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Preface to the Tenth Edition

To the student. Engineering drawing may very well be the most im-
portant course you will ever take in your education for an engineer-
ing or technical career. This may seem to be a very sweeping state-
ment, but actually it is not. Also, the statement does not at all
discount the value of many other courses, including such as mathe-
matics, physics, and chemistry. The reason why engineering drawing
is so extremely important is that it is the language of the engineer, used
to communicate designs and construction details to others. No
matter how knowledgeable an engineer may be concerning the
highly complex technical and scientific aspects of his profession,
without a command of engineering drawing he would be completely
ineffectual simply because he would fail miserably in transmitting
his designs to others. Also, all the technical people working under
the direction of an engineer must have the same command of the
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vi Preface to the Tenth Edition

language. The language of engineering drawing is written in the form
of drawings which represent the shape and size of physical objects.
The language is read by interpreting drawings so that physical
objects can be constructed exactly as originally conceived by the
engineer. '

The engineer’s drawings sometimes will be made freehand for
draftsmen to follow in making final finished drawings. At other times,
depending largely on complexity, the engineer may make accurate
instrument drawings for the draftsmen to follow in making final
drawings. This also does not mean that the engineer never makes a
final drawing, because sometimes, depending somewhat upon the
size of the engineering organization, he may do so. In any case, the
engineer must be able to check and approve of the final drawings
made by others. Thus, the absolute necessity for the engineer to have
a comprehensive command of the language is evident.

Draftsmen and technicians must also have a complete command
of the language because they must interpret the engineer’s drawings
and sketches and prepare final complete, concise, and accurate
drawings. Skill in the writing of the language (making drawings) is,
of course, mandatory for a draftsman.

Designers, possibly more than others, must have a superior com-
mand of the language because, as a design is worked on and brought to
completion, the designer’s sketches and drawings record his ideas
and really become an integral part of design thinking.

From the foregoing discussion, the importance of engineering
drawing is certainly evident. Therefore it behooves the student to study
the subject diligently and purposefully, and if you do, later on in your
career you will be very happy that you did.

To the teacher. If you have taught engineering drawing for some years,
you are probably familiar with the history of this textbook. If you
are a young teacher, you are probably familiar with the last one or
two editions. Whatever your experience may be, it is appropriate to
describe here the new additions and features of this, the tenth edition.

Over the years and through all of the editions, we have constantly
added new explanations and illustrations and revised former material
to bring the text up to date and make it more complete. This con-
stant progress is especially evident in this edition.
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Color has been employed for the first time to add greatly to the
readability, understanding, and interest. The combination of the
special ink and paper stock used produces a printed page which is
much more interesting—easier and more comfortable to read than
was possible in ink and paper combinations formerly employed.

Colored tints of brown and red shades have been used to add the
functional advantages of color to the illustrations. The tints used add
body and substance to the illustrations which formerly were only
“black-and-white”” drawings. Really functional use of color, for ex-
ample, is evident in Chap. 5 where the planes of projection are
identified by color as well as by name; in Chap. 6, where color
distinguishes between the object and the drawing of it; in Chap. 7
where color is used to clarify the explanations; in Chap. 8 where color
adds greatly to the “cutting-plane” theory and explanation; in
Chap. 10 where a production piece is distinguished from the machine
performing an operation; in Chap. 14 where color for charts and
graphs adds much to readability, contrast, and emphasis; in Chap.
15 where the production is shown by the standard practice of draw-
ing it in red; in a number of other chapters where color is used to
show separation of parts; and in Chap. 23 where representation of
the part itself (not the drawing of it) is emphasized by color.

All of the problem sections are identified by a light tint background
to distinguish them from the text proper.

It is the opinion of the author that the use of color represents
a major breakthrough in the design and manufacture of technical
books and its use is especially significant for this text.

Many new problems have been added. These have been collected
from a number of sources in widely diversified fields—among them
oceanography, medicine, and basic research. This diversification
follows the ever-expanding need for engineers in non-engineering
fields.

Another feature of this revision is Chap. 23, The Fundamentals of
Design. Recently, leading industries have practically demanded that
the colleges of engineering include more design courses in the cur-
riculum. There has also been much discussion of the importance, the
trends, and the procedures for design in the meetings and publica-
tions of the ASME, SAE, ASEE, and other national organizations.
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Chap. 23 is intended to fill the gap in available design information
that exists between machine drawing and machine design. All texts
on machine drawing that the author is familiar with are restricted
to drawing techniques. Also, all texts on machine design arg limited
to discussions of mechanisms and the calculations of the strength of
parts. In neither area is anything said about definitions of design, ex-
planation of design categories, how a designer thinks, procedures for
design, materials, good practices and proportioning, construction
and manufacturing methods, or aesthetics, all of which are included
in Chap. 23. This material will be expanded in future revisions as
the need for more information may become evident.

New tabular material has been added to the Appendix.

To the practicing engineer. Traditionally, engineering students have
kept their engineering drawing texts for their personal libraries, and
have later purchased a new edition. Because of its completeness and
modernization, we believe this, the tenth edition, is an excellent
volume to have at hand for reference as needed.

Credits. To produce a textbook of the size and completeness of this
one is 2 major task. One problem is to obtain authentic problem ma-
terial, to adapt the material to the textbook format and style, and to
make the necessary drawings. This has been accomplished through
conferences with, and through the cooperation of, the author’s
colleagues in the Department of Engineering Graphics and Mechani-
cal Engineering at the University of Florida. Professor E. W. Jacunski,
Chairman of the Department of Engineering Graphics, supervised
the work and made a number of the drawings, particularly the
pictorials. E. H. Watts, Assistant Professor of Engineering Graphics,
supplied problems on intersections and developments. C. W. Knight
and J. H. Smith, both Assistant Professors of the Department of
Mechanical Engineering, collected comprehensive and diversified
problem material and supplied this in finished form for sections,
screw threads, fasteners, keys, rivets, springs, dimensioning, working
drawings, gears, structures, and the fundamentals of design. The
author also appreciates the material supplied by Dale O. Miller of
Rochester Gear, Inc., and by Anthony Dowell of the Palm Beach
office of Merrill Lynch, Pierce, Fenner and Smith. Individual credits
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for companies which supplied problem material are given with the
problem statements and drawings.

Again available with this edition are the McGraw-Hill text-films
designed especially for, and correlated with, the text and problems.
These visual aids, consisting of motion pictures and filmstrips, have
a high teaching value and illustrate certain principles and practices
more effectively than can be done by a textbook alone.

There are problem books correlated directly with the text. Con-
sultation materials are available to teachers.

Charles J. Vierck
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THERE IS a wide diversity of method in the teaching of engineering
drawing, and perhaps less uniformity in the courses in different schools
than would be found in most subjects taught in technical schools and
colleges. In some well-known instances the attempt is made to teach
the subject by giving a series of plates to be copied by the student.
Some give all the time to laboratory work; others depend principally
upon recitations and homework. Some begin immediately on the
theory of descriptive geometry, working in all the angles; others dis-
card theory and commence with a course in machine detailing. Some
advocate the extensive use of models; some condemn their use entirely.

Different courses have been designed for different purposes, and
criticism is not intended, but it would seem that better unity of
method might result if there were a better recognition of the concep-
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tion that drawing is a real language, to be studied and taught in the
same way as any other language. With this conception it may be seen
that except for the practice in the handling and use of instruments,
and for showing certain standards of execution, copying drawings
does little more in the study as an art of expression of thought than
copying paragraphs from a foreign book would do in beginning the
study of a foreign language.

And it would appear equally true that good pedagogy would not
advise taking up composition in a new language before the simple
structure of the sentence is understood and appreciated; that is,
“working drawings” would not be considered until after the theory
of projection has been explained.

After a knowledge of the technic of expression, the “penmanship
the whole energy should be directed toward
training in constructive imagination, the perceptive ability which

»

and orthography,

enables one to think in three dimensions, to visualize quickly and
accurately, to build up a clear mental image, a requirement abso-
lutely necessary for the designer who is to represent his thoughts on
paper. That this may be accomplished more readily by taking up
solids before points and lines has been demonstrated beyond dispute.

It is then upon this plan, regarding drawing as a language, the
universal graphical language of the industrial world, with its varied
force of expression, its grammar and its styles, that this book has been
built. It is not a “course in drawing,” but a textbook, with exercises
and problems in some variety from which selections may be made.

Machine parts furnish the best illustrations of principles, and have
been used freely, but the book is intended for all engineering students.
Chapters on architectural drawing and map drawing have been
added, as in the interrelation of the professions every engineer should
be able to read and work from such drawings.

In teaching the subject, part of the time, at least one hour per week,
may profitably be scheduled for class lectures, recitations, and black-
board work, at which time there may be distributed “study sheets”
or home plates of problems on the assigned lesson, to be drawn in
pencil and returned at the next corresponding period. In the drawing-
room period, specifications for plates, to be approved in pencil and
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some finished by inking or tracing, should be assigned, all to be done
under the careful supervision of the instructor.

The judicious use of models is of great aid, both in technical
sketching and, particularly, in drawing to scale, in aiding the student
to feel the sense of proportion between the drawing and the structure,
so that in reading a drawing he may have the ability to visualize not
only the shape but the size of the object represented.

In beginning drawing it is not advisable to use large plates. One
set of commercial drafting-room sizes is based on the division of a
36" X 48" sheet into 24" X 36", 18" X 24”,12” X 18”,and 9” X 12”.
The size 12” X 18" is sufficiently large for first year work, while
9” X 12” is not too small for earlier plates.

Grateful acknowledgment is made of the assistance of Messrs.
Robert Meiklejohn, O. E. Williams, A. C. Harper, Cree Sheets,
F. W. Ives, W. D. Turnbull, and W. J. Norris of the staff of the De-
partment of Engineering Drawing, The Ohio State University, not
only in the preparation of the drawings, but in advice and sugges-
tion on the text. Other members of the faculty of this University have
aided by helpful criticism.

The aim has been to conform to modern engineering practice, and
it is hoped that the practical consideration of the draftsman’s needs
will give the book permanent value as a reference book in the stu-
dent’s library.

The author will be glad to cooperate with teachers using it as a
textbook.

Thomas E. French

Columbus, Ohio
June, 1911



Engineering Drawing Films

THE FOLLOWING 16-mm sound motion pictures are especially recommended for use with

variou;ﬁcl.‘fapters of this book:

According to Plan. An introduction to engineering drawing (9 min). For Chap. 1.

Orthographic Projection. Shape description and the principles of orthographic projection
(18 min). For Chap. 5.

Pictorial Sketching. Basic principles of axonometric, oblique, and perspective pictorial
sketching (11 min). For Chap. 6.

Auxiliary Views: Single Auxiliaries. Reviews orthographic projection and explains auxil-
iary projection (23 min). For Chap. 7.

Auxiliary Views: Double Auxiliaries. The theory and practice of double-auxiliary or oblique
view (13 min). For Chap. 7.

Sections and Conventions. Theory and practice of sectioning and conventional principles
(15 min). For Chap. 8.

Simple Developments. What simple developments are and how they are used (11 min).
For Chap. 9.

Oblique Cones and Transition Developments. Animated drawings illustrate oblique cones
and transitions (11 min). For Chap. 9.

Drawings and the Shop. Relationships between the drawing and production operations in
the shop; basic machines (15 min). For Chap. 10.

Selection of Dimensions. Principles governing choice of dimensions and their applications
(18 min). For Chap. 11.

Prints of these films may be purchased from Text-Film Department, McGraw-Hill Book

Company.
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Page references preceded by A indicate Appendix material

Abbreviations, 307
on charts, 451
on electrical diagrams, 534
list, A107-A118
Abstract design, 653
Abstraction, in design, 650, 653
Accordion folding, 396
Accuracy, 395
Acme threads, 355, 356, 362
specification, 363
table, A66
Across-corners construction of hexagon,
61, 370
Across-flats construction of hexagon,
61, 370
Acute angle, 75
Adjacent areas, 126
Adjacent-part lines, 40, 41
Adjustable pins, 473
Advertising illustrations, 637
Aeronautical maps, 598
symbols for, 606
Aesthetic design, 653
Aesthetic-functional design, 653
Aesthetics, in design, 691-692
Aligned dimensioning, 304
Aligned sections, 242
Aligned views, 244
Allowance, 323
Alphabet of lines, ink, 41
pencil, 40
Alphabets, Greek, A23
inclined, 89
Modern Roman, A21-A23
Old Roman, A18-A20
outline, A18
vertical, 88
Alterations, 400
Alternate-position lines, 40, 41, 292
Alternate-position views, 101
Altitude, 258
American National thread, 355, 360~
362

American Standard thread series, table,
A62-A63
Ames lettering instrument, 85
Ampersand, 87
Angles, 75
to bisect, 60
dimensional tolerance, 332
dimensioning, 317
to divide, 60
drawing, 31
of elevation, 171
gage for, A92
in isometric, 161
lateral, 170
to lay out, 59
for oblique drawing, 164
for perspective drawing, 170
positioning by, in dimensioning, 309
rivet size for, A92
trigonometric functions for, table,
A42-A47
Annealing, 299
Antilogarithms, values by slide rule,
A36
Applied geometry, 5, 53-74
problems, 76-81
Arc welding, 481
symbols for, 482, 483
Archimedes, spiral of, 71
Architect’s scales, 21, 33
Architectural details, electrical, 556
Architectural drawing, 565-577
building materials, 568
characteristics, 565-566
checking, 576
detail drawings, 574
dimensioning, 570
dimensions, 569
doorways, 572
elevations, 573
floor plans, 570, 572
grid positioning, 568
lettering, 574

Index

Architectural drawing, models, 567
plot plans, 572
preliminary studies, 566
presentation drawings, 567
problems, 588-589
sectional elevations, 574
shop drawings, 576
specifications, 576
titles, 575
windows, 573
working drawings, 571

Architectural lettering, A20

Architectural models, 628

Arcs, dashed-line, 105
dimensioning, 318
in isometric, 162
to lay off length on line, 63
length of chord, table, A48
in oblique, 166
tangent, to arc, 41

to straight line, 41
and circle, 57
to two lines, 56

Areas, adjacent, 126
hidden, 127
meaning, 125
reading, 127-128

Arms in section, 241

Arrowheads, 302
on architectural drawings, 570

Arrowless dimensioning, 618

Artgum eraser, 20

Assembly, of parts, 299, 689
selective, 325

Assembly drawings, 390-392
bill of materials for, 393
number for, 398
problems, 413-417
tabular, 393

Assembly jigs and fixtures, 478

Assembly marks, steel construction, 581

Assembly sections, 237

Assembly sketches, 401



2 Index

Auxiliary-adjacent auxiliary view, 221
Auxiliary elevation, 221
Auxiliary sections, 237
Auxiliary surface, 103, 126
Auxiliary views, 207, 228
basic concepts, 207, 208
defined, 208
dimensioning, 314
procedure, 212-215
reference plane, 210
sectional, 237
terms for, 221
types, 221
(See also Edge views; Normal views)
Axes, pictorial, sketching, 179
Axis, of surfaces, 258
of vision, 170
Axonometric projection, 8, 158
from orthographic views, 9, 166
Axonometric sketching, 178-182, 184
problems, 203

Bar charts, 457
Barch-Payzant pen, 93
Base line for lettering, 88
Base-line dimensioning, 331
simplified, 618
Basic-hole system, 324, 325
Basic-shaft system, 324, 325
Batters, dimensioning, 318
Bead welds, 482, 490-492
Beam compasses, 25, 645
Beam connections, A92
Beams, structural, table, A93
Bearing, symbol for, 247
Belt rivets, table, A72
Bevel gears, 501, 504
to draw, 505
problems, 513
working drawing, 506
Bevel scale, 22
Bibliography, A9-A16
Bilateral tolerance, 325, 326
Bill of material, 393
for electrical equipment, 551
for structural drawings, 578
Binding-head screws, table, A69
Bisecting, angle, 60
line, 36, 58
Blueprints, 18, 404
of charts, 451
Boards, drawing, 18, 28
Boldface lettering, 84
Bolt circles, 320
Bolt-length increments, table, A68
Boltheads, 370, 371
Bolts, 365, 368, 372
diameters, table, A68
lengths, table, A68
round-head, table, A67
in sectional views, 241
specification, 321

Bolts, square- and hexagon-head, table,
A64
types, 369, 373
Border pens, 26, 645
Borders on drawing sheet, 35
Boring, 294
Bottleholder, 20, 646
Bottom view, 100
Bow instrument, 23, 37
Box construction, for isometric draw-
ings, 160
in sketching, 182
Box method for transferring polygon,
60
Braddock-Rowe triangle, 85
Brass fittings, table, A96
Brazing, 481
Breaks, conventional, 246
Broaches, 291
Broaching, 291
dimensioning, 327
Broken-out sections, 235
Broken views, 236, 246
Building materials, sizes, 569
symbols for, 568
Bushings, drill, 473-474
for jig positioning, 471
pipe, 520
table, A87
tables, A94-A95
Butt joint, 482
Butt-welding pipe fittings, table, A89
Buttress threads, 355, 363
table, A66
BW prints, 405

Cabinet drawing, 166
problems, 196
sketching, 178
Cable, symbol, 247
Cadastral maps, 598
Calculus, graphic, 456
Calipers, 402
Cam diagrams, 508-510
Cam drawings, dimensioning, 511
Cam motions, 508
Cams, 13, 508
cylindrical, to draw, 511
diagrams for, 508-510
timing, 510
plate, to draw, 510
problems, 514-515
types, 508
Cap line for lettering, 88
Cap screws, 366, 368
hexagon-head, table, A64
socket- and slotted-head, table, A68
Capital lettering, 86-89
Modern Roman, A21
Old Roman, A19
Caps, pipe, 520

Captions for scales, 451, 452
Carbon, 676
Carburizing, 299
Carriage bolts, table, A67
Casehardening, 299
Cast-iron fittings, tables, A85, A88
Cast-iron pipe, threaded, table, A90
Cast-iron valves, table, A91
Casting drawings, 393
Castings, die, 292

dimensioning, 339-341

sand (see Sand castings)
Castle nuts, 374
Catalogues, A119-A143
Catalogue illustrations, 637
Cavalier projection, 164

sketching, 178
Center of vision, 170
Center lines, 40, 41, 106, 396

in dimensioning, 308-310, 314, 332
Center locators for jig positioning, 472
Centers, of arc, 62

of circle, 62

location in sketching, 181
Ceramics, 675, 676
Chain, symbol, 247
Chamfers, dimensioning, 317
Change-record blocks, 399, 400
Changes in drawings, 400
Channels, steel, 578

table, A93
Characteristics of materials, 669-680
Charts, 11, 449-465

ASA Standards for, 458

bar, 457

captions, 451, 452

choice of, 454

classification, 456

classification of, 449

curves for, 450, 452

data for, 454-455

for display, 458

to draw, 450-452

of equations, 454-455

flow sheets, 456

keys for, 452

lettering, 452

line widths, 452

logarithmic, 453

multiple-bar, 457

nomograms, 455

notation for, 450

pictorial, 458

pie, 457

polar, 453

popular, 457

problems, 463-465

ratio, 453

rectilinear, 449

for reproduction, 458

route, 456

scale values, 451



