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PREFACE TO SECOND EDITION

The original organization of this book into small learning
units has been found so satisfactory that no change has been
made in the organization of this edition.

The five divisions of each unit, namely (1) Purpose, (2)
What You Should Know, (3) How To Do, (4) Questions, and
(5) Problems, have proved their value in helping the student
concentrate his attention on the new material of each unit,
and no departure from this practise has been made.

Many new problems have been added to supplement those
appearing in the first edition, which teachers found satisfac-
tory in both quality and variety. Corrections have been made
throughout the text, and new material has been added in
Units X, XI and XXV. Map drawing has been substituted
for second auxiliary projection as being more useful for gen-
eral educational purposes. In keeping with the practise in
other units, problems on mapping have been supplied which
are not copy problems but which require solution by the
student. The problems given approach practical conditions
as nearly as is possible to do so in the classroom.

The authors wish to acknowledge their indebtedness to
Mr. E. J. Simon, Director of Industrial Education in the
Champaign City Schools of Champaign, Illinois, for many
helpful suggestions, as well as to Mr. P. H. Spain of the High
School of Dundee, Illinois, for similar assistance. Minor sug-
gestions from many others have also been incorporated. To
all these grateful acknowledgement is made.

R. P. HoELSCHER
A. B. Mavs
UrsaNa, IrLiNois
January, 1941






PREFACE TO FIRST EDITION

This book is designed to be a real teaching aid. It is not
organized as a series of conventional chapters but as a group
of teaching or learning units. The uni's treated are those
which the authors regard as basic to the field of mechanical
drawing. No attempt is made to cover the entire field of
drawing but only those units of instruction which are neces-
sary to a thorough grounding in the essentials of modern
drafting practise and which may be covered in one year of
#ork. The material in each unit is so organized that a stu-
dent can easily find the facts he needs in order to understand
the unit and the directions telling him how to perform the
operations involved. This definite separation into (1) “What
You Should Know” and (2) “How To Do” is in line with
the best modern practises in teaching the practical arts.

The teacher will find the text suitable for weekly class-
room recitation work since the foundation is laid in each
unit upon which the instructor can build some of the finer
details from his own experience. On the other hand, when
the teaching situation demands it, the text can be used very
effectively as a tool for individual instruction owing to the
fact that each unit is in reality an instruction sheet for the
guidance of the pupil and not merely a discussion of the
subject treated.

The questions are planned for a twofold purpose: first, for
use in written quizzes, thereby giving the student an oppor-
tunity to express ideas verbally; and second, as an aid in
fixing the facts in the student’s mind and in stimulating
thought about the material presented.

A very rich variety of problem material is offered at the
end of each unit. It is not expected that any one student
will be required to work all the problems, but it is hoped

vil



viii PREFACE TO FIRST EDITION

that the teacher will feel that there is no lack of suitable
problems from which to choose.

The book is arranged in two parts of seventeen units each.
It is the belief of the authors that an abundance of teaching
content for one semester’s work is provided in each part.
The order of arrangement of units will be found highly satis-
factory, but the teacher should feel free to present the units
in any order he chooses. It is hoped that teachers will find
that their students early in the year are able to teach them-
selves many of the units by merely following the printed
instructions.

This set of teaching units is designed primarily for classes
in high schools and technical institutes. Flexibility and prac-
tical utility have been guiding principles of the authors. The
book is planned to be used in the drafting room and not
merely to be read and discussed.

The authors wish to acknowledge their indebtedness to
the American Builder and Building Age, to Pratt & Whitney
Co., and to C. F. Pease & Co., for the use of cuts which are
acknowledged as they appear throughout the text.

R. P. HoELSCHER
A. B. Mays
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BASIC UNITS IN
MECHANICAL DRAWING

PART 1

UNIT 1

USE AND CARE OF THE PENCIL, ERASER, T-SQUARE,
TRIANGLE AND SCALE

PURPOSE OF UNIT I

The purpose of this unit is to teach the facts about pen-
cils, erasers, T-squares, triangles and scales which one must
know in order to use these instruments with understanding
and skill. It is also the purpose of this unit to tell how to
use such instruments and how to care for them properly.

WHAT YOU SHOULD KNOW ABOUT PENCILS, ERASERS, T-SQUARES,
TRIANGLES AND SCALES

The drawing pencil. The most important working tool of
the draftsman is the drawing pencil. Many of his tools are
employed only occasionally, but the pencil is in almost con-
stant use. It is, therefore, quite essential that the student
of drawing be able to select the proper pencils for his use
and keep them in a serviceable condition.

Grades of drawing pencils. Drawing pencils are furnished
in the following seventeen grades: 6B, 5B, 4B, 3B, 2B, B,
HB, F, H, 2H, 3H, 4H, 5H, 6H, 7H, 8H and 9H. These
numbers and letters are, stamped upon the pencil and in-
dicate the degree of hardness of the lead, ranging from 6B,
which is the softest and blackest, to 9H, which is the hardest.
For mechanical drawing the 6H pencil should be used for

preliminary layouts, the H or 2H for making the finished
1



2 PENCIL, ERASER, T-SQUARE, TRIANGLE, SCALE

drawing and the 2H or 3H for lettering. The softer grades
are used chiefly by artists for freehand sketching.

The eraser. Three general grades of erasers may be ob-
tained, the so-called ink eraser containing grit, the pencil
eraser of firm rubber and the art gum or softer rubber for
cleaning purposes. The grit eraser has no place in the draft-
ing room for any purpose, since it destroys the surface of the
paper and makes it impossible to redraw neatly over the
erased area, especially with ink.

Ink as well as pencil lines can be removed effectively with
a pencil eraser without damaging the surface of the paper.
It should be emphasized that the eraser will remove all
traces of pencil or ink, and when erasing becomes necessary,
as it frequently does, the process should be continued until
the paper is clean. Of course, grooves made by bearing down
too hard on the pencil cannot be removed. Art gum may
be used to clean an ink drawing, but its use dulls the ink
lines and hence it is better to keep the paper clean than to
depend upon the art gum to clean it.

It sometimes happens that by repeated erasure the sur-
face of the paper may be somewhat roughened. This con-
dition can be improved somewhat by rubbing the surface
with a piece of soapstone or polished metal. This rubbing
presses the fibers firmly together and enables one to redraw
over the surface if care is exercised not to bear down too
hard and tear the fibers loose.

The T-square. The T-square is used primarily to draw
horizontal lines and as a support for the triangles in drawing
vertical or inclined lines. The T-square should be used only
for the purpose intended, never as a guide in cutting paper
since the ruling edge may be marred, and never as a ham-
mer in driving thumb tacks since the head may become
loose from the blade and thus make the instrument useless.
For this reason also the draftsman should be careful not to
drop the T-square on the floor.

Triangles. Two triangles are in general use among drafts-
men, the 30-60-degree triangle and the 45-degree triangle.
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They are used, in general, to draw vertical and inclined lines.
Triangles are made usually of xylonite, which is a tough,
flexible, transparent material, but it can be dented, and care
must be taken not to injure the edges of the triangles.
Xylonite is another name for celluloid.

Both triangles and T-square should be cleaned occasion-
ally with a damp cloth.

Scales. The objects which a draftsman or engineer has to
design and describe by his drawing are seldom of such size
as will permit of his drawing them in their actual dimen-
sions upon the paper. Machines, bridges and buildings are
many times the size of the largest available sheets of paper,

Pt fﬁ%

Fia. 1. Five types of scales.

hence some method of representing them accurately, but
within a small space, must be used. This is accomplished
by the use of various scales.

Styles of scales. Scales may be obtained in five different
styles, as shown in Fig. 1. The triangular style is perhaps
most common in schools since it contains the most scales.
This fact, however, is sometimes a disadvantage since it
causes a loss of time in keeping the proper scale in use,
unless a special guard or clamp is placed upon it.

Types of scales. Three types of scales are in common use,
namely, the architect’s scale, the civil engineer’s scale and
the mechanical engineer’s scale.

The architect’s scale is divided so as to make possible the
laying out of dimensions in feet, inches and fractions of an
inch on drawings of large objects which cannot be repre-
sented full size. For example, if one desires to draw a house
plan on a piece of drawing paper, it is necessary to make the
drawing much smaller than the house, but it must have ex-
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actly the same proportions as the house. Hence, the drawing
is said to be made ‘“to scale,”’ that is, some ‘‘scale’’ such
as 1" = 1’-0” is used. If a closet in the house is 4’-3" long,
the draftsman may use }” to represent 1’-0”, and he then
lays out the length of his plan 4 units of }” each plus 3 of
the little inches to be found in the end division as shown
in Fig. 2. On the architect’s scale the }” unit is marked off
as if 1” were really 1'-0”, and it is therefore divided into
twelve ‘‘little inches,” each one-twelfth of }”. In like man-
ner, the draftsman may use " = 1'-0", }" = 1'-0", 1" =
1'-0”, 13" = 1’0", etc., depending on the number of differ-

%’% P g
P4 bl

3 Lobabuaty? [ 3

Fig. 2. Measuring with the architect’s scale.

ent scales shown on the particular style of instrument he
uses.

The civil engineer’s scale has its units divided into tenths,
twentieths, thirtieths, and so on. The complete list is shown
in Table I.

The mechanical engineer’s scale has its units divided into
fractions of an inch. Thus a scale of 6” = 1’-0” has the
space representing the inch divided into eighths. A drawing
made to this scale is said to be one-half size. Likewise, a
drawing made to a scale of 3” = 1’-0” is said to be one-
fourth size. The complete list of scales is given in Table I.
HOW TO USE PENCILS, ERASERS, T-SQUARES, TRIANGLES AND

SCALES

To sharpen the pencil. Sharpen the pencil on the end
opposite to that on which the degree of hardness is marked,
so that these marks may remain to identify the pencil as
long as it is in service. Use a knife to sharpen the pencil,



TO SHARPEN THE PENCIL

TaBLE I
Anciteers | Mechanical il
Seales ngineer’s Engineer's
Scales Scales
5" =1-0" 147 = 1'-0” 1”7 = 100'-0”
*"al'—-()” 3”7 =1-0" 1”7 = 800"
ﬁ”ﬂll“o” 6”=l’—'0” 1”= 601_0”
}”gll_oll 9”=1I_0’ 1II= 50’_‘),
*”=1/_0’I 12”=1l_0” lll= 40[_0”
}7=1-0" | 18" =1-0" 1" = 300"
37 =10 247 =1-0" 17 = 20'-0”
1 ” = 1[_0” l” = 10[___0[’
1} 7 =1-0" Note: These scales simply have the inch
3 =10 divided into the number of parts indi-
12 7 =1-0" cated. The scales are numbered 10, 20,
30, ete. Thus on the 30 scale 17 may rep-
resent 30’ or 300",

and be careful not to cut or nick the lead in removing the
wood, since this weakens the lead and makes it liable to
break. Leave about } inch of lead exposed, and cut the wood

L Remove wood with s
pockel knife_as shown

- —— I B

JSornd-paper pad

3 First step
une
— Rorote penci/ Second
¢ S — . O white rubbing Sep.
Firnshed point readly for use. back and ferth

Fig. 3. Sharpening the drawing pencil.

back on a taper for § inch more. Then sharpen the lead by
rubbing it back and forth upon a file or pad of sandpaper.
The proper shape is shown in Fig. 3. The pencil will not
remain in this condition very long when being used; hence,
you should keep near at hand file or sandpaper so that the
lead may be frequently resharpened. A well-sharpened pen-
cil is the first mark of a good draftsman.
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To use the pencil. When ruling straight lines, hold the
pencil in a plane perpendicular to the paper and incline it
slightly in the direction of motion, as shown in Fig. 4.
Touch the pencil gently to the paper so that it makes a
light, clear mark without grooving the paper. When heavier
outlines are desired, as in making a finished pencil drawing,

Fenci! held in
plone pwpem’wa" FErncl ialned 1

I Yo paper: direction of morarn
argle or ’ ol

{ 2 —

Fi1c. 4. Proper position for drawing pencil.

use a softer pencil. Do not try to make heavy lines by press-
ing down harder upon the 6H pencil. Rotate the pencil be-
tween the fingers as it is pulled along and thus prevent
wearing a flat spot on one side.

To use the T-square. Hold the head of the T-square
against the left edge of the drawing board by pressing the

T |
\ —|

— Direction A"a_.‘wmry

—— porizorto/ /m /8 —

Yrom Jer? /angv&/ —
1:::: |

]
L blode of FWE_%'!
/ cellvtord edpe=—__] \\

Fia. 5. Proper position of T-square.

—_]

fingers of the left hand on the blade and exerting a pull
toward the right as shown in Fig. 5. Draw all horizontal
lines from left to right and vertical lines from the bottom
toward the top of the board. In general, the direction of
motion for any line should be away from the body. Do not
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try to draw vertical lines with the head of the T-square at
the top or bottom of the board, because the edges of the
board are not accurately at right angles to each other. Use
only the upper edge of the blade as a ruling guide, because
the bottom edge is not necessarily parallel to the top edge.

‘m
Direction of molion

Do éof/om Tonord

ﬂx@

Fia. 6. “How to test the T-square. Fia. 7. Drawing vertical lines
with T-square and triangles.

To test the T-square. To test the straightness of the rul-
ing edge of the T-square, first rule a line between two fixed
points. Then turn the T-square upside down and rule an-
other line between the same two points, using the same edge
as before. If the edge is true, only one line will appear,
whereas if it is bowed, two lines will appear, as in Fig. 6.

Fie. 7a. Drawing vertical lines with T-square and triangles.

If the difference between the lines halfway between the
points is as much as or more than s inch, the T-square
should be discarded. The fixed points should be near the
ends of the T-square.

How to use triangles. To draw vertical lines, place the
triangle against the upper edge of the T-square and hold
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it in place with the left hand, which also holds the T-square
against the board. Place the thumb and palm of the hand
upon the T-square and use the fingers to control the tri-
angle. Move the pencil in the direction of the arrow as
shown in Figs. 7 and 7a. "

How to draw angles of 15 and 75 degrees. Place the T-
square in its usual working position, then hold the 45-degree

Fia. 8. How to draw angles of 15 and 75 degrees.

triangle against it, and place the 30-60-degree triangle against
the 45-degree triangle as shown in A4, Fig. 8. Draw along
the upper edge of the 30-60-degree triangle. This line will
make an angle of 15 degrees with the edge of the T-square.
To draw a line making 75 degrees with the horizontal, hold
the triangles as shown at B.

COrigired/ lirne
first
POSITIOn,

Fic. 9. How to draw parallel lines.

How to draw parallel lines. Draw a straight line in any
desired direction. Bring the edge of a triangle up to the
first line, and then place a second triangle in contact with
the first. Slide the first triangle along the second as shown
in Fig. 9 and draw the second line. It will be parallel to the
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first line. The T-square also may be used as the sliding edge
or support for the triangle.

How to draw lines perpendicular to each other. Draw a
line in any desired direction and place a triangle along the
line. Hold a second triangle or a T-square against the first
triangle. Then reverse the first triangle and draw along its

Ferpendiculor
hine y
Second | A\
positiorn—i=I\

! 7

TFiangre or
7-squore held
statonary

Fia. 10. How to draw perpendicular lines.

(A)

upper edge as in A4, Fig. 10, or slide the triangle and draw
a line as shown in B, Fig. 10. In either case, the second line
drawn will be perpendlcular to the first.

To test the triangle. To test the accuracy of the 90-degree
angle of the triangle, draw two perpendiculars through the
same point near the guiding edge of the T-square. Use the

first

position A B position

L T-square blode j
Fig. 11. How to test the triangles.

same triangle to draw both lines, placing it first in one and
then in the other of the positions shown in Fig. 11. If the
triangle is true, only one line will appear. If the triangle is
inaccurate, two lines will appear, and the error is one-half
the angle between the two lines. If this error is more than
¥ inch at the top of an 8-inch triangle, the triangle should
be replaced by one that is more accurate.
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To use the scale. To use the scale, one should have a
very sharp pencil point to mark off the desired distance.
Place the scale along the line to be measured and look down
over the scale. With the pencil, mark off the dimensions
wanted, being careful to place the pencil point exactly at
the end of the desired mark on the scale. Hold the pencil
in a vertical position.

Dividing space into odd number of parts. When it is neces-
sary to divide a space into a given number of parts which

L Mark off poinis along Scale
2\ S

& Drow hine connecting endtb)
of line ab with lost point marked
o

J Drow tnes ron [EJ¥4L
parole! To 6-5

Fra. 12. Dividing a line into equal parts.

do not come out in even fractional parts of an inch, lay the
scale diagonally across the space so that regular fractional
parts of an inch may be used, or lay off the desired distances
on some diagonal line, and then draw a series of parallel
lines through the division points to the line to be divided,
as shown in Fig. 12.

QUESTIONS
1. What does the letter and number on a drawing pencil, such as
2H or 3B, signify?
2. What is the mark of the softest pencil?
3. What grade of pencil is suitable for preliminary layout of a
drawing or other accurate work?
4. What grade of pencil should be used for making a finished
pencil drawing?
5. What grades of pencil are most suitable for lettering?
6. Make a sketch showing the proper shape of a drawing pencil
point. Dimension the sketch to show the length of the lead ex-
posed and of the wood cut.
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7. Describe the proper position of the drawing pencil relative to
the paper when it is being used to rule a straight line.

8. Why should not the pencil be rocked back and forth perpen-
dicular to the straight edge as it is moved along in drawing a
straight line?

9. Why should not one bear down hard on the drawing pencil in
drawing preliminary layouts?

10. What is the purpose of the file or sandpaper pad in a drafts-
man’s kit of tools?

11. What kind of an eraser should be used in removing pencil lines?
12. What is the objection to an eraser containing grit?

13. Can ink lines be removed with a pencil eraser?

14. How can the grooves made in drawing paper by bearing down
too hard on the pencil be removed?

15. If the eraser does not leave the surface of the paper smooth
what can be done to improve it?

16. What kind of eraser should be used to clean the drawing sheet
when it is finished?

17. Against which edge of the board should the head of the T-
square be placed?

18. Why should the T-square not be used with the head at the
top or bottom of the board when drawing vertical lines?

19. What objection, if any, is there to using the T-square head
as a hammer?

20. What is the danger involved in allowing the T-square to fall
to the floor? '

21. Show by a sketch and explain how the accuracy of the ruling
edge of a T-square may be tested.

22, What objection is there to using both the top and bottom
edges of the T-square as ruling edges?

23. Show by a sketch and explain how the accuracy of the 90-
degree angle of a triangle may be tested.

24. Show by a sketch the proper way to draw one line at right
angles to another by the use of two triangles.

25. Show by a sketch how to draw one line parallel to another
by means of two triangles.

26. Show by a sketch how to draw an angle of 15 degrees with
the horizontal up to the right using a 45- and a 30-60-degree
triangle and the T-square.

27. Show by a sketch how to draw an angle of 75 degrees up to
the left.

28. How are the end divisions of an architect’s scale subdivided?
29. On what kind of drawings is an architect’s scale used?
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30. How is the civil engineer’s scale subdivided, and upon what
kind of drawings is it used?

31. A view of an object which measures 9”x12” must be drawn
within a 3”x4” space; what standard scale comes nearest to meet-
ing the requirements?

32. The plan of a building measures 32'-0” by 44’-0”, and the
plan view must be drawn within a 9”x12” space. What scale
would you use?

33. Show by a sketch how to use a scale in dividing a 3-inch
space into seven equal parts. '

GENERAL INSTRUCTIONS FOR ALL PROBLEM SHEETS

The layouts for the border line and title space of five
different standard drawing sheets are shown in Figs. 13 and

i )
\Bafv’er //ne—\ \50/?9@/“ //'ne«1
0‘/7991‘ A—/ i ~§ a& 1.5/769/ A'e ) §§
\‘{\ 1 %11 =
3 a1 i S,
i /64 BT 154 wi
V& /7~

Fic. 13. Standard border line and title space for large sheets.

15. Your instructor will select the one you are to use. Study
the dimensions carefully and memorize them so that you
may lay out your sheets throughout the semester without
continual reference to the figure.

Placing the paper on the board. The paper should be
placed about 4 or 5 inches from the bottom of the board
and about 3 inches from the left-hand edge, as shown in
Fig. 17. Place the T-square where you want the lower edge
of the paper to be, then let the paper rest upon the T-square
and fasten down the upper corners with thumb tacks. As
soon as you have the tacks pushed down tight, check up
with your T-square to see that the lower edge of the paper



LAYING OUT THE BORDER LINE

13

is in line. Then put the thumb tacks through the lower

corners and push them all down firmly.

"

I
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Fic. 14. Standard title form for large sheets.

Laying out the border line. Having placed the paper on
the board, lay out the standard border line and title space
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Fre. 15. Standard border lines and titles spaces for small sheets.

as selected by your instructor. Make the measurement with
your scale first horizontally as shown in Fig. 17 and rule
in the two vertical lines lightly with a 6H pencil. Second
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make the vertical measurements and rule in the horizontal
lines. Subdivide the title space as shown in Fig. 14 or 16,
as the case may be.

Since the vertical lines were drawn first, these lines will
over-run the corners. With your pencil eraser remove all

Fig. 16. Standard title forms for small sheets.

lines which extend beyond their proper limits. Now go over
the entire layout with an H pencil, making the lines strong
and firm but not grooving the paper. Be very careful not
to over-run any of the corners. Letter in all parts of the
title to the best of your ability, ruling guide lines to aid
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Fi1e. 17. Placing paper and marking border line.
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you as shown in Fig. 16. The name of the drawing will be
determined by the assignment of the problem which the
instructor makes.

After the border line and title layout are as nearly per-
fect as you can make them, both as to accuracy of measure-
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ment and neat appearance, proceed upon the exercises as-
signed by the instructor.

" Note: If the drawing paper as it comes to you is a little
scant of the dimensions given in Fig. 13 or 15, let this
shortage appear in the space inside the border line. In other
words, always keep the margin between the border line and
the edge of the paper constant, since this will make the
best-appearing sheet.

PROBLEMS

In the following exercises the aim should be for accuracy of
measurement and drawing. Even in these first exercises no line
should vary from its specified position as much as g inch. The
lines should be thin but firm. The enclosing rectangle should al-
ways be made first and then the pattern constructed within it.
Whenever one line terminates upon another, care should be exer-
cised to draw exactly up to the line but not over it.

Divide the space inside the border line into four equal rectangles
by a horizontal and a vertical center line, then proceed to do the
problems assigned. In each case the square is 3 inches on a side.

7))
N\

Fia. 18. Fia. 19. Fi1c. 20.
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1. Draw first the enclosing square, then divide the left side
into }-inch divisions. From these points draw the horizontal lines,
terminating them exactly upon the right side. The eraser should
nF(l)t b% used after the enclosing square has been completed. See

ig. 18. ,

2. Divide the lower side of the square into }-inch divisions, and
from these points draw vertical lines which shall terminate exactly
upon the upper side. See Fig. 19.

3. Draw the horizontal and vertical center lines of the square
and then draw very lightly, so that it will hardly show, a diagonal
of the square. Divide the diagonal into -inch divisions, beginning
at the center of the square. Through these points draw the 45-
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%egree lines which terminate upon the center lines in pairs. See
ig. 20.

4. Draw the horizontal and vertical center lines of the square.
Divide the horizontal center line into }-inch units, and draw the
30-degree lines, terminating them exactly upon the sides and center
lines as shown. See Fig. 21.

5. Divide the lower side into }-inch units, and through these
points draw the vertical lines first, then from alternate points on
the base draw the 30-degree lines as shown. Continue the pattern
to the top of the square by some scheme of your own. See Fig. 22.

Note: The three sets of lines intersect each other exactly in
points on the sides and throughout the pattern.

6. Draw the diagonals of the square and divide the one run-
ning down to the right into i-inch units, beginning at the center
of the square. Through these points draw the 15-degree and the
75-degree lines by means of the T-square and 45-degree and 30-60-

Fia. 21. ] Fia. 22. Fr1a. 23.

7. Draw first the circle of 3-inch diameter very lightly. Divide

tively beginning at the bottom. Connect points 1 and 8, and then
proceed around the circle with the same interval until each point
is connected with two others. See Fig. 24.

8. Divide the left, bottom and right sides of the square into
$-inch units, then connect, the two upper corners with each point
on the sides and bottom. In each upper corner draw an arc of
Ts-inch radius and terminate all lines upon the arc. See Fig. 25.

9. Divide the square first into 3-inch strips in both horizontal

10. Divide the square diagonally into -inch strips in both direc-
tions. Draw these lines very lightly. Divide alternate strips, in
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both directions, into #-inch units, and work out the weaving
pattern as shown. The three lines inside each strip should start
and stop exactly at the proper point. After completing the work,
go over the pattern with a softer pencil to make it stand out more
clearly. See Fig. 27.

TEE
=0
I
1

T
I

Fia. 25. Fia. 26.

11. The weaving pattern of this problem is based upon the
layout of Fig. 22, using only the alternate lines. These lines form
the center lines of strips 3-inch wide. Draw all strips very lightly
without regard to the pattern, then go over the figure with a
softer pencil and work out the correct design. Do not over-run
lines. Take advantage of the symmetry of the pattern in working
out the design. See Fig. 28.

12. Divide the square into %-inch squares by means of hori-
zontal and vertical lines. With the center of these squares as base
points, lay out 3-inch squares in both diagonal directions. With
these lines as the center lines of strips ¥ inch wide, work out the
weaving pattern shown. Follow the same procedure as in Prob. 11.
See Fig. 29.

R
"{\&%/‘K/\\Q:o:{

X

YRR




UNIT 11

LETTERING. STUDY OF LETTER SHAPES

PURPOSE OF UNIT II

The purpose of this unit is to teach certain important facts
about the shapes, heights, sizes, slopes and weights of letters
and numbers, and to show how to make letters and numbers.

WHAT YOU SHOULD KNOW ABOUT LETTERS AND NUMBERS

Every drawing must bear a title and frequently much
other lettering in the form of explanatory notes. If the letter-
ing is poorly done, through either carelessness or ignorance,
not only is the appearance of the entire drawing ruined, but
because of its poor appearance its accuracy and correctness
are questioned, and the maker of the drawing comes into
disfavor. It is therefore important that the draftsman learn
to do creditable lettering from the very beginning.

The first step in good lettering is a thorough and correct
knowledge of the standard letter shapes. Such knowledge
may be acquired through the study of large-size letters, the
correct proportions of which are shown in the figures in this
unit. The direction in which each stroke should be made is
shown on each letter, and the important points of each letter
are discussed in the paragraphs which follow. These should
be studied carefully until each letter can be made perfectly
from memory exactly as shown in the text.

Lettering should be practised with the pencil until all the
letters and figures can be made correctly from memory. In
addition to correct letter shapes it is necessary to observe
five simple rules in order to insure success in lettering. Four
of these will be given in this unit, and the fifth will be ex-
plained at a more appropriate place in Unit IV.

These rules may be summarized under the one word uni-
18
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formlty Good lettering requires umformzty of shape, slope,
size and werght.

Uniformity of shape. This requirement means that each
time a letter is repeated in a sentence, note or paragraph,
it must be like the others of its kind. Thus all the A’s in
any piece of lettering must be exactly alike. The same thing
applies to all letters and figures.

Uniformity of slope. This means that the slope of all let-
ters must be the same. The slope of such letters as B, D, E,
F, H, I, L, etc., is determined by the slope of the first
stroke, but for letters such as 4, W, @, ete. the slope is de-
termined by the axis of the lettér. As an aid when beginning
it is good to use slope guide lines as shown in Fig. 1. The

:Ih'h'li/.‘l....-

F1a. 1. Slope guide lines.

inclination of letters used by different people varies, but for
good appearance a slope of two and one-half to one, as
shown in Fig. 1, is recommended.

Uniformity of size. Lettering upon a drawing should never
be attempted without the use of lightly ruled guide lines.
As an aid to ruling such lines, several instruments are on
the market, two of which are shown in Fig. 2. Guide lines
for small caps are two-thirds the height of the initial caps.
The lettering instruments give this spacing automatically.
All letters should be made the full height of the guide lines
and of uniform width as well. It is possible to make a series
of letters such as o all of the same height but varying in
width. This gives a very poor appearance and must there-
fore be avoided.

In addition to this general statement, a further rule should
be observed; namely, such letters as 4, 0, @, C, etc., which
touch the guide lines at only one point should be made
just a trifle higher, otherwise they appear to be smaller than
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the other letters. The bottoms of all other letters as well as
the tops should be brought exactly to the guide lines.

Uniformity of weight. This requirement means that all
strokes of all letters in any composition must be of the same
width. In pencil lettering, the first precaution required is
to revolve the pencil occasionally while using it so that a
broad, flat spot is not worn on the point. Second, the pencil
should be frequently resharpened, taking care to maintain
the same width of point at all times.

\ Fule Guide hines by inserting percid pord in —|

m
— Suecessive holes and slding nstroment orr ——— -

h —— Triangle back « forth olong TFsguare. . _———_ /l
; Braddiock Jet instrurment by o
Heerrering revatving disky in frome| |, |
H 7riong/e L]

W ) :

I\ i e = (ﬁ

] N N =14
A “ames Lettering Wryﬂf?/
e e R —
e —

Fic. 2. Using the lettering triangle.

The method of securing a difference in the weight of
strokes in inked letters is by a proper selection of pen points.
A few of the pens which are on the market are shown in
Fig. 3. For the usual run of drafting work the following
pens will be found satisfactory, as will similar pens by other
manufacturers: Tank pens No. 5, No. 12 and No. 15; Gil-
lott No. 170, No. 303 and No. 404; Esterbrook No. 510
EF ballpointed, and Leonard No. 516 EF. The pens of
larger number give the heavier strokes.

HOW TO LETTER

To draw guide lines. Place a lettering triangle or instru-
ment against the T-square. Note the numbers at the bot-
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tom of each column of holes indicating the height of the
guide lines in thirty-seconds of an inch. The Ames lettering
instrument is likewise numbered to give letter heights in
thirty-seconds of an inch. After you decide on the height

i Width of pen
strokes shown
shculd be measured
horizontally.

I//// Y

0 2 345 7653210 5
FIG 3 Lettering pens.

in 8 sizes

of the letters, insert the pencil in the holes in the column
which gives the height of guide lines you desire and slide
the triangle, or Ames lettering instrument, back and forth
along the T-square as shown in Fig. 2. When more than one
line of lettering is required, the holes in these instruments
give the proper spacing between lines.
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How to make I, L, T, H, F and E. The six letters in
Fig. 4 are composed entirely of horizontal and sloping straight
strokes. Practise these strokes separately, before combining
them in letters, until you can make them smoothly and
accurately. Notice the proportions of the letters and the
directions in which the strokes should be made. Make the
horizontal strokes near the center of the last three letters
just a little above the middle. Draw the bottom stroke of
the letter £ just a little longer than the upper horizontal
stroke. Make the main strokes of the letters I, L, T, H, F
and E follow the slope of the slope guide lines. The width
of all letters except W is about five-sixths the height.

How to make 4, V, W and M. In the group shown in
Fig. 5, make the center line of the letter follow the slope

ILTIHEE o VAR

Fia. 4. Fic. 5.

guide lines as shown. The slope line through the center
should bisect the base of the letter A and the top of the
other letters. After a little practise with slope lines through
the center of the letters make the letters without drawing
center lines. You can then keep the correct slope by making
the second stroke of the letter A and the corresponding
strokes in other letters perpendicular to the guide lines as
shown in Fig. 5. Make the first and third strokes of the
letter W parallel to each other; also make the second and
fourth parallel. Always draw the outside strokes of the letter
M parallel.

How to make K, N, X, Y and Z. Notice the wider variety
of combinations in the third group of straight-stroke letters
shown in Fig. 6. Begin the second stroke of the letter K
just inside the enclosing parallelogram of guide lines and
intersect the first stroke at about one-third its height from
the bottom. Begin the third stroke at the corner of the
parallelogram and draw it so that if it were produced it
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would pass through the opposite diagonal corner, as in-
dicated by the dotted line. Draw the first strokes of the X
and Y as diagonals of the parallelogram of guide lines, be-
ginning at the top just a little in from the corner. Place the
intersection of the lines in the X a little above the center,
and that of the Y a little below the center. Make the top
stroke of the Z shorter than the bottom stroke.

How to make O, Q, C, G and S. Notice that the letter
O forms the basis of all five letters shown in Fig. 7, and for
parts of the letters in Fig. 8. Make this oval tangent to the
mid-points of the sides of the enclosing narallelogram of
guide lines. Practise this letter until you can make it per-
fectly before you attempt making the others in this group.
Place the dash in the letter @ so that it passes through the

KANRNME O06ES

Fia. 6. Fic. 7.

corner of the enclosing parallelogram of guide lines in the
direction of the diagonal of the parallelogram. Make the
openings in the letters C and G at approximately the center
third of the right side of the oval. Draw the horizontal bar
in the G about one-third of the way across the letter. Make
the upper part of the letter S smaller than the lower part,
and think of the entire letter as being formed within the
basic oval of this group, as indicated in Fig. 7.

How to make D, B, P, R, J and U. Notice that the six
letters shown in Fig. 8 are composed of combinations of
straight strokes and ovals. Be careful to make the horizontal
strokes in the first four letters perfectly straight for one-
half the width of the letter. From that point begin the oval.
Make the bottoms of the J and U also as parts of the oval.
Make the sloping strokes in these letters perfectly straight
until they become tangent to the oval. Draw the center
stroke in the letter B slightly above the center, but place
the middle stroke in the letters P and R at the center.
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How to make numbers. Examine carefully the proper
shapes of the numbers and the directions of strokes to be
used in making them as indicated in Fig. 9. Make the tops
of the 2, 3 and 6 not quite so wide as the bottom parts.
Form the 6, & and 9 and the bottomn parts of the 3 and &
as if they were parts of the oval which forms the zero.
Notice that this oval is considerably narrower than the one
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Fia. 8. Fia. 9.

forming the letter O. Place the cross-bar of the 4 one-third
the height of the number from the bottom. Make the bot-
toms of the 3, 5 and 6 similar in size and shape to the bottom
of the 8.

How to letter fractions and mixed numbers. Make nu-
merals, when representing whole numbers, the same size as
the initial capital letters. Make the numbers in fractions,

fEEE bik

Correct Incorrect
Fia. 10.

however, only two-thirds as high as the initial capitals, or
whole numbers, or exactly as high as the small capitals.
When a fraction accompanies a whole number, make the
numerals in the fraction extend above and below the whole
number. Always draw the cross-bar in the fraction, which
separates the numerator from the denominator, horizon-
tally, as shown in Fig. 9. Place the numerator and denom-
inator so that the same slope line passes through their centers
and not so that they will be offset from each other. Notice
the correct and incorrect examples shown in Fig. 10.
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How to letter in ink. When lettering in ink, follow these
suggestions carefully:

1. See that the paper is free from all dust, dirt and lint
which the pen might accidentally pick up.

2. See that the pen is not filled too full, and do not con-
tinue to use until it is dry. Fill frequently, and clean often.

3. Bear down just hard enough for the pen to produce
its normal stroke. Do not spread the nibs of the pen.

QUESTIONS

1. Make a letter designated by the instructor. 'The letter shall be
2 inch high. Show on it the slope line, the direction in which the
strokes are made, and discuss the outstanding characteristic of
the letter.

2. What is the proper relationship between the height of the cap-
itals and the other letters?

3. Letter the entire alphabet.
4. Letter all the numerals and make several fractions.

5. What is the relative height of numerals in fractions as com-
pared to whole numbers?

6. Should the bar in fractions be drawn horizontally or inclined?
7. Show by a sketch the proper slope for letters. Give dimensions.

8. Under what one word can the four rules for good lettering be
summarized?

9. State the four requisites of good lettering.

10. What is meant by uniformity of shape?

11. What is meant by uniformity of size? Explain and illustrate
by correct and incorrect examples. Designate each kind.

12. What is meant by uniformity of slope in lettering?

13. What is meant by uniformity of weight? What precautions
must be taken to attain it when lettering with a pencil?

14. When lettering with pen and ink, what precautions must be
taken to attain uniformity of weight in all strokes?

15. Illustrate the proper placing of numerals in a fraction as re-
gards the slope line.

16. When can one dispense with guide lines in lettering a drawing?
17. What is the danger in hurried lettering practise in which letter
shapes are incorrectly made?

18. What is the meaning of the number under each column of
holes on the Braddock lettering triangle?
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19. How may the slope guide for letters be drawn with the Ames
lettering instrument?

20. When more than one line of lettering is to be made, how can
the successive sets of guide lines be spaced with the lettering tri-
angle or Ames instrument?

21. When letters of considerable difference in weight are to be
made, how is this best accomplished?

PROBLEMS

In laying out the sheet for exercises in this unit, draw first the
standard border line and title space, then divide the space inside
the border into four equal rectangles by means of a horizontal
and a vertical center line. In each space, rule gu1de lines for letters
% inch high. Begin the top of the first set of lines 2 inch from the
border line, and rule seven sets of lines as shown in Fig. 11. Draw
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vertical margin lines £ inch from the sides of each rectangle and
keep all lettering work inside these lines. Use a 4H pencil for
ruling the guide lines. .

Note: If lettering triangles are not available, space sets of guide
lines % inch apart.

Do the exercises as assigned by the instructor. The title of the
sheet will be LETTERING.

Lettering exercises should always be done carefully. Attention
should be focused at first upon producing perfect letters. Then,
as facility is gained, greater speed in making perfect letters should
be the goal. The beglnner should make about 12 to 15 good letters
per minute and endeavor to increase his speed up to about 30
perfect letters per minute as a maximum.

1. Havmg ruled the horizontal guide lines, draw slope guide
lines § inch apart across the lettering area, thus dividing the space
into 3-inch parallelograms. In alternate parallelograms draw slop-
ing lmes freehand, as shown in Fig. 11. Then draw the horizontal
lines freehand, completmg each line before beginning the next.
Endeavor to draw smooth, uniformly spaced straight lines.
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2. Measure off on the top line of the upper set of guide lines
1 inch of %-inch spaces as shown in Fig. 12. Draw sloping strokes
dividing the space between these points into three equal parts.
Begin and end exactly on the guide lines. Continue the strokes,
spacing the remainder of the line by eye. Divide the second line
into i-inch spaces for the first inch and one-half. Then draw hori-
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zontal and sloping lines in alternate spaces as shown. Continue
the spacing by eye. Complete the exercise as shown in the figure.
Accuracy in starting and stopping strokes at the proper place
together with accuracy of spacing should be the chief aim.

3. Practise the letters of group 1 as shown in Fig. 13. Space
the letters about % inch center to center, except in the last row,
where the letters I, L and T are to be made closer together.
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4. Practise the letters of group 2. Draw first the slope guides
for the first five or six letters A and V about % inch apart, and
then construct the letter about this line as shown in Fig. 14.
Complete the practise for the remainder of each line without the
slope lines. The letters W and M are to be made directly without
the aid of sloping center lines.

5. Practise the letters of group 3. Draw the enclosing parallelo-
gram for the first few letters in each line as a guide, as shown in
Fig. 15, then continue the remainder of each line without the
parallelogram.
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6. Practise the letters of group 4 as shown in Fig. 16. Proceed
as in Prob. 5. Study the letters carefully as you make them and

correct the faults as you go along.
7. Practise the letters of group 5 as shown in Fig. 17. Proceed

as in Prob. 5.
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8. Practise the numerals as shown in Fig. 18. Proceed as in
Prob. 5. Note that the parallelogram for the zero is much nar-
rower than for the letter O. In the first practise, additional guide
lines may be ruled for the fractions.

Repeat the various problems or specialize upon the letters with
which most difficulty is experienced, as directed by the instructor,

until creditable lettering is achieved.



UNIT III

USE AND CARE OF THE LARGE PENCIL COMPASS,
SMALL PENCIL COMPASS AND DIVIDERS

PURPOSE OF UNIT III

It is the purpose of this unit to teach the use and care
of the compasses and dividers, and to show how to make
certain geometric constructions which are used in mechan-
ical drawing and which require the use of compasses and
dividers.

WHAT YOU SHOULD KNOW ABOUT COMPASSES AND DIVIDERS

The compasses, both large and small, are used for draw-
ing circles and arcs of circles. The small compass, generally
called a bow compass, is used for the smaller circles usually
up to about 11 inches in radius. The large compass is used
from the limit of the small compass up to circles having a
radius of about 7 inches. For circles larger than this an
extension bar must be used. This device will permit a max-
imum radius of about 11 inches.

Either a conical or a bevel point may be used on the lead
of the large compass. The lead should be about 3% inch
shorter than the needle point as shown in Fig. 1. Thus
when the needle point sinks slightly into the paper the lead
point comes into contact with the paper and the circle can
then be drawn without causing the needle point to slip, as
frequently happens in drawing small circles if the lead is
too long. :

For the small compass the lead should be sharpened to a
bevel point, and it should be inserted in the compass with
the bevel face turned away from the needle point as shown
in Fig. 1. This will enable the draftsman to make smaller

circles than could be made with the conical point or with
29
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the bevel face turned in, since in many types of instruments
the clamping screws on both legs prevent closing the instru-
ment as far as is sometimes desired. For very small circles,
say of 3-inch radius or less, the needle point should be only
about & inch longer than the lead to secure good results
without punching a large hole in the paper.

The dividers are used for transferring measurements from
one part of a drawing to another and also to step off a
series of two or more equal spaces along a line either curved
or straight. When the dividers are not in use, they should
be carefully laid aside so as to protect the sharp points.

®

R

Fic. 1. Adjustment of pencil point in compass.

Do not jab the points of the dividers into the drawing board
even temporarily, since the points may become broken, and
they are difficult to resharpen or replace. Drawing tools are
fine instruments and should always be treated as such.

HOW TO USE COMPASSES AND DIVIDERS

To use the large compass. The needle point of the com-
pass should not be pushed through the paper, although
where many concentric circles are to be drawn this cannot
be entirely avoided. It is, however, unnecessary to make
large unsightly holes at the center of any circle or series of
circles. This can be prevented by causing the needle point
to sink into the paper only enough to take hold. Tilting the
compass too far in the direction of motion as it is revolved
has a tendency to enlarge the hole once the needle point
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has passed through the paper. It is therefore best to iteep
the compass in a plane almost perpendicular to the plane
of the paper.

Fig. 2. Setting the compass.

For good work, the joints of the compass must be kept
rather stiff so that they will not spread while drawing a
circle. To set the compass to some specified dimension hold

Fi1e. 3. Another way to set the compass.

it as shown in Fig. 2. If the joints are very stiff, use both
hands to make the final accurate setting, as shown in Fig. 3.

If the compass is equipped with a hair-spring adjustment,
make the first setting to within ¥ inch of the correct di-
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mension, and make the final accurate setting by turning
the thumb screw on the hair spring. The hair-spring adjust-
ment usually allows a movement of about } inch at the
needle point. The cheaper sets of drawing instruments do
not have this adjustment.

To draw a circle, bend the legs of the compass so that
both the pencil point and the needle point are approximately
perpendicular to the paper. After the correct setting has
been made, grasp the top of the compass between the thumb
and forefinger and revolve in a clockwise direction as shown
in Fig. 4.

Fic. 4. Drawing a circle,

To use the bow compass. Set the small compass to any
desired dimension by means of the thumb-screw adjustment.
To draw a circle, revolve the compass between the thumb
and forefinger in the same manner as the large compass.

To use the dividers. The setting of both large and small
dividers to any desired distance is made in the same way
as previously described for the large and small compass.
In stepping off distances be careful not to punch holes in
the paper, but make very slight indentations and imme-
diately mark them by dotting with a sharp pencil point.
In this way you will preserve the measurements without
marring the paper. In stepping off a number of equal spaces
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turn the dividers in one direction for the first step and then
in the opposite direction for the next, and so on.

To draw tangent circles and arcs. In drawing arcs of
circles which are tangent to other lines, make these lines
coincide exactly at the point of tangency. It is necessary to
locate the center of the arc by a geometrical construction
and to exercise certain other precautions as well. After hav-
ing located the center geometrically, rest the needle point
of the compass at this center and swing the compass over
the line, but without touching the paper, to see if it will be
exactly tangent. If it is not, adjust the compass, or shift
the location of the center until exact tangency has been
secured, then push the needle point lightly into the paper
and draw the arc. This precaution takes but a moment
and it is only by this method that smooth and accurate
work can be attained. Under no circumstances should the
arc be drawn past the point of tangency, which, in the case
of a straight line, is on the perpendicular to the line through
the center of the arc.

IMPORTANT GEOMETRICAL CONSTRUCTIONS

The following fundamental constructions are frequently
used and should be thoroughly learned so that they may
be used in drawing, without special effort.

1. To draw a circle of a given radius r tangent to a
straight line at a given point. The center of any circle of
radius r tangent to a line AB is on a straight line parallel
to AB a distance r from it. The center of a circle tangent
to a right line at a given point is also on a perpendicular to
the line at that point. Hence the center of the circle is at
the intersection of these two lines, as shown in Fig. 5.

2. To draw a circle of radius r tangent to two intersect-
ing straight lines AB and CD. As in the construction above,
the center of a circle of radius r tangent to a line AB is
on a line parallel to it and r distance from AB. The same
may be said for CD; hence the center of the circle is at the
intersection of these two lines, as shown in Fig. 6. The center
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is also on the bisector of the angle between the lines, but
the bisector is not used in this construction.

3. To bisect a given line. From the end A of the given
line, draw arcs I and 2 of any convenient radius r, and from
end B arcs 3 and 4 of the same radius, as shown in Fig. 7.
Join the two points of intersection of the arcs. This line
bisects the given line.

0
T r—?—r/
( N
A ! S~ B A l | 8
\C
Fie. 5. Circle tangent to line. F1a. 6. Circle tangent to two lines.

4. To bisect a given angle. With the vertex A of the
angle as a center, draw arc I cutting both sides of the angle
at B and C as shown in Fig. 8. With these two points as
centers, and any convenient radius, draw arcs 2 and 3. A
line through the vertex and the intersection of these arecs
bisects the angle.

N4
§N
B
r/
A
A B
c
(
Ve
%
Fia. 7. Bisectin, Fic. 8. Bisecting Fig. 9. Circle
a line. & an angle. through three points.

5. To draw a circle through three points (not collinear).
The center of the circle will be equidistant from the three
points. Any point on the perpendicular bisector of a line is
equidistant from the ends of the line. If therefore we erect
perpendicular bisectors of the two lines joining the three
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points, the intersection of these bisectors locates the center
of the circle. See Fig. 9.

6. To circumscribe a circle about a triangle. This is an
application of Prob. 5, and the solution is left to the student.

7. To locate the center of a given circle. This is also an
application of Prob. 5, and the solution is left to the student.

8. To bisect an arc. With the end A of the arc as a center
and any convenient radius greater than one-half the are,
describe two arcs. Then with the end B as a center, and
the same radius, describe two other arcs. A straight line
through the intersections of these arcs bisects the arc. See
Fig. 10.

A r £
B
£
r 8 C A 0
Fi1ac. 10. Bisecting Fia. 11. Reproducing a
an arc. given angle.

9. To reproduce a given angle. With the vertex of the
angle as a center, draw an arc cutting both legs of the angle
at A and B as shown in Fig. 11. At the desired place on
the drawing paper, draw a straight line of random length.
Then with any point such as D on this line as a center, draw
an arc of the same radius as the one above, cutting the line
at E. On the original angle set the compass to the distance
AB; then, with the point E as a center and with the radius
just obtained, draw an arc cutting the first arc at F. The
line DF completes the angle which is equal to the original
angle.

10. To erect a perpendicular to a line at any point within
the line. With the given point A as a center, describe an
arc cutting the line at B and C. With any convenient radius
(greater than AB) draw arcs I and 2 with centers at B and
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C respectively. A line through the intersection of these arcs
and the point A is the required perpendicular. See Fig. 12.

11. To erect a perpendicular to a line at the end of the
line. At any convenient point A (not on the line) as a center,
draw an arc passing through the end point B and cutting
the line again at C as shown in Fig. 13. Draw a line through
A and C and extend it until it cuts the arc at D. The line
joining B and D is the required perpendicular. Upon what
proposition in geometry does this construction depend?

12. To construct a triangle when the lengths of the three
sides are given. Lay off the longest side at the desired place
on the sheet. With the length of another side as a radius

o
/ 2 o f—
A
;ﬁ A
A N
8 A C' A

F1a. 12. Perpendicular Fra. 13. Perpendic-  Fig. 14. Construct-
to a line. ular at end of line. ing a triangle.

describe an arc having one end of the long line as a center.
Then, with a radius equal to the remaining side of the tri-
angle and the other end of the long side as a center, describe
a second arc which will cut the first one. Joining the inter-
section of these arcs with the ends of the long line completes
the triangle. See Fig. 14.

QUESTIONS
1. What should be the difference in length of the needle point and
pencil point in the large compass?
2. Why should the needle point be kept perpendicular to the paper?
3. What is the purpose of the hair-spring adjustment on the large
compass? .
4. How should the lead in the small compass be sharpened?

5. In what position should the bevel face of the lead point be
turned relative to the needle point of the small compass? Why?
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6. What precautions may be taken to avoid having a large hole at
the center of a series of concentric circles?

7. In marking off distances with dividers, why is it best not to
punch holes in the paper?

8. How may the measurements made with dividers be made
permanent if holes are not punched through the paper?

9. Explain how to locate the center of an arc tangent to two inter-
secting right lines.

10. What precautions must be taken to secure exact tangency in
drawing an arc tangent to a line after the center has been located
by geometrical construction?

11. In drawing an arc tangent to one or more lines, why cannot the
center obtained by geometric construction be absolutely relied
upon to give the exact center of the arc?

12. Where should the arc be stopped in drawing an arc tangent to
a straight line? Illustrate by a sketch.

13. What is the maximum radius to which your large compass can
reasonably be set?

14. What is the purpose of the extension bar supplied with drawing
sets?

15. Show by a sketch and explain how to draw a circle tangent to a
given right line at a given point.

16. Explain how to draw a circle through three points. Illustrate
with a freehand sketch.

17. Explain how to locate the center of an are or circle when the
center is not shown. Illustrate with a freehand sketch.

18. Explain how to construct an angle equal to a given angle.
Illustrate with a sketch.

19. Explain how to erect a perpendicular at the end of a given right
line. Illustrate with a sketch.

PROBLEMS

Accuracy of construction is the principal objective of the work
in this unit. Accurate work cannot be done with a blunt penecil
point. See to it, therefore, that your pencil point is long and
sharply pointed. Hold the pencil nearly perpendicular to the paper
so that the thin point may not be broken. Draw light hair lines
in making your preliminary construction, and remember that
only with the greatest care can absolute accuracy be attained.

After drawing the standard border line and title space, divide
the sheet into four equal rectangles by means of horizontal and
verucal ceater lines. Do the problems assigned by the instructor.
Do not erase the geometrical construction.
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1. Draw a line 2}¥ inch long and bisect it.

2. Draw an angle of 30 degrees and bisect it.

3. Draw an arc of 3-inch radius subtending an angle of 60
degrees and then bisect the are. :

4, Construct a triangle having sides 1%, 2 and 2 inches long.

5. Draw a line 335 inches long and then draw a circle of 13-inch
radius tangent to it at a point 2 inches from the end.

6. Draw an angle of 45 degrees and then draw an arc of 1-inch
radius tangent to the sides of the angle.

7. Draw a line 22 inches long and erect a perpendicular at one
end of it.

8. Draw an angle of 75 degrees, using your triangles, and then
reproduce this angle by geometrical construction.

9. Construct a scalene triangle having sides 14, 23 and 3 inches
long, and then circumscribe a circle about the triangle, i.e., draw a
circle which passes through the vertices of the three angles.

10. Reproduce full size the assigned diagrams from Figs.
15 to 20. }

Fia. 15. Frc. 16. Fia. 17.

Fia. 18. Fia. 19. Fia. 20.



UNIT 1V

LETTERING. COMPOSITION

PURPOSE OF UNIT IV

The purpose of this unit is to give further information
about lettering, to show how properly to space letters, words
and sentences, and to provide exercise prchlems in lettering.

WHAT YOU SHOULD KNOW ABOUT LETTER SPACING

In lettering upon drawings, not only must the letters of
the alphabet be made correctly but also they must be com-
bined into words, sentences and paragraphs in a pleasing
manner. To achieve this result requires the careful observ-
ance of the four rules studied in Unit II, namely, uniformity
of shape, size, slope and weight, and also the fifth rule, which
requires uniformity of spacing.

Uniformity of spacing. This rule means that the letters
in a word must be so placed that the white areas between
letters appear to be uniformly equal, and, second, that the
spaces between words be somewhat larger than those be-
tween letters, and also uniformly equal between all words.
This can be most satisfactorily accomplished simply by judg-
ment and a little forethought rather than by any attempt
at measurement. Practise, of course, is necessary.

Forethought is required because the area between cer-
tain letters cannot be brought below a definite minimum,
whereas the area between other letters can be made of al-
most any amount. For example, if the letters L and A fall
next to each other, as in the word LATE, the area between
the L and A cannot be reduced below the amount existing
when the letters just touch. Other combinations such as
TT, XX, TY and FT likewise have a definite limit to 'the

minimum area between the stems of the letters. On the other
39 .



40 LETTERING. COMPOSITION

hand, such letters as I, H, N, M, U, etc., can have their
stems placed as close together as one pleases. Care must
therefore be exercised to see that such letters are not placed
so close together that the spacing makes a disagreeable con-
trast with that between other pairs of letters such as T'T,
AA, TY, LT, etc. The word Illznots is an example of what
may occur if the letterer is not careful to make the spacing
uniform. See Fig. 1.

LLINOIS TLLINOIS RELIEF IANVE REL/IEF VALVE

INCoRRECT CoORRECT INCORRECT CORRECT
Fic. 1. Spacing of letters.

Compact lettering. The rule discussed above may be care-
fully followed and yet the lettering may not be pleasing or
easy to read unless the letters are compactly spaced. This
means that the letters in a word must not only be uniformly
spaced but they must also be kept close enough together
for the eye to grasp the entire word as a unit, rather than
as a series of separate letters. Compact spacing has a double
advantage in that it is easier to read and moreover the
small irregularities in individual letters do not stand out in

OPEN SPACING MAKES LETTERING
HARD 70 REALD:

CoMPACT SRACING MAKES FACH WORD A UN/T.

Fia. 2. Advantage of compact spacing.

such glaring fashion as they do when the letters are too
widely separated. Figure 2 gives correct and incorrect ex-
amples.

The spacing between words should be about equal to the
width of the letter M, and the spacing between sentences
should be a little greater than M.

In the discussion thus far, the letters have been consid-
ered to be of a certain standard width as given in Unit II,
namely, about five-sixths the height. This width is the one
generally used when there is no limitation upon the space
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which may be used for lettering. Such letters are referred
to as normal letters.

It sometimes happens, however, that certain lettering must
be placed within a very limited area. If the normal letters
were used this could not be done. The desired result is
achieved by compressing the letters, the spacing between
letters and the spacing between sentences all in the same
proportion. Such letters are referred to as compressed let-
ters; they are illustrated in Fig. 3.

EXPANDED LETTERING

COMPRESSED LETTERING
Fia. 3. Expanded and compressed lettering.

It also sometimes happens that it may be desirable to
extend certain lettering over more than the normal amount
of space. This need gives rise to the so-called expanded
letters, which are also illustrated in Fig. 3. It should be
noted that the space between letters in expanded lettering
is not increased in proportion with the letters since this
would not improve the appearance and would make the
lettering harder to read.

QUESTIONS

1. Name briefly the five requisites of good lettering.

2. Explain what is meant by uniformity of spacing. Use a figure
to illustrate your statement.

3. By what method is uniformity of spacing achieved?

4. Can all letters be spaced so as to have any desired area between
them? Illustrate your answer with examples.

5. Which gives the more pleasing and legible lettering, compact
or open spacing?

6. What are the advantages of compact spacing?

7. What are the disadvantages of open spacing?

8. Approximately what space should be left between words?

9. What is meant by normal letters?

10. Explain clearly what is meant by compressed letters. Illustrate.
11. Under what condition may compressed lettering be used?

12. What is meant by expanded lettering? When may it be used?
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13. Should the space between letters in expanded lettering be
increased in proportion to the increase in width of the letters?

PROBLEMS

Good lettering, like any other expression of manual skill, such
as playing a musical instrument, typing, playing baseball or tennis,
requires not only the experience obtained by many trials, but also
frequent practise after skill has been acquired, in order to keep in
form.

The exercises of this unit and of Unit IT should, therefore, be
practised and studied until a high standard of skill is achieved.
Thereafter practise lettering once or twice a week whether your
teacher assigns it or not, being careful to make a serious attempt at
improvement. Practise a little lettering carcfully rather than a
great deal carelessly. Keep a correct copy of the alphabet before
you for reference while lettering, until you are thoroughly familiar
with the letter shapes.

For the lettering exercises of this unit, lay out the standard
small drawing sheet and then divide the space inside the border line
into nine equal rectangles by means of two horizontal and two
vertical lines. Inside these spaces, with your lettering triangle rule
guide lines % inch high, beginning the first one  inch from the top
of the enclosing space. Also rule vertical margin lines % inch from
the side lines of each space and keep all lettering within these
margin lines.

Letter the exercises as assigned by the instructor. Work slowly
but rhythmically and regularly. Do not squeeze the pencil or pen
and cramp your fingers. Hold the pencil with the muscles of the
fingers relaxed but ready to work. When you find yourself gripping
the pencil too tightly, stop and relax for a moment, then proceed
with an effort to keep relaxed.

The title of the sheet will be LETTERING EXERCISES.

/. Gooo LETTERING REQUIRES C YOU CAN BECOME REASONABLY

AN EXACT ANOWLEDGE OF THE
LETTER SHAPES, WHICH CAN ONLY
BE ACQUIRED BY CAREFUL CON-
SCIOUS AND THOUGHTFUL FRAC-
T/ICE.

d LETTERS AND FIGURES MAY
AAKE OR MAR A DRAWING. /T 15
THEREFORE ESSENTIAL THAT THE
DRAFTSMAN BECOME REASONABLY
SKILLFUL IN THIS TYPE OF FREE-
HAND WORK.

SKILLFUL AT LETTERING EVEN
THOUGH YOUR HANOWRITING MAY
BE POOR. CONSCIENTIOUS STUDY
AND PRACTICE ARE THE ONLY
REQUIREMENTS.

4 UNIFORMITY OF SPACING RE-
QUIRES THAT THE WHITE AREA
BETWEEN LETTERS SHALL BE
EQUAL. THIS IS MORE READILY
ACCOMPLISHED WHEN THE LETTER-
ING /S COMPAACT:

Fia. 4. Lettering exercises.
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S LETTERING, WHETHER FOR
PRACTICE OR FOR FINISHED
WORK, SHOULD ALWAYS BE DONE
SLOWLY WITH CAREFUL ATTENTION
TO THE SHAPE OF EACH LETTER.
fASTY PRACTISE 1S WORSE THAN
USELESS.

7 THE MECHANICAL DRAFTSMAN
SHOULD REGARD HIS PENCIL AS
A FINE TOOL JUST AS THE ARTIST
DOES AND KEEP THE POINT VERY
SHARP. THIS IS THE FROPER CON-
DITION 70 PRODUCE ACCURATE
RESULTS.

S EVERY DRAWING SHOULD HAVE
UPON IT' A TITLE WHICH SHOULD
CONTAIN THE NAME OF THE 08-
JECT, THE SCALE, IF IT IS A MECH-
ANICAL DRAWING, THE DATE OF
COMPLETION AND SUCH OTHER .
INFORMATION AS CIRCUMSTANCES
MAY PRPEQU/IRE.

/. UNIFORMITY OF SHAPE MEANS
THAT EACH LETTER AS IT RECURS
IN A COMPOSITION WILL BE EX-
ACTLY LIKE ALL OTHERS OF THE
SAME KIND. THUS EVERY LETTER
£ IN ANY FARAGRAFH SHOULD BE
BO LIKE OTHERS THAT THEY
WOULD MATCH PERFECTLY.

AT UniForniiry OF SLOPE FRE-

QUIRES THE SLOPE OF ALL LET-

TERS 70 BE THE SAME THROUGH=

OUT ANY PIECE OF LETTERING.

LETTERS SUCH AS A V. X, ETC.

HAVE THEIR SLOPES DETERMINED
© BY THEIR AXES.

43

6. WhiLr prawine STrRAIGHT
LINES THE PENCIL SHOULD BE
HELD IN A PLANE FERFENDICULAR 70
THE FLANE OF THE PAFER. /T
SHOULD BE INCLINED SLIGHTLY IN
THE DIRECTION OF MOTI/ON.

E  THE DRAWING PENCIL SHOULD
HAVE A LONG CONICAL POINT
WiTH ABOUT § OF LEAD EXPOSED.
OINCE THE LEAD WEARS DOWN
RAPIOLY Th> FPENCIL SHOULD BE
RESHARPENED FRE QUENTLY DURING
E£ACH DRAWING PERIOD.

J0. SucceEss IN LETTERING RE -
QUIRES NOT ONLY CORRECT LET-
TER SHAFES, BUT ALSO UNIFORMITY
OF SHAPE, SIZE, SLOPE, SPACING AND
WEIGHT. THESE FIVE REQUISITES
OF GOOD LETTERING MUST BE
KEPT CONSCIOUSLY IN THE FORE-
FRONT OF ATTENTION

P UNIFORMITY OF SiZE MEANS

THAT THE LETTERS OF THE SAME
KIND ARE OF THE SAME HEIGHT
ANO WIDTH AND CONTOUR. UN/=
FORMITY OF HEIGHT CAN BE AT-
TAINED BY BRINGING THE LETTERS
FULLY UP TO THE GUIDE LINES AT
BOTH TOP AND BOTTOM.

M THE SLOPE OF THE SO-CALLED
SLANT LETTER SHOULD BE ABOUT
TWO AND ONE FHALF 7O ONE
SLOPE GUIDE LINES MAY BE
USED AT FIRST BUT THEY SHOULOD
BE DISPENSED WITH AS SAULL £
ACQUIRED.

Fia. 5. Lettering exercises.
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15 UNIFORMITY OF WEIGHT MEANS
THAT THE STROKES OF ALL LETTERS
SHOULD BE OF THE SAME W/OTH.
THIS WIDTH SHOULD BE THAT NOR-
MALLY PRODUCED BY THE PEN
USED. THE PAPER MUST BE CLEAR
OF ALL DUST AND LINT WHICH THE
PEN MIGHT PICK UP.

17, FOR DRAWING, THE HARDER
GRADES OF LEAD UP TO 6K AND 7H
SHOULD BE USED, WHILE FOR LETTER:
ING, THE 2H AND 3H GIVE BETTER
RESULTS. IN BOTH CASES THE SOF-
TER GRADES Wi.L NEED MORE
FREQUENT REPOINTING.

LETTERING. COMPOSITION

/6. As A FURTHER 41D TO SECUR-
INE UNIFORMITY OF WEIGHT THE
PEN SHOULD NOT BE FILLED TOO
FULL NOR SHOULD LETTERING BE
CONTINUED UNTIL THE PEN IS DRY
WIPING THE PEN BEFORE EACH
FILLING WILL AID MATERIALLY IN
SECURING GOOD RESULTS.

18- IN MANY SHOPS BLUE-PRINTS
ARE MADE DIRECTLY FROM PENCIL
DRAWINGS ON TRACING FAPER. WHERE
INK TRACINGS ARE USED ACCURATE
PENCIL. WORK. IS ALWAY'S THE BASIS
OF GOOD INK WORK-OKILL WITH THE
PENCIL 1S THEREFORE DESIRABLE .

Fi1a. 6. Lettering exercises.



UNIT V

USE AND CARE OF THE RULING PEN AND THE
INK COMPASSES

PURPOSE OF UNIT V

The purpose of this unit is to show how to care for and
use skilfully the ruling pen and the ink compasses, and to
give important information about these instruments. A fur-
ther purpose is to teach certain valuable geometric con-
structions frequently used by the draftsman.

WHAT YOU SHOULD KNOW ABOUT RULING PENS, INK COMPASSES
AND INK LINES

The ruling pen. The ruling pen is used to draw straight
ink lines and curved lines other than circles or ares of cir-

Fia. 1. Filling the ruling pen.

cles. For best results, the ink between the nibs should not
stand higher than about } inch above the point. The pen
is filled by means of the goose-quill in the stopper of the
ink bottle, as shown in Fig. 1. Care should be taken to see
that there is no ink on the outside of the nibs of the pen.

45 ‘
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Drawing ink. Mechanical drawings are always made with
water-proof drawing inks. The ink may be obtained in black
and also in a great variety of colors. The black ink usually
dries very rapidly, but this process should not be hastened
by blotting as this spreads the line, making it quite ragged,
and destroys the luster.

Proper weight and character of lines. A good drawing
has in it lines of many different weights and character.
Figure 2 shows the kinds of lines commonly occurring in
mechanical drawing. These should be carefully studied and
practised. The lines of one type, as for example the visible
outline, must be absolutely uniform throughout any one

BorpEr LiNEs

VisisLe OQUTLINES

— e . e e i e, v e e o INVISTBLE QUTLINES

- - - CENTER LINES

DimeNsioN LiNes &
Cross-HaTcHING

Fia. 2. Proper weight of lines.

drawing. On the other hand, there should be a distinct con-
trast between lines of different kinds.

Lines which are composed of dots and dashes are the
most difficult to make. The secret of success is to bring the
pen to a complete stop at the end of each dash or dot be-
fore lifting it from the paper. Merely to raise the pen with-
out stopping makes the end of the line ragged and the spaces
uneven. The dashes must all be of equal length and the
spaces of equal length, and these lengths must be uniform
throughout the drawing. -

A well-inked drawing is distinguished by three thmgs,
namely: (1) uniformity of weight and character among lines
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of one kind, (2) contrast between the lines of different kinds
and (3) good lettering, figures and arrow-heads.
(Arrow-heads and leaders will be discussed in Unit XI.)

HOW TO USE RULING PENS AND INK COMPASSES

To fill the pen with ink. Hold the pen between the thumb
and index finger of one hand with the point down, and the
goose-quill stopper in the other hand with the ink-filled
quill slanting down. Insert the point of the quill between
the nibs of the pen and slightly twist the quill to release the
ink. To steady the hands, lightly touch the tips of the little
fingers together or rest your hands upon the edge of the

TSauarRE OR
TrRIANSLE

CorRECT INCORRECT .//vc:aﬁkfcr, INK

RAGGED LINE — RUNS UNDER TRIANGLE
Fia. 3. Correct and incorrect positions of pen.

board as shown in Fig. 1. Practise this until you can do it
rapidly without allowing any ink to get on the outside of
the nibs.

To rule lines. First set the pen so as to give the width
or weight of line desired by adjusting the space between
nibs by means of the thumb screw, and by making trial of
it upon a piece of scratch paper. When the proper adjust-
ment has been made, hold the pen against the straight edge
with just enough pressure to keep it in contact. Hold it in
a plane perpendicular to the paper, with the upper end in-
clined slightly in the direction of motion, as shown in
Fig. 3. Rule all horizontal lines from left to right, and all
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-

vertical lines from the bottom toward the top. Rule inclined
lines with the pen moving away from the body.

Learn and carefully observe the following seven rules for
using the ruling pen:

1. Clean the pen frequently so that the point is not clogged
with dried ink. Drawing ink coagulates very rapidly. The
finer the line you attempt to draw, the more frequently the
pen must be cleaned.

2. Keep the pen in a plane perpendicular to the paper.
Do not tilt it to either side. Position (a) in Fig. 3 is correct.
Position (b) is incorrect and will give a ragged line. Position
(c) is incorrect and will cause the ink to run under the straight
edge.

3. See that the paper is free from all dust, dirt and lint.

4. Do not press the pen too hard against the straight
edge, or an irregular line will result.

5. Do not squeeze the nibs together either with your
fingers or thumb screw as the points may become bent as
in Fig. 4 and the pen be ruined.

6. If the ink does not flow readily when the point is
touched to the paper, touch it on a piece of chamois skin,
which will remove the clot of dried ink. Do not attempt to
start the ink by putting extra pressure on the pen, but clean
the pen.

7. Always clean the pen before putting it away.

To ink a drawing. Learn to follow a definite order of ink-
ing in or tracing a drawing. Unless otherwise directed by
your instructor, use the following order on all your sheets:
Center lines.

Ares and circles (visible).

Visible horizontal lines.

Visible vertical lines.

Visible inclined lines.

Invisible arcs and circles.

Invisible horizontal, vertical and inclined lines, in the
order mentioned.

. Horizontal, vertical and inclined dimension lines.

NSO

oo
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9. Arrows, figures and other lettering.

Begin at the top of the sheet to draw horizontal lines and
work toward the bottom, then begin at the left and work
toward the right, drawing all the vertical lines of any one
kind, as, for example, visible outlines, as you come to them.
This avoids the necessity of changing the adjustment of the
pen and will make all lines of one kind uniform in weight.

To use the pen compasses. Set the pen compasses, both
large and small, in the same manner as you do ihe pencil
compass. Instead of making the setting from a scale, how-
ever, set the ink compass from the drawing itself. Adjust
the needle and pen point as shown in Fig. 5.

— L

Fia. 4. Nibs bent by squeezing, Fi6. 5. Adjustment of pen compass.

When in use, bend the legs of the large compass so that
the pen is perpendicular to the paper, thus bringing both
nibs of the pen into contact with the paper; this is necessary
to produce a full, smooth line. See Fig. 6.

If a drawing contains both circles and straight lines of
the same character, i.e., visible lines, carefully adjust the
pen of the compass by trial on scratch paper to give the
desired weight of line. Then, when the ruling pen is used,
adjust it to give the same weight of line by trial and com-
parison with the arc made by the compass on the scratch
paper.

To join a straight line to an arc.' In joining a straight line
to an are, be careful to see that the nibs are in perfect align-
ment with the arc before making actual contact between
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pen and paper. See Fig. 7. To join a straight line and an
arc at the end of the stroke, move the pen slowly, looking
under the pen from above to see that a perfect connection
will be made.

Fia. 6. Using the ink compass. Fia. 7. Joining a straight line
and an arc.

GEOMETRICAL CONSTRUCTIONS

For use in the drawing problems which follow later in
the course, the following geometrical constructions should
be thoroughly learned. These constructions together with
those given elsewhere in the book are as useful to the drafts-
man as the multiplication table is to the bookkeeper. These
constructions should be so well learned that they can be
used automatically.

1. To erect a perpendicular to a line through a point with-
out the line. With the point C as a center, describe an arc of
any convenient radius which will cut the line in two places
A and B as shown in Fig. 8. With these points as centers,
describe two arcs I and 2 which intersect each other. A
line through the given point and the intersection of the arcs
is the required perpendicular.

2. To reproduce any given plane figure (angle method).
Beginning at any corner A of the given figure, describe an
arc cutting both sides of the angle as shown in Fig. 9. Lay
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off at the desired place the line A’B’ equal to AB, and then
with A’ as a center describe an are of the same size as the
one on the original figure. Set the compass to the distance
1-2 on the original figure, and transfer this to the similar
arc on the new figure. An angle equal to the angle at A
can then be constructed by drawing the line A’D’ the same
length as AD. Having completed one angle, proceed with
the next one in the same manner until the entire figure is
completed.

2a. To reproduce any given plane figure (coordinate
method). Enclose the figure in the smallest possible rect-
angle, as shown in Fig. 10. Then draw coordinates parallel

c 1
NG 8
/> <3 A
Fia. 8. Perpendicular to a Fi16.9. Reproducing a plane
line through a point. figure.

to the sides of the rectangle through every corner of the
plane figure. At the desired place on the paper reconstruct
the rectangle and all the coordinates with the T-square,
triangles and dividers. At the intersection of the coordinates,
locate the required corners and draw the figure.

3. To draw a straight line tangent to a circle at a given
point on the circle. Through the given point O draw a radius
of the circle shown in Fig. 11. Then at any convenient
point on the circle describe an arc (more than 180 degrees)
which passes through the original point and cuts the radius
at A. Draw a straight line from the point A through the
center of the arc, extending it until it cuts the arc again
at B. A line through B and the original point O will be
tangent to the circle. This construction depends upon the
fact that two cords meeting at a point on a circle and join-
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ing the end points of a diameter are at right angles to each
other which is, of course, the relationship between the radius
and tangent to any point on a circle.

4. To draw a straight line tangent to a circle through a
point outside the circle. Draw a line from the point A4 to the
center of the circle as in Fig. 12. Bisect the line. With the
mid-point thus found as a center, draw an arc passing

o 2 (o)
K2 /
A ‘
-
8,
8/ |/

Fia. 10. Reproducing a plane figure. Fig. 11. Linc tangent to circle.

through the center of the circle. Where this arc cuts the
circle is the point of tangency. Draw the tangent. Upon
what proposition in geometry does this construction depend?

5. To draw a straight line tangent to two circles. Draw
a line joining the two centers and extend it beyond the
center of the smaller circle. At the center of each circle erect

Fic. 12. Line tangent Fia. 13. Line tangent to two
to a circle. circles.
a radius perpendicular to the line. Draw a line through the
ends of these radii and extend it until it cuts the line through
the centers. Through this point draw a line tangent to the
large circle by the method above. This line will be tangent
to the smaller circle also. For the other tangent as shown in
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Fig. 13b, erect the perpendicular radii on opposite sides of
the line joining the center, and then proceed as before.

Note: For ordinary drafting work, the constructions of
paragraphs 3, 4 and 5 need not be used. Tangents may be
drawn simply by bringing the triangle into a tangent posi-
tion by eye.

0

X

In

i)

Fig. 14. Arc tangent to a line and a circle.

6. To draw a circle tangent to another circle and tangent
to a right line at a given point. At the given point A, see
Fig. 14, lay off the distance AB equal to the radius of the
circle on the opposite side of the line from the center of the
circle. Join the center of the circle with the point B and
then bisect this line. The point where the bisector intersects
the line AB produced is the center of the tangent circle.
Figure 14b illustrates the construction when the point is

F1a. 15. Inscribing a circle in a triangle.

inside the circle. Note that in each case the construction
depends upon the fact that the center is on the bisector of
the base of an isosceles triangle.

7. To inscribe a circle within a triangle. The center of
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the circle must lie on the bisector of each angle of the tri-
angle. Hence the common point of the bisectors is the center.
See Fig. 15.

QUESTIONS

1. How high should the ink stand between the nibs of the ruling
pen?

2. Explain how the pen should be held relative to the drawing
paper.

3. If the upper part of the pen is tilted over the T-square, what
kind of line results?

4. If the upper part of the pen is tilted away from the T-square,
what kind of line results?

5. If the pen is pressed too hard against the T-square, what kind
of line results?

6. About how wide should the lines be which represent the visible
outline of an object? Illustrate.

7. How wide should invisible lines be, and what should be their
character? Illustrate.

8. How wide should dimension lines and center lines be? Illustrate
the character of each.

i{. VS;hat one quality is essential for good appearance in all dash
ines?

10. What precaution must be taken when joining arcs and straight
lines when inking?

11. Which should be drawn first, straight lines or ares? Why?

12. How may uniform width or weight of straight lines and arcs
be assured?

13. Show by a sketch and explain how to draw a line tangent to
a circle at a given point on the circle.

14. Show by a sketch and explain how to reconstruct any plane
figure by the angle method.

15. Show by a sketch and explain how to reconstruct any plane
figure by the coordinate method.

16. Show by a sketch and explain how to draw a line tangent to
a circle through a point outside the circle.

17. Show by a sketch and explain how to draw a line tangent to
two circles.

18. Show by a sketch and explain how to draw a circle tangent to
another circle and to a line at a given point on the line.

19. Show by a sketch and explain how to divide a line into any
number of equal parts.

20. Show by a sketch and explain how to inseribe a circle within
a triangle.
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PROBLEMS

The problems of this unit are to be done first with a sharp
pencil. Exactness of measurement and accuracy of construction
are the chief objectives. Leave all pencil construction lines until
the pencil work has been approved by the instructor, then ink
in the work, using light lines of about the weight designated for
dimension lines. This applies to all problems in this unit.

Draw first the standard border line and title space. Divide the
space inside the border into four equal rectangles by means of a
horizontal and a vertical line; then solve the problems assigned.

1. A little below the center of the rectangular spa~e on your
drawing sheet, draw a line about 3 inches long making an angle
of 15 degrees with the horizontal. Select a point about 13 inches
above the line near the middle. Through this point erect a per-
pendicular to the line.

2. A little to one side of the center of the rectangular space
draw a line 2} inches long making an angle of 75 degrees with the
horizontal. Select a point about 2 inches from it near the middle.
Through this point erect a perpendicular to the line.

3. Reproduce a plane figure drawn by the instructor. Use the
angle method. Leave all of your construction lines in pencil.

4. Reproduce a figure as drawn by your instructor. Use the co-
ordinate method.

5. Draw a circle 21 inches in diameter. Select a point on the
circle, and then construct a tangent to the circle at the point.

6. Draw a circle 12 inches in diameter. Select a point on the
circle and then construct a tangent to the circle at the point.

7. Draw a circle 1} inches in diameter and select a point about
2 inches from the circumference. Construct a tangent to the circle
through this point.

Fi1q. 16.

8. Reproduce two circles as assigned from Fig. 16, full size.
Construct two tangents to the circles.

9. Reproduce full size one of the triangles as assigned from Fig.
17. Inscribe a circle within it which shall just be tangent to all
sides. Leave all your construction lines in pencil.
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10. Draw a line and divide it into equal parts as specified below.
Show your construction. See Fig. 12, p. 10.
(a) a line 2} inches long into 6 parts.
(})) Iy :_;% “ o 113 5 (13
(c) (43 143 4 (13 113 6l 7 149
(d) (43 13 2 (13 (13 114 3 113

z¢

Fia. 17.

11. Reproduce full size the point, line and circle as assigned
from Fig. 18. Construct a circle tangent to the given line at the
given point A and tangent to the circle.

. —

____é[ ]
A

Ny

Fia. 18,

12. Reproduce full size one or more of the problems assigned
from Fig. 19. See Unit XVIII for construction of pentagon and
hexagon.

Note: The construction for the location of the centers of all
the circles in these problems depends upon the same principle as
that used in inscribing a circle within a triangle.

-

Fia. 19.

13. Copy full size the working drawing shown in Fig. 1, Unit
XIII.

14. Copy full size the working drawing shown in Fig. 2, Unit
XIII.



UNIT VI

LETTERING OF TITLES, LEGENDS AND NOTES

PURPOSE OF UNIT VI

The purpose of this unit is to show how to plan and
letter the titles, legends and notes used on drawings.

WHAT YOU SHOULD KNOW ABOUT TITLES, LEGENDS AND NOTES

Every drawing, whether only a preliminary freehand pen-
cil sketch of something to be made or worked on, or a highly
finished map or machine drawing, should have a title. This
title on formal drawings should contain a statement of what
the drawing is, by what company it is made, for whom the
object or structure is to be made, the name or initials of the
draftsman and checker, the scale of the drawing and the
date of its completion. On less formal drawings, such as
sketches, the name of the object, the draftsman and the
date will frequently be sufficient. In all cases, however, the
title must bear enough information to identify the drawing
completely. .

In general, the most important item of the title is the
name of the drawing or the name of the object represented.
The name of the company making the drawing or design
or manufacturing the object is also of importance, as is the
name of the person or firm for whom it is to be made. The
draftsman’s name, the scale and date are usually in the
smallest size lettering. The names of the town and state
occupy an intermediate position.

Position and form of title. The position of the title upon
the sheet, and its form, are usually decided for the drafts-
man by those for whom he works. Two forms are in general
use. One is the box title, which is generally placed in the
lower right-hand corner of the sheet where it is convenient

67
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for reference after the drawing is placed in the file. The
second is the title strip, which is arranged as a narrow band
across the bottom of the sheet just inside the border line.
Both forms are quite satisfactory.

Sub-titles or legends. Sub-titles, or legends, are frequently
placed under different parts of a drawing in order to identify
the parts and to show their relation to other parts. Such
phrases as First Floor Plan, West Elevation, Section AA
and the like are common examples. Such legends are used
especially where more than one object is placed upon a sheet,
or where the various views of the same object occur on
different sheets, as, for example, in house plans. Such sub-
titles or legends are usually not placed in boxes.

HOW TO PLAN AND LETTER TITLES AND NOTES

To balance titles. All titles, regardless of whether they are
enclosed in a box or not, should be balanced. A balanced

1
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Remr Weave
Fic. 1. Balancing title in a box.

title is one which is arranged symmetrically about its center
line. If the title is to be enclosed in a box, make its center
line coincide with the center line of the box, as shown in
Fig. 1. If the title has several lines, make each line extend

T MAB O~ -
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F1a. 2. Balanced title.

just as far on one side of the center line as it does on the
other; this produces a symmetrical outline or contour for
the title as a whole, as shown in Fig. 2.
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To lay out the title. Write out the title in longhand, and
balance it as accurately as you can without measuring it.
Then count the letters in each line. Count the spaces be-
tween words as a letter, and determine the exact center of
the line. Place the center of each line of lettering on the
center line of the box or title strip and letter the title by
working out from the center line in both directions as shown
in Fig. 3. Putting down the letters in reverse order on the
left-hand side of the center line may seem a little awkward
at first, but with practise it will be found to be as easy as
in the other direction.

If in this first attempt the lines are not perfectly balanced,
erase such parts as are out of balance and reletter in pencil
until symmetry is secured. The draftsman with pride in per-
sonal achievement will not hesitate to erase several times
and try again until the result is acceptable.

—)7717 Vi Tneie LF
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Fi6. 3. Balancing a title.

Size and style of lettering. Be careful to maintain the
same style of lettering throughout the title. To indicate the
relative importance of the various lines of the title, use
different sizes of letters for lines of different degrees of im-
portance, the larger sizes for the more important parts. For
ordinary work on shop drawings these sizes will range from
1 inch for the largest to 3% inch for the smallest, with 1%
and # inch as the more common upper and lower limits of
height.

To letter notes. Always letter notes horizontally on draw-
ings, both for the sake of good appearance and as an aid
in reading them. Make the letters in notes smaller in size
than the letters in the sub-titles under various parts of the
drawing, and than the major parts of the main title. One-
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eighth inch and 7% inch are the more common heights of
letters for notes.

If notes are long, as is sometimes the case, arrange them
in paragraphs instead of balancing them. When they con-
sist of only two or three short lines, balance the lines; but
when there are five or six lines of continuous reading mate-
rial in the form of sentences, use the paragraph form. This
takes less time to arrange, is neat in appearance and follows
the usual practise in printed reading matter.

*
QUESTIONS

1. If a one-line title is placed within an enclosing box, illustrate
by a sketch how it should be placed.

2. If there are three or more lines in a title, illustrate by a sketch,
using a heavy horizontal bar to represent each line, just how the
lines should be placed with reference to each other.

3. If a title is not placed within a title box, how should the vari-
ous lines of the title be arranged?

4. What is the first step in balancing a title?

5. If the first attempt to balance a title does not result in a per-
fect balance, what is to be done about it?

6. How or upon what basis is the size of lettering to be used in
each line of the title determined?

7. In what position should notes be placed upon a drawing? What
reason can you give for your answer?

8. If a note is long and consists of one or more complete sentences,
how should it be arranged on the sheet?

9. Which should have the larger letters on a drawing—notes, or
sub-titles?

10. Under what conditions are legends or sub-titles used on a
drawing?

11. What should be the height of letters in notes on ordinary shop
drawings?

12. What are the maximum and minimum heights of letters to
be used in the titles of shop drawings?

PROBLEMS

Lay out the standard border line and title space, then sub-
divide the sheet into four equal rectangles by means of a hori-
zontal and a vertical line. Within these spaces, letter four of the
assigned titles from the list below.. The title should be balanced
about the vertical center line of the space in which it is placed and
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approximately about the horizontal center line as well. In regard
to balancing the title about the horizontal center line, it has been
found that a better appearance is secured when the distance be-
tween the bottom of the title and the lower border line of the space
is somewhat larger than the distance above the title. This differ-
ence, however, must not be large.

The objective of this problem is a balanced title well lettered in
each space. Study the title assigned, decide which lines are most
important and then rule in guide lines so that each line of lettering
will be of such height as to have the proper eniphasis in the title.
On a piece of scratch paper write out the title in the form in which
you want it to appear, and determine the center of each line by
counting the letters and the spaces between words. Then letter
the title in pencil on the drawing sheet. If you: first attempt does
not give the desired results, erase the irregular parts and try
again, and, if necessary, again until the title is balanced.

Secure the approval of the instructor, then ink in the work.
Do not present work for approval that has any line perceptibly
out of balance either to the unaided eye or by measurement. No
correction of the balance or other arrangement of the title will
be permitted in the ink work. You cannot improve upon the
pencil work when inking.

Bulance the following titles within the spaces in which they
are placed.

East Elevation, Scale 3" = 1-0”,

Rocker Arm, Cast Iron, 6 Required.

Section A A Monitor Sash, Sce Sheet No. 17.

Postcap No. 15 B, Pressed Steel, Paint one coat.

. Crankshaft, Motor No. 374, S.A.E. No. 526.

Isometric of Bracket, Mech. Drawing 2A, Lafayette High

School, Lafayette, Indiana.

. Detail of Col. Footing, Nos. 1,3,5,7 & 9.

. Property Map, Malley M'F’G. Co. Waukegan, TIll., Scale

1”7 = 100". Aug. 1932, John Doe, Surveyor.

Required 6 lintels as shown, each composed of 1-8” 18#

I,1-12x$" Pl,1-2x2x %" L.

Yard Map, Illinois Central Railroad, Champaign, Ill.

John Doe, Division Eng’r. Scale 1" = 400’. April 10, 1933.

. Map of Proposed Harbor, Illinois Yacht Club, Chicago,
Illinois. Scale 1” = 200’. June, 1933. Richard Roe, Eng’r.

12. Perspective and Floor Plan, Memorial Museum, Misha-
waka, Ind.

The wording of your title need not be in the order given. In
fact, in some cases it cannot be so arranged. The title of the sheet
will be TYPICAL TITLES.

© XN oo
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UNIT VII

ORTHOGRAPHIC PROJECTION. TWO VIEWS,
STRAIGHT-LINE OBJECTS

PURPOSE OF UNIT VII

The purpose of this unit is to explain the meaning, char-
acter and use of orthographic projection in mechanical
drawing.

WHAT YOU SHOULD KNOW ABOUT ORTHOGRAPHIC PROJECTION

Purpose of mechanical drawing. All drawings, whether
they are the artist’s freehand sketch or painting or the en-
gineer’s working drawing, are intended to convey ideas to
those who view them. In the case of the artist’s work only
a general impression is intended to be conveyed, or perhaps
a feeling or mood, but the engineer’s drawing describes an
object, be it a machine, a bridge or a building, in exact,
definite and unmistakable terms. The purpose of mechan-
ical drawing, then, is to describe the shape of objects with
accuracy and exactness.

Orthographic projection. Pictures, perspectives, or other
pictorial views of an object, though presenting an appear-
ance similar to what the eye sees, do not represent the true
relationships between the lines and surfaces which go to
make up the object. In order to present these relationships
exactly so that the mechanic or workman can make the
object, a form of drawing called orthographic projection has
been devised.

The phrase ‘‘to project,” as used in geometry and draw-
ing, means to throw forward in a given direction, or to ex-
tend forward a point, line or plane to some surface upon
which it is going to be represented. Hence, in drawing, the

corners, edges and surfaces of an object are said to be pro-
62
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jected upon the plane on which they are represented. Thus
in Fig. 1 the corner A of the step block is projected along
the dotted line to the plane HV ST, and the point a’ is said
to be the projection of A upon the plane. The dotted line
along which the point is supposed to be moved is called a
projecting line. The plane upon which the drawing or pro-
jection is made is called a plane of projection.

ProuecTing Lings

L —PLANE oF PRoJECTION

Fic. 1. Orthographic projection on vertical plane.

Note: The definition of the italicized terms should be care-
fully and accurately learned so that they may be used and
understood in discussions.

Now a point or line on an object might be projected for-
ward to the plane in any desired direction. Projections in
any direction chosen at random, however, would not all be
equally valuable in revealing the shape of the object; hence
it is necessary that we select a direction for our projecting
lines which will show the object to best advantage for pur-
poses of construction. This is accomplished best when the
projecting lines make angles of 90 degrees with the plane
of projection. Projections of this type are called orthographic
projections. An orthographic projection, then, may be de-
fined as any view of an object made by projecting lines
which are perpendicular to the plane of projection.
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An examination of Fig. 1 will show at once that a single
orthographic projection, or view, as it is sometimes called,
is insufficient to describe completely the shape of even the
simplest object, since it gives no idea at all of the depth
AB or HJ of the object in a direction perpendicular to the
plane of projection.

Principal planes of projection. If, however, another plane
is set perpendicular to the first one as shown in Fig. 2 and
an orthographic projection of the object is made also on

DirecTiON oF VisiON

<] “ToP VIEW OR
. HorizonTaL ProsecTion
CONSTRUCTION
LiNES [

ProuecTing LINES AT
RIGHT ANGLES TO THE
HorizoNTAL PLANE

PrRoJECTING LINES
AT RIGHT ANGLES TO
FRONT VIEW OR THE VeERTICAL PLANE

VERTICAL PROJECTION

N
Fre. 2. Orthographic projection on horizontal and vertical planes.

this plane, the depth of the object AB and HJ which was
not shown in the first view is now represented upon the
second plane. Hence it is clear that two orthographic pro-
jections are always necessary to describe the shape of even
the simplest object. These projections are always made upon
two planes which are assumed to be horizontal and vertical,
and they are called the horizontal and vertical planes, re-
spectively, or the principal plaries of projection, when re-
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ferred to collectively. The projection upon the horizontal
plane is called the horizontal projection, and that upon the
vertical plane the vertical projection.

Point of sight. Although projections of an object are un-
derstood to be found as just explained, perhaps a better
way to think of them is to regard them as views of the
object obtained from different positions. The projecting lines
which are all perpendicular to the planes may then be re-
garded as lines of sight. Since these lines of sighy are per-
pendicular to one plane, they must be parallel to each other;
hence, it is necessary to imagine that the point of sight to
which they converge is at infinity, because by definition in
geometry parallel lines are said to meet at infinity. The
point of sight, then, may be defined as the imaginary posi-
tion at infinity taken by the observer to get a particular
view. It follows that there are as many points of sight as
there are views or projections. In making the vertical pro-
jection, or front view, as it is more frequently called, the
observer is assumed to be at an infinite distance in front of
the object and to be looking through the plane of projec-
tion, which must be imagined to be transparent. In this
position, only the front view is visible, and the top of the
object cannot be seen; hence to get a top view the observer
must change his position and look down upon the object
from above, the point of sight being again at infinity in this
direction.

The arrows in Fig. 2 indicate the direction in which the
observer looks to get the two views of the object. It will
be noted that in looking at the front view the horizontal
plane of projection appears edgewise, and the distance of
the object below that plane can be clearly seen, as can also
the vertical distance between the various lines of the object
itself. In the same way, in looking down upon the top view
the vertical plane is seen edgewise, and the distance of the
object behind it can be seen. The distance of one point or
line on the object behind another point or line also appears.
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The drawings of this unit should be carefully studied until
these relationships are clearly understood.

The object. We have now definitely established the re-
lationship between the point of sight, projecting lines and
plane of projection. The position of the object relative to the
plane of projection, however, is equally important with the
other things, for unless it is properly placed an orthographic
projection might have little value for construction purposes.
The purpose of a mechanical drawing is to show clearly the
true shape of all parts of the object, and the true relation-
ship between them. A little study will show the following
things to be true:

1. A line on an object will show in its true length only
when the line is parallel to the plane of projection.

2. A plane face of an object will show in its true shape
only when it is parallel to the plane of projection.

In order to accomplish our purpose, then, it is necessary
that we place the object with its principal faces parallel
respectively to the planes of projection. These faces will
show in their true shape in the projections, and hence can
be used as an accurate guide in making the object.

The views of the object discussed thus far have been
shown upon two planes which are at right angles to each
other, but the draftsman must represent both of them upon
one flat piece of paper. This is accomplished by drawing a
line upon the drawing paper to represent the planes of pro-
jection and their line of intersection and noting the rela-
tionship of the views of the object to this line and to each
other. It will be seen in Fig. 2 that the construction lines
oe, oa’, ug, ete., are perpendicular to the line of intersection
HYV of the planes. ’

Hence, if we were to draw the line HV on paper, and at
the proper distance behind it construct the top view of the
object, as shown in Fig. 3, this would represent the appear-
ance of the object and the planes of projection as seen from
above. If we did the same thing for the front view, Fig. 4
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would be the result, as may be seen by comparison with

Fig. 2.

In Fig. 2, however, it is seen that the two views bear a
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F1a. 3. Top view.

Fi1c. 4. Front view.

definite relation to each other, and this relationship must
be retained in the drawing; hence, instead of making the
two views at different places, the line HV is drawn only

once, and the two views, top and
front, are placed in their proper re-
lation to it as shown in Fig. 5.

The line HV in Fig. 3 represents
the vertical plane seen edgewise; in
Fig. 4, the line HV represents the
horizontal plane seen edgewise. In
the combined view of Fig. 5 the line
HYV still has both these meanings. In
other words, when the draftsman is
looking at the front view of the object
the line HV represents the edgewise
view of the horizontal plane, and when
he looks at the top view of the object
this same line now represents the V
plane edgewise. The boundaries of the
planes of projection, of course, need
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F1c. 5. Top and front

views combined.

never be shown since their size or extent has no bearing
on the problem. From Fig. 5, then, we note that the two
projections of the object are in vertical alignment and that
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the two projections of each point in it lie in the same per-
pendicular to the line HV, which is sometimes referred to
as the ground line. This relationship in projection must
never be violated in mechanical drawing. It is frequently
stated in this manner: ‘“The two projections of a point lie
in the same perpendicular to the ground line.”

In Fig. 6 is shown a pictorial view of an object and the
two planes of projection; Fig. 7 shows the two orthographic
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Fig. 6. Pictorial view of projections. Fic. 7. Top and front
views of pyramid in
Fig. 6.

views as the draftsman would make them. The draftsman
must be able to interpret a drawing like Fig. 7 in detail,
and we shall therefore study the lines and planes of this
object and note their relationship to the two principal planes.

The lines AB, DC, EF and HG are parallel to both the
horizontal and vertical planes. Note the position of the pro-
jections of these lines relative to the ground line in Fig. 7.
The top view clearly shows these lines to be parallel to the
vertical plane, which is seen edgewise in the ground line.
The front view likewise shows them to be parallel to the
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horizontal plane, which is shown edgewise in the ground
line.

The lines EH, AD, BC and FG are parall:l to the hori-
zontal plane and perpcndicular to the vertical plane. In this
case, the top view does not in itsclf clcarly establish the
fact that the line EH-has the position described; but the
front view, which shows e'h’ as a point, clearly establishes
the fact that the line itself must be pecrpendicular to the
vertical plane. If it is pcrpendicular to the vertical plane,
it must be parallel to the horizontal plane.

The lines ED, BG, CF and HA are inclined to both
planes, as may be seen from an examination of the two
views. To see this in Fig. 7 it must be remembered that the
ground line represents in each view one of the planes of
projection seen edgewise; in this way the relationship be-
tween the lines and the planes is revealed.

The plane faces ABCD and EFGH, representing the top
and bottom of the object, are parallel to the H plane, as
may be seen in the front view which shows these planes
edgewise. They are also, by virtue of being parallel to H,
at once seen to be perpendicular to the V plane.

The sides ADHE and BCGF are perpendicular to the V
plane and inclined to the H plane, since they show edge-
wise in the front view and inclined to the H plane.

The front and rear faces ABGH and DCFE are inclined
to both the H and V planes since they do not show edge-
wise in either view.

QUESTIONS

1. What is meant by the ‘“Point of Sight”’?

2. How many viewpoints or “points of sight’’ are used in making
a two-view drawing?

3. At what distance from the plane of projection is the point of
sight assumed to be in all orthographic projection?

4. What is meant by a plane of projection?
5. How many planes of projection are used in a two-view drawing?

6. What is the relationship of the two planes of projection to
each other?
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7. What should be the position of the object relative to the plane
of projection?

8. What is meant by a projecting line? Illustrate by a sketch.

9. What is the relation of the projecting line to the plane of pro-
jection?

10. Which of the following terms are equivalent or synonymous:
plan, front view, horizontal projection, top view and vertical pro-
Jection?

11. Why is it necessary to make more than one orthographic view
of even the simplest object to describe its shape completely?

12. What is the usual commercial purpose of making orthographic
projections or drawings?

13. };Vhat information concerning the object does the top view
give?

14. }??Vhat information concerning the object does the front view
give?

m n

In this text, when points on an object are
referred to by letter, the capital letter is used,
V% N/ whereas the projections of the point on the
various planes are designated by the corre-
sponding small letters. Thus, in Fig. 8 small
a and small a' represent the horizontal and
vertical projections of the same point A on
the object. Hence the lines and planes of
questions 15 to 23 should be named by capital
letters.

klm iAW)

Fic. 8. Top and front views
of abutment.

15. Name the lines on the object shown in Fig. 8 which are parallel
to H and V, as, for example, KJ.

16. Name the lines on the object shown in Fig. 8 which are parallel
to H and perpendicular to V, as, for example, AD.

17. Name the lines on the object shown in Fig. 8 whlch are parallel
to V and inclined to H.

18. Name the lines on the object shown in Fig. 8 which are in-
clined to H and V.

19. Name the planes which are parallel to H in Fig. 8, as, ABCD.
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20. Name the planes which are parallel to V.

21. Name the planes which are perpendicular to H.
22. Name the planes which are perpendicular to V.
23. Name the planes which are inclined to H and V.

PROBLEMS*

- Lay out the standard border line and title space. Divide the
space inside the border line into two equal parts by a vertical
line, then make the front and top views of the objects assigned
from the following group. Scale full size.

Fia. 11. Stepped wedge. Fia. 12. Block.

* A further wide selection of problems of all kinds may be found in “Engi-
neering Drawing’’ by Jordan and Hoelscher. These are designed to fit the same
size of drawing paper as in this text and will be found very convenient for sup-
plementary problems since they may be assigned without additional instruc-
tion of any kind as to sheet layout. ‘



72 ORTHOGRAPHIC PROJECTION

Fie. 13. Block. Fic. 14. Stepped and beveled block.

Fig. 17. Block. ) Fic. 18. Block.



UNIT VIII

ORTHOGRAPHIC PROJECTION. TWO VIEWS,
CURVED AND HIDDEN LINES

PURPOSE OF UNIT VI

The purposé of this unit is to show how to represent hid-
den lines and curved surfaces in the different projection
planes used in making working drawings.

WHAT YOU SHOULD KNOW ABOUT HIDDEN LINES AND CURVED
SURFACES IN DRAWINGS

Hidden lines. In all drawings of a practical kind, some of
the bounding lines of the object will be invisible from vari-
ous points of view. Some of the edges cannot be seen when
viewing the object from the front, and others are invisible
when the object is viewed from above. In
order to give a clear idea of the shape of
the object these lines must not only be AL
shown but they must also be clearly dis-
tinguished from the visible lines. This is
accomplished by using a dash line to rep-
resent the invisible lines, as shown in Fig. 1,
which represents a rectangular block with | ™7 {B
a square hole in the rear face and a round ]
hole in the front face.

Natural position vs. few hidden lines. F. 1. Invisible
In any drawing it is desirable to have as lines.
few hidden lines as possible because they are both harder to
draw and harder to interpret. Hence, the object should be
placed with reference to the planes of projection in such a
way that the least number of hidden lines will be necessary.
However, where the object has a certain natural position
in which it is always or most usually found, that is the po-

73 .
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sition in which it should be drawn, regardless of the number
of hidden lines. Thus a table or stool would be drawn in its
natural position rather than upside down, even though the
latter position did eliminate some of the hidden lines. See
Fig. 2.
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Fic. 2. Correct and incorrect positions of object.
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Curved surfaces. An element of a cylinder or cone is
simply an imaginary straight line which may be drawn in
the surface. As many such elements may be drawn as de-
sired, but for the ordinary problems it is customary to use
only twelve of these imaginary elements equally spaced
around the surface. The mere representation of the cylinder
requires the use of only the two outstanding elements in
the front view.
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Fic. 3. Representing curved surfaces.

The front view of a half cylinder would look the same as
that of the whole cylinder, as would also a rectangular
prism with a half cylinder in front of it. See Fig. 3. When
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combinations of curved surfaces are to be shown, as is very
often the case, difficulty is sometimes experienced in clearly
representing the surfaces. The following rule, which is illus-
trated in a number of instances in Fig. 3, will help to solve
the difficulty. Whenever the projecting line can be drawn
tangent to the surface, a straight line should be shown in
the view to which the projecting line belcngs.

F1a. 4. Repre- Fia. 5. Representing
senting rounded rounded corners.
corners. Case 1. Case 2.

Objects made of cast iron frequently have the corners
filleted and the edges rounded. When the surfaces are nearly
at right angles and the radius of the curve is small (} inch),
the corner is represented as though it were sharp, as in
Fig. 4. The circles in this view are projected from the point
where the actual intersection of surfaces would be. When
the rounded corners are of greater radius and the slope be-
tween faces departs more from a right angle, no lines are
shown. See Fig. 5.

HOW TO REPRESENT HIDDEN LINES AND CURVED SURFACES

To draw hidden lines. Show hidden lines by making dashes
about % inch long separated by spaces a little less than 75
inch long. Make these dashes and spaces uniform in length
throughout the drawing. Be careful to form the dash so
that it will be square ended on both ends, whether made
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with pen or pencil. To do this, bring the pencil or pen to
a full stop at the end of each dash before lifting it from the
paper to begin the next one. Always draw hidden lines
lighter in weight than the visible outline.

Where a hidden line meets a visible outline as at a in
Fig. 6, make the dash touch the solid line as shown. Where
an invisible line meets a visible outline and then continues
across it as a visible line, as at b in Fig. 6, make the visible
lines touch each other but do not let the dash line touch
the visible line. Where invisible lines which have no rela-’
tionship to each other intersect, let them cross at random,
that is, hit or miss as regards dashes and spaces, as shown
at ¢ in Fig. 6. Where invisible lines meet representing a
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Fi1a. 6. Drawing invisible lines.

corner or edge as in Fig. 1, make the dashes meet in order
to define the corner clearly. Not only does careful observa-
tion of these rules make for better-looking drawing, but
furthermore it is necessary in order to show exactly where
the invisible portion of a body ends.

To represent curved surfaces. Represent curved surfaces
by means of curved and straight lines. To make a drawing
of a right circular cylinder, for example, represent one view
by a circle and the other by four straight lines, as shown in
Fig. 7a. The upper and lower straight lines, a’d’ and ¢'d’,
represent the plane surface of the top and bottom respec-
tively, while the lines a’c’ and b'd’ represent the outstanding
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elements of the cylinder to which the lines of sight or pro-
jecting lines come tangent, as represented in Fig. 7b.
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Fia. 8. Representing a cone.

Represent a right circular cone as shown in Fig. 8a. The
elements again may be chosen as needed, only the two out-
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standing ones being necessary in the front view to represent
the cone. These outstanding elements are not drawn in the
top view.

QUESTIONS

1. How are curved surfaces represented in a drawing?

2. When two parts of a curved surface are tangent to each other,
under what condition does this line of tangency show in a drawing?
Illustrate by a sketch.

3. How are lines upon the inside of an object which ordinarily
cannot be seen, represented upon a drawing?

4. What should be the approximate length of the dashes and
spaces in a so-called hidden line?

5. What should be the weight of a hidden line relative to the
visible outline of an object?

6. Show by a sketch how the junction of a hidden line and a
visible line should be made when they meet at right angles to
each other.

7. Show by a sketch how the junction of a visible and an invisible
line should be made when they are collinear and terminate upon
the same visible line which is at right angles to both.

8. Describe accurately the motion of the ruling pen when making
an invisible line in order that the dashes may be square ended.

9. State the two rules governing the position in which an object
should be drawn as regards hidden lines. State which takes
precedence.

10. What is meant by an element of a cone or cylinder?

11. Show by a sketch how to represent properly an invisible
square hole in an object.

PROBLEMS

Lay out the standard border line and title space and then
divide the sheet into two equal parts by means of a vertical line
through the center. In each space make the-top and front view
of one of the objects assigned from the following group. Use the
scale specified with each object, and balance the views within
the space upon the vertical center line. Scale A is the scale suit-
able for sheet A, and scale B the one suitable for sheets B, C, D
and E. See Unit 1.
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Fig. 9. Plinth block.

Fia. 11. Washer.

Fic. 12. Stuffing box body.

. ',Fdfr ScareB 1" CAs:r IRON ScaeB /=t

. _/___ IRON Dmu_i 1 .”“’ .
.‘?E_.... } ,g 1 ’gbmuf
-hﬂ' Z I’h"‘ ! ]I‘, ll ‘"l =z
% é" 'n 'c 'u g

Fi1e. 13. Packing gland.

Fi1e. 14. Sharpener frame.
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Fie. 15. Bearing cap.
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Fic. 17. Control rod bracket, Fia. 18, Pin,
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Fia. 19. Pintle. Fia. 20. Roller.



UNIT IX

ORTHOGRAPHIC PROJECTION. THREE VIEWS

PURPOSE OF UNIT IX

The purpose of this unit is to show how to determine
when a third view of an object is required and how to make
it when the top and front views are given.

WHAT YOU SHOULD KNOW ABOUT THE SIDE VIEW

As was stated in Unit VII, the purpose of a working draw-
ing is to describe with accuracy and exactness the size and
shape of objects which are to be manufactured or built.
Now it sometimes happens that two views of an object will
not suffice to make perfectly clear just what its actual shape
is. Usually, a third view will make this clear. In other words,
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Fie. 1. Possible interpretations of front and top views when side
view is not shown.

———

if the front and top views of an object do not completely
define its shape, the object may also be viewed from the
right or left side in order to get further information.

To illustrate the need for a third view it may be noted
that so simple an object as a cube is not absolutely deter-
mined in shape by the front and top views alone, unless

all corners are designated by letters, a thing which is not
81
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done in working drawings. If the front and top views of a
cube only are shown, these two projections may represent
any one of six different shapes so far as these-views alone
are concerned, as may be observed by examining the six
sketches in Fig. 1.

- Figure 2 also shows an object of which it will be necessary
to show the top, front and right side views in order to de-
scribe it adequately, since neither the top nor front view
will show the shape of the rounded front end or whether
the two holes are round or square.

We may, therefore, put it down as a rule that, whenever
two views fail to describe the
shape of an object exactly, a
third view should be made.

Position of the third plane.
The third or side view is made
in the same manner as the other
two views, namely, by setting up
a plane of projection and rep-
resenting the ob)ect upon it as it appears from the side. The
point of sight is again at infinity, so that the lines of sight
will be parallel. These lines are perpendicular to the plane as
required by the definition of orthographic projection. This
third plane is called the profile plane, and it is perpendicular

%o the horizontal and vertical planes. We now have three
planes of projection mutually at right angles to each other,
like the top, front and right side of a box. This arrangement is
shown pictorially in Fig. 3 with the object of Fig. 2 shown
inside the box and the three projections or views shown in
the sides of the box which represent the three planes of
projection.

In representing these three views upon one flat piece of
paper, the front and top views will be drawn in the usual
manner and then the third view constructed from them in
its proper position. A comparison of Figs. 3 and 4 will show
that, when the draftsman is looking down upon the object,
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the two ground lines represent the vertical and profile planes
seen edgewise, and when he is looking at the front of the
object, the horizontal and profile planes are seen edgewise.
In looking at the side the vertical and horizontal planes are
seen edgewise. It would be a waste of time and space, how-
ever, to draw these lines representing the planes or faces
of the box separately in each view when the same thing can
be accomplished much more conveniently by making these

Fi1a. 3. Pictorial view of object and three projections.

lines coincide and thus having only two ground lines at right
angles to each other as in Fig. 5. The distances m and n
can now be transferred from the top to the side view by
means of the T-square and triangle instead of with the
dividers as shown in Fig. 5.

From the drawing just studied, the following rules, which
form a part of what are called the principles of projection,
can be observed. :

1. The top and front views of an object are always in
vertical alignment, that is, the top and front views
of any point on the object always lie in the same
perpendicular to the horizontal ground line.
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2. The front and side views of an object are in hori-
zontal alignment, that is, the front and profile views
of any point on an object lie in the same perpen-
dicular to the profile ground line.

3. The side view of any point is just as far to the right
of the profile ground line (for a right side view) as
the top view of the point is above the horizontal
ground line.

Lo 1T

F1a. 6. Front and side views of end plate.

Choice of views. Although some objects require three
views, many may be adequately shown with two views if
some other choice than front and top views is available.
With the addition of the third plane, therefore, we not only
have increased our power of describing the shape of objects
but in addition have secured a wider range of choice when
only two views are necessary. We may now make not only
the top and front views but also a front and side view as
shown in Fig. 6. This is sometimes quite advantageous.

HOW TO DRAW THE SIDE VIEW

To make the side view when the top and front views are
given. Obtain the side view point by point by projection
from the other two views. The method of construction is
shown'in Fig. 7, where a truncated right square pyramid
is shown by its front and top views with all corners lettered
for convenience. To get the side view of the point A draw
a light line horizontally across from a’. Next draw a line
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horizontally from a in the top view to the profile ground
line. Transfer the point thus found to the horizontal ground
line by means of a 45-degree line. Project from this point
vertically downward until the line from a’ is intersected,
thus locating a,.

Repeat this process for each point of the figure, and con-
nect the points thus found in their proper order as shown
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Fic. 7. Constructing side view from front and top views.

in the other views. The side view has been left incomplete
to bring out the construction more clearly.

QUESTIONS
1. If two views of an object are inadequate to describe an object
completely, what may be done about it?

2. Show by a sketch why two views of a cube are not enough to
describe it completely if the views are not lettered.

3. How is the third plane of projection placed with reference to
the horizontal and vertical planes?

4. What name is given to the third plane of projection?

5. Show by a sketch how the dimensions of the top view may be
transferred to the side view.

6. What are the objections to making more views of an object
than are required?

7. What dimensions are shown in the top view of an object?
8. What dimensions are shown in the front view of an object?

9. Show by a sketch the proper position of the three views of an
object to each other. Use top, front and right side views.
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10. By what other name is the side view of an object sometimes
called?

11. What is the relationship of the object, plane of projection and
point of sight to each other?

12. When only two views of an object are to be made, what
combinations of views may be used?

13. What dimensions are shown in the profile view of an object?

PROBLEMS

Draw first the standard border line and title space, then do
the problems assigned from the following group. Place one prob-
lem on a sheet. Proceed in the manner indicatzd below.

1. After drawing the border line and title space locate and draw
in the horizontal and vertical ground lines as indicated for the
problem assigned. These ground lines are located from the center
lines of the clear drawing area inside the border line. The symbol
¢ means center line.

2. Next, reproduce the top and front views in the positions
indicated, but do not put in any of the dimensions on your drawing.
They are given simply to aid you in getting a well-balanced sheet.

3. Construct the side view of the object, using very light, solid
lines for your projecting lines. After the third view is complete,
go over all views with a 2H pencil and make them stand out
clearly above the projecting lines. Do not draw the small pictorial
sketch. This is introduced merely to aid you in reading the two-
view orthographic drawing.

4. Submit, your drawing to the instructor for approval and sug-
gestions. Make changes and corrections indicated.
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Fig. 11.

Stepped block.

F1c. 10. Circular block.

Fic. 12. éeuring bracket.

Clamp block.

Fia. 15.

Swivel bracket.

Fic. 14.



UNIT X

ORTHOGRAPHIC PROJECTION. READING
DRAWINGS

PURPOSE OF UNIT X

The purpose of this unit is to show how to construct any
one of the three principal views when the other two are
given, and to show how to read a drawing.

WHAT YOU SHOULD KNOW ABOUT ORTHOGRAPHIC VIEWS

In the preceding unit it was made clear that three views
of an object should be made only when it is necessary to
do so in order to show the shape of the object. For purposes
of study, however, we shall make three views of various
objects even though, as a matter of shape description, they
may not require it, because experience in making three
views is best gained in handling familiar and simple objects.

Marking of views. For convenience in reference it is neces-
sary to mark the views of objects in some characteristic
way, so that the markings will always have the same mean-
ings. The H, V and P planes are designated by the num-
bers 0, 1 and 2 in consecutive order. The ground line repre-
senting the intersection of any two planes is given the num-
bers of both planes. Thus the horizontal ground line will
always be 0-1 and the profile ground line 7-2. A point on
an object is represented by a capital letter and its projec-
tions by small letters, subscripts corresponding to the num-
ber of the plane on which they lie. Thus, in Fig. 1, capital
A would refer to a corner on the truncated pyramid shown
in the projections @, or just @ without the zero, which
represents the projection of A on H, while a, represents the

projection of A on V, and a; represents the projection of
89
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A on P. This is a system of notation which is rather widely
used.

What each view tells. The top view shows the relationship
of the object to the vertical and profile planes. That is to
say, from the top view we can tell how far a point is behind
the vertical plane and how far one point on the object is
behind another. We can also tell how far a point is to the
right or left of the profile plane, or how far a point is to
the right or left of any other point of the object. Thus, in
the top view of Fig. 1, b is 33 inch behind @, and it is 4}
inch to the right of a.
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F1a. 1. Constructing top view from front and side views.

The front view shows the relationship of the.object to
the horizontal plane and to the profile plane. From the front
view we can tell how far below the horizontal plane any
point is, or how far one point is above or below another.
Thus, in the front view of Fig. 1, b is } inch below a. The
relationship to the profile is repeated; hence the top and
front views must be exactly one above the other, since the
distance of any point from the profile plane must be the
same in both views.

The profile view shows the relationship of the object to
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the horizontal and vertical planes. The relationship to the
horizontal plane was also shown in the front view; hence
the profile view must be exactly the same distance below
the ground line as the front view, that is, the two views
must be in perfect horizontal alignment. The profile view
also shows the distance from the vertical plane, as does the
top view; hence these two views must tell the same story.
Thus the distance m from the vertical plare in the top view,
must be the same as the distance m, from the vertical plane
in the side view. This fact accounts for using the 45-degree
construction lines in transferring this dis:ance from top to
side view or, vice versa, from side to top view.

Omitting ground lines. In drawings which are to be di-
mensioned for use in shops, ground lines are never shown.
But, since we always place the faces of our objects parallel
to the principal planes of projection, these faces could be
used as planes of reference just as well as the principal planes.
The relationship between views as discussed above still holds,
but instead of locating a point with reference to the planes
of projection and their corresponding ground lines, we locate
them with reference to some plane face of the object, which
is, of course, just the thing which a mechanic must do in
constructing the object. This scheme necessitates the use of
dividers or the scale in transferring measurements from the
top to the side view; otherwise the construction of views is
in all respects the same as if the ground lines were used.

HOW TO FIND A THIRD VIEW WHEN TWO VIEWS ARE GIVEN

To construct the top view from the front and side views.
Any view must be constructed point by point. Use the
truncated hexagonal pyramid of Fig. 1 as an example. To
locate point a, erect a perpendicular from a; of indefinite
length. From a, erect a perpendicular to the ground line,
then transfer this distance to the profile ground line by
means of a 45-degree construction line. From this point on
1-2 draw a horizontal line until it crosses the perpendicular
from a,. This intersection locates a. All other points in the
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top view are found in the same manner. To complete the
view, connect them in proper order. The top view in Fig. 1
has been left incomplete to make the construction more
evident.

To construct the front from the top and side views. This
construction requires the least work of all, since a point in
the front view is directly below its projection in the top view
and directly across from its projection in the side view.
Thus, in Fig. 2, to locate a, draw downward a perpendicular
from a of random length. Then draw a horizontal line across
from a, until it intersects this perpendicular. This intersec-
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F1e. 2. Constructing front view from top and side views.

tion locates a,. All other points in the front view are located
in the same manner. The front view has been purposely left
incomplete.

To construct views from pictorial drawings. Two prin-
ciples of geometry are very useful in drawing. They are as
follows, and should be thoroughly learned.

1. If two parallel planes are intersected by a third plane,
their intersections are parallel.

2. If two lines are parallel, their projections on any
plane are parallel.

Figure 3 represents an object in the drawing of which
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both of these principles must be employed. An examination
of the illustration shows that the right side, the two vertical
faces of the groove and the left side are four parallel planes.
The bottom of the groove and the top of the object are also
parallel planes. Hence, by rule 1 above, the lines AD, BC
and EF are parallel, and HE and AB are parallel. To make
the drawing, proceed as follows:

Lay out the rectangles for all three views in their proper
relation to each other.

Complete the front view by drawing the diagonal line
hifi and the groove which appears 2 inck deep and } inch
wide.
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Fia. 3. Geometrical rules used in constructing views.

In the top view, draw the diagonal line he and the two
lines representing the vertical faces of the groove. The points
d and c are thus located, but the points a and b cannot be
determined. Hence we turn to the side view. Locate the
point e; by projection from the top view, and draw the
diagonal line e,f,. Then locate d; and c; by projection from
the top view.

The lines ¢;b, and a.d; can now be drawn in the side view
by rule 2 above. Since they are parallel to EF, their pro-
jections will be parallel to ef..

Draw lines from d, and c; parallel to ef; and terminate
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them upon a horizontal line projected across from @, and
b,, thus locating a, and b,. Now project these points back
to the top view, thus locating a and b and completing the
figure.

HOW TO READ TWO AND THREE VIEW DRAWINGS

A method of testing the ability to read and understand
two- and three-view drawings is to make sketches of them
in isometric or other pictorial form as described in Unit XV.
The method of sketching described in that unit can be sim-
plified by using commercial isometric* coordinate paper.

This paper not only makes it easy to draw along or parallel
to the three coordinate lines, but also enables one to esti-
mate measurements more easily and accurately.
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To make pictorial drawings on isometric paper. In Fig. 4
two views of a dimensioned block are shown with a few of
the corners lettered for convenience. This block will be
shown to best advantage in the pictorial view if the edge
AB is made the front corner.

Consider the smallest unit of measurement on the co-

* Those who prefer perspective sketches can obtain a paper with coordinates
printed in perspective form from Frank W. Walsh, Box 432, Oshkosh, Wis-
consin.
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ordinate paper in Fig. 5 as 3 inch. Then draw AB in Fig. 5,
shown by projection a’d’ of Fig. 4, six units long, thus mak-
ing it represent 3 inches. Other vertical lines on either the
front or side view of the block will appear as vertical lines
on the coordinate paper.

Then draw the horizontal line AC, shown at a’c’ in the
front view (Fig. 4), two units long up to the right along the
ruled lines in the pictorial view. Draw ail horizontal lines
running in the same direction in the front and top views in
the same direction as AC in the pictorial view.

Draw AL upward to the left along the coordinate lines to
represent al in the top view and a’l’ in the front view. In the
same way draw all horizontal lines running in the same direc-
tion as al parallel to AL, and all vertical lines in the pictorial
view parallel to AB.

Having drawn the three edges, AB, AC and AL, try to
visualize them as three mutually perpendicular lines and con-
tinue with the other lines of the figure in order. Thus, from
the front and top views of Fig. 4, draw CD downward two
units, DE up to the right two units, EF vertically upward
four units, FG two units up to the right, GH downward eight
units and HB down to the left six units, thus closing back
on A and completing one face of the block.

Then draw AL, CM, FN and GP, which are at right angles
to the front face, up to the left the proper distance and com-
plete the figure by drawing the remaining lines. Unless they
are absolutely necessary to an understanding of the figure,
omit invisible lines.

To draw objects with diagonal lines. In Fig. 6 is shown an
object in which several of the bounding edges do not fall on
the coordinate lines of the ruled paper. With lines such as
AB, CD, EF and FG it is necessary to plot the end points
by rectangular coordinates and then connect the points, thus
locating the diagonal lines. If we begin with line AD which
can be drawn on a coordinate line sloping up to the right six
units, the point B will be over to the right one unit, two
units to the left of A, and vertically up three units. These
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dimensions are shown by the dash lines in Fig. 7. A and B
should then be connected by a straight line. Plot other diag-
onal lines in the same way.

To draw objects with curved lines. When drawings of ob-
jects involving curved lines are to be sketched in pictorial
form, follow the procedure outlined in Unit XV, page 146,
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using the coordinate paper again as an aid in blocking out
the curves.

QUESTIONS
1. When letters are used to designate points on an object, how
are the different projections marked? Illustrate.
2. What numbers are assigned to the H, V and P planes, respec-
tively, in working out a marking system?
3. By what numbers is the ground line, representing the inter-
section of any two planes, designated?
4. What information relative to the position of points on an ob-
ject can be obtained from the top view?
5. What information concerning the relative position of points on
an object can be obtained from the front view?
6. What information concerning the relative position of points on
an object can be obtained from the side or profile view?
7. Explain why ground lines may be omitted in the construction
of drawings.
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8. When the ground lines are omitted in the construction of a
drawing, how are measurements transferred from the top to the
side view?

9. Does the omission of the ground lines permit of any change in
the relative positions of the three views? If so, what change?

10. If two parallel planes are intersected by a third plane, what
do we know about the two lines of intersection?

11. If two lines of an object are parallel, what do we know about
their projections on any and all views?

12. Tlustrate by a freehand sketch how three dimensions may be
shown in a one-view drawing.

13. What are drawings which show three dimensions in one view
called? Give as many names for them as you can.

14. Show by a freehand sketch on isometric coordinate paper how
to draw a circle. Indicate all steps in the procedure.

15. Indicate by a freehand sketch on isometric coordinate paper
how to draw a short cylinder. Indicate all the steps in the process.

PROBLEMS

Three groups of problems follow. The first group, Figs. 8 to 19
inclusive, is for the purpose of exercise in constructing three views
from the given pictorial view. For these problems lay out the stand-
ard border line and title space and then make three views of one
of the objects assigned. Make the views with or without the aid
of ground lines as directed by your instructor.

The second group, Figs. 20 to 29, is for exercise in the reading
of two- and three-view drawings by making pictorial views on
isometric coordinate paper. For ‘these problems the point marked
A shall be the lower front corner of the object and the object shall
be drawn in the position shown in the text. Select your scale (value
of a unit on the paper) so that the drawing will be of reasonable
size. Further problems of this kind may be found on pages 175
and 176.

The third group, Figs. 30 to 35, is for practise in constructing a
third view from two given views. Reconstruct the two given views
at a suitable scale and then make the third view by projection
from the two given views.
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UNIT XI

WORKING DRAWINGS.
MECHANICS OF DIMENSIONING

PURPOSE OF UNIT XI

The purpose of this unit is to teach the meaning of the
. terms ‘“working drawing” and the ‘“mechanics of dimen-
sioning,”” and the placing of dimensions on w orking drawings.

WHAT YOU SHOULD KNOW ABOUT WORKING DRAWINGS AND
THE MECHANICS OF DIMENSIONING

Purpose of working drawings. In the commercial world,
drawings are made for the purpose of manufacturing or con-
structing useful objects. In order to make an object of any
kind the workman must know not only its shape but also
its exact size, the materials of which it is to be made, how
it is to be finished and many other bits of information which
cannot be shown in orthographic views.

The orthographic projections will define the shape of an
object exactly, but before the projections can be used for
construction they must have added to them all necessary
dimensions to determine the size of all parts and their re-
lationship one to another, with notes giving all other in-
formation necessary for construction.

A working drawing, or shop drawing as it is sometimes
called, may then be defined as a drawing containing an
adequate number of views of an object completely dimen-
sioned and having sufficient notes to enable one to make the
object without further information. In machine drawing it
is the usual practise to draw each part of a machine on a
sheet by itself. Such drawings are sometimes called ‘‘detail
working drawings,” or simply ‘‘detail drawings.” The same
term is also used in architectural, structural and other kinds

103
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of drawing, as, for example, when a unit of the structure,
such as a window, door or steel column, is drawn by itself
to show the details of construction.

Dimensioning. The art of dimensioning a drawing divides
itself naturally into two phases. The first of these may be
called the mechanics of dimensioning, which is concerned
with the appearance of the drawing sheet from the stand-
point of neatness, legibility and clearness of meaning. The
second phase deals with the study of the dimensions needed
for construction. This unit will deal only with the first of
these phases.

The major consideration in dimensioning, as it is in the
drawing of the views, is clearness of meaning. Dimensions
must be of such a size and must be so placed that they can-
not be misinterpreted. Experience has dictated certain well-
defined rules, which, if carefully observed, will greatly assist
in the rapid production of legible drawings. These rules are
arranged in two easily remembered groups.

TECHNIQUE OoF DIMENSIONING

1. All lines used for the purpose of dimensioning should
be light, clear, firm lines of the same weight as center lines,
as shown in Fig. 1.

2. Witness lines, or extension lines, as they are some-
times called, should be brought almost up to the object
but not quite touching it. The break between object and
witness lines should be about 7s inch. Where it is necessary
to carry a witness line across a part of the object the witness
line should be broken. See Fig. 1.

3. Arrow-heads must be placed on each end of the di-
mension lines and should always touch the witness lines.
The size of the arrow will vary with the general size of the
drawing and with the space available for the dimension.
The arrow should be fairly long and pointed and solid black,
as shown in Fig. 1. An enlarged view of the arrow illustrat-
ing the method of construction is shown in Fig. 1a.

4, Notes on a drawing are connected to the parts to which
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they apply by leaders. The arrow of the leader should touch
the part to which it applies; the other end should terminate
in a short horizontal line at the mid-height of the line of
lettering, as shown in Fig. 1.

5. For machine drawing, the dimension line should be
broken and the number placed in the gap so that the dimen-
sion line, if produced, would strike it at mid-height. If the
dimension contains a fraction, the bar separating the nu-
merator and denominator should be drawn in line with the
dimension line but should not be a part of it. Attention is
again called to the fact that the numbers in a fraction are

WITNESS OR EXTENSION LINES ARROWHEADS SHOULD
%{/AD NOT TOUCH OBJECT. TOUCH WITNESS LINE
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Fic. 1. Dimensioning of bearing wedge.

two-thirds the height of the whole numbers. See Fig. 1 for
illustration of points discussed in this paragraph. The large
size dimension, Fig. 1b, indicates the proper way in which
the whole number and fraction should be made. Note that
the center line of the fraction has the same slope as the
whole number.

6. The numbers themselves would be meaningless unless
there were some way to indicate what they mean in terms
of length, whether yards, feet or inches. Only the latter two
units are used in drawings, and they are indicated by sym-
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bols. One short stroke above and to the right of the figure
designates feet; two short strokes in the same position in-
dicate inches. If only inches are used in dimensioning, the
symbol may be omitted entirely. This is done in some shops.

Although the American Standards Association indicates
that the practice of omitting inch marks, when all dimen-
sions are in inches, is preferable, recent rather extensive sur-
veys (1932* and 1940%) indicate that there is a wide diver-
gence of practise throughout the country. Inclusion of inch
marks, even though one is omitted now and then, can cause
no confusion and is on the conservative side in practise. Figs.

- . "
IncHES oLy 3, ~vor 03,
FRACTIONAL INCH ONLY— é~ v~
’

FEET AND INCHES — 2°F | L .
FEET AND FRACTION OF AN vcH 4-0F wor 4-4

fZET onLy. Fo o« 3
Fic. 2. Methods of marking dimensions.

4 and 5 illustrate dimensioning without the inch marks.
Figure 2 illustrates the practise when the symbols are used.

PosiTioNn oF DIMENSIONS ON A DRAWING

1. Dimensions on a drawing should be read from left to
right horizontally. This corresponds to the way we read all
printed matter.

2. Some dimensions, however, are in a vertical direction
and so cannot be arranged as in rule 1. These dimensions
should read from the bottom toward the top. In other words,
it should be possible to read every dimension on a drawing
from either the bottom or right side.

Diameters and radii of arcs and circles are an exception
to this rule, since they must never be placed along center
lines. They should, however, be placed at as small an angle

* ¢“A Survey of Drafting Room Practise” by F. R. Kepler, Board of Educa-

tion, Detroit, Mich., 1932.
t “Drafting Room Practices” by T. C. Brown and P. E. Moose, Bull. 21,

Engg. Exp. Sta., State College Station, Raleigh, N. C.
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with the horizontal and vertical as possible, as illustrated
in Fig. 3.

3. Dimensions should be kept off the views of the object
as much as possible. Diameters and radii of arcs and circles
are again an exception to this rule. The purpose of this rule
is to permit the shape of the object as shown in the several
views to stand out as clearly as possible.
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Fic. 3. Dimensioning circles.

4. For the same reason, the dimensions should be kept
away from the views of the object at least 3 inch. Rules 3
and 4, if carefully observed, make it possible for the views
of the object to stand out clearly without being in the least
obscured or confused by dimension lines.

5. For convenience in reading and to help establish the
relationship between views the dimensions should, as far as
possible, be placed between the views.

6. Unrelated dimensions should not be placed in the same
series. They cannot be used without computation by the man
in the shop and are, therefore, both inconvenient and subject
to error.

7. Dimension lines should not cross. Crossing dimension
lines spoils the appearance of drawings and makes for con-
fusion in interpretation.
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Three correct methods of dimensioning small spaces are
illustrated in Fig. 1. Where a series of dimensions occur
they should be placed in a straight line as in Fig. 1 and
should be accompanied by an over-all dimension, except
that the over-all need not be repeated on the same view.
The dimension line must always be parallel to the line it
dimensions, and its witness lines must be perpendicular to it.

It will be noted that many foregoing rules are not stated
in absolute terms. This cannot be done, since the great
variety of conditions arising in drawings cannot be covered
by a few hard and fast rules from which no departure can
be permitted. When a violation of the rules is contemplated,
however, it must be only upon the condition of securing
greater clearness in the reading of the drawing.
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Figures 4 and 5 show two practical illustrations of dimen-
sioning. In Fig. 4, for example, there are two series of dimen-
sions, one above the right view and another below, together
with the over-all. These could have been placed in one series,
but this would have been incorrect since they are unrelated
to each other in the construction. The series above gives the
dimensions needed for the interior cores, which would have
to be constructed to make a casting of this valve, and the
series below gives the dimension necessary for construction
of the outside form.

- The 2-inch dimension at the right end was placed on the
view in preference to crossing dimension lines which would
have been necessary had it been placed above. The radii, of
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course, may legitimately be placed on the view. Note that
the two lines of dimensions below both views line up. Also,
the dimensions at the right in Fig. 5 are in line on both views.
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In Fig. 5 several dimensions have apparently been placed
on the view. In reality they are all in a rather large opening
in the object and do not confuse the drawing. In each case
it would have been necessary to carry dimension lines through
the view for a considerable distance to get the dimensions
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on the outside. It will be noted that here the radii have been
carried to a point outside the view.

These figures also illustrate points discussed in Units XI,
XII and XIII, and should be referred to when studying
those units.

HOW TO MAKE A DIMENSIONED DRAWING

Let it be required to make a dimensioned drawing of the
object shown pictorially in Fig. 6a. Proceed as follows:

Decide first upon the number of views required. In this
case, two will be sufficient. Lay out these orthographic views
in the usual manner. Be careful to allow ample space be-
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Fic. 6. Planning position of dimensions.

tween the views and between the views and border lines for
the necessary dimensions.

Dimension first the top view, beginning with the length-
wise dimensions. Draw witness lines from the points you
intend to dimension, then draw the dimension lines making
breaks in the lines for the figure. Place the detail dimensions
nearest the object and the over-all dimension outside the
detail dimensions. This prevents crossing of dimension lines.
Put on the arrow-heads and insert the proper figures, thus
completing the dimensions of group one. Proceed in the same
manner for the width of the object, placing in the dimensions
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of group two. This completes the dimensioning of the top
view.

Take the front view next, and proceed as before, giving
the he'ght of all parts as shown in the dimensions of group
three. Check over the drawing to see if any other dimensions
are needed. In this case, the thickness of the metal in the
front view is not shown by any of the dimensions thus far
given and hence should be included. The most convenient
place is at the right end. The size of the hole may be given
by a note.

QUESTIONS

1. Define a working drawing.

2. What must be added to a correct orthographic view of an
object to make a working drawing?

3. From which side, or sides, of the drawing sheet should one be
able to read all dimensions?

4. Give four rules governing the location of dimensions.

5. If a choice is possible, should a dimension be placed upon a
view or off it? Why?

6. Show by an enlarged sketch the proper shape of an arrow-head.
What determines the proper size of an arrow-head for a drawing?
7. What should be the weight of dimension, extension or witness
lines relative to visible and invisible outlines?

8. What is the reason for using lines of different weights for visible,
invisible and dimension lines?

9. Why should witness lines not quite touch the outlines of the
object itself?

10. Show by a sketch how a series of dimensions should be placed.
11. Why should dimensions not be placed too close to the object
itself? About how far should the first dimension line be from the
object?

12. Show how you would letter a dimension which is exactly 4 feet.
13. Show by an example how feet and inches are marked to dis-
tinguish them from each other.

PROBLEMS

Lay out the standard border line and title space; then make a
dimensioned drawing of an assigned object from the following
group. These drawings will not be complete working drawings
since the necessary notes are for the present omitted.
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Proceed in the following manner to make your drawing:

1. Study the object carefully and decide upon the necessary
number of views to represent it clearly and adequately. Do not
make more than necessary.

2. Block out the views by means of rectangles, which will just
enclose them, to make a well-balanced sheet. Allow room between
views for dimensions. It may be necessary to try out two or more
arrangements of the rectangles. Do not hesitate to erase and try
again until you have a well-balanced sheet.

3. Draw center lines in rectangles and lay out the views.

4. Dimension views according to the rules given in this unit.

5. The title of the sheet will be the name of the object drawn.
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Fig. 17. Bracket.

/////

ScateA 1=/
N Scare 87"

Other side sirior
F1a. 18. Caster. F16. 19. Brace.



UNIT XII

WORKING DRAWINGS.  CONSTRUCTION
DIMENSIONING

PURPOSE OF UNIT XII

The purpose of Unit XII is to show how to select and
properly indicate on a drawing the dimensions which are
necessary for construction or manufacturing.

WHAT YOU SHOULD KNOW ABOUT DIMENSIONING

In the preceding unit we studied the principles which
govern the skilful making and proper placing of dimensions
upon the drawing sheet, but no attention was given to the
second factor, which is still more important, namely, what
dimensions shall be put upon a drawing. In this unit, there-
fore, we shall consider what dimensions to put on a drawing
and how to represent them for the convenience of the work-
man. A first general rule to be stated is that the workman
must not be required to make any numerical computation
whatsoever in laying out the work.

It is helpful to divide the consideration of construction
dimensioning into two parts. These two divisions are: (1)
size dimensioning and (2) location dimensioning. That is to
say, we must give (1) the size of every part of an object
and (2) its location relative to all other parts of the object.
For example, in a house plan, the workman must know first
the size of a window, and second, just where it is to be
located. In machine drawing, the machinist must know first
the size of a hole to be drilled, and second, exactly where it
is to be located. Although the expert draftsman must have
considerable knowledge of shop construction to dimension
a drawing successfully, nevertheless with these two prin-
ciples in mind the beginner may make a common-sense
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attack upon any dimensioning problem. The following sug-
gestions will serve as a guide.

Size dimensioning. The simplest thing we can dimension
is a straight line. This has length only. To dimension any
straight line, the witness lines, ab and c¢d in Fig. 1, must
extend out at right angles to the line, and the dimension
line must be parallel to the original line and begin and end
in arrows on the witness lines. To attempt to show the di-
mension in any other manner is incorrect. Several incorrect
schemes are shown in Fig. 1, and common sense will in-
dicate at a glance that the length of the line is not that of
the dimension lines.

WITWESS LINE MUST BE AT
RIGHT ANGLES 70 LINE
DIMENSIONED, NOT AS SHOWN

IMENSION LINE MUST BE
PARALLEL TO LINE
DIMENSIONED, NOT AS SHOWN.

CorreCcT INCORRECT.
Fic. 1. Placing of dimension lines.

A line which is to be dimensioned must show in the draw-
ing in its true length, that is, it must be parallel to the plane
of projection. Thus the 2-inch dimension between the top
and front views of Fig. 2 gives the length of the sides EF
and H@, and the $-inch dimension gives the length of the
lines AB and CD. The 2-inch dimension, however, does not
represent, the length of any line in the object, but it does
represent the horizontal distance from the line FG to the
line BC measured in the plane of the top, which is exactly
the way a workman would proceed to make his measure-
ments if he were constructing the object out of a solid block;
it is therefore a necessary dimension. In the same way the
dimensions 1 inch, § inch and 1} inches do not represent
the dimensions of a single line on the object, but they do
give dimensions which are necessary for the construction of it.
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The lines EA, BF, CG and HD cannot be dimensioned in
either view, since they are not parallel to either plane of
projection, and hence do not show in true length. The di-
mensions of these lines are entirely unnecessary in construct-
ing the object, hence views showing their true lengths are
not needed.

Figure 2 illustrates the proper form for arranging a series
of dimensions. An over-all dimension should always accom-
pany a series of dimensions, for two reasons: first, so that
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the accuracy of all dimensions in the series may be checked;
and second, so that the workman will not have to add the
detail dimensions to obtain the over-all size with which he
must begin. Notice that the detail dimensions should be
kept in line with each other and not as in a, Fig. 2.
Dimensions should not be repeated on different views.
Such repetition requires time and serves no useful purpose,
and in the case of changes in design it makes the possibility
of error much greater, since the draftsman may change the
dimension in one place and forget to change it in another.
So far as possible, only visible outlines should be dimen-
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sioned. Thus, if a part of an object is visible in one view but
invisible in another the visible view should be dimensioned.
Sometimes a part is not visible in any view, and then, of
course, this rule cannot be applied.

Occasionally the spaces in which dimensions should be
placed are very small so that it would be difficult or im-
possible to place the dimensions between the witness lines.
Figure 3 shows several methods of arranging such dimen-
sions.

Circles should be dimensioned in the view in which they
show as circles rather than in the view where they show as
straight lines. Where this is impossible, the circle may be

S @M @
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Fic. 3. Dimensioning F1c. 4. Dimensioning arcs and
narrow spaces. circles.

dimensioned on the straight-line view, but the letter D
(Diameter) should be added to the numerals as shown in
Fig. 4.

Circles should always be dimensioned by diameters, since
this is the measurement the workman will use in construc-
tion. He will measure a cylinder or a large hole with calipers,
which must be set to the diameter. If a hole is to be drilled,
he will select the drill bit by its diameter. Figure 5 has sev-
eral illustrations of this point.

Arcs of circles, on the other hand, such as rounded cor-
ners, etc., should be dimensioned by radii, for the reason,
as stated before, that the workman will use the radius in
laying out h's work. Figure 4 represents correct methods of
dimensioning both circles and arcs.
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Location dimensioning. In addition to giving the size of
the whole object and of its various parts, it is also necessary
to locate these parts, such as holes, bosses, pins, etc., with
reference to the center lines or faces of the object. Since
such dimensions give the location of some part of the object
they may be distinguished by the name, location dimensions.
Every part of an object requiring definite location must be
located in two directions in one view. If, for example, a
hole in an object is on a center line of the object, this locates

INCORRECT

]
Fia. 5. Examples of dimensioning,.

it in one direction; but its distance from another center line,
or face of the object, at right angles to the first, must also
be given. The hole in the front view of the Timing Shaft
Bracket, Fig. 5, illustrates-this principle.

If the holes are not on center lines they should be located
in two directions at right angles to each other, from either
the center lines or faces of the object, if there are no center
lines. The two holes in the top view of Fig. 5 illustrate this
principle.

Sometimes holes in an object are arranged in circular form,
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as in the top view of the face plate, Fig. 6. These holes may
be located in two directions, first, by giving the radius of
the circle on which they lie, and second, by indicating their
spacing in a note, as, for example, ‘‘six holes equally spaced,”
or by indicating their distance from a center line in degrees.
The latter method is used when the holes or other parts are
irregularly spaced. See Fig. 7 of camshaft front bearing.
Holes must always be located by their center lines.

HOW TO SELECT THE PROPER DIMENSIONS TO GIVE ON A
DRAWING

First make the proper number of views of the object.
Second, study the views as though you were the workman
and see what dimensions you would need to make the ob-
ject. Third, plan the location of these dimensions for con-
venience in use, bearing in mind the rules learned in Unit
XI. You will observe that size and location dimensions
cannot always be separated from each other. Thus, in the
top view of the bearing bracket in Fig. 5, the 2-inch dimen-
sion gives the size of the supporting web, but this dimen-
sion also falls naturally into line with the dimension which
locates the hole.

Do not give any dimensions which the workman making
the object could not use. Thus, for example, in the top view
of Fig. 5 there would be no use for the dimension from the
front of the bearing cylinder to the center of the holes in
the base, nor from the sides of the bearing cylinder to the
center of the holes in the base.

Draw first the witness lines, then the dimension lines, put
on the arrow-heads and lastly put in the proper figure.

QUESTIONS

1. Show by a sketch the proper way to dimension a simple straight
line.

2, Can a line be dimensioned in a view where it does not show in
its true length‘?

3. If a series of detail dimensions occur upon one side of an object
accompanied by an over-all dimension, show by a sketch how these
dimensions should be arranged.



122 WORKING DRAWINGS. CONSTRUCTION DIMENSIONING

4. What reasons, if any, are there for showing the over-all dimen-
sion in addition to a series of detail dimensions?

5. What reasons, if any, are there for not repeating a dimension
on two or more views?

6. If a choice is possible, which should be dimensioned, the visible
or invisible view of a part of an object?

7. Show by a sketch how spaces which are very narrow, as for
example a f5-inch space, may be dimensioned.

8. Is it proper to place dimensions along center lines? Why?
9. Show by a sketch how a circle should be dimensioned.

10. If it is impossible to dimension a circle in the view which
shows as a circle, indicate by a sketch how the straight-line pro-
jection of it may be dimensioned.

11. Show by a sketch the proper way to dimension three 6r more
concentric circles.

12. Show by a sketch several correct ways of dimensioning cir-
cular arcs.

13. What is meant by a location dimension? Illustrate by a sketch.

14. In how many directions must a hole in an object be dimen-
sioned?

15. If holes are arranged in circular form in an object, show by
a sketch how they should be dimensioned.

16. What two things must be kept in mind in selecting the dimen-
sion to be placed upon the drawing?

PROBLEMS

Make a dimensioned drawing of an object assigned from the
following group.
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F16. 10. Pump plunger. Fia. 11. Mantifold elbow.
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UNIT XIII

WORKING DRAWINGS. CONSTRUCTION NOTES

PURPOSE OF UNIT XIII

The purpose of this unit is to show what notes should
be placed on a drawing so that the workman can construct
the object shown without any further directions.

WHAT YOU SHOULD KNOW ABOUT NOTES

After a drawing has been completely dimensioned it is
still not a working drawing, for although the workman knows
the exact shape and size, many other things must be known
before actual construction or manufacture can begin. Such
information cannot be shown by projections and must there-
fore be given in the form of notes. These notes usually deal
with three kinds of information, which are discussed in the
following paragraphs.

Material. Before anything can be done toward fabrica-
tion the workman must know the kind and quality of mate-
rial to be used. If the object is to be made of steel, the kind
of steel must be specified. If wood is to be the material used,
the draftsman must specify the kind, such as oak or maple,
and the quality, such as clear, select, etc.

In the case of metals, the heat treatment, if any is to be
given, such as tempering, case-hardening, annealing, must
be noted on the drawing.

Finish. The second general item is the finish to be given
the article. If casting is to be left rough, as it comes from
the foundry, no marks are necessary. If, however, certain
parts aré to be machined, these faces are marked in the
view where they show edgewise by placing across them the
letter f as indicated in Fig. 1. If the object is to be finished

124
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all over, such a statement is made as a note, or the standard
abbreviation “F. A. O.” may be used. See Fig. 2.
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For wood, the filler and kind of stain and color may be
indicated, whether varnish or shellac or wax is to be used.
For cut stone work, the kind of tooling is noted.
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Construction methods. The third general group of notes
refer to workmanship and methods of manufacture, fabri-
cation and construction. Thus a hole in a casting may be
cored and left in the rough, or it may be cored and then
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reamed to a finished size. A hole may also be simply drilled
through the solid metal. The milling of slots, key ways, and
the like, is also indicated by notes. Figures 1 and 2 illus-
trate the use of a few terms governing the method of fab-
rication. In this group would fall such specifications as the
size and kind of threads to be made on a rod or in a hole,

Fira. 3. Twist drills.*

the number of a gear cutter or hob to be used in making a
gear.

In architectural work these notes become so numerous
that they are not placed upon the drawings but are gathered
together in typewritten or printed form in what is termed
the ‘‘Specifications.”

The following terms which occur frequently on drawings
should be familiar to the draftsman.

Drill. This term refers to the process of making a hole

Fia. 4. Hand reamer.

in metal by revolving a cutting tool called a twist drill
under pressure. The machine which operates the tool is
called a drill press. The tool is shown in Fig. 3. Drills may
be obtained in all sizes from ¢ inch to 3 inches in diameter.

Ream. A hole that has been drilled is left with a surface
that is slightly rough and is not suitable for close fits. The
reamer is used to smooth the hole and bring it to an ac-
curate finished size. The shape of the tool is shown in Fig. 4.
The tool is operated in a drill press.

* All half tones in this unit by courtesy of the Pratt & Whitney Co.
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Countersink. This term means to enlarge the top of a hole,
as shown in Fig. 5, with a revolving tool, as shown in the
same figure. This tool is also operated in the drill press. The
purpose of this is to bring the head of a screw flush with
the top of the metal. .

Counterbore. This term means to enlarge the top of a hole,
as shown in Fig. 6, to accommodate the head of a screw.

JCTSK = COUNTERSINK
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Fig. 5. Drill and countersink. Method of noting.

This is done by revolving a tool, as shown in the same figure,
using a drill press, for holes of drill size. The pilot keeps the
counterbore lined up with the original hole. Without this
it might work off center. The size of the machine screw to
be accommodated must be specified, or the diameter and
depth of the counterbore must be given.

Bore. This operation also refers to a method of making a
hole. It is done in a lathe or upon a special machine called
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Frc. 6. Counterbore. Method of
noting.
a boring mill. Small holes may be drilled, but those above
the largest drill sizes must be bored if they are to have a
smooth finish. The diameter and depth of the hole must be
specified in the note concerning the boring operation.

Core. Holes of large size or irregular shape are made in a
casting by means of a core made of sand which has the same
shape as the desired hole. This is placed in a mold, as shown
in Fig. 7, causing the molten metal to flow around it, leaving
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the required opening in the object. Small holes not requir-

ing great accuracy in size or location can also be cored.
Spot face. When it is desired to finish a small portion of

an object, as for example, where a bolt head or nut is to

FLASK WITH PATTERN REMOVED FLasx wirr core IN ALACE
Fia. 7. Pattern, core, core-box and flask.

F1a. 8. Milling cutter.

be seated, this can be done without finishing the whole face.
The note, to spot face, is then given, and an area large
enough to allow the nut to be turned will be finished.

Mqll. This term is used to indicate the making of plane
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surfaces, rounded corners, slots or grooves on a milling ma-
chine. Rotary cutters as shown in Figs. 8 and 9 are used.
These cutters may be shaped to make various kinds of

Fia. 9. Milling cutter.

grooves and to perform such operations as the forming of
gear teeth.
Tap. When a small hole is to be threaded, the word tap

Fig. 10. Taps.

is used on the drawing to indicate this process. The diameter
of the thread and the number of threads per inch must
follow the word tap to enable the workman to select the
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proper tool. The tool used for forming the thread is also
called a tap; it is shown in Fig. 10.

Threads are made on rods with tools called dies shown
in Fig. 11. No special word is used on the drawing to
indicate this operation. The diameter and number of threads
per inch are simply indicated in a note.

Fig. 11. Dies.

Fie. 12. Slitting saws.

Slit or Part. When a machine part is cast solid and then
cut into two parts, or when a slit is cut through one side,
the term slit or part is used on the drawing followed by
instructions as to the width of slitting saw to be used. Fig-
ure 2 illustrates the use of such a note; Fig. 12 shows two
types of saws used.
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Knurl. A machine part which must be turned between the
thumb and fingers is usually roughened to provide a better
grip. The process of making the surface rough is called
knurling. Such surfaces are represented as shown in Fig. 13,
which also shows the tool used in the process.

Specific and general notes. Notes on a drawing may be
readily divided into two groups, namely, the specific type
which refers to some particular part of the object only, and
the general type which refers to the entire object. Notes
covering such items as the name of the object, number
wanted, material of which it is to be ma.de and painting
are of the latter class, since thev usually refer to the whole

Fic. 13. Knurling tools and knurls.

object; the notes covering methods of construction, threads
and finish usually refer to one part only and are therefore
quite specific in character.

General notes should be placed in a conspicuous place
under the entire group of views in such a position that their
general nature is indicated. Their lettering should also be
made larger than that of the specific notes, usually about
# or & inch. General notes are not connected to the draw-
ing by leaders.

Specific notes, on the other hand, should be made in
letters from % to # inch high and should be placed near
the part to which they apply. They should then be con-
nected to that part by a leader, the arrow-head of which
terminates exactly on the part to which the note refers.
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Figures 1 and 2 illustrate the placing of both kinds of notes.
Notes of whatever kind should always be placed upon the
drawing in a horizontal position so that they may be read
from the bottom of the sheet.

HOW TO PUT CONSTRUCTION INFORMATION ON A DRAWING

Complete the projections and dimensions first, with the
exception of those holes, grooves and slots whose dimensions
will be specified in notes. Plan the location of specific notes
by finding a clear path for the leader so that it will not have
to cross over too many dimension lines and other parts of
the drawing. When such a path has been found leading to
a clear place on the paper, rule the guide line % inch high
for the note and letter it in.

Draw the leader with the arrow touching the part to
which the note applies, the other end terminating in a hori-
zontal line at the mid-height of the letters at the beginning
or end of the note.

Having completed all specific notes, rule the guide line
37 inch high for the general note in a central position below
the views to which it applies. This note will include the
name of the object, if not given in the title, the material
of which it is to be made and the number of pieces required.

QUESTIONS
1. In addition to dimensions, what must be added to an ortho-
graphic projection of an object to make it a working drawing?
2. What type of information necessary for construction cannot be
shown by projections or dimensions?
3. Show by a sketch how a finished surface is indicated in a
drawing.
4. Show by a sketch how a method of fabrication is indicated.
5. Where should specific notes on a drawing be placed?
6. How are specific notes connected to the parts to which they
apply? Illustrate.

7. Which should be made in smaller letters, the specific or the
general notes?

8. Where should general notes be placed upon the drawing?

9. About what size should the letters in general notes be made? .
10. Define the terms tap, bore and countersink,

11. Define the terms core, ream and drill.

12. Define the terms mill, knurl and cdunterbore.
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PROBLEMS

Make a complete working drawing of the objects assigned from
the following group. Proceed in the following order:
Draw border lines and title space.
Block out views with rectangles to secure a balanced sheet.
Draw center lines and complete views.
Draw dimension lines and put on arrows.
Put in dimensions.
Plan and put in specific notes.
Put in general notes.
Fill in title, the name of which will be the name of the object.
Submit pencil drawing for approval and correction.
Ink if so directed.
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UNIT XIV

FREEHAND ORTHOGRAPHIC SKETCHING

PURPOSE OF UNIT XIV

The purpose of this unit is to point out the need for free-
hand orthographic sketches and to show how to make such
sketches.

WHAT YOU SHOULD KNOW ABOUT FREEHAND SKETCHING

The uses of sketches. Almost everyone occasionally needs
to draw a freehand sketch of some object which is to be
made or repaired, or which he s trying to describe to some-
one else. Technical men, such as architects, building con-
tractors, engineers in charge of construction projects, shop
foremen, etc., frequently have to make use of sketches in
directing the men under their authority. The essential pur-
pose of sketching is to express clearly, accurately and rapidly
one’s ideas about objects and mechanical processes which
cannot be expressed effectively in words alone. To sketch
clearly, accurately and rapidly requires a knowledge of sound
procedures as well as frequent practise.

Importance of close observation of proportions. The first
step in learning to be skilful in sketching is to train oneself
to observe objects closely and accurately. It is particularly
important to notice the main proportions of objects and the
shapes and relative sizes of parts. If one desires to sketch
a pine table, as shown in Fig. 1, important questions to an-
swer are: How does the length of the top compare with the
height of the table? How does the width of the top compare
with the height? How do the rails compare in width with
the height? How does the thickness of the legs compare
with the width of the rail? Here the height is the chief
standard of measurement, but any other dimension might

135
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‘

be so used. By picking out some convenient dimension, such
as height, width, thickness, etc., and comparing the other
dimensions with it, whenever examining any object, one
comes to be conscious of proportions and is thereby better
able to learn to sketch easily and accurately any object he
may wish to describe. Without a sense of relative sizes of
parts and chief dimensions it is very difficult to acquire skill
in sketching.

Orthographic sketches. Orthographic sketches, or working
sketches as they are usually called, are in fact freehand

LENGTH OF ToP ABOUT
/3! TIMES THE HEIGHT OF
TABLE. WIDTH ABOUT THE
SAME AS THE HE/GHT.

LENSTH J. Wior#
| A
Wiorw oF san abour
Fue pewsnr

LEG ABoUT §THE
WIDTH OF RAIL

Fie. 1. Judging proportions of table.

working drawings, or orthographic projections. Hence, they
must conform to all the principles of good orthographic pro-
jections and working drawings as given in Units VII to
X111, inclusive. The views of the object sketched must be
chosen and arranged just as in making a working drawing
with a T-square and triangles. All needed dimensions must
be carefully shown, and all necessary notes must be given.
A working sketch should give all necessary information to
a draftsman who wishes to make a scale drawing of the
object sketched, or to a workman who will make or repair
the object.
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HOW TO MAKE WORKING SKETCHES

To make a working sketch. First, decide on the number
of views needed to express your thought clearly. If, for ex-
ample, a front view, a top view and a side view are needed,
examine carefully the object you have in mind to determine
its proportions. If you are sketching from an object which
is before you, select some dimension (width, height, thick-
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Fia. 2. Steps in sketching.

ness, etc.) as your unit or standard of measurement. If you
are working from an imaginary design of which you have
only a mental picture, decide on the chief dimensions, as:
“the width will be 6 inches, the length 20 inches,” etc.
Suppose you are to sketch a small bookrack, as shown in
Fig. 2a. It is seen that the ends of the rack are 3"x6"x6%",
and the length is 18”. Hence, the length is just three times



138 FREEHAND ORTHOGRAPHIC SKETCHING

the width and the height is slightly greater than the width.
Clearly, the width makes a convenient unit for measuring
the sketch. A little below the center of your sheet sketch a
line across the paper, as shown in Fig. 2b, making it as
straight as you can. To do this, hold the pencil lightly in
the usual writing position, but about 2 inches from the
point. Then, with rapid, short, overlapping strokes, each
about } inch long, make the line. If it is not straight, erase
any irregularity and try again. Then go over your line
lightly, smoothing out the rough places made by the short
overlapping strokes. This will be the top line of the front
and end views.

Next draw a line parallel to the first one and below it at
what you estimate to be a suitable distance to represent
63 inches in a sketch of the size you wish to make. Then,
above the first line drawn, sketch two other horizontal lines
at a distance from each other representing 6 inches. These
lines will be the front and back edges of the top view. Your
drawing will now be as shown in Fig. 2b.

Now sketch a horizontal line above the bottom line of the
front view at a distance from it which would represent 11
inches. You can make a good guess at this distance by con-
sidering that 1} inches is a little less than one-fourth the
height of the rack. Try to estimate where one-fourth the
height is, and sketch your line slightly below that point.
Then halfway between the bottom line and the one you
have just sketched, draw another horizontal line. These two
lines give you the front view of the shelf. Next, holding the
pencil as before, sketch lines 7 and 2 vertically in the lower
right-hand corner to make a rectangle which is a little higher
than it is wide, using short, light, overlapping strokes. This
blocks in the end view. In the same manner, sketch vertical
lines 3 and 4 a distance apart equal to three times the width
of the rectangle, which will represent the length of the rack.
Then sketch the other two vertical lines forming the ends,
a distance apart equal to the distance between the lower
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two horizontal lines. Next sketch the slant lines of the end
view from the center of the top edge to points on the side
edges representing 2 inch from the top. Your sketch will
now be as shown in Fig. 2c. Finish your views by sketching
the lines a and b, ¢ and d, ¢ and f, and the invisible lines
of the shelf in the end view as shown in Fig. 2d. Finally
sketch in dimension lines, and make arrow points and fig-
ures; then erase all lines not needed. The complete sketch
will be as shown in Fig. 2d.

To sketch curved lines. To sketch a ciicle, first sketch
the vertical and horizontal diameters, then with short, light,
overlapping strokes sketch the circle through the ends of

2

F1a. 3. Sketeching a circle. Fia. 4. Sketching an ellipse.

these diameters, as illustrated in Fig. 3. Start at the top,
and make first the left half of the circle; then begin again
at the top and make the right half. Finally, go over the
lines, smoothing out irregularities.

An ellipse is an elongated, regular curved figure as shown
in Fig. 4. The vertical line CD and the horizontal line AB
passing through the center of the ellipse are called the axes.
To sketch an ellipse, first draw the axes, then proceed ex-
actly as with the circle. Start at C and sketch the left half
CAD, then start again at C and sketch CBD.

To sketch an irregular curve, first sketch an imaginary
tangent quadrilateral, then estimate the location of the
points of tangency and sketch the curve through them.
See Fig. 5.



140 FREEHAND ORTHOGRAPHIC SKETCHING

To sketch an arc or other open curve, first draw a tangent
angle and estimate the location of the points of tangency,
then sketch the curve through these points. See Fig. 6.

—J A/

Fia. 5. Sketching an irregular Fia. 6. Sketching an are.
curve. ‘

QUESTIONS

1. How should the pencil be held in sketching?

2. Why is it best to use short, overlapping strokes when sketching?
How would you sketch a vertical line? A horizontal line?

3. Why is it desirable to use tangent angles or tangent quad-
rilaterals when sketching open and irregular curves?

4. How would you dimension the curve shown in Fig. 5?
5. What is the purpose of making frechand sketches?
6. Who has frequent occasion to make freechand sketches?

PROBLEMS

Lay out the standard border line and title space and do the
problems assigned from the following list.
1. Divide the standard sheet into four equal rectangles.

(a) In the first rectangle, sketch sixty-four equal rectangles.
To do this, divide both the top and left sides of the
rectangle into eight equal parts and sketch horizontal
lines through the points of division on the left side line
and vertical lines through the points on the top line. To
locate the points of division on the top and side borders
of the rectangle respectively, first estimate the center of
the line and place a point there; then place a point at the
center of each half of the line, then at each quarter of
the line. This will divide the line into eight equal parts.

(b) In the second rectangle, divide all sides into four equal
parts. Sketch both diagonals of the rectangle, and through
each division point of the four sides sketch lines parallel
to both diagonals.

(¢) In the third and fourth rectangles skefch the two center
lines connecting the mid-points of sides. Using these cen-
ter lines as axes, sketch an ellipse in each rectangle, mak-
ing the longer axis almost as long as the rectangle and
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the shorter axis about one-half the long one. Using the
short axes of the ellipses as diameters, sketch also a
circle in each rectangle. The. circle is to be inside the
ellipse and have the same center lines.
2. Make a working sketch of an object assigned from the fol-
lowing group.

Weost li LONG |
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Fic. 7. Wren house. Fi1a. 8. Book rack.

] .
Z OFFSETS

Fig. 9. Foot stool. Fie. 10. Post cap.
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Fi1c. 12. Jaw clutch.

Fig. 11. Clock case.
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Fig. 13. Bird feeder.

Fic. 15. Costumer.

Fia. 14. Carpenters horse.



UNIT XV

FREEHAND PICTORIAL SKETCHING

PURPOSE OF UNIT XV

The purpose of this unit is to teach the use of pictorial
sketching and to show how to make isometric sketches.

WHAT YOU SHOULD KNOW ABOUT PICTORI.L SKETCHING

It is often desirable to sketech an object pictorially, that
is, as it appears when one looks at it. A pictorial sketch is
a picture and shows an object not as it really is but rather
as it appears to the eye. One never sees anything as it really
is, because the parts nearer the eye of the observer appear
larger than the parts farther away. Also parallel edges of
an object appear to the eye to run toward each other as
they recede from the observer. Hence an accurate pictorial-
drawing, or perspective drawing, as it is called, does not
show parts in their true dimensions. For this reason, an
approximate perspective sketch which does show parts in
their true dimensions is more useful to those engaged in
mechanical work. There are several methods of sketching
approximate perspective representations, but for mechanical
work the isometric sketch is usually the most satisfactory.
The word iso-metric means equal measure. This name is used
because in isometric drawings parts of an object which are
actually equal in size are drawn equal, no matter how near
or how far they may be from the eye of the observer. The
chief value of the isometric sketch, aside from the ease with
which it can be made, is that it not only gives a very satis-
factory picture of an object but it also shows every part
in its true proportions. In Fig. 1, the block of wood is
shown at M in a perspective sketch. Notice how much shorter
AD and FG are than BC, and EF than AB. Yet on the
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block itself the edges AD, BC and FQ@ are all the same length,
as are AB and EF. To make the sketch show exactly as the
block appears to the eye it is necessary to make the edges
farther from the eye of the observer shorter than those near
the eye of the observer. But notice that in the isometric

Fic. 1. Perspective and isometric compared.

sketch, at NV, of the same block, a fairly clear idea of the
appearance of the block is given and at the same time equal
edges are actually drawn equal.

In isometric sketching all vertical edges are shown as
vertical lines, and all horizontal edges of surfaces which
make right angles with each other are shown as lines run-

Fi1a. 2. Circles in isometrie.

ning to the right and left respectively at 30 degrees to the
horizontal. Curves are sketched by first sketching a recti-
linear figure enclosing the curve. For example, a circle is
shown by first making an isometric sketch of an imaginary
square in which the circle is inscribed, then sketching the
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isometric circle through the points of tangency. A 1-inch
circle would be sketched inside an isometric square of 1
inch, as in Fig. 2. Slant lines are made by locating points
on the rectangles they touch and connecting the points, as,
for example, 4B in Fig. 3.

b

e, A

! o

Fia. 3. Slanting or non-isometric lines,

|

HOW TO MAKE ISOMETRIC SKETCHES

To make isometric sketches. Before you attempt to make
an isometric sketch, practise sketching the three isometric
axes, oz, oy and oz, as shown in Fig. 4, with T-square and
30 degree triangle; then sketch these three axes freehand
until you have a “feeling”” of 30 degrees with the horizontal.

Fia. 4. Isometric axes.

Next, examine closely the object you wish to sketch and
estimate its main dimensions, if you do not know them. If,
for example, you are sketching a small, square telephone
table, estimate its height and sketch a vertical line repre-
senting the edge of an imaginary block or box which would
exactly enclose the table, as line AE in Fig. 5. Then from
points A and E, respectively, sketch lines to the right and
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to the left running at 30 degrees to the horizontal. Then,
on these lines, point off B, D, F and H at distances which
represent the length and width of the top of the table. From
D and B sketch 30-degree lines intersecting as at C. Sketch
similar lines from F and H, and then complete the block by
sketching the vertical lines DH and BF. From the points
H, E and F, measure back a distance representing your
estimate of the overhang of the top. Then connect with 30-
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Fic. 5. Blocking out a table. Fic. 6. Blocking out a cylindrical
hole.

degree lines the points thus found, as P, R, 8, to locate the
bottoms of the legs. Then sketch vertical lines forming the
edges of the legs. In similar manner the shelf is sketched,
as shown in Fig. 5, and the table top is completed. Next
mark all needed dimensions, using dimension lines with ar-
row points, then erase all lines which are not edges of the
table.

To sketch isometric curves. When curves occur in an
object to be sketched, first sketch an orthographic view of
the curve which gives its true shape, and sketch about it
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a tangent rectangular figure. Then locate the tangent points
on the rectangular figure. Next make an isometric sketch
of the rectangular figure and mark the tangent points at
their exact location as indicated in the orthographic sketch.
Then sketch a curve through the tangent points so located.
See Fig. 6. If the curve is so irregular that it will touch an
enclosing rectangle at too few points to make its reproduc-
tion possible by sketching through those points, locate a
number of lines perpendicular to the sides of the rectangle
and ending in the curve. These lines can easily be repro-
duced on the isometric sketch and the desired curve sketched
through their ends. For example, suppose you wish to make
an isometric sketch of a board with a curved edge, as shown
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Fia. 7. Coordinates forirregular curve.  Fia. 8. Irregular curve in isometric.

in the orthographic views in Fig. 7. First, sketch lines form-
ing the enclosing rectangle ABCD. Then at intervals locate
lines perpendicular to DC which end in the curved edge.
Be sure lines occur at the highest and lowest points of the
curves, as at M, N, L, S and X. Then make an isometric
sketch of the rectangular board as it was before the curve
was cut, as in Fig. 8, and reproduce the vertical lines OM,
KN, HL, RS and YX. Now sketch a curve through the
points E, M, N, L, etc. Locate points E’', M’, N', L, etc.,
which are % inch to the left on lines at 30 degrees to the
horizontal, and sketch a parallel curve. Where the curve
M’'N'L'S8’X’ drops behind the curve MNLSX, as at P,
gketch a line tangent to the two curves. The need of this
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tangent is also shown in Fig. 9. Erase all lines not repre-
senting parts of the object.

firsr STEP. Brock
OUT RECTANGLES &
CENTER LINES

Seconp sTER
DOraw

- r DEGREE LINES

TANGENT 70
ELLIPSES.

l. AA’.L

Fia. 9. Sketching a cylindrical object.

QUESTIONS
1. How does a pictorial sketch differ from an orthographic sketch?
2. How does a perspective sketch differ from an isometric sketch?
What does the word isometric mean?
3. What is the method of making isometric sketches of irregular
curves?
4. How are slanting edges located on an isometric sketch?

5. What are isometric axes? What is the angle between the iso-
metric axes?

PROBLEMS

Lay out the standard border line and title space. Do the prob-
lems assigned from the list below.
1. Divide the sheet by a vertical line into two equal rectangles.
(a) In the left-hand rectangle make an isometric sketch of a
block of wood 1"34"x4". In the center of one-half of the
block sketch a square hole 1” square cut through the
block. In the center of the other half of the block sketch
a round hole 1” in diameter.
(b) In the other rectangle make an isometric sketch of a
p%framid having a square base 2"x2” and an altitude of
237,
2. Make an isometric sketch of an object assigned from the
following group.
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UNIT XVI

TRACING

PURPOSE OF UNIT XVI

_ The objective of this unit is to show the purpose of trac-
ings and how to make them upon paper or cloth.

WHAT YOU SHOULD KNOW ABOUT TRACING AND TRACING CLOTH

Why tracings are needed. The purpose of commerecial
working drawings is to give the necessary information for
the construction or manufacture of an object. For this rea-
son, many copies of a drawing may be required. One copy,
the original, must always be kept on file for reference in
the office; then each shop department which works on the
object must have a copy, and frequently copies must be
sent out to customers and to other manufacturers or con-
tractors. It is very convenient, therefore, to have some
method of reproducing drawings economically.

This can be accomplished by blueprinting, a process
whereby any number of copies of a drawing can be made
very rapidly and at small cost. This process will be de-
scribed in the next unit.

As a preliminary, however, to utilizing the blueprint
process it is necessary to have a tracing of the drawing.
As the name implies, a tracing is a copy made with either
pencil or ink upon a translucent paper or cloth called tracing
paper or tracing cloth.

Tracing paper and tracing cloth can be purchased in
sheets or in rolls, 10, 25 and 50 yards in length. Both can
also be secured in several different grades. The papers vary
widely in degree of transparency, toughness and durability.
The best papers are made from 100 per cent rag stock. A
paper which has been treated with special oils to increase
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its transparency is called vellum by the trade. Its oiliness
makes it difficult to work with. Tracing cloth is made of a
high grade of cotton cloth especially treated to make it
translucent and capable of receiving ink without having the
ink strike into the cloth. One side of this cloth has a dull
satin finish; the other side is slick and shiny. The dull side
is the better one upon which to draw, since the ink spreads
more evenly upon it. Water dissolves the preparation used
in making the cloth, and great care must be exercised at
all times not to get any water upon it either before or after
tracing. A water spot cannot be inked over, and it will
always show in the blueprint.

When permanent records are desired and where a tracing
will be handled a great deal, it is best to make the tracing
with ink upon tracing cloth. The method of making such a
tracing will now be explained. Pencil tracings, of which
many are now being used, will be discussed in another unit.

HOW TO MAKE AN INK TRACING ON CLOTH

Place the tracing cloth over the completed pencil draw-
ing with the dull side of the cloth up. I'asten it securely at
the corners with thumb tacks, making sure that the cloth
is stretched tight so that it does not buckle or wrinkle at
any place. Be careful in this process that the pencil drawing
is kept lined up with the T-square. To this end it is best to
tack down the pencil drawing, first making sure of its align-
ment, then put the cloth on by removing one tack at a time
and putting it back through both the cloth and the drawing
sheet.

It will be found that tracing cloth frequently seems to
have a somewhat oily surface which causes the ink to gather
up into little globules as a line is ruled, thus making a very
poor-looking line. To remedy this condition an especially
prepared powder called ‘‘pounce” may be rubbed over the
surface. Chalk dust or magnesium carbonate will do just
as well. The powder absorbs the oil and leaves the surface
in better condition for inking.
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After all parts of the surface have been covered, rub off
the powder very carefully so that none remains on the cloth
to clog up the pen point. Once the surface has been thor-
oughly prepared, as described above, keep the palms of the
hands off it as the natural oiliness and perspiration of the
hands will again spoil the surface.

BorpErR LINES

VisiBLE OUTLINES

——— — —— InvisiBLE OUTLINES

- - - CENTER LINEs

DimeEnsion Lines &
Cross-HATcHING

Fi6. 1. Proper weight of lines.

The proper weight of lines is shown in Fig. 1 for your
convenience, and should be strictly adhered to. To save
time, ink the lines in the order given below:

1. Visible outline:

(a) Arcs and circles.

(b) Horizontal lines, beginning at the top of the
sheet.

(c) Vertical lines, beginning at the left of the sheet.

(d) Inclined lines, working across the sheet from
the left.

2. Invisible outlines in the same order as for visible
lines.

3. Center lines and dimension lines in the same order
as for visible lines.

4. Arrow-heads, figures, notes and titles.

When you see that a tracing is going to require more than
one day to complete, work entirely upon one view at a time,
completing each view before going to the next. This is neces-
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sary because if a change in the moisture content of the air
should occur during the time that the tracing was in prog-
ress, the tracing might easily shrink or stretch to a point
where it would be impossible to bring the partially com-
pleted views into alignment with the pencil work, thus mak-
ing accurate tracing very difficult.

If you make an error in tracing, or if it is desired to change
the drawing after the tracing has been completed, the lines
in error or those to be changed can be removed with a pencil
eraser. This takes a little more time than a grit eraser, but
it leaves the surface of the cloth in a smooth condition so
that the ink lines can again be drawn over the erased places.
If a grit eraser or knife edge is used, the surface will be de-
stroyed, so that the ink will strike into the cloth and spread
along the threads, thus ruining the tracing.

QUESTIONS

1. Why is it necessary to make tracings of shop drawings?

2. Which side of the cloth is best to use for tracing? Why?

3. If the ink gathers into little globules instead of spreading
smoothly, what can be done?

4. What precaution should be taken after using pounce, chalk
dust or magnesium carbonate on tracing cloth?

5. What happens to tracing cloth when the air becomes moist?
6. How should you proceed on a tracing that will require several
days to complete?

7. Can changes or corrections be made on a tracing? How?

8. What reason can you give for inking arcs and circles before
straight lines, especially where the straight lines are tangent to
the arcs?

PROBLEMS

Make a working drawing of an object assigned from the follow-
ing group. Proceed in the following order:

Make the drawing perfect and complete in pencil as you have
learned to do heretofore, then submit it for approval.

Make corrections. Then trace.
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UNIT XVII

BLUEPRINTING

PURPOSE OF UNIT XVII

The purpose of this unit is to tell something of the his-
tory and chemistry of the blueprint process, and how to
make blueprints.

WHAT YOU SHOULD KNOW ABOUT BLUEPRINTING

The solution which is used as a coating or a sensitizer
for blueprint paper is composed of two salts of iron. The
fact that the salts of iron are sensitive to light was first
discovered by Sir John Herschel, a British astronomer and
scientist, in 1840. It was not until 1876, however, at the

Courtesy of the C. F. Pease Company
Fic. 1. Sun frame for blueprinting.

Centennial Exposition in Philadelphia, that the blueprint
process was introduced into the United States as a method
of reproducing engineering drawings.

It was at first regarded as ‘“‘too messy’” a process ever
to be used widely by engineers. With the gradual improve-

ment of apparatus this objection was overcome, until to-
156
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day blueprinting, or some similar process, is used exclusively
throughout the engineering world for the reproduction of
drawings. '

Blueprint paper is made from a good grade of white paper
which must be free from wood pulp
and sulphur. It is sensitized on one
side with a solution of ammonium
citrate of iron and potassium ferri-
cyanide. These two chemicals do
not react upon each other in their
original state, and hence if a piece
of blueprint paper is washed in
water before being exposed to light,
the two chemicals, which give a
pale green color to the paper, simply
wash off, leaving the white paper
exposed.

If, however, the paper is exposed
to light, the ferric salt is reduced
to a ferrous state by the liberation
of oxygen. In this condition, when
placed in water, the two chemicals
will react and form a blue precipi-
tate upon the paper called Prussian
blue or Turnbull’s blue. Upon these
facts the making of a blueprint de-
pends. Further facts will be brought
out as the process of making a print )
is explained. - Courtesy of The C. F. Pease Go.

Equipment. The first step in the Fia. 2. Vertical electric blue-
process is to expose the paper to printing machine.

a strong light, like the sun or an electric arc light, allowing
the light to shine through the tracing. This requires some
means of holding the tracing and paper in close contact. In
the early days an apparatus called a sun frame, as shown
in Fig. 1, was used. With the development of the arc lamp,
machines have been invented to make use of this source of
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light. An example of such a machine is shown in Fig. 2.
The paper and tracing are held tightly against the glass
cylinder by means of ‘a canvas curtain. The arc light moves

Courtesy of The C. F. Pease Co.
Fra. 3. Continuous electric blue printing machine, washer and dryer.

vertically through the cylinder, thus giving an even expo-
sure to the paper.

Some of our large manufacturing plants use millions of
square feet of blueprint paper each year. This demand for
quantity production has led to the development of the so-
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called continuous blueprint machine, one type of which is
illustrated in Fig. 3.

HOW TO MAKE A BLUEPRINT

Exposure. The first requirement for a good blueprint is
a good tracing. Place the tracing on the sensitized side of
the paper (the green side) with the ink lines of the tracing
away from the paper. Then place both in the printing ma-
chine (of whatever type) with the tracing next to the glass,
so that the light must pass through the tracing before reach-
ing the paper. Expose the paper to the light for the proper
length of time. This will have to be determined by trial.
Small strips of paper are usually used and tested for differ-
ent periods of time, from a little less than a minute to two
or three minutes, until a deep blue color is obtained. Once
the proper time has been established for a given machine
and a given grade of paper, this experiment need not be
repeated, since the time will be constant.

Developing. After exposure, remove the tracing and the
paper from the machine and carefully lay the tracing aside
where it cannot get water upon it. Wash the paper in a
tray of water for two or three minutes. If the exposure was
properly made, the lines of the drawing will appear white
upon a deep blue background. The white lines are produced
because the ink lines of the tracing protected the chemicals
on the paper from the light, and therefore left them un-
changed, hence they simply wash off leaving the white paper
exposed, whereas at all other parts of the sheet.the chem-
icals were changed and produced a blue precipitate upon the
paper.

After developing, the print may be hung up to dry. In
the continuous blueprinting machine the entire process is
accomplished by the machine, which usually has an electric
or gas drier.

Over-exposure. If by chance the paper was over-exposed
and the reduction process was carried too far, a grayish blue
color results instead of a deep blue. Some of the lines of the
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drawing may also disappear because the light has finally
penetrated the dark lines of the tracing.

Under these conditions, the print may be restored to a
good condition by washing it in an oxidizing bath or, in
other words, reversing the reduction process caused by the
light and restoring a little of the oxygen. Any active oxidiz-
ing agent will do. Potassium bichromate is most frequently
used, however. After washing in the oxidizing solution the
print should again be rinsed in water, then hung up to dry.

Sometimes changes or corrections are desired on prints.
If very many copies are required, the cheaper process will
be to change the tracing and make new prints. If only a
few copies are necessary and the changes are not extensive,
white ink, which can be obtained commercially, may be
used. In the absence of white ink a strong solution of sodium
bicarbonate (baking soda) may be used in the ruling pen,
or lettering pen, to produce white lines upon the blue
background.

QUESTIONS

1. When was the process of blueprinting first invented, and by
whom?

2. When was it first introduced into the United States?

3. What was the general attitude toward it?

4. To what extent are blueprints used today?

5. If a print has been over-exposed, what can be done to restore it?
6. Of what two chemicals is the sensitizing solution of blueprint
paper composed?

7. Name the three steps in making a blueprint.

8. Explain the relative position of the tracing, paper and source
of light in making an exposure.

9. Which way should the ink lines of the tracing be, relative to
the paper?

10. How is the proper length of time for exposure determined?
How often must this be determined for a given machine and
grade of paper?

11. How can changes be made upon blueprints?



PART 1I

UNIT XVIII

GEOMETRICAL CONSTRUCTION

PURPOSE OF UNIT XVIII

The purpose of this unit is to show how to construct
regular polygons and how to make constructions for tan-
gency in problems which frequently occur in drawing prac-
tise, also how to draw the helix.

WHAT YOU SHOULD KNOW ABOUT THE GEOMETRICAL
CONSTRUCTIONS OF THIS UNIT

A regular polygon is a plane figure having equal sides
and equal angles. The sum of the interior angles is equal
to N — 2 straight angles, where N equals the number of
sides and a straight angle is an angle of 180 degrees. The
construction of Fig. 5 depends upon this fact. The names of
some polygons and the number of sides in each are given
below :

Triangle, 3 sides Heptagon, 7 sides
Square, 4 sides Octagon, 8 sides
Pentagon, 5 sides Nonagon, 9 sides
Hexagon, 6 sides Decagon, 10 sides

The construction for the problems of Figs. 10 to 14 in-
clusive depends upon the definition of a circle, which is
simply that it is the locus (location) of points at a given
distance from a point. The method of approach to any
tangency problem involving the circle, then, is to deter-
mine the dntersection of two loci. To illustrate, if a circle
of 1-inch radius is to be drawn tangent to a straight line,

the center of the circle must lie on one of two straight lines,
161
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A and B, parallel to the first line O and 1 inch from it, as
shown in Fig. 1a.

In the same way, if a circle of 1-inch radius is tangent
(externally) to another circle N, the center of the circle must
be on a third circle M which is everywhere 1 inch away from
the second. This, of course, is a concentric circle whose
radius is equal to the sum of the radii of the two tangent
circles, as shown in Fig. 1b.

Now if a circle must be tangent to a straight line and
also to another circle, both conditions still hold true, and
so the center must be at the intersection of the straight

Locus oF CENTERS oF
CIRCLES TANSENT TO N

LOCUS OF CENTERS OF
CIRCLES TANSENT T0 O

£, £ G/, are rour rossiae

@) 102)] CENTERS FOR A /| ARC TANGENT

70 (N O AND ciReLE IV
(¢

Fic. 1. Construction of an arc tangent to a circle and straight line.

lines A or B and the circle M. See Fig. 1c. Other problems
of this kind can and should be reasoned out in the same way.

HOW TO MAKE THE GEOMETRICAL CONSTRUCTIONS OF THIS
UNIT

1. To construct a square having given the length of one
side. At the desired position lay off a line AB equal to the
side of the square. At A and B erect perpendiculars to the
line, and from B measure off on the perpendicular a distance
equal to AB by means of a compass or with dividers. From
the point C thus located, draw a line parallel to AB until
it intersects the perpendicular from A. See Fig. 2.

2. To construct a square having the center given, also the
length of the side and the direction of one side. At the
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specified center draw a circle having a diameter equal to
the length of a side. Then draw two lines parallel to the
given direction and tangent to opposite sides of the circle.
Draw two other lines tangent to the circle and perpendicular
to the specified direction. See Fig. 3.

3. To construct a pentagon within a given circle. Draw
the circle and its horizontal and vertical center lines. Bisect
the right half of the horizontal center line, thus locating
point A. See Fig. 4. With A as a center, and AB, the dis-
tance to the intersection of the vertical center line and the
circle, as a radius, draw the arc BC. The distance BC is
equal to the length of the side of the inscribed pentagon.

’

Fia. 2. Fic. 3.

Beginning at B, step off this distance around the circle. A-
high degree of accuracy is required for this construction.

4. To construct a regular polygon of any number of sides,
having the length of the side given. With a line equal to
the length of the side as a radius, draw a semicircle. Divide
the semicircle accurately by trial into the same number of
parts as there are sides to the polygon. From the center A
draw radial lines of indefinite length through these division
points as shown in Fig. 5. Then with B as a center, describe
an arc of radius AB, cutting the first radial line at C. Then
with C as a center and the same radius, draw an arc cutting
the next line, and continue until the figure is complete.
Great accuracy is required to make this solution check out.
All pencil and compass lines should be hair lines. As a
check, the perpendicular bisectors of the first two sides laid
out may be found. These will intersect at the center of a
circle passing through all the corners of the polygon.
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5. To construct a regular polygon of any given number
of sides within a given circle. Draw the circle and divide
the horizontal diameter into the same number of equal parts
as there are sides to the polygon, as shown in Fig. 6. With
the ends of the diameter A and B as centers, and a radius
equal to the diameter, strike arcs that intersect at D.
Through D and the second division point from A draw a
line intersecting the circle at C. AC, then, is the length of
the side of the polygon, which may be stepped off around
the circle.

6. To construct an octagon having the length of a side
given. Draw the line AB of the required length. Then with

Fic. 5. . Fia. 6.

the 45-degree triangle draw lines making an angle of 135
degrees with AB as shown in Fig. 7. Step off the length of
AB on these lines. Through the points C and D thus formed,
erect perpendiculars to AB, and again step off the length,
of the side. Continue as indicated in Fig. 7.

7. To construct a hexagon having given the length of a
side. Draw the line AB of the required length, and then
from points A and B draw lines making angles of 120 de-
grees with AB. With a divider, step off on these lines the
length AB, thus locating C and D. From these points draw
lines making 120 degrees with AC and BD, and again step
off the length of the side. Close the hexagon. See Fig. 8.

The construction of Fig. 9 may also be used, since the
distance across corners, as A to D, F to C, etc., is just twice
the length of a side.
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8. To construct a hexagon having given the distance across
corners. Draw a circle having the distance across the corners
as a diameter. With the radius used in drawing the circle,
step off six equal chords which form the sides of the hexagon.
See Fig. 9.

9. To construct a hexagon having given the distance across
flats, that is, the distance between opposite sides, as AF

Drsrance Drsranvce ‘

Fic. 10.

and DC. Draw a circle having a diameter equal to the speci-
fied distance. Draw two vertical lines AF and CD tan-
gent to the circle with the T-square and triangle, then the
two 30-degree lines EF and BC tangent to the circle with the
T-square and 30-degree triangle. Finally, draw the 30-degree
lines DE and AB in the same manner by simply reversing

N
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Fia. 11. Arc tangent to a straight Fra. 12. Arc tangent to two
line and circle. circles. Case 1.

the position of the triangle, thus completing the figure. See
Fig. 10.

10. To draw an arc of a given radius r tangent to a circle
of radius a and to a straight line. See Fig. 11. With a radius
equal to the sum of the radii of the given circle and arc
(r + a), draw an are concentric with the given circle. Draw
a line parallel to the given line and at a distance r from it.
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The intersection of this line and the arc is the center of the
tangent arc.

11. To draw an arc of radius r tangent to two circles.
Cask 1. Arc tangent externally. Add the distance r to the
radius of each circle and describe an arc concentric with
each circle as shown in Fig. 12. The intersection of these
arcs is the required center of the tangent arc. CasE 2. Arc
tangent internally. Subtract the radius of each circle from
r and describe arcs concentric with the circles as shown in
Fig. 13. The intersection of these arcs is the required center
of the tangent arc. Case 3. Arc tangent internally to one
circle and externally to the other. For the circle tangent ex-
ternally, add its radius to r and describe a concentric arc.

Fia. 13. Arc tangent to Fic. 14. Arc tangent to
two circles. Case 2. two circles. Case 3.

For the circle tangent internally, subtract its radius from
r and describe a concentric arc. The intersection of these
two arcs locates the center of the tangent circle. See Fig. 14.

12. To connect two parallel lines by a reversed curve,
the radii @ and b of the two curves being given. Select the
point of tangency to one of the lines at A as shown in Fig.
15 and erect a perpendicular to the line. With the radius
b describe an arc tangent to the line at A. The center, of
course, will be on the perpendicular. From this point on, the
problem is the same as shown in Fig. 11, where it was re-
quired to draw an arc tangent to a given circle and a straight
line.

13. To draw a helix. By definition a helix is the path of
a point which moves about a line at a fixed distance from
it with constant angular velocity and which, at the same
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time, moves parallel to the line with constant velocity. Thus
a point might move through 30 degrees around the line and
travel parallel to the line {1 inch. Figure 16 illustrates the
construction. One view of the path of the point is a circle.
On this view the angular position can be plotted; on the
other view, the linear position will show. Thus, in Fig. 16,
if a is the original position of the point which has a move-
ment as described above, b will be its position when it has
moved through 30 degrees and ¢ its position after 60 de-
grees. By plotting g sufficient number of points and arawing
a smooth curve through them, the helix is represented. The
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Fi1a. 15. Joining parallel lines Fia. 16. Construction of helix.

by a reverse curve.

distance the point moves along the axis in one revolution
is called the pitch of the helix.

QUESTIONS

1. What is meant by a regular polygon?

2'.dW?hat is the name of a regular polygon of seven sides; of five
sides

3. Make a freehand sketch and explain how to draw an arc of
1-inch radius tangent to another circle and a straight line.

4. Make a sketch and explain how to draw an are of 1-inch radius
tangent to two other circles, both circles to be outside of the
tangent arc.

5. Make a sketch and explain how to draw an arc of 3-inch radius
tangent to two smaller circles, both small circles to be inside the
tangent arc.

6. Define the meaning of the term “helix.”

7. What is meant by the pitch of a helix? Illustrate by a sketch.
8. Name the regular polygons having from three to ten sides.

9. Make a sketch and explain how to draw an arc tangent to
two circles. One circle shall be inside the arc, the other outside.
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PROBLEMS

Lay out the standard border line and title space, then divide
the sheet into four equal rectangles by means of a horizontal and
a vertical center line.

Do the problems assigned from the following group. Make your
own original layout of the problem in light lines with a 4H pencil.
Arrange each problem so that it will occupy the center of the space
in which it is placed. If you see that this will not happen the way
you have begun, note what changes will be necessary, then erase
what you have made and begin again.

The objective is not merely a series of geometrical constructions
but a well-balanced drawing sheet as well. This requires thought-
ful planning; therefore think before you draw.

1. (a) Construct a pentagon which shall be 1} inches on a side.

(b) Draw a hexagon which shall be 2 inches across flats.

(¢) Draw a circle of 1-inch radius with its center near one
end of a horizontal line. Construct an arc of 1-inch
radius tangent to the circle and the line.

(d) Draw one turn of a helix whose radius is { inch and
whose pitch is 3 inches.

2. (a) Construct a heptagon inside of a 3-inch-diameter circle.

(b) Construct an octagon 1 inch on a side.

(¢) Draw a circle of %-inch radius with its center 2% inches
from another circle of 2-inch radius. Draw an arc of
13-inch radius tangent to these circles externally.

(d) Draw two parallel horizontal lines 2 inches apart. Con-
nect them by 2 arcs of 11- and 2-inch radii, respectively.

3. (a) Construct a square 2 inches on a side with the base

making an angle of 30 degrees with the horizontal.

(b) Construct a nonagon within a 3-inch-diameter circle.

(¢) Draw a circle of i-inch radius 2 inches from another of
2-inch radius, and draw one arc of 3-inch radius tangent
to them so that the circles are inside the arc.

(d) Draw one and one-fourth turns of a helix of 1%-inch
diameter and 2%-inch pitch.

4. (a) Construct a pentagon within a 2}-inch circle.

(b) Draw a heptagon which shall be  inch on a side.

(¢) Draw a circle % inch in radius, 2 inches from another
whose radius is ¢ inch. Draw a circle of 2-inch radius
tangent to them so that the f-inch circle is inside the.
arc and the %-inch circle is outside it.

(d) Draw two parallel horizontal lines 2% inches apart and
connect the lines by a reverse curve. One are is to have
a 2-inch radius, and the points of tangency are to be
3 inches apart horizontally. Devise your own solution.



UNIT XIX

ORTHOGRAPHIC PROJECTION. READING A
DRAWING

PURPOSE OF UNIT XIX

It is the purpose of this unit to teach you how to read a
two- or three-view orthographic projection by:

1. Locating one point on an object relative to another.

2. Determining the position of lines relative to the prin-
cipal planes and recognizing when they show in true length.

3. Determining the position of plane faces of an object
relative to the principal planes and recogmzmg when a face
shows in its true shape.

WHAT YOU SHOULD KNOW ABOUT POINTS, LINES AND PLANES

All solid objects of which drawings are made for the pur-
pose of construction are bounded by combinations of points,
lines, planes and curved surfaces. In the process of con-
struction it is necessary to know the relationship between
these things. As a preliminary to still further study one
must learn to distinguish the relationships listed above. The
pictorial views are added here merely as an aid in reading
but will not be referred to in the following discussion since
the draftsman or workman must be able to read the two-
and three-view orthographic projections.

Location of points. Let it be required to locate point E
with reference to G in Fig. 1. From the top view it can be
seen that E is } inch to the left of G and § inch in front of
it. The top view does not show which point is higher, but
this fact may be learned from the front view where the
vertical projections of these two points show E to be } inch
below G. This completely locates the point with reference
to Q. The profile, or side, view repeats a part of the infor-

169
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mation given in the top and front views. From the side it
is evident that E is % inch below and £ inch in front of G.
Other points should be studied in the same way.

Position of lines. A line may have any one of three dis-
tinctive positions relative to the horizontal, vertical and pro-
file planes. It may be (1) parallel to any one of them, (2)
perpendicular to one or (3) inclined to all three. The simplest
way to determine the relationship of a line to a plane is to
get an edgewise view of the plane.

Lines parallel to planes. This relationship can be deter-
mined by inspection of the projection showing an edgewise
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Fic. 1. Notched block. Fic. 2. Beveled block.

view of the plane. Thus in the top view of Fig. 2 the vertical
and profile planes appear edgewise, in the so-called ground
lines, and the lines DE, KM, AB, CF and others are seen to
be parallel to V while EF, BC, HK and AD are parallel to P.

In the front view of the same figure, the same ground lines
now represent the horizontal and profile planes edgewise, and
here the lines AB, AC, DE and many others are seen to be
parallel to H while EM, AH and CG are observed to be
parallel to P. In the profile view the ground lines represent
the H and V planes seen edgew1se, and similar observations
may be made.

If a line is parallel to a plane, the projection on that
plane shows the true length of the line. Line CF shows in
its true length in c¢/f’, since the line is parallel to V. Line
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AD shows in true length in a.d,, since the line is parallel
to P. Line AC shows in true length in ac, since the line is
parallel to H. Hence the true length of every line in Fig. 2
except the line BE is shown in at least one of the views.
A method for finding the true length of this line will be
explained in a later unit. '

Lines perpendicular to planes. If a line is perpendicular
to a plane, the projection on that plane will be a point.
Conversely, if the projection of a line on a plane is a point,
then the line is perpendicular to the .plane. This fact en-
ables us to determine when a line is perpendicular to a plane
by one view alone, namely, when the view shows a point
projection for the line. The edgewise view of the plane alone
would not determine this situation.

An examination of the top view of Fig. 2 shows the lines
AH, CG, FN, EM and DK to be perpendicular to H. It is
observed that, if a line is perpendicular to one of the co-
ordinate planes, it must be parallel to the other two, and
hence shows in true length upon both of them.

Lines inclined to planes. To study lines inclined to planes
the edgewise view is again most useful, although it does not
give the exact angle of inclination. A study of the three
views of Fig. 2 shows BE to be the only line which is in-
clined to all three planes. The angles which this line makes
with the planes, however, do not show in their true value
anywhere. We know simply that the line is inclined, but not
how much.

Position of planes. A plane face of an object may have
one of three distinctive positions relative to H, V and P.
It may be (1) parallel to any one of them, (2) perpendicular
to one or (3) inclined to all three. The edgewise view offers
again the best means of determining these relationships.

Parallel planes. If two plane faces appear edgewise in the
same view, their relationship to each other is revealed at
once. Thus in Fig. 2 the front view shows the plane faces
ABC and HKGMN to be parallel to H, and the faces ADHK
and EFMN to be parallel to the profile. In the top view the
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faces CGFN and DKEM are shown parallel to V. If a plane
is parallel to one of the coordinate planes, it is of course
perpendicular to the other two. :

Perpendicular planes. If a plane face of an object appears
edgewise in any projection, then the face is perpendicular
to that plane of projection. Thus, in Fig. 3, from the top
view it can be seen that CDEPO is perpendicular to H. In
the front view, faces AGB and ADEF are shown to be per-
pendicular to V, and in the side view, faces ABCD and AFG
are shown perpendicular to P. All the planes mentioned
above are inclined to the other two planes and hence do not
show in their true size in any view.

a, ¢ g 9
V3 4
Fic. 3. Cut pyramid. Fic. 4. Beveled block.

Inclined planes. The third position a plane may have is
to be inclined to all three of the principal planes. The plane
face ABC of the object in Fig. 4 represents such a plane.
It does not show edgewise in any of the three views and
hence may be easily identified.

The recognition of edgewise views of plane faces of ob-
jects is important, since it is this fact which gives depth to
the views. The draftsman must learn to think of his views,
not as mere plane geometric figures, but rather as particular
aspects of the solid object. Two of the dimensions are par-
allel to the plane of projection and the third perpendicular
to it.
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HOW TO READ TWO- AND THREE-VIEW ORTHOGRAPHIC
PROJECTIONS

To read two- and three-view projections, the first thing
is to determine what information you wish to get from the
drawing. The second is to know where to look for it.

Look at the top view to get: (1) distances or dimensions,
right or left and front or back, (2) lines or planes parallel to
V or P, (3) lines or planes perpendicular to H, (4) true length
of all lines parallel to H, (5) true shape of all faces parallel
to H.

Look at the front view to get: (1) distances or dimensions,
up or down and right or left, (2) lines or planes parallel to
H and P, (3) lines or planes perpendicular to V, (4) true
length of lines parallel to V, (5) true shape of faces parallel
to V.

Look at the side view to get: (1) distances or dimensions,
up or down and front or back, (2) lines or planes parallel to
H and V, (3) lines or planes perpendicular to P, (4) true
length of lines parallel to P, (5) true shape of faces parallel
to P.

QUESTIONS
1. Under what conditions will the projection of a line show its
true length?
2. What must be the relationship of a plane face of an object to
the plane of projection if the projection shows the true shape of
the face? .
3. How can you tell whether a line is perpendicular to one of the
planes of projection?
4. How can you tell whether a plane is perpendmular to one of
the planes of projection?
5. How can you tell whether a line is parallel to the H plane?
6. How can you tell whether a line is parallel to the V' plane?
7. Which of the principal planes of projection show edgewise in
the ground lines when one is looking at the top view?
8. Which of the principal planes of projection show edgewise in
the ground lines when one is looking at the side view?
9. At which view would you look to tell whether one point was
above or below another?
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10. At which view would you look to tell whether a point was to
the right or left of another?

PROBLEMS

Lay out the standard border line and title space, then rule three
sets of guide lines for $5-inch letters. The guide lines are to be
arranged in groups of 3, 7 and 7 in such a manner as to make a
well-balanced sheet.

On those guide lines, letter the answers to the following ques-
tions concerning points, lines and planes for the object assigned
from the following group. All projections are lettered with small
letters in proper fashion. In your answers, however, you will use
capital letters, since you are referring to the actual points and
lines in space and not to the projections. Scale the drawing at
1"-1" for all dimensions. Scale to the nearest 1 ".

The following examples taken from Fig. 1 1 will illustrate the
method:

A is % inch to the left of B, at the same level and at the same
distance from V.

There are no lines parallel to H and inclined to V.

There are no lines parallel to V and inclined to H.

AM, FG, BC and DFE are parallel to P and inclined to H.

KMGH and ROQ are parallel to H.

AMGF is perpendicular to P and inclined to H.

As an aid in visualizing these blocks it may be helpful to make
pictorial freehand sketches on coordinate paper as suggested in
Unit X. This should not be done, however, unless it is absolutely
necessary.

Points

1. Describe the location of 4 with reference to B.
2. Describe the location of B with reference to C.
3. Describe the location of C with reference to D,

Lines
1. Name the lines that are parallel to H and inclined to V.
2. Name the lines that are parallel to V and inclined to H. .
3. Name the lines that are parallel to P and inclined to H.
4. Name the lines that are perpendicular to I1.
5. Name the lines that are perpendicular to V.
6. Name the lines that are perpendicular to P.
7. Name the lines that are inclined to all planes.

Planes

1. Name the planes that are parallel to H.
2. Name the planes that are parallel to V.
3. Name the planes that are parallel to P.
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4. Name the planes that are perpendiéular to H and inclined
l"OSI./'Name the planes that are perpendicular to V and inclined
t()t")l.{'N ame the planes that are perpendicular to P and inclined
t0'7}.{'Nxamme the planes that are inclined to H, V and P.
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LerTER AL VIEWS LETTER ALL VIEWS

Fig., 13. Fra. 14.
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Fig. 15. Fig. 16.




UNIT XX

ORTHOGRAPHIC PROJECTION. AUXILIARY VIEWS
AND PLANES

PURPOSE OF UNIT XX

The purpose of this unit is to show how to make auxiliary
views and how to find the true length of lines and the true
shape of plane faces of objects.

WHAT YOU SHOULD KNOW ABOUT AUXILIARY VIEWS AND
AUXILIARY PLANES OF PROJECTION

PLANES OF PROJECTION

Why auxiliary views are needed. As was pointed out in
the last unit, certain kinds of lines and plane faces on some
objects do not show in their true length or shape in the
three principal views. In construction, however, it is fre-
quently necessary to know four things about lines and planes
as follows:

1. The true length of inclined
lines.

2. The angle between lines.

3. The true shape of plane
faces.

4. The angle between plane
faces.

The first two of these items can
be obtained in finding the third.
That is to say, when the true Fi 1. Truncated prism.
shape of a plane face is obtained,
we have the true length of all lines in it, and the true value
of the angles between them. As an illustration of the first
three points, it will be noted that, in the truncated prism
of Fig. 1, the sloping face does not show in its true size

. 177
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in any one of the views. If this object were to be made of
sheet metal, it would be necessary to know the true shape
of this face. This true shape can be obtained by means of
an additional view called an auxiliary view. In fact, all
four items above can be obtained for any object, no matter
how complicated, by means of one or two auxiliary views.

Position of auxiliary plane. In order to serve its purpose,
the auxiliary plane must satisfy two conditions. First, if it
is to show the true shape of a plane face, it must be parallel
to that face. In all our previous work this was accomplished
by placing the object so that its faces were parallel to the
three principal planes; but with many objects, such as the
simple prism shown in Fig. 1, this cannot be done. Hence,
to accomplish our purpose we set a plane parallel to the
face of the object as shown pictorially in Fig. 2. The pro-
jection on this plane then will show the true shape of the
face.

In order to make the construction of views possible, the
auxiliary plane must be perpendicular to one of the planes
on which we have projections or views. This will enable us
to use the same rules of projection that we learned for the
other three views, in which case it will be remembered the
planes were also at right angles to each other. Neither of
these two conditions can be violated if useful projections
are to be made.

This second condition makes it necessary to have an edge-
wise view of a plane face before the auxiliary plane can be
set parallel to it. This condition, however, is easily met for
most objects by properly selecting the position of the object
for making the principal views.

Figure 3 shows the auxiliary plane parallel to the sloping
face and perpendicular to the V plane. Here it can be seen
that the distance of the various points in the auxiliary view
from the auxiliary ground line /-3 is the same as the dis-
tance of these points from the horizontal ground line 0-1
or the profile ground line 1-2. Obviously, these distances
must be the same, for in each case they represent exactly
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the same thing, namely, the distance of the object behind
the vertical plane.

HOW TO MAKE AN AUXILIARY VIEW

Marking of ground lines and projections. The same sys-
tem of marking which was explained in Unit X will be used.
The planes are given the numbers 0, 1 and 2 for H, V and P,
respectively. The first auxiliary is then numbered 3. Ground
lines are given the numbers of the planes which form them.
In Fig. 3, the projections are lettered with small letters hav-
ing subscripts corresponding to the number of the plane of
projection. Auxiliary projections will therefore have the sub-

VerricaL Prane (1)

Fic. 2. Pictorial sketch of auxiliary Fic. 3. Auxiliary view on plane

plane and projections. perpendicular to the vertical plane.
script 3. The prime mark (‘) may also be used on the vertical
projection instead of the subscript 1. See Fig. 6. The sub-
script for H being 0 is omitted.

Constructing the views. Draw first the two or three prin-
cipal views, as may be required, in the usual fashion. These
views should be selected so that one of them will show the
edgewise view of the plane whose true shape is to be found.
The front view of Fig. 3 shows the sloping face of the prism
as a straight line at m,, n;, 0, and p..

Next draw the auxiliary ground line at a convenient place
parallel to the edgewise view of the plane face, as at 1-3
in Fig. 3. From the corners of the face, m,, n;, 05, p;, draw
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perpendiculars to the auxiliary ground line, of random length.
On these perpendiculars, measure distances from the auxil-
iary ground line equal to the distances of the points in the
top view from the 0-I ground line. These distances are
represented by o and b in Fig. 3. This locates points ms,
n3, 03, Ps, which may now be connected to form the true
shape of the face, thus giving the true length of all lines
in the face and the true value of the angles between them.

Figure 4 represents pictorially a case where the auxiliary
plane is perpendicular to H, and Fig. 5 represents the same

4y —
X —

Fia. 4. Pictorial sketch of auxiliary Fra. 5. Auxiliary view on plane
plane and projections. perpendicular lto the horizontal
plane.

situation in orthographic form. Here again it will be noted
that the auxiliary ground line is placed parallel to the edge-
wise view of the face whose true shape is desired. The per-
pendiculars are drawn from the edgewise view, and the
measurements z, y and z, in this case, obtained from the
other view. Study these figures carefully until the scheme
is thoroughly understood.
HOW TO FIND THE PROJECTIONS OF TRUNCATED GEOMETRICAL
SOLIDS -
Geometrical solids which have been cut off in some man-
ner by a plane as shown in Fig. 6 are said to be truncated.
Such truncated solids occur in drawing problems and prac-
tice, and it becomes necessary to find the appearance of
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one or more views when the cutting plane appears edgewise
in other views.

When a plane surface appears edgewise, the point in which
a line passes through it can be seen by inspection in that
view. The remaining projections of this point can be de-
termined by the simple fact that the projections of the point
must lie on the projections of the line since the point itself
is on the line.

Fic. 6. Construction of side and top views of truncated faces.

In Fig. 6 notice that the line AB can be seen to pass
through the plane MN at o’. Now the horizontal projection
of the point represented by o’ in the front view must be on
the horizontal projection of the line AB, since the point
itself is on line AB. Therefore erect a perpendicular from
o’ until it intersects ab in the top view; this locates 0. In
the same way 0, must be on asb, in projection with o’. In
like manner find all the points in which the edges of the
solid pierce the cutting plane in the top and side views, and
connect them. Then erase the top part of the pyramid, thus
leaving the correct views of the truncated solid.
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Note: The views have not been completed in Fig. 6, nor
has the top part been removed, since the actual construe-
tion is better shown in this manner.

QUESTIONS

1. What is the purpose of an auxiliary view in machine drawing?
2. Under what conditions should an auxiliary view be made?

3. What is the relationship of the auxiliary plane to the face of
the object which shows upon it in true shape?

4. What must be the relationship of the auxiliary plane to one of
the principal planes of projection?

5. Why must the auxiliary plane be perpendicular to one of the
principal coordinate planes?

6. If a line on an object is inclined to all three principal planes,
how may its true length be obtained? Illustrate. (See line CD in
Figs. 4 and 5.)

7. What two conditions must an auxiliary plane of projection
always fulfill?

8. How are ground lines marked?

9. How are the various projections marked to distinguish them?
10. If the auxiliary plane is perpendicular to H, from which view
then ?a.re the measurements obtained for constructing the auxiliary
view?

PROBLEMS

Lay out the standard border line and title space. Divide the
drawing sheet vertically into two equal rectangular spaces, and
then find the true shape of the lettered face of the object assigned
from the following group:

In each case, construct first the front and top views as indicated,
then set up the auxiliary ground line and make the auxiliary pro-
jection which will show the true shape of the lettered face.
Include the entire object in the auxiliary view as a matter of prac-
tise. The location of the object on the sheet is shown by dimen-
gions from tne horizontal center line and from the edge of the
drawing space. Omit all dimensions on your drawing.
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UNIT XXI

SOLVING PROBLEMS WITH AUXILIARY VIEWS

PURPOSE OF UNIT XXI

The purpose of this unit is to show how to solve prob-
lems by means of auxiliary views.

WHAT YOU SHOULD KNOW ABOUT AUXILIARY VIEWS

In some problems which arise in the commercial drafting
room it is not possible to construct the principal views by
themselves. It then becomes necessary to set up an auxiliary
plane and work back and forth between the views, getting
a projection in one that could not be obtained in the other,
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and thus finally completing the problem. The problem shown
in Fig. 1 illustrates a situation of this kind. For the illus-
tration and problem of this unit the simple geometric figures
will be used so that attention may be given entirely to the
problem of projection.

After a little study of the problem in Fig. 1 it becornes
185
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evident that we cannot draw either the top or the front view,
since we cannot determine the length of any line in them,
except the one edge of the base which is parallel to H, nor
the position of a single line including the one just mentioned.
We must, therefore, resort to some other device, and the
auxiliary plane offers the most practical method of solution.

Method of attack. In solving problems which are partially
or entirely verbal in character, one must proceed to read
the problem over carefully, visualizing accurately the shape
of the object and so far as possible the position of every
line in it relative to the planes of projection.

In studying the problem above, we observe at once that
the axis is parallel to the vertical plane and hence the base
will be perpendicular to V since it is a right pyramid. This
being the case, an auxiliary plane may be set up which will
be parallel to the base and upon which the base will show
in true shape. The line AB will project upon this plane as
a point which will be the center of the base and around
which the pentagon may be drawn by the usual construc-
tion. Since the problem specifies that one side of the base
shall be parallel to H this side will be perpendicular to V,
and hence the position of the pentagon is known. Since this
side is perpendicular to V it will be drawn perpendicular
to the ground line /-3, which is the edgewise view of the
V plane when looking at the auxiliary view. Figure 2 shows
this construction. The ground line -3 may be drawn at any
convenient place beyond b’, and it must be perpendicular
to a’b’.

A line which represents the edgewise view of the base
may now be drawn through b’ perpendicular to a’t’. From
the auxiliary view the corners of the base may be projected
back to this line. When these corners c’'d’e’f’ and ¢’ are con-
nected with a’ the front view is complete, as shown in Fig. 3.

The third and last step is the completion of-the top view.
Having the edgewise view of the base in the vertical pro-
jection and the true shape in the auxiliary projection the
top view may be constructed from these two by erecting
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perpendiculars from ¢/, &, ¢/, f' and ¢’ and measuring off
the distances z, y, 2, etc., above the ground line equal to
the distances of the corresponding points from the auxiliary
ground line. In both views these measurements represent
the distance of the points behind the V plane. Connecting
a with ¢, d, ¢, f and g completes the top view. It should be
noted that the edges from the vertex to ¢ and d are on the
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Fia. 3. Front view completed from Fia. 4. Top view constructed.
auxiliary view. Drawing completed.
under side of the object and are hence invisible in the top
view, as are also the lines cd, ¢g and de.

HOW TO USE THE AUXILIARY PLANE IN SOLVING PROBLEMS

From the verbal or other description of the problem ob-
tain a clear mental image of the object.

Visualize its position in space, noting the significant posi-
tions of its lines and plane faces relative to the planes of
projection, that is, the parallel and perpendicular relation-
ships which enable you to attack the problem by setting
up the auxiliary plane. Draw as much as possible of the
two or three necessary principal views, and then set up the
auxiliary plane and draw the auxiliary view according to the
specifications of the problem.
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Work back from the auxiliary view to the next adjoining
one, and then to the next, until the problem is complete.

QUESTIONS

1. What further use may be made of auxiliary views in addition
to showing the true size of faces of an object?

2. What is the first step in the solution of a verbal problem?

3. What is the next step in the solution of a problem after the
shape of the object has been clearly visualized?

4. After the shape and position of the object have been clearly
visualized which lines of the object may be drawn?

5. In what way does the auxiliary plane assist in solving problems?
6. If the face of an object is inclined to A and perpendicular to
V, to which of the coordinate planes will the auxiliary be made
perpendicular?

7. If a line is perpendicular to H what is its relation to V?

8. If a line lies in a plane which is perpendicular to V and the line
is parallel to H, what is its relation to V?

9. If a line is parallel to H and a plane is perpendicular to it,
what is the relation of the plane to H?

PROBLEMS

Lay out the standard border lines and title space; then divide
the sheet into two equal parts by a vertical line and do the prob-
lems assigned from the following group. Be sure to show properly
the visible and invisible lines. In determining visibility, the plane
of projection is always between you and the object.

In the following problems, the line AB is the axis of a right
prism or pyramid, cone or cylinder. In the case of pyramids and
cones, the end a is the apex. The short line marked ¢ represents
the horizontal center line of the sheet, and the dimensions enable
you to locate your ground line for a well-balanced sheet.

The descriptions have been made as brief as possible. In all cases
you are to find the front and top views and any other necessary
views. Scale full size.

All figures apply to each verbal problem. Use the one assigned
by your instructor.

1. Triangular pyramid. Base equilateral, inscribed in a 1§-inch
circle. One edge of base parallel to H.

2. Square prism. Base 1 inch on a side; two edges of base
make 30 degrees with H.

3. Triangular prism. Base equilateral, inscribed in a 13-inch
circle. One face of prism parallel to V.

4. Square pyramid. Base 1% inches on a side, edges of base
make 45 degrees with H. .
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5. Pentagonal prism. Base inscribed in 13-inch circle. One edge
of base perpendicular to V.

6. Hexagonal pyramid. Base 1 inch on a side; two edges of
base parallel to H.

7. Hexagonal prism. Base § inch on a side; two edges of base
parallel to V.

8. Right circular cone. Base 2 inches in diameter.

9. Right circular cylinder. Base 1} inches in diameter.

10. Pentagonal prism. Base 1nscr1bed in a 1%-inch diameter
circle; one edge of base parallel to H.

11. Heptagonal pyramid. Base inscribed in a 13-inch diameter
circle; one edge of base parallel to V.

12, Octagonal pyramid. Base inscribed in a 12-inch diameter
circle; two edges of base parallel to H.
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UNIT XXII

AUXILIARY VIEWS IN SHOP DRAWINGS

PURPOSE OF UNIT XXII

The purpose of this unit is to show how to make auxiliary
views for shop drawings.

WHAT YOU SHOULD KNOW ABOUT AUXILIARY VIEWS IN SHOP
DRAWINGS

Auxiliary views are employed in making working draw-
ings both as an aid to the construction of all views neces-
sary to describe the shape, and also to show the true shape
of some faces for the purpose of dimensioning.

Omission of ground lines. In making working drawings,
or shop drawings, ground lines are never shown because they
limit the arrangement of views very materially and add
nothing to the description of the shape of the object. The
distance of an object from the planes of projection has no
bearing at all upon the construction of the object.

Although the ground lines representing the planes of pro-
jection may be eliminated from the drawing, it is necessary,
nevertheless, to substitute for them certain reference planes
from which measurements may be made. These reference
planes may be actual faces of the object or imaginary planes
of symmetry. A plane of symmetry is an imaginary plane
passing through an object in such a manner as to divide
the object into two equal and exactly similar parts, as MN
in Fig. 3. In all cases, however, these planes of reference
must be parallel to the plane of projection which would have
been used had the ground line been placed on the drawing.
An illustrative problem will make this point clear.

A simple truss block is shown pictorially in Fig. 1 in its
proper relation to H, V, P and the auxiliary plane which

191
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Pictorial sketch of truss block and projections.

Fia. 1.

--p=sa—mans-

RSN SN gup

F1a. 2. Orthographic views of truss block shown in Fig. 1.
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gives the true shape of the sloping face. In Fig. 2 the ortho-
graphic views are shown with ground lines and distances to
correspond to the arrangement shown in Fig. 1. The waste
of space in this case is quite evident.

Now instead of using the vertical plane as a plane of
reference a central plane of symmetry, designated by mn,
which is parallel to the V plane, might have been used and
then the views could have been arranged a< in Fig. 3. The
center line mn is drawn parallel to the edgewise view of the
face whose true shape is to be shown. Measurements are
now transferred from the top or side view to the auxiliary
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F1a. 3. Orthographic views with ground lines omitted.

view by means of the dividers, using the center line MN
as a reference line in these views. Several of these measure-
ments, a and b, are indicated in the figure. Figure 4 repre-
sents a case in which an actual face of the object, not an
imaginary plane, is used as the plane of reference. In this
instance, the bottom face which is parallel to the H plane
and is represented by the line mn is the plane of reference.
The line msns is drawn parallel to the edgewise view of the
face it is desired to show, and then measurements are made
from this line to correspond to those in the front view.

The views represented in Figs. 3 and 4 are correctly made
in all respects as they should be for working drawings. In
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the working drawing, only that portion of the object par-
allel to the auxiliary plane need be shown, since nothing
would be added to the clearness of the drawing by reproduc-
ing the parts which are not parallel to the plane, and which
are already adequately represented in the other two views.

The object of Fig. 4 is again represented in Fig. 5 as a
completely dimensioned working drawing. This emphasizes
again the fundamental principle that lines and faces of an

t 7 7T
Fia. 4. Ortho%mphic views. Fia. 5. Dimensioned auxiliary
Base used as reference plane. view.

object must be dimensioned in the views where they show
in their true lengths and relationships.

HOW TO MAKE AND USE AUXILIARY VIEWS IN SHOP DRAWINGS

From the model or pictorial view of the object draw the
necessary principal views. Complete these as far as possible.
(NoTe: In many cases this can be done and the auxiliary
view is needed only for dimensioning.)

Parallel to the edgewise view of the face whose true shape
is needed, draw the line representing the reference plane (be
it plane of symmetry or other plane face). From your knowl-
edge of the true shape of the face lay out the face from the
reference plane.

By projection, carry back such points as may be necessary
to complete the principal views. This is almost always neces-
sary where curved outlines are involved.
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QUESTIONS

1. In making an auxiliary view of one face of an object, how is

the auxiliary ground line drawn?

2. From which view of the face (edgewise or area view) are the
perpendicular projecting lines erected?

f.kFrcr;m which view (edgewise or area view) are the measurements
aken

4. How may construction of views be carried on if ground lines

are not used?

5. What change in laying out dimensions in the auxiliary view
is made if a center line is used instead of a ground line?

6. If the object does not have a plane of symmetry which shows

eclige“‘r?ise in the auxiliary view, what may be used as a reference
plane?

7. What portion of an object should be shown in an auxiliary
view, for working drawings?

8. What kind of view of a face must we have before the auxiliary
plane can be set up parallel to it.

9. What objection is there to using and showing ground lines in
working drawings?

PROBLEMS

Lay out the standard border line and title space, then make a
dimensioned drawing of one of the objects assigned from the fol-
lowing group. In the auxiliary view draw only the portion which
shows in true shape in the view. Be sure to allow space between
views for dimensions. The scale is given with each figure.

Fia. 6. Link chain attachment. F1a. 7. Link chain attachment.
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UNIT XXIII

SCREW THREAD FORMS—NATIONAL COARSE AND
FINE THREAD STANDARDS

PURPOSE OF UNIT XXIII

It is the purpose of this unit to present the principal facts
concerning the standard thread forms and to show how to
represent and note them on drawings.

WHAT YOU SHOULD KNOW ABOUT THREADS

The helix, a geometrical curve which was studied in Unit
XVII, forms the basis of all screw threads. The sharp V
thread, which is perhaps the simplest form, might be thought
of as a triangular ridge on a cylinder, formed by cutting a
V-shaped groove around the eylinder in helical or spiral fash-
ion. Such a ridge, or thread, is shown in Fig. 1. If the cylinder
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Fia. 1. Single sharp V thread.

thus grooved, or threaded, were cut in two lengthwise, the
view obtained would show the cross-section of the thread,
and this view is called the profile of the thread. The profile
of a sharp V thread is shown in Fig. 2. It will be observed to
be an equilateral triangle.

Thread terms. The diameter of the cylinder on which the
thread is cut is called the crest or major diameter; that at

198
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the bottom of the thread is called the root or minor diam-
eter; that midway between the root and crest is called the
pitch diameter. The pitch of a thread is the same as the
pitch of a helix. It is the distance from the crest of one
thread to the crest of the next adjacent thread. The pitch
is also sometimes specified by giving the number of threads
per inch. The meanings of all of these terms are illustrated
in Fig. 1.

American (National) Standard threads. Two thread series
have been adopted by the American Standards Association.
They are called coarse and fine threads. Th= coarse-thread
series is the same as the old U. S. Standard, supplemented
in ‘the sizes below 1 inch by a part of the standard estab-

poi

Fic. 2. Sharp V-thread Fig. 3. American (National)
profile. form-thread profile.

lished by the A.SM.E.* in 1907. The fine-thread series
(4 inch to 1} inches inclusive) is the same as the present
regular screw-thread series of the S.A.E.1 standard for
screw threads established in 1911, supplemented in sizes
below % inch by the fine-thread series established by the
ASM.E.

In form they are both similar to the sharp V thread with
the exception that the sharp crest has been cut off and the
root not cut to a sharp notch. The amount cut off from the
top and bottom of the sharp V is one-eighth the total depth,
as illustrated in Fig. 3. The slope of the sides is still the
same. The difference in the two thread series is chiefly one
of pitch. The dimensions have been standardized according

* AS.M.E. is the abbreviation for the American Society of Mechanical
Engineers.
1 8.A.E. is the abbreviation for the Society of Automotive Engineers.




200 SCREW THREAD FORMS

to the diameters. Thus a rod of a given diameter will always
have the same number of threads per inch if made to the
coarse-thread standard. The dimensions of the two series
are given in Table I.

TasLE I
COARSE AND FINE THREAD SERIES

1 2 3 4 1 2 3 4
Basic Coarse Fine Basic Coarse Fine
Sizes* Major Series, Series, . Major Series, Series,
izes . Sizes .
Diameter | Threads | Threads Diameter | Threads | Threads
(Inches) per Inch | per Inch (Inches) per Inch | per Inch
0 0.0600 .. 80 o 0.5625 12 18
1 0.0730 64 72 $ 0.6250 11 18
2 0.0860 56 64 3 0.7500 10 16
3 0.0990 48 56 I 0.8750 9 14
4 0.1120 40 48 1 1.0000 8 14
5 0.1250 40 44 1} 1.1250 7 12
6 0.1380 32 40 11 1.2500 7 12
8 0.1640 32 36 13 1.5000 6 12
10 0.1900 24 32, 14 1.7500 5 12
12 0.2160 24 28 2 2.0000 4% 12
1 0.2500 20 28 2% 2.2500 4} 12
% 0.3125 18 24 2} 2. 5000 4 12
H 0.3750 16 24 2% 2.7500 4 12
Pt ] 0.4375 14 20 3 3.0000 4 10
] 0.5000 13 20

*In the first column the numbers O to 12 inclusive are mere standard numbers as: *‘Size
No. 3,” ete. Those below No. 12 are fractions of an inch as: *'} inch.”

Multiple threads. In some machine parts where a faster
movement is desired than could be produced by the single
thread, double, triple and quadruple threads are used. Valve
spindles are usually made with one of these multiple threads.
A double thread is simply a pair of two separate and distinct
threads cut side by side, as illustrated in Fig. 4. One of the
threads has been omitted for a few turns at the left end in
order to show the two separate grooves more clearly. It
should be noted in the double thread that the crest of one
thread is directly opposite the crest of the other. When a
nut is put on a double thread, at every revolution it travels
a distance equal to twice the pitch. A triple thread is formed
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by cutting three separate threads side by side as illustrated
in Fig. 5. One complete turn of a nut on a triple thread
advances it a distance equal to three times the pitch. This
distance is called the lead, and it represents the distance the
screw advances in one complete turn. The term pitch still
has the same meaning as before. In the triple thread, crest.
is opposite root. The profile of multiple threads is the same

Nofte-Crest is gpposife crest

Fifch
Fic. 4. Double right-hand sharp V Fic. 5. Triple right-hand sharp V
thread. thread.

as for single threads. Multiple threads are referred to as
American (National) Form Threads.

Right- and left-hand threads. Thus far no mention has
been made of the direction of the screw helix. Obviously the
helix might wind around either to the right or left on the
rod. This fact gives rise to the so-called right-hand and left-

’lllllllll Il

Fia. 6. Large scale symbol. Single Fia. 7. Large scale symbol. Single
right hand thread. left hand thread.

N

:

—

S

\

hand threads. The threads represented in Figs. 1, 4 and
5 are right-hand threads. A right-hand thread may be dis-
tinguished by the fact that it advances into a threaded
hole when turned in a clockwise direction. A right-hand
threaded bolt and a nut which has been cut in half to show
the inside are shown in Fig. 6. The threads in the bottom
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half of the nut slope in a direction opposite to those on the
rod, since they must fit the threads which are on the under
side of the rod. See the dotted line on the rod.

A left-hand thread is one that advances into a threaded
hole when turned in a counter-clockwise direction. A left-
hand threaded rod and nut (cut open) are shown in Fig. 7.

HOW TO REPRESENT THREADS

Two methods of representing threads are in common use:
one is used for threads of large diameter and the other for
small ones. When the actual diameter of the thread upon
the drawing is ¢ inch or more it will look better if the large-

. Lay off spaces ” .
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scale convention is used. For smaller diameters the small-
scale convention will be better.

Large-scale conventional thread. The shape of the crest
and root of the thread is a helix, but it would take entirely
too much time to draw the actual helix, so a conventional
scheme has been adopted in which a straight line is sub-
stituted for the helix. Figures 4, 5, 6 and 7 have been made
in this way. The method of drawing the thread in this man-
ner is shown step by step in Fig. 8.

The V’s are made with the 60-degree triangle just like
the sharp V, no attempt being made to show the flattening
except in very large screws. The position of the crests on
opposite sides of the slope of the crest line will show whether
the thread is single or double, but when other than a single
thread is to be made, the fact should always be noted.
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Small-scale conventional thread. As the thread diameters
become smaller the V notches are harder to draw, and hence
for smaller sizes they are simply omitted and only the lines
representing the crest and root are shown. Since this is
purely a conventionalization the slope of the lines is also
neglected and they are drawn straight across at right angles
to the length of the rod as shown in Fig. 9. The method of
construction of this symbol is also shown in Fig. 9. The
actual number of threads should always be represented to
scale up to about 16 per inch. Beyond that number, 16
per inch will be used to represent them. Besides adding to
the appearance of the drawing these thread symbols save a
great deal of time.
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Fig. 10. Threaded holes. F1a. 11. Rod in threaded hole.

Threaded holes, when the thread is invisible, are shown
as in Fig. 9. Tapped holes which are not open at both ends
are shown in Fig. 10. When the thread rod is in the hole,
it should be as in Fig. 11.

Noting threads. Since thread symbols are so highly con-
ventionalized, they cannot convey exact information, and
hence it is necessary to add a note to each thread, giving
first its major diameter; second, the number of threads per
inch; third, the type of thread, that is, coarse or fine, in-
dicated by the letters NC or NF; and, finally a number to
represent the class of fit. Notes of this character are shown
in Figs. 9, 10 and 11.

If the thread is left-hand, the letters LH are inserted im-
mediately after the pitch number. If the thread is not of
standard pitch, it is called an American National Form
thread, and the note specifying it contains only the letter
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N instead of NC or NF. Thus: 3$"-16-LH-N-2 means a
1-inch rod with a left-hand thread, 16 per inch, of American
National Form and of Class 2 fit.*

Notes for threads must always give the pitch, regardless
of whether this is standard or not. Screw threads will always
be regarded as right-hand unless noted LH for left-hand.

QUESTIONS

1. Define the motion of a point whose path is a helix.

2. What is meant by the pitch of a helix?

3. Show by a large sketch the profile of the sharp V thread.

4. Show by a large sketch the profile of the American National
Standard thread. Give dimensions.

5. Show by a sketch a single right-hand thread.

6. Show by a sketch the meaning of the term pitch as applied to
a thread.

7. What is meant by the term ‘“lead”’ as applied to threads?

8. Show by a large sketch what is meant by the major and minor
diameters of a thread.

9. Show by a sketch thé conventional symbols for a small-diameter
screw thread.

10. How are the number of threads per inch and the type of thread
indicated on a drawing?

11. Show by a large sketch a double left-hand thread.

12. Show by a large sketch a triple right-hand thread.

13. When threads are specified by note, what do the letters NC
and NF mean? :

14. In looking at a drawing of a large thread that was not noted,
!mtvg gogl?d you tell whether a single, double or triple thread was
intende

PROBLEMS

Lay out the standard border line and title space, and then
divide the sheet into four equal rectangles by means of a vertical
and horizontal line. In these spaces draw the threads specified in
the problem assigned from the following group. In each case show
a rod about 3 inches long, 2 inches of which shall be threaded.
Look in the tables for the proper number of threads per inch.

1. (a) Two-inch diameter, right-hand sharp V thread.

(b) One-and-three-fourths-inch diameter, left-hand double
sharp V thread.

* Class of fits range from loose or No. 1 to close or No. 4 fit.
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(¢) Two-and-one-fourth-inch diameter, left-hand American
National coarse thread. Show flattened top and bottom
of thread.

(d) One-half-inch diameter, American National threaded rod
and invisible threaded hole. Rod separate from hole.
Two views of hole. ‘

. (a) One-and-three-fourths-inch diameter, left-hand sharp V
thread.

(b) Two-and-one-fourth-inch diameter, right-hand triplesharp
V thread.

(c¢) Two-inch diameter, right-hand American National coarse
thread. Show flattened top and bottom of threud.

(d) Three-eighths-inch diameter, American National threaded
rod part way through a threaded hole which is cut open
to show the inside.

. (a) One-and-one-half-inch diameter, right-hand sharp V
thread. Make rod 2 inches long and show hole through
a plate 1 inch thick, cut open and threaded to fit rod.
Rod not to be in the hole.

(b) One-and-three-fourths-inch diameter, left-hand double
sharp V thread.

(c) 'Il‘lwo-hnch diameter, right-hand American National coarse
thread.

(d) Five-eighths-inch diameter, American National fine-
threaded rod partly in threaded hole through a plate
1 inch thick. Show the hole invisible.



UNIT XXIV

BOLTS AND NUTS

PURPOSE OF UNIT XXIV
It is the purpose of this unit to teach the proportions of
U. S. Standard bolts and nuts and others in common use,
and ways of representing and specifying them on drawings.
‘WHAT YOU SHOULD KNOW ABOUT BOLTS AND NUTS

Use of bolts and screws. Many machine parts must be
very firmly fastened together, yet in such a manner that

W-Wom;vam:: 72475 D= DAMETER o Sisamv

oL

//E/G//faP THICKNESS OF HEAD

Hexason Hoap  Square Heao  Carriace Srvo Srove
BoLr Boer Bor Bour Bovr

Fra. 1. Common types of bolts.

they can be taken apart again without great difficulty. This
is accomplished by means of various types of bolts and
screws. Bolts differ from screws chiefly in the fact that the
bolt is equipped with a nut whereas the screw fastens directly
into a tapped hole in one of the parts being held together.
Only bolts will be discussed in this unit.

206



DIMENSIONS OF BOLTS 207

Kinds of bolts. The different kinds of bolts are distin-
guished by the shape of the head. Some of the more common
varieties are illustrated in Fig. 1. Of these, the U. S. Stand-
ard bolt with square or hexagonal head, the carriage bolt,
the stud bolt and the stove bolt.are perhaps most frequently

used.

Dimensions of bolts. The dimensions of bolt heads are
always given in terms of some proportion of the diameter of

TaBLE 1

Rough and Semi-finished Square and

Finished Square and Hexag-

Hexagonal Regular Bolt Heads onal Bolt Heads
Diameter of | Width across . Width across .
Bolt Flats Height Flats Height
% 3 i Ts s
s 1 4t % 1%
i T 1 ] Ei1
T § ITy 3 #
] i & 1 3
by 3 3 3 $
& 1¥ # 1t B
3 1% i 13} TS
i 1 1} 1% #
1 1} 11 1} i
1} 1H i 1H #
1} 13 # 13 B
1} 2% 1 231 1}
13 2% 14 2% 1%
2 3 14 3 13
2% 33 1} 33 14
23 3% 1% 3% 13
2% 41 133 4% 27
3 4% 2 43 2%
Width across flats =13D to nearcst . Width across flats for }- to Y-inch
Height ={D. diameter =14D + .
Above y-inch diameter =14D.
Height of head = 1D.

Washer face # inch thick.
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the shank. These proportions are given in equations at the
bottom of Tables I and II. The length is always the distance
from the tip to the under side of the head, except in the
case of stud and flat-head bolts where it is the over-all length.
The square and hexagonal head U. S. Standard bolts are
furnished in two grades or classes, either rough and semi-
finished, or finished. The dimensions of these bolts are
shown in Table I. The dimensions for nuts are shown in

Table II.

TasLe II

ROUGH AND SEMI-FINISHED SQUARE AND HEXAGONAL
REGULAR NUTS, ALSO
FINISHED SQUARE AND HEXAGONAL REGULAR NUTS

Diameter Width Diameter Width
of across Height of across Height
Bolt Flats Bolt Flats

1 5 7 1 1} ]

5 s H 13 1H 1

£ % # 1} 1% 14

s 1 3 1} 2% 17

] B T 13 28 14

s % ] 2 3 13

§ 1 # 2% 33 14

i 1} 8 2} 3% 245

] 1% # 23 43 24
: 3 43 23

‘Width across flats, for } to #-inch diameter =14D + ¢y inch.
Above f-inch diameter =14D.

Thickness of nut =}D.

Washer face # inch thick.

The threads on standard bolts are American National
coarse threads; and for standard bolts the length of the
threaded portion is equal to approximately three times the
diameter of the bolt, except on stove bolts, which are
threaded nearly the full length of the shank. Stud bolts also
have threaded lengths to suit the conditions of use.
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HOW TO DRAW BOLTS AND NUTS

The threads on bolts are represented in exactly the same
way as threaded parts discussed in Unit XXIII. Both large-
and small-scale symbols may be used according to, the size
of the drawing. The only new problem, therefore, is to
represent the head.
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Fouss & Sersr-FimsHeD Hex. Head Borr 8 Mo FivisweD  Hex. Heap Bour & Mur:
Fig. 2. Method of drawing hexagonal head bolt and nut.

Hexagon-head bolts. Iixamine Fig. 2 carefully to learn
the conventional method of representing hexagon-head bolts
and nuts. Notice that the bolt and nut are alike except for
the thickness. Make thickness of each as shown. A 30-degree

T_S,: %22

/ /°
sl &

i / I )

‘EWL ¥ Tl[[ T T B
el P

e —tefod o 11401
RousH & Semrfinasnep Sauare 14 Lo & Nur FinisHED Square Heao BoLr 8Mr.
F1c. 3. Method of drawing squar&heaqb bolt and nut.

conical chamfer is used on both hexagon and square-head
bolts, hence the curve in the side faces is really an hyperbola.
In drawing, however, make it an arc of a circle. Figure 2
shows the method for locating the centers of these circular
arcs and gives the length of the radii. This is the standard
adopted by the American Standards Association. When two
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side views of the hexagon head or nut occur in a drawing
make both views show three faces as in Fig. 2. Although this
is a violation of the principles of projection it makes for
clarity, since a hexagon is indicated in any view the work-
man may look at. It cannot mean an octagon since no such
bolt is made.

Square-head bolts. Draw a square-head bolt as shown in
Fig. 3. Always turn the side view so that it shows but one

,' Dy *
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FLAT Head Srove Bowr  (a) Roowo Heap Srove Bowr (6)
Fia. 4. Method of drawing stove bolts.

T
WL

face. This will again make both side views alike if two views
are made; this time, however, the views are in accordance
with the principles of projection. Locate the centers of the
arcs as shown in Fig. 3.

Stove bolts. Represent stove bolts as shown in Fig. 4.
The proportions shown are for drawing only and do not
represent the actual dimensions of the bolts and nuts.

Wy

g

(al
F1c. 5. Representing bolts in holes.

Bolt holes, through which bolts must pass, must be from
72 to 75 larger in diameter than the bolt. When the bolt is
shown in a hole, draw either one or two lines depending
upon the scale of the drawing. In very small-scale drawings
use one line. See Fig. 5b. Where two lines are used, show a
thin white space between them. See Fig. 5a.

How to specify bolts. Specify bolts by notes on the draw-
ings. This specification is sometimes placed in the bill of
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materials, and the bolt may not be drawn. Always give in
the specification the kind of bolt, the diameter and the
length. With these things known, all other dimensions are
standard. Thus, one might order 20-3"x21” Hex. Fin. Bolt;
or 15-1"x131" Flat Hd. Stove Bolts.

QUESTIONS

1. Name four common types of bolts.

2. In what two classes are square- and hexagonal-headed bolts
furnished?

3. What is the ratio of the thickness of the head of the semi-
finished bolt to the diameter of the shank?

4. What is the ratio of the thickness of the finished square nut
to the diameter of the bolt?

5. Show by a sketch what is meant by the chamfer circle, and
indicate accurately the size relative to the bolt head.

6. Show by a sketch how to represent a hexagonal bolt head. Show
how centers of arcs are located, and give lengths of radii.

7. Show by a sketch how to represent a square bolt head. Show
how centers of arcs are located, and give lengths of radii.

8. Show by a sketch how a hexagonal nut is represented when
three views must be given.

9. How much of the shank of a Standard bolt is threaded?

10. How much of the shank of a stove bolt is threaded?

11. Show by a sketch what is meant by the length of a standard
hexagonal-headed bolt.

12. What information must be given in ordering bolts?

13. For ordinary work, how much larger than the bolt must be
the hole through which a bolt is to pass?

PROBLEMS

Lay out the standard border line and title space; then divide
the sheet into four equal rectangles by a horizontal and a vertical
line. In each space draw one of the bolts specified below. Draw
the bolts in a horizontal position, and under each one letter neatly
the proper specifications for it.

. Draw a g” x3” rough hexagonal bolt and nut.

—

2 Draw a £”x2}” semi-finished square head bolt and nut.
3 Draw a #” stud bolt 3}” long, thread 1}” on each end.
4. Draw a $”x2” round-headed stove bolt with square nut.
5. Draw a }”x13” flat-headed stove bolt with square nut.
6. Draw a §”x3” finished hexagonal-head bolt and nut.

7. Draw a 4”x3” finished square-headed bolt and nut.

8. Draw a 17 stud bolt 3” long, threaded 1}” on each end



UNIT XXV

HALF AND FULL SECTIONAL VIEWS

PURPOSE OF UNIT XXV

It is the purpose of this unit to explain the principles of
making sectional views and the methods of making half and
full sections.

WHAT YOU SHOULD KNOW ABOUT SECTIONING

Need for sectional views. Many common objects of every-
day use have interior construction which cannot be seen

Fic. 1. Method of passing cutting planes.

from the outside. If only the methods thus far discussed
are used, these invisible parts have to be represented by
dash lines. As the number of these lines increases, the clarity
of the drawing rapidly decreases. In many cases it is quite
possible to interpret the meaning of the drawing, but an
undue amount of effort is required.

To meet this situation a method called sectioning has been
devised whereby invisible portions or peculiar contours of
objects may be clearly revealed. This method consists of
passing imaginary cutting planes through the object and
removing a portion, thus representing the hidden part which
it is desired to show.

The example, Fig. 1 (a), shows an object and the cutting

planes; Fig. 1 (b) shows the same object with the upper
212



FULL SECTIONS 213

right quarter removed. In order to distinguish the solid
material of the object from the open spaces, the material
is shaded by diagonal lines called cross-haiching, as repre-
sented in the pictorial sketch of Fig. 1 (b). This same method
is also employed in orthographic views as shown in Fig. 2,
where the object in Fig. 1 is represented with the customary
two views.

As will be noted in this drawing, when a portion of the
object is removed in one view, this does not affect the other
views of the object at all. The remaining views are always
drawn just as though the entire object were there. This must

!

R %Y
—H AT

Fic. 2. Half-sectioned orthographic view.

be done; otherwise the impression conveyed would be that
the object had this part missing.

When the imaginary cutting planes are passed along axes
of symmetry, it is not necessary to indicate on the other
views where the cutting plane was passed, since this is quite
clear from the drawing itself. This is seen to be true in
Figs. 2 and 4. ,

Half sections. In Figs. 1 and 2, one-fourth of the object
was imagined cut away, which causes one-half of the top
view to be shown in section. Drawings of this kind are re-
ferred to as half sections.

It will be noted in Fig. 2 and elsewhere in this book, except
in Fig. 4, Unit XI, that a solid line is used to separate the
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portion of the view in section from that in elevation. Al-
though the American Standards Association indicates the use

Fic. 3. Method of passing cutting plane.

of a center line for this purpose, the surveys made in 1932
and 1940 indicate that only 38 per cent (1932) and 26 per
cent (1940) follow this practise. The solid line, where metal is
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Fic. 4. Full-sectioned orthographic view.

cut, seems to be the best practise. Compare Fig. 5, Unit XI,
Fig. 2 in this unit and Fig. 1 in Unit XXVII for clarity of
meaning, which is the ultimate standard in drawing practise.

Full sections. In Figs. 3 and 4, it is imagined that the
entire object has been cut in two and the top portion re-
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moved, thus causing the whole top view to be sectioned.
Such a drawing is said to be full sectioned.

Invisible lines in séctional views. Even though a drawing
is sectioned, there often remain edges which lie behind the
sectioned part and which, according to the rules of projec-
tion, should be shown as invisible lines. The edges so repre-
sented are usually clearly shown in the other parts of the
drawing, hence nothing is gained by drawing invisible lines
across the section. Moreover, these hidden lines, though
adding nothing to the drawing in clearness, detract from
its appearance and are difficult to draw without causing the
ink to spread. They are, therefore, always omitted from the
sectioned part of the drawing, unless they are absolutely
necessary for a correct interpretation.

When to make sectional views. The question frequently
arises as to when a sectional view of an object should be
made. No fixed rule can be laid down. But it may be stated
that a sectional view should always be made if the drawing
cannot be interpreted without it. Also, one should be made
if, by so doing, the drawing is thereby made easier to read
and understand.

The half-sectional view is usually to be preferred in sym-
metrical objects since it shows both the inside and outside
of the object, whereas the full section shows chiefly the in-
side. Sometimes, as in the case of gear wheels, when the
outside form is well known, a full section is advantageous
in that it saves time in drawing.

HOW TO MAKE HALF- AND FULL-SECTIONED VIEWS

Make first in light, full outline the necessary two or three
orthographic views. Select for sectioning the view which will
best reveal the shape of the object. Decide upon whether a
half or full section is most suitable for this purpose. If a
full section is to be used, draw in the outline as though the
object had actually been cut in two and the nearer part
had been removed. If a half section is to be made, draw a
solid line on the axis of symmetry and draw one side to
represent the object as it actually is, and then make the



216 HALF AND FULL SECTIONAL VIEWS

other side as though one-fourth of the object nearest you
had been removed.

Direction of cross-hatching. In order to distinguish the
solid material from open spaces, draw inclined lines uni-
formly spaced across the area representing the solid mate-
rial. These lines should always be at an angle with the out-
lines of the object, since they might be confused with the
outlines if they were drawn parallel thereto. The cross-
hatching lines should have the same slope wherever the
same solid part is cut. Thus in Fig. 4, there are four separate
cross-hatched areas, but all of them represent the same piece
and hence the slope and spacing are the same throughout.

Make the cross-hatching lines of the same weight as di-
mension lines and space them uniformly throughout the
drawing. For the average shop drawing, this spacing should
be from z'r to % inch. For large drawings the spacing should
be increased.

Uniformity of spacing is attained simply by practise and
careful work in the usual shop drawing. For very exacting
work a special instrument called a section-liner may be used.

QUESTIONS

1. What is meant by a sectional view?

2. What is meant by a half section?

3. What is meant by a full section?

4. Why are sectional views used?

5. H;)w does the draftsman determine when to make a sectional
view?

6. When one view of an object is sectioned, what change, if any,
does this make in the other views?

7. When half and full sections are made, where is the imaginary
cutting plane passed?

8. When the cutting plane is passed along an axis of symmetry,
is it necessary to indicate this fact?

9. Is it customary to show hidden lines in a sectional view?

10. \;Vhat is the objection to showing hidden lines in a sectional
view?

11. Should cross-hatching lines be drawn inclined or parallel to
the outline of the object? Why?

12. How heavy should cross-hatching lines be made in comparison
with other types of lines? ’
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13. What is the proper spacing of cross-hatching lines for the
ordinary small shop drawing?

PROBLEMS

Lay out the standard border line and title space, then draw the
object assigned from the following group.

Make the sectional view as specified for the particular object
assigned.
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UNIT XXVI

REVOLVED, REMOVED AND OTHER TYPES OF
SECTIONAL VIEWS

PURPOSE OF UNIT XXVI
It is the purpose of this unit to show how to distinguish
adjacent parts of the same material; how to distinguish
different materials, and how to make revolved, removed,
offset and broken sections.

WHAT YOU SHOULD KNOW ABOUT SECTIONING

Distinguishing adjacent parts. Drawings of machine parts
consisting of more than one piece are often sectioned. Many
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Fia. 1. Sectioning adjacent parts of the same material.

times, such sectional views will show separate pieces of the

same material adjacent to each other. In order to make a

clear distinction between the various parts of the section,

lines are turned at different angles with each other. If there

are only two parts; as shown in the sediment separator in

Fig. 1, the lines should be at right angles. If three different
218
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parts come together, then other angles may be chosen, as
in Fig. 2.

Representing different materials. In order to distinguish
between different materials, two different methods are used.
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Fia. 2. Sectioning three parts of the same material.

One consists of a system of different types of cross-hatching
where each type represents a definite kind of material, as
shown in Fig. 3a. The other methods consist of using the
same type of cross-hatching throughout the drawing and
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Fic. 3. Cross-hatching for different materials. Two methods.

designating each material by an abbreviation placed within
a cleared place in the cross-hatching, as indicated in Fig. 3b.
By means of these devices the draftsman can often save
making an extra view. ‘
Revolved or interpolated sections. Besides the half sec-
tion and full section discussed in the preceding unit, several
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other schemes for sectioning are used. One of these is the
so-called interpolated section. This is usually applied to long
members, either straight or curved, of constant shape in
cross-sections, as, for example, the spokes of a wheel, the
rim of a wheel, arms and brackets of various kinds of ma-
chines. The revolved section' is made by passing a cutting
plane perpendicular to the plane of the view and revolving
it about the center line of the section cut, until it is parallel
with the plane of projection, as shown in Fig. 4. Such sec-
tions are used in architectural and structural work as well
as in machine drawing.

SectionAA _~Remored section

//////ux///m/////////nm//////////////////%“y/////////
2 a

////Jny////////////////n’//////////////////////“?///////////,

Revolved or inferpolated section

Fic. 4. Revolved and removed Fi1g. 5. Offset section.
sections.

Removed sections. Sometimes space will not permit of
the interpolation of a section as discussed in the last para-
graph, yet it may be necessary to show such a section. In a
case of this kind a line representing the cutting plane is
drawn across that portion of the view which is to be sec-
tioned, with arrows placed at the ends to indicate the direc-
tion in which the section is viewed, if this makes any differ-
ence. If the direction in which the section is viewed is not
important, arrow points are not used, but letters are placed
at the ends of the line, as shown in Fig. 4, in order to dis-
tinguish this section from others that may be made. The
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sectional view itself then is drawn at a clear place upon the
sheet and designated by the letters at the ends of the line
upon the main view, as Section AA. Such sectional views
are called removed sections.

Offset sections. In more complicated machine parts and
in buildings it frequently becomes desirable to show sec-
tional views at other places than along an axis of symmetry.
The cutting plane must of course always be parallel to the
plane of projection, but it may be offset at right angles, to
the plane at various points, as indicated in Fig. 5. Such a
section is called an offset section. Since it is not upon an
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Fi1g. 6. Broken section.

axis of symmetry, its location would not be clear from the
drawing alone; hence, a section of this kind must always
have the location clearly designated in one of the views ad-
jacent to the sectioned view. This is done by means of a
heavy line consisting of a dash and two dots with arrows
at the ends to show the direction of the view, as shown in
Fig. 5.

Broken section. In certain types of drawing it is some-
times desirable to show just a part of the interior construc-
tion without the formality of a half or full section. This is
accomplished by what is called a broken section, in which
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a small part in the near side is imagined as removed. The
part removed is terminated in a ragged “or wavy line as
illustrated in Fig. 4, Unit XI and in Fig. 6.

HOW TO MAKE REVOLVED, REMOVED, OFFSET AND BROKEN
SECTIONS

The technique of drawing these sections is the same as
for any others and requires no special instruction. The de-
cision as to when to make them must be based solely upon
the demands of clarity.

QUESTIONS

1. Show by a sketch what is meant by a revolved or interpolated
section.

2. What is the purpose of an interpolated section?

3. What is meant by a removed section?

4. How is a removed section tied in to the part which it represents?
5. What is meant by a broken sgction?

6. When a cutting plané which does not remain throughout upon
an axis of symmetry is passed through an object, how is this
shown upon the drawing?

7. What is meant by an offset section?

8. When the location of the cutting plane must be shown upon
the object, what symbol is used to represent the cutting plane?
9. How are adjacent parts of an object distinguished from one
another in a sectional view?

10. How may different materials appearing in a sectional view be
distinguished from one another?

PROBLEMS

Lay out the standard border line and title space; then do the
problems assigned from the following group, making sectional
views as directed in the problém. Do not dimension.
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UNIT XXVII

SECTIONING. STANDARD COMMERCIAL PRACTICE

PURPOSE OF UNIT XXVII
It is the purpose of this unit to indicate the standard
commercial practises with regard to sectioning.
WHAT YOU SHOULD KNOW ABOUT COMMERCIAL PRACTISES

The cross-hatching of sectioned views always takes con-
siderable time. In the commercial drafting room time means
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Fia. 1. Bolts in sectional views,

money; hence any cross-hatching which does not serve very
definitely to make drawings more easily interpreted is elin:-
inated.

Solid cylinders and shafts. When the section-cutting plane
passes through solid cylindrical shafts, bolts and screws,
these objects are not sectioned but are left just as though
the plane had not cut them. Since they are solid inside,
nothing would be gained in explaining the meaning of the
drawing, and considerable time would be required to cross-
hatch these parts; hence, they are never cross-hatched. This
practise is illustrated in Fig. 1 and also in Fig. 6 of Unit

XXVI.
225
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Spokes of wheels. Another common case in which a de-
parture from the strict theory of projection makes the draw-
ing clearer, and also saves time, occurs when the cutting
plane passes through the spokes of wheels. If the hub, spokes
and rim were all cross-hatched this view would give the
impression that the hub and rim were connected by a solid
web. Hence, it is the standard practise to section the rims
and hubs but not the spokes, as shown in Fig. 2. This view
now cannot be misinterpreted. A revolved section through
the spoke also adds to the clarity of the drawing.

I I .

F1a. 2. Spokes in sectional views.

Thin webs. Occasionally a section plane passes through a
thin web parallel to its greatest dimensions. Here, again,
although the web is actually cut by the section plane, the
drawing is much clearer if the web is not cross-hatched. This
is the standard practise, as illustrated in Fig. 3. In this case
if the webs are cross-hatched the sectional view would give
the impression that the valve had no flange at the top.

Unsymmetrical parts. In making drawings of objects which
are not symmetrical about two axes, as, for example, a hand
wheel with an odd number of spokes, the sectional views are
made as though there were an even number of spokes, as
shown in Fig. 4a, and not as would be required by the rules
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of projection. The other view, of course, shows the correct
number of spokes, and the drawing is unmistakable; at the
same time it is better appearing and more easily made. This

o7 THIN WEB NOT SECTIONED EVEN
THOUGH CUTTING ALANE m.gszs THROUEH IT
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F1g. 3. Thin webs in sectional views.

practise is standard not only for spokes but also for holes
and other parts which occur in odd numbers in circular
pieces. See Fig. 4b for another example.
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F1a. 4. 0Odd numbered axes of symmetry in sectional views.
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HOW TO MAKE SECTIONS FOR WORKING DRAWINGS

Working drawings, or shop drawings, should always be
made in accordance with the best commercial practise, as
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explained in the preceding paragraphs. To draw the sections
described in this unit no new instructions in methods of

drafting are needed.

QUESTIONS

1. If a cutting plane passed through a spoke of a wheel, should
the spoke be sectioned?

2. When a cutting plane passes through solid objects such as
cylindrical shafts, bolts, screws, etc., are these parts sectioned?
Why or why not?

3. If a cutting plane passes through a thin web of material, is the
web sectioned? Why or why not?

4. If an odd number of spokes, holes or webs occurs in an object,
which is shown sectioned, what is the standard practise in repre-
senting these parts?

5. What defense can you offer for the violation of the principles
of projection referred to in question 4?

PROBLEMS

Lay out the standard border line and title space; then do the
problem assigned from the following group.

Make enough views to describe clearly the shape of the object,
including sectional views made in accordance with standard prac-
tise. Do not dimension the drawing. You need not necessarily
make the same section as shown in the pictorial views. Use your
own knowledge and judgment as to what views and sections will
best show the object.

Fia. 5. Handwheel. Fia. 6. Handwheel.
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UNIT XXVIII

ORDER OF WORK IN MAKING SHOP DRAWINGS

PURPOSE OF UNIT XXVIII

It is the purpose of this unit to teach the proper order of
procedure in making a working drawing or shop drawing.

WHAT YOU SHOULD KNOW ABOUT MAKING SHOP DRAWINGS

Having studied the principles of auxiliary projection, sec-
tioning and dimensioning and the use of shop terms, we are
now prepared to face the problem of making working draw-
ings as it comes to the man in the commercial office. It will
be recalled that a working drawing consists of an adequate
number of correctly made views of an object, completely
dimensioned and noted so that the object can be made
without further information or calculation.

Order of procedure. With the problem before him the
draftsman must learn to attack his work in orderly fashion.
To do this he must consider carefully all important factors
in his problem before beginning to draw. The following order
of procedure is suggested as the best:

1. Selection of views. The draftsman’s first job is to de-
cide how many views are needed. This will depend mostly
upon the nature of the object, but it may also be influenced
by the method of manufacture or construction. A very sim-
ple illustration will suffice to explain this point. Suppose the
object is a model of a truncated right circular cylinder. If
it is to be made of wood, properly chosen front and top
views will suffice. On the other hand, if it is to be made of
sheet metal, the front, top and an auxiliary view, showing
the true shape and dimensions of the truncated face and a

development of the cylinder, will be required.
230
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Auxiliary views will be chosen upon the basis of true
shapes required for dimensioning. Sectional views will be
chosen not so much upon the basis of necessity as upon that
of clarity of meaning and ease of interpretation.

2. Choice of scale. After having decided upon the num-
ber of views, the choice of a scale follows next in order.
This involves two things, namely, the type or kind of scale
and the size of scale.

Type of scale. The type of scales, whether architect’s or
engineer’s, should be decided in accordance with the kind
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Fia. 1. Correct and incorrect methods of dimensioning.

of object being represented and the units of measure used
by those making the object. For buildings, bridges and other
objects which are measured in feet and inches the archi-
tect’s scale is used; for machine parts and other objects
which are measured in inches and fractions of an inch, such
as 64ths, 32nds, 16ths, 8ths, etc., the mechanical engineer’s
scale is used; and for maps the civil engineer’s scale.

Size of scale. The size of the scale will be determined, for
the most part, by the relative size of the paper and the
object. The draftsman will usually have several sizes of
paper to choose from, and he ghould select one large enough
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to enable him to use a scale such that his drawing will be
large encugh to show all details clearly and still have plenty
of room for dimensions. School problems are of necessity
usually limited to one size of sheet, in which case the scale
should be as large as possible and still allow ample room for
dimensioning.

3. Making the views. With the scale chosen, the next
step is to make the views. For the details of this the student
should review Unit VII.

4. Dimensioning. All the views being made, the placing
of dimensions and construction notes follows. The rules for
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Fig. 2. Incorrect dimensioning for cylmdncal parts.

dimensioning in Units XI, XII and XIII should be reviewed
again at this time.

In addition to these rules, however, it should again be
brought to mind that dimensioning also depends upon the
process or method of construction. This phase of the sub-
ject cannot be entirely explained in books but must rather
be acquired by experience. The application of common sense,
however, will assist materially in the selection of the proper
dimensions to give. For example: Fig. 1a is apparently quite
generously supplied with dimensions, and yet many of those
which the workman needs are missing, and some that he
cannot possibly use are shown. The holes in the object
must be drilled, but the process of drilling starts at a point
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which is the center of the hole, hence the workman cannot
use the distance between the edges of the holes. Again, in
Fig. 2, the cylindrical parts must be turned in a lathe. The
sizes are measured with a caliper, which gives the diameter,
hence the series of dimensions giving the steps out from one
cylinder to the next are quite useless, whereas the diam-
eters which the workman needs are missing and can be ob-
tained only by adding up these details, which, of course,
is not the workman’s job. Figure 3 shows a correct method
of dimensioning this pulley. These two illustrations will
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Fic. 3. Correct dimensioning for cylindrical parts.

suffice to show the need of taking the workman’s point of
view while dimensioning.

5. Lettering.. After the dimensioning has been completed,
notes must be added giving shop processes and, where neces-
sary, materials, finish, etc. Then letter the title of the
drawing.

Summary. To make a working drawing, proceed in this
order:

1. Determine number and kind of views.
2. Select scale.

3. Make all views.

4. Dimension drawing.

5. Add notes, legend and title.
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QUESTIONS
1. What is the first problem of the draftsman when presented with
the task of making a working drawing of some object?
2. What decides the type of scale he will employ? Give an example.
3. What decides the size of the scale, whether large or small?
4. In determining the size of scale what must he make allowance
for besides the views of the object?
5. In commercial practise what factor beside the object influences
the number of views to be made?
6. Upon what basis will an auxiliary view be made or omitted?
7. What will determine the making or omission of a sectional view?
8. How should holes be dimensioned?
9. How should concentric cylinders be dimensioned?
10. In general, what point of view should the draftsman adopt
while dimensioning his drawing?

PROBLEMS

Lay out the standard border line and title space; then make a
working drawing of one of the objects assigned from the following
group.

First make a frechand sketch showing the number, kind and
arrangement of views you plan to use. Then choose a scale which
will fit the drawing to your standard size of paper, if it differs
from the standard sizes in this text. Submit these to your in-
structor for approval. Make the changes or corrections suggested,
then proceed to make the working drawing with instruments.
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UNIT XXIX

MAP DRAWING

PURPOSE OF UNIT XXIX

It is the purpose of this unit to show the characteristics of
different kinds of maps, how to read maps and how to draw
the simpler varieties.

WHAT YOU SHOULD KNOW ABOUT MAPS

Every school boy or girl has had to make use of maps.
The use of maps is now an everyday experience for almost
everyone. It is therefore valuable to know something about
maps, how to make and read them.

Kinds of maps. Many different kinds of maps could be
made of any given area. They would differ from each other
in their scale and content, which would be determined chiefly
by the purpose they were intended to serve.

Geographic maps. Geographic maps usually cover a rather
wide area and show only the principal features of the
land such as mountain ranges, important rivers and cities,
etc. These are usually found in geography and history text-
books, and since they cover a very large area the scale is
usually very small, ranging from several miles to the inch
to one hundred miles or more to the inch.

Topographic maps. In general, topographic maps deal
with a much smaller area than geographic maps and show
much more detail. The scale varies somewhat with the use
to be made of the map, but the smallest scale is about 4
miles to the inch. The best examples of such maps, on which
are shown all roads and trails and even houses, are those
prepared by the United States Geological Survey. Elevations
are shown by contour lines, and forests, marshes, etc., are

236
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238 MAP DRAWING

shown by symbols. These are printed in appropriate colors
as described elsewhere in this Unit. Figure 1 is an illustra-
tion of this type of map. _

Highway maps. This is a type of map which is used every
day. These maps may represent one state of the Union or
a small group of states, such as the New England states.
They show all the cities, towns and villages of a state, to-
gether with the principal state and county highway systems.
Small highways and lanes are not shown. Besides the high-
ways, they show by symbols the approximate population of
the towns, the distance between the principal towns, the
location of public parks, monuments and other points of
historic interest. Of natural features, only the larger streams
and lakes are shown. They are frequently printed in colors
and range in scale from 10 to 40 miles to the inch.

City plats. The city plat shows the streets and property
lines, size and location of lots and various additions which
have been made to the city from time to time. In larger
cities in the office of the city engineer there will also be maps
showing the location of sewers, water lines and other serv-
ices which the city may have. Other maps will show political
subdivisions such as precincts and wards. The scale of such
maps varies a great deal, usually not being smaller than 6
inches to the mile. The larger scales may run from 100 to
400 feet to the inch.

Engineering maps. As the name indicates, such maps are
used for engineering work, and they must, therefore, be
of rather large scale. The common range runs from 500’ = 1*
up to the architectural scales such as " = 1’-0”. High-
way construction maps, railroad maps, maps for lock and
dam construction are some of the more common varieties.

Symbols used on maps. Since all maps are of com-
paratively small scale, almost everything on them must be
shown in some conventional way by symbols. Symbols fall
into certain natural groups, as discussed in the following

paragraphs.
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Vegetation symbols. All symbols used on maps have been
standardized as to both form and color. A few of the more
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Fia. 2. Vegetation symbols.

common symbols for vegetation are shown in Fig. 2. These
are made with green ink.

Hydrographic (water) symbols. A few
ful water symbols are shown in Fig. 3.

of the more use-
These are always
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F1a. 3. Water symbols.
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drawn in blue ink. On ordinary maps the symbols should be
made the same size as shown here.
Works of man. The works of man are shown in black
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Fia. 4. Symbols for works of man.
ink and include roads, railroads and structures of all descrip-
tions. A few symbols* are shown in Fig. 4. '

* For more complete sets of symbols see ‘ Engineering Drawing” by Jordan
and Hoelscher, John Wiley & Sons, New York.
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Relief. Symbols which show the nature of the ground
surface are called relief symbols. These are drawn in brown
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Fig. 5. Relief symbols.

ink. Figure 5 represents a few symbols of this type. When
it is necessary to give only a general idea of elevations, such
as the locations of mountain ranges on geographic maps, a
system of symbols called hachures, illustrated in Fig. 6, are
used. When exact information concerning the elevation of
the land is necessary contour lines are employed. By the

Fic. 6. Hachures.

term elevation is meant the height in feet above mean sea
level.

Contour lines. By a system of symbols called contour
lines the elevation of the earth’s surface can be shown rather
accurately, particularly on large scale maps. A contour line
is an imaginary line passing through all points of the same
elevation. The water line or shore line of a still body of water
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would be a contour line. If the water level could be raised
one foot, the new shore line would represent another con-
tour line. See Fig. 7. The difference in elevation of contour

Fic. 7. Contours.

lines is called the contour interval. In Fig. 7 above it would
be a 20-foot interval. Contour lines are drawn at various
intervals from 1 foot to 20 feet, depending on the scale and
the purpose of the map.

Fra. 8. Profile.

Profiles. When railroads, highways, sewer lines, etc., are
to be constructed, it is necessary to know the elevation of
the ground along the proposed route. A drawing showing a
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line representing such elevations is called a profile. It may
be considered essentially a section through the earth’s sur-
face without the cross-hatching. Figure 8 represents a pro-
file. Two different scales are used to bring out more clearly
the difference in elevation. A large scale is used for vertical
distances, which may have a range of 50 to 100 feet, and a
small one for horizontal distances, which may run into sev-

eral miles in length.
HOW TO DRAW A MAP

Maps are drawn either from other maps or from survey
notes. The survey notes may take many forms, but we shall
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Frc. 9. Azimuth of a line. Fic. 10. Plotting an azimuth.

here describe only one type. Any method of surveying con-
sists essentially of locating a series of points or objects with
reference to another point called a station. This can be done
by measuring the angle which the line from the station to
the object makes with some previously established line
through the station. If this established line through the sta-
tion is a north-and-south line, the angle made with it by the
line running to the object is called the azimuth of the new
line if it is measured clockwise from the south. Some sur-
veyors measure the angle from the north. In this unit it
will be measured from the south.
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Hence, point B, see Fig. 9, can be located from a station,
A, by knowing azimuth and distance. The azimuth would
be measured in the field with a transit and the distance -
would be measured with a tape. Along with these measure-
ments made in the field, the surveyor makes sketches of the
surveyed area in his notebook. From his notes and sketches
the surveyor or his draftsman can plot a map.

In the drafting room these surveying operations are re-
peated in miniature; the angle, or azimuth, is measured with
a protractor and the distance to the observed points is laid
out with a scale. The sketches help to complete the map in
its smaller details. A set of such notes is given in the prob-
lems. See Fig. 18.
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F1c. 11. Interpolating contour lines.

Since the ordinary protractor covers only 180 degrees,
when the azimuth is larger it is necessary to subtract 180
degrees from it and lay out the remainder in the proper direc-
tion. Thus, if the azimuth of a line is given as 225°-0’, first
subtract 180°-0’ from it leaving a remainder of 45°-0’ which
would be plotted by laying the protractor on the right-hand
side of the line and measuring 45°-0’ from the north or top
end of the line. See Fig. 10.

To draw contour lines. Contour lines are established
by determining the elevation as well as location of points on
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the ground. The location of a point can be determined by
azimuth and distance, and then the elevation can be deter-
mined with either a level or a transit.

Since it would be very difficult to locate all points in the
field exactly on a given contour line of a certain elevation, for
example a 605-foot contour, it is customary to get elevations
at points where there is a change in slope on the earth’s
surface and then put in the contour line by interpolation,
as illustrated in Fig. 11. If the slope is uniform, as it is as-
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Fig. 12. Profile plotted from contour lines.

sumed to be between observed points, the interpolation is
quite simple. Thus in Fig. 11 along a line represented at the
top of the figure, observations were taken at elevations 593,
598.5, 603 and 606. The 605-foot contour would lie between
603 and 606. It would be two feet above point 603 or one
foot below the 606 point, as shown in the profile in the lower
part of the figure where the light horizontal lines represent
intervals of one foot in elevation. If these division marks on
the profile where projected up to the survey line at the top
of the figure, the 605-foot contour would cross the line at a
point two-thirds the distance from 603 to 606.

The location of this two-thirds division can be done by
estimating or by use of a stretched rubber band on which
uniform divisions have been marked in ink in its unstretched
condition. Then if we wish to locate the 605 contour, for
example, between the two points whose elevations are 603
and 606 we can stretch the band with the finger and thumb
so that there are three spaces (606603 = 3) on it between
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the two points. The 605 contour then is under the second
division from the 603 point. This is a convenient device for
making rather accurate interpolations quickly. If stretching
the band to get three spaces between the plotted points is
too great, then some other multiple of three could be used,
as for example, 12. Then one would count off eight small
units to get the two-thirds point.

The following rules will be helpful in plotting contours.

1. Contours of the same elevation must appear on both
sides of a stream or still body of water.

2. A contour line goes upstream, roughly parallel to the
stream, before it crosses the stream.

3. A contour line can cross a stream only once.

4. Contour lines themselves never cross. Overhanging cliffs
are so rare and the contour interval in country where they
would oceur is so great that the above rule holds.

5. Contour lines must close, that is, form closed loops, or
run off the edge of the map.

Drawing profiles. In practice a profile is made by ob-
taining the levels at certain intervals along some predeter-
mined line and then plotting these points on profile paper,
which is a commercial paper ruled as in Fig. 8. An approxi-
mate profile can also be made from a contour map by draw-
ing the proposed line on the map and then measuring dis-
tances between contours along this line as indicated in Fig.
12. Ordinarily these distances could not be projected as in
Fig. 12. They would then be transferred from the map to
the profile with a divider.

Drawing symbols. Making symbols, like lettering, re-
quires practise and a careful study of good examples. All
symbols should be made small and delicately. Vegetation
symbols such as grass and trees should be spaced irregularly
and not in any pattern that will show. The grass symbol
should always have its base parallel to the bottom of the
sheet. Water lining (see Fig. 3) should be very closely spaced
near the shore line and then very gradually opened up in
spacing. Your symbols should not be larger than those
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shown in the text. Practise first in pencil, then in ink using
the proper color. Final work must be done directly in ink
since colored inks will not stand much erasure, even with

art gum.

Lettering on maps. On engineering maps which are used
for construction purposes either vertical or slant single-stroke
Gothic or Reinhardt letters may be used. On maps of a more
formal character, the standards of the United States Geo-
graphic Board shown in Figs. 13 to 17 should be used.

ABCDEFGHIJK
LMNOPQRSTU
VWXYZ

States, Counties, Townshipe, Capitals and Principal Cities (all capital letters)

abcdefghijklmnopqrstuvwxyz

Towns and Villages (with capital initials)
Fi1c. 13. Map alphabets, civil divisions.

ABCDEFGHIJK
LMNOPQRSTU
VWXYZA

Lakes, Rivers and Bays (all capital letters)

abedefghiyjhklmopgrstuvwzryz

Creeks, Brooks, Springs, Small Lakes, Ponds, Marshee and Glaciers (with capital initials)
Fig. 14. Map alphabets, hydrogray hy.
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ABCDEFGHIJKLMNO
PQRSTUVWXYZ

Mountains, Plateaus, Lines of Cliffis and Canyons (all capital letters)

abcdefghijkimnopqrstuvwxyz

Peaks, Small Valleys, Canyons, Islands and Points (with capital initials)
Fia. 15. Map alphabets, hypsography.

ABCDEFGHIJKLMNOPRQRSTUVWXYZ

1234567890
Railroads, Tunnels, Bridges, Ferries, Wagon-roads, Trails, Fords and Dams (capitals only)
Fic. 16. Map alphabets, public works and contour numbers,

ABCDEFGHIJKLMNOPQRSTUV
WXYZ

abcdefghijklmnopqgrstuvwxyz

(with capital initials)
Fi1e. 17. Map alphabets, marginal lettering.

QUESTIONS

Note: Each student should have a highway map to an-
swer questions 1 to 13.

1. HOY;V are main United States highways distinguished from state
routes’

2. How can you distinguish between state and county roads?

3. How can you tell which roads are hard surfaced?

4. H?ow can one tell the approximate size of towns along a high-
way!

5. How can you find the distance betwecn towns, within the same
county, for example?

6. How can you find a town whose location you do not know on
the map?

7. How are points of interest, such as state parks, etc., indicated
on the map?

8. How are county boundaries shown?
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9. Are railroads shown? If so, what symbol is used?

10. How =are the smaller streams shown?

11. Do road maps show all the turns in a road? If not, why?
12. If the distance between two towns is not given, how can it be
determined?

13. How can you find the scale of a map?

14. What type of map ordinarily covers the greatest area?
15. Where are geographic maps most commonly found?

16. What things are found represented on geographic maps?
17. What do city plats show?

18. What do topographic maps show?

19. Name some common types of engineering maps.

20. Why are symbols used on maps?

21. What color is used for vegetation symbols?

22. What kind of symbols are drawn in black?

23. What is a contour linc?

24. What is meant by a profile?

25. What information is given by a profile?

26. Why are two scales used on a profile?

27. What is meant by the azimuth of a line?

28. What is meant by the elevation of any point on the carth’s
surface? '
29. What is the elevation of your town?

PROBLEMS

1. Divide your drawing sheet (small size) into twelve equal
rectangles and then draw in twelve symbols assigned by your in-
structor.

2. Draw the standard border line, omitting the title strip, on an
83"x11" sheet. See sheet C, Fig. 15, p. 13. Then from the notes
and sketch in Fig. 18 of this unit, which represents a surveyor’s
notebook, make the map of the area surveyed. Plot first the notes
on the left-hand side, then by reference to the sketch complete
the map. The notes read up the page. Items above station 1, in-
cluding station 2, are plotted from station I. Those above 2,
including station 3, are plotted from station 2 and so on. Plot
station I from station 3, thus closing the circuit, or traverse as
the surveyor calls it, and make a check on the accuracy of your
work. It is well first to plot the three stations with the check on
station 1, and then fill in the details afterwards. Scale 400’ = 1”.
Use a 40 engineer’s scale. For example, measure to scale 100 feet
from the right border and 900 feet from the lower border to plot
station 1. Through this station draw a long vertical (north-and-
south) line above and below the point, also a horizontal (east-and-
west) line. Lay the protractor over the point so that the 180-degree
lines and the 90-degree lines coincide accurately with those you
have just drawn. Then to plot station 2 measure off an angle of
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142 degrees from the south and draw the line. On this line measure
2530 feet, which locates station 2. All points between stations I
and 2 are plotfed in the same way.

Through station 2 again draw long vertical and horizontal lines
and proceed as hefore with the points above station 2, including
the plotting of station 3 and so on until the plotting is completed.

3. Same as Problem 2. Use notes and sketeh in Fig. 20.

4. On an 8}x11 sheet, with border line as in sheet C, Fig. 15,
p. 13, make a contour map from the data shown in Fig. 19 of this
unit. The clevations are given on a rectangular grid to save you
time. A few contours have been suggested to aid you in starting
properly. Estimate the location of contours along the lines between
points with the aid of a marked rubber band. Sketch your con-
tours in peneil, then have them checked by your instructor before
inking. Number each contour (sce Fig. 12). Remember that the
land slopes toward the water courses, and contours will follow the
streams in a general way. (Nore: This contour map may be drawn
on the map of Problem 2, thus giving a complete topographic map.
The station points marked 1, 2 and 3 correspond to those of Prob-
lem 2.) Scale 400" = 1”.

5. Same as Problem 4. Use Fig. 21. (Note: This contour map
may be drawn on the map of Problem 3, thus giving a complete
topographic map. Sec instructions under Problem 4.)

6. Make a profile from the contour map of Problem 4 along the
east-and-west section line. Vertical scale 1” = 10’-0”; horizontal
scale 1’ = 400'.

7. Make a profile from the contour map of Problem 4 along the
railroad line. Vertical scale 1” = 10’-0”; horizontal scale 1" = 400’.

8. Same as Problem 6. Use contour map of Problem 5.

9. Same as Problem 7. Use contour map of Problem 5.

10. Make a profile from either contour map above along some
line to be designated by your instructor. (

Note: Instructors may obtain a copy of each map in Problems 2
and 3 above by addressing the authors on school stationery.
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UNIT XXX

DETAILS OF BUILDING CONSTRUCTION

PURPOSE OF UNIT XXX

The purpose of this unit is to present some of the funda-
mental details of building construction and to show how to
draw details.

WHAT YOU SHOULD KNOW ABOUT BUILDING DETAILS

Before anyone can prepare the plans for a building, he
must be familiar with the commonly used details of con-
struction. In this text, only those types of construction used
in building modern homes will be studied.

Many of the details of construction are standardized and
need not be represented in the form of detailed drawings,
since every experienced builder is familiar with them, but
the draftsman must understand them so that his plans will
not conflict with such standard details.

Common types of construction. There are two common
types of construction which may be classified respectively
as (1) wood or frame construction, and (2) masonry con-
struction. These may be subdivided, according to the ex-
terior finish or covering used, as follows:

Wood Masonry
Weather board Solid brick
Shingle Tile and brick veneer
Stueco Tile and stucco
Brick veneer Solid stone
Stone veneer Tile and stone veneer

Houses may be built of combinations of both kinds of
construction; for example, the lower story may be of brick
and the upper of stucco. Typical wall sections of several of
these types of construction are shown in Figs. 1 to 4.

252
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Common details. In each type of construction the drafts-
man must be familiar with certain details which occur in
all buildings. The following list and the illustrations of this
unit cover the more common details, which, of course, may
be made in almost endless variety. As an aid in preparing
such details the draftsman should have at hand, for refer-
ence, the manufacturers’ catalogues of the materials and
equipment which he proposes to use. These catalogues usu-
ally specify stock sizes and frequently show detailed draw-
ings of construction recommended by the manufacturer.
The use of stock and standard sizes is desirable in the in-
terest of economy and speed in construction when not op-
posed to more important considerations of design affecting
beauty or use.

Commonly Used Details
Wood framing, Fig. 5. Cornice details, Figs. 1 to 4
Footing details, Figs. 1 to 4. and 15.
Sill construction, Fig. 6. Fireplace details, Fig. 16.
Window details, Figs. 8, 9 and Stair details, Fig. 18.
10. Interior trim and moldings, Fig.
Door details, Figs. 11 and 12. 17.

Wood framing. Figure 5 illustrates the type of framing
commonly employed in ordinary frame houses, and upon
it are indicated many of the terms used in building construc-
tion. The spacing of joists and rafters is determined by the
requirements of strength and rigidity. Twelve, sixteen and
eighteen inches are the spacings commonly used. Studding
is usually placed 16 inches on centers since this fits the re-
quirement of 32- and 48-inch standard plaster lath. The
cross-section of a lath is §"x13".

The sheathing may be wood boards, in which case it is
usually laid diagonally to secure greater strength. Sometimes
large sheets of specially manufactured material for sheath-
ing are used instead of wood boards. On the inside, lath and
plaster may be used, or any one of a variety of prepared
composition boards may be used instead of lath.

The space petween studding may be left empty or, as in
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the better class of dwellings, it may be filled with any of
various kinds of insulating material to keep in heat during
the winter and to keep the house cool in the summer.
Lumber dimensions. The size of building lumber is speci-
fied in what are called nominal sizes, which are always in
even inches as 2”x4"”, 2”x6” or 4”"x8”, etc. The actual di-
mensions are from % to 3 inch less than the nominal dimen-
sions. Thus a piece of lumber 2”x4” will actually be about
1§"x3%". Building lumber is usually finished on one side and
one edge only, but it may be obtained finished on any num-
ber of sides. The surfacing is indicated by letters and num-

Fia. 6. Box sill details.

bers, as S1S1E, which means surfaced on one side and one
edge. S2S2E will be surfaced all over.

Lumber grades. Lumber used for house construction is
called yard lumber and is divided into two general grades:
(1) Select lumber and (2) Common lumber. Select lumber
is graded as A, B, C and D, according to the number and
kind of defects and blemishes. Common lumber is graded
as Number 1 Common, Number 2 Common, Number 3
Common, Number 4 Common and Number 5 Common.
Grade A is the best quality of yard lumber, and Number 5
Common is the worst grade. These grades are known as the
American Lumber Standards.

Footing details. The bottom of foundation walls must be
broader than the walls to distribute the weight over as large
an area of soil as is necessary to avoid undue settlement of
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the building. This broadened bottom part of a foundation
wall is called the footing of the foundation. Detalls of
foundation footings are shown in Figs. 1 to 4.

Sill details. The sill forms the connection of the founda-
tion wall (always of masonry) with the frame which it sup-
ports. Varieties of sill details may be observed in Figs. 1
to 4 and 6. The sill should always be fastened to the founda-
tion by bolts § to £ inch in diameter and 18 to 24 inches
long, spaced not more than 9 feet apart.

In masonry structures, wooden joists should have a bear-
ing on the walls of not less than 3 inches, and every sixth
or seventh joist should be anchored into the wall with a
joist anchor. When joists run parallel to the wall, cross-joist

LRI \\%
£ = Z— E
Z
[ §x2'x 18" wRYT 1RON /‘ATxEXSG"

-
I ND JOIST ANCHOF!x LCROJS JOIST ANCHOR

Fi1e. 7. Floor framing. Masonry construction.

anchors should be placed about 6 to 8 feet apart. The cross-
joist anchor should be attached to at least three joists.
See Fig. 7.

Window details. Windows which were formerly always
made of wood in residence work are now also made of steel
or sheet metal. A few common types of construction are
shown in Figs. 1 to 4 and 8, 9 and 10. The dimensions of
commonly used wood sash and the styles of sash usually
found are shown in Fig. 11. The glass sizes are in even
inches. For stock sizes, manufacturers’ catalogues should be
consulted. Also, for steel and sheet metal window details
the manufacturers’ catalogues should be studied.

Door details. The common methods of constructing in-
terior and exterior door frames are shown in Figs. 12 and
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13; the common types of doors are shown in Fig. 14. In-
terior doors are usually 1§ inches thick, and exterior doors
are frequently made 13 inches thick. Details of ornamental
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Fi1g. 10. Casement windows.

doors and door trim may be found in great variety by con-
sulting manufacturers’ catalogues.

Cornice details. The style of cornice used depends upon
the type of architecture, but almost endless variations can
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Fig. 11. Window sash.

be produced in any style. The essential elements of a cornice
may be observed in Figs. 1 to 4 and in Fig. 15.

Fireplace details. Construction of a fireplace without any
patented devices is shown in Fig. 16. Fireplace and furnace
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flues should always be lined with tile. Joists or rafters should
not be permitted to have a bearing in any flue wall. The

™, Corner
O Framing

PLAsTER

Fig. 12. Interior door framing.

flue area of a fireplace should be about one-tenth the area
of the fireplace opening.
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Fic. 13. Exterior door framing.

Interior trim. Interior trim is made to harmonize with the
window and door trim. Some of the moldings commonly
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used are shown in Fig. 17. Special moldings may be made
in any desired shape but should be designed so that they
may be cut from stock sizes of lumber such as the 2"x4”,
ete.
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Fic. 14. Common types of doors.

Stair details. Stairways frequently form one of the most
difficult parts of house framing. Figure 18 illustrates stair
details and gives the names of the various parts. To make
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F1c. 15. Cornice details.

a comfortable stairway, that is one that is easy to go up
and down, the following rule should be observed: the sum
of two risers and one tread should equal 25 inches. The riser
should not exceed 7% inches.
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Another important item is to see that there is proper
head room in the stairway. This should not be less than
7'-0”. When there is any question as to head room it is
best to draw a section through the stairway using a scale
of 3" to 1’-0” or larger. This will enable you to determine
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Fia. 16. Fireplace details.

clearly the exact head room possible with the kind of stair-
way you are considering.

HOW TO DRAW DETAILS

~ To draw details. It is important in drawing details that
you have a clear mental picture of the detail to be drawn
before beginning. Study carefully the figures given in this
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unit, then examine parts of some house, such as the cornice,
the windows, doors, stairs, etc., and try to picture in your
““mind’s eye”” just how a cross-section of the part examined
would appear. When the image in your mind is clear, be-
gin the drawing by first drawing the dominant member of
the detail, that is, the member which controls the location
and relation of the other members. For example, in Fig, 15
every part of the cornice depends for its location on the
location of the wall and plate. Hence it is well to draw the
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Fia. 17. Moldings and interior trim.

wall and the plate first. After drawing the members which
determine the location of the other members, proceed in
what seems to be the most convenient order to draw the
other members. Usually it is convenient to draw the mem-
bers in the same order in which you would have to assemble
them if you were actually building the detail. Examine
several detail drawings and think what would be the best
order of drawing the various parts of them.

Dimensions of details. The outside dimensions of such
details as cornices, openings, ornaments, etc., are taken from
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the plans and elevations, if they are shown on them. The
other dimensions and all dimensions of details not shown
on plans or elevations must be worked out on the drawing
board according to need and desire. All standardized details,

Riser —

SECTION
i BB

$///1,

Fig. 18. Stair detail.

such as moldings, casings, window sash, etc., may be taken
from manufacturers’ catalogues.

QUESTIONS

1. What is the purpose of a detail drawing?

2. What are the different kinds of walls used in house construction?
3. In a building detail how do you represent (1) mortar, (2) plaster,
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(3) moldings and other finish trim, (4) framing timbers, (5) brick
and (6) tile?

4: Describe the porch detail shown on the detail sheet in Fig. 19.
5. Tell how the stair shown in the detail in Fig. 18 is built.
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6. What are the different grades of lumber used in building con-
struction?

7. What is an open cornice? What is a boxed cornice?

8. What is a double-hung window?

9. What is a casement window?

10. Make a sketch of a door and name the parts on the sketch.
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PROBLEMS*

Lay out standard border line and title space; then make the
details assigned from the following list.

1. Make a detail drawing of one of the sills shown in the isometric
drawing in Fig. 6.

2. Make a detail of the window sill shown in Fig. 8b.

3. Make a detail drawing of the wall section shown in the
isometric drawing in Fig. 5.

4. Using a manufacturer’s catalogue to get dimensions, make
a detail drawing of the steel casement sill shown in Fig. 9.

5. Using a manufacturer’s catalogue for dimensions, make de-
tail drawings of an ornamental front door with a semicircular top,
for a small brick house.

6. Using a manufacturer’s catalogue for dimensions, make a
sheet of moldings, casings, thresholds, water tables, window stools,
etc., as shown in Fig. 17 or as assigned by your instructor.

7. Make a detail of an open cornice similar to that in Fig. 15
but using your own design. Make the cornice for a frame house
and use a } pitch roof, that is, the rafter to run 30 degrees to the
horizontal.

8. Make a detail of a fireplace and flue for a small frame house,
dimensions as assigned by your instructor.

9. Draw the details of a stairway as assigned by your instructor.

* An excellent source of standard details of all kinds will be found in “ Archi-
tectural Graphic Standards,” second edition, by C. G. Ramsey and H. R.
Sleeper, 284 pages. Published by John Wiley & Sons, New York. This book
should be available for reference in every architectural drafting room.
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FLOOR PLANS OF BUILDINGS

PURPOSE OF UNIT XXXI

It is the purpose of this unit to explain the principles of
drawing involved in making floor plans and to indicate
what information must be placed upon the plans that would
not appear there according to the rules of projection alone.

WHAT YOU SHOULD KNOW ABOUT FLOOR PLANS

How floor plans differ from other drawings. Building plans
are based upon the same principles of projection as all other
drawings, but they differ in certain minor aspects. Since
buildings are so much larger in proportion to the size of the
paper than are the objects shown in the ordinary shop draw-
ing, it becomes necessary, as a rule, to show only one view
on a sheet. Thus the front view will be on one sheet and
the side and rear views each on another; the floor plans
likewise each occupy a sheet. See Figs. 1, 2, 3 and 4 of
Unit XXXII. Even with only one view on a sheet the scale
is much smaller than that commonly used for shop drawings.
Scales of 3" =1'-0" and 1" = 1'-0” are the ones most
commonly used.

Use of symbols. With such small scales, objects cannot
be represented as they actually are but must be shown by
means of symbols which are commonly recognized as repre-
senting the objects. Such things as doors, windows, radi-
ators, registers, etc., are indicated by means of symbols.
Door and window symbols are shown in Fig. 1. A system of
cross-hatching symbols to represent different materials used
in construction is shown in Fig. 2.

Another difference between architectural working draw-

ings and machine drawings is that a single top view, which
268
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usually suffices in machine drawing, is not enough for build-
ing work. A series of top views, or plans, one for each floor,
‘must be made.

What floor plans are. From the viewpoint of the theory
of projection, a floor plan is a horizontal sectional view made
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Fi1a. 1. Door and window symbols.

with the observer looking down. The cutting plane is thought
of as passing through the building in such a manner that it
cuts through all wall openings, as illustrated in the small
garage of Fig. 3. The section plane is imagined as being
offset up or down whenever necessary to show all openings
in the walls. As in any sectional view, the part of the build-
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ing between the cutting plane and the observer is imagined
to be removed. A floor plan is required for each floor of a
building, including the basement plan. If several floors are
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Fig. 4. Plumbing symbols.

exactly alike, as is frequently true of tall buildings, only
one plan need be made for them, and the title of the sheet
explains to which floors the drawing applies. The roof plan
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is, of course, a real top view and should be included in a
complete set of plans and elevations. The front and side
views of a building are called elevations.

What is shown on floor plans. A floor plan always shows
those things which appear according to the regular rules of
orthographic projection, such as the walls with all door and
window openings, permanent cabinets, radiators, floor and

STanparD SymBoLs For ELECTRICAL EQuIPMENT oF BuiLDings
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Fic. 5. Electric wiring symr)ols.

wall registers and all plumbing features. Because of the scale
of a plan, practically all these things have to be shown by
symbols. Plumbing symbols commonly used are given in
Fig. 4; symbols for electric outlets, in Fig. 5; and heating
and ventilating symbols in Fig. 6.

In addition to the things which a drawing would be re-
quired to show by the rules of projection, it is often neces-
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sary to indicate certain other objects, such as the beams
and joists below the floor which support it. Lighting outlets
in the wall and ceiling are also shown, even though they
are above the cutting plane, since there is no other place to
show them. The actual lighting fixtures are usually not
drawn unless they are of special design to fit the building.

Ornamental ceiling construction, unless it is very elab-
orate, is also shown by a typical portion on the floor plan.
If the ornamental work is too elaborate to be shown in this
manner, separate drawings are made for it.

Hearing & VENTILATING SymsoLs
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Fia. 6. MHeating and ventilating symbols.

Dimensioning the floor plan. The general rules which gov-
ern dimensioning of working drawings hold also for building
plans. One point which must be emphasized is that the di-
mensions must be those which the builder can use. This, of
course, requires some experience and a knowledge of stand-
ard material sizes. The following suggestions will be found
useful.

1. Walls are located by their center lines, except out-
side walls. The thickness must also be specified for
both inside and outside walls.

2. Door and window openings are preferably located
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by their center lines and the size specified in notes.
Doors may be obtained in the following sizes:
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Courtesy of Berger and Kelley, Arch'ts
Fia. 7. Basement and foundation plan.

3. Bathroom and kitchen fixtures may be located either
by center lines or outside dimensions.
4. Dimension lines locating interior walls should run
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clear across the building in a continuous line if pos-
sible.

5. Dimensions locating openings in outside walls should
also be arranged in one continuous line. An over-all
dimension should accompany such a series of dimen-
sions, but the over-all need not be given on more
than one side. See Fig. 7 for the dimensioning on a
floor plan.

HOW TO DRAW A FLOOR PLAN

From a freehand sketch, either made by yourself or se-
cured from some other source, which gives the necessary
information concerning the building which you are to draw,
compute the over-all dimensions of the building in two
directions at right angles to each other. Decide on the scale
you will use, and block out a rectangle of this size, so placed
that the drawing sheet will be well balanced.

Within this rectangle lay out the walls of proper thickness
in light, solid lines, beginning with the exterior walls; then
draw in the interior walls. Next mark off the window and
door openings to scale throughout the plan. The arrange-
ment of these details should now be studied to see that they
will work out satisfactorily. Doors must be in convenient
places and of suitable size. Wall spaces for furniture must
be provided, and windows must be carefully located to give
suitable light and ventilation. When the arrangement is
satisfactory, put in the symbols for the windows and doors.

As you place the symbols indicating windows and doors
also draw at the desired locations all such objects as chim-
neys, closets, built-in cupboards and cabinets, kitchen sinks,
bathroom fixtures, etc., using in each case the standardized
symbol for the object. A careful check must be made to see
that ample room is available for all such fixtures and built-in
objects. In order to avoid making a serious mistake in this
matter, great care must be exercised to make the symbols
exactly to scale and the correct size of the fixture or built-in
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You can then easily determine whether doors, windows, wall
spaces, etc., are really as you would have them.

The location of radiators or warm-air registers must also
be carefully planned and shown by symbols. Place radiators
along outside walls. It is usually good practise to locate
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Courtesy of Berger and Kelley, Arch'ts
Fig. 10. Roof plan.

them under windows. They may either stand in the room
or be placed in recesses made for them in the wall.

Plan warm-air pipes to run up through inside walls, and
place registers at a distance from doors if possible. Place
cold-air vents opposite the warm-air registers and if possible
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near outside walls. Plan the locations of warm-air pipes,
registers, cold-air pipes and vents with great care when
working on plans of upper floors so as to avoid interference
with doors and other necessary openings or architectural
features.

QUESTIONS
1. In what ways do building construction drawings differ from
the other working drawings you have studied?

2. What are the scales commonly used for building plans? Why
are these scales so generally used?

3. What is a floor plan according to the rules of projection?
4. What things are shown upon floor plans?

5. How are such things as windows, doors and built-in features
shown?

6. What things are shown upon floor plans that would not appear
there by the rules of projection?

7. Make the symbol for a double-hung window.

8. Make the symbol for a casement window.

9. How are door sizes specified? Illustrate.

%?%1 Is it customary to show the piping for plumbing fixtures?
y? ,

11. How is the electric wiring represented?

12. How are inside walls dimensioned?

13. How is the location of window and door openings dimensioned?

Why? C e

14. Why is not a top view of a house sufficient?

15. In what position in a room should steam or hot-water radiators
be placed? Why?

16. Why should warm-air pipes not be placed in outside walls?
Why are cold-air vents placed near outside walls?

17. Why should warm-air registers be placed as far as possible
from interior doors?

PROBLEMS*

1. Make the floor plans for one of the houses shown in the fol-
lowing group or in the next unit as directed by your instructor.

* An excellent source of problem material will be found in the various
magazines for architects and builders.
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2. Make a floor plan for a small house having the same number
of rooms as the plan shown in Fig. 11a and with rooms of ap-
proximately the same sizes, but make the front wall of the living
room continuous with that of the dining room. Run the porch
entirely across the front of the house. Use scale $"=1-0".

3. Redraw the plan of a house assigned from the following group
so that all rooms now on the right side of house will be on the
left side, and rooms now on the left will be on the right side. Use
scale 1"=1"-0".

4. Plan a house similar to the plan of Fig. 13a or Fig. 14a, but
relocate stairs as directed by your instructor.

5. Work out a plan from an original sketch of your own with
the general requirements of number and size of rooms as assigned
by your instructor.

Deluze Busilding Co., Los Angeles, Calgl
Fre. 11

-
186 % 140"
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UNIT XXXII

ELEVATIONS AND SECTIONS OF BUILDINGS

PURPOSE OF UNIT XXXII

It is the purpose of this unit to explain how to make
elevations and section views of buildings, and what con-
stitutes a complete set of plans.

WHAT YOU SHOULD KNOW ABOUT ELEVATIONS

What elevations are. The elevations of buildings corre-
spond to the front and side views drawn of smaller objects.
Because of the size of buildings, each elevation is usually
made upon a sheet by itself. This fact, however, does not
permit the draftsman to violate any of the rules of projec-
tion. The floor plans and elevations must correspond, point
for point, exactly as though both were on the same sheet
and had been constructed by projection from one view to
the other. The only difference is that when drawn on separate
sheets the construction of plans and elevations must be made
entirely by measurement. A scheme for doing this will be
suggested later.

With small objects, such as machine parts, only a front,
top and side view are usually required. With buildings, how-
ever, all four sides must be shown. See Figs. 1, 2, 3 and 4.
If, perchance, two sides are exactly alike, then only one of
them need be drawn, and a note explaining the similarity
of the other side is added.

Style of architecture. Although the statements of the fore-
going paragraphs are entirely true, it must not be assumed
that only one elevation can be made for any given floor
plan. Figure 5 illustrates five different treatments which have
been given to the same floor plan. The style of architecture

283
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is shown largely by the elevations, although the floor layout
is influenced to some extent by the style which is chosen.
Fig. 14, Unit XXXI, represents a Dutch Colonial, whereas
Fig. 7, Unit XXXII, is Spanish in type. Colonial and

FEDEerat n R.LKELL
ARcrHitacTs Cuam
s o

Courtesy of Berger and Kelley, Arch'ts
F1c. 1. Front elevation.

English types are also common in residence work; the Gothic
and Romanesque are frequently used in churches and public
edifices. Whenever a certain definite style of architecture
is decided upon, it should be carried out on the interior as
well as the exterior in order to make a harmonious whole.



WHAT INFORMATION IS GIVEN ON ELEVATIONS 285

What information is given on elevations. The elevations
show the outside appearance of a buildirig and define its
vertical measurements. The vertical distance between floors
and the vertical location of all window and door openings
and of such ornamental features as may occur are usually
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Fia. 2. North side elevation.

shown on elevations, though the exact measurements for
the vertical location of window openings are frequently given
in wall sections. Besides giving the vertical dimensions of
the side or face of a structure, the elevations show the ex-
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terior finish as to both kind and character. Ornamental
features such as the trim around window and door openings,
the way the brick is to be laid, stone and terra-cotta orna-
ments, kind and locations of gutters and down spouts,
cornices, balconies, etc., must all be represented upon the
elevations.
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Courtesy of Berger and Kelley, Arch'ts
F1a. 3. West elevation.

Sectional views. In order to show interior constructign
and finish and the appearance of special features such as
stairways, fireplaces and the like, it is necessary to make
sectional views of the house, or, perhaps, of only parts of it.
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Such views are made upon the same principles of drawing
as sectional views in machine drawing and need no further
explanations. A knowledge of building construction is essen-
tial to the making of such views.

What constitutes a complete set of plans. This unit and
those that immediately precede it have briefly dealt with
the various kinds of drawings which go to make up a set
of plans. By way of review, then, we may summarize what
constitutes a complete set of plans. Such drawings may be
listed as follows:

1. Plot plan or layout of plot of ground.

2. Foundation and basement plan. See Fig. 7, Unit
XXXI.

3. Floor plans (one for each floor). See Figs. 8 and 9,
Unit XXXI.

4. Roof plan. See Fig. 10, Unit XXXI.

5. Elevations (one for each different side). See Figs.
1, 2, 3, 4.

6. Sectlons, where needed.

7. Details (as many as may be needed to show how all
parts are to be built). See Fig. 19, Unit XXX.

8. Specifications.

Specifications. The specifications correspond in a measure
to the notes which are placed upon a working drawing of
a machine part. They describe the things which cannot be
shown by drawings, such as the kind and quality of mate-
rial, the quality of workmanship, the finish of all parts and
the conditions of the contract, such as the time of comple-
tion of the building, responsibility for various parts of the
work, time and method of payment, etc.

Plot plan. The plot plan will show the location of the
building upon the lot, the driveways, sidewalks and other
buildings such as garages, etc., which may be included in
the contract. It will also show the drainage and sewer lines
and connections. A small-scale plot plan showing the loca-
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tion of the house, driveway and sidewalk is included on the
same sheet as the floor plan in Fig. 7 of Unit XXXI.
HOW TO MAKE ELEVATIONS

Having the floor plans completed, draw the elevations to
correspond exactly with each other as though both views
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Courtesy of Berger and Kelley, Arch'ts
Fig. 4. South elevation.

were on the same sheet. Compute first the total height of
the building from the grade line to the ridge of the roof, and
then draw the grade line in such a position that the sheet
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will be well balanced vertically when the view is completed.
Next draw in lightly the first-floor line and the second-floor
line (if any) in their proper positions relative to the grade
line.

Now take a narrow strip of tracing paper and lay it over
the side of the first-floor plan, whose elevation you are going
to make, and mark off on it exactly the total width of the
building, the exact location and width of all window open-
ings, chimneys and other features. which will appear on the
elevation. Transfer this strip to the elevation drawing and
lay it along the first-floor line in such a position that the
sheet will be well balanced horizontally when the view is
completed. From the marks on the strip then lay off the
dimensions which will give the exact location of window
openings and all other necessary features. The second-story
details may likewise be quickly transferred from the second-
floor plan in the same way. Study carefully the elevations
in Figs. 1, 2, 3 and 4.

After the principal outlines and openings have been drawn,
other features such as the cornice, roof lines and ornamental
work may be added and the elevation completed.

Use of details. Before some of the foregoing items can
be represented upon the elevations it may be necessary to
work out large-scale details of such things as the cornice,
brick patterns, cut stone and terra-cotta. Such details are
usually made with scales from 13" = 1’-0” up to full size.
A sheet of details is shown in Fig. 19, Unit XXX. From
these drawings one can determine which lines to use to repre-
sent the detail clearly upon the small-scale elevation, and
also just where it will appear on the elevation. For example,
in order to show exactly where the cornice lines will come
on the elevation, refer to the detail and locate the position
of the various parts of the cornice with reference to the
ceiling line, which is, of course, arbitrarily determined.- It
is usually 80" or 8-6” above the floor line. Reference to
Fig. 19 in Unit XXX and to Figs. 1 and 4 in this unit will
make this point clear.
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QUESTIONS
1. Name the eight items that comprise a complete set of plans
for a small house.
2. What information should the plot plan give?
3. What information is contained in the elevations?
4. How many elevations of a house must be made?

5. Describe a convenient method for transferring dimensions from
the floor plans to the elevations.

6. Why are details frequently necessary in working out an eleva-
tion?

7. On which views are the vertical dimensions of a building placed?
8. Outline the order of procedure in making an elevation.

9. Is only one front elevation possible for any given floor plan?

10. What other factor beside the floor plan determines the appear-
ance of the elevation?

11. Name some of the common styles of residence architecture.
12. What materials are used for exterior covering or finish?

PROBLEMS

Draw the elevation specified by your instructor for an assigned
house in this or the preceding unit. Use a }- or i-inch scale, as
directed by your instructor. The size of the drawing sheet will
be determined by the size of the house and the scale used. Make
a title similar to that shown in Fig. 1 of this unit.

L LT TEL L T Y
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Copyright. The Architects’ Small House Service Bureau, Inc.
- F1a. 6. ‘
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Fia. 10.

+ PLAN OF -
ProJecT House (940

Fi6. 10a.

Figs. 10 and 10a are printed by permission of Mr. E. J. Simon, Director of Industrial Aris of
the Champasgn City High School. This home was designed and built by the students sn the indus-
trial arta department of the Champaign High School, Champaign, Illinoss.



UNIT XXXIII

PENCIL TRACINGS

PURPOSE OF UNIT XXXIMI

It is the purpose of this unit to show how to make direct
pencil tracings for blueprinting.

WHAT YOU SHOULD KNOW ABOUT PENCIL TRACINGS

The process of tracing a pencil drawing in ink requires
considerable time because of the great care which must be
exercised in the manipulation of ink instruments, and also
because the tracing work must be frequently suspended to
allow the ink to dry.

With the improvement of blueprint papers and blueprint
machines it has become possible to make satisfactory blue-
prints from pencil tracings. Because of the greater speed
with which these can be executed, many shops are using
pencil drawings made directly upon tracing cloth or paper
as the source of their blueprints. Although the blueprints
thus obtained are not so clean-cut in appearance as those
made from ink tracings, they may, nevertheless, be made
of a quality quite satisfactory for shop purposes. The orig-
inal pencil copy is also quite permanent if properly handled
and filed away.

HOW TO MAKE DIRECT PENCIL TRACINGS

Technique of drawing in pencil only. In preparing a draw-
ing of this kind directly upon tracing cloth or paper, first
work out the outlines of the object lightly with a 4H penecil.
Draw the lines lightly so as not to indent the paper. Follow
the usual procedure in drawing the object and in placing
the dimensions, ete.

After the exact limits of all lines have been thus worked
295
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out carefully, erase the over-running lines and all lines used
for construction only, so that no evidence of them may
appear upon the blueprint.

Even though the drawing is now correct in all its details
it is not yet ready for blueprinting, since the light pencil
lines will not be sufficiently opaque to make good blue-
prints. Therefore, go over the entire drawing with a softer
pencil, of about the grade F or H, to make all the lines a
dense black. It should be noted that the quality of paper
will have some effect upon the grade of pencil; in general,
rough papers require harder pencils. Be careful to maintain
a contrast between the three kinds of lines, visible, invisible
and dimension lines. You will obtain this contrast by care-
fully controlling the shape of the pencil point. Make the
visible outlines the heaviest by using a somewhat blunt and
rounded pencil point instead of a sharp one. Exercise great
care to make the visible outlines all of the same width.
Rotate the pencil between the fingers slowly as the lines are
drawn. This will prevent the wearing of a flat, broad point
and will maintain a fairly uniform width of line. Occasion-
ally dress the point upon the file or sandpaper.

Use a somewhat sharper point for the invisible lines and
carefully maintain its sharpness while drawing these lines.
For good square-ended dashes, bring the pencil to a full
stop at the end of each dash, before lifting it from the paper
to begin the next dash.

For cross-hatching, center lines and dimension lines, use
the 2H pencil and keep it sharp by frequent dressing on file
or sandpaper. Constantly rotate the pencil as you move it
along the T-square or triangle in order to maintain a uni-
form width of line, regardless of the weight of the line.
Make all lines, whether outlines or narrow dimension lines,
as densely black as possible. To obtain the best results, hold
the pencil nearly perpendicular to the paper and bear down
harder than you usually do when making pencil drawings.

How to avoid smudging soft pencil lines. Exert sufficient
pressure on the pencil to indent the tracing paper slightly
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(this cannot be done as well with cloth). Not only will this
make a firm line, but furthermore the pencil mark will be
depressed below the rest of the sheet and therefore will not
smudge so easily when the T-square or triangle passes over
it. You should, of course, avoid, as'much as possible, sliding
triangles over the drawing. Pick them up to move them.
Exert just a little downward pressure on the head of the
T-square as you move it back and forth, to lift the blade
from the paper. With precautions such as these, whizh will
become habitual with practise, you will learn to produce a
clean-cut pencil tracing.

To preserve the finished drawing. When such pencil draw-
ings are to be frequently handled, to prevent smudging of
the finished drawing, coat the surface of the paper with a
special preparation made for this purpose which can be ob-
tained from dealers in drawing supplies. This preparation
can be brushed or sprayed on the drawing. Follow carefully
the directions furnished by the manufacturer. Such prepara-
tions preserve the drawing, and still permit alterations to
be made by erasure in the usual way.

QUESTIONS

1. Why are blueprints frequently made from pencil drawings?
2. Are blueprints from pencil drawings as clear-cut in character
as blueprints from ink drawings?

3. What is the proper procedure in preparing pencil drawings for
blueprinting?

4. How may contrast between outlines and dimension lines be
obtained?

5. What grade of pencil should be used for finishing the drawing?
6. What effect does the texture of the paper have upon the selec-
tion of the grade of pencil?

7. Name three things that may be done to avoid smudging the
drawing.

8. How may one avoid wearing a broad, flat spot on a soft pencil
when ruling lines?

9. How is the pencil point maintained in condition so that it will
produce a uniform width of line throughout any drawing?

10. Describe the proper method of drawing invisible lines.
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PENCIL TRACINGS

PROBLEMS

Lay out the standard border line

and title space upon a sheet of

tracing paper. Make a finished pencil working drawing, directly
upon the tracing paper, of an object assigned from the following
group. Be sure to have a piece of heavy paper under your tracing
paper so that your pencil will not punch through.

See to it that no over-running lines or construction lines, no

matter how light, are left upon the

finished drawing.

* Fra. 1. Valve seat.

¥ 3 4
'T\ Make ogposite hord =
1 11 Frob.2. é - I
Cast stee/ . _{"%

™

W h

.

{

7

'l
Iy

]m' &l

;ﬁ‘ . ScokeB1%"
Fia. 3. Beam hook.

[FE— ¢ .ﬁ/I
T 2
R i
éli;"i% Cast stee/
L p
1 ] s, Jr 4
i, Uiy, A, J
I ]
Scale 147" ‘@ri

Fia. 2. Beam hook.

1§ —
E;Z'f—_-_ i
comm (AT
'R{R I, E?N ‘hl b 2
\l é .// \\\\
v T T
'&RE ‘%.D . ti ‘ R7J:

F1a. 4. Beam hook yoke.



PROBLEMS 299

", base & with
h\g‘; edge of base

Fia. 9. Check valve body. Fia. 10. l(olglncrete insert for
ts.



UNIT XXXIV

BROWN OR SEPIA PRINTS

PURPOSE OF UNIT XXXIV

It is the purpose of this unit to show how to make and
use sepia prints.

WHAT YOU SHOULD KNOW ABOUT SEPIA PRINTS

Good sepia prints, as the name implies, are deep brown
in color. This paper like blueprint paper may be obtained
in several weights and speeds. It is furnished to the trade
under a variety of names, as: VanDyke Solar Paper, Brown
Process Paper, Madero Paper, Sepia Solar Paper.

Sepia prints may be used in the same way and for the
same purpose as blueprints, since they differ only in the
color of the background. They are, however, more frequently
used as negatives to obtain blue-line prints.

For the purpose of making blue-line prints a very thin
grade of paper is used and a print is made from a tracing as
described below. This print has white lines on an almost
black background. By rubbing the paper with a ‘‘trans-
parenting’’ oil the white lines of the drawing are made
translucent while the background remains opaque.

This print may now be used like a tracing with ordinary
blueprint paper. Since the light penetrates only the lines of
the drawing, only the portion of the blueprint paper lying
under the lines is changed, thus giving blue lines on a white
background. Such prints are more desirable than ordinary
blueprints for several reasons. First, they look more like
the original drawing having dark lines on white background;
second, pencil notes, changes, or corrections can very readily
be added.
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HOW TO MAKE A SEPIA PRINT

The process is essentially like that of making blueprints
with one additional step. First, expose the sepia paper to
light under the tracing which it is desired to reproduce.
During this exposure a reduction process goes on in the
sensitizing solution, which contains potassium sodium tar-
trate, citric acid, ferric oxalate and silver nitrate.

Determine the time of exposure by trial when using elec-
tric arc lights, and when it has once been determined, use
it thereafter without variation for the same paper and light.
Second, develop the paper by washing in water. Thus far
the process is similar to that of making a blueprint. Next,
wash the print in a fixing bath of hyposulphite of sodium
(called hypo for short). Then rinse the print in water and
hang it up to dry.

If the print is to be used for making blue-line prints,
coat it with a ‘‘transparenting’ oil and allow the oil to
dry. This oil is furnished to the trade under several names
such as Transparento, Peerless Transparenting-Solution and
Translux.

When the sepia print is to be used only for making blue-
line prints place the tracing upon the sepia paper with the
ink lines in contact with the paper. (This is just the oppo-
site position used in making blueprints.) This makes the
print a negative in all respects, and when using it to make
blue-line prints turn it in the same way over the blueprint
paper. This scheme makes for a sharper definition of lines
on the final print since there is always line-to-paper con-
tact, thus allowing no diffusion of the light.

If a sepia print is over-exposed there is no method of
restoring it as was the case with blueprints. An over-exposed
sepia print must simply be discarded.

QUESTIONS

1. What is the color of the background of a sepia print?
2. What are sepia or brown prints used for?
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3. Name the steps in making a print.

4. How does the making of a brown print differ from making a
blueprint?

5. Why is thin paper usually used for making brown prints?

6. How must the brown print be prepared before it is used to
make blue-line prints?

7. How may one determine the proper time of exposure for brown
or sepia prints?

8. If ;he print is over-exposed, is there any method for improv-
ing 1t
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