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1. General.—a. (1) The design, construction, and repair of ma-
chines or structures involve a mass of detail with respect to specific
parts. A complete written or oral description of detailed units would
necessitate a lengthy, complex discussion which would tend to confuse
and retard the progress of the workman. It is more efficient to present
the various design features in the form of a drawing, showing various
views, so that details of construction may be readily interpreted. The
use of a drawing containing dimensions, notes, ete., for further sim-
plification, presents to the workman clear, concise information.

(2) A drawing is made with the aid of instruments and other equip-
ment, in which form it is known as a mechanical drawing, or it is
made as a freehand sketch. The execution of such drawings requires
skill, accuracy, and an understanding of the subject matter. In the
various industries, practices may vary as to the manner of presenta-
tion of information in mechanical drawings, but the manner of execu-

tion of such drawings is common' to all, *, m
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FUNDAMENTALS OF MECHANICAL DRAWING 1

(3) The purpose of this manual is to familiarize the student me-
chanic with the basic principles of mechanical drawing and general
practices relevant thereto. Only subject matter considered essential
for use in basic courses in mechanical drawing has been included.
Tables of limits, classes of fits, standard dimensions of threads, ete.,
have been omitted, as such subject matter more appropriately pertains
to the more advanced and specialized courses in drafting. When the
need arises for information of this type, reference should be made to
handbooks containing such tables.

b. As a rule, the use of original drawings would be impractical.
The circulation of the drawing would be limited and would soon be
destroyed or rendered illegible as a result of wear. Therefore, dupli-
cates are prepared for use in the work of production, maintenance,
etc. The drawing is first traced in ink or pencil, using translucent
cloth or paper; or in some instances, the original drawing is executed
on tracing paper. The drawing may be duplicated by exposing it to
an intense light while in contact with an especially prepared sensi-
tized paper. After exposure to the light, the exposed paper is treated
with certain chemicals which develap the image. There are numerous
printing processes and types of paper which may be used for drawing
reproduction. The final product or print may have white lines on a
blue background, white lines on a brown background, black lines on a
white background, or red lines on a white background, depending upon
the process and type of paper used. Blueprints, Van Dyke prints,
Ozalid prints, and photostat prints are some of the most common
types of reproductions.

¢. (1) There apparently is little uniformity in the size of drawings.
In many instances the size of the sheet is selected to suit the object to
be drawn. Often, however, the standard letter-size sheet of 814 by 11
inches is used for small drawings. For larger drawings, multiples
of this size, as shown below, are used. This range facilitates folding
prints into suitable sizes for filing in letter-size filing cabinets. The
42-inch size is an exception, but is used for purposes of economy.

Width (inches)_____ gl 1| n| 1| 1| 17| m| M| 3| | m| 42 42
Length (inches)____| 11| 17| 34| 2| 42| 66| 34| 42| 42| 66| 88| 88 B8

(2) In addition to dimensions and notes, certain other data are
associated with a drawing. These data usually include the title, num-
ber, scale, material, finish, changes, patent clauses, etec., set out in
blocks. Figure 1 shows the arrangement of such data on a drawing
form used by the Army Air Forces.

d. The subject matter and illustrations contained in this manual,

3



1-3 ARMY AIR FORCES8

with respect to line work, arrangement of views, symbols, sectional
views, dimensioning, and screw thread representation, is generally
in accordance with principles approved by American Standards Asso-
ciation in publication entitled “American Standard Drawings and
Drafting Room Practice.”?

Secmion IT

EQUIPMENT AND MATERIALS?®
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Paragraph
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2. Drawing board.—A drawing board or table is used to provide
a flat, smooth surface for the paper while the drawing is being made,
and also provides a straight edge for guiding the T-square. A typical
drawing board, with T-square and drawing paper in place, is shown
in figure 2.

3. Paper and cloth.—a. Drawing paper is available in a variety
of grades, in sheets or rolls, in colors of white, cream, or buff. For
general pencil work, a paper with slight grain and good erasing quali-
ties is desirable. Thin, tough, translucent paper which is transparent
with close contact is used to trace copies in pencil or ink. Tracing
paper is also used for original pencil drawings. Fine linen cloth,
treated so as to make it translucent and smooth, is generally used for
ink tracing. The dull side of the cloth is used and, prior to inking,
the surface is lightly sprinkled and rubbed with powdered chalk or
soapstone. Where an erasure has been made, the cloth is again treated
with chalk or soapstone.

b. The paper should be placed with one edge near the left edge of

1 Permission granted by American Society of Mechanical Enginears.

* The subject matter and illustratlons on wse of equipment are based upon Information

contained in publication “Use and Care of Drawing Instruments,” by Eugene Dietzgen Co.,
with their permlsajon,




FUNDAMENTALE OF MECHANICAL DRAWING 34

the table or board, and with its top edge parallel to the upper edge
of the T-square blade when the head of the T-square is held firmly
against the left edge of the board. The corners of the paper are then
fastened by means of an adhesive (masking or cellulose tape), care
being exercised to have the paper smooth. Thumbtacks are occa-
sionally used but are not as suitable as tape.

4. Pencils.—a. Drawing pencils are graded by letters from 6B
(softest) through 5B, 4B, 3B, 2B, B, HB (medium soft), F, H (me-

[,J;_i = ﬂ:f;%; {;’F

Fi6URE 2.—Drawing board with T-square.

dium hard), 2H, 3H, 4H, 5H, 6H, TH, 8H, to 9H (extremely hard).
(Grades 4H and 6H are generally used for drawing lines while grades
F, H, and 2H are preferred for lettering and sketching.

b. The pencil is sharpened with a knife or pencil sharpener so that
approximately 14 to 34 inch of the lead is exposed. A conical point
of desired fineness may be obtained by rubbing back and forth on a
sandpaper pad (fig. 8) rotating the pencil at the same time to avoid
irregularly shaped sides on the point. The double bevel wedge point
may be used for straight-line work. This type of point does not re-
quire sharpening as frequently as a conical point.

¢. When drawing lines, the pencil is held almost vertically (slightly
tilted away from draftsman) with only a slight incline in the direction
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of pencil movement. If the pencil has a conical point, frequent rota-
tion will help preserve the sharpness of the point.

5. Erasers.—a. A soft rubber eraser is required for erasing pencil
lines, while a medium hard rubber eraser is best for erasing ink
lines. A soft gum eraser is satisfactory for cleaning finished drawings.

b. When using an eraser, light, firm strokes should be made in one

Figure 3.—Method of pointing pencil lead.

& y

e

Fioure 4.—Usa of erazsing shield.

direction only, keeping the paper taut with the thumb and second
(middle) finger. An erasing shield (fig. 4) should be used whenever
practicable to protect parts of the drawing which are not to be erased.

6. T-square.—a. The T-square (fig. 5()) generally consists of a
wooden blade with transparent celluloid edges, securely fastened at
right angles to a head by means of screws.

b. The T-square is used for drawing horizontal lines and as a guide
for drawing lines with triangles. When placed on the board (or
table), the head of the T-square is held firmly against the left edge of

6
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FUNDAMENTALS OF MECHANICAL DEAWING a7

the board, and only the upper, or working edge, of the blade is used.
The T-square is moved by sliding the head along the edge of the board
with the left hand. After the working edge is located as desired, the
left hand may be used to steady the blade. Left-handed draftsmen
use the right side of the board and the right hand. If a drawing is
removed from the board before it is completed and the work is again
resumed, the drawing should be trued ‘with the T-square and one of the
lines of the drawing, not with the edge of the paper.

ke ;
45 30-80
(@ T-SQUARE @ TRIANGLES

HORIZONTAL "n"EII‘I' ICAL

I /_A&
AN M@

-

(3 DRAWING LINES WITH T-SQUARE AHD TRIANGLES
Frguer §,—T-aquare, triangles, and thelr application,

7. Triangles.—a. Triangles commonly used are of two types, the
45° and the 30° to 60° (fig. 52)), and are usually made of transparent
celluloid. |

b. Triangles, in combination with the T-square, are used in the con-
struction of vertical and inclined lines. Figure 5() illustrates the
common angles constructed with the use of trmngles and the T-square.
Arrows indicate the direction in which the lines are drawn.

T
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0. Two triangles may be used to draw a line parallel to a given line
AB, figure 6(1). Place a triangle in position so that one of its edges
coincides with the line and place a second triangle against an edge of
the first triangle. Hold the second triangle firmly in place, slide the
first triangle to the desired position (fig. 6()), and draw the parallel
line. A line perpendicular to the parallel lines could be drawn with
the same position of the triangle, as shown in figure 6(3). A T-square
blade may be used in place of the second triangle.

8. Irregular curve.—a. The irregular or “French” curve is used
to draw a smooth curve which is not a true circle or an arc thereof.
Points are first determined to locate the curve which is to be drawn,
and the irregular curve fitted to match these points (fig. 7). When
drawing the curve, successive sections are blended into one another
to form a smooth continuous outline. A common procedure is to

FARALLEL LiWC

& FLARFIMDEOLA AR LINES

CIVEM LINL A

Fiarem 6.—Method for drawing parallel and perpendicular lines.

carefully draw the curve, freehand and lightly, before accomplish-
ment with the irregular curve.

b. Individual irregular curves of various shapes are available in
sets. Individual curves are used in the same manner as the composite
curve shown.

9. Triangular scale.—a. The mechanical engineer’s or architect’s
triangular scale (fig. 81)) is generally used in the preparation of
mechanical drawings. The scale is intended only for measuring and
should not be used as a straightedge. It has eleven sets of graduations
or scales. At each end of the scales (except the full-size scale) is a
number indicating the size of the main divisions on that scale. Num-
bers (upright) at the right end are read to the left, and those (upright)
at the left end are read to right. When a scale on the left end is used,
foot measurements are read to the right of the zero point and inch
measurements are read to the left (fig. 8%). Conversely, when a scale
on the right end is used, foot measurements are read to the left of the
zero point and inch measurements to the right (fig. 8®)).

8



FUNDAMENTALS OF MECHANICAL DEAWING 9

b. The full-size scale is used for drawings of the same size as the
objects they describe. This scale (fig. 8@) is indicated by its number,
16, which denotes that it is divided into sixteenths of an inch. An ob-

* ject which is too large to be drawn to full-size scale is drawn to reduced
gcale, A reduced scale permits the use of smaller measuring units on

N

f

biN

Figuvre T.—Use of irregular curve.

the drawing; however, dimensions are never divided mathematically
to reduced values but are always given full size. All reduced scales,
except the 84,- and 14-inch scales, are divided into twelve or more
parts on the inch side of the zero point, representing the 12 inches and
fractions of inches of that scale foot. The 345- and 14-inch scales
have only six subdivisions on the inch side of the zero point, each sub-
division representing 2 inches. Care should be exercised inTeading the
inch divisions in order to determine the correct inch unit or fractional
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inch unit for the particular scale. Examples of scale reductions are as
follows: |

(1) The scale of 8 inches equals 1 foot, marked “3” (fig. 8(®), is
used when the representation of the object is to be reduced so that 8
inches on the drawing is to be equivalent to 1 foot on the object.
Accordingly, the 3 inches on the scale is divided into twelve 1-inch

M

(D TRIANGULAR SCALE

(S

T
]
® 1 scae @ ¥ scae

Firavee B.—Mechanical engineer's or architect’s triangular scale.

divisions; each inch division is further divided into eighths. The
figure shows how 884 inches would be measured using this scale.

(2) The 34-inch scale reduces 1 foot on the full-size object to 34
inch on the drawing. To reduce a dimension of 8 feet 7 inches to
this scale (fig. 8(), count three of the foot divisions to the right of
the zero for the foot measurement, and seven of the inch divisions
to the left of the zero for the inch measurement.

10
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FUNDAMENTALS OF MECHANICAL DRAWING 9—-11

(8) The 14-inch scale reduces 1 foot on the full-size object to 14
inch on the drawing. To reduce a dimension of 4 feet 10 inches to
this scale (fig. 8(3)), count four of the foot divisions to the left of the
zero, and ten of the inch divisions to the right of the zero.

(4) The 14-inch scale reduces 1 foot on the full-size object to 14
inch on the drawing. To reduce a dimension of 9 feet 2 inches to this
scale (fig. 8(8)), count nine of the foot divisions to the right of zero
and one 2-inch division to the left (each division is 2 inches).

(8) The 34-inch scale reduces 1 foot on the full-size object to 3/
inch on the drawing. To reduce a dimension of 2 feet 714 inches to
this scale (fig. 8(7)), count two of the foot divisions to the left of
zero and seven and one-half of the inch divisions to the right.

0. The civil engineer’s scale (not illustrated) consists of inches
subdivided into tenths, twentieths, thirtieths, etc., and is adaptable
for work on charts, maps, etc.

10. Protractor.—The protractor (fig. 8) is used for setting off or
measuring angles. The protractor illustrated is graduated from 0°
to 180° in divisions of 1°. Protractors are also available with smaller
divisions. The protractor is placed with its reference line over the
line on the paper and its center mark or hole at the point on the
line where the angle is to be drawn. The required angle may then -
be found on the outer edge of the protractor and the paper marked
at this division. With protractor removed, a straight line is drawn
through the point just found and the point with which the center
of the protractor coincided, thus giving the required angle.

11. Ruling pen.—The ruling pen (fig. 10()) consists of steel
blades attached to a handle, and a thumbscrew for adjusting the
distance between the points (nibs) of the blades to obtain the desired
width of line. The ruling pen is used for inking straight lines and
irregular curves. The pen is filled with ink (fig. 10(2)) by means of a
quill which is fastened to the stopper of the drawing ink bottle. The
height of the column of ink in the point should not exceed 14 inch.
The pen should be held in a nearly wvertical position against the
straightedge with the nibs parallel to the edge (fig. 10(3)), and the
handle inclined slightly in the direction of line. If the pen point is
inclined toward the straightedge it will raise the inside nib, causing
the ink to run under the straightedge and resulting in a blotted line.
If the pen point is inclined away from the straightedge, it raises the
outside nib, resulting in a ragged line. The pen is supported by the
second finger with the straight blade adjacent to the straightedge,
and held between the thumb and first (index) finger as shown in

figure 10(2).

11
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FiguRE B.—I'roirsacior.

12. Lettering pens.—Inked lettering is done with a great variety
of line weights and decorative effects. The various forms of lettermg
- require numerous special pens. These pens are so designed that lines
of any width may be drawn by the correct application of the proper
pen. Each company manufacturing pens has its particular styles
and grades of size. Pens range from very fine sizes for drawing hair
lines to the extra heavy sizes used by sign writers for: lines up to an
inch in width. The selection of styles and sizes will generally be
determined by choice of the draftsman and the special requirements
of the task at hand. The examples of pens shown in figure 11 are
typical styles of pens commonly used in freehand lettering; other
styles and sizes will be used as the student gains experience and
knowledge.

13. Compass.—a. Drawings are a combination of straight and
curved lines, the curved lines being circles or parts of circles generally
drawn with the compass. The compass consists of two legs hinged
at the top to permit adjustment to the desired spread. One leg may
be used interchangeably with a pencil leg, pen leg, and a lengthening
or extension bar as shown in figure 12. The needle point of the
compass is adjusted to extend approximately 134 inch beyond the pen
or pencil point, and the lead of the pencil leg should be beveled on
the outside for approximately 34 inch, as shown in figure 12(2).

b. The compass is used with one hand. It may be opened with the
second finger and thumb (fig. 13(1)) and set to the desired radius by
placing the needle point at the center mark, adjusting the spread with
the second and third fingers (fig. 13(z)). After the radius is set, the
thumb and first finger are raised to the handle (fig. 13@). The com-
pass is started at the near side of the circle to be drawn and revolved
slockwise as shown in figure 13(%), inclined slightly in the direction

12
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(D AuLNG PN

It

CORRECT LD EE e

(3) CORRECT AND INCORRECT
POINT POSITIONS

(@) CORRECT POSITIONS OF RULING PEN
Fravre 10.—Ruling pen and method of use,

PAYZANT - CROW QuUILL
;,.1-1",' .

SPEEDBALL sSTUB BALL FINE
1 Fioure 11, —Lettering pens.

PEMCIL
(1) compass
_—
@ PEN (3) EXTENSION BAR

Fioure 12.—Compass and its parts.

LUNIVERSITY OF CALIFORNIA
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13—14 ARMY AIR FORCES

of the line. To draw a circle with a radius of approximately 114
inches, the pencil leg may be straight. For a larger circle, and always
when using the pen leg, the legs of the compass should be adjusted
perpendicular to the paper (fig. 141)). The extension bar is used
to lengthen the pencil or pen leg of the compass to permit the draw-
ing of large circles. Adjustment of the compass, using the extension
bar, is shown in figure 14(z. To avoid changing the radius, a circle
is never drawn by holding the legs of the compass.

Fiocvee 18.—Use of compasa,

14. Dividers.—This instrument is similar to the compass except
that both legs are equipped with points (fig. 15(1)). It is used to
transfer measurements on drawings, and for dividing a line into equal
parts. Figure 15 shows the method of dividing a line into three
equal parts by use of the dividers. The spread of the instrument is
adjusted to approximately one-third the length of the line. This
spread of distance is stepped off as shown by alternately swinging the
dividers to either side of the line. If three of such distances do not

14
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equal the length of line, the setting of the dividers is increased or
decreased (as the case may be) by one-third of the error. This trial
and error method is continued until exact division is obtained.

15. Bow instruments.—The use of the bow instruments (fig.
16(1)) is confined to small dimensions. For major adjustment of the
bow instrument (fig. 16(2)), time is saved and wear of the threads
avoided by holding the legs together while turning the adjusting

(@ WITH EXTENSION BAR AND PEN
Fiorke 14 —Adjustments with pen leg and extension bar,

nut, After adjustment, the legs are gently released. A minor
adjustment is made with the instrument in position and the point
slightly raised as shown in figure 16(3). After use, the instrument
is opened to almost its full spread to release spring tension.

16. Care of equipment.—Proper care will lengthen the service
of equipment and promote neat and accurate work.

a. Each drawing instrument should be kept in its proper place in
the instrument case when not in use. The drafting table should not be
cluttered with idle instruments and tools.

b. A knife edge or abrasive should never be used to clean instru-
ments. Such cleaning should be accomplished frequently with a
soft cloth. :

15
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¢. Ink should not be permitted to dry in the nibs of the ruling pen or
ink leg. Dried ink should be removed with a moistened cloth.

d. A lettering pen is not dipped into the ink; use the quill for the
ruling pen (fig. 10). Frequently wipe the points on a soft cloth to
prevent clogging. Clean the pen before putting it away, using warm
water, and thoroughly dry it with a soft cloth. Never change the
kind of ink on one point without first cleansing the point.

e. The joints of the compass and dividers should not be oiled.

T e - T

(@ USING THE DIVIDERS
Froure 15.—Dlviders and thelr usa,

f. After considerable usage, pen nibs may become dull and worn.
The nibs may be restored to their slightly rounded original shape by
stroking them (screwed together) with a pendulum sweep on a fine
.Arkansas stone. The nibs are then separated and individually
sharpened on the eutside with sliding and rolling motion. The nibs
should match perfectly and should not be beveled or scratched on
the inside. When the pen is properly sharpened it will draw the
finest lines without leaving ragged edges or cutting the paper.

g. Care should be exercised to avoid damage to triangle and
T-square edges. Celluloid equipment may be cleaned with a little
soap and cold water.

h. Care should be exercised when a compass or dividers are ad-
justed on the scale, as the needle points may da.mage the surface of
the scale, .. ,

16 LINIVERSIT
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DIVIDERS PENCIL PEN
(1) THREE TYPES

(2 MAJOR ADJUSTMENT  (3) MINOR ADJUSTMENT

Figune 16.—Bow Instruments and manner of adjustomeent.

Secrion 111

LETTERING AND LINES

Paragraph
Lettering._ . e e i i i bk s et AT
B N v s w a e e e et e 18

17. Lettering.—Lettering, in addition to numerals, is employed on
drawings to provide legible presentation of notes, dimensions, and
other information. Single stroke (lines forming the letters being the
width of one stroke of the pencil or pen) vertical and single stroke in-
clined letters are commonly used in mechanical drawings. These
styles of lettering may be easily accomplished, and present a simple,

a18aha°- 43 -2 17 LNIVERSITY OF CALIFORMIA



17 ARMY AIR FORCES

balanced appearance. Vertical capitals are generally used in the title
block, while vertical or inclined capitals, or capitals and lower-case
letters, are used for notes.

a. Vertical —The proportions, method of accomplishment, and spac-
ing of vertical letters (and numerals) are shown in figure 17.

(1) To insure accurate alinement, light guide lines are drawn to
limit the overall height of letters. (Guide lines may be drawn with the
T-square or with a guide-line triangle (fig, 18).

Fa b K e N T N X NN
(Y Z-PD JBGRWU-C'S:
0Q —1231256 78901

i Rl ez (N .5 9 | 7 3 5 |
K 3 1

24 2 8806 86 416 3
o AVIATION 222 AVIATION ]
[ obcdefghijklimnop
[ (o X ol UL A XU

Fravee 17.—Vertcal letters and nnomerals,

(2) The method and order of accomplishment of the various lines
of each letter are indicated by the arrows and accompanying numerals,

(8) Grouped separately are those letters which embody straight
lines only, straight lines and curves, and curves only.

(4) Letters G, S, O, Q, and C are generally extended slightly above
and below the spacing Im:uts to avoid a smaller appearance with respect
to other letters.

(6) Lower-case letters extend from the lower limit of the capital
spacing (base line) to two-thirds the height of the capital. That
portion of the lower-case letter which runs above the body of the letter
is extended to the upper linrit of the capital spacing (cap line) ; that

18
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which runs below the body is dropped below the base line one-third
the capital spacing.

(6) Numerals of fractions are two-thirds the size of full-size nu-
merals, and extend above and below the limits of the fu]l numerals
for one-third of the height of such numerals.

b. Inclined —Figure 19 shows the formation of inclined lettering.
The proportions of width to height, stroke sequence, and direction
of vertical letters apply to inclined letters. A convenient slope for in-
clined letters is approximately 68°. A guide line for this slope may be
obtained by measuring two units on the horizontal to five units on
the vertical, and then positioning and using the triangle as shown

FIGURE 18, —Guide line triangle,

in figure 20. The slot of the guide line triangle (fig. 18) may also
be used for slope of guide lines for inclined lettering.

¢. Spacing of freehand stroke—Next in importance to well-formed
letters 1s the correct spacing of letters in words. By correct spacing
is meant the placing of letters at such distances apart as to give the
appearance of equal spacing between all letters. The shapes of
letters vary; some have slanting sides, some straight sides, some
rounding sides, and others projecting stems, so that only very gen-
eral instructions can be given for spacing. Good judgment must
be used for this. Practice with round letters, leaving equal open area
between all letters. The letters of a word must be spaced so that the
word will have an even appearance and there will be no unduly
large white space or dark spot at any point. More space is required
between two letters both of which have straight sides than between
two letters, one of which has a straight side and one a round side.
Less space is required between two letters with rounding sides, as
“00” or “DO”, than is required in either of the above cases. The
space at the bottom between the two letters “AL” should be small

19



17-18 ARMY AIR FORCES

so that the space between them at the top will be reduced. The letters
most easily spaced are those with straight sides.

d. Guides.—Various types of guides are available as mechanical
aids to lettering. The Wrico lettering guide (fig. 21) is commonly
used. It consists of a template by means of which the outline of
letters and numerals may be drawn. It may be used with a pencil
or special Wrico pen. A separate guide and pen is reauired for
each size of letter or numeral, except that one pen may be used with

L AFEHIKLMTINX VW
L YZ-PODJBGRU-CS
[ OQ0-/23456 /7890 1

bAb2 7 5 §55ddi8d
[ ==~ AVIATION “#=2=AVIATION
L abcderfghijkimnop

i grs’fuvvwxyz ]

Fraovare 19.—Inclined letters and numerals,

several of the small sizes of guides. The guides and pens are usually
provided in a set containing the sizes normally used by the draftsman.

18. Lines.—a. Figure 22 shows various conventional line symbols
and their application in drawings. The relative weights of lines
as shown are considered desirable for ink drawings. Pencil draw-
ings are generally executed with two weights of lines, medium and
light. The medium line is used for those designated in figure 22
as heavy and medium; the light line is used for those designated as
light.

b. The common application of lines follows:

(1) A border line is used to frame the drawing.

20



FUNDAMENTALE OF MECHANICAL DRAWING 18

(2) Outlines of parts which are visible in tha particular view are
shown by solid lines.

(8) An outline of a part which is invisible in the particular view
is known as a hidden line and is represented by a series of short dashes

Figuee 21.—Wrico lettering guide.

approximately 14 inch in length. The space between dashes is ap-
proximately equal to the width of the line.

(a¢) A hidden line is started and stopped with a dash at the limits
of the line; however, when an outline is both visible and hidden, a
space is left between the visible and the hidden portions.

(b) At sharp corners of intersections of two invisible outlines, the
dashes touch.

21



18 ARMY AIR FORCES

(¢) A hidden line is started with a dash at the point of tangency to
an arc.

(4) The short break line is drawn freechand. For long breaks a

g CUTTING PLANE LINE
e ALTERNATL PONTION LiNE
—m—_w FART L

sk s BTITCH LING peor secw)
-m—-——-— “m‘. l-“-

rrm—:'—-pm L
—TERr———— EXTENSION LINE
ERr———— PROJECTION L

©- ~@

PO0PCRREOESBRLPEEEE

Ficore 22 —Line aymbols.

. B9

{DmrouND SOLID

3¢ 5@

+ @ROUND HOLLOW .

)

(3 RECTANGULAR
Ficors 28.—Representation of breaks in round solld, round hollow, and rectangular shapes,

@ @ @
Fiouvre 24 —Inking arca, straight linea, irregular curves, and tangents.

ruled line is used with occasional freehand zigzags. Break lines are
used to show—

(@) That the object continues without change in detail. The meth-
ods of indicating breaks in round solid, round hollow, and rectangular
shapes are shown in figure 23.

22
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FUNDAMENTALS OF MECHANICAL DRAWING 18

(6) That only a portion of the entire object is represented.

(¢) That a section has been revolved in place.

(8) A cutting plane line indicates where a section of a part is
taken. The extremities of the line have arrowheads to show how the
section is to be viewed.

(6) An alternate position line indicates limiting positions of a
moving part.

(7) An adjacent part line indicates the position of the part
represented.

(8) A stitch line indicates sewing.

(9) A center line indicates the center of an object or a part thereof.
It is also used to locate the centers of holes or curved portions in
objects.

(10) Section lines (cross-hatch lines) are used to indicate material
in a sectional view (view through the part).

(11) A dimension line with its accompanying numeral mﬂmatea
the distance between points on an object. Arrowheads are used at
the extremities of the dimension lines.

(12) Extension lines indicate the limits of the distance mdmated
by the dimension line,

(13) Projection lines are used to correlate different view of an
object.

e. (1) After the main center lines have been inked, solid lines are
inked in the following order: circles, arcs, irregular curves, horizontal,
vertical, and inclined lines. The same order is then followed for.
hidden lines. Finally, remaining center lines, extension, dimension,
section, and border lines are accomplished.

(2) Ink lines are centered directly over pencil lines. The forma-
tion of an arc and the manner of joining it with a straight line is
shown in figure 24(1). In figure an irregular curve is shown
smoothly drawn and centered over the pencil line. Figure 24(3)
shows the formation of tangents. A single width of line occurs at
the point of tangency.

Secrion IV

GEOMETRIC CONSTRUCTIONS
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Erecting a perpendicular to'a given line from a point In the Tine . __
Dividing a line into equal parts.__—_____ . e
Drawing a circle through three points not in a straight line i

Congtructing a sguare - s L
Constructing a regular pentagon________ e e
Constructing a regular hexagon. .. . _.__ e i i o S S
Constrocting a regular octagon______.___ . e 31
Drawing an arc tangent to two lin€s_____________________ ______ _____
Drawing an arc in & right angle. . oo
Drawing an elllpge_______________ _— _— e

19. General.—a. In the execution of drawings the draftsman may
advantageously employ applications of geometrical principles to ac-
complish various drawing problems rapidly and accurately. The

SEENRR

E 8

ke .
T “ éé/
8 . T = .
Tﬂ

® @ © @

Fraoae 25.—@eometric constructlons.

application of some common geometrical principles is explained in
this section.

6. In the solution of a drawing by geometrical means, construction
lines are drawn to locate points which determine the location of the
lines of the final drawing. Construction lines should always be
lightly drawn.

20. Bisecting a line.—Line AB (fig. 25(1)) is given. With 4 and
B as centers, and a radius greater than half of AB, draw arcs above
and below the given line. These arcs intersect at ¢ and D; a line
drawn through ¢ and D will bisect the line 4 B.

21. Bisecting an arc.—Arc AB (fig. 25@)) is given. With 4 and
B as centers, and with a radius greater than half of arc AB, draw
arcs that intersect at ¢ and D). A line drawn through the points C
and D bisects the arc 4B,

22. Bisecting an angle.—Angle ABC (fig. 25()) is given. With
B as a center, draw an arc cutting the sides of the angle at D and .
With [ and E as centers, and with a radius greater than half of arc
DE, draw arcs intersecting at #. A line drawn from B through the
point F bisects the angle ABC,

23. Trisecting a right angle.—Right angle ABC (fig. 25@) is
given. With B as a center, draw an arc cutting the sides of the angle

24
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at D and £. With D and E as centers, and with the same radius,
draw arcs intersecting arc DE at F and . Lines drawn from B
through points F and @ trisect the angle ABC.

24. Erecting a perpendicular to a given line from a point
outside the line.—Point £ and line AB (fig. 26(2)) are given. With
P as a center, and with a radius greater than the distance from F to
AB, draw an arc cutting the line AB at ¢ and D. With ¢ and D as
centers, and with a radius either greater or less than the distance
from P to € or D, draw arcs intersecting at £ or /. A line drawn
through £ and P or F and P will be perpendicular to the line AB.

25. Erecting a perpendicular to a given line from a point in
the line.—Point P and line AB (fig. 26(2)) are given. With 7 as

Figure 28.—CGeometrie constructions,

a center, draw arcs cutting the line AB at ¢ and D. With ¢ and D
as centers, and with a radius greater than half of €'D, draw arcs
intersecting at £. A line drawn through X to point P is perpendic-
ular to the given line AB. If the point P is near the end of the line,
the line is extended and the same procedure followed.

26. Dividing a line into equal parts.—The given line A8 (fig.
27(1)) is to be divided into seven equal parts. Starting at end B of
the given line 4B, mark off seven equal divisions at any convenient
angle ABC to the given line. Connect the last mark ¢ of the divi-
sions and the opposite end of the given line 4. Draw parallels to
the line AC through each of the division marks, thus obtaining the
equal divisions on the given line.

27, Drawing a circle through three points not in a straight
line.—a. The three points 4, B, and € (fig. 27®) are given. Join
points 4 and B, and B and . Erect perpendicular bisectors to AB
and BC, intersecting at @. The radius of the required circle is 0A4,
or OB, or OC.

b. To find the center of a circle or arc, assume three points on the
circle or arc and proceed as above.

- 25
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28. Constructing a square.—Line AB (fig. 28()) is given. With
A as a center, and with a radius R equal to AB, draw the arc EB.
Erect a perpendicular at point A. With ¢ and B as centers, and
with a radius equal to AB, draw arcs intersecting at D. Draw CD
and BD to complete the square.

g

® @

Fraree 27.—8eometrie constructions.

29. Constructing a regular pentagon.—The circle (fig. 28@3))
with center O is given. Draw a diameter AB, and a radius OC per-
pendicular to it. Bisect OB, and with point D as a center, and with
a radius DC, draw the arc CF. With (7 as a center, and with a radius
CFE, draw the arc £F. CF is one side of the pentagon. With the

same radius, mark off the remaining three points and connect them.

E e

®

Fioure 28 —Geometric conatructiona, .

30. Constructing a regular hexagon.—a. The distance AB (fig.
29(1)) across corners is given. Draw a circle with 48 as a diameter.
With 4 and B as centers, and with a radius equal to one-half of
AB, draw arcs cutting the circle at ¢, E, D, and F, and connect these
points.

b. The distance between parallel sides (fig. 29@) is given. Draw
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a circlethaving & diameter equal to the distance between the parallel
sides. With the T-square and 30° to 60° triangle, draw lines tangent
to thecircle at A, B,C, D, E, and F.

31. Constructing a regular octagon.—The square ABCD (fig.
20(3)) is given. Draw the diagonals of the square. With the cor-

Flevre 20.—Geometrie construetions.

ners as centers, and with a radius of "half a diagonal, draw arcs
cutting the sides of the square and connect these points,

32. Drawing an arc tangent to two lines.—Two lines, AB and
CD, and a radius B (fig. 30(0)) are given. Draw lines parallel to
AB and CD at a distance & from them. The intersection of these
lines will be the center of the required arc EF. Locate the points of

Fiorre B0 —Geometric conatroctiona.

tangency by drawing lines through the center of the arc perpendic-
ular to the tangent lines.

33. Drawing an arc in a right angle.—The nght angle ABC,
and the radius B (fig. 30@) are given. With B as a center and
with a radius B, draw an arc intersecting the sides at D and E. With
D and F as centers, and with the same radius, draw arcs intersecting
at 0. With O as a center, and with the same radius, draw arc DE,
This arc will be tangent to the lines AR and BC.

27
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34. Drawing an ellipse.—The major diameter A8 and theminor
diameter D (fig. 31) are given. With the intersection (@) of these
diameters as a center, draw circles on the major and minor diameters.
Draw a number of radial lines OP, 0@, etc., cutting the large circle
at P and @ and the small circle at 7* and ¢’. From P’ and @’
draw lines parallel to the major diameter (A8), and from P and @
draw lines parallel to the minor axis (C'D). The points of inter-

Frguen 31 —Geometric constructiona.

section of these lines, H and H’, are two points on the ellipse. Find
as many points as necessary, and through them draw the curve.

SecTioN V
ORTHOGRAPHIC PROJECTION

Paragraph
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Detailed description—— o 5 SRS i 36
Arrangement of views_______ ____ s a7

35. General.—a. The representation of an object as seen by an ob-
server (pictorial view) is considered inadequate for shop use, because
the true shapes of some surfaces are not revealed and dimensions are
difficult to locate. These difficulties are overcome through the process
of orthographic projection.

b. Orthographic projection is the process of projecting accurate out-
lines of views of an object and properly arranging them. This method
may best be explained through a process of tracing views of an object
on the sides of a transparent box, and then manipulating the sides of
the box (and consequently the traced views) in a mechanical method
simulating the theory controlling the location and arrangement of the

Iws necessary to present a picture of the object.

28
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FUNDAMENTALS OF MECHANICAL DRAWING 38

36. Detailed description.—a. (1) To obtain the front view of an
object, imagine a transparent sheet, called the plane of projection (fig.
32(1), located vertically in front of the object. By sighting perpen-
. dicularly through the plane of projection, the lines of sight will serve
to guide the transfer of points of intersection, and lines representing
the outline of the object, from the object to the plane of projection.
Sighting at right angles, or perpendicularly, to the plane of projection

(3) coTammic TOP VEEW ON PLAME OF PROJCTION
Freuvre 32.—Method of obtaining orthographic projection,

is essential, as this is the factor which determines the accuracy of pro-
jection. Thus, the eye movessuccessively over the outline of the object
{o project the various points. As shown in figure 82, the line of sight
originating at A passes through the plane of projection to meet the
object at @. The point @, where the line of sight A intersects the
plane of projection is the location of the projected point a. In like
manner, the line of sight B will guide the projection of point b on the
object to point b, on the plane of projection. By repeating this oper-
ation at any number of points, the entire view may be transferred
to the plane of projection. The projection thus obtained is an exact

29
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54 ARMY AIR FORCES

outline of the front view of the object, and may be clearly and
accurately dimensioned.

(2) To obtain a side view of the object, join a second plane of pro-
jection at right angles to the first plane as shown in figure 32@). Move,

1]

iy
]
(2) PROJECTION SURFACES i ONL PLANE

(3) PROJECTION PLANES REMOVED

FiaUveE 33.—Revolving projection surfaces, and relation of views.
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the lines of sight to a position perpendicular to the second or side plane
of projection. If the procedure outlined for the front plane of pro-
jection is now repeated for the side plane of projection, the result will
be the orthographic projection of the right side of the object. Edges
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and surfaces which are invisible in the plane of projection are
indicated by the conventional symbol for hidden lines.

(8) To obtain a top view of the object, join a third plane of projec-
tion horizontally above and at right angles to the front and side planes
(fg. 32(3)). Move the lines of sight to a position perpendicular to
the third or top plane. The lines of sight will now be parallel to the
front and side planes. Repeat the procedure heretofore outlined to
obtain the orthographic projection of the top of the object.

b. If the side and top planes are imagined to be hinged to the front
plane and are revolved away from the object (fig. 33(1)) until they
coincide with the front plane, the three views appear on the same
plane of projection (fig. 33(). Figure 83(3) illustrates the relationship
of the three views; in figure 33(¢) the views are shown, as on a draw-
ing, with the projection planes removed.

¢. Occasionally a cylindrical part may be shown in only one view (fig.
34) if the required diameters and other dimensions are all indicated

[ e |
7 | 1
7 4

]
F1ausE 34.—Bingle-view drawing.

eSO R

thereon. Some objects, such as a bushing (fig. 85), require only two
views, as the side view duplicates the front view. In figure 36, the
objects pictorially represented have front and top views which are
similar, demonstrating the need of a third view for a complete under-
standing of the shape of the objects.

37. Arrangement of wviews.—a. Frequently more than three
views of an object are necessary. Figure 37 shows the relative posi-
tions of the six principal views of an object. A bottom view is used
instead of a top view when the shapes or operations to be shown are on
the under side of the part. For example, for an object such as a punch
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37 ARMY AIR FORCES

and die, the arrangement of views would be as shown in figure 38, with
the view of the bottom of the punch placed in the position of the bottom
view, and the top of the die in the position of the top view. If space

e o e e ] S S —
—
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[

FRONT SIDE
(DUPLICATE OF FRONT VIEW)
Ficuae 85.—Two-view drawing. 3

does permit, the bottom view may be placed to the right of the top
view. The side view may also be placed across from the top view
(fig. 39) when space does not permit location in the usual position.
b. Views of an object on a plane not parallel to any of the usual
views are called auxiliary views. When an object has an inclined

82



FUNDAMENTALS OF MECHANICAL DRAWING 37

surfate, the true shape and size of such surface is not shown in any
of the regular views, and an auxiliary view is necessary. This is
especially true where the inclined surface is of irregular outline.
Figure 40(1) shows a pictorial representation of a block with an in-
clined surface. The usual three views are shown at (2), and a front

—

TOP : . TOP
PICTORIAL PICTORIAL
p— E
FRONT SIDE FRONT SIDE
TOP ' TOP
PICTORIAL PICTORIAL
FRONT SIDE FRONT SIDE

Fiaore 36.—Necesslty of third view,

and auxiliary view at 3). In the regular orthographic projection,
none of the three views shows the true outline of the inclined surface.
With the front and auxiliary views, the inclined plane is shown with
its true inclination and outline. For an understandable drawing of
the object shown in figure 41(1), only a front view (2), a partial tap
view (3), and a partial auxiliary view (2) is required.

5E138p3°—43—8 33
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Fiaure 830.—Arrangement of side view In limited space.
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SIDE FRONT AND AUXILIARY VIEWS
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Floure 40.—Front, top, aide, and auxiliary views.
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FiaUrE 41.—Front, top, and auxiliary views.

Secrion VI
PICTORIAL DRAWING '
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38. General.—Pictorial drawings are seldom used by themselves
as working drawings, but are generally used as illustrations where
detaills of erthographic projection would not be easily understood.
They have the advantage of requiring less training of the imagination
to visualize a complicated object, and, in some instances, require less
time to draw. Designers find it necessary and many workmen find
it helpful to be able to present their ideas to others either with
pictorial sketches or with one of the various styles of pictorial mechan-
ical drawings. These drawings have the disadvantages of not always
showing the true lengths or shapes of objects and of not showing
hidden lines. In some types of pictorial drawing, a distorted appear-
ance is given to the object drawn. A comparison of the types of
pictorial drawings is shown in figure 42.

36
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39. Perspective drawing.—a. A perspective drawing represents
an object on a plane surface as it appears to the eye, and affords a
better pictorial effect than other types of drawings.

ufl\#

PERSPECTIVE ISOMETRIC

aBLMQUE CABINET
Fiovee 42 —Comparison of types of pletorsal drawings.

b. (1) One-point, or parallel perspective, drawings (fig. 43(1)) are
those in which the object to be drawn is viewed in such a manner
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Fraumre 43.—Perspective drawings.

a7



30-40 ARMY AIR FORCES

that one face is parallel to the front plane. In this style of perspec-
tive the horizontal lines of the front plane remain parallel, but the
lines of all planes perpendicular to it meet at one point. The point
at which the converging lines of a perspective drawing meet is called
the vanishing point.

(2) Two-point, or angular perspective, drawings (fig. 43@) are
those in which the object to be drawn is viewed from an angle and
in which the two sets of horizontal lines meet at respective points on
the horizon.

40. Isometric drawing.—a. If a cube is tilted so that its front
view appears as shown in figure 44(1), in which the edges AB, AC,

ORESHOATENLD

TUAL LEMNGTH

(D ISOMETRIC PROJECTION @ ISOMETRIC DRAWING @ ISOMETRIC AXES

- -'l'- -———

LAYOUT COMPLETION

@) MARING ISOMETRIC DRAWING
Foure 44 —Isometric projection and drawing.

and AD are equally foreshortened, an isometric projection is repre-
sented. An i1sometric drawing (fig. 44(2)) shows the cube in the same
position with the actual length of edges shown. The isometric axes
(fig. 44(@) are the three lines of the front corner of the cube, and
make angles of 120° with one another,

. In learning to make an isometric drawing it is best to start with
some simple object such as a rectangular block. Lay off three light
lines of indefinite length representing the isometric axes (fig. 44(®).
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Mark off on the axes the length, breadth, and thickness of the block.
The isometric drawing is then completed by drawing, through the
points marked off, lines parallel to the isometric axes.

¢. (1) Invisible lines are not shown in isometric drawings unless
they are necessary for the understanding of the drawing.

(2) A nonisometric line is one which is not parallel to any of the
isometric axes and does not show its true length in an isometric draw-
ing. To make an isometric drawing of an object having nonisometric
lines, as line AC (fig. 45()), drop a perpendicular from ¢ on the front

A < L]
= ]
] F ]

Fravne 45.—Isometric drawing with nonisometric lines.

view, giving the line CF. Draw the isometric axes AF and AB (fig.
45@)) the same length as their corresponding length in the front
and top views. Lay off AF on lines AB equal to its corresponding
length on the front view. At F construct a vertical line #C equal to
F( in the front view. Connect the points A and ¢ which will give
the nonisometric line AC in an isometric view (fig. 45G@)). The
remaining lines are then drawn and the block completed.

(3) Angles in isometric drawings do not show in their true size,
and therefore cannot be measured in degrees.

(4) Circles are drawn as ellipses in isometric drawings. Figure
46(1) shows a cube with an isometric circle drawn in each of its visible
planes or faces. The first step in drawing an ellipse representing an
isometric circle is to draw the isometric square ABCD (fig. 46(@),
having sides equal to the diameter of the circle desired. Perpendicu-
lars are erected at E, F, &, and H, the midpoints of the four sides of
the isometric square. These perpendiculars intersect at J and K.
With 4 and € as centers, and with a radius equal to AH or OF, con-
struct arcs HG& and FE, respectively. With J and X as centers, and
with a radius JH or KF, construct arcs £H and GF, respectively,
thus completing the isometric circle. This method of constructing
an ellipse is known as the four-center approximate method.
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(5) Isometric arcs (fig. 46(3)) are drawn as follows:

(a) The true radius is measured from the intersection of the two
lines forming the sides of the isometric square, and perpendiculars
are erected at the points thus located ; the intersection of these perpen-
diculars gives the center of the required isometric are.

| —
e T

| AR

@ ®

Fieurp 46.—Isometric circles, ares, and curves,
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(5) The radius of the isometric arc is the length of the perpen-
dicular to the point of intersection.

(6) Isometric curves other than circles are drawn by first locating
a number of points on an orthographic projection (fig. 46@)). These
points are then transferred to the isometric drawing (fig. 46(3)), and
the curve drawn through these points.

41, Oblique drawing.—az. When an object is placed with one face
parallel to the plane of projection and is projected by oblique lines
to the plane, an oblique view results. This differs from orthographic
and isometric projections in which the projectors are perpendicular
to the plane of projection. The angle which the oblique lines make
with the plane of projection is generally 45° (known as cavalier
projection), although any angle less than 90° may be used. In an
oblique drawing, one face or plane is shown without distortion., For
that reason, any object to be drawn should be placed with its irregular
outline in the front plane; if the object is of regular shape, the longest
side should face the front plane.

b. An oblique (fig. 47) is drawn on three axes similar to an isometric
drawing except that one axis is drawn horizontally, one vertically,
and one at an angle. Measurements are laid out along these axes
representing the length, breadth, and thickness of the object, and the
object completed as shown. Oblique circles (fig. 48) are drawn as
true circles in the front plane and as approximate ellipses in the
other planes by erecting perpendiculars at midpoint of the sides of
the squares inclosing them.

42. Cabinet drawing.—Cabinet drawing is oblique drawing with
all measurements on the oblique axis reduced one-half so as to overcome
the distorted appearance of oblique drawing. Any angle may be
used for the oblique'axis of a cabinet drawing, but angles of 45° or
30° are generally preferred.

41



[




FUNDAMENTALS OF MECHANIE&L DRAWING 43
Section VII
SECTIONAL VIEWS AND THREADED PARTS
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43. Sectional views.—a. Frequently the usual views do not give
a clear picture of the object. The difficulty generally lies with the
invisible object lines, in which case a view into the interior of the
object would help clarify the drawing. Such a view may be obtained
by imaging enough of the exterior of the object removed to expose
the internal construction. The type of section is determined by the
umount of exterior removed.

b. A sectional view (fig. 49) is obtained by imaging the object cut
away, as if by sawing. The path of the saw is considered the cutting
plane, that is, the plane upon which the cut is made. If one portion
of the object is then removed and a drawing made of the remaining
portion, the lines formerly invisible are exposed to view. Since
sectioning an object is an imaginary operation, the other necessary
views are not changed. The only addition is a cutting plane line,
which traces the path of the cutting plane. A pictorial view of the
object with the path of the cut traced by diagonal lines is shown in
figure 49). An orthographic projection with the side view sectioned
is shown in figure 49z). The position of the cutting plane is located
on the projected view by a cutting plane line. The view to be
exposed after passing the cutting plane through the object 1s indi-
cated by the direction of the arrows on the cutting plane line. When
the cutting plane line coincides with the center line representing the
symmetrical axis of the object, the cutting plane line may be omitted.

¢. Uniformly spaced, 45°, fine, parallel lines, termed cross hatching
or section-lining, are used to distinguish surfaces of material
theoretically cut and exposed by the cutting plane. The spacing of
cross hatching varies from 14, to 14 inch, depending upon the size of
the drawing and the part. The symbols used to designate various
materials in sectional view (and in outside view) are shown in figure
50. The rules governing the use of symbols and related principles
are as follows:

(1) Assembly drawings are cross hatched with the symbol repre-
senting the actual material of each part in the assembly. In figure 51
different materials are shown—cast iron, babbit, bronze, and steel.

(2) Detail drawings are cross hatched with the symbol for cast
iron regardless of the material used; this practice simplifies the cross
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hatching. The material of which the objéct is made is specified as
a note on the drawing.

(3) Invisible object lines and details beyond the cutting plane are
not shown on sectional views unless required for the necessary
description of the object.

(4) When a cutting plane passes through a rib, web, or similar
parallel element, the cross hatching is omitted from those parts
(A-A, fig. 52).

(5) (@) When adjacent parts ave shown in section (fig. 53(1)) the
cross hatching is shown in opposite directions. Where a third part

SECTION=LINING
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Froone 49 —Rectional view,

is adjacent to two other parts, the angle of its cross hatching is made
30° or 60°,

(b) Where a part is sectioned in more than one place, the spacing
and direction of the cross hatching is the same.

(e) If 45° eross hatching would closely approach being parallel to
one of the sides of the object, a different angle of cross hatching is
used.

(6) Parts such as bolts, nuts, rods, rivets, pins, keys, and shafts,
the axes of which lie in the cutting plane, are not considered as cut
lengthwise by the cutting plane, and therefore are not sectioned (fig.
53(2)). When the cutting plane passes at right angles to such parts,
they are cross hatched as are other parts of the object.

d. (1) A full sectional view (fig. 49) is obtained by passing a cut-
ting plane across the entire object. In this operation, one-half of the
object 1s considered removed: the other half, with the interior ex-
posed to view, is drawn or projected in the manner of any other
orthographic view.

(@) A sectional view need not be taken along a single, continuous

atting plane. The cutting plane may be turned or offset (A-A, B-B,
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48 ARMY AIR FORCES

fig. 52) to pass through other features to show the construection to

better advantage. The cutting plane line is lettered at the points of
change of direction.

A

2 Vo

SECTION A-A
Figure 52.—Method of showing rib or web in sectional view.

(5) When the true projection of a piece would be misleading, parts
such as ribs or arms should be rotated until parallel to the plane of the
section or projection (figs. 52 and 54). Similarly, holes in a flange
in section (or elevation) are shown at their true distance from the
center rather than in true projection (fig. 55).

1& .I
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FUNDAMENTALS OF MECHANICAL DRAWING

Fiaurx 04.—Rotation into plane of section.
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Figure 58,—Holes in flange shown at true distance from center.
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43 ARMY AIR FORCES

(2) A half-sectional view (fig. 56) may be drawn for a symmet-
rical object. This type of section is accomplished by passing two cut-
ting planes at right angles to each other along the center lines or sym-
metrical axes, Thus one-quarter of the object is considered removed
and the imterior exposed to view. Invisible outlines are generally

1y
1/

Fiagopr 60.—Half-sectional view.

Figure 58.—Revolved section.

omitted from the sectioned and unsectioned portions of the object
but are shown in the unsectioned portion if the object is thus more
clearly described. The half section provides a view which shows the
internal and external features of an object.

(3) A broken-out, or partial, sectiom (fig. 57) is employed when it
is desired to show only a portion of the object in sectional view. Fre-
quently a broken-out section will eliminate the necessity of showing

48
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FUNDAMENTALS OF MECHANICAL DRAWING 43-44

a full or half-sectional view. The broken-out section is bounded at
the break by a short break line.

(4) A revolved section (fig. 58) is used to show cross sections of
arms, spokes of wheels, brackets, etc. The section is obtained by pass-
ing a cutting plane perpendicularly through the axis of the part and
then revolving the sectioned portion one-quarter turn, showing the
cross section on the longitudinal view, The revolved section may be
shown directly on the view or in a break in the view. '

(5) A detail section (B-B, fig. 52) 1s shown at some convenient loca-
tion on the paper, entirely separate and removed from the regular
projected view, The detail section is located on the view by a cut-
ting plane line. In order te clarify the construction of small details,

@ -
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Ficure §9.—Phantom and thin sections.
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this type of section is frequently drawn to a larger scale than the
view on which the section is indicated.

(6) A phantom section (fig. 59(1)) is indicated on an outside view
by dashed cross hatching, and is used to show interior construction;
‘the use of an additional view may occasionally thus be eliminated.
Phantom sections are also used to indicate adjacent parts,

(T) Sections such as sheet metal, structural members, packing,
gaskets, etc., which are too thin for cross hatching, may be shown solid
on the sectional view (fig. 59()), with a space between thicknesses of
such parts.

44, Threaded parts.—a. (1) The use of screw thread representa-
tion on working drawings is extensive. The features of a screw thread
are shown in figure 60. The relative terms (fig. 60Q)) may be defined
as follows:

(z) A screw thread is a ridge of uniform section in the form of a
helix on the external or internal surface of a cylinder or cone.

(b) The pitch is the distance from a point on a screw thread to a
corresponding point on the next thread measured parallel to the
axis.

513303°—43——4 49
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44 ARMY AIR FORCES

(¢) The lead is the distance a screw advances axially in one turn.
On a single-thread screw the lead and pitch are identical ; on a double-
thread screw the lead is twice the pitch, ete.

(d) The major diameter is the largest diameter of a screw thread.

(¢) The minor diameter is the smallest diameter of a screw thread.

(f) The pitch diameter is referred to as the effective diameter, and
is equal to the major diameter minus the thread depth.

" (@) The angle of thread is the angle included between the sides
of the thread measured in an axial plane.

(&) The crest is the top surface joining the two sides of a thread.

o (1D

e PITCH DIAMETER

T IJ
AMNGLE
— MINGR DIAMETER \(_7/ b -.2

—— PITOH —

® ©)

Froore 60.—Features of a screw thread,

(#2) The root is the bottom surface joining the sides of two adja-
cent threads. _

() Clearance is the space between the crest of a thread and the
root of its mating thread.

(2) The helex, which is the basic curve of screw threads, is the path
traced by a point on the surface of a cylinder as it moves uniformly
around the cylinder and at the same time moves uniformly length-
wise on the ecylinder. To accomplish the helix the circumference of
the top projection of the cylinder is divided into a number of equal
parts (fig. 60), and the pitch on the front projection is divided
into the same number of equal parts. The perpendiculars from the
points on the circumference intersect the horizontal lines through the
corresponding points on the front projection to locate the points
through which the helix is drawn.

b. Various forms of screw threads are illustrated in figure 61,

50
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FUNDAMENTALS OF MECHANICAL DRAWING 43

The American Standards Association has adopted the American
(National) screw thread. This thread has extensive use in fastenings.

(1) Common forms are known as National Coarse Series, National
IFine Series, Extra Fine (SAE) Series, Special 8-pitch, 12-pitch, 16-
pitch Series, and American Standard Pipe Thread. The pipe thread
(fig. 62) has a taper of 34 inch per foot.

(2) Four classes of thread fits are established for general use, ex-
cept for pipe threads, and designate the degree of looseness or tight-
ness of mating threads, The classes of fits are designated as class 1

4 [

60" 60
005 U
) AHERII::A!'J (aTional) (@ SHARP V @ BUTTRESS
B Bl
AL AT
///////é B .
@ SQUARE (® ACME (7) KNUCKLE

Ficore 61.—Forms of screw threads.

(loose fit), class 2 (free fit), class 3 (medium fit), and class 4 (close
fit).

(3) The thread series are generally expressed by symbols as follows:
NC (National Coarse), NF (National Fine), EF (Extra Fine), and
N (Special Series). The full designation of a threaded part having
a diameter of 7 g inch, with 20 threads per inch, National Fine threads,
class 3 fit, is % ¢—20-NF-3; a No. 10 bolt with the same type of threads
and fit is expressed as 10-32-NF-3. If a left-hand thread is desig-
nated, the letters LH are added after the number of threads.

e. (1) The helix is not generally required for screw thread repre-
gentation. A V-thread may be represented as shown in figure 63, in
which the straight line is used instead of the helix. The flats at the
root and crest are not shown. This type of representation is used
for a thread having a diameter of more than 1 inch on the drawing.

(2) Thread symbols are conventionalized as shown in figures 64
to 69, inclusive. The size and length of thread and depth of tap
should be indicated on the drawing,

[ 1
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44 ABRMY AIR FORCES

(@) Regular external thread symbols recommended for general use
on assembly and detail drawings are shown in figure 64. Other than
external threads in sectional view, the crests and roots of threads are
shown as alternate long and short lines perpendicular to the axis.
These lines may be of equal weight or the root line may be heavier.

LENGTH OF EFFECTIVE THREAD i IMPERFECT :
THREADS DUE
TO LEAD OF I‘JI;‘
PITCH
- ; [N j
V2. L ; /
17 S5V, " W
w{ TAPER 1 IH 16 MEASURED CH DJA,
/f'!’}",-"'f" Y PIFIIPITIIYNIIIITIFIVNDY.
4
fﬁ T’
ZI'-“ITI‘.:-H DiIA. OF THREAD 0.DiAa,. OF PIPE

AT END OF PIPE
Figore 62.—Pipa thread,
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FilaurE 64.—Regular symbols for external threads,

Spacing of root and crest lines need not be scaled but may be judged
by eye to look well.

(o) Regular internal thread symbols are shown in figure 65.
1. When the threads are tapped through, the representation is
as shown in figure 65(0).
2. When the point of the tap drill does not extend through the
part, the Tepresentation is as in figure 65(2).

a2
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FUNDAMENTALSE OF MECHANICAL DRAWING 44

J. The representation in figure.65() is employed to indicate a
bottoming tap, when depth of thread is the same as
depth of drill, or when it is not necessary to specify both
depth of thread and depth of drill.

(e) Simplified symbols for external and internal threads are shown,
respectively, in figures 66 and 67. At a depth approximately equal to

4 -pNC-2
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M“\\‘“K‘HW e ey s fae
I LT
Il =y | [N
------ :if ‘.14.:'."

I

—————

(3 TAP DRILL NOT SHOWN
Ficure 86.—Regular symbole for internal threads.

that of the thread, hidden lines are drawn parallel to the axis to repre-
sent the threads. The simplified method of representation is not ree-
ommended for either exteriors or sectional views of assembled parts.
(d) Pipe threads are represented as shown in figure 68. The taper
need not be indicated but may be shown if desired.
(¢) An assembly of threaded parts is shown in figure 69,

2 -10NC-2
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5

Figurg 66.—8implified symbola for external threads.
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FiaUure 87.—Bimplified symbols for internal threads,

1 FPAM, STOD. FIPE THREAD

ZTAM STD PIPE THREAD

N - "am. 8o pipe THnEas
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I A STD PIPC TAP

iI"AM, 5TD, PIPE TAP

Lij!

REGULAR METHOD SIMPLIFIED METHOD
Ficure 68.—Representation of American standard pipe thread.

Fi16URE 60.—Assembly of threaded parts.
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FUNDAMENTALS OF MECHANICAL DRAWING 45-46

Secrion VIII
SCALES, DIMENSIONS, AND NOTES
Paragraph
Scale of drawings_________ - - 45
Dimensions. - - i A T o 46
D I i S B S e i e e 47

45. Bcale of drawings.—a. (1) Objects are drawn full size when
the details thereof are clearly shown and the size of the paper will
conveniently permit.

(2) Enlarged drawings of views or sections are made when the
actual size of the object is so small that full-size representation would
not clearly present the features of the object.

(3) Reduced-scale drawings are made of large objects that can be
shown clearly in the smaller scale. The prime object in reducing
the scale of drawings is to reduce the size of the drawing; therefore,
as small a sheet is used as is practicable without crowding the views.
The scale of drawings should not be reduced to such an extent that
sectional views, notes, or tabulations cannot be added. Considerable
clear space should always be left below the change block for the en-
largement of this block.

b. (1) The scale of a drawing is generally noted in the title block.
When all views on a drawing are actual size the scale may be stated
as “Full size”; in some practice, when the object is drawn full size
the scale is not shown,

(2) When one or more views or sections are enlarged the notation
“Enlarged view” or “Enlarged section,” as the case may be, is plane.d
under the enlarged repr&aentutmn

(3) (@) When all views are in the same reduced scale, the scale
is noted in accordance with such reduction, as “One-half size,” or
6’’=1".

(6) When the main views are in one reduced scale and other views
or sections are in another scale, each view or group of views has its
own scale shown.

46. Dimensions.—a. (1) Information as to the shape of the ob-
ject is provided by the various views on the drawing. These shape
representations must have dimensions applied to the various features
to indicate the size of the object. Dimensions, as given, refer to the
actual size of the object to be constructed, regardless of the scale to
which the drawing is made.

. (2) A drawing must be so dimensioned that the parts shown thereon
can be made without necessity of scaling the drawing.. Dimensions
should not be duplicated on various views or on a single view except

5]



46 ARMY AIR FORCES

where they will add to the clarity of the drawing, and no more should
be given than those required to produce the part. Dimensions eof
parts that can be measured or that can be produced with sufficient
accuracy by using an ordinary scale should be written in units or
common fractions. Parts requiring greater accuracy should be di-
mensioned in decimal fractions. Wire, tubing walls, sheet metal,

i
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DIMENSION LINE

Fleovee T0.—Dimension and extension lines.

&y
<

FieURR T1.—Method of placing leaders.

TAPER PIN
THRUST COLLAR

standard metal bars and shapes, ete., should be described by the com-
mercial designation followed by the dimension in decimals of an inch.
(3) (@) Dimensions up to and including 72 inches are preferably
expressed in inches, and those greater than this length in feet and
inches.
(5) In structural drawings, dimensions of 12 inches or over should
be expressed in feet and inches,

b6



FUNDAMENTALS OF MECHANICAL DRAWING 46

(¢) In automotive, sheet metal, and some other practices, all di-
mensions are specified in inches,

(d) When all dimensions are given in inches, the inch symbol (")
is preferably omitted. A note may be placed on the drawing stating
that all dimensions are given in inches.

b. (1) A dimension line is broken near the center for a sufficient
space to permit insertion of the dimension.

(2) Arrowheads on dimension lines are drawn approximately 14
inch long and about 14 as wide.

(3) Wherever convenient, dimension lines are located outside the
view of the object represented, approximately 14 inch from the out-
line of the drawing and other dimension lines. Where a dimension
is placed within a sectional view, the cross hat.chmg is kept clear of
the dimension numeral.

(4) A center line should never be used as a dimension line. A

T L=
. .:::___E*f‘__‘______‘___“__‘___.-E?':T
a1z «  [1af" _1l* o3
i 4 B I'-14 _ji__ .

Fieuee T2 —Dimensione In stroctural drawing.

line of the part illustrated or an extension of such line should not
be used as a dimension line.

(5) Extension lines are employed when the dimension is located
outside the view. Extension lines are drawn approximately 4o to
146 inch away from the outline, and extend approximately 1§ inch
beyond the arrowhead of the dimension line (fig. 70).

(6) Leadets, which are lines drawn from dimensions or notes to
indicate their application (fig. 71), are of the same weight as di-
mension lines and are terminated by arrowheads at the drawing;
leaders should not be curved nor made freehand.

¢. (1) A dimension line should not pass through a dimension
numeral. If unbroken lines are used, as is common practice in struc-
tural drawing, the dimensions are placed above the line (fig. 72).

(2) Dimension lines and their corresponding numerals should be
placed so that they may be read from the bottom or right-hand edges
of the drawing (fig. 73@). When fractional dimensions of less than
1 inch are given, the numerator should be placed above the dimension
line and the denominator below. Where the fraction is part of a
numeral, the division bar of the fraction is placed in line with the
dimension line. All dimensions should be placed so as to read in the
direction of dimension lines (fig. 78®). The practice with respect
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48 ' ARMY AIR FORCES

to Army Air Forces drawings is to place the dimension numeral
horizontal so that it may always be read from the bottom regardless
of the direction of the dimension line.

(3) When there are several parallel dimension lines, the numerals
should be staggered for ease of reading (fig. 74).

(4) Dimensions should be given from a base line, a center line, or a

g . =3 7 F
':'EL g‘i" o Lin
| Lr-—%--——d—- | / | |

4% 2

® ®

Fisvrn T8 —Reading dimepaions,

|
f
= 6 D J
=20
1D
- 02 -
Ficure T4.—Btaggering of dimensions,

finished surface that can be readily established (fig. 76). The “V”
with the letter inserted indicates the finished surface. Dimensions are
given from invisible outlines only when necessary ; sectional views may
be employed to avoid such practice,

(5) Over-all dimensions should be placed outside the intermediate
dimensions (figs. 70, 73, and 75). In dimensioning with tolerances, if
an over-all dimension is used, one intermediate distance should not be
dimensioned.

(6) When dimensioning in limited space the arrowheads should be
reversed and the methods shown in figure 76() may be used.

-
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FUNDAMENTALS OF MECHANICAL DRAWING 46

(7) For dimensioning angles, an arc should be drawn as the dimen-
gion line and the dimension placed so as to read from the horizontal
position (fig. 76(2)). An exception is sometimes made when dimen-
sioning large angles, in which case the dimension may be placed along
the arc. When angular dimensions are necessary, a horizontal or
vertical center line (but not both) should be used as a base line and
points located from it (fig. 76()). If holes are to be equally spaced,
only one should be located and a note added “six holes equally
spaced.” ‘

(8) A dimension indicating the diameter of a circle should be fol-
lowed by the abbreviation “D” (fig. 74), except when it is obvious from

|

i
Ol

— i
) -
B |

-
Fiaue® 75.—Dimensioning from center llne and finished surface.

the drawing that the dimension is a diameter (fig. 77@). In the lat-
ter figure, the dimension 1s shown well placed between the views.

(9) (a) The dimension of a radius should always be followed by
the abbreviation “R” (fig. 77(2)). The center is indicated by a cross
(or circle) and the dimension line has one arrowhead which is located
at the outer extremity.

(6) A curved line may be dimensioned either by radii or offsets as
shown in figure 7T7(3) and (¥, respectively.

(10) (a) Holes which are to be drilled, reamed, punched, swaged,
cored, ete., should have the diameter given, preferably with a leader,
followed by the word indicating the operation and the number of holes
to be so made (fig. 78Q).

(5) Holes which are to be machined after coring or casting should
have finish marks and finished dimensions specified. For counter-
bored holes the diameters and depths should be given, and for coun-
tersunk holes the angles and diameters should be given (fig. 78().
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46 ABMY AIR FORCES

(11) Accurate dimensions which are to be established with limit
gage or micrometer should be expressed in decimals to at least three
places, and the drawing should give the limits between which the actual
measurements must come (fig. 79). For external dimensions, the

i
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Fitore T76.—Dimensloning unlimited space and angles.

maximum limit is placed above the line and for internal dimensions the
minimum limit is placed above the line. This method should be used -
for smaller parts and where gages are extensively employed. A sec-

ond method, used for larger parts and where few gages are employed,
is to give the calculated size to the required number of decimal places,
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FUNDAMENTALS OF MECHANICAL DRAWING 46

followed by the tolerances plus and minus, with the plus above the

minus, as 8.625D iﬁ '
L ORILL
— 4.
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Fiauke T77.—Dimensioning circles, arca, and curves,

(12) The difference in diameter or width in 1 foot of length is known
as the “taper per foot.”
(2) With standard tapers, give one diameter or width, the length.
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48 ARMY AIR FORCES

and insert a note on the drawing designating the taper by number
taken from American Standards.
(b) With special tapers, when the slope is specified, the length and

- 2500" DRILL

: 2 HOLES
— 1290" DRILL

£ HOLES

®

(f': ,.|/>/ ‘EEEE"E";ZV {rh T;
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i
3180" DRILLY ‘h;ﬁu-ﬂ“ DRILL
3230 DRILL ®B0°CSK TO §° 4 pRiLL; C'BORE
6 HOLES EQUALLY SPACED & DEEP 2 HOLES
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©

Fiavre T8.—Dimensioning holes,

o
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23540 | E
23560
e 2.2250
52230

Figrvre TH.—Dimensioning with tolerances.

only one diameter should be given, or the diameters at both ends of the
taper should be given and the length omitted (fig. 80).

(¢) In certain instances where very precise measurements are nec-
essary, the taper surface, either external or internal, is specified by

62 |
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FUNDAMENTALS OF MECHANICAL DRAWING 406-47

giving a diameter at a certain distance from a surface and the slope of
the taper. '

(13) (e) If a dimension must be changed, the changed numeral
should be underlined or otherwise marked. It is customary to note
changes in dimensions in a tabulation (change block) on the drawing
and refer to them by letters or symbols placed after the altered
dimensions.

(6) If a dimension is “not to scale,” it is so noted at the dimension.
If numerous dimensions on the drawing are “not to scale,” such fact
should be stated at the place where the scale of the drawing is ordi-
narily noted.

47. Notes.—a. (1) ‘Notes are not intended to supersede dimen-
sions on drawings, but to give information and instructions which
cannot be shown otherwise, or to avoid crowding on complicated

——— 3000 ———=

1250°

== o -_

—l-_/z—’/‘—
TAPER 3 ren FT.

FiGUurE B0.—Dimensioning special taper.

drawings. Notes may include such information as finish, fit, material,
number of parts required, ete.

(2) When a note is required to indicate an operation, it is often
convenient to include dimensions in the note, such as the diameter
and depth of holes when drilling or reaming operations are called for.

(8) Notes of general character which do not require leaders to
indicate where they apply may be located to the left of a title block.
These notes may be placed one above the other, each note to be num-
bered beginning at the bottom, and bracketed if the note contains
more than one line.

(4) Notes of local character, such as drill notes, thread notes, etc.,
which apply to parts of drawings which must be indicated, are located
at such places that leaders may be taken from the top line of the note
to the part. The arrowhead of the leader should touch one of the
boundary lines and not an indefinite point inside the part or area
affected by the note.

(5) If a note refers to more than one hole or place, leaders should
indicate each, unless they are so located that the application of the note
is clear without the leader. A leader should indicate at least one of
the group. The note should indicate how many places are affected by

63



47 ARMY AIR FORCES

it, when leaders do not indicate each place. On large complicated
drawings, the following system may be used for showing the relation
between notes and the places affected :

(a) The note may be located in any convenient space on the drawing.
When more than one note of this character is used, they may be placed
one below the other. An identifying letter, known as the note letter,
is placed within a small circle or triangle at the beginning of the
note.

(&) If the places affected are irregularly located, the note letter
may be located at each place or so located that leaders may lead from
it to the various places. If the places affected are in groups, one note
letter may indicate one place in each group, and the number of
places in the group may be noted after the circle or triangle, as

@ (or A) 6 holes.
(¢) When the same note letter is used more than once, the number

of letters (not the number of places affected) is shown in the note,

as @ (or A) Drill 5.
Depth 14
4 letters -

b. (1) To provide for an allowance of material so that a surface
may be machined or otherwise finished, the symbol f is placed across
the line which represents such surface on each view. The required
finish may also be in the form of a note at the view, or be included
in the finish nomenclature. If all surfaces are to be finished, a note
specifies “Finish all over” or F. A. O,

(2) The American Standard Association recommends that a sur-
face to be machined or finished from unfinished material, such as a
casting or forging, should be marked with a 60° “V,” the bottom
of the “V” touching the line representing the surface on the drawing.
A code figure or letter should be placed in the “V” to indicate the
quality of finish desired. The meaning of the code figures or letters
should be indicated by notes at the bottom or side of the drawing.

(3) On Army Air Forces drawings, various grades of finished sur-
faces are called for by placing an identifying numeral in the small
circle of the finish symbol Qf. This symbol is placed on the drawing
in the same manner as the customary f symbol.
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Section IX
TECHNICAL SKETCHING

Paragraph
Technical sketching._ e e e e S s 48

48. Technical sketching.—a. Technical sketching 1s accom-
plished freehand. Information from which the usual working draw-
ing is to be made is frequently issued to the draftsman in the form
of freehand sketches. Also, the draftsman may find it advantageous
to resort to freehand technical sketching when making a drawing of
an object already in existence. A technical sketch properly dimen-
sioned may serve as a working drawing in some instances.

b. Technical sketching may be done with a 2H, H, or F pencil
sharpened to a slightly blunt conical point. The pencil is held sim-
ilar to the manner in which it is held for writing but with the fingers

O] @ )
FicoRe 81.—Bkeiching circles and arcs.

moved up and away from the point. The important feature is to
draw the lines in the direction intended; a reasonable amount of
waviness in the line will generally result, but this is not objectionable.
Rather than draw a long line solid for its full length, it may be
advisable to use pencil strokes of approximately 1 inch in length,
continuing the line with even pressure from each break., Cross-
section paper may be used, although unruled paper will serve better
to perfect line work and estimation of proportions.

(1) Horizontal lines are sketched from left to right with a free
movement of the wrist or forearm.

(2) Vertical lines are sketched downward with a finger movement.

(8) Lines inclined downward from right to left are drawn in the
same manner as vertical lines. Those inclined downward from left
to right may be more easily accomplished by turning the paper so
that they may be drawn in a horizontal position.

5133903°—43—5 65



48 ARMY AIR FORCES

(a) A circle may be accomplished by laying off the radius at four
places on the vertical and horizontal center lines and sketching the
circle through these points (fig. 81(1)). More points may be obtained
by drawing oblique center lines and laying off the radius in four
places, so that a total of eight points in all will result. A circle may
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also be drawn in a square with sides equal to the diameter, and the
circle tangent to the sides of the square at the vertical and horizontal
center lines (fig. 81(2)).

() Arcs may be accomplished by drawing tangent to the blocking
lines (fig. 81(3)). ’
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0. (1) When executing an orthographic (or pictorial) sketch, the
proportions of the object are judged by eye. The various features
of the object may be advantageously compared for purpose of deter-
mining size.

Fiaore 88.—Pictorial sketch.

(a) After the center lines are located, the general proportions of
the object in the various views are blocked in with inclosing straight
lines (fig. 82(1)).

(b) The various features of the object are then blocked in
(fig. 82()) and the sketch finally completed (fig. 82(3)). Dimensions,
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notes, and other details are added to complete the drawing (fig. 82@)).
As in regular drawing, sectional views should be used, when neces-
sary, to reveal interior construction.

(2) A pictorial sketch may serve to convey information to those
who may experience difficulty with orthographic viess. Pictorial
sketches are executed freehand in accordance with the principles set
forth in section VI. A pictorial sketch is shown in figure 83,

SeorioN X

SHEET METAL DRAFTING

Paragraph
General e 49
PAPAIIEE TN VPO RORITIIINE o oo i o i i e i .S58 S i e A 50
Radial line development . -_____ R e e e s 51
Development by triangulation______________ o 52

49, General.—a. (1) Sheet metal drafting, or the development of
a surface, is the process of laying off a given area on a flat surface
so that the resulting figure can be shaped correctly into the desired
object. This procedure may be illustrated by wrapping the sides
of an object tightly with a piece of paper cut to the right size to cover
the surface of the object exactly and then unrolling or unfolding the
paper into a perfectly flat surface. Figure 84(1) and (&) shows a
cylinder and cone, respectively, in the process of development. The
outline which the paper presents is called the development of the
surfaces which it covered. Therefore the development of the outside
surfaces of an object will be a true envelope of the object laid out on
a plane, In practice the terms “lay-out,” “stretch-out,” and “pattern”
are used interchangeably with the term “development.”

(2) Another way to illustrate the development of a surface is by
taking a cube made from cardboard and cutting it in such a manner
that it will unfold to a flat surface that may be readily returned to
the original shape of the object (fig. 85).

(8) In the development of surfaces, sufficient material should be
allowed for overlap at seams.

b. When a number of geometric solids of different forms are con-
sidered, some can be wrapped closely and some cannot; for example,
a sphere or ball cannot, because the surface is curved in more than
one direction, whereas, in the case of a cylinder or cone, the curve
is in one direction, and the paper will fit closely. Therefore any
surface that can be wrapped smoothly with a thin, flexible material,
“hat is, any surface composed of planes or single curved surfaces,
is developable; any surface that has double curves is theoretically
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undevelopable; however, such patterns may be approximated closely
enough for practical construction.

c. Development problems resolve themselves into three forms:
parallel line development, radial line development, and triangulation.
The form to use depends upon the shape of the object to be developed.

50. Parallel line development.—Objects which have opposite
lines parallel to each other, or which have the same cross-sectional
shape throughout their length, are developable by this method. This
includes such objects as the cylinder and prism and their many
variations.

a. Hexagonal prism.—Figure 86(1) shows the hexagonal prism in
pictorial form. The object is also represented unrolled to show its

B <0

Fieone B4.—Development of cylinder and cone,

Fictuar B5.—Development of cube.

- - ==
—_— .

outside surfaces in a flat, continuous plane. Figure 86() shows how
the pattern is produced when the conventional two-view drawing is
given. A line AB of indefinite length is extended from the base of
the side view at right angles to its vertical axis. On this line six
spaces are stepped off equal to the width of each of the vertical faces
of the prism. The distance thus laid off is equal to the perimeter of
the hexagon and is called the “stretch-out” line. The stretch-out line
is taken to mean the perimeter of a right section (a section cut by
a plane perpendicular to the edges or elements). At the points
stepped off on the stretch-out line, perpendiculars are erected equal
to the height of the prism as given in its elevation view. This is
readily accomplished by projecting the line ¢D from the top of the
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50 . ARMY AIR FORCES

elevation, parallel to the line AB. Each of the perpendicular lines
(edges or elements) is numbered 1, 2, 3, etc., to correspond with the
numbers of the angles of the top view. The perpendiculars drawn
from AB to (D represent the elements of the prism when it is formed
to shape. The top and bottom of the prism are developed by attach-
ing the plan outline to any of the faces between two elements.

b. Hewagonal elbow.—Assume that the hexagon is cut off at 45° and
the two pleces are used to form halves of a 90° hexagonal elbow.

E e

cmm———————1h

S —
o

e = = -
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Fiaure 88 —Development of hexagonal prism.

Draw the side and top views (fig. 87) and preject a horizontal line 4B,
indefinite in length, out from the bottom of the side view. With the
dividers, step off the width of the sides on the horizontal line. From
each division point on the horizontal line draw ascending vertical lines
of indefinite length. Drop vertical lines from the points of intersec-
tion of the sides in the top view, down across the 45° angle in the front
view, From the points of intersection thus located on the angle in the
front view, project horizontal lines across to intersect the vertical
lines which were drawn up from line AB. Connect these points
of intersection by straight lines which will give the outline of the top

Tq ERSITY OF CALIEOR!



FUNDAMENTALS OF MECHANICAL DRAWING 50

of the pattern for one-half of the elbow. Only one-half of the elbow
is developed because the patterns of the two parts are the same. '

0. Right cylinder—(1) A right cylinder has its lateral edges or
elements perpendicular to the plane of the base. The width of the
pattern of the cylinder shown in figure 88(1) is the same throughout
its length, corresponding to the length of the cylinder; the length of
‘the pattern (stretch-out) is equal to the distance around the base
(circumference) of the cylinder.

(@) The circumference of the cylinder bears a definite ratio to the
diameter (3.1416 to 1). For example, if a cylinder with a 3-inch
diameter is given, the circumference will be 8X3.1416=9.4248. The
fractional equivalent on the measuring scale is chosen to approach
most nearly the value of the decimal fraction.

8 3
e
f
¥
L/ &
2
L)
3
3 |
] I I i
T & IT :
1 |
I 1 ; 'r i Ir I |
1 | ]
I I | | :
i | | I I
1 | | I |
I | [ | |
1 | 1 1 1
A ]

Figuenm BT.—Development of $0° hexagonal albow,

(5) The length of the pattern may also be obtained as follows: Lay
off a small angle on the circle, which angle is contained in the circum-
ference an equal number of times. The length of the pattern will
more nearly approach the true circumference as the size of the angle is
decreased., Set the dividers to the distance between the points where
the sides of the angle cut the circle, and transfer the stepped-off dis-
tances from the plan view to the stretch-out line, The accuracy in the
length of the pattern line may be tested by measuring it and comparing
it to the figured length of the circumference of the circle (3.1416 X.D).

(2) (a) Assume that the cylinder (fig. 88(2)) is cut off at an angle
(truncated). Draw the side and top views, and project a horizontal
line AB, indefinite in length, from the bottom of the side view. Divide
the top view into a number of equal angles. Set the dividers equal to
the distance between the points where the sides of the angle cut the
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circle, and step off on the horizontal line 4B as many spaces as there
- are angles in the top view. From each division point on the horizon-
tal line AB, draw ascending vertical measuring lines of indefinite
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Fiagorm BE.—Development of right cylinder,

length. Drop vertical lines from the top view down across the angle
in the side view, and from each point thus located, project horizontal
lines across to intersect the vertical measuring lines. Connect these
points with a smooth curved line to form the pattern of the cylinder.
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(5) To obtain the shape of the surface €D as it would appear
in the auxiliary view, draw a center line £F at right angles to €D,
and through £'F draw center line GH parallel to (D. On GH draw
a half profile of the top view. On the semicircumference, step off like
divisions as on the top view. Project lines parallel to GH which
intersect the corresponding lines from €'D to locate the points of the
auxiliary view (ellipse).

51. Radial line development.—a. General.—Surfaces develop-
able by this method are those which are conical and those in the
shape of pyramids, that is, surfaces converging to a point. The pyra-

-
|
]
|
|
|
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Fravre 89 —Development of right pyramid.

mid has flat sides which give it a base in the form of a polygon.
If it has four flat sides at right angles to one another, it is called a
rectangular pyramid; if it has six sides, it is called a hexagonal pyra-
mid, etc. The cone has a circular base; the cones considered in this
paragraph are those in which the apex is directly above the center
of the base (right cone).

b. Right pyramid.—The shape of the pattern for a right pyramid
(axis perpendicular to base) may be illustrated by holding the apex
of a pyramid at a definite point and rolling the pyramid as illustrated
in figure 89(1), the outline of each surface of the pyramid being im-
printed upon the surface over which it is rolled. The pattern thus
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obtained converges to a point, and all the elements are equal in
length. Figure 89() illustrates the radial line method of developing
such a pattern. The two views provide the necessary shape descrip-
tion and dimensions. All edges are numbered correspondingly in
both views. The apex of the pyramid is taken at center €, and an
arc AB is drawn, indefinite in length, with the length of an outside
edge of the pyramid as a radius. Although all the edges are equal,
they do not appear so in elevation because of the inclined surfaces.
Thus only the outside edges show the true lengths for use as the radius
of the arc. A point is selected on the arc for the first element. With
the dividers set to a distance equal to the length of a side of the base,
the other elements are stepped off around the arc. The points located -
in this manner are then connected with straight lines to form the
outline of the pattern. Lines are drawn from these points to the
center point to show clearly where the folds will be made when the
object is brought to shape.

|

<

Figoen 00.—Development of right cone.

¢. Right cone—The pattern of the right cone (fig. 90) is a portion
of -a circle, the radius of which is equal to the slanting height of the
cone. One edge of the pattern must be equal to the distance around
the base of the cone; therefore this distance is laid off on the circum-
ference of the pattern circle. To do this the approximation method,
as described in paragraph 50c¢(1)(d), is used. The end points of
the distance laid off with the center of the circle are connected, and the
pattern is complete. Should it be desired to cut a portion of the cone
away on a line parallel with the base, the slanting height of the
small cone thus formed is taken as a radius and an arc swung on
the pattern using the original center point. When the pattern is cut
out, the two straight sides are brought together to form the cone.

(1) The surface development of a truncated pyramid (fig. 91)
is similar to that for the whole pyramid, with the exception that now
the elements are no longer the same length. A two-view drawing is
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made to provide the necessary shape and dimensions. The elevation
view must be completed by construction lines to locate the apex of
the pyramid, but it is not necessary to complete the top view in all
details. The outline alone provides the required information. The
top view shows the base outline of the pyramid, thus giving the side
widths. As a starting point for the pattern, a center is located. A
complete pattern for a whole pyramid is then laid out as in the
problem in & above. On the pattern are laid off the true lengths of
the elements. Suppose the pattern begins at the shortest element.
The true length of this element is seen in the elevation view. By
means of dividers, this length is transferred to element 1 on the pat-
tern. Considering element 2, the elevation does not show its true
length, as it is inclined to the plane of projection. To find its true

] Y
Fravee 81.—Development of truncated pryramid.

length, it is imagined that the pyramid is revolved about until this
edge is in the position of element 1, where its true length can be seen.
To accomplish this, a horizontal line is drawn from the upper end of
element 2 until it crosses element 1. The true length of element 2
is the distance from this intersection point to the lower extremity of
element 1. The true length of element 3 is found in the same manner.
Element 4 is shown in its true length. This completes half of the
pattern ; the other half is the same.

(2) The pattern for the truncated cone shown in figure 92 employs
the same general procedure as outlined for the complete cone. The
elements are extended until they meet in order to find the radius of
the pattern arc. The circumference of the cone base is laid off on
the arc by the approximation method previously described. Connect
each of the divisions with the center of the pattern., Step off the
lower half of the circle in the top view with the same division. From
the points thus located on the circle, project vertical lines down until
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they cross the base line of the cone in the elevation view. From these
points of intersection, draw lines toward the apex of the cone until
they cross the oblique line indicating the top of the truncated cone.
These lines are the elements that correspond to those which have
been laid out on the pattern. To find the true length of each line
on the elevation view, project a horizontal line from each point on
the oblique line until it cuts the true length element of the cone.
These horizontal lines will cut off lengths equal to the true lengths
of the lines. It is advisable to number corresponding elements on
both views and the pattern to facilitate the transfer of the true lengths
from the elevation view to the pattern.

52. Development by triangulation.—a. G'eneral.—It frequently
occurs in development problems that the orthographic views of the

i 09
2 3 4 5 8
FicUen HE.;DE?ﬂnpmant of truncated cone,

T

object do not show the true dimensions of surfaces which must be
included in the pattern. Such a case is found in the truncated pyra-
mid shown in figure 91, in which certain elements are not shown in
their true lengths because of their inclined positions. Since all ele-
ments of a right cone are equal in length, the true lengths of the fore-
shortened lines may be found by revolving the object on a vertical
axis until the line, or element, reaches a position on the drawing which
shows the true length of the element. This is accomplished on the
drawing by projecting a horizontal line from the upper end of the
element out to the side of the cone. This line cuts off on the element
shown in its true length a distance equal to the true length of the fore-
shortened element. In development by triangulation, the inclined
element is imagined to be the hypotenuse of a right triangular section,
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FUNDAMENTALS OF MECHANICAL DRAWING 523

the base of which is the radius of the base of the cone, and the altitude
the vertical height ; this triangle is then revolved until the hypotenuse
is parallel to the plane of projection, thus showing its true length. It
follows that triangulation is based upon the use of the right triangle
in determining the true lengths of lines, real or assumed, upon the
surfaces to be developed. In some cases it is necessary to show the
elements in two views as a basis for finding their true lengths. An
elevation view shows the vertical height of an element, and a plan or
top view shows the horizontal distance covered by the same element.
Then if these two distances are laid off as the sides of a right triangle,
the hypotenuse of the triangle shows the true length of the element.

b. Obligue cone—For an application of the theory discussed in a
above, the surface development of an oblique cone (fig. 93) will be used.

12 3 4 387
TRUE LENGTHS

Frarvre 83.—Development of obligue cone.

(1) The elevation and plan views are constructed and divided into
elements. In the elevation view, the short side (A1) of the cone shows
the least width (01) on the pattern, and the long side (A7) shows the
greatest width (07) on the pattern. These two lines correspond to
the elements which fall on the horizontal center line in the plan view.
It is thus shown that any element line which is horizontal in the plan
view shows its true length in the elevation view.

(2) In the elevation view the vertical distance (AB) from the vertex
of the cone to the base line is the vertical height of all elements, and
the lengths of all elements, as shown in the plan view, are laid off at
right angles to this vertical height distance (A8) along BC. The
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hypotenuse of each of the triangles thus formed is the true length of
the element to which it corresponds.

(3) In forming the pattern, a center point is first located. A line is
drawn from this point equal in length to the short side of the cone
to form one edge of the pattern., With the dividers set to a radius
equal to the distance between elements as shown in the plan view, and
using the outer end of the line as a center, a short arc is drawn. Then
with the dividers set to the true length of the element adjacent to the
short side, and the pattern center point as a center, an arc is drawn to
intersect the first arc. This intersection point will be a point on the
outline of the pattern. With the dividers again set to the first radius
and with the intersection of the preceding ares as a center, another

2 3 8T B I

- |

' 23 | A
AB ELEVATION D,C TRUE LENGTHS

Fiaves P4.—Development of transition plece

arc is drawn ; the true length of the next element is swung to intersect
it, thus locating another point on the outline of the pattern.

(4) This procedure is continued until the true lengths of all elements
have been laid off. The arc intersections are then connected with a
smooth curved line to complete the approximation.

e. T'ransition piece—Figure 94 shows the development of a transi-
tion piece suitable for forming a connection between cylindrical and
rectangular ducts. The diameter of the circle end is equal to the
length of the shorter side of the rectangular end. A half pattern only
is shown, therefore, two pieces should be cut out to this shape.
Element lines are constructed, correspondingly, on both the elevation
and plan views as a basis for finding their true lengths, The plan is
drawn as a bottom view. To start the pattern, a triangle B—4-C is
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laid out the same as the triangle in the elevation view which bounds -
the flat part of the surface. Note that this flat surface is parallel to
the plane of projection in the elevation view and therefore its true
shape is shown. The distances between elements 1, 2, and 3, etc. in
the pattern are the same as the distances between them in the plan.
These distances should be laid off one at a time by drawing an arc each
time. The true lengths of numbers 1, 2, and 3 are swung from B to
intersect the smaller arcs. Numbers 5, 6, and 7 are likewise swung
from . The pattern should be started from the center and developed
out each way to the sides. When point 7 is located on the pattern,
the dividers are set to the true length of 7D, which is shown in the
elevation, and with point 7 on the pattern as a center, an arc is swung.
Then with ¢ on the plan as a radius, and € on the pattern as a center,
another arc is swung to intersect the first, thus locating D on the
pattern. Point 4 is located in a similar manner, thus completing the
outline of the half pattern.

Seorion X1
REPRESENTATIVE WORKING DRAWINGS

Paragraph
Assembly and detall drawings__._______ _ 53

53. Assembly and detail drawings.—Drawings are divided,
generally, into two classifications: assembly drawings and detail draw-
Ings.

@ (1) Assembly drawings show all parts of an object in their
proper position and relation to one another. Omly principal dimen-
gions dealing with assembly and installation are given. Invisible
outline is omitted unless required for clarity. Figure 95 shows an
~ assembly drawing of a vise.

(2) Subassembly drawings are drawings which show several de-
tails assembled in their working order, but are only a part of the
main assembly. An example of such a drawing is the screw assembly
(fig. 96), which in itself is a working unit requiring assembly with
other units to make a complete assembly of the vise. Subassemblies
are frequently shown in section to indicate more clearly the relation
of the various details in the assembly. Subassembly drawings have a
part number, which is the number applied to that particular com-
bination of details. Subassemblies have the details designated with
their proper part numbers.

(3) Frequently, if the object involves no complicated details, an
assembly drawing may suffice to present complete information and
may thus be used as a working drawing.

(l




53 ARMY AIR FORCES

b. A detail drawing carries the minutest detail pertaining to the
construction of each component part of the assembly. The detail
drawing includes specifications of materials, dimensions, shop notes,
changes, part numbers, finish, number of pieces required, and other
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information relative to the construction of the object, thus affording
a complete picture of the part. Detail drawings of the component
parts of the vise, such as the base, swivel jaw, guide, jaw, retaining
screw, serew, handle, and collar are shown in figures 97 to 104, inclu-
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53 ARMY AIR FORCES

give. The detail drawings of the screw, handle, and collar are details
of the screw assembly (fig. 96), which in itself is part of the main
assembly (fig. 85).

¢. A bill of material may be included on the drawing, containing
such notations as name and number of part, quantity required, ma-
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Nore.—Limits on dimensions +.00T56 unless otherwise specified. Material—8. A. H.
1025 steel ; F. A, 0,—8mooth machine.

Fraore 98, —Detall of swivel jaw,

terial, and any other pertinent information. This may be issued in
the form of a part list (fig. 105) on a separate sheet and issued with
the drawings. This list would also include standard parts not shown
on the drawing. Parts and subassemblies are listed in the reverse
order of assembly, and are indented in the list to indicate their rela-
tion to the assembly or subassembly.
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BREAK SHARP CORNMNERS
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Nore—Limits on dimensions =+ .007T50 unless otherwise specified. Material—B. A, E.

1025 steel ; F. A, O0,—Bmooth machinea,
Fiaore 108.—Detail of handle.
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STEP DRILL™15,14,.813(I85 2 ooos)

BREAK SHARP CORNERS
Norn—Limits on dimensions +.0076 unless otherwise specified. Material—8, A, H,

1025 steal ; F, A, 0.—Bmooth machine,
Fraves 104.—Detail of collar.
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