19A.

Given: Plane abc and plane abd that intersect one
edge. a-b, in the front view, side view, and top
view.

Step 1. Project the true length of the edge of inter-
section a-b, and project all other points into this
auxiliary view (A), Figure 7-19B.

Step 2. Project the point view of the true length of
the edge of intersection a-b and project all other
points into this secondary auxiliary view (B), Fig-
ure 7-19C. Measure the true angle between two

surfaces.
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Figure 7-19A Finding the angle
between two
surfaces
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How To Determine the Visibility of Lines

To determine which line of an apparent intersec-
tion of two lines is closer to the viewer, the following
steps are used.

Step 1. From the exact crossover point of the

lines. project to an adjoining view.

Step 2. In the adjoining view. determine which of
the lines is closest to the fold line between the

views, on the projection line from the first view
(or the first line that the projection line encoun-
ters on its path from the first view).

Step 3. Whichever line is closest to the fold line at
that point only is the line that is in front of the

other line in the first view.

Example:
Refer to Figure 7-20A.

Given: Lines a-b and c-d in the front view and
top view.

Step 1. At the exact crossover of lines a-b and ¢-d
in the top view, project down through the fold
line to the corresponding lines in the front
view. At this exact point along the lines, line
c-d is closer to the fold line and line a-b is
farther away from the fold line; thus, in the top
view. line c-d is in front of line a-b. Figure

7-20B.

Step 2. See 7-20C. At the exact crossover of lines
a-b and c-d in the front view, project up
through the fold line to the corresponding lines
in the top view. At this exact point along the
lines, line a-b is closer to the fold line and line
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c-d is farther away from the fold line; thus, in
the front view, line a-b is in front of line c-d.

Step 3. The end result is drawn (in Figure 7-20D) to
illustrate this crossover.

How To Determine the Piercing Point
by Inspection

The piercing point is the exact location of the inter-
section of a surface and a line. The exact piercing
point is determined from the view where the surface
appears as an edge view. In example 7-21, Part A,
the top view illustrates the edge view of the surface.
The piercing point is established in the top view and
projected down into the front view, Figure 7-21, Part
B. In example 7-22, Part A, the front view illustrates
the edge view of the surface. The piercing point is
established in the front view and projected up into
the top view, Figure 7-22, Part B.

G/IVEN.

/

A B

Figure 7-21 Determining the piercing point by
inspection

GIVEN.
lﬁ?C/NG POINT
A B

Figure 7-22 Determining the piercing point by
inspection

How To Determine the Piercing Point
by Construction

To determine the exact piercing point by con-
struction:

Step 1. Construct a true length of a line on the
plane surface.

Step 2. Project a point view of the true length
line. and an edge view of the plane surface.
The edge view of the plane lies in the path of
the line in this view. indicating the piercing
point location.

Step 3. Transfer the piercing point back into the
other views.

Step 4. Determine the visibility of lines to find
which part of the line is visible from the viewing
direction. Use the fold line to determine visibil-
ity, if necessary.

(S
1
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Example:

Refer to Figure 7-23A.

Given: Plane surface abc and line x-y, in the top
view and front view.

Step 1. In the front view of plane abc, construct a
line parallel to a fold line (bF-dF) and find its
true length in the top view, Figure 7-23B.

Step 2. Project an auxiliary view to find the point
view of the true length line from the top view,
and the edge view of the plane. The line inter-
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Figure 7-23A Determining the piercing
point by construction
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258 Section 2

section with the edge view of the plane indi-
cates the piercing point location, Figure 7-23C.

Step 3. Project the piercing point back into other
views, Figure 7-23D.

Step 4. In each view that the piercing point is
being projected to, the portion of the line that
is visible can be determined by checking its
preceding view, Figure 7-23E.

Notice in the auxiliary view that line x-y is
closer to the fold line from the piercing point
to point yA than the edge view of the plane
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GIVEN.

EDGE VIEW

surface from the piercing point to point cA.
Therefore, in the top view, line x-y is seen only
from the piercing point to yT.

Step 5. By viewing back into the top view, deter-
mine the visibility of lines of the plane surface
and line x-y in the front view, Figure 7-23F.
Notice in the top view that line x-y is closer to
the fold line from the piercing point to point yT
than the edge view of the plane surface cT/bT:
therefore, in the front view, line x-y is seen only
from the piercing point to yF.

When the edge view does not appear in the regu-
lar views, it must be constructed using the preceding
steps, Figure 7-24, Part A. Once the edge view is con-
structed, the piercing point can easily be seen. The
piercing point is now projected down into the front
view and up into the top view, Figure 7-24, Part B.

GIVEN '
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A
Figure 7-25 Ny

Determining piercing points by line
projection (skewed surface)

Figure 7-24
Determining the piercing point by
construction

PIERCING POINT

How To Determine the Piercing Point
by Line Projection

An alternate method of determining the piercing
point simply locates the path of a cutting plane that
passes through the line, leaving a "scar” on the sur-
face of the given plane. Since the line lies in the cut-
ting plane, an intersection of the line and the scar
on the given plane locates the piercing point. The
end points of the scar are found by aligning the cut-
ting plane with the given line in one view, where it
crosses the boundary of the given plane in two places.
Projecting the cutting plane intersection to the corre-
sponding boundaries of the given plane in the next
view, locates the scar end points in that view, and
provides a view of the scar that the given line can
cross at the piercing point.

Example:

See Figure 7-25, Part A.
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Figure 7-26 Determining piercing points by line projection (cylinder)

Given: Skewed surface abc, and a line.

Step 1. In the top view, lightly draw the piercing
line and determine points X and Y where they
cross the boundary of plane abc. The piercing
point is located somewhere between these
points.

Step 2. Project points X and Y down into the front
view to the corresponding edges of the plane
abc, Figure 7-25, Part B. Where line X-Y crosses
the given line is the exact piercing point.

Step 3. Project the piercing point to the top view,
Figure 7-25, Part C. Visibility of the piercing
line is determined by inspection.

Figure 7-26, Part A, illustrates a cylinder pierced
by a line. Lightly draw the piercing line in the top
view and find point X. Project point X down into the
front view, Figure 7-26, Part B, to find piercing point
X. Because the piercing line exits the skewed surface,
piercing point Y is found on the edge view of the

GIVEN. /

A

front view, Figure 7-26, Part C. Project piercing point
Y up into the top view. Visibility of the piercing line
is determined by inspection.

If the object is a cone, line segments must be
located and drawn from the base of the cone up to
the vertex of the cone.

Given: A cone with a piercing line, Figure 7-27,
Part A.

Lightly draw the piercing line in the top view and
find points X and Y, Figure 7-27, Part B. Project points
X and Y down to the base of the cone. Project light
line segments from points X and Y on the base up to
the vertex of the cone. Where these lines cross the
piercing line is the location of the two piercing points.
Visibility of the piercing line is determined by inspec-
tion, Figure 7-27, Part C.

If the object is spherical, an imaginary flat surface
on the sphere must be established along the pierc-
ing line.
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Figure 7-27 Determining piercing points by line projection (cone)
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Figure 7-28 Determining piercing points by line projection (sphere)

Given: A sphere with a piercing line, Figure 7-28,
Part A.

Lightly draw the piercing line in the top view. Where
the piercing line intersects with the sphere is the loca-
tion of the imaginary flat surface, Figure 7-28, Part
B. This also establishes the diameter of the flat sur-
face. Transfer the imaginary flat surface to the front
view. Where the piercing line intersects the imaginary
flat surface is the exact piercing point locations. Once
the piercing point locations are found they are pro-
jected up into the top view, Figure 7-28, Part C. Visi-
bility of the piercing line is determined by inspection.

How To Find the Intersection of Two Planes
by Line Projection

The intersection of two planes can be determined
by generating an edge view of one of the planes.
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Another method, somewhat simpler, is the line-
projection method.

Given: Two plane surfaces, Figure 7-29, Part A.

In the top view, locate points X and Y on edge ab
of one of the planes. Project points X and Y down
into the front view as illustrated in Figure 7-29, Part
B, and draw a light line from X-Y in the front view.
The piercing point is where line X-Y crosses the edge
ab. Project points from edge ac of the same plane.
Project these points down into the front view. Draw
a line connecting these points; where they cross edge
ac is the exact piercing point. Complete the views as
illustrated in Figure 7-29, Part C.

Figure 7-29 Determining the intersection of two planes
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Figure 7-30 Determining
the intersection of a A
cylinder and a

plane surface
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How To Find the Intersection of a Cylinder
and a Plane Surface by Line Projection

The intersection of a cylinder and a plane surface
can also be determined by generating an edge view
of the plane surface. Another method is the line-
projection method.

Given: A cylinder and a plane surface, Figure 7-30,
Part A.

Divide the circle into equal parts; in this example,
12 equal parts. Extend these lines out to the edges
of the plane surface, Figure 7-30, Part B. The exam-
ple illustrated uses points 1 o'clock and 7 o’clock to

03/05— -0l
04—

find points X and Y on the edge of the plane surface.
Project points X and Y down into the front view. Draw
a line from X-Y in the front view. Points 1 o'clock and
7 o'clock are located somewhere on this line. To find
their exact locations, project points 1 and 7 from the
top view to the line in the front view. Continue around
the various points to locate each of the 12 points.
Complete the drawing as shown in Figure 7-30, Part C.

How To Find the Intersection of a Sphere
and a Plane Surface

Given: A sphere and a plane, Figure 7-31, Part A.

Figure 7-31 Determining the intersection of a sphere and a plane surface

262 Section 2




Construct an edge view of the plane, Figure 7-31,
Part B. Divide the sphere into even spaces as illu-
strated. Think of each evenly spaced line as an imagi-
nary sliced-off portion of the sphere. Draw each imagi-
nary slice in the top view and where the projection
from the corresponding point on the edge view cross
is the piercing point. Complete the top view as
illustrated. Once these points have been found in
the top view. the line-projection method is used to
transfer them to the front view, Figure 7-3 1, Part C.

How To Find the Intersection of Two Prisms
(Method 1)

Given: The top. front, and right-side views of two
intersecting prisms, Figure 7-32.

Label the various points as illustrated. Project each
point to the 45° projection and into the next view
and where they intersect is the location of each point,
as illustrated. The only point in question is point X;
using the three views, it can be easily found.

How To Find the Intersection of Two Prisms
(Method 2)

Using only two views, point X creates a problem to
locate point X in the front view. Refer to Figure 7-33.
In the top view extend line C-X to where it crosses
line segment A-A'. Project point Y down into the front
view to line A-A'. Draw a line from C' to Y to locate
point X in the front view.

Bearings, Slope, and Grade

In some fields of drafting the exact position of a
line in space is described by its bearing and slope or by
its bearing and grade.

Bearing of a Line

The bearing or heading of a line is the direction of
that line as it is drawn in the top view of a drawing on a
map. Using a map of a given area on the earth's sur-
face, a view looking directly down would be an exam-
ple of how a bearing of a line is used.

There are two methods used to call off a bearing.
It is called off by either its north/south deviation or by
its azimuth bearing.

North/South Deviation

A bearing of a line is measured in degrees with
respect to the north or the south. It is customary to
consider the north as being located from the top of
the page and the south as being located from the
bottom of the page. unless otherwise noted. See Fig-
ure 7-34. Bearings are called off in angles less than
90° and are always given from the north or south.

Figure 7-32 Finding the intersection of two
prisms (method 1)

B £ B/C

Figure 7-33 Finding the
intersection of two prisms
(method 2)

heading toward either the east or west. See Figure 7-35.
In this example a line, 1-2. is projected 45° from the
north and toward the west. It has a bearing of, and is
called off as, N 45° W. A line. 1-2, is projected 30°
from the south toward the east. See Figure 7-36. It has
a bearing of. and is called off as. S 30° E. It is impor-
tant to know where the point of origin or the begin-
ning of the line is. and in which direction the line is
heading. Refer to Figure 7-37. Line 2-2' could be
called off as either N 45" W or as S 45° E. depending
on its point of origin. If the line is projected from
point | to point 2. the bearing would be N 45° W: if
from 1' to point 2'. the bearing would be S 45° E.

Azimuth Bearing

In using the azimuth bearing method. the total angle
is used. going clockwise from the north. A given line.
I-2. is drawn at 45" from the north and heading
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Figure 7-34 North, south, east. west headings:
north is usually located at the top of

the page
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Figure 7-35 A line with a heading of N 45° W:
headings are always drawn in the
top view

toward the west, Figure 7-38. Using the azimuth
method and measuring clockwise from the north. it has
a bearing of 315°, (90° plus 90° plus 90° plus 45°). It
is usually understood that the north bearing is the
starting point, thus the "N" is usually omitted in ver-
bally describing the bearing: on the drawing, how-
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Figure 7-36 A line with a heading of S 30° E
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Figure 7-37 This line could be either N 45° W or
S 45° W, depending upon the starting
point and the direction in which it
is projected

ever, it is best to use the "N" or "North" so as to avoid
any confusion. Note that bearing is sometimes noted
as heading.

Slope Angle

Using the slope angle is a way to describe the incli-
nation of a line. The slope of a line is the angle, in
degrees, that the line makes with a horizontal (level)
plane, Figure 7-39. The line is heading from point |
toward point 2. and it is rising; therefore, it is a plus (+)
slope angle. '

Note that the true slope of a line can only be seen in
the view that has a horizon (level) line and in which
it is drawn as a true length. Figure 7-40. In this exam-
ple, the true length can be found from the front view
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Figure 7-38 Azimuth bearing is indicated from the
north clockwise to the line

(LEVEL) LINE

HORIZON

Figure 7-39 Slope angle is the angle in degrees
from the horizon

and/or from the top view. However, projecting from
the front view will not give a horizon (level) line—it is
only found by projecting from the top view.

Grade Percent

Another way to describe the inclination of a line in
relation to the horizon is by the ratio of the vertical
rise (R) to the horizontal (H). It is expressed in per-
cent and calculated by the simple formula:

Unlts of vertical rise (R) _
Units of horizon (H})

Percent of Grade < 100
Figure 7-41 illustrates a simple 45° angle line
with 100 horizontal units and 100 vertical units. 100
divided by 100 times 100 equals a 100% grade. If the
angle were 30°, the grade would be 57%, Figure 7-42.
The most common method of measuring the hori-
zontal and vertical units is with an engineer’s scale
using multiples of ten. Percent of grade is another
way to express the slope of a line. but, as in laying
out grade percents, the view that has both the true horizon
and true length must be used. Refer back to figure 7-40.

TRUE LENGTH —

\\‘ e
PABALLEL%\\\
3r;>

NOT\\
TRUE
SLOPE
ANGLE

bA

< NOT

TRUE LENGTH- HORIZON LINE

Figure 7-40 True slope angle of a line can only be
seen in a view that has a horizon line.
It is noted in degrees.

Other Ways to Call Off the Slope of a Line

Various fields of drafting use slightly different
methods to call off the specified inclination of lines.
Each method is similar to that of calling off percent
of slope and/or percent of grade in that each ex-
presses the relationship of the line to the horizontal
(level) plane. Three common methods are pilch, bevel,
and batter.

Pitch. Pitch is usually used in the architectural field
of drafting and is used to call off the slope of a roof. It
is expressed as the ratio of vertical rise to 12 inches
or 12 feet of horizontal span, Figure 7-43. In each
horizontal [2 inches the roof rises 6 inches.

Bevel. In structural engineering. where steel members
are used in the construction of the building, the slope
of a member is called off by the bevel of the beam,
Figure 7-44. It is very similar to that of the pitch used
in architectural drafting.

Batter. In the field of civil engineering the slope of
the grade (earth)is used and is referred to as batter. It
is called off as illustrated by Figure 7-45. This means
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Figure 7-41 Grade percent is the inclination of a
line in relation to the horizon, noted
in percent
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Figure 7-42 Example cf a line with a grade of 57%

Figure 7-43 Pitch is the slope of a roof and is a
ratio of vertical rise for every 12 inches
or 12 feet of horizontal span
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Figure 7-44 Bevel is used in structural engineering
to indicate the slope of a structural
member

Figure 7-45 Batter is used in the civil engineering
field to indicate the slope of a grade

that for each unit of rise (R), there are four horizontal
(H) units.

Angles Between Bearings or Headings

If you know the bearings of two lines, the angle
between the lines can be determined, Figure 7-46.
Given are lines 1-2 and 1-3, as illustrated. Both these
lines fall within one 90° quadrant; therefore, to find
the angle between the lines, subtract one bearing
from the other, Figure 7-47. Fifteen degrees is sub-
tracted from eighty degrees. and the true angle be-
tween the bearings is sixty-five degrees.

If the bearings fall within two or more quadrants,
the actual angles in each gquadrant must be added
or subtracted, as illustrated in Figures 7-48, 7-49,
7-50. and 7-51.

Figure 7-46 Angle between two headings in one
quadrant (90°)
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Figure 7-47 How to calculate the angle between
headings in one quadrant

Figure 7-48 Angle between two headings in three
quadrants

W

Figure 7-49 How to calculate the angle between
headings in three quadrants

Figure 7-50 Angle between two headings in four
quadrants

——
m

Figure 7-51 How to calculate the angle between
headings in four quadrants

How to Construct a Line with a Specified
Bearing, Slope Angle, and Length

The bearing is always drawn in the top view. and
the true length can be drawn if the line is to be exactly
horizontal. Any line with an incline up (+) or down
{(—) from the horizon must be laid out using the fol-
lowing steps:

Given: The starting point aT and aF of a line with a
bearing of N 60° E. with a slope angle of +15°
and 230.0 feet long. Figure 7-52.

Because the line is not horizontal and has a
slope angle of plus (+) 15°. the true length
must be constructed before the heading length
can be drawn in the top view.

Step 1. In the top view. draw a line starting from
aT at 60° from the north and toward the east
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GIVEN '

LINE BEARING NS60O°E
I5¢ (PLUS) SLOPE
230.0" TRUE LENGTH

aT+

aF +

Figure 7-52 Constructing a line with a specified
bearing. slope angle, and length

aF +
Figure 7-52A Step |

Figure 7-52A. Temporarily draw the line actu-
ally longer than the 230.0 feet required.

Step 2. Find the true length of the line by
adding a fold line, T/A, parallel to the bearing
line aT Project point a into the auxiliary view
to find aA, Figure 7-52B, and refer to dimen-
sion X. Don't forget to skip-a-view.

From point aA in the auxiliary view. draw a
light horizon line parallel to the fold line T/A.
From point aA. construct a 15° angle toward the
fold line as shown.

Note: Draw the line toward the fold line for a rise (=)
and away from the fold line for a drop (—) in eleva-
tion. Along this line measure the true length, 230.0
feet. to establish point bA. Project bA back into the
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! /‘4{»05 LENGTH
\ /
aT

Figure 7-52B Step 2

aF RISE (+) |

Figure 7-52C Step 3

top view to find point bT. Remember. this line is not
the true length in the top view.

Step 3. Project point bT down into the front view
to find point bF. Use the Y dimension to find
point bF. but do not forget to skip-a-view, Fig-
ure 7-52C. Construct line aF 'bF. Note that the
line rises from a to b in the front view, which
indicates a plus (+) rise.




B 3 - Vil

The true bearing is found in the top view
' and the true length is found in the auxiliary
view. Remember. true length must be found
before the other views can be completed.

| How to Construct a Line with a Specified
Bearing, Percent of Grade, and Length

Approximately the same steps are used in con-
structing a line with a specified bearing. percent of
grade. and length as was used in constructing a line T
with a specified bearing, slope angle, and length. The . B 1 . [ G
bearing is always drawn in the top view. and the true
length of the line can be drawn if the line is to be af
exactly horizontal. Any line with an incline up (+) or
| down ('—l from the horizon must be laid out using the Figure 7-53A Step |

following steps:

| Given: The starting point aT and aF of a line with
a bearing of N 45° W, with a grade of (—) 40%,
and 190.0 feet long, Figure 7-53. Because the

HORIZON LINE
( PARALLEL TO FOLD LINEJ;

line is not horizontal and has a grade of minus = \“
(—) 40%, the true length must be constructed W:‘US)
before the bearing length can be drawn in the (;;-LU‘S) /
top view. / 06"\
b1 J ' L= '
G/ VEN'
LINE BEARING N45°W \\ h
40 % ( MINUS) GRADE
190.0' TRUE LENGTH NOT rpusLsfvarh\\
| - _‘;" ]
taT
¢ +aF !
— . e
F
Figure 7-53B Step 2
+oF
Figure 7-53 Constructing a line with a specified From point aA in the auxiliary view. draw a
bearing, percent of grade. and length light horizon line parallel to the fold line T/A.

From point aA. and along the horizon line,
measure 100 units. From this point. turn 90
away from the fold line and measure 40 units.
and put a point. Construct a line from aA to
this new point and extend it out to the 190.0
feet true length to find point bA.

Step 1. In the top view, draw a line starting from
aT at 45° from the north and toward the west,
Figure 7-53A. Temporarily draw the line actu-
ally longer than the 190.0 feet required.

Step 2. Find the true length of the line by adding Note: Construct the triangle toward the fold line for a
a fold line, T/A. parallel to the bearing line aT. rise (+) and away from the fold line for a drop (—) in
Project point a into the auxiliary view to find elevation. Project bA back into the top view to find
aA. Figure 7-53B. and refer to dimension X. point bT. Remember. this line is nol the true length in
Don't forget to skip-a-view. the top view.
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Step 3. Project point bT down into the front view

to find point bF. Use the Y dimension to find
point bF, but do not forget to skip-a-view, Fig-
ure 7-53C. Construct line aF/bF. Note that the
line falls from a to b in the front view, which
indicates a minus (—) drop. The true bearing
is found in the top view and the true length is
found in the auxiliary view. Remember, true
length must be found before the other views
can be completed.

—TRUE LENGTH

SKIP-A-VIEW

|
|
'11!—1

Figure 7-53C Step 3
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Review

. Why is descriptive geometry used by a drafter?

. Explain the basic steps involved in laying out

the true shape of a plane.

. What are notations and why are they so

important?

. What is a point view of a line?

. Explain the basic steps involved in laying out

the true distance between two parallel lines
in space.

. Explain the basic steps involved in laying out

the true distance between two nonparaliel
lines.

What is an edge view?

. How is a point called-out in a given view?

. What is an important rule to remember in

projecting from one view to another?

. Explain the basic steps involved to find the

true length of any line.

. What is a fold line and what does it represent?

. Explain the basic steps involved to find the

point view of a line as projected from its true
length?




The following problems are intended to give the begin-
ning drafter practice in using the various principles of
descriptive geometry. Problems | through 13 deal with each
of the various principles used to selve actual design prob-
lems. Problems 14 through 32 apply these principles to
develop required views of various objects.

The steps to follow in laying out problems | through 13
and 23 through 32 are:

. On an 8% x |1 sheet of paper with a sharp 4-H
lead. locate all lines. points. and fold lines per the
given dimensions.

2. Complete the problem per the given instructions.
Project in the direction of the large arrow.

The steps to follow in laying out problems 14 through
27 are:

Step 1. Study the problem carefully.

Step 2. Using the given front view. make a sketch of all
required views.

Step 3. Center the required views within the work area
with a I-inch (25-mm) space.

Step 4. Use light projection lines. Do not erase them.
Step 5. Lightly complete all views.

Step 6. Check to see that all views are centered within
the work area.

Step 7. Check that there is a I-inch (25-mm) space
between all views.

Step 8. Carefully check all dimensions in all views.
Step 9. Darken in all views using correct line thickness.

Step 10. Recheck all work. and. if correct. neatly fill
out the title block using light guidelines and neat
lettering.

Problem 7-1

Locate line a-b and fold lines per given dimensions.
Locate line a-b in the right-side view. Label all points in all
views.

2.125 40

T 375

|..
F 375 |

|
b 2375 ’

Problem 7-1

Problem 7-2

Locate line a-b and fold lines per given dimensions.
Locate line a-b in the top view. Locate point ¢ on line a-b
in all views. Label all points in all views.

! FIRr
1125 i 25—

———2.5 -

Problem 7-2
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Problem 7-16

Problem 7-17
[METRIC]

DEPTH OF GROOVES = .25

Problem 7-18 Problem 7-21
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Problems 7-24 and 7-25

Draw the front view, top view, right view, and auxiliary
view per the listed steps.

Problem 7-22

7 mEmm

Problem 7-24

Problem 7-23

Draw the front view, top view, right view, and required
auxiliary views per the listed steps. Find the true angle at
abc, as viewed along the fold.

2X 38, THRU —

Problem 7-25

Problem 7-23
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Problems 7-26 and 7-27

Draw the front view, top view, right view, and required
auxiliary views per the listed steps. Find the true angle
between the various surfaces as viewed along the fold.

| & %

f'/T/

SurFacE ‘8" ™

5o

e8. ALL BENDS MIN. R

Problem 7-26

ALL BENDS MIN R

Problem 7-27
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Problem 7-28

Complete the front view using the line-projection method.

Draw the correct visibility of all lines in the front view.



















Problem 7-43

Calculate the angles using the given bearings for A
through F. Show all math work.

_L_+°T
_ .40 T
T I F
112
1
1
5 02 —~— -4 12— =
B' SIZE (11 X7
!
Problem 7-44 !
]
!
B' SIZE (11 X17 |

Problem 7-43

Problem 7-44

On a B size paper, draw the top view and front view of a
straight roadway (a-b) 280.0 feet long, with an azimuth bear-
ing of N 288°, and a grade of minus (—) 20%. Use a | inch =
50.0 feet scale. Show all light construction work.

Given: Location of fold line F/T and location of point aT
and aF.

Problem 7-15

On a B size paper, lay out the top view and front view of a
radio tower. Use a | inch = 50.0 feet scale. Show all light
construction work. Answer the following questions:

I. What is the grade percent for the guide wire a/b?

2. What is the slope angle of the guide wire?

3. What is the true length of the wire? | e

Given: Location of the radio tower, guide wires, and fold
line F/T. Problem 7-45
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Problem 7-46 Problem 7-47

On a B size paper, draw an existing conveyor belt system On a B size paper, construct two tunnels, a and b. Tun-

with the given specifications (see specifications in box). nel a starts at point a and has a bearing of N 70° W. It is

. The conveyor belt system is to be redesigned to go from 240.0 feet long and has a plus (+) slope angle of 34°. Tun-
point a directly to point d. Use a | inch = 50.0 feet scale. nel b starts at point b and has a bearing of N 60° E. It is

Show all light construction work. Answer the following 200.0 feet long and has a plus (+) slope angle of 19°. Use a
questions: 1 inch = 50 feet scale. Show all light construction work.
Project from the front view. Answer the following questions:

I. What is the new redesigned bearing from points
1. Do the tunnels ever intersect?

atod?
2. What is the new redesigned true length? 2. If not, how far apart are they?
3. What is the new grade percent? Given: Locations of tunnel entrances a and b and fold
. . line F/T.
' 4. How much shorter is the new design than the old
design?
;
|‘ Given: Location of grade, starting point a, and fold line
i F/T.
|
T
| ;
;O ————\\ |
BELT | BEARING |[TRUE LG [GRADE % \ "~/ Y[ )’ /
| a-b [ N30°W | 1800 40% O (Wl 675
b-c | N80°W | 1400 30% \ . \\\\ l VA [ y
c-d | S45°W | 1450 5% \ /
ANSWER \\E:‘_;j/// }
B | I l 1 ~\—>5o =W =
~ o i =
\\?\ 1T
~ ~ioT S~ —
—— L P
| TN 1T
.68 /
/bF
L 312
L |
oF
PROJECT
/ h
j_,, aT
B 3 T
$ i F
3.38
1
' GRADE 8 £
6}25 \ ) +aF u
T77777/ V4
262+
Problem 7-47
1
Problem 7-46
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CHAPTER 8

The methods and techniques leamed in Chap-
ters 3, 4, 6 and 7 are used in solving sheet metal
development problems. This chapter gives the
student an opportunity to leamn the use of par-
allel line, radial line, and triangulation devel-
opments. Laps, seams, and tabs are studied

| 8 l,‘ - also, to determine how many are required and
V the best location for each. Extensive study is
done on bend allowances, using the bend
allowance charts found in Appendix B.
z - /

PATTERNS AND
DEVELOPMENTS

Developments o ALL FOLDS PARALLEL

A development is the pattern or template of a shape
that is laid out in a single flat plane in preparation
for the bending or folding of a material to a required
shape. Surface developments are used in many dif-
ferent industries. Some examples of objects requir-
ing developments are cereal boxes. tool boxes,
funnels, air-conditioning ducts. and simple mail
boxes.

Three major kinds of surface developments are par-
allel line development. radial line development, and
triangulation development. Parallel line developments are
used for objects having parallel fold lines. Radial line
developments are those whose fold lines radiate from
one point. See Figure 8- 1. Triangulation developments are
the development process of breaking up an object
into a series of triangular plane surfaces, Figure 8-2.
Each kind of development is explained here in full.

Surfaces RADIAL LINE DEVELOPMENT
A development surface is the exterior and/or interior of e ALl LU

the sheet material used to form an object. The vari-

ous kinds of surfaces include plane surface. single- Figure 8-1 Parallel line development and radial

curved surface. and double-curved surface. line development

289




FOLD LINES DEVELOP
A SERIES OF TRIANGULAR
PLANE SURFACES—

RADIAL LINE DEVELOPMENT

Figure 8-2 Triangular development

If any two points anywhere on a surface are con-
nected to form a straight line, and that line rests upon
the surface, it is a plane surface. If all points on a sur-
face can be interconnected to form straight lines with-

SINGLE FLANGE

DOUBLE HEM

DOUBLE FLANGE

RCLLED HEM

LAP SEAM

OFFSET LAR

DOUBLE STANDING SEAM PLAIN FLAT SEAM
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out exception, it is a flat-plane surface. The top of a
drawing board is an example of a flat-plane surface.
A flat-plane surface can have three or more straight
edges. Such objects as a cube or a pyramid are
bounded by plane surfaces. If a surface can be
unrolled to form a plane, it is a single-curved surface. A
cylinder or a cone is an example of a single-curved surface.

A surface that cannot be developed because it is
neither a plane surface nor a curved surface is a warped
surface. An automobile fender is an example of a
warped surface. This kind of surface is usually stamped
or pressed into shape. An object fully formed by
curved lines with no straight lines is a double-curved
surface. A sphere is an example of a double-curved
surface. This type of surface cannot be developed
exactly by using flat patterns; only an approximate
development can be made.

Laps and Seams

Extra material must be provided for laps and
seams. Many kinds of seams are available, Figure 8-3.

SINGLE HEM

WIRED EDGE

STANDING SEAM

~ Figure 8-3 Many types of
seams are

LOCKED SEAM available




|‘—“

SINGLE FLANGE CORNER

SINGLE FLANGE CORNER

OVERLAP FLANGE CORNER

L —

DOUBLE FLANGE CORNER

When making a choice, the drafter must take into
account the thickness of the metal so that crowding
of the metal at the joints is not a problem. Allow-
ance must be made for the gluing, soldering, riveting
or welding processes for joints. The method of fas-
tening joints together varies with the material and.
accordingly. the elimination of rough or sharp edges.
Tabs for the drawing problems at the end of this chap-
ter should be designed to support the joining surface,
Figure 8-4.

Design Practices

The drafter should lay out developments accord-
ing to the dimensions of stock materials for econ-
omy and the best use of materials and labor. The
stock material area required to cut a pattern should
be kept to the smaliest convenient size. It is good
practice to put the seam at the shortest joint, and to
attach tops and bottoms along the longest possible
seam or bend to reduce the length requiring soldering.
riveting or welding. It is assumed that the inside sur-
face of the final object is the side that the pattern
defines. (The important dimension sizes are usually
the inside surfaces.) Fold or bend locations in the
material are shown on the pattern with thin solid
lines, and are locations that are also assumed to occur
on the inside surface of the final object.

Thickness of Material

The actual thickness of sheet metal is specified by
gage numbers. Each gage number indicates a partic-

Figure 8-3 (Continued)

TAEB
/ N :
‘,- = \-\\\ TA8 J*\
I C
A S
N N
. ~
\ ool l
POOR DESIGN GOOD DESIGN

Figure 8-4 Tabs should support the
joining surfaces

ular thickness of material. Figure 8-5 lists the gage
number and gage sizes for sheet and plate steel.
These are nominal thicknesses, subject to permissi-
ble tolerances. Today, there is considerable confu-
sion when using the gage numbering system.

In 1893, Congress established the United States
Standard Gage. and it was primarily a weight gage
rather than a thickness gage. It was derived from the
weight of wrought iron. At that time. the weight of
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SHEET METAL
ALUMINUM BRASS STEE L
GAGE  ITHICKNESS|WT./SQ FT|THICKNESS|WT./SQ. FT |THICKNESS|WT /50 FT
8 1285 I.812 1285 5.662 1644 6.875
144 1.613 1144 5.041 1494 6.250
10 1019 1.440 1019 4.490 1345 5.625
1 .0907 1.300 0907 3.997 1196 5.000
12 .0808 1,160 .0808 3.560 1046 4.375
3 0720 | 1.020 0720 3173 L0897 3.750
14 0641 | .907 0641 2.825 0747 | 3.125
) o571 |  .805 0571 2.516 0673 i 2.812
16 0508 | .720 .0508 2.238 0598 | 2500
17 0453 | 639 L0453 | 1.996 0538 | 2250
I8 0403 | 580 0403 | 1.776 0478 | 2.000
19 0359 | .506 0359 1.582 0418 | 1.750
20 0320 | 46l 0320 1.410 0359 | 1.500
21 o285 | 402 0285 1.256 0329 1.375
22 0253 | .364 0253 | 1.119 0299 | 1.250
23 0226 318 0226 996 0269 (125
24 0201 | 289 L0201 886 | .0239 1.000
!

25 0179 252 0179 789 .0209 875
26 0159 : 224 0159 .700 0179 .750
27 0142 | 200 o142 EES 0164 | .e88
28 o126 178 0126 555 ol49 | .e25
29 0113 | .59 o113 498 0135 562
30 L0100 | .14l 0100 a4 0120 500
31 0089 126 0089 392 0l05 | .a38
32 .0080 2 .0080 353 0097 406
33 0071 | .100 0071 313 0090 375
34 0063 | .089 0063 278 .0082 344
35 0056 079 0056 247 0075 312
36 0050 | 071 0050 220 0067 281
37 0045 | .063 0045 198 | .ooea 266
38 0040 | ose 0040 176 10060 250

39 0035 | .050 0035 154 - -

40 0031 i 044 0031 137 . .

Figure 8-5 Thickness of material

wrought iron was calculated at 480 pounds per cubic
foot; thus, a plate 12 inches square and [ inch thick
weighs 40 pounds. A No. 3 US. gage represents a
wrought iron plate weighing 10 pounds per square
foot. Therefore, if a weight per square foot 1 inch
thick is 40 pounds. the plate thickness for a No. 3
gage equals 10 = 40 = 0.25 inch, which is the origi-
nal thickness equivalent for a No. 3 U.S. gage. Since
this and all other gage numbers were based on the
weight of wrought iron, they are not correct for steel.
To add to the confusion, there is considerable varia-
tion in the gage thickness for different kinds of
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material. For example, a gage used for such nonfer-
rous materials as brass and copper is sometimes also
used to specify a thickness for steel or vice versa.
Today, to help eliminate the problems, the deci-
mal or metric system of indicating gage size is now
replacing the older gage size numbering system.

Parallel Line Development

In parallel line developments all fold lines are
parallel. (Refer back to Figure 8-1.)
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' ’ b/c’ b/c
TOP
‘ VIEW 2.0
ayd oyd
2.0
arp' afb a’a b'/b
|
FRONT | SIDE
VIEW 2.0 VIEW
c/d’ c/d d/d c/c

TYPICAL THREE-VIEW
DRAWING

Figure 8-6 Simple multiview drawing
of a cube

A three-view drawing of a simple 2-inch cube is
shown in Figure 8-6. A cube is a specific kind of prism.
Notice that all the fold lines that form the lateral
surfaces of a prism are parallel, Figure 8-7A. If the
cube were to be unfolded, it would appear as it does
in Figures 8-7B, 8-7C, and 8-7D. The finished devel-
opment is shown in Figure 8-7E.

Notice that the cube was developed or laid out
from a baseline, sometimes referred to as the stretchout
line. Fold lines are always oriented 90° from the
baseline, as illustrated. If the pattern were to be cut
| from a flat sheet of material, tabs would be needed
| to fasten the cube together. Tabs must be positioned

FOLD LINES PARALLEL

Figure 8-7A All fold lines are
parallel

b’ _a—FOLD LINES
PARALLEL

a

Figure 8-7B Cube as it unfolds

Figure 8-7C Cube as it unfolds further
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FOLD LINES
/Y PARALLEL
/ \
/ \\ O'

LaaseLine
Figure 8-7D Cube flattened out

" FOLD LINES PARRALEL

! ' ' ) a' \ d ¢! v’ ac
a o
1
|

,,—

a d ¢ b a -
a d (] b a

“—BASELINE A/~:7-7ELANK EDGES

P |

] b !

Figure 8-7F Cube flattened out with tabs added

Figure 8-7E Cube in the finished development

so as to make each meet with an untabbed edge.
Figure 8-7F. Notice that there are seven tabs and
seven blank edges. Each tab folds to meet a particu-
lar blank edge.

TOP VIEW

How To Develop a Truncated Prism Using
Parallel Line Development

Given: A prism with a front view, top view, and
auxiliary view, Figure 8-8A.

AUXILIARY
VIEW

Step 1. Locate the baseline, which must always be
90° from the parallel fold lines. Label each fold
line clockwise in alphabetical or numerical
order. Always start with the shortest fold line,
Figure 8-8B. Either fold line a-a' or b-b' would

be eligible, and a-a' is selected. Notice that the BASELINE —

starting fold line is also the finishing fold line,

and each is labeled at the same [ocation. The AN

finishing fold line is a-a". All real (or true) lengths FRONT VIEW SIDE VIEW
of the fold lines are seen in the front view and Figure 8-8A Development of a

the real distances between their iocations are truncated prism using
seen in the top view. parallel line development
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START (SHORTEST FOLD LINE)
— /

d'd aa

\CLOCKW/SE

DISTANCES

Figure 8-8B Step |

/~FIRST FOLD LINE

LENGTH
o
< 1
y e

BASELINE

Figure 8-8C Step 2

Figure 8-8D Step 3

Step 2. On a separate sheet of paper, construct a

pattern baseline, allowing enough space for
the complete development, top and bottom
surfaces, and the required tabs. At the left end
of the baseline, draw a line perpendicular to
the baseline. This is the first fold line and is
also a seam edge. Transfer the true length from
fold line a-a' (as measured from the three-view
drawing in Figure 8-8A). Label this line a-a’
also, as illustrated in Figure 8-8C.

Step 3. From the top view of Figure 8-8A, obtain

the true distance from the first fold line loca-
tion at a-a' to the second fold line location at
b-b'. On the pattern baseline, transfer this dis-
tance, measuring from the first fold line a-a',
and draw the next fold line parallel to the first
fold line. Label it b-b', Figure 8-8D.

Step 4. Repeat the first three steps, alternating

true fold line lengths and true distances be-
tween fold lines until all the true lengths and
true distances are transferred. Each of the true

cl Jd'
A R
/ PARALLEL
l _AFOLD LINES
/
o b:*_ “ \ \Q'
[ bl c f d (-]

Figure 8-8E Step 4

Figure 8-8F Step 5
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BASELINE =
—7 TABS

Q d

Figure 8-8G Step 6 completed development of the

prism

lengths a-a' through e-e' are transferred from
the front view, and the true distances between
them are found from the top view of Figure
8-8A. connect the points as illustrated in
Figure 8-8E.

Step 5. The edge selected for attachment of the
top surface should be made to keep the rectan-
gle size from which the whole pattern is cut as
small as possible. Line a'b’' would be the best,
except an acute angle cutout c'b'a’ is difficult to
make. The fold line a'd' is next best, as shown.
From Figure 8-8A., transfer the true size and
shape of the top surface (auxiliary view) and
the bottom surface, Figure 8-8F.

Step 6. Add tabs enough to fasten the edges. The
locations should be selected so as not to en-
large the material area needed for the pattern
cutout, Figure 8-8G. Check to verify that the
number of tabs equals the number of blank
edges in the same manner as is illustrated in
Figure 8-7F. This completes the parallel line
development of the object in Figure 8-8A.

How To Develop a Truncated Cylinder
Using Parallel Line Development

Given: A cylinder with a front view, top view, and
auxiliary view, Figure 8-9A. In developing a
cylinder, the exact procedure is used as when
developing a prism. Because the cylinder has a
rounded surface, line segments called station
lines must be assumed or chosen on the lateral
surface. This is explained in Step .

Step 1. Locate a baseline which must always be
90° from the fold lines, sometimes referred to
as parallel station lines. The bottom corner of the
lateral surface is selected as a convenient loca-
tion because it already exists. In the view where

Section 2

— 7 BLANK SPACES

TOP VIEW

poxNaRY

)

]
I — TANGENT LINE
BASELINE\ ‘
)

N

FRONT VIEW "o

|
= v = =5

Figure 8-9A Development of a truncated cylinder
using parallel line development

START (SHORTEST FOLD LINE)

b / CLOCKWISE

LENGTHS
o

FOLD LINES

/
LBASEL/NE
Figure 8-9B Step |

the cylinder appears as a diameter (the top
view in this example). divide the diameter into
equal divisions, Figure 8-9B. This example uses
12 equal divisions, but any number of appropri-
ate equal divisions would do. These divisions




FIRST FOLD LINE
|’ //r

LENGTH

; LgaseLINE

Figure 8-9C Step 2

locate fold line positions, which are used only
for construction and layout purposes. Starting
with the shortest fold line, consecutively label
each division; in this example. a through I.
Note that a-a’' marks the beginning and ending
of the same line which meets from opposite
directions. The true "distances” between sta-
tion lines can be approximated in this top
view. Project each point into the next (front)
view in order to find the true “lengths” of the
fold lines. It should be reemphasized that the
fold lines must be 90° from the baseline.

Step 2. On a separate sheet of paper, construct a
pattern baseline allowing enough space for the
complete development. both ends. and the
required tabs. At the left end of the pattern
baseline draw a line perpendicular to the base-

| line. This is the first fold line location a-a’.

Transfer the true length a-a’ from the front view

of Figure 8-9B. Label this line as illustrated in

Figure 8-9C.

Step 3. Two methods are used for finding the dis-
tances between station lines. Method A is an
approximate method that assumes the cylin-
der to be a prism. whereas Method B is mathe-
matically correct.

Method A: From the top view of Figure 8-9B. obtain
the direct chordal distance from the first sta-
tion line a-a' to the second fold line b-b'. On
the pattern baseline. draw the second fold line
parallel to the first station line a-a’ at the
chordal distance found from the top view. and
label it b-b', Figure 8-9D. Repeat these steps,
alternating chordal lengths and true distances
until all station lines have been located and
drawn. Note that the last fold line length a-a' is
a duplicate of the first.

PARAL LEL f
FOLD LINE St/

TOP (AUXILIARY)

G VIEW

; ]
LBoTTOM VIEW

Figure 8-9D Steps 3 and 4

Method B: The required length to form the cylin-

der's circumference can be calculated using
the following formula: circumference = cylin-
der diameter x pi. (Pi = 3.1416, approximately.)
The baseline is extended to this length, and
divided into the same number of divisions as
was done at Step | in the top view of the
cylinder, Figure 8-9B. The division can best be
performed as a construction exercise, rather
than mathematically. Refer back to Chapter 3,
"Geometric Construction.” Each of the 13 divi-
sion locations (from 12 spaces) is the correct
location of the required station lines, and can
be successively labeled.

Step 4. Add the true size and shape of the bottom

surface (bottom view), and the top surface (aux-
iliary view). The attachment locations of these
surfaces are particularly difficult, as the mathe-
matical point of tangency is not easily isolated
on the pattern. The top surface location is
chosen to allow the widest access of cutting to
this point. The bottom surface can be added to
any of the fold lines. In order to locate the top
surface, the distance X from center to point O
is transferred from Figure 8-9B to the develop-
ment, and projected 90° as illustrated in Figure
8-9D.

Step 5. Add the tabs necessary for edge attach-

ments. In cylinders, a notched tab must be
used in order to accommodate crowding by
surface curvature. A tab must also be added at
fold line a-a' in order to attach edge a-a' to the
other edge a-a" the top (auxiliary) and bottom
fold to meet the notched tabs. Figure 8-9E.

Regardless of the shape. whether it be a cylinder
or a prism, parallel line developments are used with
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NOTCHED TABS —

Figure 8-9E Step 5 completed development of the
cylinder

BASELINE
90° FROM FOLD
LINES)

@

Figure 8-10 Creating a new baseline

essentially the same procedure. Figure 8-10 shows a
prism truncated at both ends, which necessitates cre-
ating a new baseline other than a part edge to ensure
that all fold lines (instead of station lines) are at 90°
to the baseline. Figure 8-11 is a cylindrical prism,
truncated at each end. which requires the selection
of station lines instead of using existing fold lines.
Figure 8-12 shows a series of truncated cylinders, simi-
lar in construction to the preceding views, whose pat-
terns are used to form an elbow.
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ED

PARALLEL

BASELINE—"
(90° FROM FOLD
LINES)

BOTTOM

DEVELOPMENT

Figure 8-11 Using station lines instead of
fold lines

T
m

Figure 8-12 Series of patterns used to form an
elbow

Radial Line Development

Radial line development is different from parallel
line development in that all fold lines or line seg-
ments radiate from one point. (Review Figure 8-1.)
As in all patterns. true lengths and true distances
must be used in laying out the developments.




!
TOP VIEW

¢/¥RONT VIEW  °/P

Figure 8-13A Development of a pyramid
using radial line
development

How To Develop a Truncated Pyramid Using

Radial Line Development

Given: A two-view drawing, and an auxiliary view

of a pyramid with the top cut off at an angle
(truncated), Figure 8-13A. Label points clock-
wise starting with the shortest fold line. In this
example, either a-1 or b-2 could be used. Line
a-1 is selected, but the fold line location a-1 is
also the meeting corner of edges a-1 and a-1.
True distances between the end points of the
fold lines are evident in the top view. For
example, a-b, b-c, c-d, and d-a are true length.

Step 1. To find the true lengths of the fold lines,

they must be rotated to a position that is paral-
lel to the frontal viewing plane, Figure 8-13B.
In the top view, point a is rotated as shown,
and projected into the front view. This revolved
line from a' to O is its true length. Similarly,
point c in the top view is rotated and projected
into the front view, giving the true length of ¢-0.
The same procedure is used to find the true
lengths 3-0 and 1'-0. To construct a develop-
ment of this object, continue with the following
steps.

Step 2. Using the true length from O to a (a™-0),

swing the arc as shown in Figure 8-13C. On this
arc, mark off as chord lengths the true dis-
tances between the fold line end points a to b,
btoc ctod. and dto e, as transferred from
the top view of Figure 8-13B. Label all points
as shown. Connect the fold lines a to O, b to O,
cto0,dto 0. and a to 0.

e esd

\I/DLG

BASE -

Figure 8-13B Step |

Figure 8-13D Step 3
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Figure 8-13E Step 4 completed development of a
pyramid

Step 3. Using the true lengths found in Figure
8-13B, locate points 1, 2, 3, 4, and | on the
respective fold lines 0-a, 0-b, 0-c, and 0-a. Note
that O-1 is the same length as both 0-2 and 0-1,
and 0-3 is the same length as 0-4. Add the
auxiliary and bottom views, transferring them
directly from the original drawing 8-13A. See
Figure 8-13D.

Step 4. Add the required tabs as illustrated in
Figure 8-13E. Check to be sure the number of
tabs equals the number of blank edges. In this
example, there are seven tabs and seven blank
spaces.

FRONT VIEW

Figure 8-14A Development of a truncated cone
using radial line development
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How To Develop a Truncated Cone Using
Radial Line Development

As with cylindrical parallel line developments, sta-
tion lines are line segments which must be positioned
on the lateral surface in order to draw a development.

Given: A two-view drawing of a round cone, with
the top cut off at an angle (truncated), and
having no fold lines, Figure 8-14A. 1t is neces-
sary to first complete the given views, and to
draw a true view of the inclined flat surface. To
project the flat surface to the top view, the
front view is sliced at points A through G. These
seven slices are projected into the top view
and appear as circles, correspondingly labeled
A through G. The points of intersection of the
edge view with each slice is projected into the
top view. To construct the auxiliary view, pro-
ject from the seven point intersections perpen-
dicular from the edge view of the flat surface to
any convenient distance for the auxiliary view.
Draw and use the center line as a reference
line, and transfer all point-to-center line dis-
tances from the top view to the auxiliary view;
refer to reference distances X.

Step 1. To construct a development of this object,
station lines need to be established. and their
true lengths and true distances must be deter-
mined. In the top view of Figure 8-14B, divide
the base circle into 12 equal parts, and label
each point. In this example, numbers | through

—TRUE DISTANCES

Figure 8-14B Step |




-

12 are arbitrarily used, positioned as illus-
trated. The station line 0-3 must have two iden-
tities as two edges will meet at this point. The
true distances between station lines are located
between their end points on the cone base,
seen in the top view. Project the 12 points
down into the base of the front view. These are
the end points of the station lines in the front
view. Draw a line from each of these end
points up to point O.

Step 2. There are two methods of drawing the
pattern outline. Each begins with swinging an
arc whose radius is the true length of the lat-
eral distance from the apex to the base, or

: length 0-3 or 0-9. The compass radius can be
set to this distance on Figure 8-14B. This dis-
tance can also be derived mathematically if
the diameter of the base of the cone is known,
and the altitude (perpendicular distance from
base to apex) is known. The formula is:

radius = the square root of [('» cone base
; diameter)? + (altitude)?|

After swinging this arc, choose Method A, which
1 approximates the cone as a pyramid, or Method
B, which is mathematically correct.

Method A: In the top view of Figure 8-14B, the
direct chordal distance between any two sta-
tion line end points, say 5 and 6 (they are all
equal), is an approximation of the arc length
between them. On the 0-3 radius just drawn,
strike off this chordal distance between station
line end points repeatedly to equal the same

| number of spaces on the arc as the top view of

| the cone was divided into in Step |, and end-

| ing at point 3, Figure 8-14C. Connect the sta-
tion line end points from point O to each of
these arc intersections, and proceed to Step 3.

TRUE DISTANCES —

Figure 8-14C Step 2

Method B: The central angle of the pattern is
determined by a pattern arc length needed to
equal the circumference of the base of the cone.
The ratio of the central angle (A°) to a full-circle
360° is the same as the circumference of the
base of the cone is to the full circumference
generated by the pattern’s radius.

A° _ circumference of base of cone
360° ~  circumference of pattern

A° _ pi X cone diameter at base
360° ~  pi X pattern diameter

A° _ cone base diameter

360° ~ 2 X pattern radius
A° = 180 X cone base diameter
pattern radius (a'—0)

After the central pattern radius A° is found, the
angle between successive station lines (a°) is
found by dividing the same number of conic
divisions done in Step | into A°. The chordal
lengths (D) of these divisions is found by using
the formula:

D = 2 X pattern radius X [sin (2 a°)]

This chordal distance can then be struck off on
the pattern radius to form the same number of
spaces as the conic divisions in Step |, and
labeled accordingly. See Figure 8-14C. Connect
these station line end points from point O to
each of the intersections, and proceed to Step 3.

Step 3. To draw the edge of intersection that the
cone’s lateral surfaces makes with the upper
flat surface, true lengths from the apex to this
edge at each station line must be determined.
Only 3-0 and 9'-0 are visible as true lengths in
the front view of Figure 8-14B. To find the other
true lengths, each segment must be rotated to
a position parallel to the frontal viewing plane:

Figure 8-14D Step 3
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in this example, on line 3-0. Project the inter-
section of each station line at the truncated
surface edge to line 3-0 on the cone profile in
the front view (on line 3-0).

Starting with the shortest line segments of
the cone, swing true lengths arc 0-3' on the
corresponding pattern station lines, as illus-
trated in Figure 8-14D. Swing the apex-to-edge
true length found for each station point, at the
corresponding station line on the pattern.
Repeat for all 13 stations, 3 through 12 and
back to 3. Label each point as illustrated.

Draw light line segments between each of
the station line intersection positions found on
the corresponding pattern station lines. This
completes the true contour of the top edge,
Figure 8-14D.

Step 4. Add the top, bottom, and split tabs, as
illustrated in Figure 8-14E.

Triangulation Development

Triangulation is the third major method used to
lay out a surface development. Triangulation is a
method of dividing a surface into a number of trian-
gles and then transferring each triangle’s true size
and shape to the development. (Review Figure 8-2.)
As with parallel line and radial line developments,
true lengths and true distances must be used exclusively
in pattern constructions.

True-Length Diagram

Before any layouts can be started, true lengths and
true distances of the object’s boundary edges must
be determined. A true-length diagram is usually used

1A

>

NOTCHED TABS

—BOTTOM

Figure 8-14E Step 4 completed development of a
pyramid

to develop true lengths and true distances of these
edges. A true-length diagram is often a more rapid
method to obtain the needed projections than by
descriptive geometry methods.

How To Develop a Transitional Piece Using
Triangulation Development

Given: Figure 8-15A describes a transitional piece
using a top view, front view, and isometric view.
Each of the object’s corners are labeled as
illustrated. Note that the true distances A to B,
BtoC.CtoD, DtoA, 1to2, 2to 3,3 to4, and
4 to | can be measured directly from the top
view. As drawn, the lengths A-1, B-1, B-2, C-2,
C-3, D-3, D-4, and A-4 are not shown in their
true lengths. A true-length diagram must be
used to find these.

~—~TRUE DISTANCE

(7]
n

TRUE DISTANC

e —

ol

TOP VIEW

ISOMETRIC VIEW

Figure 8-15A
Development of a transitional

AC

FRONT VIEW
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TOPVIEW ¢
3/4 172
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! LENGTH OF
A-7
HEIGHT N
FROM FRONT VIEW C-2
c-3
D-3
D-4
1 A-4
™~
90° |
AYC B
FRONT VIEW X

FROM TOP VIEW
TRUE LENGTH DIAGRAM

Figure 8-15B Step | true-length diagram

Step 1. A true-length diagram is a combination of
two views. In this example, it is a combination
of the top view and the front view, Figure 8-15B.
The height between points A and 1 is shown
projected from the front view to the true-length
diagram. The distance X between correspond-
ing line end points A and | is found in the top
view, and transferred to the true-length dia-
gram. The illustrated diagonal line, drawn in
the true-length diagram, is the true length of
A-1. As all the heights and top-view distances
between end points are the same for each of
the lateral edges, then A-1 is also the same
length as B-1, B-2, C-2, C-3, D-3, D-4, and
A-4. These true lengths are needed to lay out
the development.

Step 2. Starting from line A-1 and using true
lengths and true distances, reconstruct each
triangle representing a surface of the object, as
illustrated in Figure 8-15C. (Review Chapter 2
for aid in transferring a triangle.) Notice in this
example that all true distances are transferred
from the top view, and all true distances are
transferred from the true-length diagram. A tab

f—<~

TOP EDGE

/—TRUE DISTANCE
FROM TOP VIEW

;TRUE LENGTH
FROM TRUE LG 0! AGRAM

L rrue pistance DSTANCE

FROM TOP VIEW
BOTTOM EDGE

Figure 8-15C Step 2

is added to join A-1 to A-1". This completes the
transitional piece development as drawn in
Figure 8-15A.

How To Develop a Transitional Piece with a
Round End Using Triangular Development

A transitional piece that is square or rectangular
at one end and round at the other is laid out using a
procedure very.similar to the one outlined previously.
The only difference is that station lines must be
positioned on the lateral surface of the round-to-
corner transitions. Figure 8- 16A illustrates a two-view
transitional piece with a round top end and a rec-
tangular bottom end. In this example, the top end is
divided into 12 equal spaces. Each point is numbered
clockwise as illustrated. The bottom four corners mak-
ing up the bottom rectangle are labeled A through
D, Figure 8-16B. The true distances from A-B, B-C,
C-D, and D-A'’ are found in the top view. Station lines
W, X, Y, and Z are not true lengths, but the true lengths
must be determined with a true-length diagram. Note
that in the true-length diagram, the true length of
line W, from A'to O, is also the same lengths for B-6,
C-6, and D-12. Lines X, Y, and Z are also used four
times at corresponding locations. Segment the object
into triangles and develop the pattern using true
lengths and true distances to reconstruct each adjoin-
ing segment, Figure 8-16C.

How To Develop a Transitional Piece with No
Fold Lines Using Triangular Development

Figure 8-17A shows a transitional piece with no
evident fold lines or line segments. It is developed
in the same manner as any other triangulation
development.
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Figure 8-16A Development
of a transitional piece
with a round end using

triangulation
ISOMETRIC VIEW
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Figure 8-16B True-length diagram
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Figure 8-16C Completed development of a transi-
tional piece with a round end
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Figure 8-17A Development of
a transitional piece with no
| foldlines

ROUND

TOP VIEW [
NO FOLD L/NES‘<

-

ISOMETRIC VIEW

L-ELL/PSE

FRONT VIEW

Step 3. True distances from | to 2, 2 to 3. 3 to 4.
and so on through 11 to 12, and the true dis-

BVl ers tances from A to B, B to C through to L to A’
o (DISTANCES) are found in the top view. Figure 8-17C. The
other fold lines, connecting the top and bot-
tom are not true lengths and, therefore, true-
length diagrams must be made. one for the
solid lines and the other for the dash lines,
Figure 8-17D. The development is laid out by
constructing connecting triangles using the
lengths of each leg of each triangle, Figure
8-17E.

Notches

Some developments require notches. Two major
types of notches are usually used: a sharp V or a
rounded V, Figure 8-18. The sharp V is used only if a
FRONT VIEW minimal force is tending to part the material. The
| Figure 8-17B Step | sharp point of Fhe V will tear or crack under stress.
: The rounded V is used where parts would be under
' greater stress. The radius of the vertex of the rounded
V should be at least twice the thickness of the metal
used, and larger if possible.

equal spaces as illustrated in Figure 8-17B. In
this example, the top edge is divided into 12

!

" Step 1. Divide the top and bottom surfaces into

|

' equal spaces, O through 12. The bottom edge is

| divided into the exact same number of equal Bends
| e Aandliciiered futineo ohelaton, When bending sheet metal to form a corner, rib. or
Step 2. Connect points 12to A, 1 to B, 2 to C, and design, the outer surface stretches and the inner sur-
consecutively to points L to Il with solid lines, face compresses. The length of material needed by
as illustrated in Figure 8-17C. Dash lines are each bend must be calculated and added to the
added to segment the object into various straight unbent portions of the pattern. The material
triangles. needed by each bend is the length of the neutral
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Figure 8-17C Step 2

| |
J K/l L/H AIG B/F C/ED |

FRONT VIEW !

S TRUE LENGTH DIAGRAMS
s SOLID LINES DASH LINES
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] 0 ~—NOS | THRU 2—-Jﬁ '
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|
I
P |
' Sy : |
J K/ L/H  A/G  BF C/ED 1
FRONT VIEW - L he Figure 8-17D Step 3 true-
CE ~ 9 SR length diagram
—SHARP TMIN RADIUS 2X THICKNESS

OF MATERIAL

H i SHARP V NOTCH ROUNDED V_NOTCH
£ S : v VT o L l

ED FOR LOW STRESS SED FOR HIGH STRESS

Figure 8-18 Notches
Figure 8-17E Completed development of a
transitional piece
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axis within the material, where neither compression
nor stretching occurs. This is calculated either by for-
mulas or by using various charts available for this
purpose.

Bend allowance charts are included in the Appen-
dix of this text, and are much faster to use than a
formula. Two basic kinds of charts are used to calcu-
late bend allowance, in both the English and metric
systems. One type is used for 90° bends: the other
for bends from 1° through [80°. The total length of a
pattern is called the developed length. To determine
the developed length, the stretched-out flat pattern
must include all straight sides, plus the calculated
bend allowances.

How To Find All Straight Sides of a 90° Bend

Figure 8-19A shows a simple 90° bend with an
inside radius of .25, a sheet metal thickness of .125,
and legs of 2.0 and 3.0 (the English system inch is
used in this example). Bend radii are always meas-
ured from the surface closest to the bend radius
center.

Step 1. Locate the tangent points at the ends of
the straight sides.

Step 2. Add the thickness of the sheet metal to
the bend radius .25 (.125 + .25 = .375).

Step 3. Subtract the sum of the sheet metal thick-
ness .125 and the radius .25 from the 3.00
overall length of the object (3.00 — .375 =
2.625).

Step 4. Subtract the sum of the sheet metal thick-
ness .125 and the bend radius .25 from the
2.00 overall height of the object (2.00 — .375 =
1.625).

Step 5. Add the two straight sides together (2.625
+ 1.625 = 4.250). This is the total length of the
straight sides of this object, Figure 8-19B.

How To Find the Bend Allowance of a 9o° Bend
Review Figure 8-19A.

Step 1. Note the metal thickness, in this example
.125, and the inside radius, in this example .25.

Step 2. Refer to the bend allowance chart in inches
for 90° bends in the Appendix at the end of
this text.

Step 3. The left-hand column gives various metal
thicknesses. Go down the left-hand column until
the required size or the closest size is found. In
this example .125.

Step 4. Along the top of the chart is listed various
inside radii; go across the top of the chart to

the required size or the closest radius, in this
example .25.

Step 5. From the .125 number in the left-hand
column project across to the right; from the .25
number along the top of the chart, project
down to where the two columns intersect. Given
is the bend allowance for material .125 thick
with a .25 radius. In this example the bend
allowance is .480, Figure 8-19C.

Step 6. The stretched-out dimension is found by
adding the straight sides to the bend allow-
ance: in this example, 4.250 + .480 = 4.730
(see Figure 8-19C).

INSIDE RADIUS —

N

& =

-
S\ TANGENT POINTS
300 |

THICKNESS OF METAL
Figure 8-19A Bend allowance of 90° bend

I~
,k\ g—f—-l pe -

.125 THICKNESS
+ .250 INSIDE RADIUS

: 375 TOTAL
1.626 STRAIGHT LENGTH
+ 2625 STRAIGHT LENGTH
s 4250 TOTAL STRAIGHT

R.25 LENGTH
1N
375 / i

M ]
A—.ﬁ?s-- —2.625 -J e
' 3.00 -

Figure 8-19B Total of straight lengths

1.625

125

l >

|

!

| 2.625 ——~
b 300——

Figure 8-19C Total length including straight lengths

and bend allowance
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How To Find the Total Straight-Side Length
Adjoining a Bend Other Than 90°

Figure 8-20A shows a simple 30° bend with an
inside radius of 6.35 and a sheet metal thickness of
3.175 (the metric system is used in this example).

Step 1. Locate the tangent points at the ends of

the straight sides.

Step 2. Determine the length of the straight sides
and add them together (64.0 + 50.0 = 114.0).
This is the total length of the straight sides of

this object.

How To Find the Bend Allowance of Other

Than a 9o° Bend
Review Figure 8-20A.

STRAIGHT LENGTH
STRAIGHT LENGTH
114 TO"'AL./SQ'RA!GHT LENGTHS

[

/ —INSIDE RADIUS |

|
50.0 A ! AN

TS-TANGENT POINTS | 3}';
WETRIC] L—*S“-O—-'

THICKNESS OF METAL —

Figure 8-20A Bend allowance of a bend other than

90° — total of straight lengths

Figure 8-20C Total length including
straight lengths and
bend allowance

)
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Step 1. Note the metal thickness, in this example
3.175, and the inside radius. in this case R6.35.

Step 2. Refer to the bend allowance chart in
millimetres for 1° bends in the Appendix at the
end of this text.

Step 3. The left-hand column gives various metal
thicknesses. Go down the left-hand column until
the required size or the closest size is found. In
this example 3.175.

Step 4. Along the top of the chart is listed various !
inside radii. Go across the top of the chart to
the required size or closest radius. in this exam-
ple 6.35. ‘

column, project across to the right: from the

6.35 number along the top of the chart, project
down to where the two columns intersect. Given

is the factor used to calculate the bend allow- |
ance. In this example .1356. '

Step 5. From the 3.175 number of the left-hand l

Step 6. Multiply this factor times the actual de-
grees in the bend, from a straight 180° line,
Figure 8-20B. This is the bend allowance (.1356
x 30° = 4.068).

Step 7. Add the straight-side lengths to the bend
allowance to get the total developed length:
114.0 + 4.068 = 118.068. Figure 8-20C.

Note: A 30° bend dimension as illustrated in Fig-
ure 8-21A is actually 150° (180° — 30° = 150°).
See Figure 8-21B. The total bend must be cal-
culated from a straight piece that is actually
180° before bending.

{—AS‘ OIMENSIONED

|

3

180°
- 300
I150°
Figure 8-21A Total bend must be calculated from
straight line dimension — given is 30°

— ACTUAL DEGREE OF BEND

Figure 8-21B As dimensioned 30° is
actually a 150° bend
from a straight line







| Chapter Eight
| Problems

The following problems are intended to give the begin-
ning drafter practice in sketching, laying out auxiliary views
if required. and drawing the stretched-out development of
various objects. These problems will use one or more of
the three standard methods of development: parallel line
developments, radial line developments and triangulation developments.
The student will also practice calculating developed lengths
using various charts to determine full length before bending.

steps to follow in laying out any object that is to be

5 Dete e 8 thods of deve
r adial line/triangu
scale enougn
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Problems 8-1 through 8-18

Using the parallel line development method. develop
each object starting from the given seam. Label each point
clockwise; add ends and/or auxiliary views as necessary to
develop a complete object. Add tabs .125 (3) X 45° to suit.
Use phantom lines for all fold lines.

Extra assignment(s): Cut out the development(s) and glue
or tape it together to prove its accuracy.

Cc
[N D
A
2.5 ¢
| —SEAM
| //
I A
}
J\ |
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\B | 0]
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\\ . 1
| 5\ A /5.75
Problem 8-1 T
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Problem 8-2

n
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Problem 8-3




Problem 8-5
Problem 8-6

Problem 8-4

32
Problem 8-8

Problem 8-9

Problem 8-7

Problem 8-11

Problem 8-10
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Problem 8-12

Problem 8-15

Problem 8-17
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Problem 8-13

Problem 8-14

—NOTCH TO CENTER

SEAM AT 3 0'CLOCK—

Problem 8-16

Problem 8-18
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1 Problems 8-19 through 8-23

Using the parallel line development method. develop each object starting from the given seams. Add .125 (3) x 45° tabs
as required to hold parts together. Design parts so there are as many identical parts as possible. Use phantom lines
for all fold lines. Extra assignment(s): Cut out the development(s) and glue or tape it together to prove its accuracy.
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Problems 8-31 through 8-42

Using the radial line development method, develop each
object starting from the given seam. Label each point clock-
wise: add ends and/or auxiliary views as necessary to
develop a complete object. Add tabs .125 (3) X 45° to suit.
Use phantom lines for all fold lines.

Extra assignment(s): Cut out the development(s) and glue
or tape it together to prove its accuracy.
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Problems 8-43 through 8-46

Using the triangulation development method, develop each object starting from the given seam. Label each point clockwise:
add tabs .125 (3) x 45° to suit. Use phantom lines for all fold lines. Extra assignmentis): Cut out the development(s) and

glue or tape it together to prove its accuracy.
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Problem 8-46

Problems 8-47 through 8-49
Using development charts, calculate the true developed

length of each object. Round the answer to the nearest
three places. Recheck all calculations.
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' Problems 8-50 through 8-54 - "

Using either the parallel line, the radial line, or the tri-

| l angulation development method. develop each object.

Be sure to leave a seam and to add all required tabs to suit

as required. Use phantom lines for all fold lines. Extra

‘ assignment(s): cut out the development and glue or tape it
together to prove its accuracy.
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' CHAPTER 9

This chapter covers in depth the fundamen-
tals of dimensioning and notation. All dimen-
sioning techniques presented are in accordance
with ANSI Y14.5M-1982, the latest edition of the
dimensioning standard. Major topics covered
include specifying the scale, dimensioning sys-
tems, general rules of dimensioning, specific
dimensioning techniques, rules for applying
notes on drawings, general notes, detail notes,

writing notes, note specifications, and
sample notes.

DIMENSIONING AND
NOTATION

One of the most fundamental drafting tasks is to
meet the requirements of the engineering definition
of the part while providing for the most economical
production process and interchangeability considera-
tions. All of this is accomplished by the use of proper
dimensions and notation on drawings. Dimensioning
is the process whereby size and location data for the
subject of a technical drawing are provided. Notation
is the process whereby needed information not cov-
ered by dimensions is placed on a technical drawing.

It is critical that drafters, designers, and engineers
be proficient in standard dimensioning practices.
The most widely accepted dimensioning standard is
American National Standards Institute document
Y14.5M-1982 (ANSI Y14.5M-1982). Similar standards
are produced by the International Standards Organ-
ization {1SO). However, unless otherwise specified,
ANSI Y14.5M-1982 is the standard used for guiding
dimensioning practices.

Modern dimensioning practices described in ANSI
Y14.5M-1982 apply in most instances in which inter-
changeability of parts is a major consideration. The
concept dictates that parts produced from a draw-
ing at one manufacturing site should be interchange-
able with those produced at another 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 drafter
should still use the basic dimensioning principles of
ANSI Y14.5M-1982. This is particularly important
when the parts will be produced using such ever-
increasing automated, semiautomated, or integrated
processes as numerical control. computer-aided
manufacturing (CAM), or computer-integrated man-
ufacturing (CIM).

Dimensioning Systems

Three dimensioning systems are used on techni-
cal drawings in the United States. Metric dimen-
sioning, decimal-inch dimensioning, and fractional
dimensioning. Certain rules of practice with which
drafters should be familiar pertain to each of these
dimensioning systems.

Metric Dimensioning

The standard metric unit of measurement for use
on technical drawings is the millimeter (0.00 | meter)
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T [MUTIELE,
METRE .0
DECIMETRE | 0.1
CENTIMETRE | 0.0l
MILLIMETRE | 0.001

Figure 9-1 Metric linear measurements

or .039 inch. Figure 9-1 is a chart of various metric
units of measurement of less than a meter that shows
where the millimeter fits in.

When using metric dimensioning, several general
rules should be observed. When a dimension is less
than | millimeter. a zero must be placed to the left
of the decimal point, Figure 9-2, Part A. When a met-
ric dimension is a whole number, neither the zero
nor the decimal is required. Figure 9-2, Part B. When
a metric dimension consists of a whole number and
a decimal portion of another millimeter, it is written
as follows: whole number first, decimal point sec-
ond, and finally, the decimal part of the number. The
decimal part of the number is not followed by a zero
in metric dimensioning, Figure 9-2, Part C. Individual
digits in metric dimensions are not separated by com-
mas or spaces, Figure 9-3. Drawings prepared with
metric dimensions are identified with the word "met-
ric” contained in a small rectangle below the part.
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Figure 9-2 Metric dimensioning
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Figure 9-3 No commas in metric dimensions

Decimal-Inch Dimensioning

Decimal-inch dimensioning is frequently used in
the dimensioning of technical drawings. It is a much
less cumbersome system for mechanical drawings
than is the fractional system, and it is still used more
than the metric system. When using the decimal-inch
dimensioning system, several rules should be ob-
served. If a dimension is less than one inch, only a
decimal point and the numbers of the decimal frac-
tion are required. A zero is not required to precede
the decimal point. Figure 9-4, Part A. The number of
places beyond the decimal point that a decimal-inch
dimension is carried is determined by the specified
tolerance for the part in question, Figure 9-4, Part B.
In this figure, a tolerance of .002 (=.001), three places
to the right of the decimal. is specified. Consequently,
the dimension of 1.637 is carried out three pl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>