Axonometric Projection ]6

16.1  Definition. An axonometric projection may Horizonta)
be defined as an orthographic projection upon a plane
oblique to the three principal planes, as shown in
Fig. 16.1. The object represented is usually assumed
to have its principal faces parallel to the three prin-
cipal planes of projection. Three types of views or
projections may be obtained by varying the position
of the axonometric plane. When this plane makes
equal angles with the principal planes, an isometric
projection results. The axes, or edges of the cube,
are therefore equally foreshortened and make angles
of 120° with each other,

When the axonometric plane is equally inclined to
two of the principal planes, two of the axes project
equally and the third is foreshortened by a different
amount, In this case two of the angles between the Fig. 16.1. Theory of isometric.
axes are equal while the third is different.

When the plane is unequally inclined to all three
principal planes a trimetric projection results. When s Bﬁfggma
this happens, the axes are all foreshortened by dif- S
ferent amounts and the angles between the axes are
all unequal. In no case can any of these angles be
90° or less.

Projections of this kind can be made in a variety
of ways. For example, it will be noted that the body
diagonal of the cube in Fig. 16.1 is perpendicular to
the axonometric plane and the three edges will there-
fore make an angle of 120° with each other. Conse-
quently an isometric projection may be made upon a
plane which is set up perpendicular to this diagonal
either by auxiliary projection, as shown in Fig. 16.2,
or by revolving the cube until its body diagonal is -
perpendicular to the vertical plane, as in Fig, 16.3. ) N e ”:f;,’;’;"/
These methods, however, are not practical for more / ' . \
complicated objects, but from them certain rules may
be derived which make possible simple methods of
construction, This scheme based upon simple rules of -
construction is .called the conventional method. -

16.2 Isometric pfojection compared with isometric e
drawing. In Fig. 16.3, it may be noted that the edges Fig. 16.3. Isometric view by turning cube.
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Fig. 16.5. Isometric projection and isometric drawing
compared.

of the projection of the cube at the right are shorter
than those of the cube itself as shown on the three-
view drawing at the left. The correct ratio of this
foreshortening could be obtained by constructing an
isometric scale as shown in Fig. 16.4{«). A second
method of construction is shown in Fig. 16.4(b).
Scales of this type, however, are not on the market,
and it would be tedious to make them and not worth
while since an isometric drawing on which the regu-
lar normal seales are used has exactly the same ap-
pearance as a projection except for size. By making
measurements along the three isometric axes with a
normal scale the drawing becomes about 114 times as
large as a true projection, as shown in Fig, 16.5,

A line parallel to any one of the isometric axes
(edges of the cube in Fig, 16.5) is called an isometric
line. All other lines are non-isometric.

16.3 lsometric of plane figures. a. Straight-Line
Figures. The isometric drawing of a solid object con-
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sists mainly in representing three more or less ir-
regular plane faces, which are parallel to the faces of
the isometric cube. In these faces there may be any
number of non-isometric lines. The outlines of the
plane faces including the non-isometric lines in them
constitute a series of plane geometrical figures which
must be drawn in isometric. As a prelude to the
drawing of more complicated solids the construction
of plane figures in isometric will be considered.

In Fig. 16.6{a)} an irregular seven-sided figure is
shown. In Fig. 16.6(b), this figure has been enclosed
in a rectangle and the coordinates of the corners of
the figure relative to the box have been indicated. In
Fig. 16.6(c} and (d), an isometric of the rectangle
has been made in two different positions and the
seven-sided figure constructed therein by making
measurements as indicated.

b. Circles and Curves by Coordinate Method. A
circle may be constructed in isometric by the coordi-
nate method, as shown in Fig. 167. The procedure
is as follows: (1} Divide the circle into 12 equal
parts; (2} enclose it in a square, and draw coordinates
through these points in two directions; {3) construct
the isometric of the square and the coordinates, thus
locating the 12 points in the isometric; (4) draw a
smooth curve through the points.

Another very convenient method of drawing an
ellipse which represents a circle in isometric or any
kind of projection is illustrated in Fig. 18.7(f). First
draw a parallelogram which is the projection of a
square cireumscribing the circle and then draw a
semicircle, using one of the sides of the parallelogram
as a diameter. Divide the semicircle into an even
number of parts and project them perpendicularly to
the side of the parallelogram. From these points
draw lines in the parallelogram parallel to the other
side. Draw a diagonal of the parallelogram. Draw
lines from the points of intersection of the diagonal,
paraliel to the side of the parallelogram on which the
circle is drawn. The intersections of those two sets
of parallel lines give points on the isometric of the

Fig. 16.8. Construction of plane figures in isometric.
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Fig. 16.8. Four-center method of representing a circle in isometric.

circle. This method may be used in any type of
pictorial.

¢. Circles by the Four-Center Approximate Method.
An approximate isometric of a circle may be drawn
by the method shown in Fig. 16.8. This construction
depends wpon the fact that the center of a circle
which is tangent to a straight line lies on the perpen-
dicular to the line at the point of tangency. Hence,
if we erect perpendiculars at the midpoints a, b, ¢,
and d of the sides of the isometric square, these per-
pendiculars will intersect in pairs, thus locating the
centers of the four arvcs, ¢, f, g, and h, which will ap-
proximate the correct ellipse. It will be noted that in
isometric two of these centers lie on the corners of
the square and the other two lie on the long diagonal.
Use of these facts enables the draftsman to shorten
the construction considerably by drawing only the
lines ah, ge, and mn, as in Fig. 16.8(e). This con-
struction can be used in any isometric face of a cube,
as illustrated in Fig. 16.8(f). The method involves
less labor than the coordinate method and is suffi-

Fig. 16.9. True ellipse and four-center ellipse compared.

ciently accurate for most isometric work, This ap-
proximate ellipse has a shorter major axis and longer
minor axis than the true ellipse as shown in Fig. 16.9.

16.4 Isometric drawing of solids. Box method.
From the drawing of plane figures to the drawing of
solid objects in isometric is but a simple step, involv-
ing only the use of a third coordinate distance. The
steps in the procedure are as follows:

a. Draw the orthographic views of the object to the
same scale as that to be used on the isometric.

b. Enclose the views in the smallest enclosing rec-
tangular box.

c. Draw the enclosing box in isometric in the posi-
tion which will best reveal the shape of the object,
making the three edges at 120° with each other.

d. Draw the simple parts of the object which lie in
or adjacent to the faces of the box.

e. Plot the curves and interior points by the coordi-
nate method.

f- It is the usual practice to omit all invisible lines
in pictorial drawing,

16.5 1isometric of a block. Box method of con-
struckion. An isometric drawing of the block shown
by three orthographic views in Fig. 16.10(a)} may be
readily constructed in the following manner. The first
step as outlined above consists of enclosing the ortho-
graphic views of the object in the smallest rectangular
box which will just enclose it as shown by the light
lines of Fig. 16.10(«¢). 'This box serves as a reference
frame from which dimensjons can be measured in the
orthographic views and plotted in the isometric.

The second step consists of drawing the isometric
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of the enclosing box in the position desired, as shown
in Fig. 16.10(b). Here the front orthographic view
has been made the left face. The various parts which
have been cut out of the block can now be cut from
the isometric box in any order desired. Thus, in Fig,
16.10(¢), the distance (a*-1) on the top view has
been measured on the same line, AC, in the isometric
and the distance (a’-2) along the line AB. The di-
agonal line 1-2 can now be drawn in the isometric
view. From the points I and 2 in the isometric, ver-
tical lines can be dropped to the bottom of the box
and then the diagonal in the bottom face can be
drawn,

In a similar manner the other cut-outs can be trans-
ferred by direct measurement from the orthographic
to the isometric, as illustrated in the successive Figs.
16.10(d) and 16.10(e). It should be carefully noted
that in all cases measurements are made on or parallel

to the three isometric axes, They can be made in no-

other manner for no other lines are foreshortened in
the same ratio as these lines.

As a second illustration, the construction of a trun-
cated hexagonal pyramid is shown. In Fig. 16.11(a),

the object is shown enclosed in a rectangular box,
and, in Fig. 16.11(b), the box has-been drawn in iso-
metric and the hexagonal base shown in the bottom
of the box. The measurements ¢ and b for con-
structing this plane figure are obtained from the top
view as shown in the figure. :
Whenever an object has a plane of symmetry, ad-
vantage should be taken of this fact to speed. con-
struction. Hence, in Fig. 16.11(c), the central plane
of symmetry has been established and the two points
2 and 9 located in it to give the center line of the
truncated face (2-9). For example, the point 2 is
located by measuring the coordinate I-2 in the cen-
tral plane as indicated. The point 9 is located by
going up along the center line from 0 to 9, using the
distance 0-9 in the front view., Points 3, 4, and 5 are
located by taking the measurements (1-3}), (14}, and
(1-3) from the top and front views. By dropping
perpendiculars from 3, 4, and 5 to the center line
(2-9}, the points 6, 7, and § are located as shown in

Fig. 16.11(¢). Isometric horizontal lines can then be -

drawn through points 6 and 7, Points 10 and 1I can
be located by stepping off from point 6 on these lines

e)

Fig. 16.11. Truncated pyramid in isometric.
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the distances (6-10) and (6-11) which are equal. A
similar procedure locates points 12 and 13 as shown
in Fig. 16.11(d). All these measurements are taken

from the top view. The six points in the truncated

face are then connected to form the sloping truncated
face. The corners of this face are then connected to
the corresponding corners of the base, thus complet-
ing the isometric as shown in Fig. 16.11(e). It is cus-
tomary in isometric drawing, as in all other pictorials,
to omit hidden lines unless they are necessary to make
clear the shape of the object. Note again that all
measurements were taken on or parallel to isometric
lines. ’

.16.6 Solid objects invelving circles. The objects
illustrated thus far have been composed entirely of
straight lines. Many objects, however, involve circles
either singly or in groups. The following suggestions
will assist in speeding up construction and in avoiding
COmmon errors, i

16.6.1 ParavLzL CircLes or OrHes Curves, In ac-
tual drawing, circles nearly always cccur in pairs.
Since rapidity in construction is always important,
the suggestions for speeding up the layout of circles
parallel to each other, as shown in Fig, 1612, are
valuable.

In the four-center method the centers for the first
circles are found in the usual way. Circles parallel
to the first may be quickly found by drawing iso-
metric lines from the original four centers and step-
ping off on them the distance between the circles, to
locate the new centers, as shown in Fig. 16.12.

The same scheme may be used for a curve plotted
by the coordinate method, as shown in Fig. 16.13, for
a non-circular curve. One curve is drawn in the
usual way, and isometric lines are drawn from the
plotted points, Each successive curve may be stepped
off with one setting of the divider.

16.6.2 Tawcent Circies anp Arcs. The four-
center method may be used for tangent circles or
arcs only when they are tangent to each other at the

Circles Tongent

)

Fig. 16.12. Short cut in drawing parallel circles in isometric.

Fig. 16.18. Short cut in drawing parallel curves in isometric.

mid-point of the sides of their enclosing rectangles,
as shown in Fig. 16.14(a). If the tangency points
occur at other places, the circles will overlap or miss,
as shown in Fig. 16,14(b), because of their departure
from the true ellipse. In such cases the coordinate
method should be used or other approximations made.

16.63. ConnoNn Errors v Drawine CIRCLES,
Two common errors are frequently made by the stu-
dent in drawing circles on various objects. One of
these consists of drawing the circle out of the proper
isometric plane, as shown in Fig. 16.15(a). This can
be avoided by making sure that the sides of the en-

Four cenfor
ellioses rol

Fargert -\

Fig. 16.14. Limitation of four-center method,
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Fig. 16.15. Common errors made in drawing isometrics of
: circles.

closing parallelogram are parallel to the isometric
lines of the plane in which the circle lies, as shown
for the circle in the Iower face of the object in Fig.
16.15(a).

A second error occurs in the drawing of short cyl-
inders or eylindrical parts where the student fails to
put in the isometric tangent line between the circles,
as shown in Fig. 16.15(h). The far side of small
holes is omitted many times.
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16.7 Steps in construction ilusirated. The simple
bearing shown in Fig. 16.16 will serve to further illus-
trate the method of construction which has again
been broken down into a series of successive steps,
following. the method previously suggested. Figure
16.16{a) shows the orthographic views enclosed in a
box. Figure 16.16(b) shows the box in isometric
with the base and cylindrical bearing partly com-
pleted, The circles are drawn in their proper planes
by the four-center method based on the enclosing
rectangles which are shown,

In an object of this kind, considerable time can be
saved by using the plane of symmetry and noting
that much of the construction falls naturally into iso-
metric planes. To plot the vertical and sloping webs,
a series of horizontal planes d, e, f, etc., are drawn in
the orthographic views locating points I to 12 on the
curves. In Fig. 16.16(c), the end view of the vertical
web is drawn in the end of the isometric box, and on
it the points d, e, f, etc., are located by measurements
(0-d), (0-c), etc. From these points d, e, f, etc., iso-
metric horizontal lines are drawn and measurements
(d-1), (e-2), etc.,, made on them, thus locating points
1, 2, 3, etc,, on the curve which can then be drawn
as in Fig. 1616(c).

Fig. 18.16. Construction in isometric planes speeds drawing.
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The front view of the sloping web is next con-
structed in the right face of the isometric box, as
shown in Fig, 18.16(d). It is a simple matter to carry
the m, n, o, p horizontal planes around the box from
d, e, ete., to locate the points (5, 6, 9, and 10), etc.
From these points horizontal lines can be drawn in iso-
metric, and the distances (m-5), (n-6), etc., obtained
from the three-view drawing in Fig. 16.16(a), can be
measured on them, thus establishing points 5, 6, 7,
etc. The other curves may be found in a similar
manner, The completed drawing with all construc-
tion removed is shown in Fig, 18.16(e).

16.8 lsometric of a double-curved surface, On
some -objects such as the pipe return bend shown in
Fig. 16.17, an enveloping curve representing the out-
standing contour of the object must be drawn. This
curve does not lie in a single plane and hence cannot
be constructed by plotting points in the usual way.

Since a sphere projects as a sphere in isometric a
simple method of making this, or any similar con-
struction, is shown in Fig. 16.17. A series of spheres
may be imagined lying in the bend just tangent to
it. The centers of five or six of these spheres may be
located on the isometric of the center-line circle, as
shown in the illustration by points @, b, etc. Next the
size of the isometric sphere is obtained, as shown in
Fig. 16.17(a), by making the circle tangent to the
isometric ellipse. Only the major axis of the ellipse
needs to be drawn to determine the diameter of the
spheres. With the radius thus determined the arcs
may be drawn and a smooth curve drawn tangent to
them, :

16.9 Consiruction by the center-line layout. The
box method of construction discussed in preceding
paragraphs may be used for any type of object.
When, however, the object consists of a munber of
circular parts lying in the same or parallel planes, the
center-line layout shown in Fig. 1618 is a con-

-t

Size or
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Fig. 16.17. Tangent sphere method of drawing a double-
curved surface.

venient and rapid method of construction. In Fig,
16.18(a) the orthographic views are shown, and in
Fig. 16.18(b) the isometric layout of the principal
center lines are drawn, In Fig, 16.18(h) the paral-
lelograms for some of the circles are drawn, and in
I'ig. 16.18(¢} the drawing is completed.

16.10 Dimensioning. For shop purposes, other
than assembly work, an isometric drawing must be
dimensioned. The regular rules and suggestions for
dimensioning two- or three-view working drawings
hold for isometric drawing in a general way, but, in
addition, the following rules must be observed.

16.10.1 PicromaL Prane DiveEnsioNing. Dimen-
sions on isometric drawings should be placed in such
a way that they can be read from one point of view,
which should be from the bottom of the sheet. This
may be said to encompass all other rules in regard to
the direction on which dimensions should read, and
it is the only safe one to follow at all times. It is
best to dimension the visible faces.

a. All dimension lines must be isometric lines and
lie in isometric planes. This point must be carefully
observed. Difficulty usually occurs in objects having

(B

@
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Fig. 16.18. Center-line method of constructing cylindrical objects.
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Fig. 18.19. Diniension lines in isometric planes.
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Fig. 16.20. Lettering and dimensions in isometric,

non-isometric lines. Figure 16.19(«} illustrates a very
common error. The dimension line and the two wit-
ness lines do not lie in an isometric plane even though
the dimension line is vertical. Figure 18.19(b) illus-
trates the correct method.

b. Figures and lettering of notes should be made to
lie in isometric planes. Only vertical-style lettering
should be used in isometric, Figure 16.20 shows how
the parallelogram enclosing a letter or figure may be

used as an aid in isometric lettering. The front views
of the small cubes show the letters and their enclosing
parallelograms orthographically; the two isometrics of
the cubes show the six possible positions in which
these parallelograms and figures may appear. Figure
16.21(a) illustrates the dimensioning of a rectangular
object, placing the numerals in one or another of the
positions shown in Fig. 16.20.

16.10.2 UnmirecTionaL DiMENSIONING, The Amer-
ican Standards Association has recently approved the
placing of all dimensions and notes in one plane as
illustrated in Fig. 16.21(b). When using this sys-
tem only vertical letters or numerals should be used.
This method is simple and more rapid for production
purposes.

16.11 Screw threads in isometric. Screw threads
could be accurately drawn in isometric but the process
is so laborious that a conventional scheme which is
quite satisfactory has been adopted. Arcs of a series
of parallel circles are used to represent the crest and
root lines although the root lines need not be shown.
Any method of drawing the circles may be used but
the construction for the four-center method is illus-
trated in Fig. 16.22, -

Because of symmetry of construction Square threads
and Acme threads cannot be clearly shown in iso-
metric. Dimetric or trimetric layouts are much more
suitable for this purpose.

16.12 Section views. As in orthographic drawings,
the interior construction of complicated objects is best
shown by sectional views. Half and full sections may
be made by removing one-fourth or one-half of the
object, respectively. The cutting planes should always
be isometric planes as shown in Fig. 16.23(«¢). In a
half section the cross-hatching lines should be drawn

V' Driti
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IFig. 16.21. Two approved systems of dimensioning.
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Fig. 16.22. Screw threads and square bolt head in iSometric.

in a position to give the effect of coincidence if the
two sectioned faces were revolved together. Correct
and incorrect examples are given in Figs. 16.23 and
16.24 to illustrate this point. No new principles of
construction are involved in making section views.
The step-by-step construction of a sectional view is
shown in Fig. 16.25. By beginning with the sectioned
parts, as shown in Fig, 16.25(b} and (¢}, a minimum
number of construction lines need be used. Careful
study of the figure will show the procedure. The
finished sectional drawing is shown in Fig. 16.25(f).

16-09
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Fig. 16.23. Section cutting planes in isometric,
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Fig. 16.24. Incorrect cross-hatching.

16.13 Position of isometric axes. Thus far we
have considered isometric drawing with the object
always in one position, The three axes, however, may
be drawn in an infinite number of positions so long
as they always make equal angles with each other.

Fig. 16.25. Step-by-step construction of an isometric sectioned view,
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Four easily drawn positions, as shown for the object
and enclosing box, in Fig. 16,26, are most commonly
used.

The choice of the position of these axes will depend
upon the nature of the object. When the top and sides
of the object contain most of the details, the position
used thus far is best. If, on the other hand, the bottom
contains the more important details, the position of
Fig. 16.26(b) is by far the best. The object should,
of course, be shown in the natural or normal position
if it has one.

16.14 Spheres and other curved parts. Spherical
parts occur on pieces of machinery and can readily be
drawn in isometric. The sphere appears as a true
circle. A simple lever involving spheres and curved
handle is shown in Fig. 16.27.

In some objects such as gears and conveyors, it is
desirable to divide a circle into a large number of
equal parts. This must be accomplished first in the
orthographic layout and then transferred to the iso-
metric, using the outlines of the isometric square as
shown in Fig. 16.28. Isometric protractors are on the
market, and where such an instrument is available it
may be used to make the divisions directly in the
isometric.

16.15 Advantages of isomelric. As compared
with two- and three-view orthographic projections,
isometric has the advantage of showing three sides of
the object in one view, thus giving a more realistic
picture of it.

As compared with other forms of pictorial drawing,
isometric has the advantage of being easily constructed
since the same scale is used on all sides. Circles can
be readily approximated by the four-center method.
It can be scaled and dimensioned. It is flexible in the

position in which an object may be shown but not as

flexible as other types, particularly oblique projection
described in a later chapter. Circles are not distorted
as in oblique and sometimes in perspective,

Against these advantages may be placed definite
disadvantages which limit its usefulness in certain sit-
uations. Long objects with parallel sides show a dis-
agreeable distortion since the eye is accustomed to
the perspective effect of long parallel lines which

appear to approach each other. There is also an

exactness of symmetry causing an overlaying of lines
in some symmetrical objects which makes the isometric
difficult to read.

16.16 Dimetric drawing, Somewhat the same
distinction exists between dimetric projection and

(= 162
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Fig. 16.27. Construction of object with curved surfaces.
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Fig. 16.28. Construction of a right helicoid in isometric,

dimetric drawing as obtained between isometric pro-
jection and isometric drawing, namely, that scales ap-
proximating the projected scales are used in making
the drawing. In Fig. 16.29(a), the conventional cube
has heen shown rotated from the position for isometric
projection to a convenient dimetric position. The di-
metric projection is shown at (5).

In Fig. 16.30, four convenient positions for the
dimetric axes are illustrated, with the approximate
proportion of angles and scales for each axis indicated.
The construction in conventional dimetric is carried
on in the same manner as in isometric, except that on
one axis the scale is changed. The simplest way of
making a dimetric drawing is to proceed in the follow-
ing manner:

a. Make the orthographic views to the scale desired
for the two equal dimetric axes, and then enclose the
views in the smallest possible rectangular box as shown
in Fig. 16.31.

b. Draw the box in the desired dimetric position by
transferring overall dimensions with dividers directly
from the orthographic views for the equal axes and to
the proper scale for the third axis. The scale to be
used for this third axis is shown in Fig. 16.31 at the

|— V. Flane

Fig. 16.29. Dimetric projection and drawing.
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Fig. 16.30. Four convenient positions for dimetric drawing.

/‘5{ JScale vsed on IHAs GXLS

A

/\/
= 5/ MNormaol scales
“secf on lhese oxes

o

-

Fig. 16.3). Construction of a dimetric drawing.
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() Isermealtic

(B) Dirmetric
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Fig. 16.32. Position of plane for isometric, dimetric, and trimetric projection.

left side of the top view. In this case the scale on the
short axis was made 3 that of the other axes.

¢. Plot points locating the corners and curves of the
object just as in isometric, taking care to use the proper
scale.

. It should be noted that the four-center method
of drawing circles can be used only in the face having
equal scales on both sides.

16.17 True axonomelric projections. A simple
method of making true axonometric projections was
devised by Professor L. Eckhart of Vienna, Austria,
and published in 1937, This method was presented
in the United States by the authors in 1942 and has
since been widely used. The method is applicable to
isometric, dimetric, and trimetric projections, and is
particularly useful in the two latter types when ortho-
graphic views of an object are available. The ques-
tion of scale on the various axes is automatically
determined.

16.18 Theory of axonometric projections. In Fig.
16.32, the position of the axonometric plane relative
to the three principal planes is shown pictorially for
each of the threc types of projection. The relative
position of the three principal views and the axono-
metrie view is also shown. It should be noted at the
beginning that axonometric projection as here dis-
cussed is orthographic; ie., the projecting lines are
perpendicular to the plane of projection. The follow-
ing principles of orthographic projection are involved
in an understanding of axonometric projection.

a. If a point is projected orthographically upon any
two inclined planes, as in Fig. 16.33, the two projec-
tions fall on a line which is perpendicular to the line
of intersection of the planes, when the planes are
revolved into coincidence. Thus, in Fig. 16.33, the
projections O4 and OF lie on the same perpendicular

to AB. This principle has been again illustrated for
all principal planes in Fig, 16,34,

In Fig. 16.35, the three principal planes together
with the projections of an object on them have been
successively revolved into the plane of the axonometric
triangle. From Fig. 16.35(c}, it can be clearly seen
that the axonometric projection in the center could

Profile plrne
revolved e
@XOAIIELITE
\ oane

plone

Fig. 16.33. Theory of axonometric projection,

Fig. 16.34. H-, V-, and P-projections of a point revolved into
axonometric plane.
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be obtained by direct projection from any two of the
three revolved orthographic views. The following
things should be noted:

1. The projecting lines are always perpendicular to
the axis of rotation.

2. In each case the revolved positions of the ortho-
graphic views have their principal edges parallel to
the edges of the comesponding revolved plane.

b. One other geometric principle is involved. If
three mutually perpendicular lines, as, for example,
three intersecting edges of a cube, ox, oy, and oz, in
Fig. 16.36(a), are made to pass through the three
corners of a triangle, xyz, the projections of these lines
on the triangle will be perpendicular to the side op-
posite the corner through which the line passes, as
shown in Fig. 16.36(a).

¢. Finally, in order to determine the position of
right triangle oyz, of Fig. 16.36(a), when revolved
into the plane xyz, it is necessary to use the geometric
principle that any two lines drawn from the ends of
a diameter of a circle to a point on the circumference
make a right angle with each other, Then by hy-

pothesis, when the triangle oyz is revolved about the
line yz into the plane of the paper (x, y, 2}, the angle
yo,z will show as a right angle. Hence, if we con-
struct a semicircle on yz as a diameter, as in Fig.
16.36(b), point 0 must move out along line ox to the
point ¢, on the semicircle. This construction enables
the draftsman to determine the position of the ortho-
graphic views as shown in Fig. 16,35,

16.19 Constructing o trimetric projection. Having
these principles in mind, a step-by-step construction
for making a trimetric projection may be made as
follows. See Fig. 16.37.

a. Select the position of the three axes as in Fig.
16.37(a). Note that the edges of the object in the
finished drawing will be parallel to these lines. The
angles between the lines may have any value greater
than 90°.

b. Draw lines at right angles to the axes across the
opposite angles as shown in Fig. 16.37(5). Only two
are necessary.

¢. Determine the revolved position of the axes as
shown in Fig. 16.37(¢) and (d). Note that this con-

Fig. 16.35. Rotation of coordinate planes into axonometric plane.

I (=)

Fig. 16.36. Finding revolved position of the edges of coordinate planes.
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Fig. 18.37. Step-by-step construction of a trimetric projection.

struction has been translated to a parallel position in
order to leave the central area free.

d. Place the front and side views parallel to the
revolved position of the axes in the correct orientation
thereto as shown in Fig. 16.37(e), and project from
them to make the axonometric projection.

As a further illustration of this method the bearing
bracket of Fig. 16.38 has been represented in Fig.
16.39. Details of projection have been omitted. In
order to orient the orthographic views properly it is
best to make a freehand thumbnail sketch of the axes
and orthographic views as shown in this figure.

In Fig. 16.39 the top and front views have been used
to make the construction. In drawing the circles with

Fig. 16.38. Orthographic views of bracket.

ellipse guides or by the trammel method, it is only
necessary to find the location of the center in the pic-
torial and the major and minor axes. The major axis
is equal to the diameter of the circle, and it will always

Fig. 16.39. Axonometric projection of bracket,



3 AXONOMETRIC PROJECTION 146-15

L HE esj[ —6le k-
o -2x6

- /X6 ]

be perpendicular to the axis of the right cylinder of
which the circle is the base,

Problems

The problems in the following group may be made as axono-
metric drawings by the conventional method or as true pro-
jections by the exact method.

The scales given under each figure are for the solution of
isometrics on 815 < 11 inch paper by the conventional method, Fig. 16.42, Horse.
E When dimetrics or trimetrics are made, the other scales should
normally be smaller than the one given.

For exact projections the original orthographie views may be
made at a slightly larger scale since the projected axonometric
is foreshortened in all its dimensions. Thus, for example, a
problem with scale specified as 3" = 1” may have the ortho-
graphic views made at 14" = 1" for the construction of true
projections,

1. Make an isometric drawing by the conventional method
of an object assigned from Figs, 16.40 to 16.51.
2. Make a true isometric projection of an object assigned
from Figs, 16.40 to 16.51. Select axes as desired. Note that ot Ry
AR . £ 3
two correct orthographic views must first be made for this 7 aiedel .3
method, r Tz A *
3. Make a true dimetric projection of an object assigned jq\‘ i:
|

Searte F=r70

fizocad

frem Figs. 1640 to 16.51. Use axes as desired.
4. Make a true trimetric projection of an object assigned
from Figs. 16,40 to 16.51. Use axes as desired.
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Fig. 16.43. Cut-block.
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Fig. 16.41. Cut-black, Fig, 16,44, Truss bearing strap.
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Fig. 16.45. Truss block.
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Fig. 16.47. Saddle.
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Fig. 18,51. Stuffing box body.
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Oblique Projection

17.1 In both orthographic and axonometric draw-
ing, already discussed in previous chapters, the pro-
jecting lines have been at right angles to the plane or
planes of projection. We shall now consider a kind
of drawing in which, as in axonometric, only one plane
of projection is used, but in which the projecting lines,
although parallel to each other, are oblique to the
plane of projection. The object may be placed in any
position, but, for convenience and to obtain the full
advantage of this method of drawing, it is customary
to have the front face of the object parallel to the
vertical plane or picture plane as it is sometimes called.

17.2 Projecting lines. As noted abave, the pro-
jecting lines may make any angle with the plane of
projection except 90°. There are several types of
oblique projection. They are distinguished .from each
other solely by the angle which the projecting line
makes with the plane of projection as discussed in the
following paragraphs, Because the projecting lines in
any one drawing are always parallel to each other, the
point of sight is said to be at infinity, since by defini-
tion parallel lines meet at infinity,

Because the projecting lines are parallel to each
other, any line which is parallel to the picture plane
will project in its true length. The projection will also
be parallel to the original position of the line, as shown
in Fig, 17.1. '

This can readily be seen to be true if we remember
that two parallel lines determine a plane. If we think
of a plane through the lines AB, BC, etc,, parallel to
the plane of projection, then the plane of the project-
ing lines is a third plane intersecting these two, and
from geometry we know that the intersections are
paraliel; hence AB is parallel to a,b,, and so on, for
the other lines,

The line AB and its projection a,b, together with
the projecting lines form a parallelogram, and again
by geometry the o‘pposite sides are equal. Hence AB
is equal in length to a,b,.

17-01

4

Fig. 17.1. Obligue projection of lines parallel to plane of
projection.

Consequently, any face of an object which is parallel
to the plane of projection will have exactly the same
appearance in both oblique and orthographic pro-
jection. This feature is one of the chief advantages
of oblique projections over other forms of pictorial
drawing.

17.3 Cavalier projection. When the projecting
lines make an angle of 45° with the plane of projection
the drawing is called a Cavalier projection. This form
of oblique drawing has one advantage not possessed
by other types of oblique projection, namely, that lines
which are perpendicular to the picture plane also pro-
ject in their true length as well as those which are
parallel to the plane.

In Fig. 17.2, the line AB, which is perpendicular to
the plane, has its end B in the plane and the end A
in front of the plane. The end B therefore coincides
with its projecion. When the end A is projected to
the plane by a line making 45° with the plane in any
direction, the projection of the line is exactly as long
as the line itself, It should be definitely noted in this
figure that, whereas the projecting lines Aa,, Aa,, Aay,
etc., all make 45° with the plane of projection like the
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projections
of AB

Projecting
lines

Fig. 17.2. Oblique projection of line perpendicular to plane
of projection.

Three oxes have same fenglh

Angle of receding oxis may have

Fig. 17.3. A few positions of the receding axis.

elements of a cone, the projections Ba,, Ba,, Ba,, etc.,
may make any angle with the horizontal.

Receding Axis. As in jsometric the rectangular box
furnishes an excellent reference frame for construction,
The three edges of such a box, which meet at a corner,
when represented in oblique drawing, are referred to
as the axes of the drawing. Two of them are always

-
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in the front face at right angles to each other, and the
third, which represents an edge perpendicular to the
plane of projection, may be at any convenient angle.
This inclined line is called the receding axis. In Cav-
alier projection all these three axes will project in their
true length, and therefore the same scale may be used
on all of them in making constructions. This is the
distinguishing feature of Cavalier projection.

As noted above and as illustrated in Fig. 17.3, the
receding axis may make any angle with the horizontal.
This angle is not to be confused with the 45° angle
which the projecting line makes with the plane of
projection,

17.4  Theoretical construction. An oblique projec-
tion of an object may be constructed from its ortho-
graphic views by drawing the oblique projecting lines
from these views and finding where they pierce the
plane of projection, as shown in Fig. 174, Any two
views could be used, but all three have heen shown
in the figure in order to illustrate the theory.

Since the vertical plane appears edgewise in both
the side and top views, the piercing points of the pro-
jecting lines can be seen in these views by .nspection.
Thus, in the pictorial top view of Fig. 17.4(a), the
projecting line from a” pierces the plane at ao¥, and
the front view of this piercing point must lie in the
perpendicular from ao”. Likewise in the side view
the projecting line from a” pierces the picture plane
at ao”, and the front view of this piercing point must
lie horizontally across from a,. The intersection of
these two perpendiculars determines a,", which is the

—Eze vienw
of” friangle

s

a¥ LY

5y

Fig. 174. Theory of cblique projection.
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Fig. 17.5. Box method of constructing oblique projections.

oblique projection of point A on the object. The same
procedure is used for all other points.

The orthographic construction of an oblique projec-
tion and the completed oblique projection are shown
in heavy outline in Fig. 17.4(b). Although this theo-
retical method can be used for so simple an object as
a cube, it would be too cumbersome for more compli-
cated objects. A conventional method of construction
similar to that used in isometric is explained in the
following paragraphs.

It may be noted, in passing, that the true value of
the angle which the projecting lines make with the
V-plane does not show in any one of the three views
of Fig. 17.4(b). It may be found, however, by drop-
ping a perpendicular to the V-plane from B in Fig.
17.4(b) and revolving the shaded triangle to BCB,
around the line BC until it is parallel to the H-plane.
The true value of the angle then shows in the H-pro-
jection at b, A,

17.5 Conventional construction of Cavalier projec-
tions, Since the same scale may be used on the three
axes of a Cavalier projection, a method of construction
similar to that used in isometric may be employed.

a. Plane Figures. One of the advantages of oblique
projection is that plane figures in the front face of an
object, or parallel thereto, project in their true shape
just as shown in the orthographic views and hence
require little further explanation.

The only difficulty experienced lies in getting the
contours which lie behind the front face into their
proper planes. Thus, in the block shown in Fig.
17.5(a), the circle, lying in the face M, while showing
as a circle, must be located at the proper place. This
is accomplished by measuring back a distance 1-2 and
drawing a plane across the box, as indicated in Fig.
175(c). The center line of the front circle can now
be carried back to this plane, thus locating the center
of the requived circle at 3.

The center of the circle in the back face is formed
by carrying the center line from 8 up over the top of
the box and down the back umtil it intersccts the
receding center lihe through 3, thus establishing the
center 4.

3
I
b @ ——ed

— b

c
d

Fig. 17.6. Coordinate methods of construction.
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L Draw perpendicuvlars of mid-point
of each side. £ [ntersection of
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four (:enfef‘t:f.W

~

Fig. 177. Fourcenter approximate method of representing
circles.

In, the top and side receding planes, the coordinate
method of construction may be used, as shown in
Fig. 17.6. Circles may be plotted by the coordinate
method in the same manner as for isometric, or they
may be approximated by the four-center method of
construction.

b. Four-Center Approximate Method of Represent-
ing Circles. A circle may be enclosed in a square,
and, since it is always tangent to the square at the
mid-point of the sides, the Cavalier projection will
show an ellipse which is tangent to the mid-point of
the sides of the enclosing rhombus. Hence, fto find
the centers of the four arcs, erect perpendiculars to
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Fig. 17.8. Construction of curves in a receding plane.

the mid-points of the four sides of the rhombus, and
find their intersections, as shown in Fig, 17.7. It
should be noted that as the ratio of the major to the
minor axis increases the approximation becomes less
accurate.

c. Solid Objects. The steps in making a Cavalier
projection of a solid or three-dimensioned object are
illustrated in Fig. 17.8. They may be listed as fol-
lows:

1. Enclose the orthographic views of the object in
the smallest possible rectangular box whose faces are
parallel to the principal faces of the object. See I'ig.
17.8{a).

2. Draw this enclosing box in Cavalier projection,
making the front of the box like the orthographic
front view and the receding axis to the same scale as
the front and at an angle that will show the side and
top to the best advantage. See Fig. 17.8(b).

3. Draw lightly all lines in the front face, and estab-
lish position of planes parallel to the front face. See
Fig. 17.8(c).

4. Praw all lines in faces parallel to the front at
the proper distances from the front face, as shown
in Fig. 17.8(d).

5. Construct coordinates for curves not in the front
face in the orthographic view as shown at I-a, 2-D,
3d—¢, ete., in Fig. 17.8(a), and then transfer these
coordinates to the oblique as shown for one curve in
Fig. 17.8{e). Since the second curve is parallel to

the first, peints on it may be located by stepping off
the thickness of the web (see front view) as b}, in
Fig, 17.8(e).

6. Complete all lines, and erase construction. After
erasure make heavy the visible outlines of the draw-
ing, producing the finished drawing of Fig. 17.8(f).

17.6 Position of object. a. For Simplicity of Con-
struction. Since any face of an object which is par-
allel to the picture plane appears in its true shape in
an oblique projection, the construction of many draw-

Preferwble
(e}

Fig. 17.9. Circles preferably parallel to front face.

JU—
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ings can be kept quite simple by showing the face of
the object which has the most circles, arcs, or other
curves as the front face. This rule should be adhered
to whenever possible for it can be readily seen that
the object in the position of Fig. 17.9(a) is not only
easier to draw but also looks much better than the
same object as represented in Fig. 17.9(b).

b. To Reduce Distortion. Unpleasant distortion in
Cavalier projection frequently can be reduced by
placing an object which has one dimension much
greater than the others with this long dimension par-
allel to the picture plane, as shown in Fig. 17.10.
Some diserimination must be exercised, however, for
this may not work so well with some objects as with
others. A better method to reduce distortion is to
reduce the scale on the receding axis.

17.7. Cabinet drawing. A second type of oblique
projection which has been specifically named is pro-
duced when the angle which the projecting line makes
with the plane of projection is 63°-26". The tangent
of this angle is 2, which means that a line perpen-
dicular to the vertical plane is just twice as long as
its projection, or stated in another way the projec-
tion is one-half as long as the line. This result will
be produced automatically if the scale used on the
receding axis is just one-half that used on the front
face. A drawing made in this way is called a Cabinet
drawing, Again it should be mentioned that the
angle which the receding axis makes with the hori-
zontal may have any value just as in Cavalier pro-
jection.

a. Construction of a Cabinet Drawing. A Cabinet
drawing may be made in the same manner as a Cava-
lier projection with the exception that the scale on

|
I

&)

Fig. 17.10. Long dimensions parallel to plane of projection.

the receding axis must be reduced one-half. The
steps in this procedure are shown in Fig. 17.11, which,
though not a Cabinet drawing, illustrates the method
of construction. Where curves are involved in the
receding faces a convenient scheme for obtaining the
foreshortened or one-half-scale dimensions from the
orthographic views is shown in Fig. 17.11.

Thus, for a Cabinet drawing, if the total length ab
on the receding axis is 3 inches, the line ac will be
134 inches long. This line may be laid out in any
convenient direction from either end of line ab, as
illustrated. The point ¢ is then connected with b, and
all other points to be plotted are transferred to line
ac by lines parallel to be. This device for making
proportional divisions of any line should be thor-
oughly understood by the student.

The four-center approximate method of drawing
circles cannot be used in Cabinet drawing since the
sides of the enclosing parallelogram are not equal. A
circle can be plotted, however, without referring to
the original orthographic projections except to get the
dimensions and position of the enclosing parallelo-
gram. The method of plotting coordinates by means

Loy ofF coordinales from Ais line

o receaing oxis

oe=wbh drawn fo the

¢ Foreshorfened scole.

(&)

Fig. 17.11, Method of foreshortening the scale on the receding axis.
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Fig. 17.12. Center-line method of construction,

of a semicircle and a diagonal of the parallelogram is
shown in Fig. 16.7.

17.8 General obligue. Obviously, other scales
than those mentioned could be used on the receding
axis. For example, if the scale on the front face is
1” = 17, a scale of 34” = 1” could be used on the re-
ceding axis. A drawing made in this manner is neither
a Cavalier projection nor a Cabinet drawing and is
simply referred to as an oblique projection. The angle
which the projecting lines make with the plane of pro-
jection can be determined by comparing the length
of a perpendicular with the length of its projection.
Thus, in Fig. 17.11, a perpendicular 1 inch long would
project % inch long. Hence the tangent of the angle
which the projecting line makes with the plane of pro-
jection would be 1 + 3 or 1.333. This angle is 53°-8".
Its value, of course, is of theoretical interest only, since
it does not enter into the actual construction of the
drawing.

The construction of any oblique drawing follows the
same pattern as the construction of a Cavalier pro-
jection, with the exception that the scale on the reced-
ing axis is changed to suit the conditions.

17.9 Center-line fuyout. When an object is com-
posed of more or less cylindrical parts like the rocker
arm in Fig. 17.12(«), the construction can be based
upon a center-line framework instead of the box con-
struction previously explained. With the direction of
the three axes chosen, the centers of all circular parts
can be laid out as illustrated in Fig. 17.12(d), using

the proper scale on all axes. At each center, circles
of the proper size can be drawn, as shown in Fig,
17.12{¢). The straight lines tangent to them can be
drawn quickly, giving the final result shown in Fig.
17.12(d).

17.10 Sectioning oblique drawings. As in all pic-
torial drawing, hidden lines are not shown since it is
very difficult to interpret them. Interior construction
is best shown by making sectional views with either
one-fourth or one-half the object removed. The cut-
ting planes, in general, should be parallel to the oblique

Fig. 17.13. Sectional view in oblique projection.
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planes or faces of the enclosing box, as shown in Fig.
17.138. Other illustrations may be found in the prob-
lem sections of various chapters.

The cross-hatching lines lying in two planes which
are at right angles to each other should be sloped in
such a way that they would seem to coincide if the
planes were rotated together. Correct section lining
is shown in Fig. 17.13.

17.11 Dimensioning oblique drawings. The prin-
ciples of dimensioning studied in connection with
working drawings apply in general to oblique projec-
tions, with the following additions:

a. Dimensions should be made to read from the
bottom and right-hand side of the sheet so far-as pos-
sible. See Figs. 17.12 and 17.14(b).

b. Dimension lines and witness or extension lines
must lie in the same oblique plane, See Figs, 17.14
and 17.15.

¢. Dimensions must lie in the oblique plane deter-
mined by the dimension lines and extension lines.

d. Only vertical lettering and numerals should be
used. Numerals and letters may be made to lie in
oblique planes in the same manner as shown for isa-
metric. The unidirectional system is also approved.

e. As far as possible, dimensions should be placed
in the front face or parallel thereto since this makes
the dimensioning similar to that in the orthographic
views.

f. When notes are extensive and are not on the
figure, they may be lettered neatly in slant style. In
general, however, vertical lettering is preferred,

17.12 Screw threads in oblique projection. Since
circles which are parallel to the plane of projection
show as true circles in oblique projection, screw
threads may be easily represented by a conventional-
ized scheme, if the axis of the thread is made parallel
to the receding axis of the drawing. The axis of the
bolt or nut, as in Fig. 17.16, becomes the line of centers
for a series of circles representing the crests of the
threads, The root line does not show. The spacing
of the circles is made the same as the pitch of the
thread until the pitch becomes too fine, in which case
the smallest convenient spacing is used.

Whenever possible, bolts, screws, or nuts should be
drawn in the position shown in Fig. 17.16. When
placed with the axis parallel to the picture plane, the
circles representing the thread crests must be plotted
as ellipses and drawn with an irregular curve or ellipse
guide, which is a slow process.

1713  Three-dimensional curves. Three-dimen-
sional curves, such as the conveyor shown in Fig.
17.17, can be drawn with comparative ease if the axis
of the conveyor is'placed on the receding axis of the
drawing. The method is illustrated in the figure.

L_ ) Good
Poor Practfice ] Practica
(o} (b}

Fig. 17".14. Dimensioning in oblique projection.

lncorrect Correct
@) (b}

Fig. 17.15. Dimensions in oblique plane.

Line of cervers

Fig. 17.18. Screw threads in oblique projection.

Fig. 17.17. ‘Hélicoinl in oblique projection.
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Fig. 17.18. A double-curved surface in oblique projection.

The circles are first divided into 12 equal parts, and
the pitch is likewise divided into the same number of
parts. On the center line, step off intervals equal to
one-twelfth the pitch. From these points radial lines
can be drawn parallel to those used in dividing the
circles. The construction is shown for the first four
points on the curve. After the first turn has been
completed, successive turns can be made by stepping
oft distances equal to the pitch from the previous
curve. The thickness of the blade can also be stepped
off at equal intervals from the first curve, In cases of
this kind the orthographic views are not required to
make the construction.

if, on the other hand, the three-dimensional curve
is irregudar in shape, it may be necessary to resort to
the hox construction and plot three rectangular coor-
dinates.

17.14 Double-curved surfaces. The outline of a
double-curved surface is represented by an enveloping
curve tangent to imaginary curves in the surface.
Thus a return pipe bend can have a series of semi-
circles drawn on its surface, as shown in Fig. 17.18(a).
These curves are then drawn in oblique and the envel-
oping curve drawn tangent to them.

17.15 Advantages of oblique drawing. From the
foregoing paragraphs it is quite clear that oblique
drawings have several distinct advantages over other
pictorial forms.

a. The front face of an object or any face parallel
to it may be drawn like its true orthographic projec-
tion, and hence circles may be drawn as true circles.

b. Distortion may be largely overcome by a careful
foreshortening of the scale on the receding axis.

¢. Dimensioning is simpler since only one set of
dimensions need be made in an obligue plane.

d. There is a greater range of choice of positions
of the axes than in the other forms except trimetric.
See Fig. 17.3.

To offset these advantages it should be noted that
oblique projections even though foreshortened on the
receding axis have an unpleasing distortion. This is
particularly true when circles must be shown in the
receding faces,

Problems

Problems in the following group may be assigned as Cavalier
projections {note: this does not mean that the receding axis
must slope at an angle of 45°), Cabinet drawing, or general
oblique projection. The student should note that the only
practical difference in drawing the different types of projection
lies in the scale used on the receding axis.

For general obligues, it is recommended that the scale on the
receding axis be in the ratio 3 to 1 of that used for the front
face. The most convenient slope for the receding axis is 30°
up to the right, but any other direction may be used.

The sclection of all scales and the slope of the receding axis
has heen left to the student unless specifically directed by the
instructor.

1. Make a Cavalier projection of an object assigned from
Figs. 17.19 to 17.29.

2. Make a Cabinet drawing of an object assigned from Figs.
17.19 to 17.29,

3. Make a general oblique projection of an object assigned
from Figs. 17.19 to 17.20.
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Fig. 17.19. Cut block.
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Fig. 17.20. Cut block.
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Fig. 17.21, Conveyor attachment,



Fig. 17.22. Rocker arm.
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Fig. 17.23. Link.
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Fig. 17.24.

Flue hole cutter holder.
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18.1 When a person looks at an object, the light
rays (visual rays) from the object are focused by the
eye so that the picture is formed on the spherical rear
surface of the eye known as the retina. Perspective
is the form of pictorial drawing which most nearly
approaches the picture as seen by the eye. Thus, if we
imagine a vertical plane between the eye and the cube,
in Fig. 18.1, the visual rays from the cube to the eye,
if intercepted by the vertical or picture plane, will
form an image which exactly coincides with the edges
of the cube. This produces the same image as the
cube itself if viewed from this one particular position.

It will be observed that the major difference be-
tween perspective projection and the forms studied
heretofore lies in the fact that the point of sight is
at a finite distance from the object. The visual rays
or projecting lines from the object therefore converge
to the point of sight instead of being parallel to each
other as in other forms of projection. This type of
drawing is sometimes called scenographic projection
or central projection since the lines of sight converge
to a single point or center.

The picture or perspective obtained will depend
upon the relative position of the object, picture plane,
and point of sight.

18

Perspective

Fig. 18.1, Theory of perspective.

18.2 Location of the picture plane, Normally the
picture plane is placed between the object and the
point of sight, as in Figs. 18.2(b) and {(e¢}. In these
positions all the lines of the drawing are shorter than
their true length on the object.

By comparing Figs. 18.2(b) and (c¢) it can be seen
that the picture becomes smaller as the picture plane

&)

rct

Fig. 18.2. Relationship of object, picture plane, and point of sight.
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Fig. 18.3. Object above and below point of sight.
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Fig. 18.4. Object right and left of point of sight,

is moved away from the object and closer to the point
of sight. )

If the object is between the observer and the picture
plane, as in Fig. 18.2(a), the image will be larger than
the object. TFinally, if the point of sight is between
the object and the plane, as in Fig. 18.2(d), the image
is inverted and reversed. This is what takes place in
a camera where the lens is the point of sight.

18.3 Location of the point of sight. With the pic-
ture plane and object in a definite relationship to each
other the perspective can be greatly altered by a
change in position of the point of sight. For ex-
ampile, the point of sight could be chosen above the
object to show the top, or below the object to show

the bottom, as in Fig. 183, Likewise it could be
chosen to the right or left of the object to reveal either
side, as in Fig. 18.4. A proper choice of the point of
sight is therefore very important in making an attrac-
tive perspective.

It has been observed from experience that when the
eye is focused on a certain point the eye will see clearly
all the picture contained within a right circular cone
having its apex at the eye and an interior angle at
the apex of approximately 30°. This condition is
satisfied when the point of sight is placed at a dis-
tance from the object at least twice the longest dimen-
sion of the object, as shown in Fig, 18.5.

18.4 Position of object. The angular position of
the object relative to the plane of projection will also
make a great difference in the appearance of the fin-
ished perspective, as can be noted from an examina-
tion of Figs. 18.3 and 18.4, The position of the object
gives rise to three types of perspective, as follows:

a. Parallel Perspective. When the principal face
of the object is parallel to the picture plane, as in
Fig. 18.4, we have what is termed a parallel or one-
point perspective. The term one-point refers to the
fact that such perspectives have only one pringipal
vanishing point.

b. Angular Perspective. When two faces of the ob-
ject are inclined to the picture plane, as in Fig, 18,3,
we have an angular or two-point perspective. There
are two principal vanishing points,

¢. Oblique Perspective. When all faces of the ob-
ject are oblique to the picture plane, we have an

Frefura Plone
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Fig, 18.5. Location of point of sight,
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oblique or three-point perspective. There are three
prineipal vanishing peints, as shown in Fig. 18.6,

18.5 Visuval-ray method. Perspective may be con-
structed in a number of ways, The simplest method,
though not the most practical for complicated objects,
is the visual-ray method which is based on the defini-
tion of Art. 18.1. By this method it is only necessary
to draw the visual rays from the object to the point of
sight and find where they pierce the picture plane.
This method has been used in Fig. 18.7(a) where
visual rays from A to the point of sight, S, have been
drawn in the top and front views. The vertical pro-
jection A;, of the point where this line pierces the
vertical plane is the perspective of A. In Fig. 18.7(b),
the piercing point is found by using the top and side
views of the point A, and the point of sight. A vertical
line through o¥ intersects a horizontal line through o”
to locate v, which is the perspective, A,, of point A.

The perspectives of the other corners of the cube
have been located in the same manner. Since the per-
spective tends to overlap the front view in Fig. 18.7(a),
the method used in Fig. 18.7(b) is preferable.

18.6 Vanishing points. It will be observed in a
number of the preceding figures that lines which are
not parallel to the picture plane converge to a point.
By definition parallel lines meet at infinity., The per-
spective of this meeting place is called the vanishing
point of the lines.

To find the vanishing point of any group of parallel
lines it is necessary to draw a line through the point
of sight parallel to the group of lines and then find

elvre
Plore

NN

//

Fig. 18.6. Three-point perspective,

where this line pierces the picture plane. In a step-
by-step procedure the method is as follows:

a. Through the point of sight, draw a line parallel
to the group of lines. It should be recalled that to
draw one line parallel to another the corresponding
projections are made parallel and that at least two
projections are required.

b. Find the V-piercing peint of this line.

This method of finding the vanishing points is shown
pictorially in Fig. 18.8, where an object, the picture
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Fig. 18.7. Perspective of cube. Visual-ray methed.
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plane, the point of sight, the vanishing points, and the
final perspective are represented. Lines have been
drawn from S, parallel to several sets of parallel lines
on the object to locate the vanishing points of these
lines. The perspectives of these lines are then shown
to vanish at the points thus found. From this figure
it can be seen that horizontal lines vanish at a point
on the horizon, lines sloping up to the rear vanish
above the horizon, and lines sloping down to the rear
vanish below the horizon.

In Fig. 18.9, the construction is shown for finding
vanishing points as the draftsman does it. In Fig.
189(a), the line is parallel to the horizontal, and
consequently the vanishing point falls on the horizon

because the vertical projection is parallel to the refer-
ence line, In Fig, 18.9(b), the line slopes up to the
rear, and so the V.P. is above the reference line.

18.7 Perspective of a line. To find the perspective
of a line, it is necessary to find the perspective of two
points on the line. Those two points may be corners
of an object or any other points, real or imaginary,
on the line, When two complete projections of the
object, in its desired position, are given, as in Fig.
18.4, the perspective of two points can be found by
the visual-ray method. However, when the front face
is not parallel to the picture plane, it requires con-
siderable time to rotate the object and obtain the de-
sired views. To aveid this difficulty, two other points

Fig. 18.8. Theory of vanishing points,
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on the lines are commonly used. They are the van-
ishing point of the line and the point where the line
pierces the picture plane, Since the vanishing point
is the perspective of a point at the infinite end of the
line, it may always be used as one point on the per-
spective of the line. The point where the line pierces
the picture plane must lie in the picture plane, and
consequently the vertical projection of this point must
be its own perspective, For purposes of explanation,
the horizontal and vertical projections of an inclined
line AB are given in Fig. 18.10, The vanishing point,
VP, is found as explained in Art. 18.6. The vertical
piercing point, v¥, of the line AB is found as shown in
Fig. 18.10{a). The perspective of the complete line
extending from the picture plane to infinity will be
the line joining v” and VP.

"To find the desired points A and B on this line, the
horizontal projections of visual rays from § to A and
from S to B may be constructed as shown in Fig.
18.10{b). From the points where these visual rays
pierce the picture plane, projecting lines may be drawn
vertically to locate A, and B, on the perspective v¥—
VP,

The greatest advantage of this method in practical
applications is obtained when the lines are horizontal,
In that case the vertical projection of the line is not
necessary since it is known to be parallel to the refer-
ence line, and the vanishing point must therefore lie
on the horizon. Any elevation of the object will give
the height of the vertical projection of any horizontal
line and consequently the height of the V-piercing
point. This is illustrated in Fig. 18.11, where the per-
spective of the line AB, the upper line of the rectangle,
is found without actually drawing its vertical projec-
tion, This method is particularly convenient since
many of the lines of an object are horizontal.

Even when such horizontal lines do not exist on the
object it is possible and convenient to assume such
imaginary lines for purposes of construction as shown
for points on the circle in Fig. 18.16.

18.8 Parallel or one-point perspective. When the
object is placed so that one face is parallel to the pic-
ture plane and the others perpendicular to it, the re-
sulting picture is known as parallel or one-point per-
spective, Except for interior views this is not usually
the most desirable position for the object because it
tends to move the point of sight over to one side in
order to show two exterior sides of an object.

Either the visual-ray or the vanishing-point method
or a combination of the two may be used to find the
perspective, The visual-ray method has been illus-
trated in Fig. 18.4. Consequently, the more practical
method involving the use of vanishing points will be
discussed here. For this method it is necessary to
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Fig. 18.9. Methoed of finding vanishing points.
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Fig. 18.10. Perspective of an inclined line. Vanishing-point
and visual-ray method.
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Fig. 18.11. Perspective of a horizontal line. Vanishing-point
and visual-ray method,
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have the horizontal projection drawn in the proper
relation to the reference or picture plane and any
elevation in its proper relation to the horizon. The
horizontal and vertical projection of the point of sight
must also be given, This information for a small house
is shown in Fig. 18.12(a).

The first step in the solution is always to find the
vanishing points of the principal lines of the figure.
In this case the lines parallel to the picture plane will
have vanishing points at infinity, which means that
any face parallel to the picture plane will show in the
perspective in true shape but reduced in size, de-
pending on the distance of the object behind the
picture plane. The lines perpendicular to the picture
plane will have a vanishing point which may be found
by the method explained in Art. 18.6. In this case
the lines drawn through $ parallel to the given line
must pierce the picture plane at a point whose vertical
projection is at s¥, which therefore becomes the van-
ishing point for all lines perpendicular to the picture
plane, as in Fig., 18.12(b). In other words, the ver-
tical projection of the point of sight is always the
vanishing point for lines perpendicular to the picture
plane,

The next step is to extend one of these lines until
it pierces the picture plane. Since this is a horizontal
line the piercing point will be at the level of the line
as shown in the given elevation. This piercing point
is marked o" in Fig. 18.12(b). By joining the pierc-
ing point to the vanishing point the perspective of the
complete line is formed. By visual rays the required
points A, and B, on the line may be found to give one
line on the building, as shown in Fig. 18.12(b).
Other lines on the building may be found in the same

ENGINEERING DRAWING AND GEOMETRY

nianner, as illustrated in Fig, 18.12(¢). It should be
noticed that the front face of the building is true
shape but not true size.

An architectural drawing in parallel perspective is
shown in Fig. 18.18.

18.9 Angulor or two-point perspective by the com.
bination method. When one of the principal axes of
the object is parallel, and the other two inclined to
the picture plane, the resulting picture is called two-
point perspective. In this case the required infor-
mation, which is the same as for parallel perspective,
is shown in Fig. 18.14(a). Note that a true profile
projection is not required.

To find the perspective of any point it is necessary
to find the perspective of a line through the point and
then locate the point on the line by a visual ray. Any
two points on the line will determine the line but the
best ones are the vanishing point and the V-piercing
point.

The first step is to find the vanishing points of both
sets of inclined lines that are parallel respectively to
AB and AC. These vanishing points have been lo-
cated at VPR and VPL in Fig. 18.14(b). Then any
line of the drawing such as AB in Fig. 18.14(b) may
be extended to find its V-piercing point at v¥. By
connecting oV with VPL, the vanishing point of AB,
the perspective of the entire line is found. Visual
rays drawn to points A and B will serve to locate
points A, and B, on the perspective of the line. These
will be the perspectives of two corners of the building.
Another corner of the building, such as C in Fig,
18.14(c), may be located by connecting A, with VPR,
which is the vanishing point of line AC, and drawing
the visual ray through C, thereby locating C, on the
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Fig. 18.12, Perspective of building. Vanishing-point and visual-ray method.
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line AC. Corner D of the building must be located
exactly as was done for peoint A.

18.10 Two-point perspective by the vanishing-
point method. It is possible to find the perspective
of an object without the use of visual rays. To do
this two lines are constructed through each point so
that the intersection of these lines determines the
point. Thus, in Fig. 1813, the perspective of the
line AB may be found as explained in the previous
paragraph by joining v" with VPL. The perspective

?gr&w;@; VE=- \

of AC may be found in a similar manner. The inter-
section of these two lines will locate the perspective
of A at A, in Fig. 18.15. All other points on the object
may be located similarly. The entire construction is
shown in Fig. 18.15. This construction is used ex-
clusively in the measuring-point method which is ex-
plained in Art. 18.13.

18.11 Perspeciive of a circle or curve. To find
the perspective of any circle or curve it is necessary
to have a series of points on the plan view and the

Fig. 18.13. Panallel perspective of an interior, Courtesy Don R. Brown.
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Fig. 18.14. Angular perspective.

Vanishing-point and visual-ray method.
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Fig. 1815. Perspective by the vanishing-point method.

same points located on any elevation. Figure 18.16
shows a circle in two positions, one of which has been
solved by the combination visual-ray and vanishing-
point method and the second by the vanishing-point
method only. A series of points is first numbered in
either view, and the position of each point is marked
in the other view by the same number. Horizontal
lines are assumed through these points. These lines
may be in the plane of the circle, or they may be
perpendicular or inclined to it, so long as they pass
through the points on the circle. The perspective
of these lines is determined in the usual manner. The

Flar view 3 k
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N y

S 4AN
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points on these lines can then be found either by
visual rays, as in Fig. 18.16{a)}, or by intersecting
lines, as in Fig. 18.16(}), to determine the perspective
of the curve.

18.12 Measuring points and lines. When a ver-
tical face that is inclined to the picture plane, such
as face ABCD in Fig. 18.17, is rotated until it lies in
the picture plane, the vertical prgjection of this face
in the revolved position a¥,b¥,¢*.d", is coincident with
the perspective of the revolved position. If the van-
ishing point of the line joining b¥ to b¥, in Fig. 18.17
is found, the perspective of this line can be used to
carry points from the revolved position to their cor-
rect position in the perspective. The vanishing point
MPR, of the line b"b¥_ is therefore called a measur-
ing point. Since the vertical projection of the re-
volved position a*.b¥.c*d", is in true size, the hori-
zontal lines @”,b", and ¢¥,d¥, are true length and any
desired distances from A or D can be laid off along
these projections. The projection a",b", is therefore

. called a measuring line. The projection ¢¥.d", could

have been used equally well as a measuring line. In
fact, a horizontal line can be drawn through any point
that lies in the picture plane and used as a measuring
line. _ ) '

A simpler method for finding the measuring point
MPR is illustrated in Fig. 18.17. If, through v*, the
H-projection of VPR, an arc having a radius v%s¥ is
drawn from s7 to the picture plane, this point on the
picture plane may be projected straight down to MPR
on the horizon.
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Fig. 18.16. Perspective of a circle,
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Proof. Since a”b'bf, was constructed as an isos-
celes triangle and since v¥s%p, has its sides respec-
tively parallel to a'b7b¥. the triangle vs¥o,M is
similar and also an isosceles triangle. Therefore v'fs*
is equal to v"v,”, and v, may be located by con-
structing the arc shown on the figure,

18.13 Construction of u perspective by the meas-
uring-point method.. The great advantage of this
method over all other methods of perspective is that
it is not necessary to set up the projections in any
particular position and work from them by projection
or visual rays. The vanishing points right and left
are usually taken as far apart as convenient, the pic-
ture plane and horizon are made to coincide, the an-
gles that the sides of the object make with the pic-
ture plane are chosen, and a front corner of the ob-
ject is selected at a certain place on the picture plane.
If the vanishing points are chosen first, then s¥ is
located by drawing lines from the vanishing points
parallel to the sides of the object, which are usually
at right angles to each other.

In Fig. 18.18(a), the projections of an object are
given. The problem is to draw the perspective so that
the corner marked A will be in the picture plane 6
inches below the horizon and 1 inch right of the point
of sight. The side AB is to make an angle of 60°
with the picture plane, and the vanishing points are
to be 18" apart. The construction will then proceed
in the following steps:

a. Figure 18.18(b). Draw a horizontal line near
the top of the sheet, and mark oft the vanishing points
18" apart..

b. Figure 18,18(b). Through VPR construct 2 line
at 60° with the picture plane and through VPL a line
making 30° with the picture plane. The intersection
of these two lines will locate s7. The vertical projec-
tion " will be on the horizon. This assures that the
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Fig. 18.17. Finding measuring points.

faces of the block will form the specified angles with
the picture plane.

¢. Figure 18.18(¢). Using VPR as a center, swing
an arc through s¥ to the picture plane to locate MPA.
Using VPL as a center, swing an arc through s% to
the picture plane to locate MPL.

d. Figure 18.18(d}. Measure 6" below the horizon
and 17 right of the point of sight to locate the per-
spective of point A. Through this point draw a hori-
zontal line which is the measuring line for horizontal
distances.

e. Figure 18.18(e). On a vertical line through A,
lay out the height of the object AD to locate D,.
Draw lines from these points to VPR and VPL.

f. Figure 18.18(f). Lay out the distance AB on
the horizontal measuring line to the right of A,
From this point, draw a line to MPR to intersect the
line from A, to VPR, thus locating B,. Erect a ver-
tical line through B, to give the right edge of the
object.

g. Figure 18.18{g). Lay out the distance AC on
the horizontal measuring line to the left of A,, From
this point, draw a line to MPL to intersect the line
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Fig, 18.18, Perspective by the measuring-point methnd.
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from A, to VPL. This locates C,. Erect a vertical
line through C, to give the left edge of the object.
Complete the outline of the figure by drawing to the
proper vanishing points.

h. Figure 18.18(h). From Dy, lay out on the ver-
tical line the distance FE, which is the depth of the
slot. From this point, draw a line to VPL. From A,,
lay out the distance DE on the horizontal measuring
line to the left of A,, Connect this point to MPL to
intersect the line from A, to VPL. Erect a perpen-
dicular to locate points E, and F,, which establishes
the right side of the slot. In a similar manner locate
the left side of the slot.

i. Connect these points to the proper vanishing
points to complete the picture.

18.14 Perspective of a circdle by the measuring-
point method. By taking measurements from the
orthographic projections,” points on a circle may be
located in perspective by the use of coordinates, but
this is a tedious process and should be avoided if
possible.

The better method is to find the perspective of a
square circumnscribing the circle and then obtain the
ellipse by the diagonal method. For a circle lying
in a vertical face the procedure is illustrated in Fig.
18.19, and the steps are listed below.

a. Figure 18.19(b). Find the perspective of the
front face of the object shown in Fig. 18.19(a) by
the method given in the preceding paragraph.

b. Figure 18.19(¢). On the measuring line through
Ay, lay out the horizontal distance A-2, from A to the
center line of the circle, to the left of A,. On either
side of this point, lay out the radius of the circle to

locate points I and 3. Carry those three points back
into the picture by drawing lines to MPL.

¢. Figure 18.19(d). From A,, lay out the vertical
distance A-7, from A to the center line of the circle,
on the front corner of the cbject. On either side of
this point, lay out the radius of the circle to locate
points 6 and 8. From those three points, draw to
VPL to form the perspective of the square circum-
seribing the cirele.

d. Figure 18.19(e). On either of the vertical lines,
construct a semicircle as shown. Divide the semi-
circle into 6 equal parts, and project these points
horizontally to the vertical line that was used as the
diameter of the construction circle. From these
points on the vertical line, draw lines to VPL.

e. Figure 18.19(f). Construct the diagonal of the
square, complete the grid, and mark the points.

When the circle lies in a horizontal plane, the pro-
cedure is similar except that the semicircle must be
drawn on the measuring line, as illustrated in Fig.
18.20. When the points have been carried back into
the perspective by means of the measuring points
and vanishing points, the grid is constructed by means
of the diagonal as previously explained.

18.15 Three-point perspective. When all three of
the principal axes of an object are oblique to the pic-
ture plane, the resulting picture is called a three-
point perspective. The theory of perspective as it has
been developed for one- and two-point perspective
can be extended to three-point. However, the actual
construction is more complicated because the picture
plane does not appear edgewise in the top view. [t
is possible to solve the problem by visual rays, as

VFL

MPR MPL_ VPR | _VPL

e e ]

be

Ag.

2 / ¥ )

tb) (]

YA MFR MPL vER | veL MPR

MrL veR | VAL MPR MPL VPR

Ap

()

el )

Fig. 18.19. Circle by the measuring-point methad.
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shown in Fig. 18.6, but the solution is tedious and will
not be discussed here. If it is desired to specify the
angle of tilt of the picture plane and the angle of ro-
tation of the object, the reader should refer to the
texts: Industrial Production Illustration by Hoelscher,
Springer, and Pohle or Perspective by Moorehead.

The customary procedure is to select the three van-
ishing points as far apart as convenient and work
from these points in the manner illustrated in Fig.
18.21 and as explained below.

a. Figure 18.21(a). Select the three vanishing
points, and draw the triangle connecting them.
Through each corner construct a line perpendicular
to the opposite side of the triangle. These three
lines intersect at point S, which is the projection of
the point of sight as determined by the selected van-
ishing points.

b. ¥Figure 1821(b). Revolve the top plane into the
picture plane as explained in Art. 16.18 for axono-
metric. With VPR as a center and VPR-§, as a
radius, swing an arc to locate MPR. With VPL as a
center and VPL-8, as a radius, swing an arc to locate
MPL.

¢. Figure 18.21(c). Revolve the right side plane
S, VPR, VPV into the picture plane as explained in
Art. 16,18, With VPV as a center and VPV-5, as a
radius, swing an arc to locate MPV. If desired, an-
other MPR may be located but this is not necessary
since one has already been found.

d. Figure 1821(d). Select A, as a point in the
picture plane in such a position that the center of
the picture will come approximately at S.

Through A,, draw a line parallel to VPL-VPR.
This is a measuring line, and distances may be laid
out for right or left distances and front or back dis-
tances just as explained for two-point perspective in
Art. 18.13. The top of the box is obtained as shown
in Fig. 15.21(d).

e. Figure 1821 (¢). Construct a line through A,
parallel to VPR-VPV, and on this line lay out the
height of the box from A;. From the point, draw to
MPV to intersect the line from A, to VPH. This de-
termines the height of the box in the perspective.

f. Figure 1821(f). From the points already lo-
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Fig. 18.20. Horzontal circle by the measuring-point method.

cated, draw to the proper vanishing point to com-
plete the perspective of the box.

18.16 Isometric three-point perspective.® For the
special case of three-point perspective in which the
three principal vanishing points lie on the corners of
an equilateral triangle, an easy construction has been
developed that has the same relation to the theo-
retical three-peint perspective that isometric drawing
has to isometric projection.

The construction is as follows:

a. Figure 18.2%(a). Lay out an equilateral triangle
of the size desired, usually the maximum a drawing
board will accommodate, and let the corners be the
three vanishing points,

b. Figure 18.22 (b). Select a point A, in the pic-
ture plane and through this point construct two meas-
uring lines, one parallel to VPL-VPR and the other
parallel to VPR-VPV (or VPL-VFV}.

¢. Figure 18.22(¢). On the horizontal line, lay out
the right and left or length dimension of the box to
the left of A,. Lay out the front and back dimensions
or depth of the box to the right of 4;,. Draw to the
vanishing point as shown. This determines the top
of the enclosing box for any object.

® This method was developed by Professor Wayne Schick of
the University of Hlinois and is reproduced by his permission.
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Fig. 18.21, Three-point perspective projection.
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Fig. 18.22. Three-point perspective drawing.

d. Figure 18.22(d). On the measuring line parallel
to VPR-VPV, lay out the height of the box, and draw
to the vanishing point VPR as shown. The lower
corner of the box is located at the point where this
line crosses the line from A, to VPV. Complete the
box by drawing to the proper vanishing points. Other
dimensions of an object may be laid out in the same
manner, :

18.17 Shades and shadows in perspective. When
light shines on an object a part of the surface will be
lighted and the remaining part will be dark. That
part of the surface on which no light shines is said to
be in shade. The lines on the object that separate
the light areas from the shaded areas are called shade
lines. When the object rests on or is adjacent to some
other object, it casts a shadow which may be out-
lined by finding the shadow of the shade lines. To
find the shadow of an object, therefore, two things
are necessary: first, to pick out the shade lines; and
second, to find the shadow of these lines on the sur-
faces on which the shadow falls.

To recognize the shade line requires a knowledge
of the direction of the light ray and the ability to
visualize the object as it stands in space. In case of
doubt it is possible to find the shadow of every line
on the object, after which the largest area outlined
by these shadows will be the shadow of the object.

When the light rays are tangent to any surface, that
surface is said to be in shade.

18.18 Shadow of o vertical line. A vertical line
resting on a horizontal plane is used as the basic line
in determining shadows. One reason for this is that,

since the horizontal projection of a vertical line is a
point, the horizontal projection of the shadow of the
line must coincide with the horizontal projection of
a light ray. When the direction of the light ray is
specified by two projections of one ray, as MN in Fig.
18.23, the shadow of the line AB in the horizontal
projection must be a line through a¥b¥ parallel to
m'n¥. Since that shadow is a horizontal line, it must
have its vanishing point on the horizon. That vanish-
ing point may be found at VPS in the usual manner,
as shown in Fig, 18.23. Then the shadow of AB cn
the horizontal plane must vanish at VPS, and, since
B is on the horizontal plane, the shadow must start
at B,, By joining B, to VPS, the shadow of a vertical
line of infinite height is obtained. To find the shadow
of A, it is then necessary to draw the perspective of
the light ray through A and find the point where it
intersects the shadow line. The vanishing point of
the light ray MN, found as explained in Art. 18.6, is
located at the point marked VPLR. Then, by joining
A, to VPLR, the point A,, is located, and the actual
shadow of the line Hes hetween B, and A,

In finding shades and shadows in perspective, it is
always necessary to locate first the vanishing points
VPS and VPLR. Always remember that VPS is the
vanishing point of the shadow of the vertical line on
a horizontal plane and nothing more.

When the vertical line casts a shadow on a vertical
plane, the shadow must be parallel to the line and in
two-point perspective will show as a vertical line.
The best way to find this shadow is to find the shadow
of the line on the horizontal base plane until it crosses

FetvralFlore [l

Ead VRS forvzon

Fig. 18.23, Shadow of a vertical line on a horizontal plane.



PERSPECTIVE 18-13

the base line of the vertical plane. From there the
shadow will be vertical, as illustrated by the shadow
of the flag pole in Fig. 1824. The location of this
vertical shadow can also be found by means of a
visual ray from the plan or top view, as indicated in
the figure.

When the shadow falls on an inclined surface such
as the roof of the building in Fig. 18.24, it is neces-
sary to locate two points on the shadow of the line
or the line extended. One point on the eave line has
already been located, and another can easily be lo-
cated on the ridge line. One method is by visual ray,
as shown in Fig. 18.24. The other method, which is
better since it can also be used when working by
measuring-point method, involves cutting a vertical
plane through the center of the building, as indicated
by the dotted line. Then by imagining the front of
the building removed the shadow on the section plane
can be found, which will locate the desired point on
the ridge line. This construction is shown in dashed
lines in Fig. 1824. The shadow of the flag pole on
the roof will be the line joining the point on the eave
line to the point on the ridge line, and a light ray
through the top of the flag pole to VPLR will locate
the end of the shadow.

18.19 Shadow of a horizontal line. 'When a hori-
zontal line casts a shadow on a horizontal plane, the
shadow will be parallel to the line itself. In perspec-
tive this means that the two lines will have the same
vanishing point. Thus, in Fig. 18.25, the line AB van-
ishes at VPR, and consequently its shadow must also
vanish at VPR. BC vanishes at VPL, and its shadow
also vanishes at VPL.

When a horizontal line casts a shadow on a vertical
or inclined plane, the shadow of two points on the
line, or one point and the direction, must be found
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Fig. 18.24. Shadow .of a vertical line on a vertical and inclined
surface.
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Fig. 18.25. Shadow of a horizontal line.
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Fig. 18.26. Shadow of a horizontal line on various planes.

on the given plane. Thus, in Fig. 18.26, the line AB
casts a shadow on the horizontal, inclined, and ver-
tical planes. The shadow on the horizontal plane
vanishes at VPR, and if the inclined plane were re-
moved it would continue to the base of the vertical
plane and from there would go to B, because B is
actually on the vertical face. The intersection of this
shadow on the vertical face with the top line of the
inclined face gives a second point on the inclined
plane to determine the shadow of the horizontal line
on the inclined plane.

18.20 Shadow of an inclined line on any surface.
To find the shadow of an inclined line it is usually
best to assume as many vertical lines as necessary
through points on the line and find the shadows of
these vertical lines. For example, in Fig. 1827, a
vertical line was assumed through B,. By means of
this vertical line, the shadow of B, on the ground was
found at B,,. Note that the vertical line through B,
is an imaginary line,

18.21 Shodow of a curved line, The shadow of a
curved line may be found by assuming a series of ver-
tical lines through points on the curve. The shadow
of these vertical lines may be found in the usual
manner and the shadow of the point located on the
shadow of the line. This is illustrated in Fig. 18.28.

18.22 Reflections. Whenever water appears in the
foreground of a perspective, the building or structure
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Fig, 18.28. Shadow of a curved line.

shown in the picture will also show in the water as
a reflection, To obtain the perspective of the reflec-
tion, the elevation of the structure being shown may
be reversed about the water line, and the complete
perspective of this inverted object constructed in the
same manner as the original perspective. Figure 18.20
shows the elevation of the corner of a building stand-
ing on the bank of a body of water, with the picture
plane and water surface shown edgewise. Point C is
the corner of a building, C,. is the projection of C on
the surface of the water, and C,, is the position of C
in the reversed elevation.

Point § is the point of sight for the perspective,
and, thercfore, the piercing points of the visual rays
in the picture plane will locate the perspectives of
C, Cv, and Cy at C,, Cyp, and Cp,, respectively. By
plane geometry it can be shown that, since the_ two
distances, y, were constructed equal, the three angles
marked « must be equal. Then the perspective of G,
must coincide with the perspective of the reflection
of C on the water surface, thus proving that the re-
flection of an object may be obtained in this manner.

By geometry it can also be shown that, since the
two distances marked y were constructed equal, then
the two distances marked ¢ must also be equal. Since
these distances are measured directly in the perspec-
tive, it then becomes possible to locate the reflection
of any point in a two-point perspective by measuring
the distance, i/, from the ‘perspective of the point,
C,, to the perspective of its projection on the water

surface, C.p, and laying that distance below C,, on
the water surface to locate Cp,, which is the reflection
of point C. This gives a rapid method of finding the
reflection of any point, without drawing the reversed
elevation. In a three-point perspective, the reversed
elevation must be drawn and the reflection found in
the same manner as the real perspective.

- The lines in the reflection should be made irregular
and broken to represent wave action. The surface of
the water can be indicated by a series of irregular
horizontal lines whose spacing increases toward the

Fig. 18.29. Theory of reflections.

Fig. 18.30. Shades, shadows, and reflections in perspective.
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front of the drawing. Figure 18.30 shows a perspec-
tive with shades, shadows, and reflections.

Problems

The problems in the following group may be solved by any
method discussed in this chapter. The layouts have been made

for angular perspective.  These can be drawn most rapidly by

the combination vanishing-point and visual-ray method.

Dimensions for the location of the plan view have been
given to the borderlines of standard sheets, and the scale for
each size of sheet has been specified. This arrangement will
normally bring the point of sight (s7) and the vanishing points
on the sheet.

For parallel perspectives, notes have been added on each of
the simpler drawings specifying the location and position of
the plan view. In all cases the elevation should be placed out
of the range of the perspective at the left or right.

For shades and shadows in perspective, the direction of the
light ray has been specified verbally for some of the simpler
ohjects, :

1. Make an angular perspective of the outdoor fireplace
shown in Fig. 18.31 by the combination visual-ray and vanish-
ing-point methed.

2. Same as Problem 1, using vanishing-point method only.

3. Make a parallel perspective of the outdcor fireplace
shown in Fig. 18.31. See note in the figure for position of
object relative to the picture plane and the point of sight.

4. Make the perspective specified in Problem 1, and then

18-15

find the shades and shadows, assuming the light ray to be
parallel to the vertical plane and to make an angle of 45° with
the horizental plane, down to the right.

5. Make an angular perspective of the cube shown in Fig,
18.32 by any assigned method.

6. Make a parallel perspective of the cube shown in Fig.
18.32. See note in the figure for the relative position of the
object and point of sight.

7. Make a perspective of the monument shown in Fig, 18.33
by the visual-ray method only.

8. Make a perspective of the monument shown in Fig,
18.33 by the combination visual-ray and vanishing-point
method.

9. Make the perspective assigned in Problem 8, and then
find the shades and shadows, assuming the light ray to have
the following position. Horizontal projection 30° with ground
line, up to the right. Vertical projection 45° with ground line,
down to the right,

10. Make an angular perspective of the memorial fountain
shown in Fig. 18.34 by the combination vanishing-point and
visual-ray method.

11. Make a parallel perspective of the memorial fountain
shown in Fig. 18.34. See note in the figure for the relative
position: of object and point of sight.

12. Make an angular perspective of the arch shown in
Fig. 18.35 by the combination vanishing-point and visual-ray
method.

13. Make an angular perspective of the garage shown in
Fig. 18.36 by the combination vanishing-point and visual-ray
method. Find and use the vanishing points for the rafters,
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Fig. 18.31,

Outdoor fireplace.
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Charts

19.1 Uses of charts, The purpose of charts and
diagrams is to present facts and their significance in
a more easily interpreted form than could be done
with words or tabular data. A technical or business
publication scarcely appears today without charts of
some kind. Some of the more common uses of charts
are as follows:

a. To present results of test data obtained in experi-
ments,

b. To correlate the observations of natural phe-
nomena.

¢. To present business statistics,

d. To determine trends in business.

e. To present equations graphically for computation
uses.

f. To derive empirical equations.

and Diagrams

19

19.2  Classification of charts. According to the
method of presentation or drawing, with which this
chapter is primarily concerned, charts may be readily
classified in the following form:

a. Plane curves on rectangular coordinates, logarith-
mic, semilogarithmic, trilinear, polar coordinates, and
others.

b, Bar charts of all kinds.

¢. Pie or sector charts.

d. Computation charts, vector diagrams, and nomo-
graphs.

e. Flow charts and distribution diagrams.

f. Three-dimensional charts.

g Map or distribution diagrams.

All of these are illustrated in the various figures of
this chapter.,

Fig. 19.1,
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19.3 Chorts on rectungulor coordinates. Charts
are more commonly made on rectangular coordinates
than on the other forms, as illustrated in Fig. 19.1.
They are used to compare quantities, The impres-
sion given by such charts will depend upon the scales
selected for each of the coordinates.

19.4 How to draw the chart. Having the data for
a chart given or collected in tabular form, the steps
outlined in the following paragraphs must be taken to
produce a chart which will give the desired effect.
Two forms of presentation are possible, depending
upon the purpose of the chart. -One form is the
test or laboratory report; the other is designed for
publication.

In this book we are concerned primarily with those
prepared directly on commercially available printed
coordinate papers.

a. Selection of Axes. Two variables are usually in-
volved in a chart. It is therefore necessary to decide
which variable will be placed on the vertical or Y-axis
and which on the horizontal or X-axis. It is the gen-
eral practice to place the independent or controlled
variable on the horizontal axis. One exception to this
rule, established by custom, is the so-called stress-
strain curve. When time is one of the variables this
is usually placed on the X-axis.

The location of the zero point or intersection of the
axes must be so chosen that all values of the variables
can be plotted. When only positive values are in-
volved, this point is placed in the lower left corner of
the chart about 1 inch in from the printed border, as
shown in Fig. 19.2.

b. Choice of Scales. The choice of scales materially
affects the impression given by the chart. See Fig.
19.3. The scales on the two axes should be chosen to
take maximum advantage of the space available. If
the chart is to be made upon printed coordinate paper,
the scale units should be chosen to come upon the
heavy printed lines. These units should be multiples
of 1,2, 4, or 5. Interpolation of the smaller divisions

on the paper should be easy to make. If the chart is
to be made for formal publication, coordinates are
usually ruled upon blank paper. For this type of work
the reader should consult the ASA publication Y~15.8
(formerly Z-15.3) “Engincering and Scientific Graphs
for Publications.”

¢. Marking Coordinates. Unit values of the co-
ordinates should be marked on each axis, as shown in
Fig. 19.2. A legend should indicate what the units are
and the unit of measurement, as, for example, inches,
feet, etc., or time in days, hours, or minutes. Note in
Fig. 19.2 that the smaller ruled divisions have been
used as guide lines for the lettering,

d. Showing Plotted Points. The plotted points are
indicated by open circles about 1, inch or a little
less in diameter. If more than one curve is shown on
a single chart, squares and triangles may be used for
the points on the other curves, as shown in Fig. 19.2.
If more curves are needed solid circles, squares, and
triangles may be used. They should be smaller than
the open ones, If a curve is to be drawn to represent
a mathematical equation, plotted points should not be
shown on the finished chart.

e. Drawing the Curve. The nature of the curve to
be drawn between plotted points will depend upon
the data involved. If there is no direct relationship
between the variables, as, for example, time and rain-
fall, straight lines will be drawn from point to point,
as shown in Fig. 19.4. When there is a direct rela-
tionship, as in Fig, 19.2, a smooth curve will be drawn
through the average of the points. The curve should
touch but not pass through the cireles of the plotted
points.

f. Titles. Every chart must have a well-thought-out
title stating specifically what is represented. This
should be placed to make the total effect a well-
balanced sheet.

g. Sketches. If a small sketch will make the chart
more intelligible, this may be placed on the sheet but
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tables of data and extensive explanatory matter should
not be placed within the chart.

19.5 - logarithmic charts. These charts are most
useful in engineering work where the relationship of
the variables is more complex, as, for example, a prod-
uct, quotient, or exponential form of the variables. In
such cases the chart becomes a straight line on log-
arithmic paper, as illustrated in Fig. 19.5. By the use
of logarithmic charts empirical equations to represent
test data can frequently be derived, as discussed in
Art. 19.18(b). The ruled lines of this type of paper
are spaced according to the logarithms of numbers.
Such paper is commonly available with one, two, or
three cycles, in each direction.

19.6 Semilogarithmic charts. When the rate of
change in two variables is more important than the
quantitative change, semilogarithmic paper is used
since the slope of the tangent to the curve at any point
gives the rate of change at that point and the whole
chart indicates a trend in the rate more accurately
than does the same data plotted on rectangular co-
ordinates, as may be seen by comparing the two charts
of Fig. 19.6. Semilogarithmic paper has a logarithmic
scale in one direction and an arithmetic scale in the
other. Equations of the general form y = al0¥Y will
plot as straight lines on this paper. Empirical equa-
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Fig. 19.7. Trilinear curve,

tions can frequently be determined by plotting data
on this type of paper.

19.7 Trilinear charts. Trilinear charts are in the
form of an equilateral triangle. The coordinates are
ruted parallel to the sides, and the altitude perpen-
dicular to any side represents 100. These charts are
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useful in comparing properties of chemicals or alloys

composed of three substances, as shown in Fig. 19.7.

The equilateral triangle has the property that the sum

of the perpendiculars to the three sides from any point

A . . . . Avrortzeo Tinme
inside is equal to the altitude of the triangle. It will BeTiwern Ovemmut
be noted in Fig. 19.7 that only a portion of the com- or

plete triangle has been drawn since the curves lie in fumaoJEr Enaimes
one corner and it would be a waste of space to show
the remainder of the blank chart.

19.8 Polar charts. These charts are useful when
equations are given in polar coordinate form or when
quantities radiating from a center are involved, as, for
example, illumination charts. They are also used in
modified form upon continuous recording devices, as
illustrated in Fig. 19.8. The radiating lines are curved
in this case because the recording stylus is pivoted at
a fixed center.

19.92 Pie diagrams or sector charts. These charts,
circular in form, are used to show the relative distribu-
tion of the parts of a whole, as illustrated in Fig, 19.9,
Other common examples are the distribution of the
tax dollar, or the costs of production in an industry. Fig. 19.10. Bar diagram.
They are quite effective and simple to make. If the
sector areas are shaded, Zip-A-Tone may be used.
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19.10 Bar charts. Bar charts are more commonly
| used for the popular presentation of facts since they
E are easy for the average layman to interpret. Bar
charts may have the bars either vertical or horizontal,
as shown in Figs. 19.10 and 19.11. They may be
additive, as in Fig, 19.12, or comparative, as in Fig,
19.13. The same general rules used for rectangular
coordinate charts apply here with only slight modifi-
cation. Shading of the bars can be done most eco-
nomically with Zip-A-Tone, a commercial product
available from The Para-Tone Company, Chicago,
linois.

19.311 Flow oand organization charts. In the
process industries it is often desirable to trace the raw
material through the various stages of handling to the
finished product. This is readily accomplished by a
fiow chart, as illustrated in Fig. 19.14.

Charts showing the lines of authority or responsi-
bility from chief executive to the minor departments
can also be shown in this type of chart, which is then
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30

called an organization chart, For formal presentation,
the lettering on such charts is usually done mechani-
cally with Wrico or Leroy lettering guides,

1912  Distribution diagrams. These diagrams
usually take the form of maps and may show a wide
variety of information useful in business operations,
such as distribution of sales, density of pepulation, ete.
A good map of the area under consideration is a basic
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Fig. 19.15. Distribution chart.
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requirément. These are usually traced from existing
maps in atlases or the like. A typical example is
shown in Fig. 19.15. In addition to location, guanti-
tative values are usually involved. These values are
shown by different types of shading.

19.13 Computation charts, Though many of the
foregoing charts can be used to simplify calenlations,
a number of charts are designed specifically for that
purpose.

a. Vector Diagrams. These diagrams may be used
to solve problems involving quantities which have
both magnitude and direction, such as forces, veloci-
ties, and accelerations. The only geometry involved

is the ability to draw one line parallel to another and
to use a scale.

Thus, in Fig. 19.16, a wall crane is shown support-
ing a load of 200 Ib. Bow’s systemn of notation is used.
Any line is designated by the letters on opposite sides
of it. Thus the known force of 200 Ib is noted as BC
in Fig. 19.16(b) and is drawn in a downward direc-
tion at a scale of 100 1b = 1 inch, or 2 inches long.
From C, a line is drawn parallel to the sloping mem-
ber of the crane of random length. A second line is
drawn from B parallel to the horizontal member of
the crane until it intersects the sloping line from C.
The lines in Fig. 19.16(b) may now be scaled to give
the magnitude of the stresses in the two members of
the crane. The arrows are drawn in a continuous
direction around the triangle and indicate the direc-
tion in which the forces act at joint 1. Thus the
member CA is in compression, and the member AB
is in tension,

A more complicated stress {vector} diagram for a
truss is shown in Fig. 19.17. For other illustrations,
see Arts, 14.13.2 and 14.49.

b. Derivation of Empiricel Equations. It is some-
times desirable to find the equation which expresses
mathematically the results of test data. The method
may be described briefly as follows:

1. Plot the data from the test on various types of
coordinate paper until a straight line is secured.
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Fig, 19.17. Vector diagram.
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9. By the methods of analytical geometry, determine
the equation of the straight line. Several methods are
available as follows.

(a} Slope and intercept.

(b) Two points.

() Method of averages.

(d) Method of least squares.

The second method will be used for a simple illus-
tration, assuming that the data of Fig. 19.18 are
plotted on logarithmic paper as a straight line,

When the equation assumes the form of y = ax”, it
will plot as a straight line on log-log paper. This
equation may also be written log y = log a + m log %,
and in this form it is not difficult to find the equation
of the line by the two-point method.

First assume two points near the ends of the line,
such as A and B in Fig. 19.18, and read the coordinates
from the graph as accurately as possible.

Point Loss in Watts  Volts

19-09

By substituting these values in the equation log
y =log a+ m log x, the following equations are
obtained.

log 800 = log a + log 128m 1)
log 4340 = log a -+ log 300m (2)
These equations then become
2903 = log a -} 2.107Tm {3)
3.637 = log a 4 2.47Tm (4)

Subtract to eliminate log a

0.8%m = 0.734

m = 1.984

The value of m may be substituted in equation 3 or
4 to determine the value of log a, or an independent
calculation may be made as follows: Multiply equa-
tion 3 by 2.477/2.107

3.418 = 1.176 log a + 2.477Tm (5)
A 800 128
B 4340 300 3.637 = log a + 2477 {6)
S000 i%
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Fig. 19.18. Derivation of empirical equation.
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Subtract equation 6 from equation 5

—0.224 = 0.176 log a
loga = —1.278
a = 0.053

The equation of the curve is therefore y = 0.053x1.084
ar

Loss inn watts = 0.053F"-984

where E equals volts,

¢. Functional Scales. The following terms should
he understood hy the student from his previous mathe-
maties courses.

A constant is any guantity which has only one value
in any equation,

A variable is a quantity which may have any value
between certain limits,

A function of a variable is any quantity which in-
volves the variable, Thus if X is a variable, X?, sin X,
(1 + X), and 1/X are functions of the variable.
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To prepare a scale for any function, the following
steps are necessary,

1. Assign values to the variable at suitable intervals
over the range desired for the scale.

2. Compute the value of the function for these
values of the variable.

3. To some convenient scale, plot the values of the
function on a straight line,

4. Number the plotted points with the values of
the variable {not the function).

] 5 o = 2¢ 25 J0 I35 0 H5
Svw A

Fig. 19.19. Functional scale for sin X.

As an illustration, let it be required to make a func-
tional scale for the function sin X from 0° to 45°.
1. Values of the variable.
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Fig. 19.20. Nomographs.
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2. Computed values of the functions.
087 174 250 342 423 500 574 643 707

3. Plot the values in (2) above as in Fig. 19.19,
using a scale of 4.5” = 1 unit. Other scales could be
used to obtain greater or lesser length,

4, Mark the scale with the values listed in (1)
above. See Fig. 19.19,

d. Nomographs. Nomographs, sometimes called
alignment charts, are very useful in engineering of-
fices when it is necessary fo solve the same equation
repeatedly by using different values of the variables,

The difficulty of making a suitable nomograph will
depend upon the complexity of the equation. Only a
few simple illustrations can be given here. For a
more complete treatment of the subject, see Graphic
Aids in Engineering Computation by Hoelscher,
Arnold, and Pierce, McGraw-Ilill Book Co., New
York.

Let it be required to make a nomograph for a simple
sum like A 4 B = C, between the limits 1 and 10 for
both A and B. :

This chart will have three paraliel scales, and the
term that appears on one side of the equation by itself
is the middle scale. The procedure is as follows:
(1) lay out functional scales for A and B at a con-
venient distance apart, as shown in Fig. 19.20(a);
(2) assume a convenient value of €. Then choose
two values of A, and solve the equation twice for the
corresponding values of B. Thus, for example, assume
a value for C equal to 4 and for A equal to 2 and then
3. The corresponding values of B will be 2 and 1.
Draw two lines across the chart connecting the cor-
responding values of A and B, These will intersect at
a point whose value on the C scale is 4, as shown in
Fig. 19.20(e).

Repeat this process to locate as many values of C as
desired. These will normally be integral values, Sub-
divide the spaces on the C scale as desired.

/J/

Fig. 19.21. Construction of logarithmic scale.
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Fig. 19.22. Three-dimensional chart,

In Fig. 18.20( k), it will be noted that the scale used
for plotting the function 24 is only one-half that for
the B scale. As a consequence, the C scale is shifted
to one side. In Fig. 19.20{¢c), the A scale is a squared
scale. Note that the values of the variable A not the
function A® are marked on the scale.

In Fig. 19.20(d), the equation for the bending mo-
ment in beams, M = {WL2, is solved. The first step
in preparing a nomograph for this equation is to
change the equation into a suitable form as a sum or
difference of the variables, This can be done by tak-
ing logarithms of both sides of the equation. It may
then be written:

log 8 +log M = log W 2 log L

Let the span (L) range from 1 to 100 {t and the load
{W) from 10 to 100C Ib per ft.

Logarithmic scales may then be laid out for L and
W, and the scale for moments M may be located as
before. In cases of this kind it is best to choose values
of M such as 10 and 100 or 100 and 1000, which will
determine the length of one logarithmic cycle.

A logarithmic functional scale of any convenient
length can be laid out by plotting accurately one large
scale from logarithmic tables and then drawing lines
from this scale to a point, as shown in Fig. 19.21. A
line can be drawn across this triangle parallel to the
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original scale to give a logarithmic scale of any de-
sired length within limits of the triangle.

19.14 Three-dimensional charts. Three-dimen-
sional charts are based upon one of the pictorial forms
of projection discussed in Chapters 16, 17, and 18 of
this book. They are useful for illustrating in a popular
way the relationship between three variables. Figure
19.22 shows a chart of this type.

19.15 Charts and diagrams for publication or lan-
tern slides. Many times in teaching or in public dis-
cussion it is desirable to have charts prepared for
reproduction as lantern slides, as illustrated in Fig.
19.23. For those who have occasion to make drawings
for this purpose it is recommended that a copy of
ASA Y-15.1 (formerly Z-15.1) “Engineering and Sci-
entific Charts for Lantern Slides” be procured and
followed as a guide,

Probhlems

The information contained in the following problems should
be shown in chart form according to specifications in the book
or from the instructor. If these are not given, the student
should select the best form of presentation for any particular
data,

Each chart should be complete with proper titles, coordinate
murkings, and any other nccessary information. It is recom-
mended that 81 % 11 inch paper be used for these charts, and
commercial coordinate papers should be used when available.

Coordinates are not specified. The student should sclect his
own values to give the best results.

Lantern slide.

PLane Cunves—RecTancuran CoonmiNa¥e Papen

1. Plat a curve for the areas of circles, A = =r2, of radii
varying from 0 to 14",

9, Plot a curve for the areas of spheres, A = 4m2, of radii
varying from 0 to 14",

3. Plot a curve for the volume of spheres, V = .5236d3, for
diameters from 0 to 10",

4, Plot a curve for computing the volume of a liquid at
different depths in a segment of a hemisphere 20’ in diameter.
V = nh({c2/8 + h2/8), where i = depth of lquid and ¢ = di-
ameter of liquid surface. Show a sketch in your chart to
explain the terms in the eguation.

5. Plot a curve for computing the volume of a liguid at
different depths in a cylindrical tank whose axis is horizontal,
and whose diameter is 10’, Carry the curve from zero to a full
tank by 1’ intervals. Make a diagram showing the meaning
of terms in your equation. Consult a handbook for necessary
equations.

6. The equation for the bending moment of a beam is
M.= W2, where M = the bending moment in foot-pounds,
W == the uniform load in pounds per foot of beamyand L = the
span in feet, Compute and plot three curves for these values
of W, namely, 100, 200, and 300 Ib per ft, for all spans from
5 to 35'.

7. Plot a curve for wind pressures on a flat surface normal
to the wind as given by Marvin’s formula, P = .004V2, where
P is the pressure in pounds per square foot and V is the velocity
of the wind in miles per hour. Use values of ¥V from 0 to 100
miles per hour.

8. Plat a curve showing the growth in population of your
state. Data from U, 8. Census,

9. Plot a smooth curve showing the maximum rainfall to be
expected for any period of time from the following data. Note:
The curve will pass along the upper boundary of the plotted
points, One or two extreme points may be outside of the curve,
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Storm Intensity Data 13. Same as Problem 10. Use data for brass.

Column A: Duration of storm in minutes.

Colurun B: Rainfall in inches per hour. Free-Cutting Brass

Unit Unit Unit Unit
1;11 0 I;B ;I'?' 4 l;g f;; o 1;6 Stress Strain Stress Strain
122 1.18 18 4.31 15 3.10 0 0 34,900 0.0083
25 1.21 32 2.70 15 9. 62 5,750 0.00033 35,200 0.0100
56 1.26 28 2.02 16 4.51 14,600 0.00066 36,600 0.0133
103 2.10 180 0.90 60 1.20 16,800 0.00122 37,500 0.0208
63 1.52 82 0.7 56 2.20 21,600 0.00166 39,100 0.0333
39 2.11 70 .10 22 3.93 28,300 0.0023 40,800 0.0667
33 1.82 72 1.97 12 4.88 29,200 6.00380 44,200 0.1000
54 2.80 70 1.00 7 5.02 32,200 0.0039 47,600 0.1500
4 5.02 45 1.30 11 2.30 32,200 0.0051 49,400 0.2000
10 5.10 24 1.61 16 3.87 34,000 0.0059 50,500 0.2333
10 4.15 8 1.46 14, Same as Problem 1. Plot on logarithmic paper.
15. Same as Problem 2. Plot on logarithmic paper.
18, Same as Problem 3. Plot on logarithmic paper.
10, Draw stress-strain diagram for mild steel from the data 17. Same as Problem 6. Plot on logarithmic paper.
given below, Plot strain on the horizontal axis. 18, Same as Problem 7. Plot on logarithmic paper.
SEMILOGARITHMIC CHART
Mild Steel 19. Same as Problem 8. Use semilogarithmic paper.
Unit Unit Unit Unit
Stress Strain Stress Strain Ban CHARTS
0 0 32,800 0.0022 : :
4,080 0.00012 88, 500 0.0030 20, Make a bar chart comparing the loss of weight of various
7,670 0.00025 84,400 0. 0052 metals in different solutions as given in the table below. Group
11,100 0.00037 37,000 0. 0250 the three bars for each metal together.
15,400 0.00050 47,000 0.0625
18,700 0.00083 52,000 0.1000 Action of One-Half Liter of 0.2 N Salt Solutions, Renewed Daily
23,200 0, 00075 53,400 0.1250 for 7 Days, on Metals at 17° to 20° C
26,700 0.00087 54,100 0.1500 .
30,100 0.0010 54,800 0.1875 Loss in grams per square meter per hour
32,800 0. 00113 55,100 0.2375 Metal MgCl, CaCly NaCl
33,800 0.00118 54,700 0.2625 Zine 0.57 0.21 0.06
32,700 .0015 47,500 0.3125 Cast iron 0.51 0.12 0.06
Wreought iron 0.51 0.18 0.15
Aluminum 0.10 0.03 0.00
1}, Draw a stress-strain curve for mild steel from the data Lead 0.83 0.24 0.01
above. Plot only as far as the 37,000-1b load. Plot strains hori- Copper 0.15 0.12 6.01
zontally, and select coordinates so that the curve goes well Tin 0.10 0.08 0.00
across the sheet. Nickel 0.03 0.05 0.00

o .
12. Same as Problem 10. Use data for duralumin. 21. Plot the following information in the form of:

a. A barograph.

b. A pie diagram,
Duralumin ¢. A 100% bar chart.

d. A histogram,

Unit {Init Unit Unit
Stress Strain Stress Strain Distribution of the Operating Money of a State University ‘
0 [H] 35,700 0.0087

4,520 0.0004 56,300 0.0107 Item Amount  Per Cent

9,100 0.0008 37,300 4.0130 Instruction 15,200,000 36
15,820 0.00143 41,500 0.0250 Related activities 2,900,000 7
20,306 0.00186 46,100 0.0500 Organized research 8,400,000 20
24,000 0.0023 48,000 0.0625 Extension and public service 4,200,000 10
29,400 0.0030 50,100 0.0750 Libraries 1,300,000 3
32,000 0.0044 51,500 0.1000 Physical plant 5,850,000 14
23,500 0.0057 53,300 0.1250 Administration 3,002,000 7
34,500 0.0080 53,500 0.1600 Retirement, ete. 1,093,000 3
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22, Plot the following information in the form of:
a. Plane curve.

b. Barograph.

¢. 100% Bar,

d. Histogram,

Sereen Analysis of Medium Sand

Size of Amount Passing
Screen Opening in Pounds

#100 0.0055 0.75
#50 0.011 3.00
#40 0.015 5.75
#30 0.022 10.00
#20 0.034 14.25
#10 0.073 20,50

1€ in. 1 21.75
3{g in. 3e 23,95
14 in. 4 25.00

23. A weight of 150 Ib is suspended by two ropes, one of
which makes 75° with the ceiling and the other 60°. Find
the stress in each rope,

TriLiNEAR CHART

24, Make a trilinear chart for the data shown in the table
below. Let the upper vertex represent 100% volatile matter,
the left vertex 100% moisture. Plot a smooth “coalification
curve” through the points. A coalification curve shows the
changes from peat to anthracite due to geologic forces. The
left wing of the curve shows the loss of moisture due to vertical

pressure, the right wing the loss of volatile matter due to lateral

pressure.
Analysis of Fuel on Ash-Free Basis
Per Cent

Per Cent Yolatile Per Cent

Type Moisture Matter Fixed C
Anthracite 4.1 4.8 91.1
Semianthracite 4.0 11.2 84.8
Bitwminous A 2.8 20.2 77.0
Bituminous B 3.2 36.3 60,56
Bituminous C 12.0 30.1 48.9
Bituminous D 19.8 35.7 44.5
Lignite 37.6 29.6 32.8
Peat 8l1.6 2.4 5.0

SeEcTorR Diacrams

25, Make a sector diagram showing the distribution of the
various items entering into the cost of government in the island
of Puerto Rico.

Hems Per Cent
General government 14.4
Protection 9.6
Edueation 28,4
Social welfare 9.7
Highways and streets 18.7
Economic development 5.8
Pubtic utilities 10.2
Debt service 7.2

26. Secure data and make a chart showing the distribution
of the tax dollar in your community,




20.1 For the planning and construction of many
engineering undertakings, it is necessary to have rep-
resentations of the earth’s surface. Such representa-
tions are called maps., When the area to be shown is
small, a map is essentially a one-view orthographic
projection, and hence only two dimensions can be
shown. This is frequently sufficient. Where the third
dimension, namely, the difference in elevation of the
earth’s surface, is essential, symbols are used to give
this information. If the area to be shown is large or
if extreme accuracy is desired, then other types of pro-
jection are used. Such projections are beyond the
scope of this book.

20.2 Classification of maps. Maps are con-
veniently classified upon the basis of their purpose or
intended use. On this basis, Professor E. R, Stuart
divides maps ® into four classes which he calls geo-
graphic, topographic, cadastral, and engineering.
Although no hard and fast lines can be drawn be-
tween the various classes of maps, the distinctions are
usually quite clear, as may be noted from the descrip-
tions in the following paragraphs.

20.3 Geographic maps. Maps of this group show
a comparatively large area, and must, therefore, be
drawn to very small scales, which means, of course,
that only the more important features of the earth’s
surface can be shown, such as the larger rivers and
lakes, mountains, cities, and railroads. On these maps,
the cities are located by small circles, and only the
larger curves in streams and the principal changes of
direction of the railroads are shown. Examples of
such maps are to be found in any atlas or geography
textbook, and hence are familiar to everyone. The
scales vary from a few miles to the inch to several
hundred miles to the inch. Relief, or difference of
elevation, is shown in a very general way, usually by
hachures or shading.

® Topographical Drawing, by Edwin R. Stuart, U. S. Military
Academy.

20.01

20

Map Drawing

20.4 Topographic maps. The term topography
means the configuration or shape of the land surface
of any area. Because of the details which must be
shown, the area covered by such maps is quite small
as compared to geographic maps. The most widely
known maps of this class are those prepared by the
United States Geological Survey. A small portion of
such a map is shown in Fig, 20.1. Figure 20.1 is taken
from the Urbana Quadrangle in Illinois in flat country.

U. S. Geological maps are made to the following
scales, determined by the needs ir the economic de-
velopment of the area shown. These maps are always
bounded by meridians of longitude and parallels of
latitude.

The larger scales shown below are used in the more
highly developed areas and the smaller ones in more
sparsely settled or desert regions, The arc of latitude
and longitude covered is the same in both directions.
A scale of 1:24,000, 1" = 2000 ft, covers 714 minutes
of latitude and longitude,

1:62,500, 1” = nearly 1 mile,

1:125,000, 1” = nearly 2 miles.

1:250,000, 1" = nearly 4 miles.

Index maps and circulars of each state, Alaska,
Hawaii, and Puerto Rico showing the areas covered by
topographic and planimetric maps are available with-
out charge from the United States Geological Survey,
Washington 25, D. C. The charge for individual maps
is given in the circulars.

The large-scale maps show all the natural features
down to little streams which run dry in the summer,
City streets, country roads and trails, tunnels, aque-
ducts, pipelines underground, bridges, houses, and all
the works of man together with permanent vegetation
such as forest areas are shown. A portion of a pri-
vately made topographic map is shown in Fig. 20.2.

20.5 Cadoastral maps. Maps of this class are used
primarily for showing political and civil boundaries,
together with property lines, and are used for the pur-
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poses of taxation and the transfer of property. Hence,
because of the accuracy required, such maps must be
drawn on a still larger scale than either of the preced-
ing classes. They contain, besides the property lines,
only enough of the natural features, such as streams
and roads, to enable one to locate the corresponding
lines on the ground. Plats of city additions, mineral
rights, farm surveys, and the like fall in this group.
The scale for such maps is usually greater than 6 inches
to 1 mile.

20.6 Engineering maps. Maps drawn for recon-
naissance, construction, or maintenance purposes are
called engineering maps. The scale is seldom smaller
than 1 inch equals 400 feet, and it may approach the
architectural scales as the other limit, as for example,

20-03

¥ inch equals 1 foot. Maps for railroad, highway,
canal, or hydroelectric construction are excellent
examples of this class of maps, Such maps frequently
have the character of topographic maps in that they
include the contour lines, the natural features, and
works of man. Being on a larger scale, they are, of
course, much more accurate in detail than the usual
topographic map. A portion of a highway construc-
tion map is shown in Fig. 20.8.

Public utility companies use what are in effect large-
scale cadastral maps to show the location of their lines
and connections thereto. Figure 20.4 is a portion of
& water company map showing the location of the
water mains, fire hydrants, and connections to private

property.
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Contour maps, showing principally the elevation of
the land, are used for location, estimating costs, and
construction. A map of this type is shown in Fig. 20,5,
Further details concerning the use of contour maps are
discussed in Arts. 20.26 and 20.27.

20.7 Military maps. This book is concerned pri-
marily with engineering maps for civilian use but
there is a close connection between topographic maps
for this use and military maps. Military maps may be
classified according to the scale, which definitely de-
termines the area that can be represented and the use
of the map.

Small-scale maps with scales ranging from
1:1,000,000 to 1:7,000,000 are used for strategical
planning by commanders of large forces,

Intermediate scale maps with scales varying from
1:200,000 to 1:500,000 are used for planning oper-
ations, troop movements, concentrations, and sup-
ply. ‘

Medium-scale maps with scales running from

© 1:50,000 to 1:125,000 are required for tactical and

administrative studies for units of the size of regi-
ments. U, S, Geological maps {1:62,500) are smtable
for this purpose.

Large-scale maps of about 1:20,000 are used for
tactical and technical battle needs. ,

Symbols for military maps are quite extensive and
may be found in a booklet called Military Symbols,
see next column,

20.8 Map scales. From the foregoing classification
of maps, it will be noted that scales are used ranging
from .1 inch equals 1 foot as the largest to 1 inch
equals several hundred miles as the smallest. 'The
scale of a map is shown both graphically and numeri-
cally at some place near the title or as a part of it,
as shown in Fig. 20.1. Sometimes the numerical scale
is stated as a ratio. Thus, a scale of 1 inch to the mile
is expressed as 1:63,360.

Survey measurements are made in feet and fractions
of feet, which are expressed in feet and decimals of a
foot instead of in feet and inches; hence the engineer’s
scales on the boxwod rules are in the decimal system,
and have 10, 20, 30, ctc., divisions to the inch. These
units may also represent 1, 2, or 3 feet to the inch, 10,
20, or 30 feet to the inch, or 100, 200, or 300 feet to the
inch.  All these scales oceur frequently in engineering
work,

The selection of a scale for a map will be influenced
by many factors, chief among which are: the size and
character of the area to be shown, the form in which
the map is to be presented, and the purpose for which
it is to be used. Cost of preparation and length of
service must sometimes be considered,.

Correc?

ncorrect

Fig. 20.6. Symbol for water lining.

20.9 Map symbols. Since the scale of any map is
small, relatively speaking, the representation of objects
upon it must be highly conventionalized. Upon all
but the largest-scale engineering maps, even the larg.
est objects must be shown by symbols rather than by
plan views of them. The purpose of a map is, after
all, not to show the exact appearance from above, but,
rather, to show the comparative size of objects and
their position relative to one another, Hence, conven-
tional symbols have been devised which bear some
resemblance, where possible, to the objects themselves.
The purpose of having this resemblance is for con-
venience in interpretation,

A well-standardized system of symbols, used by
practically all map-making departments of the govern-
ment, is published in a small booklet called. Military
Symbols published by the Departments of the Army
and the Air Force as Document FM 21-30.

20,10 Size and prominence of symbols. The size
of symbols should vary only slightly with the scale of
the map, since, to almost any scale, most symbols are
exaggerations, no matter how small they are made.
The symbols shown in Figs. 20.8 to 20.17 are the
proper size for the usual engineering maps.

Since the variation in size of symbols is quite lim-
ited, prominence may be secured by a variation in the
weight of lines used. The purpose of the map will
determine which symbols are to be made most promi-
nent.  On an oil property map, for example, flowing
wells, dry wells, railvoads, roads, and property lines
are the important features. In practically all cases,
the vegetable symbols are least important (military
maps excepted) and, therefore, should be drawn
lightly and not too close together.

20.11 How to draw symbols, There are two dis-
tinct steps in learning how to draw symbols, the first
of which is a careful examination of a correct model
or sample of the symbol, and the second, an endeavor
to reproduce it. The more important of these steps is
the examination of the sample, for upen the keenness
and accuracy of the observation depends the effort at
reproduction. For example, an examination of the
water lining at the right in Fig. 20.6 will make clear
that the first lines are drawn very near to the shore-
line and follow it around very closely, whereas the
lines become farther apart and less irregular as we
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approach the center of the body of water. Examples
of both correct and incorrect water lining are shown

in Fig. 20.6.

Similarly, a careful examination of the symbol for
grass in Fig. 20.7 will show that it consists of about
seven short strokes, ranging in length from almost a
dot at the ends to about 344 inch at the center. It will
also be observed that these strokes are slightly curved
and seem to meet in a common center, The indi-
vidual symbols are arranged at random and not in
rows. The careless observer would fail to note many
of these essential points, and consequently his at-
tempts at imitation would lack the things which he
overlooked. Common errors in making the symbols
for grass are shown in Fig, 20.7, in contrast with a
correct execution. Likewise, the result of poor ob-
sexvation of the tree symbol is shown in Fig. 20.8,

A large variety of map symbols, printed on cello-
phane for pasting on a drawing, may be obtained from

Para-Tone Co.

20.12 Colors of symbols.

On a finished map, the

symbols should be shown in colors. The color for
each symbol in Figs. 20.10 to 20.17 is indicated in the
figure title. These colors may be readily remembered

by four simple groupings, thus: the artificial features,

or works of man, are made in black; water features in
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blue; contours, sand, washes, etc., in brown; and vege-
tation in green. In printing maps, each color requires
a separate printing, therefore a reduction in the num-
ber of colors used reduces the cost. Since vegetation,
except very large forests, is not permanent, the green
is usually omitted,

20.13 Spacing of symbols. One of the greatest
difficulties in drawing symbols is to learn how to space

“those which do not have plotted locations. The gen-

eral tendency is to cover the sheet too thickly. The
draftsman must constantly be on his guard against this
practice, -for two reasons. First, the more symbols
drawn the longer it takes and the more it costs to pro-
duce the map. Second, it is more difficult to produce
uniformity of texture when the symbols are crowded.
The heavy and light areas on the map are disagree-
ably noticeable when symbols are placed too close to-
gether. When there are large areas to be covered with
symbols involving the use of parallel lines, as for
example in the case of marsh lands, a section-liner
should be used. ’

20.14 Position of symbols. Another very impor-
tant point is the position of the symbols on the sheet,
All symbols which have a definite base, as for example,
grass, marsh, palm trees, and corn, should be drawn
with the base parallel to the bottom of the sheet, so
that the symbols appear in a natural upright position.
They should never be placed with their bases parallel
to roadways or property lines which run diagonally
across the sheet. An illustration of this point is shown
in Fig. 20.9. Symbols for vegetation which occur in
rows, however, may have the rows running in any
direction,

20.15 Special symbols. For some purposes, special
symbols must be devised. Thus, for purposes of
aerial navigation, a map must show clearly the land-
ing fields of various kinds, beacon, and other aids to
navigation, as well as those objects which project up
into the air and may be obstructions to flight. Some
of these symbols are shown in Fig. 20.16, Such ob-
jects as roads, rajlroads, railway stations, rivers, lakes,
woods, and telegraph lines, which will not interfere
with flight, are shown by the usual symbaols.

Property maps of various industries may also re-
quire the engineer to devise symbols to show certain
features which are not included among the standard
symbols. It should be the engineer’s purpose always
to make such symbols unmistakable as to meaning
and easy to interpret,

20.16 Definition of terms, The following terms are
commonly used in surveying and map drafting,

a. Azimuth. The azimuth of a line is the angle the
line makes with a north and south line measured
clockwise from the north. See Fig. 20.18. In older
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survey notes the azimuth angle is frequently given
from the south. See problems at the end of this
chapter,

b. Back Azimuth. The angle measured to the line
running in the opposite direction from the azimuth
measurement. The back azimuth is therefore equal
to the azimuth plus or minus 180°. See Iig. 20.18.

c. Bearing. The angle which a line makes with a
north and south line measured either from the north
or south. It is always less than 90°. The bearing of
a line making 57° to the east of north would be speci-
fied as North 57° East or N 57° E. See Fig. 20.18.

d. Backsight. A sight looking back to the last point
or station previously occupied. It is 180° from the
foresight. See Fig. 20.19.

e. Foresight. In occupying a new point the sur-
veyor orients his transit by sighting back on the point
previously occupied. This is the backsight. The
telescope of the transit is then plunged 180° to give
the foresight. See Fig. 20.19.

f. Deflection Angle. The angle of a line in a survey
measured to the right or left of the foresight. See
Fig, 20.19.

g. Magnetic North. The north point as indicated
by the needle of a magnetic compass which points
toward the magnetic North Pole. 'This varies from
place to place.

h. True North. A north line established by obser-
vations on Polaris, the North Star.

i. Traverse. A broken line measured by observa-
tion of angles and distances in the field. In property
surveys it is usually the boundary line. A traverse
may be open or closed. See Fig. 20.19. It is said to
be closed when it ends upon the point of beginning
or upon a point whose location has been previously
determined.

j. Stations. The turning points of a traverse. In
railroad and highway surveys points on the center
line at 100-foot intervals are also called stations and
are identified during the survey and construction by
stakes with the station numbers on them, Points be-

tween stations are given the last station number with
the distance from that station as a plus quantity,

The following apbreviations are commonly used on
maps and map notes:

P.C. Point of curvature: the point at which the
tangent ends and the curve begins on a highway or
railroad.

P.T. Point of tangency: the point where the curve
ends and the tangent begins,

P.I. Point of intersection: the point where the tan-
gents to a curve intersect.

P.S. Point of switch: the point at which a switch
diverges from the main line of a railroad.

P.R.C. Point of reverse curve: the point at which
one curve ends and another of opposite curvature
begins.

20.17 Plotting a map traverse, The method of
plotting map notes depends upon the method of mak-
ing the survey and upon the accuracy required. In
general, the plotting on a map indicates or duplicates
in miniature the work carried out in the field. Thus,
an angle measured in the field with a transit may be
measured on the map with a protractor, and a dis-
tance measured by tape or stadia in the field is meas-
ured on the map with a boxwood scale.

The three most common methods of plotting transit
surveys, in an ascending order of accuracy, are: (1)
protractor and scale method; (2) tangent method; and
{8) rectangular coordinate method.

20.18 Protractor and scale method. Where great
accuracy is not required, the survey notes may be
plotted by means of the protractor and scale. The
degree of accuracy depends both upon the kind of
instruments used and upon the skill of the draftsman.
Any errors made are, of course, carried forward, but
are not necessarily cumulative, since the possibility of
error in either direction is the same, and in a large
number of measurements these errors will to some
extent balance each other, unless the errors are due
to a personal and constant tendency of the draftsman
to overestimate or to underestimate in plotting angles
or distances,
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Fig. 20.19. Traverse stations.
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For ordinary work, nothing less than a 6-inch cel-
luloid protractor should be used, and this should be
tested to see that the 180- and 90-degree angles, at
least, are correct. Steel protractors, with straight
edge and vernier attached, are, of course, much more
desirable,

A portion of a page of survey notes is shown in Fig.
20.20. Let it be required to lay out the angle at Sta.
2 to locate Sta. 3 from these notes. Assume the point
B in Fig. 20.21 to be Sta. 2 and the line BA the “back-
sight.” The first step, then, in laying out the angle is
to extend the line AB so far past B that both ends of
the protractor may be on the line when the center is
at B. Deflection angles are measured to the right
and left of the sight line produced; that is, a deflec-
tion angle marked right should be laid off to the right
of the extended line AB when Jooking forward along
that line in the direction C. Hence, the protractor
must be laid on the right or left side of the line from
which the angle is measured, according as the notes
describe the angle, as measured in the field, to the
right or left of the line. Having the protractor set as
described above, mark off the angle of 59°-40’ as ac-
curately as possible, with a very sharp pencil, at the
point D. With a straight edge and pencil, draw the
line through the point B and the new point just lo-
cated, and on this line scale off the proper length,
namely, 652 feet to locate Sta. 3.

20.19 Toangent method. This method is more ac-
curate for the plotting of angles, but requires more
time; hence, it is generally used for plotting traverses;
the protractor method may be used for plotting in
the details. The tangent method requires a table of
natural tangents and is, in brief, simply the plotting
of an angle on the basis of the definition of the tan-
gent. Again assuming the same angle as in the pre-
vious case, draw the line AB (see Fig. 20.22), extend
it beyond B, and lay off on it ten units with any one
of the engineer’s scales. The larger the scale the
greater the accuracy. At the end of these ten units,
erect a perpendicular to the right of the line, since
the deflection is marked right, and on it scale off the
natural tangent of the angle multiplied by 10, which
is 17.0901. Then through the point thus located and
the point B, draw the line required, and on it scale
off the distance 652 feet,

If the deflection angle is much greater than 45°,
greater accuracy may be obtained by first erecting a
perpendicular at B and laying off on it ten units, and
then at the end of this ten-unit line erecting another
perpendicular on which may be laid off a distance
equal to ten times the tangent of the complement of
the angle, as shown in Fig. 20.23.
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Fig, 20.20. Survey notes,

Fig. 20.22. Plotting angles by the tangent method.
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Fig. 20.23, Plotting angles from 45 to 90° by the tangent
method.
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Fig. 20.24. Plotting large angles by the tangent method.

If the deflection angle is greater than 135°, the
ten-unit line should be laid off between B and E, as
shown in Fig, 20.24, and the tangent of the supple-
mentary angle must be used.

20.20 Reciangular coordinate method. Inasmuch
as this method requires considerable trigonometric
calculation and is used only when great accuracy is
required, it will not be discussed in this book. Com-
plete information concerning this method may be
found in surveying texts.

20.21 Representation of elevation on maps. A
one-plane projection can show only two dimensions,
but for many purposes it is highly desirable that a
map shall show three dimensions, namely, -length,
breadth, and difference of elevation. This object may
be attained by two conventional schemes, that is, by
the use of hachures or contours.

20.22 Hachures, If only a general idea of the ele-
vation of the country is desired, the method of ha-
chures is satisfactory, since it gives the effect of relief
and is readily understood by the average person.
Differences in elevation between any two points, how-
cver, can be shown only in a very relative manner.
An example of this method of representation is shown
in Fig. 20.25, from an examination of which it will
be noted that the strokes are short, heavy, and close
together where the slope is steep, becoming gradually

longer, lighter, and farther apart as the slope becomes
more gentle and approaches the horizontal. The di-
rection of the stroke should be the same as that in
which water would flow on the slope. Care should
be exercised not to have a continuous white line be-
tween the several rows of short strokes.

20.23 Contour lines. A contour line on a map is
the projection of an imaginary line on the earth’s
surface which passes through all points of the same
elevation. The meaning of a contour line may per-
haps become a little clearer from an examination of
Fig. 20.26, the lower part of which shows a landscape
in perspective, and the upper part of which shows
the same landscape in map form with elevations in-
dicated by contour lines at intervals of 20 feet. The
shoreline is in reality a contour line. The first con-
tour line above the shore represents what the shore-
line would be if the water rose vertically 20 feet. To
put it in other words, if a man could walk along such
a line on the ground, he would go neither up nor down
but proceed always on a level and eventually he
would return to the place from which he started,

i

Fig. 20.25. Hachures.

Fig. 20.26. Meaning of contour lines.
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With a little reflection the following rules will be
observed to be true, both of imaginary contour lines
on the ground and of their projection on a map. The
rules are stated as applied to a map.

a. Every contour line must either close upon itself
or extend to the edge of the map.

b. When a contour line closes, it usually indicates
a summit but it may indicate a depression. When it
indicates a depression, this is made clear by the sym-
bol shown in Figs, 20.14 and 20.27.

¢. Contour lines never cross.

d. Where contour lines are close together the sur-
face is steep, and where they are far apart the surface
is gently sloping.

e. When contour lines are close together, they are
in a sense parallel to each other (not parallel in a
strictly mathematical sense). When they are far
apart they need not necessarily be parallel.

f. Contour lines approaching a stream go upstream
before reaching the water’s edge, where they stop at
points directly opposite each other at right angles to
the stream. If the stream is shown by a single line
they cross it at right angles; if shown by two lines,
they do not cross,

g. Contour lines cannot run into the shore of a lake
or other still body of water, since the water surface is
at the same level at all points.

h. The first contour lines from the water’s edge, on
opposite sides of a still body of water, must be of the
same number or elevation,

i. It is customary to make every fifth contour line
heavier than the rest. This line is broken at some
convenient place, and the number representing its
elevation is inserted in the break in ink of the same
color as the line, Where the contour lines are far
apart each one may be numbered.

The numbers indicating the elevation of the contour
lines are lettered parallel to the contour line, and,

Fig. 20.27, Depression contours,
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Fig. 20.28. Plotting contour lines by interpolation.

where possible, the numbers for consecutive lines are
placed in rows, as shown in Fig. 20.26. If it is pos-
sible, these numbers should read from the bottom of
the sheet. Contour lines may be drawn with a letter-
ing pen or with a pen designed especially for the pur-
pose and called a contour pen. The point of this
pen is on a swivel which allows it to turn freely in
any direction,

The contour interval may be any desired value,
from 1 foot in very flat country up to 200 feet in rough
mountainous country. By contour interval is meant
the vertical distance between the planes of consecu-
tive contour lines; 5, 10, 20, 100, and 200 feet are the
intervals mast frequently used.

On a summit or depression, the last contour line
is numbered, or the elevation of the high or low point
within the contour is given. See Figs. 20.26 and 20.27.

20.24 Plotting contour lines, The data for making
a contour map may be obtained in the field by ob-
taining the horizontal location and the elevation of
a series of points sufficiently close together so that
reasonable interpolations may be made between them.
These points may be taken in a rectangular pattern
at intervals suitable to the terrain. They may also
be taken in radial patterns from traverse points. In
the latter case it is usual to choose poiunts on the sur-
face where there is a change in slope. Thus, in Fig.
20.28, elevations were obtained at four points as in-
dicated at the top of the figure. A sectional view
shows the slope of the ground surface, and the light
horizontal lines are contour planes at 1-foot intervals.
A sectional view, of course, is not necessary since the
horizontal distance between points can be divided
proportionately. Thus in Fig. 20.28 the 805 contour
is two-thirds the distance from 603 to 606.

With this explanation, the actual work of plotting
contour lines from survey data is illustrated in Fig.
20.29. Here the traverse stations I, 2, and 3 have
been shown with the observations of elevations on
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Fig. 20.29. Plotting contours.

the earth’s surface plotted from each station in the
usual radial pattern. Assuming the ground slope to
be uniform between plotted points, the space between
points can be divided into a number of spaces equal
to the difference in elevation between points as in-
dicated for a number of spaces in Fig, 20.29.

In the upper portion of the map completed con-
tours have been shown, and in the other portions the
lines are sketched in only between plotted elevations.
In general, it will be noted that between the radial
lines of plotted points the contour lines follow the
stream pattern.

20.25 Use of contour maps. Contour maps are
used in engineering work to make preliminary esti-
mates of excavations for structures, in locating dams
and computing the volumes of water stored behind
them, in computing the area of watersheds, and in
many other kinds of work. Figure 20.1 shows a por-
tion of a topographic map taken from a United States
Geological map of the Urbana Quadrangle in Illinois.

20.26 Outcrop from contour maps, Contour maps
also are used extensively in geology and mining.
Figure 20.30 illustrates the use of a contour map to
determine data concerning a stratum of limestone.
The upper surface of the layer was observed to out-
crop on the 500-foot contour at point A. At other
places the stratum was covered by overlying ma-
terial. Borings were made at B and C at elevations
shown on the map. At B the top surface was en-
countered at elevation 580 and the bottom at 465,
At C these values were, respectively, 420 and 305.

Using the map, an elevation view was made of the
three points «”, ¥, and ¢¥ at the known elevations
of the top surface of the stratum. A horizontal line
drawn across this triangle from a¥ to d¥ determines
the strike line @”d” which upon measurement” from
the North line shows the strike to be 8§ 52 E. By
making an endwise view of the strike line and again

plotting the known points as at {b) the stratum is
shown edgewise and its thickness and slope or dip
can be determined as shown in Fig, 20.30(b). The
dip is shown on the map by drawing an arrow per-
pendicular to the strike line pointing in the down-

ward direction with the value of the dip lettered on

it.

Having the edgewise view of the stratum the out-
crop can be determined by finding where the top and
bottom surfaces of the limestone bed cross the 400-
700-foot contour planés in the edge view and project-
ing these back to the corresponding- contour lines.
These are shown by the small circles at the edge of
the shaded area for the top surface and the black
dots for the bottom.

1f, on the other hand, an outcrop of a bed is shown
on a contour map, the strike can be determined at
once by connecting the points where any one contour
line crosses the upper line of the outcrop. Having
the strike line, an edge view of the bed or layer may
be obtained and from this the dip and thickness.

20.27 Cut and fill from contour maps. Contour
maps are also used to determine the cut and fill re-
quired in the construction of a railroad or highway,
as illustrated in Figs. 2031 and 20.32. Since the
sides of a cut or fill are plane surfaces, contour lines
on them will be parallel and equally spaced. Finding
the outline of a cut or fill therefore is simply a prob-
lem in the intersection of surfaces. Having the con-
tours on the map, it is only necessary to draw the
contours in the cut or BIl at the same levels as the
map contours and find where these lines intersect.

If the road bed is level, the contour lines in cut or
fll are parallel to the edge of the road bed. The
spacing of these contour lines depends upon the slope
of the cut or fill. If the slope is 45° or 1:1 the spacing
will be the same as the contour interval of the map
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Fig. 20.30. Finding strike and dip from an outerop.
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whereas if it is 114:1, the spacing will be 134 times
the contour interval.
this type is shown in Fig, 20.31(a).

In hilly country, however, level road beds seldom
occur. There is usually a definite slope, and this
slope or grade is expressed in per cent. Thus a slope
or rise of 1 foot in 100 feet of horizontal distance is
called a 1% grade. A rise of 2 feet in 100 feet is a
2% grade, and so on. An ascending grade is marked
plus and a descending grade minus.

When the road bed is on a grade, the contour lines
of the eut and fill are not parallel to the edge of the
road bed, as can be seen in Fig, 20.31(b). On an
up grade, the contour lines in a cut converge toward
the edge of the road bed and those on a fill diverge.
The rate of divergence depends upon the grade and
the slope of the cut. On a 1:1 slope the divergence
will be equal to the grade. Thus in a 1% grade and
a 1:1 slope the contour line will diverge 10 feet from
the edge of the road bed in 1000 feet. With the same
grade and a 114:1 slope the divergence in 1000 feet
would be 13 feet. On curves, the divergence must
be plotted at each station and a smooth curve drawn,
This has been done on one side of the line shown
in Fig. 20.32. Theoretically cut and fill will meet at
the edge of the road bed on each side. In order not
to complicate the illustration, the culvert necessary
for drainage was omitted.

Where necessary, additional contours may be in-
terpolated on the map as well as on cut and fill.

The solution of a.problem of

Y jeonfoor fines—f
diverge B
yp grevale

Fig. 20.31. Plotting cut and fill on a level grade.

A more customary method for determining the out-
line of the cut and fill is by taking cross sections in
the field. This is done by establishing a line perpen-
dicular to the center line at each station and obtain-
ing elevations at selected points on this perpendicular
line. These cross sections are then plotted on paper
and the roadway placed in its proper position, as
shown for the two sections in Fig, 2032, These sec-
tions can be used to determine the edge of the cut
or fill and to calculate the quantities of earth to be
moved.

20.28 Profiles. A profile is a line showing the ele-
vations of the ground along some one particular line
on the earth’s surface. Although a profile represents
something entirely different from a contour, yet the
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Fig. 20,32, Plotting cut and £l on an inclined grade line.
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Fig. 20.33, Profile determined from a contour map.

two are related in such a manner that one may be
obtained from the other. A profile usually accom-
panies a map showing a road, railroad, sewer, water-
supply line, or canal location. If the profile is to be
made very accurately, the elevation of points on the
line should be obtained by means of a level in the
field. However, a profile for preliminary purposes
may be obtained from a contour map as shown in
Fig. 20.33.

When elevations are obtained with an instrument
in the field, readings are taken every 100 feet in flat
country, and at closer intervals of 50, 25, or 10 feet
in rough country, depending upon the ruggedness of
the slope. These readings are then plotted on a spe-
cial coordinate paper called profile paper, in which the

spacing of coordinates is different in the two direc-
tions.

When the elevations are obtained from a contour
map, the proposed line is drawn on the map and the
intersections of this line with the contour lines give
the elevations of points whose distances apart are
obtained by scaling the map. These points are then
plotted on the profile paper.

Profiles, as indicated in a preceding paragraph, are
usually plotted to two different scales, the larger of
which is used on the vertical axis. The purpose of
the two scales is to show the variations of elevation

~ more clearly. Since a profile is usually thousands

of feet or several miles in length, whereas the dif-
ference of elevation varies only over a few hundred
feet, the scale which would bring the horizontal length
within workable limits would make the vertical dis-
tances so small as to be insignificant.

20.29 Profile on curves. When a profile is made
of a line a portibn of which is curved, like a railroad
line, for example, the developed length of the curve
is shown in profile and not the projected length. In
other words, the length of the profile is the same as
the true length of the line. The beginning and ending
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Fig. 20.84. Railway profile.
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of the curve are shown, and the degree of curvature
is indicated, as in Fig. 20.34, .

20.30  Grade tines, In engineering work, where
maps are used, a profile is seldom drawn except for
the purpose of establishing the grade line of some
such structure as a railroad, highway, sewer, or other
engineering project. The grade line is the controlling
line in construction of the types of structures men-
tioned. It establishes the slope or deviation from the
horizontal. The grades of lines are specified in per-
centages, and represent the number of feet of vertical
rise or fall in 100 feet horizontal distance, Grades

are specified as plus when the slope is upward, and .

minus when the slope is downward, in the direction
in which the line is laid out. See Fig. 20.32. Thus
a --5% grade means a rise of 5 feet in 100 feet hori-
zontal distance,

20.31 Vertical curves. In lines of any considerable
length a uniform grade cannot be maintained from
end to end. Although two grade lines of different
stope will intersect in a point, in actual construction
they must be joined by a vertical curve in order to
smooth out the otherwise abrupt change of direction
which would be disastrous on highways and railroads.
These vertical curves are usually laid out as parabolas
in the following manner, and as indicated in Fig.
20.35. Lay out on opposite sides of the point of inter-
section of the grade lines the same number of 10-, 25-,
or 50-foot spaces, In practice both the length and
number of these spaces are arbitrarily selected to suit
the length of the curve and the nature of the work.
The elevation of the end points E and D of the curve,
Fig. 20.35, may be determined from the grade lines,
and the elevation of the mid-point C of the line ED
computed. The parabola passes halfway between A
and C at B, With this point established, other points
on the parabola may be determined by the fact that
the offset from the tangent to a parabola varies as
the square of the distance along the tangent. The

20-15

value of the offset at B being known, offsets at the
other points may be computed as shown in Fig. 20.35,

20.32 Horizontal curves, When railroads and
highways change direction, the change is accom-
plished by means of cireular curves that join the
straight parts of the line which are called tangents,
The curvature is specified in degrees, as for example,
a 3-degree curve, A 3-degree curve is one on which
a chord of 100 feet subtends an angle of 3 degrees
at the center. Circular curves are joined to the
tangent by an easement or spiral curve, but this spiral
portion is not shown in the usual map. The radii of
curves for various degrees is given in the Appendix.

20.33 Lettering. FEngineering maps, particularly
those drawn to a large scale for the purpose of con-
struction, are usually lettered in single-stroke Rein-
hardt letters, either slant or vertical, except the titles,
which may be made in a more ornamental style. On
Geographic and United States Government maps, the
lettering is in modern roman with certain variations
designed for special purposes. A competent map
draftsman must be a master of this style of lettering,

Although the lettering is about the last thing to be
inked on a map, the placing of it must receive atten-
tion during the preliminary pencil work; otherwise,
there will often be no place to put some very essential
information when the work is nearing completion.
As in all other types of drawing, lettering should be
placed, as far as conditions will permit, so that it may
be readable from the bottom and right-hand side of
a drawing.

20.34 Titles. The title of a map is usually placed
in the lower right-hand corner, if possible. It should
contain a statement of what the map is, ie., Plat of
Jones Subdivision, the location of the ground, the
name of the person or company for whom the map
was made, the date of the survey, the scale, the north
point, and the name or initials of the draftsman. The
name of the surveyor may be in the title or it may
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Fig. 20.35. Plotting vertical curves,
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Fig. 20.36. North points,

occur only in a statement which certifies that the sur-
vey and map are correct. This statement and signa-
ture must be written. They are usually placed near
the title but are not a part of it. The scale is fre-
quently represented graphically below the title. In
no case should the title be enclosed in a box.

On engineering maps Gothic letters are used; on
the more highly finished maps the roman style is pre-
ferred.

20.35 North points. Every map should have the
direction of the meridian indicated by means of a
suitable arrow, Unless otherwise specified, this arrow
points true north. The south portion of the arrow
should be somewhat longer than the north portion to
give it a balanced appearance. The barb and tail
should be narrow and graceful, thus avoiding an arrow
that is too bold or conspicuous. Sample arrows are
shown in Fig, 20.36,

Problems

In the following problems which have been selected to fit
816 % 11 and 11 3 17 inch paper, great care should be exercised
in the layout of the traverses and in plotting the artificial fea-
tures and contour lines, With few exceptions, all plotted points
fall within the borderlines of the sheets specified. Since these
are from older maps the azimuth, when used, has been plotted
from the south instead of north as is the case in more recent
practice.

Without being specified it is assumed that the student will
put in all necessary lettering in the proper size and style.” Notes
and dimensions given in the sketches are not to appear on the
finished map except the size of city lots. Symbols of proper
size and color are to be used in all cases.

1. From the survey notes of Figs, 20.37 and 20.38, plot
Map A. (Notes in these two figures read up the page.} Plot
the traverse by the tangent method, and have it checked by
your instructor. When approved, plot the details by the pro-
tractor and scale method, using all information given in the
sketches.

Plot the data for the contours from Figs, 20,39 and 20.40.
{Note that these read down the page.) Draw the contour
lines, interpolating where necessary. After the map has been
checked, ink it in the proper colors.

2. Same as Problem 1. Use Figs. 20.41 to 20.44 for Map B,
Scale, 1" = 400", ’

3. On an A-size sheet (8% 3 11 or 9 X 12}, draw a map
from the notes and sketches in Fig. 20.45, Observe again that
the notes read up the page and that the azimuths are plotted
from the south instead of north. Scale, 17 = 400",

4. On an A-size sheet (81> 11 or 93 12), draw the
contour map-from Fig. 20.46. The elevations have been given
on a large grid for rapid plotting. Parts of a few contour lines
have been sketched in as an aid, This contour map may be
plotted on the map of Fig. 20.45 by properly locating the grid
with reference to the section corner at the left in this figure.

5. On an A-size sheet, draw the map from the notes and
sketch of Fig. 20.47. Azimuths are again given from the south.
Scale, 1" = 400!

6. On an A-size sheet, draw a topographic map from the
data given in Fig. 20.48, Parts of a few contour lines have
been shown as an aid in beginning. These contours may be
plotted on the map of Fig. 20.47 by properly aligning the sec-
tion corners at the right of the figure.

7. From the contour map of Problem 1, Map A, draw the
profile along the railroad or highway center line as specified by
your instructor. Use a piece of profile paper 5 inches wide
and ‘15 inches tong. BRule a border 34 inch from the narrow
left-hand end and 3% inch from the other three edges. Hori-
zontal scale same as map scale, Vertical scale to be selected
by the student. This scale should be in units such as 5, 10 or
20 feet to the inch. Make the intersection of the left end of the
railroad or highway line with the borderline of your sheet Sta-
tion No. 1. Stations are marked at 100-foot intervals.

8. Same as Problem 7, using Map B, Figs. 20.41 to 20.44.

9. Same as Problem 7, using Map C, Figs. 20.43 and 20.46.
The length of profile paper required is 5 X 12 inches.

10. Same as Problem 7, using Map D, Figs. 20.47 and 20.48.
Size of profile paper tequired 5 % 12 inches.

11. On the profile made as assigned from Problems 7 to 10,
draw & grade line that will balance cut and fill as nearly as
possible.

12. On an A-size sheet (816 % 11 or 9 X 12} make a study
of six assigned map symbols from Figs. 20.6 to 20.17. Enclose
thenr in neatly balanced rectangles, and letter under each the
name of the symbol,

;
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Architectural Drawing’

21.1 Initroduction, Architecture is the art and sci-
ence of building, and involves diverse types of struc-
tures. Many phases of engineering are integrated in
building, construction, and design. These include
electrical engineering for power, illumination, and
communications; mechanical engineering for elevators,
escalators, machinery, and power; and civil engineer-
ing for structural design, site planning, and services.
Other flelds of engineering must be considered for
materials and methods, plumbing, heating, and venti-
lating. Every engineer will have occasion to use ar-
chitectural drawings. An engineer may draw plans
or write specifications for a building or some part of
a building. Engineers have designed and built in-
dustrial buildings, multi-storied structures, bridges,
and power projects, whose architecture is good be-
cause of the forthright engineered sclution of the
building’s purpose and structure. Architecture con-
stantly changes and advances with progress in science
and engineering,

A building is essentially a structural frame which
meets certain space requirements, and which will en-
dure certain loading conditions, The designer of a
building must understand human needs, space re-
quirements, structural elements, form, scale, and pro-
portion. This chapter is concerned with the working
drawings or “plans” by which the architect conveys
to the builder or contractor the necessary information
to erect the complete structure. Building design,
specifications, aesthetics, and other aspects of archi-
tecture are beyond the scope of this book.

As stated elsewhere in this book, the fundamental
principles underlying all projection drawing are the
same. In general, architectural drawing is third-
angle projection, although there are occasions when
the first angle is used. Owing to the size of the build-
ing, practical sheet size, and the fact that a plan must

* This chapter was prepared by Prof. Wayne L. Shick, Regis-
tered Architect.
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be made for each floor, the architect cannot relate his
views on one sheet as in a machine drawing in third-
angle projection. Instead, he uses one plane at a
time, placing it parallel to that part of the building
which he wishes to show, and then projects upon it.
Rather than project directly from view to view as in
machine drawing, the architect must resort to meas-
urements which are made according to the rules of
projection.

An architect’s drawings may be divided into two
general classes, namely, those which are used for
study and consultation with clients, and those by
means of which the building is actually erected. The
latter are called working drawings. The former are
further subdivided into two classes called preliminary
sketches. and display drawings. The preliminary
sketches are made by the architect for his own study
of the problem and to use in discussion with his client;
the display drawings represent the completed sclu-
tion which the architect submits in competition or for
public display.

21.2 Preliminary sketches. The draftsman begins
his study of a problem by making freehand sketches
embodying different ideas which occur to him, From
these he selects what appears to be the best, and
works up a preliminary sketch in pencil to a small
scale, say Yig or 14 inch to the foot, for presentation
to his client. These sketches may include the main
floor plans, an elevation, and a perspective. They are
dimensioned for general sizes only and are sometimes
embellished in such a way as to make them more
attractive to the client. It is essential that they shall
be easily understood, since frequently the person who
is to inspect and approve them is not proficient at
reading drawings. To this end, only the material
which will show the general arrangement is included,
and the details of construction are omitted. These
drawings are often made on tracing paper so that com-
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parison of different floor plans can be readily made by
placing one over the other.

21.3 Display drawings. In some respects display
drawings serve the same purpose as the preliminary
sketches, since they make clear to others the general
arrangement and appearance of the building. They
are made to small scale, the exact choice depending
upon the size of the building and the desired size of
the finished drawing., They usually include a front
elevation, the main floor plans, and a perspective.
They are rendered in pencil, ink, or water colors, or
in a combination of these, and include, besides the
building itself, some imaginary background, such as
trees, shrubbery, gardens, and clouds, the whole draw-
ing being a problem in art, designed to secure the
most pleasing effect and to show the building to the
best advantage.

An ordinary front elevation may be made quite
realistic by projecting the shades and shadows on the
building, by material indication, colors in various tones,
and by putting in a foreground in parallel perspective.

Display drawings are not dimensioned, but the scale
is represented graphically. They contain very little
information that could be used by the builder.

21.4 Working drawings. The working drawings
developed from the architect’s sketches and display
drawings are the ones in which the engineer is par-
ticularly interested. The purpose of such drawings
is to provide information from which, with the written
specifications, accurate estimates of cost can be made
and the building constructed. They must, therefore,
be accurately drawn to scale and include all neces-
sary details and dimensions.

A complete set of working drawings, or set of plans,
as they are sometimes called, will include the follow-
ing six or more sheets: plot plan; basement or foun-
dation plan; floor plans in order—first, second, third,
and so on, not duplicating, of course, where the floors
are exactly alike; four elevations, if all views of the
building are different; sections, as many as may be
required; and details, as many as may be required.
In addition, large buildings frequently require separate
sets of plans for the structural framing, whether it be
of timber, steel, or reinforced concrete, and separate
plans for the mechanical, electrical, plumbing, heat-
ing, and ventilating work.

21.5 Plot plans. The frst sheet of a complete set
of plans is the plot plan. It shows the property lines
and the relation of the proposed building to them.
See Fig. 21.1. The building is sometimes represented
by a cross-hatched area whose shape is that of the
outside of the structure at the grade line. In addi-
tion, there should be shown the drainage sewers and
water mains, utilities, walks and driveways, and any

outbuildings to be constructed. 1f the building site
is hilly, the elevations are shown by contour lines, and
any grading which may be necessary is indicated.
This sheet, like the others, contains in the lower right-
hand corner the architect’s standard title and, at some
convenient place on the sheet, an arrow indicating
the north point.

21.6 Floor plans. The floor plan of a building,
instead of being a top view as in machine drawing, is
in reality a horizontal section as seen from above.
The horizontal cutting plane is passed so that it will
show the most detail; it need not be 2 single continu-
ous plane, but may be offset to different heights above
the floor at various places. The plan will, therefore,
show all openings in the walls in the story through
which it is passed. See Fig. 21.2 and Fig. 21.11. It
will show interior walls and built-in features such as
the plumbing fixtures, special cases, and cahinets,
The location of heat outlets or ventilating ducts may
also be shown, as well as the location of steam or hot-
water radiators and their connecting lines where space
must be provided for them by someone other than
the heating contractor. The exact location of the
water and drainage pipes for the plumbing is usually
not shown on small jobs unless their location presents
a problem the solution of which must be provided for
in advance,

Stairways are indicated by showing approximately
one-half of the full flight to the floors above and be-
low, and by marking upon the drawing the full num-
ber of risers, An illustration is shown in the floor
plans in Fig. 21.2, Two consecutive floor plans show
completely the stairway connecting them. Stairways
are frequently worked out to a large scale in order to
make sure that they will properly fit in the space
allowed. A common rule for proportioning the risers
and treads is to make the sum of one riser and one
tread approximately 17 inches. Seven to eight inches
is a maximum height for a comfortable riser,

In addition to the items discussed above, which
would actually appear in a projection made strictly
according to theory, it is customary to indicate cer-
tain features which would not appear by the rules of
projection. For example, beams and ornamental fea-
tures, which appear in the ceiling above the floor
shown, are indicated on the floor plan. The lintels
over wall openings are also indicated, although they
are above the cutting plane. In small buildings not
requiring separate framing plans, the supporting mem-
hers for the floor above are shown on the plan of the
floor below. Thus, the beams or joists supporting the
second floor would be indicated on the first-floor plan.
This, of course, does not apply where a special set
of framing plans is prepared. Ceiling lights and out-
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R,

lets are indicated in the same way, by locating them umns or piers, elevator shafts, and the like, which
i on the plan of the floor below. The precise location must line up from story to story.

¢ of the wiring is not given, unless openings must be 21.7 Elevations. The elevation of a building is a
E allowed for it by others than those who do the wir- projection of the building upon a vertical plane per-
ing. In reinforced concrete and steel work, for ex- pendicular to the direction from which the elevation
ample, holes must be provided where wiring conduits is seen, and shows the story heights, all openings in
i‘ and pipes pass through floors or beams, as the cutting the outside walls, and the nature of the outside finish,
f of holes after the concrete is poured and set might such as wood, stone, brick, metal, and glass. Unless
i damage its structural value. For reasons of economy the sides of a building are identical, each elevation
E also, space for conduits, piping, and ventilating ducts should be drawn, see Figs. 21.3, 21.4, and 21.5, Where
5 must be provided in advance. the wall material is erected in a certain pattern, the
gj It has become an established practice to draw the size, arrangement, and location of the material are
‘ floor plans so that the front of the building is toward shown on the elevation, and the exact construction is
E the bottom or right edge of the sheet, depending upon shown in a large-scale detail drawing. The outline of
! the shape and size of the building. Elevations should the building below the grade line is shown by invisible
L read from the bottom of the sheet, or the right-hand lines, as seen in Fig. 21.13, as are also roof lines which
E edge in some instances. may be concealed behind parapet walls, On eleva-
[ In making the floor plans of a building that has sev- tions of small buildings, stairways are sometimes
] eral stories, time may be saved by tracing from the drawn in invisible lines in order to save drawing a
E first-floor plan the outside walls and interior columns section. With these exceptions, the invisible line is
: which run through from floor to floor. This also not used on the elevation unless absolutely necessary,
5 avoids the possibility of error in the location of col- Dimensions on an elevation are practically limited to
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those in a vertical direction. See Fig. 21.12. Other ;

dimensions belong on the floor plans and should not F /

E be placed on the elevation unless it is impossible to

E show them on the plans. The elevations are given

life and snap by accented lines and touches of ruled-

. line rendering to suggest the texture of the surface.

E This ruled-line rendering must be soft and subdued,

{ and not an attempt at a rigid representation, as in
machine drawing.

E‘ In making elevations, the plan sheet is taped in
proper projection position, either beneath the tracing
paper on which the elevation is to be drawn or at the :
top of the sheet, whichever is more convenient. Some- !

Ef times the elevation is drawn by reading the principal o -
dimensions from the plan view, locating approximate " L “ *'W 'Il

i
}

C
CC

window positions, and then drawing the windows in

E the best size, style, and arrangement on the elevation.

The best fenestration is worked out by a coordinated

study of the plan, elevations, and section. This co-

E ordinated study applies to the design and detailing of
the entire building and its many parts.

21.8 Sections. The exact details of construction,

] different kinds of material, and the exact size and in-

E tegrated placement of the materials are shown in cut- i

away drawings or sections. Sections cut across the

) narrow way of a building are called transverse sec-

E tions, as shown in Fig. 21.6; those cutting lengthwise !

' are called longitudinal sections. Other sections may

be taken of parts of the building, showing with exact-

E ness the construction of the individual part and how

‘ it relates to the building, These sections are called

detail sections, i.e., a section of a foundation, a door-

way, a fireplace, or stairway. The cutting plane for a

%‘ section may be offset to take in the important features

which it is desirable to show. The cutting plane may

be shown edgewise on the floor plan by a heavy dash-

and-dot line with arrows at the ends indicating the

direction in which the view is taken. AN parts cut

by the plane are shown cross-hatched in some char-

E‘ acteristic way to represent the material, as shown in

' Fig, 21.13. All parts behind the cutting plane are

- SOUTH ELEVAT/ON
SCA'!.E;,/- VL0
Fig. 21.3. Front elevation

————
—

shown in the usual way. Invisible lines are avoided.

21.9 Standard details. Many of the details and K R o E{
E materials and methods used in building construction . fj‘rJ 11 NI
: have been standardized. An entire building could . ‘;_ i LT },tgg. 5‘
i be erected of materials which are standard, uniformly _ud_;ﬂ“ ) RNy i

manufactured and specified by the manufacturer, and W T ;‘s: I
erected by standard practices. Such things as brick, L. —
tile, structural steel, windows, and doors are fur- %" J
nished in certain standard sizes and fabrications. s
The most common uses of brick are as a structural ]
load-bearing wall or partition, or as an outer screen 7 |
wall or veneer facing to a building which has some | '”‘

other structural framing. The brick may be used in a
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variety of patterns and bonds, and the brick wall may floors and the covering of walls which are subject to
be united with the structure by metal anchors, lintels, moisture, acid, or other abusive conditions, particu-
and other connectors, Precast concrete slabs, stone, @ larly in kitchens and bathrooms. Tile is also widely
metal sheets, and other materials are also used to used in schools, industrial plants, public buildings,
“skin” a building over a structural frame, using metal etc. Both kinds may be obtained in standardized
connectors of various kinds. dimensions, Figure 21.8 illustrates common building
a. Brick. Bricks may be obtained in several sizes, tile sizes.
colors, and textures. Figure 21.7 illustrates two com- ¢ Structural Steel, A few of the common sizes and
mon types of bond, and some types of brick joints. dimensions of standard steel beams, channels, and
Joints vary from ¥ to 1” thick usually by %4-inch angles are given in tables in the Appendix. For com-
increments. plete information, consult the American Institute of
b. Tile. The word tile applies to two distinct Steel Construction (AISC) handbook.
classes of material, namely, the large hollow blocks d. Metal Sash. Metal windows are made in stock
or building tile, and the smaller solid units used for sizes and are specified by numbers which have the

AL
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Fig. 21.4. End elevation.
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meanings indicated in Fig. 21.9. The details of con-
struction of one type of sash are shown at the left of
this figure. See the Metal Window Institute for a
complete listing of standard metal window sizes and
types.

e. Wood Sash. Wood windows and metal windows
are manufactured in the same types, namely, the pro-
jecting or awning types, casement--that is, vertically
pivoted; double-hung—that is, sliding up and down
and horizontal sliding. Windows can be had in any
size of fixed sash. A millwork manufacturer or lum-
ber yard should be consulted for a catalogue of stand-
ard types and dimensions of wood sash. For large
window openings, the opening is broken up into two,
three, or more sashes, separated by a slender vertical
member called a mullion. Figure 21.10 gives stand-
ard sizes for three types of wood windows.

f. Doors. Doors may be obtained in wood, metal,
or flexible material types. Common metal and wood
doors are manufactured in stock sizes from 1-8” to
3-0” wide by increments of 27, and in 6-6”, 6"-8”, and
70" heights. The thickness may be 13§, 13", or
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Fig. 21.8. Typical tile blocks.
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Fig. 21.9. Steel sash details and dimensions.
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for very large doors 2%4”. Flush-panel doors having
smooth flat faces are most commonly used, although
doors panelled in various designs are available. Doors
for large openings may be made up of several doors
either hinged together or sliding on tracks, or they
may be of a flexible folding type.

g Wood. Wood is used in buildings in two ways,
as a structural material and as a finish material. Struc-
tural lumber comes in several grades, the number 1
and number 2 grades being most commonly used.
Lumber is available in lengths varying from 8-foot to
24-foot lengths by 2-foot increments. On special or-
der longer boards can be obtained. The cross-sec-
tional dimensions in greatest demand are 27 % 47,
27 % 67, 2" X 87, 2" X 10, and 27 ¢ 12”. These are
nominal dimensions, the exact dimensions of lumber
being 3" less than the nominal dimensions up to 57,
and, for 8” and larger, 14 less than the nominal, For
example: a 2”7 X 4” is actually 154" % 354" in cross
section, and a 6” X 8" is 514” X 714", One exception
is the 1” board which is about 13{¢” in thickness. As
a finish material, wood is usually employed as boards
1”7 {1346”) thick, of various widths and lengths, and
in several qualities from nearly perfect boards with
no knots, checks, or other defects to the most imperfect
of boards which may be used for some decorative
effect. Wood can be processed into several other
types of finish material such as plywood which comes
in many thicknesses and sheet sizes.

21.10 Details. Because of the small scale, it is
impossible to show the exact construction of all parts
of a building on any of the drawings just discussed.
It is necessary, therefore, to draw typical details of all
intricate parts of the building for which the construe-
tion is not self-evident or in accordance with standard
practice. These details are made to a larger scale
than the rest of the drawing and may vary from
inch to the foot up to full size, as shown in Fig. 21.13,
It is quite evident that an architect cannot include
everything that may need explanation, but his plans
and specifications should embrace enough détails to
permit the making of an explicit contract. It would
be manifestly unfair for him to insist upon some type
of construction not fully shown in the plans and speci-
fications, when the contractor had perhaps figured on
some cheaper scheme. As the building operations
proceed, however, the architect is required, from time
to time, to furnish additional detail drawings, which
must always be given a title showing clearly to what
part of the building they apply.

The architect does not devise all the details which
are shown in his plans, but depends upon the manu-
facturers of the different products which go to make
up a building to supply him with information concern-

10
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MAKES 54 STOCK

SIZES OF LISTED AWNING OR TRANSOM

DIMENSIONS ~ HEIGHT  WIDTH
MULLIONS ARE 3 I~ oq!’ 2'-43"
WIDE~ MUNTINS - 4% 3o
IN SEVERAL SToCK I'- gk 3'-10"
PATTERNS 2-0of

WOOD WINDOWS - SASH SIZES
ALL WINDOWS MAY BE COMBINED WITH FIXED
SASH {(PICTURE WINDOWS) OF MANY STOCK SIZES-

Fig. 21.10. Wood window details and dimensions.

ing their products. Such information has been col-
lected in a set of volumes, called Sweef's Architectural
File, published annually. A similar file for engineers
is also on the market. The progressive architect or
engineer also keeps a file of the catalogues of all the
manufacturers of materials in which he is interested,

21.11 Dimensioning. The common rules which
apply to machine drawing hold in general for archi-
tectural drawing. However, it is more difficult to tell
what to dimension, as it is only by experience that one
can learmn which dimensions, of the many that might
be given on a building plan, are of any value to the
workman. The dimensions given must be clear, def-
nite, and unmistakable. Moreover, they must. check
with one another from place to place and from plan
to elevation. The inevitable variation in commercial
sizes of material must be taken into consideration,
This does not lessen the requirements for accuracy
but demands an expert knowledge of building opera-
tions on the part of the architect. Several points to
be observed in dimensioning are as follows:

a. Keep all outside dimension lines well away from
the building lines. The nearest line should be about
an inch away from the building line.

b. Dimension to center lines of interior walls or to
the outside of walls, and then give the thickness also,
Whenever possible, make a series of inside dimensions
in one straight line clear across the building.
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¢. Dimension to the center lines of columns in hoth
directions,

d. Dimension to the center lines of openings in out-
side walls, or to the sides of the opening, as required
by the structural framing.
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Fig. 21.138. Typical section through wall of building shown in
Fig. 21.12.

21.12 Notes. More notes are used in architectural
drawing than in any other branch of engineering
drawing. If the meaning of a symbol is doubtful,
it should be made clear by a note, When a part is
detailed, a brief note, such as “See detail on sheet
No. 11,” should be placed on the floor or elevation
drawings near the part detailed. Then under the de-
tail itself there should be a title stating what it is, and
a note referring back to the place where the parts
may be found in the drawings. In addition to these
notes, the sizes of doors, windows, beams, girders,
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lintels, columns, ete., must be given. These might
be classified as dimensions, but since they do not
appear in dimension lines it is better to call them
notes.

21.13 Specifications. The contract documents in
any architectural project are the agreement, the gen-
eral conditions of the contract, the drawings, and
specifications. The architect prepares specifications
to accompany each set of plans. Specifications begin
with general statements and conditions, and proceed
in a systematic way to consider the work of various
trades and materials involved in the construction of
the building. The specifications cover those points of
construction which cannot be shown in a drawing,
namely, kind and quality of materials, manufacturer,
type of finish, methods of construction, and in addi-
tion reemphasize such points as might be overlooked
il the drawings alone were used.

The Federal Housing Authority has prepared a
booklet on residential construction, Minimum Prop-
erty Requirements, and a short-form type of specifi-
cations which are quite good for small-house work.
Architectural Specifications by Sleeper, John Wiley
& Sons, is a most comprehensive book on the sub-
ject, and the American Institute of Architects has pre-
pared Specification Sheets as an aid in their writing.
The specifications of individual manufacturers of
building products and Sweet’s Architectural File pro-
vide specific information.

21.14 Symbols. Since the plans and elevations of
working drawings are made to a scale of 14 or Y
inch to the foot, certain conventional representations
are employed. These conventions have been gener-
ally standardized, and the parts of the building repre-
sented by given symbols are specifically described
either by detail drawings, notes, or specifications.
Windows are commonly indicated by an opening in
the wall the width of the sash, and lines representing
the glass and sill. Swinging doors are shown by
breaking the wall the width of the door, and drawing
the door ajar with an arc for the swing of the door.
See Fig. 21.2 and Fig. 21.14. Windows and doors
are usually coded by a letter in a circle, each window
or door of the same kind and size having the same
letter as shown in Fig. 21.2. A chart or schedule of
doors and of windows is then prepared describing
each kind and size used in the building,

It is clear that-the smaller the scale the simpler the
symbol must become. A common fault of beginners
is to make the symbo! too large and cumbersome in
proportion to the rest of the drawing. See Ramsey
and Sleeper, Architectural Graphic Standards, for a
comprehensive table of architectural indications.
Equipment or material which is not standard or for
which there is no definite symbol should be identified
on the drawing by a noted circle or rectangle, and be
explicitly described by note, detail, or specification in
the drawings and specifications.
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Various kinds of cross-hatching indicate different
materials as shown in Fig. 21.15. A key, showing the
cross-hatching and materials represented, may be
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Buiome MaTERIAL SvmsoLs
MATERIAL In PLAN IN Section In ELEVATION
Bricx Vi / ViiZ 777 B
STONE %

placed on the drawing, particularly if the materials
are uncommon and not generally recognizable. How-
ever, to one familiar with building plans and construc-
tion, cross-hatchings commonly used are readily un-
derstood without such a key.

21.15 Electrical wiring, The electric outlets and
switches which control outlets are shown either on
the floor plan, or upon a simplified tracing of the floor
plan, in their approximate locations. A line between
an outlet and a switch indicates control of the out-
let by that switch, as shown in Fig. 21.2. This simpli-
fied type of electrical layout is generally used by
architects. The type of service, method of wiring,
number of circuits, types of fixtures, and other details
are exactly described in the specifications. The pre-
cise location of outlets, routing of wire and conduit,
and the grouping of outlets into circuits can best be
accomplished after the structural shell of the building
has been erected. This on-the-job location is worked
out by the electrical contractor under the supervision
of the architect. Such procedure is economic of draft-
ing time and costs, avoids conflicts between the draw-
ing and the practical installation, and gives the con-
tractor a clear picture of the outlets to be installed
which with the specifications enables him to figure
the contract cost. The National Electrical Code gov-
erns the method of wiring and circuit design. Elec-
trical symbols used in building construction are shown
in Table 34 in the Appendix.

For buildings which are repeated many times, such
as identical units in a housing project or prefabricated
houses, or for very large structures in which duct and
pipe spaces must be provided for wiring, the electrical
layout problem should be integrated with the plan
and the structural drawings. In such cases, it may be
economical to predetermine the exact location of out-
lets, wiring, and the grouping of outlets into circuits,
Even so0, under practical installation difficulties, and
unforeseen conditions, changes or deviations from the
electrical layout will be made. A meticulous electri-
cal design and layout could be made for any building,
but this should be done only when it is a practical
and economical procedure.

21.16 Titles. Architectural titles are usually placed
in the lower right-hand corner of the sheet, although
oceasionally one will find a drawing whose title has
been put in some other place. The style of lettering
usually employed is a single-stroke, free imitation of
the roman. The title generally displays the name
of the architect, or firm of architects, rather promi-
nently. The name of the building, if public, or the
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Fig. 21.15. Standard material symbols.

name of the owner, is also given prominence in the
title. The contract number, the sheet number, the
scale, and the names of the draftsman, tracer, and
checker, and the approval signature of the architect
are also included. The same general title is placed
on each sheet, with a change, of course, in the sheot
number and other details where necessary. Other
information concerning the drawing on the sheet is
placed below the views, as, for example, First-Floor
Plan, East Elevation, etc., and not in the title space
itself.

21.17 Technique. The technique of architectural
drawing is similar in many respects to that of ma-
chine drawing. Visible outlines, such as walls, beams,
and columns, are made heavier than center lines,
dimension lines, and cross-hatching. All lines should
be lighter than those generally used in a first-class
machine drawing, in order to show adequately the
many small details. Contrast between the weights
of lines will give the drawings a vigorous and work-
manlike appearance.

There is, however, a little greater freedom in the
architect’s technique, by which he gives expression
and life to the drawing, than is permissible in other
fields of drawing, although greater freedom does not
mean less accuracy, The overrunning of corners is a
common practice not found in other engineering draw-
ings, and, though it may speed up the work somewhat,
care should be exercised not to overrun where con-
fusion might result.

On elevations, accent lines and ruled-line rendering
are used for embellishment of the drawing. There
are also many details which the architect must put in
freehand. These give character to the work, and pro-
duce an effect which is entirely different from the
hard and rigid appearance of machine drawings.
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These elements, together with the greater freedom
in the style of lettering, constitute the chief differences
between the technique of architectural and machine
drawing,

21.18 Lettering. The architect must employ his
knowledge of lettering in two ways; first, in the let-
tering of his drawings, titles, and the like; and second,
in the design of inscriptions and display or sign let-
tering. Such lettering constitutes a problem in design
with which the engineer is not concerned. On work-
ing drawings, single-stroke modification of the roman
alphabet is used for titles and subtitles; the single-
stroke Gothic is most frequently employed for notes.

Problems

The plans shown in Figs. 21.17 and 21.19 to 21.29 show all
walls, door openings, and rooms (some windows and prominent
elements are also shown). Other plans may be selected from
magazines and books, or a plan may be originally designed.
Seme variations have been suggested, and the student may

ENGINEERING DRAWING AND GECMETRY

develop and modify any particular plan to suit individual needs.
Locate and. determine the size of windows, built-in features,
and other details. Select materials for construction, walls, and
partitions. Determine the type of roof, whether flat, shed,
gable, or hip. Locate electric outlets, plumbing fixtures, heat-
ing, ete.,, as required. Some details of construction can be
worked out by inspection of the building shown in this chapter;
and by information from reference books. Select the scale
and sheet size 'to be used for each problem.

FEach of the following problems may be applied to any one
of the buildings shown in Figs. 21,16 to 21.29 or to the build-
ings shown in Figs. 21.1 to 21.6 and 21.11 to 21.13.

1. Draw the floor plan {or plans).

2, Draw the foundation or basement plan,

8, Draw a vertical section through the outside wall, roof,
and foundation.

4, Draw one to four elevations, as assigned,

5. Draw four interior elevations and a plan of a selected
Toom,

G. Draw a detail of some part of the building, such as fire-
place, doorway, stairway, or counter. Sections and elevations
as needed.

7. Draw a transverse section through the entire building.

8. Draw the plot plan for the building.
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Fig. 21.16. Perspective of store. The buiklding may be medified by different arrangements of interior partitions, and by changing

display space, counters, windows, and doors. The plan will vary with the type of store. From first to second floor is 12'-0"; second-

Roor ceiling height is 9-0". The first floor is 4" reinforced concrete on 12" Rll. The second floor will support 80 Ib per sq ft.
Outside walls are 13" thick. See Fig. 22.47 for truss and roof details. Heat is supplied from outside source.
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Fig. 2117 First- and second-floor plans of store shown in Fig. 21.16. The interior of the building may be divided by non-bearing
partitions into desired spaces, i.e, washroom, office, stock room, sales room, ete.
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Fig. 2L.18.  Perspective of factory. Walls of masonry, concrete, or metal pancls over masonry. Wall footings are reinforced con-

crete 2°-0" wide and 12" deep.  Columm foutings are 3-0" square and 15" deep. The gable end may have truck doors on each side

with a large window in the middle. The monitor on top of the building may be extended the full length, or be omitted. See Fig.
22.48 for steel framing,
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Fig. 21.20, First-floor plan of a two-story residence with base- Fig. 21.23. Floor plan of a one and one-half or two-story house
ment.  30'-0” x 72'.0", with basement. 26'-0” X 36-0".

Fig. 2121, Floor plan of a one-story development. house. Fig. 21.24. Floor plan of a two-story house with basement.
247-0" ¢ 40°-0", 27'-0" ¥ 33'-0",

v v ] Q Oﬂ
T }
2 -
Fig. 21.22. Floor plan of a two-bedroom house. 28-0" % Fig. 21.25. Floor plan of a six-room house with basement.
56'-0". 32/-0” x 68'-0". Furniture and interior decoration should be

considered. Minimum ceiling height is 10'-0".
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Fig. 21.28. Floor plan

of a school.

128"-0" x 188'-0".

The

gymnasium truss is 6-0" deep and clears the floor by 24'-0",
Roof structure over classrooms is 20" deep. Ceiling height in

all rooms but gymnasium is minimum of 10°-0",
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Tig. 21.29. Floor plan of a garage with sales room.
height in garage and sales room is 14'-0” minimumn.
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Structural

22.1  Introduction.  Structural drawing includes
all layout and detail drawings connected with the
design and construction of buildings, bridges, via-
ducts, and similar structures in which stiuctural steel,
timber, concrete, and other building materials are
used. Certain standard practices and conventions
have been developed in this field of drafting quite
unlike those prevailing in machine drawing, although
merging somewhat with those found in architectural
drawing,

Steel and reinforced-concrete structures are treated
here from the drafting viewpoint only. No attempt
is made to deal with engineering design of any struc-
ture but the information gained in studying methods
of framing, clearances required, and the technical
terminology forms an excellent basis for later design
courses.

Although a sufficient number of tables are given in
the Appendix to solve the problems of this chapter,
it is desirable that the student have access to the Stee]
Construction Manual of the American Institute of
Steel Construction.

22.2 Definition of terms. In order that the mean-
ing of certain terms used in the later portions of this
chapter may be clear, a glossary of the more common
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Fig. 22.1. Column bases.
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terms used in structural work is given below. W here
the term member is used in these definitions, a unit
part of some larger structure is meant. This unit part
itself may be constructed of numerous pieces of steel,
but it functions as a single piece and is designated as
such. Thus, any part of a structural framework, such
as a floor beam or post in a steel bridge, may be
spoken of as a member.

Dermrrion oF Conmyon Terms Usep IN STRUCTURAL
DrarTiNG RooMs anD FaBRICATING Prawrs

Batten Plate. A small plate used near the ends of built-up
members to hold two parts of any member in their proper
position.  See Fig, 22.1.

Bay, The space between two consecutive sets or tiers of
columns and beams, or columns and trusses, Sece Fig. 22.2.

Bent. A vertical framework, usually columns and beams
supporting other members. In Fig. 22.2, the truss and two
colunms supporting it constitute a hent. Figure 22.3 shows a
bent as used in railroad tresties or on viacducts.

Cantilecer. A beam, girder, or truss in which one end or
both ends project beyond the Supports.
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Fig. 22.3. Railroad trestle bent.
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Fig, 22.4. Structural riveted connections.

Chord. The top or bottlom members of a truss. See Fig.

Clearance. The space left hetween members to allow for the
slight accuracies of eutting, and also to facilitate crection.
See Fig, 224,

Clip Angle. A small angle used to fasten light connections.
See angles um top chord of truss in Fig, 22.33.

Column. A vertical compression member, usually supporting
heams and girders, See Fig. 22.2,
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Cope. To cut out a part of the top or bottom flange of a
beam or channel so that it may fit another. See Fig. 22.4.

Cover Plate. A plate riveted to the flanges of a compression
member to give it greater aren, The plates on the top flange
of a plate girder are perhaps the most common examples. See
Fig, 22.5.

Filler Plate. A plate used to GH in empty spaces through
which rivets must pass, as, for example, under stiffeners on a
plate girder. See Fig. 22.5.

Flange. The top and bottem projection or outstanding parts
of o beam, channel, or girder. See Figs. 22.4 and 22.5.

Cuge Line. The line along which rivet holes are punched
in structural members. See Fig. 22.4.
 Girder. A member designed to carry bending stress, usually
supporting other members. Figure 22,5 shows one end and a
section of a girder.

Gusset Plate. A plate connecting the several members of a
truss or other structural framework., See Fig. 22.4.

Lattice Bar or Lacing Bar. One of a series of short diagonal
bars used to commect the several parts of a member. See
Fig. 22.1.

Lintel. A structural member designed to carry the wall over

" & window, door, or other opening. See Fig. 22.6,

Panel. The space between two purlins in a roof or between
two vertical members in a bridge truss. See Fig, 22.2.

Pitch. The ratio of the height of a gabled roof to its width.

Purlin. The horizontal members spanning from truss to truss,
upon which the roof is carried, See Fig. 22.2,

Stiffener. An angle riveted to a plate to prevent it from
buckling. See Fig. 22.5.

Truss. A steel framework whose members take only tension
or compression stresses.  Sec Figs, 22,2 and 22.33.

Web., The portion of an T-beam, channel, or girder, between
the upper and lower flanges. Sec Figs, 22.4 and 22.5.

Web Member. 'The members of a truss between the top and
bottom chords. Sce Fig. 22.2,

22.3 Number and location of views, As in ma-
chine drawing, third-quadrant projections are used
entirely, and two or three views of an object are drawn,
as may be required. The top view appears above the
front view, and the end view to the right or left of the
front view. If the top member is inclined, the top
view will be an auxiliary projection, rather than a
projection on the horizontal plane, as, for example,
the top chord of the truss in Fig. 22.33. Frequently,
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Fig. 22.5.

Plate girder.
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however, for very simple pieces, only one view is
necessary, since the shapes of the pieces in the other
direction are known to have a certain standard form.
In blocking out the views, care should be taken to al-
low ample space for dimensions, more space being
required between views for this purpose than is ordi-
narily necessary in machine drawing,

22.4 Bottom view. In addition to the usual three
views, it is frequently necessary to show a bottom
view of structural members. In structural drafting,
such a bottom view is made as a horizontal section
looking down, instead of the regular bottom view, such
as would be made in machine drawing, The hori-
zontal cutting plane is passed to show as little other
detail beside the bottom members as possible, An
illustration of this practice is shown in Figs. 22.5 and
22.33. The purpose of this practice is to show the
front and back details of a girder, for instance, on the
same side of the horizontal center lines in both the top
and bottom views, This arrangement shows their
actual relation to each other better than if a theoreti-
cal bottom view were taken.

22,5 Details. In machine drawing it is custom-
ary, in making a detail working drawing, to separate
the parts of a machine and detail them individually,
whereas in structural drafting the opposite may be

Fig. 22.6, Steel lintel.

said to be the common practice. In other words, all
the parts of a member are detailed as far as possible
in the place they occupy in the structure. For ex-
ample, the members of an ordinary roof truss are
detailed in their proper places in the truss, as are the
parts of a plate girder, or the large posts and chords
of a bridge. That is to say, beams and girders are
detailed horizontally on the sheet, and columns are
detailed vertically, unless they are too long to be
placed in that position, in which case the bottom end
is placed at the left of the sheet and the column de-
tailed horizontally. Inclined or sloping members are
sometimes detailed in the position which they occupy,
as indicated in Fig. 22.7. When they cannot be con-
veniently detailed in this manner, they are placed
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Fig. 22.7. Wind bracing and erection diagram,
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horizontally in the position in which they_ would fall.

If the member detailed is a part of a larger struc-
ture, its position in the completed structure is shown
by a heavy line in a small sketch on the sheet, as
shown in Fig. 22.7. This holds true for all except
plain building work. When connections occur in
building work upon the detailing of which other fram-
ing depends, sketches are made showing the member
connecting with the one detailed, in order to work
out dimensions, Connecting members are not shown
on the final shop drawing.

22.6° Scales. Structural drawing differs from ma-
chine drawing again, in that on simple pieces the
drawing is not scaled in one direction. Thus, in Fig.
22.8, the end view is made to scale in both directions
and the other view is likewise to seale in all dimen-
sions except the overall length, The details at the
ends are made to scale lengthwise, but the total length
is not. In machine drawing a break is indicated across
a figure which is shortened in this manner, but in struc-
tural drawing it is not customary to do this. See Fig,.
22.8.

When beams aré of the same size and vary only in
lengthwise dimensions, the same drawing may be used
for several beams by putting on a set of dimensions
for each beam as shown in Fig. 22.8. Many com-
panies have printed forms showing the front, top, bot-
tom, and end views of a beam, or any combination of
these views which best suits their purpose. On these
sheets it is only necessary for the draftsman to put in
the details and dimensions.

In structural drawing the architect’s scales are the
only ones employed. They range from 34" = 170"
for framing plans, to 37 = 1’-0” for the layout of
joints, Almost any combination between these limits
may be used. The more common ones, however, are
7= V07 and 17 = 1707,

22.7 Symmetrical members. If large members
such as trusses and plate girders are symmetrical about
a center line perpendicular to their longest dimension,
only one-half is detailed. It is the standard practice
to show the left half when looking toward the side
having the principal connections. For a railroad plate
girder, this requires that the inside left end of the
far girder be shown as the front view. Figure 22.33
illustrates this for a roof truss. As may be noted, the
detail should be carried far enough past the center
line to show any variation that may occur at the
center. In no case should the detail be stopped ex-
actly on the center line, even though there may be
no variation beyond. The member should be broken
off bevond the center by a ragged or wavy line, or
the lines of the drawing may be simply stopped at

the same place. The wavy line should be drawn only
where there are members actually broken off, and
not through the space between members.

22.8 Sectional views. Sections are frequently nec-
essary in structural drawing and may be made in
the positions occupied by end views or interpolated
sections in machine drawing. When several sections
of the same piece are necessary, these may be put in
convenient places on the sheet and noted as sections
taken at some particular plane, as, for example, Sec-
tion AA, The place where this section is taken is then
indicated on the drawing by a line A4, with arrows
on the end of it to indicate the direction of sight, as
in Fig, 22.5. Standard practice as regards cross-hatch-
ing is also shown in Fig. 22.5. The main part of the
member cut is uwsually made solid black, although
cross-section lines may be used. Filler plates, stiffen-
ers, etc,, need not be cross-sectioned.

22.9 Standard details. Through long years of
practice and experience, certain details of steel con-
struction have become standardized. The draftsman
and detailer should adhere to these standard details
unless it is impossible to do so, or unless some par-
ticular advantage is to be gained by departing there-
from. Some of the more important and common
standards are discussed in the following paragraphs.

22.10 Standard structural shapes. The shape, di-
mensions, and consequently the weight of structural
sections are thoroughly standardized, and the general
dimensions of the more common pieces should be
familiar to the draftsman. Figure 22.9 shows cross
sections of the more common shapes, the sizes of
which vary through a wide range although the gen-
eral proportions remain about the same. Thus, I-
beams may be obtained in sizes from 3 to 36 inches
in height, and for each height there are a number of
standard weights. The Steel Construction Manual
lists all of these completely, and the student is re-
ferred to it for further information. A list of the
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standard light sections is given in Tables 24 to 26 in
the Appendix.

2211  Gage lines. The lines along which rivets
should be placed in the flanges of I-beams, channels,
angles, and other structural shapes have become stand-
ardized through long usage. These lines are called
gage lines. In angles, the gage line is measured from
the back of the angle. The gage live in the flange
of a channel is also measured from the back of the
channel, but in the flanges of an I-beam the gage lines
are measured from the center. Edge distances are not
given because they vary along the same beam, and
they also vary in shapes of different weight, whereas
the distance measured from the back or center line
always keeps the gage lines in the same relative posi-
tion. Standard gages for I-beams, channels, and
angles are given in Tables 23 to 26 in the Appendix.

22.12 Rivet size and spucing, Maximum and
minimum distances for rivet spacing along the gage
lines have also been established. Data on these spac-
ings are given in Table 27 in the Appendix.

Since a certain clearance is required in driving
rivets, there is a limit to the size of rivets which may
be driven in the standard shapes. Figure 22.10 shows
the shape and size of the dies used in driving rivets.
The minimum-size rivet is governed by the following
rule: the diameter of the rivet should never be less
than the thickness of metal to be punched. That is
to say, a hole for & 4-inch rivet should not be punched
through 3{-inch metal.

The end and edge distance of rivets from sheared
or rolled edges of members, together with the maxi-
mum and minimum pitches allowed, are given in
Table 27 in the Appendix. When drawing rivet heads
the diameter is made equal to 14D - 14 inch where
D is the rivet diameter.

22.13 Beam connections, The angles for connect-
ing beams to columns or girders have been standard-
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Fig. 22.10. Rivet cie.

ized in six series designated as A, H, HH, B, X and
KK to accommodate different loadings and rivet sizes.
A portion of the B series for % rivets is shown in
Table 28 in the Appendix. The rivet spacings shown
should be adhered to,

22.14 Conventional symbols. The use of conven-
tional signs and symbols is limited almost entirely to
the representation of rivets. The standard symbols
and their meaning are shown in Fig. 22.11. It will
be noted that, where the operation is to be performed
on the near side or outside of the piece, the desig-
nating marks are on the outside of the circle, whereas,
to indicate the same operation on the far side or in-
side, the marks are on the inside of the circle.

When there is a long line of rivets uniformly spaced,
not all the rivets need be drawn in. Usually only
those at the beginning and end of a series of uniform
spaces need be indicated. The side view of a rivet
is not shown except when it will add to the clearness
of the drawing.
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Fig. 22.11. Conventional symbols for rivets,
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A departure from the above rule must be observed
with field rivets. All field rivets must be shown. They
are also shown in the side view unless this will con-
fuse the drawing.

S s /5JX/6‘ e
£- fodzx/._?o’,r72
I~z 5XJ¢X/79XJ‘44

24""‘32/\'135.'\’8 ry 6 /0

T~ 5/\*4)(5 X 6’ 6‘

/=I5 T 429 i /7—22
g2 1O x 1210, 2B [2xhx 1°6

/- BT WOk 2705 20-112% AR EA RS- 0

Fig. 22.12, Method of specilying standard shapes.
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22.15 Billing materials. In making a bill of ma-
terial or in notes, the following symbols are used as
abbreviations: the wide-flanged beams are indicated
by WF; I-beam is indicated by the capital letter I

the channel by a symbol similar to the cross section.

of a channel lying on its back, to prevent confusion
with the symbol for the I-beam if carelessly made; and
angle, T-bar, and Z-bar are indicated in the same way
by symbols representing their cross section. The
proper method of billing the various shapes is shown
in Fig. 22.12. The weight per foot, or thickness in
the case of the angle, must always be given, as all
the structural shapes are made in several weights for
the same general dimensions.

22.16 Dimensions. Since a single detail may be
sufficient for the fabrication of several tons of steel,
it is quite evident that a single error in dimensions
may spoil tons of steel, not to mention the waste in
labor and time and the loss of a reputation for reliabil-
ity. Placing of the dimensions is perhaps the most
difficult single problem. An examination of the illus-
trations in this chapter will give a basis upon which
- judgment can be formed as to the best placing of
dimensions. The rules given apply particularly to
drawings which are completely detailed in all respects.
The following rules should be observed and applied
with common sense and judgment.

22.17 Technigues. a. Dimension lines should be
light, solid, black lines terminating in arrows. .

b. The figures should be placed above the dimen-
sion lines at or near the center of the space between
arrows. Note: This differs from the standard practice
in machine drawing,

¢. Dimensions should be given as shown in A, Fig.
22.13.

d. Where a dimension line runs through a rivet
whose location it does not give, the dimension lne
should be broken and an arc drawn around the rivet,
as shown in B, Fig. 22.13. Avoid this situation when-
ever possible.

e. The division line in fractions shou]d always be
made parallel to the dimension line.

f. When the space between the.arrow heads is very
limited, the dimension may be put in as shown in C,
Fig, 22.13. |

22.18 Placing dimensions. a. On truss members,
detail dimensions should be placed in a continuous

row from end to end of the member, no dimension |
" being omitted,

b. An overall dimension should accompany each
set of detail dimensions.

¢. Where two or more lines of dimensions are given
for the same piece, they should not be placed closer
together than %, inch, and the first line should not
be closer to the piece’ than double this distance, It
may be farther away when circumstances demand.
Above all things, dimensions should not be-crowded
npon one another or upon the object drawn.

d. The lettered figures of a dimension should not '
fall upon the outline of any member, since this makes

it almost impossible to read. When other methods
fail, a leader should be used and the dimension placed
in the clear, where it will be legible.

22.19 Fabricating dimensions. a. Dimensions
shéuld be caleulated to the nearest sixteenth of an
inch, except for bevels when it is frequently advisable
to work to the nearest thirty-second of an -inch.

b. The detail dimensions should always be added
to see that they check with the overall dimension.

¢. The work is completely detailed only when it
is unnecessary for the workman to add, subtract, mul-
tiply, or perform any other mathematical operation
to obtain an essential dimension.

d. The slope of all members should be given in run
and rise and not by angles. One of the dimensions
of the run and rise should always be 12 inches. The
run is the horizontal distance and the rise the vertical
distance. Sce Figs. 22.32 and 22.33.

¢. Before the work is submitted to the checker, it
should be examined from the point of view of the
shop man, All the dimensions and other information
needed to lay out the work should be checked.

f. On beams and girders, the position of successive
and independent details may be dimensioned con-
secutively from the left end in one line of dimensions
as in Figs. 22.8 and 22.14. Chain dimensioning may
be used when the details are continuous from end to
end as in Fig. 22.23.
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g End distances and edge distances are usually
given by note on light truss members. They are di-
mensioned on beams, columns, and girders. Gage
lines should be dimensioned even though they are
standard, .

h. Field rivets should be dimensioned independ-

ently even though they are located with a series of
detail dimensions. .

i. The size of each piece is given close to the piece
itself.

-In dimensioning, as with standard details, many
fabricating companies have adopted certain standard
practices for their draftsmen to observe, which have
been developed through experience in the shop.
These vary somewhat in- different shops.

22.20 Rectangular framed structures. Structural

steel fabrication may be roughly divided into two

major categories, namely, rectangular framed struc-.

tures such as tall buildings and those involving tri-
angular framework such as roof trusses and bridges.
The framing of buildings consists mainly of vertical
and horizontal members which are connected at right
angles to each other, :
22,21 Design drawings or layouts. The structural
draftsman usually works from design layouts or fram-
ing plans which show the arrangement of columns,
girders, and beams for each floor of a building. This
layout gives the size of each member and its location
relative to others both horizontally and vertically.
The horizontal distances ate shown by dimensions
and the vertical distances by elevations as shown in
Fig. 22.15. A note indicates the distance of the major
portion of the framing below the finished floorline.
Departure from this general level will be called out

12 1T, corttrol chipoed) /7 o/es F\cullpaf chjnped)

as plus or minus distances above or below the finished
floor level as noted for beam K3 in Fig. 22.15.

22.22 Marking. In order to provide a systematic
procedure for detailing, fabricating, and erection, each
member of a structure is given a mark on the design
drawing. This mark on the layout is placed on the
detail drawing.of the piece, painted on the piece in
the shop, and used by the erector in the field to place
the member in the structure. o

In addition to these marks, which can be called
erection marks, and which must appear on the final

 finished piece, other marks must be placed upon each

piece of steel used to make the composite. These
latter marks are for the purpose of assembling the
member in the shop and may be called assembly
marks. '

Each company has its own system in both categories.
A common method is to assign capital letters as erec-
tion marks to the horizontal members. The letter is
followed by a number. This number may refer to
the sheet or drawing number on which the member
is detailed or it may refer to a floor number.

Columns may be numbered in consecutive order in
some systematic arrangement on the plan, or the rows
of columns may be given letters in one direction and
numbers in the direction at right angles to the first
as shown in Fig. 22.15. Any column is then desig-
nated by the intersection of the lettered and num-
bered rows, as for example, B-2, C-8, ete,, in Fig,
22.15, Since a column will have the same number
throughout its entire height, but must be erected in
sections, each section must be given a distinguishing -
mark, as for example, B-2 Tier One of B-2 (0-2). Tier
one would be the mark of the first columns to be
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Fig. 22.15. Design layout of floor framing.

erected, usnally through two stories. The mark (0-2)
would indicate the same thing, namely, that the
column extended from the footing through story two.

It is customary in many shops to use small letters
for assembly marks. The assembly marks originate
with the detailer whereas the erection marks are
placed on the layout by the designer. The detailer
should observe the following rules.

a. Each separate piece should be given a mark.

h. When two or more pieces are identical, they
should be given the same mark and need to be de-
tailed only once.

¢. When two pieces are similar in all respects except
that one is left and the other right, they may be given
the same mark with the suffix R and L. The one
drawn is usually marked R.

d. The letters i and ! should be avoided since it is
difficult to distinguish them on a drawing or in the
shop. The prime mark should not be used.

22.23 Detail sketches. Before beginning the de-
tail of a member, except perhaps the simplest, it is
advisable to make a sketch with straight edge and
pencil, or freehand, to work out the connections to
other members. The controlling dimensions such as
elevations above or below floor levels, line-up with
other members, and actual rather than nominal mem-
ber sizes form the basis for working out these sketches.
Use standard beam connections wherever possible.

Thus for the left end of the beam in Fig. 22.16,

which is a sketch of beam H-$ in Fig. 22.15, a sketch
is hardly necessary. But for the right end it is essen-
tial to work out the connection very carefully so that
beams H-3 and K-3 may be erected without difficulty.
Note that the top of K-8 is below H-3 and also offset
horizontally. Such connections may tax the ingenuity
of the detailer,

In begimning this sketch, the engineer would first
select a standard beam connection. From page 190
of the AISC Manual, the load that the beam H-3 will
carry on a span of 22 feet is 54,000 pounds. One- half
of this load is supported at each end. From the table
on page 257, AISC Manual, connection B-4 will be
more than ample since it will carry an end reaction

of 53,000 pounds, almost double that required. A B-3
a8
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Fig, 22.16, Sketch for detailing beam.
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connection would have the necessary strength, but
the detailer will normally use ‘the standard for the
beam size unless the designer has authorized lighter
connections.

The location of this connection on beam H-3 de-
pends upon the size of the beam and type of support-
ing member. From Table 23 in the Appendix we find
that the first rivet cannot be closer than 234 inches
to the top of the support beam. When possible this
distance is made 3 inches to facilitate the use of
multiple punches. Since the top of the flange is
usually at a specified height, it is customary to dimen-

sion rivets from the top flange. - This line of dimen-

sions should not be tied in to the bottom flange, The
completed shop drawing of beam H-3 is shown in
Fig. 22.17.

A second detail sketch for a seated connection on
a column is shown in Fig, 22.18. This is a detail
of beam C-8 in Fig, 22.15. When a beam must fit
between the flanges of a eolumn, standard beam con-
nections are usually not practicable. For the inex-
perienced draftsman it is a satisfactory rule to make
the number of rivets in the seat equal to the number
in the outstanding flanges of a standard connection
for the size of beam involved. Actually the number
of rivets must be carefully computed in design.

The clip angle at the top of the left end of the beam
in Fig. 22.18 is used for stability only. On the right
end the clip was placed on the web to avoid inter-
ference with the connecting beam on the opposite side
of the column. The shop drawing of beam C-8 is
shown in Fig. 22.19. Note the —34 at each end of
the overall dimension. This is the distance from the
center line of the column to the end of the beam and
gives a check on the center-to-center distance of col-
umns.  The 11%{4” end distance to rivet holes is
obtained as shown in the sketch at the right in Fig.
22.18. The actual clearance is approximately 74 inch
instead of 14 inch.

The =+ %% inch shown opposite the ends of the beam
in Fig. 22,19 indicates that the length of beam may
be allowed to vary by this amount. In other words,
a beam with a minimum length of 217-10%" or a
maximum of 21’-11” could be used, The shop would
adjust the 113" dimension to suit. The net distance
between holes as shown on the drawing cannot be
varied.

22.24 Non-rectangular conneciions. Struchural
members may be skewed, ie., at an angle of other
than 80° with each other, as, for example, the 8”
channels in the upper right-hand part of Fig, 2215,
Members may also have a slope with the horizontal,
as, for example, the roof rafters D and E in F ig. 22.92.
The hip rafters C in this figure have both skew and
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slope. If the purlins P1, P2, etc., had their webs in £8f 2,
in a vertical plane they would be canted relative to Working Pomz‘sw '
their supporting members. PRy s e
Non-rectangular connections usually require some Y _ p
trigonometric calculations in making the layout. In g 3
order that these computations may be accurately con- 4
trolled, working points are established. o
22.25 Working points, Working points are com- > © Fage
monly taken at the intersection of the center lines of 28 =l2 0 X
members or in the case of trusses at the intersection 5‘,5 ff"gfgff 33;’;5;

Seerr 043603
Log4-8F= 6ra7s
From Toblo GE=9. 76125

of gage lines. See Fig, 22.38. It is not necessary that
center lines be used. The lines used, however, must

be parallel to the center lines. Thus in Fig. 22.20, Sguare of‘d-z = 229650
. . . s - A Y
which is a detail sketch of the channel 83z in Fig. | , 5 s "5 T roging = 525S

22.15, the center line of the 18 WF 96 beam, and the

back of the channels were used to establish the work- Fig. 22.20. Sketch of skewed connection.

ing points. In Fig. 2222, the intersection of the 5754
center lines of the ridge and side beams with the 5 65 i 48
top of the sloping beam were used. i

I;2.2(: Detﬁiliﬁg skewed members. Using the 9 7 revmsxsas % I A
channel S3a of Fig. 22.15 as an illustration, the sketch % — S
of Fig, 22.20 can be made. The diagonal length be- i el ) / ! /l p
tween working points is obtained by taking the square A for 8 Qut ot ctip Cutnel clijp L3k
root of the sum of the squares of the two legs of /3 | e =R 7 e
the right-angle triangle, as shown at the bottom of the A n 771, )
figure. The squares were obtained from Inskip Table t @ 4 j_j :
of Squares. Using the same tables, the bevel of the \. . e P \
member is found to be 12 to 6 1344 as shown in the 2 ":f"'é? ”‘9’5 f’g”"‘ (@ NS R IERGAIE bert(c)
computations in the figure. Minimum bends and R Fpx5 x 105 bent () £
rivet distances have been standardized as given in One Crannet  S3a
Table 29 in the Appendix. With these data the shop Fig. 22.21. Detail of skewed heam of Fig. 22.20.
drawing of the channel was made as in Fig. 22.21.

22.27 Detailing sloping members. A roof fram- wre | ete
ing plan together with a sketch of the end connections S W"J’L jf on
of a rafter is shown in Fig. 22.22. From consideration 5 $op g Pt 8 5| I
of the architect’s plans the working points were chosen Y| BN\ | 8,5 w; i Worting
in the plane of the top of the rafter, as shown. The NN o onag ol Paint
ridge rafter was then located 134 inches below the o X °§|G N W7 A e o
working point so that its edge would lie approximately S N ® ﬁ&| R Wk wsl P 8 B
in the plane of the top of the rafter. In a similar Qé ¢ % P2 O £y &, 15, 3 % Sy
manner the top of the side beam and top of the cor- 1Y inesola g - \[‘,’)
ner column were located to give a reasonable con- e ol /om;; .
nection. From this sketch the shop detail shown in / \ ZZ 7
Fig. 22.23 was prepared. Ll

In some shops sloping memhers are detailed in the 7 | orking \/ e its
position they occupy. Likewise the elevation of 21 1t va'
working points rather than the vertical distance be- $- 7B OF Cormer Lol

tween them is sometimes given. The slope of the
member is given by the usual right-angle triangle
shown on the member.

In other shops the member is drawn horizontally, 24
in which case the slope or bevel would be given on
the end connections as shown in Fig. 22.24. In this
figure the purlins have been shown canted for pur- Fig. 22,22, Roof framing plan and sketeh of sloping rafter D,
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pose of illustration. Note that the holes for the purlin
connections have been kept in lines parallel and per-
pendicular to the length of the member. This is de-
sirable in multiple-punch operations. Figure 22.25
shows the purlin detail for this situation.
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Fig. 22.25. Purklin detail,

22.28 Column details, Since the lower-story col-
umns are the first stractural pieces to be erected and
footings with anchor bolts and base plates must be
in position before erection can begin, it is necessary
to detail columns first. In order to facilitate detail-
ing, the designer makes a column schedule as illus-
trated in Fig. 22.26. This schedule shows the eleva-
tion of each floor, the size and composition of each
column, the point at which the columns are spliced,
the elevation of the base plate, and the size of the
base plate,

When base plates are shipped loose, as is usually
the case, these are detailed separately with proper
provision for anchor bolt holes, grouting holes if
necessary, and planed surfaces on heavy plates to
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give full bearing to the milled end of the column.
Two typical column bases are shown in Fig. 22.27.

22.29 Column splices. ~ Since the load which col-
umns earry increases from the top downward the size
of columns must be increased accordingly. This is
usually done at intervals of two stories, beginning at
the bottom. In buildings with an odd number of
stories the top section may be either one or three
stories in height. Column splices are usually placed
far enocugh above the floor level to clear all beam
connections. Two typical splices are shown in Fig.
22,28, Further details are shown -in Structural Shop
Drafting, Vol. 1, AISC,

22.30 Right- and left-hand columns. Situations
sometimes occur in which colurmns and other mem-
bers are similar in detail except that they are in
right- and left-hand arrangement as-shown for Col-
umns A2 and B2 in the upper part of Fig 22.28.
Right- and left-hand arrangements are always relative
to a vertical plane, never a horizontal plane.

In situations of this kind considerable drafting time
can be saved by detailing one column and calling it
out as shown and then by note calling out the second
column as opposite hand, as indicated in the lower
part of Fig, 22.26,

In the shop it is customary to mark the faces of a
column hy the letters A, B, C, and D in counterclock-
wise order, looking down on the column and always
beginning with the letter A on a flange face as shown
in Fig. 22.29. Shop details should show the faces
so marked, The direction of one face, as for example,
the north side, should be so marked.

A shop detail of Column B2 in the framing plan of
Fig. 22.15 and the column schedule of Fig. 22.26 is
shown in Fig, 22.30.
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Fig. 22.31. Design diagram of steel truss.

The columns having been detailed, the beams fram-
ing into them must be detailed to fit.

22.31 Detailing o truss. In designing trusses, line
diagrams similar to the one shown in Fig. 2231 are
used as the bases for the computation of stresses. The
intersections of these lines give the working points
used in detailing the truss. ‘

Two general schemes for making roof truss details
are in use. In one of these only the dimensions be-
tween working points are given along with the size
of members, the slopes of members, and the number
of rivets in each member, as shown in Fig. 22.32. The
working out of the details of the joints is left to the
template maker,

In the second method which is more commonly
used, all details are worked out and dimensioned on
the shop drawing as shown in Fig. 22.33. This method
has the advantage of permitting the template maker
and the men in the shop to proceed at once to cut,

ENGINEERING DRAWING AND GEOMETRY

- punch, and assemble the work, It also gives a perma-

nent record of the work.

The procedure in making a complete shop drawing
is explained in the following paragraphs.

Assume that complete information is given the
draftsman in the design sketch, as shown in Fig.
22.31. Since the truss is symmetrical, it will be neces-
sary to show only the left half, up to and including
the center points.

The first step, after deciding upon the number and
arrangement of views and selecting a scale to fit the
requirements, is to lay out the working lines. These
working lines correspond to the gage lines shown in
Iig. 22.33, which form a group of triangular figures
the dimensions of which can be readily computed. It
will be noted that all dimensions in Fig. 22.33 are
based on the working points. After the working lines
are laid out, the members of the truss may be laid out
around these lines as gage lines to the same scale,
or to a slightly larger one if desired. For example,
the bottom chord is composed of two 87 X 214" x 14"
angles placed back to back with the long legs verti-
cal. The standard gage for a 3" angle, as obtained
from the tables, is 134{”. Hence, we scale down from
the working line for the bottom chord a distance of
1347, and draw a line parallel to the working line
which represents the bottom of the angles. A second
line, drawn just a little above the first, represents the
thickness of the angle. From the bottom line, we may
now scale upward a distance of 87, and draw a line
which will represent the top edge of the vertical leg
of the angle, These three lines, which together repre-
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Fig. 22.32.

Sketch detail of flat truss.
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sent the angle, can be marked off with one setting of -

the scale and then drawn in very quickly.

In the same way the other angles may be drawn
around their corresponding working lines. The ends
of the angles should usually be shown cut off at right
angles to their length as a matter of economy. When
all the angles have been drawn, the proper number of
rivets may be put in at each point to the same scale as
that used in laying out the angles. The rivet spacings
may be scaled from the end of the angles, using the
standard ehd distance and standard spacing called
for by the design. After all the rivets have been prop-
erly located, the gusset plates may be drawn in to
scale, care being taken to provide the proper edge
distance from the last rivets. This is done by drawing
a circle of the proper radius—equal to the specified
edge distance—around the outstanding rivets in each
member and then drawing the lines representing the
edges of the gusset plate tangent to these circles.
Gusset plates must be cut from rectangular pieces, and
hence it is desirable to make as few cuts as possible

22-15

to obtain the proper shape for the plates. In no case
may reentrant angles be used. When the gusset plates
have been drawn, the truss is ready for dimensioning.
The rules for dimensioning are given in Arts. 22,18
to 22.18,

22.32° Layout of o joint. Where structural mem-
bers meet at an angle other than 90°, the distance
from the working point to the first rivet in the sloping
member is determined by making a large-scale layout
right on the truss detail, as illustrated for one joint in
Fig. 22.34, which represents joint A on Fig. 22.32.
The truss detail is usually made to a scale of 1”7 = 17-0”,
and the joint layout to a scale of 37 = 1’-0”. The
needed dimensions are then scaled off. Although all
lines of the large-scale layout have been shown in
Fig. 22.84, only those which are useful in obtaining
the desired dimensions need be drawn.

To make such a layout, the principal working lines
of the joint, as indicated by the lines marked 1, 2,
and 3, are used. These are the gage lines of the
members which form the joint. Around these lines
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Complete detail of truss in Fig. 22.81.
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the members are then drawn in to large scale, be-
ginning with the member which runs through the
joint, as, for example, the bottomm member in Fig.
22.34. The bottom chord, which is composed of two
214" X 23" x 14" angles, is laid out around line 1
by measuring down at right angles to the line a dis-
tance of 13", which is the standard gage for the
214" leg. With the bottom line of the angle thus
determined, the whole angle may now be drawn in,
Then, to scale, 14 inch above the top edge, draw a
line for clearance. Draw the angles around the work-
ing lines 2 and 3. The sloping member on line 3 is
composed of two 3" X 234" x 147 angles, and the
standard gage for the 3” leg is 134” The angle may
then be laid out around the working line as a gage
line in the same mammer as the bottom chord. The
line representing the lower edge of the angle is ex-
tended until it intersects the clearance line of the
hottom chord, and at the intersection a line is drawn
at right angles to line 8. This last line represents the
end of the angle. The first rivet may be put in 114"
from this line, and then its distance to the working
point B may be scaled and put down on the detail
drawing. From the first rivet, the location of the last
one may be scaled off, and a cirele with a radius equal
to the standard edge distance for gusset plates drawn
around it. In a similar manner, the rivets farthest
from the working point B in each member may be
drawn, and then the edges of the gusset plate may
be drawn tangent to the edge distance circles around
these rivets. Any required distance may now be scaled
from this layout, and the size of the gusset plate de-
termined. Such a layout must be made for each dif-
ferent joint, and, although the type of connection may
be quite different from the one shown, the general
principle is just the same.
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22,33 Welding. In some structures welding is
being used in lieu of rivets for fastening members
together. As with riveted structures, some of the
welding is done in the shop and other portions upon
erection in the field. For the correct use of welding
symbols and the dimensioning thereof the reader is
réferred to Chapter 26, Welding Drawing.

22,34 Reinforced concrete. Only the general prin-
ciples of .detailing reinforced-concrete structures can
be covered in this brief treatment, since reinforced
concrete. is used for such a wide variety of structures

- each of which involves details not covered in others.

The following paragraphs cover items which must
always be included. All data, symbols, abbreviations,
ete; 'shown in this section are approved and shown in
the Manual of Standard Practice for Detailing Re-
inforced Concrete Structures published by the Ameri-
can Concrete Institute. ‘

22.35 Symbols and abbreviations, The following

symbols and abbreviations are recommended by the
ACIL : :

_To indicate size of deformed bar member
Round—mainly for plain round bars
Square :

"Direction in which bars extend
Plain bar

Bt Bent
" Bt Straight
Stir  Stirrup
Sp Spiral
CT Column tie
IF  Inside face
OF Outside face
NI' Near face
T Far face
EF  Each face
Bot Bottom
EANV.  Each way
T Top

Bl 0ww

Round deformed bars are specified by number from
#2 to #8. The number corresponds to the diameter
in eighths of an inch. Thus a #38 bar is 34 inch in
diameter approximately. The nominal diameter of a
deformed bar is the same as a plain bar having the
same weight per foot.

22.36 Engineering drawings. These are the gen-
eral plans of the structure. They must give all in-
formation necessary to build the forms, detail the
reinforcing steel, and make the steel placement draw-
ings. Beside the general floor plan showing the loca-
tion and size of girders, beams, joists, eolummns, eto.,
this will require some details, usually sectional views,
and typical bar diagrams as shown in Fig. 22.85. In
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Fig. 22.35. Reinforced-concrete framing plan.
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Fig. 22.38. Column schedule.

buildings of this type, beam and joist schedules are
also required as illustrated in Fig. 22.36. Note that,
although these schedules give all necessary informa-
tion, they are not adequate for bending the steel.

Reinforcement for walls and slabs must be shown
either in schedules or on the plans or elevations. A
special detail of this type is shown in Fig. 22.37.

The steel for columns is usually shown in schedules
together with sufficient detail views to show the typical
arrangement of steel, as illustrated in Figs, 22.38 and
22.89.

Typical column splices are shown in Fig. 22,40,

Footings are shown on the general plans as illus-
trated in Fig, 22.41 and detailed as in Fig. 22.42.

Accessories such as beam bolsters, chairs, ete., which
support the reinforcing may be shown on the drawing
but are usually given by note referring to some stand-
ard covering the placement of such items.

Anchors for architectural work, such as suspended
ceilings, and elevators, which require placement be-
fore pouring the concrete, must be shown or noted as
well as all openings to be provided for plumbing,
heating, ventilating, and the like.

22,37 Placement drawings. The instructions in
this article are quoted, by permission, from the ACI
Manual of Standard Practice with such modifications
as aré necessary to make them it the illustrations of
this text.
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Fig. 22.39. Detail of column reinforcing.
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a. Outline Drawing. The detailer should first draw
the outline of the floor, which can usually be done by
tracing from the engineering drawing. Dimensions
are optional on the placing drawings, but, in the case
of joist construction, it will be found desirable to show
them for convenience and time saving in spacing the
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%I: LG S U N T U B |
. ]

Foorineg ScHEOULE
w418 | ¢ o |22 6'6. Femarks

7 {70 76" A2 | L8| At

7 o |ge’|les|re|«48 |38
7 |\ we g |25\ a7 5d (9

Fig. 22.42. Column footing schedule.

joists. Beam and column designations are then added,
using the same designations as on the engineering
drawing. If there is any variation in beams of the
same engineering designation, a letter suffix can be
added to differentiate it. On the drawing in Fig, 22.43,
the designer has foreseen the reinforcing steel require-
ments and the detailer is able to use the identical
beam designations.

b. Metal Forms. The next step is the spacing and
arrangement of metal forms and concrete joists. It is
necessary to draw a few more joists than are shown on
the engineering drawing in order to show definitely
their location. Joists are generally located directly in
line with those in adjacent spans. The 20-in.-wide
forms are used wherever possible, but a few 10-in. and
15-in. forms are used to fill out the spaces adjacent
to beams and double joists or wherever necessary to
adjust the joist spacing to provide continuity. Only
these two narrow widths should be used, and, where
a space is not sufficient to permit the use of the 10-in.
forms, a solid slab the full depth of the floor system
must be used. Tapered forms are not furnished in
10-in. and 15-in, widths=*

¢. Beam Schedule. Since beam bars are the first
ones required on a floor, the preparation of a beam
schedule is the next logical step. The form of schedule
to use is shown in Fig. 22.44. The horizontal type of
schedule was chosen because the simplicity in re-
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Fig. 22.44, Beam and joist schedules for Fig. 22.43, Courtesy American Concrete Institute.



E

inforcing steel and the available space on the draw-
ing make this type best suited for the purpose.

d. Beam Reinforcement. Beam reinforcement con-
sists of straight bars, trussed bars, and stirrups. The
length for the straight bars is usually the same as the
center-to-center distance between columns for interior
spans, and the distance from the center line of the first
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interior column to a minimum embedment of 6 in.
into the exterior columm or wall for end spans; or, if
this embedment cannot be obtained, extend to within
3 in, of the outside face and terminate with a hook.
This is shown in the typical beam-bending diagram on
the engineering drawing in Fig. 22.35. Bending di-
mensions for truss bars are calculated from information
given on the engineering drawing.

Consider beam IB9 in Fig. 2243 as an example.
The detailer should draw a simple line detail to show
the width of supports and clear span for the beam, as
shown in Fig. 22.45, filling in the other dimensions
as they are determined.,

The various dimensions of the bars are then calcu-
lated according to the typical beam-bending diagram
and inserted on the line detail, These dimensions are
then added up and inserted in the proper space pro-
vided in the beam schedule. The height of bend is
obtained by deducting the top and bottom concrete
protection from the beam depth, in this case, 25 in.
less 4 in. (2 in. at bottom for fireproofing and 2 in. at
top for fireproofing and joist bars) or 21 in. The slope
dimension is then computed or selected from a table.

e. Stirrups. Dimensions for stirrups are obtained
from the size of the beam by deducting the concrete
protection, in this case, 1% in. from the top, bottom,
and sides of the beam. Thus 3 in. is deducted from
both the width and depth of the beam. For heam
IB9 which is a 12 x 25 beam, the stirrup dimensions
become 9 X 22. The detailer must also determine the
direction in which hooks are to extend and indicate
this in his schedule. It is usually desirable to turn
hooks out into a slab unless prevented from doing so
by openings; when used in spandrel beams, one hook
is turned in and the other out. In this case, the
length of stirrup support bars are specified as approxi-
mately the length of the clear span, These support
bars are frequently specified as covering the stirrup
spacing only.

f. Joists. When spacing the joists, it is best to select
a principal panel of the floor, then align all other joists
in adjoining panels by the use of narrow-width forms
where necessary. It is obvious that on the floor
shown in Fig. 22.43 the detailer woukl seleet the panel
hounded by columns 3, 9, and 1.

The general procedure for calculating lengths and
hending diagrams for joist bars is the same as for

Fig. 22.45. Bending computation diagram. Courtesy Amer-
ican Concrete Institute,

beams except that the typical bending diagrams for
joists, as shown on the engineering drawings, are to
be followed. The joist schedule is similar to the beam
schedule except that stirrups and stirrup support bars
are not usually required. Variations in the typical
joists shown on the engineering drawings are indicated

. by suffixes such as 12, J2A, J2B, and J2C.

g. Temperature Reinforcement. The temperature
reinforcement, and reinforcement for bridging joists,
and around openings, is detailed on the plan view.
For ease in handling, and for economy, temperature
bars are detailed in 20-ft lengths, using only one odd
length in any run with an allowance made for splices.
Some fabricators and erectors prefer to have all #2
temperature reinforcement furnished in 20-ft lengths
and cut on the job where necessary. Bridging joist
bars are detailed in the same manner, except that the
bars, being of a larger size, make it more economical
to specify greater lengths, In determining the number
of lines of temperature steel, the lines adjacent to
heams or walls are located about one-half the stand-
ard spacing away from the beam or wall

Frequently wire mesh is used for temperature re-
inforcement instead of straight bars, as the ease of
placing often compensates for any difference in cost.
The method of indicating the areas to be covered is
plainly shown on the placing drawing in Fig. 22.43.
Similar methods of detailing can be used wherever
wire-mesh temperature reinforcement is required.

22.38 Column-placement schedules, The place-
ment of steel for columns is usually shown in sched-
ules, and bar-bending lists as shown in Fig, 22.48,
The straight bars are ordered directly from the sched-
ule, and all bent bars, ties, spirals, etc., are shown in
the bar-bending lists, Bent bars are numbered in
both schedules to correspond.

22.39 Other types of construction, The foregoing
discussion has applied directly to the beam and joist
type of construction. The general principles are the
same in all construction, but for specific cases involv-
ing other types such as flat slab construction the reader
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Fig. 22.48. Column reinforcing schedule.

is referred to the Manual of Standard Practice for De-
tailing Reinforced Concrete Structures ACI 315-51.

Problems

The problems for rectangular framed parts and skewed and
sloping members are referred to Figs. 22.15 and 22.26 which
are to be used together. The truss problem in Figs. 22.47 to
22.48 are for building shown in Figs. 21.18 and 21.18 of the
preceding chapter. These should be referred to where neces-
Sary,

Beam problems can normally be detailed on an A-size sheet
(814 11). Column details will require the B-size sheet
(11 3 17), and truss details require the C-size sheet {17 3¢ 22),
A scale of 1" = 1'-0" should normally be used.

Although only a few problems have been stated verhally,
the selection of beams and columns available make it possible
te assign each student in a class of 25 a different problem if
desired.

Standard connections can be found in the Appendix.

Where a sketch is called for in the following problems, a
pencil layout made with instruments but omitting wnessential
elements is meant.

SQuanre Framen Beaas

L. Make a detail -sketch of ‘the connections required for a
beam assigned from Fig. 22.15. Refer to Fig. 22.26 for column
sizes. Standard beam connections are shown in the Appendix.
Study your problem carefully to see that the connection you
make can be assembled in the shop and erected in the field.

2. Make a complete detail of the beam assigned and sketched
in Problem 1.

Sxkewep BeamMs

3. Make a sketch of the connections required in an as-
signed skewed channel in the upper right corner of Fig, 22,15,

4. Make a complete detail of the channel sketched in
Problem 3.

SLorne BEans

5. Make a sketch of the connections for the sloping rafter
E in Fig. 22.22.

6. Make a complete detail of rafter E sketched in Problem 5.

7. Make a sketch of connections required for the hip rafter
C in Fig. 22.22. Note that a double auxiliary layout is re-
quired to obtain the angle of bend of the connections.

8. Make a complete detail of the hip rafter C sketched in
Problem 7. :

Punrins

9, Make a complete detail of a purlin assigned from Fig.
22,22, Notes should cover number required which are exactly
alike,

TRUSSES

10. Make a complete detail of the truss shown In Fig, 22.47
at the top of the figure. This is an architect’s drawing. You
are not to copy it but to make a detail for fabrication in the
shop.

11. Same as Problem 10, using lower truss of Fig. 22.47.

12. Make a complete detail of the truss shown in Fig. 22.48.
Scale #* = 1-0",

Coruains

13. Make a complete detail of a column assigned from Fig.

22.26. For beam connections to these columns, see Fig. 22.15.
Assume first-floor beams to e the same as second-floor beams.
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The following data supplements that given in Figs. 22.49,
22.50, and 22.51.

Columns C-3, C-6, F-8, and F.-6 are 24 inches square. The
reinforcing consists of 8 I-inch square bars with proper ties.

Column A-I is 30 inches square and has 8 34-inch bars.

Columns A-2, A-4, A-5, A-7, B-1, D-1, E-1, and G-I are
18 % 30 inches in cross section, and each has 6 7§-inch bars.

The first-story height floor to Hoor is 14 feet. The columns
above the second floor are 4 inches smaller on each dimension.
Except for Column A-I they are centered over the column be-

low. Column A-1 has its cutside faces flush for the entire

height.

in diameter than in the first story.
14. Make a typical cross section of any assigned column.

Reinforcing rods in the second story are 14 inch less

22-23

15. Make a typical detail of second-story splice for any as-
signed column,

16. Make a bar-bending schedule for beams B-101 and
B-102, See Figs. 22.49 and 22.50,

17. Make a bar-bending schedule for joists J-101, 1-1083,
J-104, and J-105. See Figs. 22.49 and 22.51.

18. Make an engineering drawing (floor framing plan) for
the second floor of the building shown in Figs. 21.16 and 21.17.
Use 20-inch metal pans instead of tile to form joists, Each
joist shall have 2 S4-diameter rods, one bent and one straight.
See ACI Manual for details of framing concrete to steel beams,

19. Make a typical detail of the joists of Problem 18,

20. Make a typical cross-section detail through the 18”-WF
504 beam, showing the placing of joist reinforcing rods. See
ACI Manual for suggestions,
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23.1 introduction. Some form of piping is used in
most projects with which the engineer is concerned.
For that reason he should understand the general func-
tions and characteristics of piping systems. He should
also know the proper methods of representation and
location of pipes and pipe fittings.

Pipes are normally used for conveying liquids, gases,
and solids such as water, oil, steam, air, and minerals.
They are sometimes used as structural elements, such
as columnns and beams.

The material of which pipes are made covers a wide
range, In general, they are round but other shapes
are frequently used, Sizes range from very small to
very large and thickness of walls ranges from very
thin to very thick.

The material, shape, size, and wall thickness are not
necessarily dependent one upon the other but each
depends upon the purpose for which the pipe is used.

In general, a piping system of any extent consists
of a succession of individual pieces connected in such
a manner as to maintain continuity of flow. Volume
of flow is controlled by various devices developed to
meet the specific need. Fixtures used to control di-
rection and volume of flow are generally classified as
fittings and valves, Fittings and valves may or may
not be made of the same material as the pipes o which
they are attached.

23.2 Pipe material. In ancient times pipe ma-
terial was limited to bamboo, wood, and stone. As
civilization progressed metals came into common use.
At the present time such a wide variety of materials
and methods is available that pipes are now made
from iron, steel, brass, copper, lead, aluminum, and
metal alloys. They are also made from wood, con-
crete, clay, glass, plastics, and rubber. Insulated,
lined, and reinforced pipes are also in common use.

° This chapter was prepared by Prof. L. D. Walker of the
University of Illinois.
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Pipes of special materials for special purposes con-
tinue to be developed.

It is the purpose of this chapter to consider the
drafting problems for pipes made of only the more
common metals such as jron, steel, brass, copper, lead,
and their alloys,

23.3 Pipe manufacture. Much of the pipe used in
industry is cast iron. As the name implies, cast-iron
pipe is cast in sand molds placed either horizontaily
or vertically, or centrifugally cast in metal molds lined
with sand or some pulverized material.

The bulk of pipe other than cast iron is made of
wrought metal such as steel, iron, brass, or copper.
In principle the methods of manufacture of wrought-
metal pipe differ widely from those of making cast-
iron pipe. In one common method, pipe-length strips
of metal are rolled into cylindrical shapes and the
edges are welded together. The electric-weld method
is used quite extensively, Another common methed is
to bring a cylindrically shaped piece of metal to a
high forging temperature, force a hole through the
center of the cylinder and then roll it down to the
desired wall thickness. In general, copper tubing is
made by the cold-drawn process.

23.4 Pipe sizes and specifications. Inside diameter
depends mainly upon the volume of flow desired. Wall
thickness depends upon a number of variables such as
internal and external pressure, shock, vacuum, and
thermal expansion.

Careful consideration must be given to the meaning
of pipe sizes, which are usually indicated simply as
Y, inch, 1 inch, 2 inch, ete. When such reference is
made to the size of steel or wrought-iron pipe up to
12 inch, the specified size refers to the nominal inside
diameter because this is close to, but not, the exact
inside diameter. For example, the inside diameter of
a nominal l-inch “standard weight” steel pipe is 1.049
inches, “extra-strong” is .957 inch, and “double-strong”
is 599 inch, yet the outside diameter in each case is



Fig. 23.1. Sections of 1-inch steel pipe.

Fig. 23.2. Sections of 1-inch brass pipe.

1.315 inches. The great advantage in keeping the out-
side diameter the same for each nominal diameter, re-
gardless of wall thickness, is the adaptability of stand-
ard valves and fixtures to pipes, regardless of the
thickness of walls, Figure 23.1 shows the outside di-
ameter, inside diameter, and wall thickness of typical
l-inch steel pipe. See Table 35 in the Appendix for
dimensions of wrought-steel pipe.

When reference is made to standard steel or
wrought-iron pipe sizes larger than 12 inches, such
as ld-inch, 16-inch, ete., the specified size now refers
to the outside diameter. Such large pipe is often
called O.D. pipe. When outside diameter is used to
designate the pipe size, thickness of walls must also
be stated so that inside diameter can be determined.

Cast-iron pipe is available in a wide variety of stand.
ard sizes and weights with the bell-and-spigot joint.
it is also available in sizes 1Y inches to 12 inches
with threaded ends, Nominal size of cast-iron pipe
always indicates inside diameter regardless of size,
Terms such as “strong” and “extra-strong” are not com-
monly used in connection with cast-iron pipe; conse-
quently wall thickness or outside diameter or® both
should be indicated in connection with nominal size.
Sce Table 36 of Appendix for common characteristics
of bell-and-spigot-end cast-iron pipe.

Brass and copper pipes are available in sizes from
1§ inch to 12 inches and in two weights called “regu-
far” and “extra-strong.” They are very similar in wall
thickness and inside diameter to steel pipe classified
as “standard” and “extra-strong,” Outside diameters
are cxactly the same as outside diameters of corre-
sponding nominal sizes of steel pipe. Figure 23.2
shows outside diameter, inside diameter, and wall
thickness of l-inch “regular” and “extra-strong” brass
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pipe. See Table 37 of the Appendix for dimensions
of brass and copper pipe.

Copper water tubing is available in sizes from 14
inch to 12 inches. Its wall thickness is considerably

less than that of most other piping material. Nominal

size indicates neither outside diameter nor inside di-
ameter. Actual outside diameter is consistently .125
inch greater than nominal size. Consequently in speci-
fying size of tubing, cutside diameter and wall thick-
ness must be given, Three wall thicknesses are avail-
able. Tigure 23.3 shows outside diameter, inside
diameter, and wall thickness of 1-inch Type K, Type
L, and Type M copper water tubing. See Table 38
of Appendix for sizes of copper water tubing.

Specifications and recommendations for manufac-
ture, composition, strength, use, size, etc., of pipe and
pipe products have been developed by such organiza-
tions as the American Water Works Association, Amer-
ican Gas Association, American Petroleum Institute,
American Society for Testing Materials, American
Standards Association, and others. The American
Standards Association is working toward a unification
of all pipe specifications in an attempt to eliminate
odd sizes and varieties and to develop some coordina-
tion applicable to all common types and sizes. Printed
copies of complete standards for pipes and pipe prod-
ucts may be obtained from the American Standards
Association.

Pipe standards, piping handbocks, manufacturers”
manuals, and catalogues are available to supplement
the limited amount of data in tables in the Appendix.

23.5 Pipe joints. In order to properly join pipe
lengths, fittings, and valves, suitable connections must
be provided. These connections must withstand pres-
sures, shock, and stresses to which the pipes, fittings,
and valves are subjected. '

One of the most common methods of connecting
cast-iron pipe is by means of the conventional bell-
and-spigot joint. This joint is suitable where there is
relatively low pressure and little vibration such as in
underground installations. Lead, cement, sulphur
compounds, oakum, and jute are the usual packing
materials.

Other joints used on cast-iron pipe may be classed
as mechanical joints because of the manner in which
the jointing material is forced into place. In this type

Fig. 23.3, Secctions of I-inch copper water tubing.




e

PIPE DRAWING 23-03

y/ﬂﬂ;m\\\\mﬁ&\\\\\\\w

-Jlll

”1///.”4{«(((((\\\\\\\(\\“\\\\\\\\\

Bere & Sersor Jomwwr

Serenen Jownr -

A A o NN RNNENNNNNENNN |

FLANGED JoinT

WerLprn Jomwr

Fig, 23.4. Pipe joints.

of joint, the jointing material is rolled or pushed along
the outside of the inserted spigot end of one pipe into
the bell end of the other, either by bolt action or screw
action. This type of joint usually requires some modi-
fications of the conventional bell-shaped end of the
pipe. This joint will withstand greater pressure and
vibration, and allows for greater lateral deflection and
thermal expansion than the conventional bell-and-
spigot joint. Additional packing materials especially
adaptable to mechanical joints, are rubber, composi-
tion materials, and bituminous compounds. Fre-
quently these materials are pre-formed before use.

Still other methods of connecting cast-iron pipe in-
clude the use of mechanical joints such as the gland
type, ball-and-socket and universal joints, sleeve
couplings, and welding. Screwed couplings and fit-
tings similar to those used for steel pipe are not un-
common where small size cast-iron pipe is used. The
conventional bell-and-spigot joint is illustrated in Fig,
23.4.

Standard steel and wrought-iron pipes are usually
connected by flanges, threaded couplings, or welds,

The flange joint can be quite readily disassembled
and may be designed to withstand high pressures.
Flanges are attached to the pipe ends either by being
screwed on, welded, or lapped. To complete the joint
the flange faces are drawn tightly together with bolts.

=
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o

Fig. 23.5. Screwed and flanged unions.

Flange design, face type and finish, gasket design and
composition, and bolt load are all important factors
in this type of joint. One of the more simple flange
joints is illustrated in Fig. 23.4,

Welded joints and connections are not uncommon
in high-pressure pipe assemblies. They are becoming
more common in low-pressure assemblies as less ex-
pensive low-pressure valves and fixtures are being de-
veloped. Butt welds with conventional modifications
are most frequently used. See Fig, 23.4,

Threaded couplings are simply short cylinders,
threaded on the inside at each end to form pressure-
tight joints for end-threaded pipe. This type of joint
is illustrated in Fig. 23.4. These joints are not so read-
ily disassembled as flange joints. They may be de-
signed to withstand relatively high pressures. The
thread design of the coupling must conform to the
thread design of the pipes to be connected. For pipe
sizes over 2 inches the threads are tapered 1 inch in
16 or .75 inch per foot measured on the diameter and
along the axis. See Fig. 10.34. For pipe sizes of 2
inches and under, straight threads are frequently used
on both ends of the coupling. Straight threads on one
end and tapered threads on the other, or left-hand
threads on one end and right-hand threads on the
other are not unusual. To expedite disassembly in a
threaded pipe system, couplings called pipe unions
are used. See Fig, 23.5 for conventional screwed and
fanged unions,

Soldered joints are frequently used on copper and
brass tubing, but pressure and temperature restrict
the extensive use of solder as a jointing material,

23.6 Pipe fittings. In order to control and change
direction of flow in a piping system of any extent, a
number of pipe fittings are necessary. Elbows, tees,
erosses, laterals, return bends, and reducers are some
of many in use. They are made of cast iron, steel,
malleable iron, brass, and sometimes of special ma-
terials. They are not necessarily made of the same
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material as the pipe to which they are attached. Con-
nections of these fittings to pipes and valves are made
by flanges, screw fittings, welding, soldering, or joint-
ing materials. A number of screw fittings are shown
in Fig, 23.6.

Most pipe fittings are specified by materlal name,
and nominal pipe size. Some fttings such as tees,
laterals, and crosses are sometimes used to connect
pipes of different sizes: When this cccurs, the fitting
is called a reducing fitting and sizes of openings must
be properly indicated. In the case of the reducing
tee, lateral, and cross, the size of the largest opening
is given first and then the size of the opening at the
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opposite end. When the fitting is a tee or a lateral,
the third dimension is that of the outlet. When the
fitting is a cross, the third dimension is the largest
outlet opening and the fourth is the opposite opening.
Figure 23.7 indicates the method of specifying sizes
of reducing fittings,

23.7 Valves. Volume of flow in pipes is controlled _
primarily by valves. The more common types are the |
gate valve, globe valve, and check valve. Many other ’
types such as the angle valve, relief valve, needle
valve, pressure-reducing valve, butterfly valve, and
plug valve are not uncommon,

Most valve bodies in the smaller sizes are made of
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Fig. 23.6. Double-line pipe and valve symbols for screw fittings. {
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brass of bronze. Those in the larger sizes are usually

made of cast iron for intermediate pressures, and cast

steel or cast alloy for high pressures, They are not
necessarily made of the same material as the pipes to
which they are attached. Connections to pipes and
fittings are usually made by flanges, screw fittings, or
welding. '

The gate valve is used more frequently than any
other valve. When open it offers little restriction to
straight-line flow. It is used on lines conveying water
and other liquids,

If the design is such that the gate moves out of the
body of the valve with the stem, it is called a rising-
stem valve. If the gate moves out of the body of the
valve along the stem, it is called a non-rising-stem
valve. Consideration of the mechanics of these two
styles of gate valves is important., The rising-stem
type requires more space for stem clearance than does
the non-rising-stem type, but an open or closed posi-
tion of the gate is clearly indicated by the position
of the stem. )

The globe valve is less expensive than the gate
valve. It is used extensively for throttling on steam
lines and where close regulation of volume of flow of
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Fig. 23.9. Typical pipe bends.

liquids is necessary. In general, the design requires
two changes of direction of flow which causes some

loss of pressure in the system. All globe valves are

of the rising-stem type. Ample space must be pro-
vided for operation to open completely.

The check valve is used to prevent reversal of the
direction of flow. The design is usually quite simple,
and in most cases gravity plays a part in its opera-
tion. The swing check and lift check, with variations,
are the two principal types of check valves in com-
mon use. :

Conventional gate, globe, and check valves are
shown in Fig. 23.8,

23.8 Pipe bends. Where conventional long-turn
elbows are not suitable for high velocity flow, fabri-
cated pipe bends are frequently used. Lineal expan-
sion and space limitations may also require their use,
They may be obtained in almost any size and shape
but requirements must be described to the manufac-
turer in the form of complete drawings and specifica-
tions.

Some conventional pipe bends are shown in Fig.
23.9.

23.9 Pipe supports and accessories. Pipe lines of

" any considerable extent require hangers and supports
to provide for dead weight and stresses due to ther-

mal expansion and vibration. Provision must also be
made for adequate drainage of the line. Location,
type, and spacing of supports are all important fac-
tors which must be given careful consideration. For
horizontal runs, rods or straps are usually adequate
where the pipes are relatively small. They are usually
attached to joists or steel work in the ceiling. For
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Fig. 23.10, Typical pipe supports.

long vertical runs of considerable weight, bottom
supports set on the floor are frequently used. Many
types of supports with recommendations for spac-
ing and slope are available from pipe manufacturers.
Their recommendations should be carefully consid-
ered. A few types of pipe hangers are shown in Fig.
23.10, '

In steam lines, special provision must be made for
drainage of condensation. The slope of piping in
these lines should be in the direction of steam flow.
Drip pockets, steam separators, and steam traps are
some of the devices used in this connection. A few
of the more common accessories on steam and cold
water lines are shown in Fig. 2311, Many other
accessories to pipe lines are illustrated in manufac-
turers’ catalogues.

23.10 Pipe symbols. Pipes, fittings, valves, fix-
tures, and accessories common to piping systems are
most frequently represented on drawings by accepted
standard symbols. The standard single-line symbols
used on small-scale drawings are shown in Fig, 23.12,
Shown in the Appendix are standard symbols for plant
equipment and plumbing fixtures. These standard
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symbols are from the American Standards Associa-
tion. Complete copies of graphical symbols may be
purchased from the American Standards Association.

23.11 Pipe drawings and diagrams. The purpose
of pipe drawings is to show the location and size of
pipes and the location and identification of valve fix-
tures and apparatus which go to make up all or parts
of piping systerns large or small. In general they are
much like other engineering drawings. Orthographic,
oblique, and axonometric are the types of projection
most commonly used in pipe drawing. The use of
either double-line or single-line representation of

 pipes, valves, and pipe fixtures is approved.

Orthographic one-, two-, or three-view projections
are used in drawings of many installations. Double-
line representation is ordinarily used where the system
is made up principally of large pipe and where the
drawings may be used a number of times as reference
on similar projects. Such a drawing is shown in Fig.
23.18. Single-line representation of small pipe is per-
missible on double-line pipe drawings. Where the
number of pipe lines in a system is large it is good
practice to make up several sheets for the same plant
layout. One or more sheets might properly show the
main lines only, others return Jines, and still others
laterals, etc. Such drawings should be made upon
tracing paper or cloth so they can be checked one
over the other to see that no conflicts in the system
exist,

For systems in which relatively small pipe is used
it is good practice to represent all the pipes and pipe
fixtures by single-line representation. This scheme
saves much time in drafting and proves very satisfac-
tory in drawings of small units or parts of systems.
Figure 23.14 shows such a single-line piping diagram
in one-view projection. A modification of the con-

Sreant Trar
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Fig. 23.11. BPevices used in pipe lines.
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ventional two-view orthographic drawing of a small
section of a piping system, sometimes called a devel-
oped view, is shown in Fig, 23.15. In this scheme
the pipes are imagined to be revolved into a single
plane, either the horizontal or the vertical, This re-
sults in a one-view drawing and proves very effective
on small-job studies and estimates.

For preliminary layouts and for reference in con-
nection with complete drawings of piping systems,
conventional pictorial drawings such as axonometric

23-07

and obligue are very useful. Rules of projection
governing proper pictorial representation of machine
parts must be followed in the pictorial representation
of piping. An isometric of a small section of piping
both single-line and double-line is shown in Fig,
23.16. Single-line isometric is more frequently used
than double-line since it serves the purpose equally
well in most cases and is much more easily done.
Single-line oblique drawings may be used for the
same purpose as isometrics and have advantages in.
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allowable modifications that isometrics do not have.
An oblique of a small heat distribution system is
shown in Fig, 2317, It should be noted that the
usual method of oblique projection has been modified
to allow a clear interpretation of the location of risers
and returns in this layout. Such modifications of
oblique are used only when necesasry to add clear-
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ness to the drawing. On almost all pictorial drawings
and diagrams of pipe layouts the single-line represen-
tation of pipes and pipe fixtures is used regardless of
changes of pipe sizes in the system. In single-line
pipe drawings, for heating systems, the weight of the
line representing supply is usually heavier than that
representing return.  See Fig, 23.17.
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Fig. 28.14. A diagrammatic layout of an absorption unit.

23.12 Dimensions on pipe drawings. The general
rules for dimensioning orthographic, axonometric, and
oblique apply to pipe drawings. All lengths of
straight runs of pipe must be dimensioned, The pipe
sizes are indicated by writing the nominal pipe di-
ameter near the side of the pipe, using leaders when
necessary. Practically all other dimensions are loca-
tion dimensions; consequently center lines of pipes,

L
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Fig. 23.15. Piping layout in pictorial, orthographic, and de-
veloped form.
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Fig. 28.16, Isometric pipe layout.

fixtures, and apparatus must be used freely, Overall
dimensions of valves and fixtures are seldom shown
since their sizes are standard. Valves and apparatus
are frequently identified by name or manufacturer’s
number on the drawing. The material of which the
pipes, pipe fixtures, and valves are made is usually
indicated in general specifications. Sizes of flanges,
length of threads, and similar details are indicated
on the drawing by conventional representation. On
most pipe drawings, the dimensions are written on
the dimension line rather than in a break in the line.

Problems

The following problems are typical of many that can be
assigned.  Excellent sources of material and rveferences are
actual building plans, water treatment systems, valve cata-
logues, and trade journals.

Sheet sizes, scales, paper, etc., should be chosen to meet the
requirements of the problems. In general, B16” % 11" or
11" % 17" should be a suitable sheet size,

1. Make a one-view freehand sketch of a gate valve, globe
valve, or check valve for either flange or threaded connections
as assigned.

2. Make an orthographic two-view double-line piping draw-
ing of a section of a piping system to include 5 ethows, 3
valves (cross, check, and angle), 2 couplings (R. and L. and
union), 1 cross, I reducer, 1 plug, and connecting pipe runs.
Use either flanged or threaded connections as assigned,

3. Make a single-line isometric layout of the section of
piping described in Problem 2.

4. In Fig. 23.18 is shown an isometric single-line piping
disgram for ‘a small pump house. In Fig. 23.19 is shown a
partial double-line layout for the same system. Standard
wronght-irton pipe is to be used in the interior. Standard
cast-iron pipe is to be used underground. Five-inch pipe is
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to be used from supply to pump. Al other pipe is to be 4
inch. Standard cast-iron valves and fittings are to be used
throughout. Flange fittings are to be used from pump to
supply and pump to storage tank, Threaded fittings are to be
used from the main line to the compound chamber and return.
Complete the double-line pipe drawing of the system. Show
pipe sizes and all necessary location dimensions and elevations
necessary for construction and operation of the system.

5. Make a list of the pipe and fittings to be ordered for the
system in Problem 4. Arrange the list in tabular form under
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headings of size, pipe lengths, valves {number and kind), fit-
tings {number and kind ), material, remarks.

6. Following are some typical piping layouts. Make an
isometric single-line layout of all, or assigned, portions from
any of the given layouts in Figs. 23.20 to 23.22,

7. Make a two-view orthographic drawing of portions as-
signed in Problem 6. Show pipe sizes and all necessary loca-
tion -dimensions.

8. Make a pipe and fittings list for portions assigned in
Problem 6. Armrange as suggested in Problem 5.
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Fig. 23.17. Oblique pipe layout of a heating plant.
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4-inch intervals.

Machine

24,1 In the design of any mechanism certain ele-
ments are always involved in the transmission of mo-
tion. Exclusive of linkages of various types these
common eclements are shafts, pulleys, gears, cams,
bearings and seals for them, keys, splines, and the
usual fasteners. To these must be added devices for
the lubrication of moving parts,

Bolts, screws, keys, and keyways have been treated
in Chapter 10. Tables of sizes of these elements are
given in the Appendix.

24.2 Standard or stock sizes. All the items men-
tioned above and many others are carried in stock by
companies who specialize in producing them. When
production of an item is not to be in sufficient quan-
tity to warrant manufacture of all parts, many can
be purchased from suppliers, if this is kept in mind
in the original design.

24.3 Shafts. Circular steel shafts for power trans-
mission and machine parts may be obtained, finished
to close tolerances. For machine parts, stock shafts
vary in size, by ¥4 inch, from % inch to 214 inches
in diameter. From 2% to 4 inches, they vary by
Tolerances are always negative
and vary from .002 for the smaller size to .004 on
the larger ones.

24,4 Pulleys. Pulleys for flat belts offer no prob-
lem for the draftsman and can be made as”desired.
The shape of V-belts, however, has been standard-
ized, and the grooves in the pulleys should conform
to these standards as shown in Fig. 24.1 which is
taken, by permission, from the SAE Handbook,

24.5 Gears. Gears are used to transmit motion and
power from one part of a machine to another, The
motion is uswally uniform, but this does not imply
that the two parts thus connected have the same rates
of speed. The speed ratios depend upon the relative
sizes of the gears. There are many types of gears,
but we shall consider here only the spur gear, the
bevel gear, and the worm gear and wheel, which con-

24-0%
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Fig. 24.1, Pulley for V-helt. Courtesy SAE.

stitute the basic types. All these are in the process
of standardization, chiefly through the activities of the
American Gear Manufacturers Association and the
American Standards Association,

A spur gear is simply a short hollow cylinder on
which teeth have been cut, cast, or otherwise formed,
with their elements (edge lines) all parallel to the
axis of the cylinder. See Fig. 24.2. A bevel gear is
a frustum of a hollow cone on which teeth have been
cut, or cast, with their edge lines all meeting at the
apex of the cone. See Figs. 24.6 and 24.7. In small
gears the tooth cylinder or cone is joined to the hub
by a web; on large gears by spokes or arms. A worm
gear is a solid cylinder or shaft on which a continuous
helical tooth has been cut to mesh with the teeth on
a wheel, as shown in Fig. 24.9. The teeth on the
wheel resemble those of the spur gear, but each is
turned at a fixed angle relative to the plane of the
axis of the wheel and the center of the tooth.

The smaller of two meshing spur or bevel gears is
called a pinion, See Fig. 24.2. The minimum num-
ber of teeth on a pinion is limited by common prac-
tice to 12. When gear teeth are formed on a straight
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Fig. 24.2. Spur, pinion, and ring gear.

thick bar or plate, the product is called a rack. See
Fig. 24.4, A rack is simply a gear of infinite radius.
The.shape of the tooth on a rack is not the same as
on the gear, being absolutely straight in the involute
system. Racks and gears having the same basic tooth
form will mesh properly if the linear pitch of the one
is equal to the circular pitch of the other.

A complete discussion of the design and manufac-
ture of gears would constitute a treatise in itself.
Limits of space in this book permit the presentation
of only such elements of description and design as
will enable the draftsman to represent properly the
simpler gear types on shop drawings,

24.6 Spur gears—definition of terms and formulas.
In order to make drawings of gears or to understand
any discussion concerning them, the meaning of cer-
tain common terms must be understood. These are
defined below and illustrated in Figs. 24.2 and 24.3,
In the following formulas, N represents the number
of teeth in a gear. )

% Pitch Circle, If two gears are in mesh, their pitch circles
represent two cylinders in contact which would have the same
motion as the gears, provided the cylinders do not slip.

@ Diametral Pitch. The number of teeth per inch of pitch
diameter. DP = N/PD,

@ Pitch Diameter. The diameter of the pitch circle. PD =
N/DP, :

@ Circular Pitch. The distance between the centers of twe
consecutive teeth measured on the pitch circle. CP =
(PD X 3.1416)/N or 8.1418/DP.

@ Addendum. The radial distance from the pitch circle to the
top of the tooth. A = 1/DP,

@ Dedendum, The radial distarice from the pitch circle to the
bottom of the tooth space. D = 1.1B7/DP.
@ Clearance. The distance between a tooth and the bottom
of its engaging spate. C = .157/DP.
& Working Depth. The distance a tooth penetrates a space.
It is equal to twice the addendum.
@ Whole Depth. The working depth plus the clearance.
WD = 2.157/DP.
@ Tooth Thickness. The thickness of the tooth measured along
the pitch circle. TT = 1.57/DP or CP/2.
@ Chordal Thickness. The thickness of a tooth measured along
a chord of the pitch circle. CT = PD sin (90°/N).
@ Distance between Gear Centers, (N, 4- N,)/2DP.

Outside Diameter of Gears. {N + 2)/DP.
@Base Circle. The circle from which the involute curve is
formed.
@ Pressure Angle. The angle between the common perpen-
dicular to two involute gear tooth profiles in contact and the
normal to their center line.

Headia! straight bne
belveern filtel & end
of pwolie.

Iwolile Tooth s Cycloica! Toolt

Fig. 24.8. Gear tooth curves or profiles.
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To find the pitch diameters of two meshing gears
when the distance between centers is known and the
number of teeth is known:

(PD)y = [RCD)/(Ny + N2)IN;
(PD); = [(CD)/(Ny + N2)IN,
24.7 Tooth forms in spur gearing and racks. Both

the involute and cycloidal systems of tooth profiles .

are in use, but for many years the involute system
has practically replaced the other. Both are illus-
trated in Fig. 24.3. The profiles shown are theoreti-
cally those obtained by the usual geometrical con-
struction of the involute, the epicycloid, and the hypo-
cycloid curves. Actually the profiles are close ap-
proximations to these curves, slight modifications be-
ing made in cutting the teeth to take care of inter-
ference and for consideration of strength. Circles are
used on the drawings in place of curves.

Figure 24.4 illustrates two important departures
from the older tooth forms, in the 1414° composite
and 20° stub tooth systems which have become ten-
tative American Standards, The latter of these sys-
tems is not widely used. Gears made with either one
of these standards and having the same diametral
pitch are interchangeable with each other but not as
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SPUR GEAR WITH TOOTH DATA
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Fig. 24.5. Working drawing of spur 7grear.

between one standard and the other. Each has ele-
ments of simplicity both in drawing and cutting the
teeth, since only the involute and cycloid are used in
the composite tooth profiles and straight lines in the
stub tooth profiles. Each is stronger than the older
types. Close approximation to the actual tooth shape,
for drawing purposes, is obtained, in the composite
system, by using circles for the cycloids as shown in
Fig. 24.4(a). When composite or stub teeth are cut
on spur gears, the tooth proportions on page 24-04 are
used.

24.8 Working drawings of spur gears. The work-
ing drawings of gears which are to be cut from blanks
are very simple. The drawing itself and the dimen-
sions upon it give information only about the gear
blank, Information concerning the teeth is usually
given in the form of notes, as illustrated in Fig. 24.5,
If the gear is small and therefore has a solid web
instead of arms, only the sectional view need be
drawn. See drawing of pinion in Fig, 24.5. For the
design of gear teeth it is recommended that the fol-
lowing American Standards be consulted: ASA-B6.1,
ASA-B6, ASA-B6.7, and ASA-B6.8.

24.9 Assembly drawings of spur gears. In as-
sembly drawings, especially those intended for dis-
play purposes, it is sometimes desirable to represent
the gear-teeth profiles. A very simple approximate
method which is suitable for all diametral pitches and
pitch diameters is shown in Fig. 24.2. First draw the
addendum, pitch, clearance, and dedendum -circles.
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Toorn PrororTtions ror Srur GeAnrs

Composite System Stub System
In Te!-ms In Terms of
of Dia. In Terms of Circular Pitch Dlat}letral In Terms of Circular
metral (Inches) Pitch Piteh (Inches)
Pitch < {Inches) tlell ihches
(Inches) '
1. Addendum L 08183 X CP ﬁ 0.2546 X CP
Dp DP '
2. Minimum dedenum L157 0.3683 X CP 1 0.3183 X CP
: DP : P ' X
3. Working depth 2 0.6366 X CP 16 0.5092 X OP
by bp ’
.. 2.15% 1.8
4. M total deptlt e X — . ;
Mintmum total depth D 0.6866 X CP DP 0.5729 X CP
5 Pifch diameter —"& 0.3183 X N X (P w{vm 0.3183 X N X CP
) br ) ' Dr )
. . N+2 - r .
6. Outside diameter J —% 03183 X (N 4+ 2y X CP N ;Pl s PD 4 (2 Addendum)
7. Basic tooth thickness on 1.5708
pitch line “Bp 0.5 X CP
.. 0.157
8. M les e 5 'P
Minimum clearance DP 0.5 X CF

Then space off the teeth on the pitch cirele in the
usual manner, using one-fourth the circular pitch, or
one-half the tooth thickness, in deing so. With a
radius equal to three-fourths of the circular pitch and
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Commson BEVEL GEaR Crown GEAR

Fig. 24.6, Bevel gear types and terms.

centers on the pitch circle, draw arcs from the ad-
dendum cirele to a point below the pitch circle, where
a radial line will be tangent to the arc. A circle can
then be drawn lightly which will mark the lower limit
of the tooth arcs. From this circle on into the clear-
ance circle, draw radial lines, and then put in the fillet
at the bottom of the tooth. It must be understood,
of course, that this is only a convenient conventional
scheme and does not represent the actual shape of
the gear tecth. A note will indicate the type of teeth
wanted,

The rack is usually represented in conventional
form with the sides of the tooth straight, except for
the fillet at the bottom, as shown in Fig. 24.4.

The 1414° and 20° angles for the composite and
stub tooth can be readily laid off by using the tan-
gents which are practically .25 and .36, respectively.

The teeth of internal gears are also represented
with straight sides of the proper slope, as shown in
Fig. 24.2. One type ui internal gear tooth is actually
made in this form.
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24.10 Bevel gears., Bevel gears require the defi-
nition of a few new terms, the meanings of which are
illustrated on the two common types of gears shown
in Fig. 24.6. The equations for computing the value
of these terms are given below. The terms and
values are the same for all types of bevel gears.

Addendum (A) at large end is the same as spur gears hav-
ing the same diametral pitch.

Dedendum (D) at large end is the same as for spur gears
having the same diametral pitch.

Addendum angle (u), tan AA = A/PCR,

Dedendum angle (3), tan DA = D/PCR.

Piich cone radius or cone distance, CD = PD/2 sin +.

Cutting angle, (v,) = v — 8.

Face angle, vg = v + o .

Outside diameter, OD = PD 4 2A cos +.

Crown height, large end, CH = OD/2 tan FA.

Face {F) must be less than 34 CD.

Number of teeth, from which to select cutter, N' = N/ cos 7.

Center angle {Z) is the angle between the axes of the shafts
of meshing gears.

The following values vary for different gears and
for different center angles, as indicated in the table.
The subscript {p) denotes pinion, and the subscript
(g) the larger of two meshing gears.
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STRAIGHT BEVEL GEAR
GEAR TOOTH DATA

NUMBER OF TEETH XX
DIAMETRAL PITCH : %X
PRESSURE ANGLE XX*PRX
CONE [DISTANCE X .XXA
FITCH DIAMETER XXX
CIRCULAR THICKNESS (REF) Rrted
FITCH ANGLE x* xx
ROOT ANGLE xx* X'
ADDE NDUM XXX
WHOLE DEPTH (APPROX) XXX
CHORDAL ADDENDUM KX
CHORDAL THICKNESS XXX
FART NUMBER OF MATING GEAR X0O0XX
TEETH IN MATING GEAR X%
SHAFT ANGLE B i8S
BACKLASH (ASSEMBLED) LXAXX
TOOTH ANGLE (APPROX) X%y
LMIT  POINT WIDTH JXRX
TOOL EOGE RADIUS XXX
\—Axns OF
XXX MATING GEAR

MOUNTING DISTANCE
Fig. 24.7. Working drawing of bevel gear.

24.12 Assembly drawing of bevel gear teeth, In
assembly drawings for display or advertising pur-
poses, it is necessary to represent the actual gear
teeth, The following conventional scheme is based
upon Tredgold’s approximation, which consists of

Acute Angle between lRtght Angle Obtuse Angle hetween
hetween Shaft Crown Gear
Shaft Axes Axes Shaft Axes
. . sin % N ; N in (180° — Z
Pitch cone angle (pinion) tan vy, = F tan v, = Wf siny = f tan vy, = 5 sin ( )
K’E +cos B ¢ £ ;.,—g — cos (180° — =)
P e
. si N, in (180° — Z
Piteh cone angle (gear) tan vy, = sane any, = > e = 90° tany; = 3 sin ( )
Ny N, N, o
E;+cosa T“‘COS(ISO — )
4 ivg

24.11 Working drawings of bevel gears. Work-
ing drawings of bevel gears are usually made with
only one view, unless the gear is of such size as to
require a wheel with spokes, in which case two views
with interpolated sections will be necessary. One
view is always a full section, as illustrated in Fig,
24.7. As in spur gears, the dimensions on the draw-
ing are for the gear blank, and the data for cutting
the teeth are given in the form of notes. The actual
dimensions and the cutting data given will depend
upon the method of cutting the gears and will be
determined by the shop in which the gears are made.
Fither front or rear face is used as the base for set-
ting the gear blanks in the cutting machines, and
hence the distance from the front or rear to the out-
side of the top of the tooth should always be speci-
fied in order that all gear blanks may be alike.

drawing the gear teeth upon a development of the
back cone, as illustrated in Fig. 24.8.

To make this construction, first draw the pitch cone
axis and mark its intersection with the pitch diameter;
draw the back cone axis at right angles to the pitch
cone axis, and then locate the apex of both cones as
shown in the figure. Locate addendum and dedendum
points on the back cone axis, using the standard spur-
gear formulas. With the back cone apex as a center,
draw the developed arc of the addendum, pitch, and
dedendum circles (A, PC, and D). On these arcs lay
out a tooth profile by the conventional method for
spur gears,

On the front view of the gear, draw the usual three
layout circles for both the large and the small ends
of the tooth, On the large end, lay out the dimen-
sions of the tooth x and y, as indicated in Fig. 24.8.
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Radial lines from these points will locate the corre-
sponding points at the small end of the tooth. The
curved outlines through the three points are best
drawn in with an irregular curve. Lay out all teeth
in the front view in the same way. The side view is
then determined by projecting from the front view
and locating the same three points as before to de-
termine the tooth curve in each case. In the side
view, each tooth curve is a little different from the
others except for symmetrically placed teeth which, of
course, are alike. In the front view, the draftsman
must be careful to use the same part of the irregular
curve for each tooth so that they will all look alike.
This will be found much easier to do, however, than
attempting to draw circular arcs with the compass.

24,13 Worm gear and wheel. The worm gear and

‘wheel find wide application in the transmission of

power when a large speed ratio is desired. The tecth
on the worm are based on the standard involute rack
which has straight sides with the 1434° slope. The
meanings of new terms applying to these gears are
illustrated in Fig. 24.9, and the equations for compu-
tation are also shown in this figure. Others may be
determined from the figure by ordinary trigonometric
formulas. In the worm gear the terms linear pitch
and lead have the same meaning as they do for screw
threads. The linear pitch of the worm is equal to the
circular pitch of the wheel.

In practice it is desirable to have thirty or more
teeth in the wheel in order to avoid interference.
The efficiency varies with the thread angle, with a
theoretical maximum of about 45° For thread or
helix angles greater than about 15°, the dimensions
of the thread must be based on a section at right an-
gles to the helix. The pitch at right angles to the
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Fig. 24.10. Radial single-acting cam. (After Furman.}
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Fig. 24.11. Single-acting cam. (After Furman.)

helix is called the normal pitch, and is equal to the
pitch multiplied by the cosine of the helix angle.
This value of the normal pitch should then be sub-
stituted in the equations for tooth dimensions,

24.14 Working drawings of worm gears and
wheel, As with other gears, a one-view drawing will
suffice for both the worm and the wheel unless the
spokes of the wheel make two views essential. For
the wheel, one view is a full section, whereas for the
worm it may be either a half or full section. The
dimensions on the drawings are for the gear blank;
the cutting information is given in notes, as shown in
Fig. 24.9.

24,15 Cams. A cam is a mechanism or device in
a machine for transmitting a type of motion to an-
other part of the machine that could not readily be
transmitted by gears, linkages, and the like. The mo-
tion of the cam is usnally rotational, being mounted
on a shaft like a gear or pulley and turned by the
same primary power source. See Figs. 24.10, 2412,
and 24.13. Some cams have an oscillating motion, as
shown in Fig. 24.11. The cam has a specially cut
periphery or track in its face surface with which a
device called a follower is kept in contact. Roller
contact between the follower and the cam is desirable
on account of the reduction in friction between the
two parts. The motion of the follower may bhe in a
straight or curved line, depending upon the guides
in which it slides or the rocker arms on which it is
mounted. Also the motion of the follower may be
continuous or intermittent as the needs of a particular
case may require, and it may be uniform or variable
in velocity in each separate phase of its action. In
many cam designs, the follower remains at rest over
a considerable part of the rotation of the cam. These
various qualities and relationships of cams and fol-
lowers are brought out more clearly in the several
illustrations of typical cams of Figs. 24.10 to 24.13,
inclusive,
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ExD FRONT

Fig. 24.12, Radial, double-acting, face or plate groove cam.
{ After Furman.)

The cam of Fig. 24.10 is called a radial cam because
the follower edge or roller always moves in a radial
direction with respect to the cam. The cam of Fig.
24.18 is called a side or eylindrical cam because the
action of the follower roller is parallel to the axis of
the cam. There are also conical, spherical, and other
tvpes of cams, not illustrated in the figures, which
usually actuate roller followers mounted on swinging
arms. The cam of Fig. 24.12 with the follower groove
or track cut in the flat surface of the cam disk is called
a face or plate groove cam. Similarly, if the follower
track is cut into the surface of a cylinder, the cam is
called a cylindrical groove cam.

The positive control of the movement of the fol-
lower by the cams of Figs. 24.10 and 24.11 is in one
direction only, a spring or weight being relied upon
to bring the follower back into starting position at the
end of each revolution or stroke. This type of cam is
called single acting. The cams of Figs. 24.12 and
24.13 are called double acting because they control
the action of the follower throughout the entire rota-
tion of the cam. If the rise of the follower is con-
tinuous from the beginning to the end of its stroke, it
is said to be a one-step cam. 1f the rise is brokén into
two parts by a period of rest, it is said to be a two-step
cam.

24.16 Empirical cam design, The technical design
of cams involves not only the total range of motion
imparted to the follower by the cam and the so-called
pressure angle but also the elements of velocity and
acceleration in the follower, elements which can be
controlled in shaping the cam. Consideration of the
last two factors is beyond the scope of this book.
Empirical design, however, in which only range of
motion and some phases of the pressure factor are con-
sidered, is not a difficult matter, and, with some de-

gree of experience, satisfactory designs can be made
on this basis. ST

24.17 Cam base curves, The first step in making
a working drawing of a cam is to construct the so-
called base curves, Their functions will be developed
in the next article. Four common base curves used in
cam design are shown in Fig. 24.14, The straight line
gives a shock to the follower, and hence its beginning
and end must have a transition curve which is given
a radius equal to the rise, if the curve extends 360°.
If the rise occupies less distance, the radius is short-
ened proportionally. See Fig. 24,15,

The erank curve gives simple harmonic motion with
a uniformly changing velocity and acceleration. The
parabolic curve gives a constant acceleration and de-
celeration and a uniformly increasing and decreasing
velocity, increasing to the center of the curve and then
decreasing. The elliptical curve gives variable veloci-
ties and acceleration, but.it is slower in the starting
and stopping portions and faster in the central portion
than some of the other curves.

24,18 Drawing cams. The second step in making
a working drawing of a cam is the construction of the
cam chart. The third step is the construction of the
cam working surface. These two steps are developed
together below.

Let it be required to draw the cam curve according
to the requirements given in the upper left-hand
corner of Fig. 24.15. Draw first the cam chart, as in
Fig. 24.15, using the different types of curves as speci-
fied in the problem for the rise and fall of the follower.
The chart should be to scale vertically, but it may have

LT
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Fig. 24.13. Side or cylindrical, double-acting cam. (After
Furman.}
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any convenient length to represent 360°. The length
is then subdivided according to problem requirements.
The various curves are drawn as shown.

The drawing of the cam curve consists in obtaining
the line on which the center of the follower roller will
run as the cam turns, called the pitch surface, and,
from this line, the working surface line, which deter-
mines the surface on which the follower roller, or edge
line, runs. See Fig. 24.16. If no attention is given to
the pressure angle, a radius OA may be arbitrarily
chosen for the pitch circle and the pitch surface may
then be constructed from it by dividing the circle into
the same proportional parts as the cam chart, Fig.
24.16. If the pitch circle is made to the same scale as
the rise, AG, of the cam chart in Fig. 24.15, then the
ordinates to the base curve, measured up and down
from the pitch line, may be laid off in a corresponding
manner, out and in from the pitch circle, thus locating
points on the pitch surface, A smooth curve is drawn
through these points,

If a point follower is to be used, the pitch surface
becomes the working surface and the design is com-
plete. A working drawing showing the hub, bore,
keyway, and cam curve may then be made in the
usual way,

If a roller follower is to be used, the size of the
roller may be arbitrarily selected so long as its radius
is less than the least radius of curvature of the pitch
surface. The working surface is then determined by
drawing a series of arcs with centers on the pitch sur-

in the upper part of Fig. 24.16. The working surface
curve is then drawn tangent to these circles. A work-
ing drawing may then be made as before.

If the limitation of a maximum pressure angle is to
be observed, then the radius of the pitch circle must
be computed by the equations shown at the top of
Fig. 24.16. The terms d, g, and b are given in the
problem data; the pressure angle factor p may be
obtained from the chart in Fig, 24.17.

If a-cam has but one step, the pitch circle is drawn
with the radius computed and the rest of the con-
struction then follows as deseribed hefore,

If the cam has more than one step, a pitch circle
radius can be computed for each step. The pitch line
must then be adjusted so that the pitch circle radius
is equal to the largest computed radius. The com-
putations for the three steps of the cam of Fig. 24.16
are as follows:

Step one, 3 units.

TOsTE X3 X2
B SEXEXET

Step two, § units.

57.3 X 6 X 2.27
R = TIXOXOT o,

Step three, 9 units.
57.3 X 9 X 3.46

Ra = = 19.8
face and a radius equal to the roller radius, as shown 50
= J , . I, LT
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Fig. 24.14. Basic cam curves.
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Fig. 24.15. Layout of a two-one step cam chart,
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Fig, 24.18. Cam layout for base curve shown in Fig. 24.15.

If the largest radius for the parabolic section is used
as a trial pitch circle, then it can be observed that this
circle, being larger than that required by the other
two equations, will be satisfactory since it keeps the
pressure angle within the limits specified. The largest
pitch radius, R; = 19.8, is therefore used, and the con-
struction carried out as described before.

ings. Such bearings are shown on drawings as illus-
trated in Fig. 24.18(a). On schematic layouts, any
type of bearings may be shown as in Fig. 24.18(b).

Unless sleeve bearings are of the oil-impregnated
type, they must be provided with c¢il grooves and

B _LDQ F
N 24,19 Bearings. All rotating parts of machinery \‘\

are supported in bearings. There are many kinds, and N O
all of them have elements of design beyond the scope 5 N
of this book. The design of antifriction bearings is a 3 \ 3 Y
field of specialization in itself. The material here e . N \\\ o
presented consists of those matters which the young - i MR N2
engineer should know in representing bearings on E i " i;:ﬁb
drawings. E NG W} tfg &bg -

2420 Journal or sleeve hearings. Bearings in 3 \ A% NYELGAS
which the shaft is enclosed by a continuous metal NN =l
surface in metal-to-metal contact except for clearance ’\.f\ EEREENRS
and oil films are called sleeve or journal bearings. il . . :(\ o \:\ e
The shaft is usually made of steel, and the bearing OaM FACTORE

support is lined with Babbitt metal or bronze bush-

Fig. 24.17. Cam factors. (After Furman.)
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some means of supplying oil, Under certain condi-
tions they must be protected from dust and dirt by
shields or seals. For various types of shields and seals
the student is referred to manufacturers’ catalogues.
Bronze bushings are usually press fitted.

24.21  Anfifriction bearings. Although all bear-
ings have some frictional resistance, ball, roller, and
needle bearings are commonly classified as antifriction
bearings since the friction has been reduced to a mini-
mum. The material presented here shows the method
of representing bearings and a few illustrations of
methods of holding them in place. Information con-
cerning the dimensions of a very limited number of
smaller-size bearings is given in the Appendix.

Ball bearings are made in a variety of styles and
sizes for different purposes. A few of these are shown
in Fig. 24.19. The medium, light, and extra light can

o=l

/{}//’ A
s ’
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e/ e (B)

Fig. 24.18. Schematic bearing symbols.
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Fig. 24.19. Ball bearing symbols. Courtesy New Departure
Division of General Motors. :

A=oring
LIGHT
ExrRA
LocHT

ITRUSIVG
ENAME FER

i
B
ExTrRALicnr  Lighr  Mepruas

Fig. 24,20, Ball bearing housings. Courtesy New Departure
Division of General Motors.
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Fig. 24.21. Ball bearing mountings. Courtesy New Departure
Division of General Motors,
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Fig. 24.22. Ball bearing mountings. Courtesy New Departure
Division of General Motors,
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Fig. 24.23. Roller bearing mountings, Courtesy Timken Roller
Bearing Co.

be used in different situations to accommodate larger
shafts within limited housing dimensions, as shown in
Fig. 24.20, when load conditions permit. A few
methods of mounting these bearings are shown in
Figs. 24.21 and 24.22. Many companies provide full-
scale and half-scale sectional drawings of their bear-
ings which can be removed from a loose-leaf catalogue
and placed under a drawing on paper or cloth, and
traced. This saves a great deal of time. When press
fits are used on either shafts or housing, these must
not be so tight as to affect the clearance provided in
the bearing.

Roller bearings are of two kinds, namely, those
having cylindrical rollers and those having tapered or
conical rollers. The inner race of tapered bearings
are parts of cones and are called cones. The outer
race is called the cup and is also cone shaped. Several
types of roller bearings taken from the Timken Roller
Bearing Handbook are shown in Fig, 24.23.
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Fig. 24.24, Roller bearing mountings. Courtesy Timken Roller
Bearing Co.

Several methods of mounting these bearings are
shown in Fig. 24,24, In Fig. 24.24(a), the cone back-
ing is obtained by a collar pinned to the shalt. The
bearing adjustment is obtained by the castellated nut
at the other end of the shaft. The cup is supported by
a shoulder in the housing which is provided with
knock-out grooves for removing the bearing as shown
at the top of the figure.

In Fig. 24.24(D), one bearing is supported iu + car-
rier with shoulders. An accurately ground spacer is
used Detween the carrier and housing to obtain adjust-
ment.  Split rings with wire clamping rings to hold
them in place support the cones at both ends of the
bearing. At the right end, a snap ring supports the
cup.

Problems

The following problems are intended only for students who
are well grounded in the principles of drawing., Therefore,
no directions are given as to scale, choice of views, or arrange-
ment, I some problems, considerable Iatitude for the exer-
vise of common sense and judgment has been allowed, and it
is intended that the student get the exercisc with as little help
from the mstructor as possible,

Tooth ProriLes

1. Draw a 1 DP cycloidal gear tooth on a pitch circle of
5" radius, Construct the tooth profile curves on one side and
complete one tooth, The diameter of the rolling circle shall
be one-half that of the pitch circle for a 12-tooth pinion.
Mark all circles and curves having specific names,

2. Same as Problem 1. Use a 2 DP tooth.

3. Draw @& 1 DP involute tooth on a pitch circle of 6~
radius and having a 20° pressure angle. Construct the tooth
profile on one side, and complete one tooth, Mark all circles
and curves having specific names.

4. Same as Problem 3. Use a 2 DP tooth.

Spun Geans

5. Make a working drawing of the gear shown in Fig. 24,25,

B. Same as Problem 3, Fig. 24.26.

7. Same us Problem 5, Fig. 24.27. (Note this is a special
type of bevel gear.)

8. Same as Problem 5, Fig, 24.28,

ENGINEERING DRAWING AND GEOMETRY

9. Make a working drawing of a gear assigned from Fig,
24,29. The drive gear A, when meshed with the right part
of double gear C, turns the lower shaft in one direction.
When A is shifted to the left and meshed with B, since B is
always meshed with the left part of C, A turns the lower shaft
in the opposite direction.

10. Make a complete set of details for the speed-changing
device shown in Fig, 24.29,

11. Make a copy of the assembly drawing shown in Fig.
24.30,

BeveL, GEARS

12, Make a working drawing of the large bevel gear assigned
from Fig. 24.80, Gears A and B, with their respective clutch
jaws, are free to revolve upon the drive shaft which is keyed
to the central clutch jaw C. The clutch C may be shifted to en-
gage either gear A or B, thus changing the direction of rotation
of the gear D and its shaft. The handle for shifting the clutch
should have some device for locking the clutch in any one of
its three positions.

13. Same as Problem 12. Pinion gear, Fig. 24.30,

14. Make a complete set of details of the reversing mecha-
nism shown in Fig, 24.30,

15. Make « copy of the assembly drawing shown in Fig.
24.30,

Wonm GEAR AND WHEEL

16. Make a working drawing of the worm gear and wheel
shown in Fig, 24,81,

17. Same as Problem 16, Fig. 24.31, Change to double
worm.

18. Make a complete set of details of the ohject shown in
Fig. 24.31.

Cants

19. Draw the cam chart, and lay out the cam curve for a
cam whose follower moves radially as follows: up 2" on a
crank curve base line in 90°; dwell 120°; down 27 on a crank
curve in 60°; dwell 90", Use a pitch circle of 316" radius,
sclect size of roller followers,

20. Same as Problem 19. Use a combination straight-line
base curve,

21, Same as Problem 19, Use a parabolic base curve.

22. Same as Problem 19. Compute pitch circle radius for a
30° maximum pressure angle.

23. Draw the cam chart, and lay out the cam curve for a
cam whose follower moves radially as follows: up 1" in 45°;
dwell 45°; up 1%” in 90°; dwell 80°; down 134" in 45°; dwell
30°; down 114" in 45°; dwell 80°. Use a crank curve on first
two steps and a parabolic curve on the last two. Pitch circle
4" radius for second step, select size of roller follower.

24. Same as Problem 23, Use combination straight-line
curve throughout,

25. Same as Problem 28, Compute pitch circle radius for
45° maximum pressure angle.

26. Draw a cam chart, and lay out the cam eurve for a
roller follower which moves as follows: up 17 in 60°; dwell
80°; up 14" in 75°; dwell 15°; down 24" in 120°; dwe]ll 80°.
Pitch radius 47 for last step. Select size of roller.

27. Same as Problem 26. Compute the pitch circle radius
for a maximum pressure angle of 30°.

28. Same as Problem 26. Maximum pressure angle 45°.
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25.1 The tool drawing room. The development
of great industrial organizations today has resulted in
the growth of large drafting rooms all over the coun-
try, Such organizations vary in specific detail but
common working procedures place the design engi-
neer in complete contral of production results. It is
his responsibility to provide needed information and
instruction necessary for manufacturing, With the
production engineering staff working cooperatively
with the design staff, the idea for the part is devel-
oped. The product is then taken to the testing and
experimental divisions for confirmation, changes, and
improvement suggestions. Often this results in the
development of a new product or the revision of one
alveady in production. After the parts have been
tested and approved by the proper departments, prints
of the final detail and assembly and subassembly draw-
ings are issued to the master mechanic’s department.

Data sheets, sketches, frechand drawings, or actual
parts developed by this time serve as a guide for the
process engineer. The tool designer in turn furnishes
the necessary design information and calculations for
tooling required for a given workpiece ( the part being
placed in preduction).

Tool drawing requests may be assigned to several
detail draftsmen working with a group leader who is
the immediate supervisor of the project. He acts as
a guide for the detailers, answering minor questions
that are non-critical. He coordinates all drafting
activity pertaining to the same set of component
drawings.

25.2 Routing and work sheets. A tool routing
sheet is prepared by the process engineer, and this
with design sketches and .machine and tool specifica-
tions with catalogue information pertaining to stand-
ard parts or tools completes the information from
which a tool design assembly layout is made.

* This chapter was prepared by Earl D. Black, Section
Head, Engineering Drawing and Kinematics, Product Engineer-
ing Department, General Motors Institute, Flint, Michigan.

Tool Drawing’
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The routing sheet lists the sequence of manufac-
turing steps and includes specific information about
machines, tools, and inspection gages.

The work sheet is prepared by the process and/or
tool engineer. It may give further detailed informa-
tion regarding manufacturing nrocesses. The main
purpose of the work sheet, however, is to furnish the
tool drafting department with necessary specifications
and information as to the number of parts to be made;
forces required for the various manufacturing opera-
tions; size, capacity, and number of machines to be
used; size and specifications of special tools; clearance
specifications between mating parts; and inspection
instructions with names and makes of instrurents
where standard instruments will suffice. This infor-
mation is given to the detail draftsman in order that
his drawings may be made to agree with machine shop
and production practices. (See Chapter 11, “Shop
Terms and Processes.”)

25.3 Standard tools. The tool draftsman is con-
cerned with purchased standard tool details mainly in
assembly drawings where they are shown being used
with special tools or machines. Hoswever, there are
also times when standard tools must be altered to do
special machining operations and detail drawings may
be required to show these necessary changes.

Standard tools and machines, such as the precision
boring machine shown in Fig. 25.1, with which they
are used must be thoroughly understood by the suc-
cessful tool engineer and tool draftsman. Some of the
precise work that can be done on the precision boring
machine is shown in Figs. 25.2 and 25.3.

In general it is economical to use standard tools
when they will perform satisfactorily. When they
will not do the job required, special tools must be
designed and made. Standard tools are made to
specific limits by highly skilled machinists. Cata-
logue information usually gives the tolerance speci-
fications to which they are made.
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Fig. 25.1. Precision horing machine. Courtesy Kearncy and
Trecker.

Fig. 25.2. Boring holes with tolerance of .0002. Conrtesy
Kearney and Trecker.

When selecting standard tools, the draftsman should
thoroughly check catalogue specifications before such
parts are incorporated in a tool drawing, Any chance
for accumulation of tolerances or limits by variation
in the machine with which tools are to be used must
be thoroughly investigated and checked against the
requirements of the part being machined. The com-
bined limits on the tool and machine must give a

satisfactory result in the workpiece with a minimum

" amount of serap during production.

25.4 Jigs and fixtures. It is important that a
draftsman working in jig and fixture design depart-
ments have a thorough understanding of standard
components, machine shop processes, and methods if
his drawings are to be satisfactory.

A jig is a special type of fixture. A jig locates and
holds the workpiece and has provision for guiding the
cutting tool while a specific machining operation is
being performed, as does = drill jig. The jig is not a
part of the machine. It may be clamped or bolted to
the machine, however, or it may be moved about for
variable requirements. Generally a fixture merely
locates and holds the workpiece in relation to the
cutting tool, as does a milling fixture, However, it
may be a definite part of the machine and actually
perform work as does a welding fixsture where the
machine is useless without the fixture. A fixture may
also take the form of a device for checking the ac-
curacy of a workpiece, as does a checking fixture.-

Jigs and fixtures are used for quantity production
where speed and accuracy are required. (See Chap-
ter 13, “Drawing for Interchangeable Assembly.”)
The jig or fixture should reduce the cost of manufac-
turing by saving work time of both the machine and
the operator. A jig or fixture must assure duplication
of successive parts and give interchangeability to jus-
tify its use. The jig or fixture must also be easy and
safe to operate.

25.5 Making design layouts for jigs and fixtures.
Tool drawings for jigs and fixtures may be either free-
hand or mechanical drawings. Often the first draw-
ings are freehand sketches used to record design
thinking and standard parts information, but in more

Fig. 25.3. Jig boring reamer. Courtesy Kearney and Trecker.

;
i
i
i




TOOL DRAWING 25-03

complicated and critical situations very accurate de-
sign layouts are required.

The tool draftsman plans the layout of the drawing
so that ample space is provided between views for
special notes and dimensions. The workpiece is traced
on the drawing sheet in red phantom lines, In Fig.
25.4, the workpiece is outlined with phantom lines
and the whole area shaded. In actual operation the
outline would be in red with no shading, The detail
drawing of the workpiece is then removed and used
as a refererice sheet for planning the design layout
of the jig or fixture.

The drawing of the jig or fixture is made in black
lines as if the red phantom lines of the workpiece did
not exist. See Fig. 25.4. This method of working out
the design is preferred over drawing the workpiece
in solid and hidden lines, as the workpiece lines ap-
pear on the print and tend to confuse the machinist
or toolmaker. Phantom lines therefore make the
drawing much easier to read,

25.6 Locating details. The size and shape of the
workpiece is always a factor in the design of the
locating detail. Such details as pins are relatively easy
to use, and they are inexpensive and accurate locators.
Pins have been used as locators in Fig, 254, V-block
locators may be used as clamping and locating com-
binations, Keyways and special features of the work-
piece which are first machined may become possible
surfaces of registry for later machining operations
through the use of bushings, pins, keys, and special
design attachments added to a standard jig body.

25.7 Clamping devices. Clamping must be done
in accordance with surfaces and seats of registry,
Clamping devices must be designed to avoid deflec-
tion of the workpiece during production. Deflection
introduces inaccuracy when the workpiece is released
from the clamping pressure. Clamping must also be
applied at points on the workpiece that will withstand
the pressure necessary to hold the workpiece firmly
and accurately in place. The clamp must be durable
but it must not mar the surface of the workpiece. It
must be easy to operate for maximum production.
The workpiece must go in the jig in its proper locat-
ing position easily and quickly. Likewise, the work-
piece must be easily and quickly removable after the
work operation has been performed.

25.8 Use of standard parts, Many standard parts
may be used in designing 2 jig or fixture to handle a
given workpiece. Standard parts catalogues list jig
bushings, adjustable pins, V-blocks, bar clamps,
slotted clamps, C-washers, pads, star knobs, set screws
and studs, spiral-rise cam clamps, hooks, locks, and
many new devices that should be carefully considered

it preference to new designs. Any new design, to be
economical, must outperform standard parts.

Jig bodies for small machined parts may be obtained
in several standard arrangements. The type to use is
determined by the mass and shape of the workpiece
and the method and process of the machining to be
done. The completed jig should be easy to handle, it
must be rigid, and it must provide necessary accuracy.
All exposed corners should be rounded off, and sharp
edges and burrs should be removed. Light-weight
jigs may be equipped with handles for easy moving,
but heavy jigs may require such details as crane hooks,

The jig body that is to be moved about on a table
surface should be provided, with four feet as opposed
to three feet as any unevenness in setting, as by rock-
ing, may attract the attention of the operator at once.
The surface of the feet that rest upon the machine
table or frame are finished in a plane parallel to the
locating surface in the base of the jig.

Jig bodies should be chosen that give ample clear-
ance for machining tools, chips, and chip removal.
Points of location and tool approach in the jig should
be visible to the operator. The jig body should be
sturdy and durable.

25.9 Assembly layouts, The tool designer or
draftsman follows the same basic principles of engi-
neering drawing for the layout of fixtures as he does
for jigs. See Fig. 25.4. The drawing usually consists
of four principal views augmented by any necessary
explanatory section or detail views. The layout draw-
ing shows the front elevation as an edge view. 'The
top view is a layout of the lower member of the body
and the parts attached to it. The bottom view is a
layout of the top member of the body and the parts
attached to it. The parts that are attached to the top
member are ignored in the plan view of the bottom
member and likewise parts attached to the lower mem-
ber of the body are ignored in the plan view of the
upper member. The side elevation is in line hori-
zontally with the front elevation and shows both mem-
bers and their parts attached. Any detail not clearly
shown in these four views must be included in special
explanatory section or detail views. These special
views are located conveniently and correctly projected
on the drawing sheet. Any irregularity in arrange-
ment of views should include proper titles for these
views as an aid in reading them.

The assembly layout should have all parts pr opeily
numbered with part numbers being placed on the
drawing in vertical or horizontal alignment. These
numbers are also included in a stock list which identi-
fies each part. Both standard and special parts are
Hsted giving the material from which each part is
made, The number of each part required for one
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assembly is also given in the stock-list information.
See Fig. 25.7.

The tool drawing title block requires additional
space for identification and special information not
required on product drawings. Space is usually pro-
vided for recording the tool number, machine number,
department number, and drawing sheets record num-
bers. See Fig. 25.5. Often space for recording the
model number and operation number is also included.

25.10 Detail drawings, When the design as-
sembly layout has been completed, all special parts
and altered standard parts are detailed on detail
sheets. Unlike product drawings, which have only
one detail drawing on a sheet, tool drawing detail
sheets are the same size as those used for the assem-
bly layout, and as many detail drawings are placed
on each sheet as will give desirable spacing. Each
detail drawing has ‘the same part number as is as-
signed to it on the assembly layout and parts list.
This number, the part name, the material from which
the part is made, and the number required for one
assemibly are placed preferably under the detail draw-
ing of the part or close by. The name or title of
the detail sheets should-be the same as that given to
the assembly layout drawing except that the word
“details” is substituted for the word “assembly.”

25,11 Dimensioning by transfer. Special practices
in dimensioning mating parts are used on tool detail
drawings. The first detail drawing made of mating
parts shows complete locating dimensions. Later
detail drawings made for mating parts have locat-
ing dimensions for non-mating details only and omit
those locating dimensions that may be found on the
first detail drawing. Where locating dimensions are
omitted, the part number of the first detail is added
to the notes describing the features which must be
mated to them. Such notes should be as simple and
specific as possible for clarity.

Example:

+ .002

S00 _ 000

Dia. 4 Holes Lacate by Transfer with Part No. XX

or:

- J
500 —i gg{; Dia. 4 Holes Locate with Part No. XX

This note means that the machinist will locate these
holes on one part only and mating parts will be made
from it, using the first as a guide for mating accuracy.
This is called “dimensioning by transfer.”

25.12 Die drawings. The dic designer must ap-
proach his problem from the needs of the workpiece
in its final shape. The die designer must carefully
consider all successive steps in securing this result.

The standard die set comes with a lower shoe,
upper shoe, guide posts, and guide-post bushings.

TOOL AND DIE DRAWINGS

DRAWN BY: DATE:
SCALE: IDEPARTMENT:
REFERENCE DRAWINGS:

CHECKED BY: DATE:
APPROVED BY: DATE:

PART NAME! PART NO.

MACHINE NAME: MACHINE NO.

TOOL NAME: TOOL NO.

ASSOCIATED DWGS. |DRAWING NO.

Fig. 25.5. Tool drawing title block.

Guide-post lengths and shank sizes must be specified,
Die shanks are optional with the die set.

Die drawing follows the same general procedure
and techniques used on jig and fixture drawings with
some modification. See Figs. 254 and 25.5. The
plan view of the lower die shoe with die parts at-
tached to it is placed divectly and vertically in line
with the front elevation of the die set. To conserve
drawing space, the plan view of the upper die shoe
with punch parts attached to it is often placed hori-
zontally in line with the plan of the lower die shoe
as if the-upper shoe were lifted from its position
above the lower shoe and inverted from left to right.
See Fig. 25.6. A side elevation is placed horizontally
in line with the front elevation, showing parts at-
tached to both die shoes. The views are clearly iden-
tified by titles to further simplify the reading of the
drawing. All parts may not be shown in any one
view. Parts attached to the lower die shoe will not
appear in the plan view of the upper die shoe. Like-
wise, parts attached to the upper die shoe are not
shown in the plan view of the lower die shoe. Hid-
den lines that would confuse the interpretation of a
layout should be omitted in the assembly layout
drawing. The use of sectional, auxiliary, and other
explanatory detail views may be used to give com-
plete information to the die maker.

Standard die parts are more economical where they
will perform satisfactorily and are therefore used in
preference to parts that are specially made.

The title block and stock list on the assembly lay-
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out of dies are similax to those used on jig and fix-
ture drawings. All parts, both standard and special,
are included in the parts list. See Fig. 25.7.

All non-standard or standard parts that are altered
are detailed on detail sheets. These detail sheets are
numbered Sheet 2, Sheet 8, ete., and the total num-
ber of sheets is recorded in the record space as indi-
cated in the title block. The size of detail drawing
sheets for dies is usually the same as that used for
the assembly layout.

25.13 Conclusion. Industrial manufacturing today
is preceded by the making of product engineering
drawings. Prints of these drawings with orders and
specifications for tooling are then issued to the master
mechanics department, including the process, tool de-
sign, and drafting sections. When the tool designer
receives the assignment, it will be his responsibility
to furnish design sketches or design layouts to the
tool drafting section for tools, dies, jigs, fixtures, and
checking devices that will control interchangeability
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and guarantee the functional requirements of the
assembly.

After tool drawings are completed and checked for
design and drafting accuracy, they are sent to the
printing department for duplication. These prints
are used by engineers and designers to express and
record the ideas and information necessary for the
building of machines and tools. Tool drawings assist
in coordinating all departments and individuals in
the actual designing, testing, production, inspecting,
and servicing of parts made by high-production
processes,

Problems

The basis for performing the following problems is found
in the chapter on “Tool Drawings.” In each case the student
is expected to make the correct and complete shop drawings.
He should first make an assembly layout from which he makes
detail drawings of non-standard parts that cannot be pur-
chased. He also fumishes detailed information for changes
in standard parts. Such alterations require a detail drawing
of these changes.

1/

2

Bo7romM VIEW OF PUNCH
AND UPPER SHOE

JroE FrEvAarion

Die drawing.
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The student should first make sketches of his proposed jig,
fixture, die, or tool as a means of progressive planning of the
final assembly layout. His sketches should be accompanied
by catalogue information necessary to the final assembly Tay-
out and detail drawings.

Engineering changes may be included at the end of the
assignment along with corrections and alterations necessary to
bring each detail drawing into compatibility with component
parts of the assembly.

All drawing sheets should be of the same size. The size of
the drawing sheet chosen for the assembly layout should also
be used for detailing, The detail sheets should not be crowded.

The balloon and part number, the part name, the material
from which the part is made, and the number required for one
assembly should be lettered carefully under each detail draw-
ing. This information should be recorded in the stock list on
the assembly layout.

L. Make an assembly layout and detail drawings of a fix-
ture to mill or grind the end surfaces of the 14”-diameter bosses
on the counterbalance, Fig. 12.48. Include complete stock
list for the fixture on the assembly layout.

2. Make an assembly layout and detail drawings of a drill
jig to drill the 36"-diameter hole in the counterbalance, Fig.
12.48. Include a complete stock list on the assembly layout
for the jig.

3. Make an assembly layout and detail drawings of a drill
jig to drill the four 14" cap screw holes in the cover, Fig. 11.52,
Chapter 11. Lacate the workpiece from the outside surface of
the flange. Locate workpiece in jig by use of three contact
points. Standard parts are not detailed. Include stock list on
the assembly layout,

4. Make an assembly layout and detail drawings of a jig to
drill and ream the 18{5"-dia. center hole in the Governor sup-
port bracket, Fig. 12.50. The two holes, 3§”-dia. ream, located
294" apart, are to be used for locating the workpiece in the jig.
Include a complete stock list on the assembly layout.

5. Make a subassembly drawing of the reservoir baffle plate,
Fig. 25.8 and the reservoir cover, Fig. 25.9. Use this sub-
assembly drawing as a workpiece, and make an assembly lay-
out and detail drawings of a welding fixture to weld these two
parts together. Include a complete stock list on the assembly
layout,

8. Make an assembly layout and detail drawings for a fix-
ture to mill the half-inch slot in the pump plunger, Fig. 12.60.
Include a complete stock list on the assembly layont,

7. Make an assembly layout and detail drawings of a jig to
tap the center hole in the reservoir plate, Fig. 25.10. Include
complete stock kst an the assembly layout.

8. Make an assembly layout and detail drawings, of a die
to blank and pierce the .406-dia. hole of the reservoir baffic
plate, Fig. 25.8. Tnclude a complete stock kst on the assembly
layout,

9. Make an assembly layout and detail drawings of a dic to
pierce four .126"-dia. holes, and emboss four welding- pro-
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Fig. 25.7. Stock list.

jections on the reservoir baffle plate, Fig. 25.8. Include a
complete stock list on the assembly layout.

10. Make an assembly layout and detail drawings of a die
to punch two holes, .276"/.286" dia., in the reservoir plate,
Fig. 25.10. Include a complete stock list on the assembly
layout.

11. Make an assembly layout and detail drawings of a die
to blank and pierce the two rectangular holes and the two
3” holes adjacent thereto in the ski binding bracket, Fig, 25,11,
Include a complete stock list on the assembly layout,
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Welding Drawing

26.1 Introduction. Jor permanent fastening of
parts of a structure, welding is a very important
method. Many machine parts are now being con-
structed by welding various units together, thus mak-
ing a built-up structure to replace a complicated ecast-
ing or riveted part.

The earliest form of welding consisted of heating
the parts and pounding them together on an anvil
until they were joined together. From this stage the
process of welding has been developed to its.present
state of perfection where almost any kind of metal
may be satisfactorily welded, The two principal
kinds of welding now generally used are fusion weld-
ing and forge welding.

a. Fusion welding is the term applied to the
method of joining two pieces of metal by melting
metal into a joint that has been raised to the melting
temperature. Thus a fusion weld is actually a process
whereby two parts are joined by bringing the metal

26

of each part to a liquid state and adding extra molten
metal which forms the joint when cooled.

b. Forge welding is the term applied to the method
of joining two pieces of metal by heating them to the
plastic state and then forcing the parts together either
by pressure or by a blow of a hammer. In modern
welding various kinds of machines are used to apply
the pressure or the hammer blow.

26.2 Methods of welding. Welding may also be
classified according to the method of applying the
heat, Under this group there are four main divisions,
gas welding, arc welding, resistance welding, and
Thermit welding.

26.2.1 Gas WeLDING is that type in which the heat
is supplied by burning acetylene or hydrogen gas.
The gas under pressure is mixed with oxygen and
ignited. This creates a very hot flame which can be
regulated to give various characteristics by adjusting
the flow of the gas or the oxygen. Temperatures as
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Fig. 26.2. Types of welds.

high as 6000° F may be obtained with the oxyacetylene
torch.

26.2.2 Arc WELDING is that type in which the heat
is applied by means of an electric arc. Usually the
parts to be welded are wired as one pole of the arc
with the electrode held by the operator forming the
other pole. Sometimes this is a carbon electrode, in
which case the extra metal for the weld is supplied
by a welding rod held in the arc in a manner similar
to gas welding. More frequently the welding rod is
used as the electrode so that the electrode itself grad-
ually melts away, thus supplying the extra metal for
the weld. Sometimes the arc is formed between two
tungsten points, neither of which touches the metal
being welded, in which case extra metal must be
supplied by a filler rod. This latter method is used
in atomic-hydrogen arc welding. The temperature
of the arc is about 6000° F,

26,23 Resistance Werpivg,  Electric current is
also used as a source of heat in a type of welding
known as resistance welding. This is usually consid-
ered the easiest and cheapest method of fastening the
pieces of metal together permanently. It is based on
the fact that electric current flowing through metal
will heat the metal when the resistance increases.
Therefore, since current flowing from one plate to an-
other will encounter the greatest resistance at the
joint, whether it be a lap joint or a butt joint, the
tendency is to heat the metal at the joint, The tem-

perature at the joint may be regulated by the amount
of the current. When the proper temperature is at-
tained, pressure applied by some kind of machine
will create a forge weld, thus fastening the two pieces
together. This may be done over the entire joint,
forming a butt or seam weld, or at particular points
forming a spot weld. The term flash weld is some-
times used when the ends of two parts are joined by
resistance welding.

26.2.4 TaerMrT WELDING is a method based on the
strong affinity of aluminum for oxygen. A mixture of
finely divided aluminum and iron oxide may be ig-
nited at one spot, and it will then burn rapidly at a
very high temperature, leaving a quantity of molten
metal and aluminum oxide slag in the container. The
temperature resulting from this reaction is about
4500° F. The reaction must be started by lighting a
small quantity of special ignition powder.

For the fusion method of Thermit welding, it is
first necessary to build a wax mold around the break
or joint. A refractory sand mold is then constructed
around the wax, which is dried out and preheated by
some method such as blowing vaporized kerosene and
air into the mold. During this preheating process the
wax is burned out, leaving a space into which the
metal melted by the Thermit reaction may be poured.
This molten metal:fuses with the parts to be joined
together and upon cooling leaves a welded joint.

In some cases, such as the Thermit pipe weld, only
the heat of the Thermit metal and slag is used to make
a forge weld. With the ends of the pipe faced and
butted together, the slag and the Thermit metal are
poured around the joint. The heat of the metal raises
the temperature of the pipe to a point where the forge
weld can be made by pressing the two pieces together.
After cooling the Thermit metal can be broken off
because the slag forms a coating on the pipe which
prevents the Thermit metal from sticking to the pipe.

26.3 Types of joints. One very valuable feature of
welding is that the parts may be fastened together in
almost any relative position. However, there are cer-
tain standard joints that are most frequently encoun-
tered in welding operations. Figure 26.1 shows the
joints most commonly found in practice.

96.3.1 Cross Secrion oF JoINT. The thickness of
the parts to be joined will have a large bearing on the
cross section of the joint, If the plates are thin the
plain butt joint may be used as shown in Fig. 26.2(a).
Plates with a little greater thickness might be prepared
with a single V butt joint as in Fig. 262(b} or a ¥
type butt joint as in Fig. 26.2(c). Still greater thick-
ness might require a double V butt joint with the weld-
ing being done from both sides. See Fig. 26.2(d).
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Fig. 26.4. Arc and gas welding symbols,

Other methods of preparing the parts for welding are
shown in Figs. 26.2(e) to (m).

26,4 Welding symbols for fusion welding. There -

are so many different conditions under which welding
is done and so much information to be conveyed from
the office to the welding operator that the American
Welding Society has devised a composite symbol by
means of which all this information may be trans-
mitted. This symbol is in the general form of an
arrow on which other symbols, letters, and marks

may be placed to give complete instructions for fusion

welding.  The form of this arrow as well as the kind
and position of other symbols is given in F ig. 26.3.

26.5 Welding legend for fusion welding. When
fusion welding is specified on a drawing by means of
the welding symbols, a legend should be placed on
the drawing to aid in interpreting the symbols. This
legend is shown in Fig. 26.4. To further aid in clari-
fying the use of the welding symbol, many of the
figures shown in Fig. 26.2 are repeated in Fig. 285
together with the proper welding symbols.

These symbols may be made either mechanically or
freechand.

Fillet, bevel and groove weld symbols should always
be shown with the perpendicular leg to the left.

The size dimension should be to the left of the sym-
bol with length and spacing of increments to the
right,

The finish of a weld may be indicated as shown in
Fig. 26.5(k). The letters C, G, and M are used to
indicate chip, grind, or machine. The standard finish
mark f may also be used.

When only one member is to be grooved, it is im-
portant that the arrow point specifically to that mem-
ber as in Fig. 26.5(h) or (i).

For complete instructions for making these symbols,
see the booklet entitled “Welding Symbols” by the
American Welding Society, 33 West 39th Street, Neiw
York City.

26.6 Welding legend for resistance welding.
When resistance welding is specified there must be
some difference in the symbols because there is no
significance to the terms “arrow” side or “other” side,
since the weld always occurs between the two parts,
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Fig. 26.6. Resistance welding symbols.

Consequently the symbols are centered on the arrow -

as shown in Fig. 26.6. Instead of size of the fillet,
the weld is specified by sirength as indicated in Fig,
26.6. Sometimes the symbol is placed on the arrow
and sometimes shown on the drawing in its actual
position which may be dimensioned. Figure 26.6

shows the legend to be placed on the drawing when
resistance welds are to be specified.

The use of resistance weld symbols is shown in Fig,
26.7. Note that when the welding symbol is placed
on the drawing, only the strength specification is
placed on the arrow.

26.7 Other methods of specifying welds. Al-
though the symbols of the American Welding Society
are being used in many industries, welds are still be-
ing specified by other means. Probably the most com-
mon is to show cross hatching on the drawing at the
place where the weld is to be placed. In that case
notes and dimensions on the drawing give the re-
quired information about the weld. This method is
illastrated in Fig, 26.8,

26.8 Welding symbols on working drowings. An
application of fusion welding symbols to a working
drawing of a machine part is shown in Fig, 268. A
second application to a structural joint of a truss is
shown in Fig. 26.10.
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Fig. 26.10. Application of welding symbol to a structural connection.



Reproduction of Drawings’

27.1 lintroduction, During the early years of the
past century, drawings were made directly on draw-
ing paper and used for production purposes. As our
methods of production advanced, the need for more

* than one copy of each drawing developed. This need

brought about the discovery by Sir John Hershel of
the Cyanotype Process in 1842. It was not until
1876 that this process was introduced in the United
States. This process is the basis for the present day
blueprint and other methods of reproduction that will
be explained in the following paragraphs.

27.2 Blueprint. Blueprinting is the oldest form
of reproduction process still in use to any great extent
in the United States. The paper used in blueprint-
ing is a good grade of white paper free of wood pulp
and sulphite, coated with a solution of ammonium
citrate of iron and potassium ferricyanide. When ex-
posed to light, the ferric salt is reduced to a ferrous
state, and when the print is washed in water a blue
precipitate called Prussian blue is formed on parts of
the paper that have been exposed to the light. On
the portion of the paper not exposed to the light, the
chemicals wash away, leaving the color of the orig-
inal paper.

Originally, the tracing to be reproduced and the
blueprint paper were placed in a printing frame and
exposed to the rays of the sun. Since the intensity of
the sun’s rays vary from one exposure to another, this
was a very uncertain method of exposure. This un-
certainty and the need for greater speed in produc-
tion brought about the development of the blueprint-
ing machine.

The first type of machine was the vertical blueprint
machine, which consisted of a large cylindrical glass
plate set in a vertical position, with a canvas covering
that could be rolled to one side, allowing tracing and
blueprint paper to be inserted against the glass and

® This chapter was prepared by Prof. C. I, Carlson of the
Chicago Undergraduate Division of the University of Iinois.
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then covered with the canvas. An arc light traveling
in a vertical direction furnished the light for printing.
The time of exposure was regulated by the traveling
speed of the arc light. After exposure, the print was
placed first in a wash-usually clear water; second, in
a solution of potassium bichromate and water; and
finally washed thoroughly in clear water. The print
was then allowed to dry naturally, or by the use of a
gas or electrie dryer.

As our methods of mass production developed, this
method of reproducing drawings proved slow and
cumbersome, and brought about the development of
a more elaborate blueprinting machine, a combina-
tion printer, washer, and dryer, as shown in Fig, 27.1;

27.3 Brown print. A paper, coated with a solu-
tion having a high concentration of silver nitrate,
when exposed in a manner similar to that used for
blueprint paper, produces a negative transparency
print with brown background and white lines. The
print, after being washed, is placed in a fixing solution
of hyposulphite of soda, making the print permanent.
This brown negative may be used with ordinary blue-
print paper to produce a blue-line print with white
background. These negatives are transparentized
with a light oil before printing with them.

This brown print also may be used when changes
are desired on the original without the expense of
making a new tracing. The changes are blocked out
before printing, leaving a white spot on the finished
brown print on which corrections or changes may be
made, and a final print is made from the changed
brown print. '

27.4 White print. Although blueprints are still
most predominantly used in industrial practice, other
reproduction processes are used and are being devel-
oped. One of these is the BW or Bruning “Copyflex”
Process—a type of the Diazo Process patented about
1890. This process is described by a scientist very
closely related to its development as “an aniline de-
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rivative that has been diazotized, forming a diazo
compound of two nitrogen atoras fixed to each other
and fixed to a bhasic molecule,” (Not all diazo com-
pounds are sensitive to light.) Special classes of diazo
compounds are yellow, and therefore have a very nice
absorption for the near ultraviolet rays ranging from
33500 to 4000 angstrom units. The action of this par-
ticular light causes a decomposition of the diazo com-
pound into nitrogen molecules and another product
which is no more light sensitive. On the other hand,
this kind of diazo compound, like all other diazo
compounds, can form, under certain circumstances,
with a phenol, a so-called azo dye. Phenol has a great
affinity to diazo compounds.

BW paper is made in five colors, including white,
with four colors of lines, making possible 20 combina-
tions of color in background and print.

A recent development by the Chas. Bruning Com-
pany, makes it possible to produce a positive print
direct from an opaque original without the usual in-
termediate steps. This is known as the BW Screen
Reflex Film Process. The film used in this process

Fig. 27.1. Blueprinting machine,

is made by superimposing a screen on the sensitized
surface of the film. The screen is exceedingly fine,
about three times as fine as those used in high-quality
publication printing,

To make a print, BW Reflex Film is placed screen
side up on top of the opaque copy. See Fig. 27.2,
Exposure is made by subjecting the filn to intense
light, which passes between the dots (A} of the sereen
and through the film. The microscopic square dots
(A} which compose the screen, intercept some of the
light. They protect the sensitized surface immedi-
ately below them. The portion of light which passes
between the dots decomposes the emulsion at these
spots and continues on its way until it strikes the sur-
face of the material being copied.

Where the surface is light in color on the master
(B), the light is reflected back at a controlled maxi-
mum angle, This reflected light exposes part of the
sensitized surface of the film under the dots.

Where the light which passes through the film
strikes a dark area {(C) on the master, such as print-
ing ink, pencil lines, and drawing ink, it is absorbed.

Courtesy C. F. Pease Co.
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Fig. 27.2. Principle of teflex printing, Courtesy Charles Bruning Co.

Because there is no reflected light from these areas,
the sensitized surface under the screen at this point
remains unexposed.

After the film has been exposed, the screen is re-
moved with a screen stripper and the film is devel-
oped. The result is a clear film positive from which
prints may be made,

27.5 Ozalid. Another diazo-type method of re-
production is known as the Ozalid Process. In the
Ozalid Process. the sensitized paper, as in the BW

Fig. 27.8.

Thermo-Fax printer.
and Mfg. Co.

Courtesy Minnesota Mining

Process, is sensitive to actinic light, but instead of
using a solution for a developing agent, ammonia
fumes are used. The paper and tracing are first passed
over the light source, and then the paper is passed
over the section of the machine containing the am-
monia fumes. The Ozalid Process has the advantage
of being a dry process, but it has the disadvantage
of requiring proper venting of the machine to carry
off the excess ammonia fumes. As in the BW Process,
it is possible to obtain the varicus color combinations,
27.6 Photact prints. To reproduce prints from
opaque originals or poor tracings that were beyond
their useful stage, the contact or vacuum printer was
developed. With this printer, composed of a vacuum
print frame with counterbalanced hinged cover and
vacuum pump and a light source for both direct and
reflex printing, it is possible to reproduce either by
direct method (tracing), or reflex method (opaque
original ), a tracing on paper, cloth, or foil. It is
possible to copy & tracing that camnot be used for
reproduction purposes to obtain one that is usable,
27.7 Thermo-Fax. One of the newer processes
that have been developed for reproduction purposes
is the Thermo-Fax Process, developed by the Minne-
sota Mining and Manufacturing Company. The prin-
ciple involved in this process is. based on the use of a
sheet which is heat sensitive, that is, it changes from
a light color to a dark color by being heated to a tem-
perature of 63° C or higher. This sheet is also trans-
parent to the near infrared region of the spectrum,
To repreduce a copy by this process, the sheet is
placed in close contact with the original to be copied,
and the intense light from the tungsten filament lamp
passes through it, falling upon the original. The
printed characters on the original, being black, absorb
the light, become hot, and make their impressions in
the heat-sensitive sheet directly in contact with it.
The machine used in this process, Fig. 27.3, consists
of a horizontal plate glass to which is attached a shect
of silk screen cloth, The sheet of Thermo-Fax is laid
with the white side down on the silk sereen. The
original copy is then laid face down on the dark side
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of the Thermo-Fax sheet. A cover, when closed,
causes an air bladder to press the-two sheets against
the silk screen and glass plate. Below the glass plate,
within the body of the machine, is a track which
traverses along its length, On this track a carriage,
consisting of a linear reflector of elliptical cross sec-
tion, moves. The linear axis is at right angles to the
track, and the line joining the two foci of the ellipse
is vertical, The reflector is cut off so that the upper
foeus of the ellipse lies just in the plane of the silk
screen. Since the reflector is a linear reflector of the
elliptical cross section, each focus forms a line in the
horizontal plane and at right angles to the.track. On
the lower focal line, deep within-the reflector, lies the
filament of a 2500W tungsten lamp. The filament is
a straight-line filament 12” long, and the reflector is
also 12” long. Radiation from the filament lying on
the lower focal line is reflected to a focus on the upper
line in the plane of the silk screen. When the lamp
is on, this line appears to be 14" wide and has such a
brilliance that, if it were held stationary for any length
of time, it might cause combustion, Whenever the
lamp is lit, the carriage moves on the track, and thus
the 14" line, traversing the width of the silk screen,
moves in a path at right angles to itself, thereby
sweeping out the complete area of the glass plate. As
the focal line passes over the various characters on
the original, infrared energy passes through the heat-
sensitive sheet, heats the black characters, and causes
them to make their impression on the heat-sensitive
paper. This is almost instantaneous, as the focal line
dwells on any one point in the original for less than
4o second.

The machine is entirely automatic, and the light
moves from one end to the other. Upon reaching
completion of its movement, the carriage stops and
the light goes out. The Thermo-Fax sheet is not sen-
sitive to light as such, but is only sensitive to the
heat generated by the light when it is absorbed by
the black images on the original. It will not be af-
fected by temperatures lower than 65° C, and there-
fore may be shipped under most climatic conditions,
as the temperature of 65° C corresponds to 150° F, a
temperature that is very seldom exceeded in the hot-
test of areas,

At present it is not possible to print satisfactorily
copies of colored images, which include fountain pen
ink and any other organic inks. Ordinary typing
copies, carbon copies, pencil or India ink copy very
well, The main advantage of this process, as claimed
by the company, is the simplicity and speed with
which copies may be made.

27.8 Xerography. Another development in re-
production processes is Xerography (Zee-rog-ra-fee),

ENGINEERING DRAWING AND GEOMETRY

a dry, electrical, direct positive process, which means
that no negative is required. Powders are used in-
stead of chemicals and water. No film or specially
treated paper is necessary for this process. The me-
chanical unit, Fig. 27.4, is made up of three parts,
reading from right to left: 1. XeroX camera; 2. XeroX
copier; 3. XeroX fuser,

The general method involved in this process is as
follows:

First, the surface of a specially coated plate is elec-
trically charged with positive ions, The original copy
is projected through the lens of the camera on the
coated plate. The positive charges in the portion
affected by the light disappear. A negatively charged
powder is spread over the charged plate and adheres
to the positive charges. After the powder treatment,
a sheet of paper is placed over the plate and receives
a positive charge attracting the powder from the
plate, forming a direct positive image on the paper.
The print is then heated in the fuser for a few sec-
onds to fuse powder and to form a permanent print.

27.9 Photographic reproduction. When a copy
of a drawing is desired for record only, a reproduction
may be made by a photographic process, which will
make direct copies of any drawing or printed matter
whether in single sheets or in book form, without the
use of negative plates, films, or a dark room. Several
such machines are on the market, in which the lens
focuses the images directly upon a sensitized paper,
which is then developed and fixed within the machine
itself by turning various cranks and levers. One of
these machines is shown in Fig. 27.5. Drawings may
be enlarged or reduced within the limits of the ma-
chine. This particular type of photographic repro-
duction is known as photostatic, and the machine is
called a photostat,

27.10 Kodograph auiopositive prints. The East-
man Kodak Company has developed a process whereby
positive prints may be made from tracings or from
drawings on opaque paper, using ordinary blueprint-
ing equipment. A dark room is not necessary. These
prints may be made on cloth or paper, A waterproof
cloth has been developed so that the lines may be
removed and changes made without spoiling the
tracing,

27.11 Micre-film. Because of the enormous quan-
tity of drawings made by some companies and the
large amount of storage space required to file them,
some companies are copying their drawings on 35 mm
or 70 mm film. These films may then be used to
reproduce the drawing by simple photographic en-
largement. After filming, the original drawings may
be destroyed or shipped away from the plant for
permanent storage where space is cheap.

J——
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Fig. 27.4. Xerography equipment. Courtesy the Haloid Co.

27.12 lithography. The lithographic process is
rarely used in reproducing engineering drawings ex-
cept maps. The drawing is reproduced on a litho-
graphic stone either by photography or by transfer
through a rubbing process. Prints are then made
from the stone or indirectly by an offset method,

Another method of photolitho-printing sometimes

Fig. 27.5. Photostat. Courtesy Photostat Corporation.

called planographing involves the use of polished
aluminum sheets. The drawings are reproduced upon
the metal surface by photographic methods and
printed by the offset process.

This method is being introduced in some of the
larger industries where hundreds of prints of the same
drawing are required. These are usually reduced to
half-size of the original drawing. The only change
required in the original drawing is that the lettering
must be made larger so that it will be clearly legible
when reduced.

27.13 Mimeograph. The mimeograph, a common
office machine, can be used to reproduce drawings in
quantities. The quality of the drawing depends upon
the skill of the draftsman in drawing with a stylus
upon the mimeograph stencil. At best the drawings
cannot have the sharpness and contrast obtained by
other methods, The mimeograph stencil cannot be
preserved indefinitely and hence it is usually used
where it is known in advance that only one run of
copies will be required.

27.14 Hectograph. The hectograph appears in
offices under a number of trade names. Drawings
are made with special hectograph ink or through car-
bon paper. The drawing is then placed face down
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upon a gelatinous pad which absorbs the ink lines.
After a few moments the original drawing is removed,
and other sheets may then be pressed upon the pad.
They absorb the ink and thus reproduce the ink lines.
Not as many copies can be made as with the mimeo-
graph. A second run from the original is rarely
satisfactory,

27.15 Etchings. When thousands of copies of a
drawing are required, as for example, in textbook
printing, line etchings are commonly used. These are
made upon zinc or copper by photographic means.
They may be made full size but the usual practice is
to reduce them in size below that of the original.
For this purpose good-quality drawings in black ink
give the best results,

27.16 Photo-mechanical process. This process is
used in the aircraft industry to reproduce full-scale
templates or part layouts from drawings. A metal
sheet is first coated with a luminescent paint over
which another coat of opaque masking material is
painted. The drawing is scribed through the opaque
malerial, revealing the luminescent material. The ma-
terial upon which the copy is to be made is coated
with a light-sensitive substance. To make the copy,
the original is exposed to bright light to activate the
luminescent paint. The second sensitized sheet is
then placed in contact with it for the required time
and then developed with the usual photographic de-
veloping chemicals. The original may be activated
any number of times.
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28.1 Meaning of patents.* The patent, as a physi-
cal entity {more properly “Letters Patent”), is a docu-
ment stating the “grant” and including a “specifica-
tion” describing the invention concerned and ending
with one or more claims defining specifically the novel
features of the invention. There must also be a draw-
ing, if the invention permits of illustration, which
drawing is fully described in the specification,

The Statute limits the field of patentable inventions
{ other than growing plants and designs) to processes,
machines, manufactures, and compositions of matter.
It also requires that the invention be “new and use-
ful” 1t does not define the term “invention” other
than to state that it means “invention or discovery.”
Many courts have tried to pass upon the degree of
“genius” that must be displayed in the thing patented
in order to amount to “invention.” Some have said
there must be a sudden inspiration, or a “flash of
genius.” In most cases, however, it has been regarded
as sufficient if there is shown a degree of ingenuity
beyond that to be expected of an average worker
“skilled in the art.”

The new Caode tries to elucidate the matter by stat-
ing, Section 103, that a patent may not be granted “if
the differences between the subject matter sought to
be patented and the prior art are such that the subject
matter as a whole would have been obvious at the
time when the invention was made to a person having
ordinary skill in the art to which said subject matter
pertains.”

Let us assume that an inventor has perceived a need
or a possible use for something new falling within the
statutory classes noted above, By careful study or by
a “happy thought,” he arrives at a way in which the
desired object or result may be obtained or a mecha-
nism may be constructed by which an improvement

® This article was abstracted by permission from a paper
by George A, Lovett, atent Attorney (retired}, General Mo-
tors Corporation,
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may be effected. So far, this may have been only a
mental process and, if so, no matter how definite his
idea or how certain he may be that he has a solution
to the problem in hand, he has not “made an inven-
tion” in the legal sense. He has only a “conception”
and no means of proving even that.

If he then makes some sketches of the device or
writes a description or both and signs and dates them,
he now has available something in the nature of proof
of the conception, but still no “invention.” Further-
more, these documents need one or more witnesses
who can testify that they saw the documents at a cer-
tain time. Accordingly, the cautious inventor will take
the matter up with someone able to understand the
device, explain it to him, and have the papers dated
and signed. Now we have “corroboration,” a highly
important element in establishing an inventor’s dates.
These steps should he taken at the earliest possible
time,

After “conception” the next step is to reduce the
invention to practice. Without this the invention is
not regarded as “completed.” “Reduction to prac-
tice” may be accomplished in one of two ways, either
by “actual” reduction, ie., by making and operating
the structure and actual carrying out of a process, or
by filing an application for patent thereon in the
Patent Office. Such filing is regarded, by a sort of
legal fiction, as fully equivalent to actual reduction
and is termed “constructive” reduction to practice.

“Actual” reduction to practice requires successful
use under substantially the same conditions as those
for which the device is designed. As an example, a
man had devised a steplight for automebiles but his
only test had been by mounting the mechanism on a
bench and operating it by a lever. He was held not
to have “reduced to practice” since the device was not
used on an automobile. This may be an extreme case
but it illustrates the principle.

In order to prove actual reduction to practice one
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should have witnesses and records similar to those
required in proof of conception. The device used in
demonstrating successful use should be preserved if
possible,

28.2 Application for patenis. Applications for
patents must be made to the Commissioner of Patents.
A complete application comprises: (a) a petition or
request for a patent; (b) a specification, including a
claim or claims; (¢) an oath; (d) drawings, when
necessary; (e) the prescribed filing fee,

28.3 Specifications. The specifications accompany-
ing a patent petition should be arranged in the fol-
lowing order:

a. Title of the invention; or a preamble stating the
name, citizenship, and residence of the applicant and
the title of the invention may be used.

b. Brief summary of the invention.

c. Brief description of the several views of the
drawing, if there are drawings.

d. Detailed description.

e. Claim or claims.

f. Signature.

28.4 The drawings required by the Patent Office
differ somewhat from those used in engineering prac-
tice. Before beginning the drawings the inventor
should secure a copy of “Rules of Practice of the
United States Patent Office” from the Supt. of Docu-
ments, Washington 25, D. C. The cost is §.40.
Starips are not acceptable in payment. The drawings
used for patents are made according to the usual rules
of orthographic projection, but it is not necessary that
they appear in projection with each other nor on one
sheet. The following rules guoted verbatim from
“Rules of Practice of the United States Patent Office”
must be followed exactly. They are illustrated in
Fig. 28.1.

Drawings required. The applicant for patent is required
by statute to furnish a drawing of his invention whenever the
nature of the case admits of it; this drawing must be filed with
the application. Iilustrations facilitating an wnderstanding of
the invention (for example, flow sheets in cases of processes,
and diagrammatic views) may also be furnished in the same
manner as drawings, and may be required by the Office when
eonsidered necessary or desirable.

Signature to drawing. The drawing must either be signed
by the applicant in person or have the name of the applicant
placed thereon followed by the signature of the attorney or
agent as such.

Content of drawing. The drawing must show every feature
of the invention specified in the claims. When the invention
consists of an improvement on an cold machine the drawing
must when possible exhibit, in one or more views, the im-
proved portion itself, disconnected from the old structure, and
also in another view, so much only of the old structure as will
suffice to show the connection of the invention therewith,

Standards for drawings. The complete drawing is printed
and published when the patent issues, and a copy is attached

to the patent. This work is done by the photolithographic
process, the sheets of drawings being reduced about one-third
in size. In addition, a reduction of a selected portion of the
drawing of each application is published in the Official Gezette.
It is therefore necessary for these and other reasons that the
character of each drawing be brought as nearly as possible to
a uniform standard of execution and excellence, suited to the
requirements of the reproduction process and of the use of the
drawings, to give the best results in the interest of inventors,
of the Office, and of the public. The following regulations with
respect to drawings are accordingly prescribed:

(a) Paper and ink. Drawings must be made upon pure
white paper of a thickness corresponding to two-ply or three-
ply Bristol board. The surface of the paper must be calendered
and smooth and of a guality which will permit erasure and
correction. India ink alone must be used for pen drawings to
secure perfectly black solid lines. The use of white pigment
to cover lines is not acceptable.

{(b) Size of sheet and margins. The size of a sheet on which
a drawing is made must be exactly 10 by 15 inches. One inch
from its edges a single marginal line is to be drawn, leaving
the “sight” precisely 8 by 13 inches. Within this margin all
work and signatures must be included. One of the shorter
sides of the sheet is regarded as its top, and, measuring down
from the marginal line, a space of not less than 134 inches is
to be left blank for the heading of title, name, number, and
date, which will be applied subsequently by the Office in a
uniform style,

(¢) Character of lines. All drawings must be made with
drafting instruments or by photolithographic process which will
give them satisfactory reproduction characteristics. Every line
and letfer (signatures included) must be absolutely black.
This direction applies to all lines however fine, to shading, and
to lines representing cut surfaces in sectional views. All lines
must be clean, sharp, and solid, and fine or crowded lines
should be avoided. Solid black should not be used for sec-
tienal or surface shading, Free-hand work should be avoided
wherever it is possible to do so.

{d} Hatching and shading. Hatching should be made by
oblique parallel lines, which may he not less than about one-
twentieth inch apart.

Heavy lines on the shaded side of the object should be used
except where they tend to thicken the work and obscure refer-
ence characters. The light should come from the upper left-
hand corner at an angle of 45°, Surface delineations should
be shown by proper shading, which should be open.

(e} Scale. The scale to which a drawing is made ought to
be large enough to show the mechanism without crowding
when the drawing is reduced in reproduction, and views of
portions of the mechanism on a larger scale should be used
when necessary to show details clearly; two or more sheets
should be used if one does not give sufficient room to accom-
plish this end, but the number of sheets should .not be more
than is necessary.

() Reference characters. The different views should be
consccutively numbered fgures. Reference numerals {and
letters, but numerals are preferred} must be plain, legible and
carefully formed, and not be encircled. They should, if pos-
sible, measure at least one-cighth of an inch in height so
that they may bear reduction to one twenty-fourth of an inch;
and they may be slightly larger when there is sufficient room.
They must not be so placed in the close and complex parts of
the drawing as to interfere with a thorough comprehension of
the same, and therefore should rarely cross or mingle with the
lines. When necessarily grouped around a certain part, they
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28-04 ENGINEERING DRAWING AND GEOMETRY

should be placed at a little distance, at the closest point where
there is available space, and connected by lines with the parts
to which they refer. They should not be placed upen hatched
or shaded surfaces but when necessary, a blank space may be
left in the hatching or shading where the character occurs so
that it shall appear perfectly distinet and separate from the
work. The same part of an invention appearing in more than
one view of the drawing must always be designated by the
same character, and the same character must never be used to
designate different parts.

{g) Symbols, legends. Graphical drawing symbols for con-
ventional elements may be used when appropriate, subject to
approval by the Office. The elements for which such symbols
are used must be adequately identified in the specification.
While descriptive matter on drawings is not permitted, suit-
able legends may be used, or may be required in proper cases,
as in diagrammatic views and flow sheets. The lettering
should be as large as, ar larger than, the reference characters.

{h) Lacation of signature and names. The signature of the
applicant, or the name of the applicant and signature of the
attorney or agent, should be placed in the lower right-hand
corner of each sheet within the marginal line. Signatures of
witnesses are not required. The title of the invention must not
be placed on the drawing but may be written in pencil below
the Iower marginal line.

(i} Views. The drawing must contain as many figures as
may be necessary to show the invention; the figures should be
consecutively numbered if possible, in the order in which they
appear. The figures may be plan, elevation, section, or per-
spective views, and detail views of portions or elements, on a
larger scale if necessary may also be used. Exploded views,
with the separated parts of the same figure embraced by a
bracket to show the relationship or order of assembly of vari-
ous parts, are permissible. When necessary a view of a large
machine or device in its entirety may be broken and extended
over several sheets if there is no loss in facility of understand-
ing the view (the different parts should be identified by the
same figure number but followed by the letters, a, b, ¢, ete.,
for each part). The plane upon which a sectional view is
taken should be indicated on the general view by a broken line,
the ends of which should be designated by numerals corre-
sponding to the figure number of the sectional view and have
arrows applied to indicate the direction in which the view is
taken. A moved position may be shown by a broken line super-
imposed upon a suitable figure if this can be done without
crowding, otherwise a separate figure must he used for this
purpose. Modified forms of construction can only be shown in
separate figures. Views should not be connected by projection
lines nor should center lines be used. .

(i} Arrangement of views. All views on the same sheet must
stand in the same direction and should, if possible, stand so
that they can be read with the sheet held in an upright posi-
tion. Il views longer than the width of the sheet arc necessary
for the clearest illustration of the invention, the sheet may be

turned on its side. The space for a heading must then be
reserved at the right and the signatures placed at the left,
occupying the same space and position on the sheet as in the
upright views and being horizontal when the sheet is held in
an upright position. One figure must not be placed upon
another or within the outline of another. .

(k) Figure for Officiul Gazette. The drawing should, as far
as possible, be so planned that one of the views will be suitable
for publication in the Official Gazefte as the illustration of the
invention,

{1} Extraneous maifer, An agents or attorney’s stamp, or
address, or other extraneous matter, will not be permitted upon
the face of a drawing, within or without the marginal line,
except that the title of the invention in pencil and identifying
indicia, to distinguish from other drawings filed at the same
time, may be placed below the lower margin.

{m) Transmission of drawings. DPrawings transmitted to
the Office should be sent flat, protected by a sheet of heavy
binder’s board, or may be rolled for transmission in a suitable
mailing tube; but must never be folded, If received creased

- or mutilated, new drawings will be required.

See rule 152 for design drawings, 165 for plant drawings,
and 174 for reissue drawings,
Informal drawings. The requirements of rule 84 relating to

drawings will be strictly enforced. A drawing not executed in -

conformity thereto may be admitted for purpose of examina-
tion, but in such case the drawing must be corrected or a new
one furnished, as required. The necessary corrections will be
made by the Olfice upon applicant’s request and at his expense.
(See rule 21.)

Draftsman to make drawings. Applicants are advised to
employ competent draftsmen to make their drawings,

The Office may furnish the drawings at the applicant’s ex-
pense as promptly as jts draftsmen can make them, for appli-
cants who can not otherwise conveniently procure them, (See
rule 21.})

Return of drawings. The drawings of an accepted applica-
tion will not be returned to the applicant except for signature.

A photographic print is made of the drawing of an accepted
apphlication.

Use of old drawings. If the drawings of a new application
are to be identical with the drawings of & previous application
of the applicant on file in the Office, or with part of such draw-
ings, the old drawings ar any shects thereof may be used if
the prior application is, or is about to be, abandoned, or if the
sheets to be used are cancelled in the prior application. The
new application must be accompanied by a letter request-
ing the transfer of the drawings, which should be completely
identified.

28.5 Symbols. The symbols to be used on patent
drawings may be found in the “Rules of Practice”
quoted above. Other symbols may be used if their
meaning is clear and unequivocal.
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APPENDIX 29-03
TABLE 1. Sranparp Driny Sizes
F raclt\}onal Letter Decimal Tolerance Fractional Letter Decimal Tolerance
umber Number
80 0.0135 17¢4 0.2656
164 L0156 Plus 0.0000 I 0.272
75 .021 342 0.2812
™0 .028 M 0.295
149 L0312 Minus 0.0006 1844 0.2069
65 035 s 0.3125
60 040 2164 0.3281 Plus 0.0000
344 L0469 Q 0,332
114, 0.3438
53 052 2344 0.3504
e .0625 Plus 0.0000 U 0.368 Minus 0.0015
50 070 33 0.375
364 0781
45 (082 Minus 0.0008 W 0.386
344 .0938 2584 0.3906 Plus 0.0000
40 .068 Y 0.404
£
g? :i?g* fj 82 g:ﬁgg Minus 0.0015
% 125 274, 0.4219
to
30 .1285 3 by 34 0.750
924 L1406 intervals
25 L1495
54, .1362 34 to Plus 0.0000
20 161 Plus 0.0000 114 by 1.500 Minus 0.0020
11, .1719 144 intervals
13 L180
3 L1875 Minus 0.0010 14 to
10 L1935 134 by 1.750 Plus 0.0000
135y 2031 144 intervals
5 L2035 134 to 24 2.250 Minus 0.0025
149 .2188 by 142 intervals
A .234
154, 9344 214 to 334 by 3.500
1B . 250 g intervals
F L9257

There is a drill size for every number from 80 to 1 and for every letter from A to Z.




29.04

TABLE 2. UniriEp AND AMERICAN THREADS

APPENDIX

Coarse-Thread Series—UNC and NC

(Basic Dimensions)

Basic Thads, Basic Minor Minor Lead An'gle Section at
) . . N at Basic . Stress
Major per Piteh Diameter Diameter \ Minor .
Diameter, | Inch, | Diameter,* | Ext. Thds. | Int. Thds. | 2 itel Diameter | “Teat | Tap Drill
Sizes lame pr, nel, € : ) : ' Diameter, Number
D n E K, K, A at D -~ 2y or Size
Inches Inches Inches Inches Deg. Min, Sq In. Sq In
1(.073) 0.0730 64 0.0629 0.0538 0.0561 4 31 0.0022 0.0026 33
2(.086) 0.0860 56 0.0744 0.0641 0.0667 4 22 0.0031 0.0036 30
5(.099) 0.0990 48 0.0853 0.0784 0,0764 4 26 0.0041 0.0048 47
4(.112) 0.1120 40 0.0958 0.0813 0.0849 4 45 0.0050 G.0060 43
5(.125) 0.1250 40 0.1088 0.0943 0.0979 4 11 0.0067 0.0079 38
6(.138) (.13880 32 0.1177 0.0997 0.1042 4 30 0.0075 0.0090 36
8{.164) ¢.1640 32 0,1437 0,1257 0.1302 3 58 ¢.0120 0.013% 24
10(.190) 0.1900 24 0.1629 0.1389 0. 1449 4 39 0.0145 0,0174 26
12(.216) 0.2160 24 0,1889 0.1649 0.1709 4 1 00,6206 0.0240 16
4 0,2600 20 0.2176 0.1887 0.1959 4 i 0.0269 0.0317 7
54¢ 0.3126 18 0.2764 0.2443 0.25624 3 40 0.0454 0.0522 F
3% 0.3760 16 0.3344 0.2983 0.3073 3 24 0.0678 0.0773 L
e 0.4376 14 0.3911 0.3499 0.3602 3 20 0.0933 0.1060 U
s 0.5000 13 0.4300 0.4056 0.4167 3 7 0.1257 0.1416 2764
14 0.6000 12 0.4459 0.3978 0.4098 3 24 0.1206 0.1374 274,
e 0.5626 12 0.6084 0.4603 0.4723 2 69 0.1620 0.1816 g,
S% 0.6260 i1 0.56660 0.5136 0.5266 2 66 0.2018 0.2266 1T,
3% 0.7500 10 0.6850 0.6273 0.6417 2 40 0.3020 0.3340 214,
A 0.8760 9 0.8028 0.7387 0.7647 2 31 0.4193 0.4612 1%,
1 1.0000 8 0.9188 0.8466 0.8647 2 29 0.5610 0.6061 /A
1% 1,12560 7 1.0322 0.9497 0,9704 2 31 0.6931 0.7627 635,
114 1.25600 i 1,1672 1,0747 1.0964 2 16 0.8898 0.9684 1%y
134 1.3750 6 1.2667 1,1706 1.1946 2. 2% 1.0641 1.1638 1134,
1y 1.56000 6 1,3917 1.295b6 1.3196 C 2 11 1,2938 1.4041 1114,
134 1.7600 b 1.6201 1.65046 1.5336 2 16 1.7441 1.8983 1%,
2 2.0000 414 1.8667 1,7274 1.7694 2 11 2.3001 2.4971 1254,
204 2.2600 414 2.1067 1.9774 2.0094 1 66 3.0212 3.2464 2V40
214 2.56000 4 2.3378 2.1933 2.2294 1 li¥) 3.7161 3.9976 214
234 2.7600 4 2.56876 2.4433 2.4794 1 46 4.6194 41,9326 2L,

= British: Effective Diameter.
% The stress arca is the assumed area of an externally threaded part which is used for the purpose of computing the tensile

sirength,

Bold type indicates unified threads.

Courlesy ASA.




APPENDIX 29-05
TABLE 8. UnIiFIED aAND AMERICAN THREADS
Fine-Thread Series—UNTF and NF
(Basic Dimensions}
Basie Thds. Basic Minor Minor Lead An.g]e Section at
. . . . at Basic s Btress
Major per Pitch Diameter | Diameter Pitch Minor Area Tap Drill
. Diameter, | Imch, | Diameter,* | Ext. Thds, | Int. Thds, . Diameter * P
Sizes Diameter, Number
D n E K, K, A at D — 2 or Size
Inches Inches Inches Inches Deg.  Min. Sq In. Sg In.
0{.060) 0.0600 80 0.0519 0. 0447 0.0465 4 23 0.0015 G.0018 g
1(.073) 0.0730 T2 0.0640 00,0560 0,0580 3 37 0.0024 0.0027 53
2(.086) 0.0860 (i3 0.0759 0.0668 0.0691 3 45 0.0034 0.0039 b1
3(.099) 0.09%0 56 0.0874 0.0771 0.0797 3 43 0.0045 0.0052 45
4(.112) 0.1120 48 (.0985 0.0864 0.0894 3 51 (0. 0057 0.0065 42
5(.123) 0.1250 44 0.1102 0.0971 0.1004 8 45 0.0072 0.0082 37
6(.138) 0.1380 40 0.1218 0.1073 - 0.1109 3 44 0.0087 0.0101 33
8(.164) 0.1640 36 0.1460 0.1299 0.1389 3 28 0.0128 0.0146 29
10(. 190} 0.1900 32 0.1697 0.1517 0.1562 3 21 0.0175 0.0199 2]
12(.216) 0.2160 28 0.1928 0.1722 0.1773 3 22 0.0226 0.0257 14
14 0.2500 28 0.2268 0.2062 0.2113 2 62 0.0326 0.0362 3
s 0.3125 24 0.2854 0.2614 0.2674 2 40 0.0624 0.0579 I
3% ¢.3760 24 0.3479 0.3239 0.3299 2 11 0.0809 0.0876 Q
s 0.4375 20 . 0.4050 0.3762 0.3834 2 15 0.1090 0.1185 264,
14 0.6000 20 0.4676 0.4387 0.4459 i 67 0.1486 0.1697 29,
% 0.5626 18 0.5264 0.4943 0.5024 1 b6 0.1888 0.2026 3344
5% 0.6260 18 0.5889 0.6668 0.6649 1 43 0.2400 0.2686 3%
34 0.7600 16 0.7094 0.6733 0.6823 1 38 0.3613 0.3724 1146
A 0.8760 14 0.8286 0.7874 0.7977 i 34 0.4805 0.5088 134,
1 1,0000 12 0.9459 0.8978 0.9098 1 36 0.6246 0.6624 594,
114 1.1260 12 1.0709 1.0228 1.0348 1 26 0.8118 0.8549 1344
1y 1.2600 i2 1.1969 1.1478 1.1598 1 16 1.0237 1.0721 1114,
134 1.3760 12 1.3209 1,2728 1.2848 i 9 1,2602 1.3137 119,
14 1. 5000 12 1.4459 1.3978 1,4088 1 3 1.5212 1.6799 1274,

* PBritish: Effective Diameter.
t The stress arex is the asswmed area of an ex

strength.

Bold type indicates unified threads.

ternally threaded part which is used for the purpose of computing the tensile

Courtesy ASA.
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TABLE 4. Scorrep Heav MacmiNe Screws (AMERICAN STANDARD)

Flat Head Round Head Fillister Head Oval Head

YL &) 4
S a— “ i ;:
l——.«saj \I"_°l ]—-A-J »-'

R

Maximum Diameter . . . Maximum Height
‘Threads of Head Maximum Height of Head . Maximum Depth of Slot of the Head
Nominal | Maximum Per Maximum
N . Inch Width of
Size Diameter
(Coarse .\ Stat.
.- Flut and - Flat and - N - .
Series) Oval Round | Fillister Oval Round | Fillister Flat | Round | Fillister | Oval Oval | Fillister
(D) (4} (4) (A) {#) (H) (H) J} (T (T) {T) (T} (F) (F}
2 0.086 56 . D172 0.162 0. 140 .05t 0.070 0.053 0.036 0.022 | 0.048 0.937 0.045 | 0.036 0.028
3 099 48 L1989 187 . 161 L0598 .078 .083 .038 027 .053 043 052 .038 032
4 L1512 40 .225 L211 .183 067 086 .072 .040 030 .058 48 059 040 L0335
5 L1235 40 .252 236 L2035 075 L0903 .081 .043 034 062 054 067 L0143 039
G .138 32 .279 . .260 .226 083 .03 .089 045 .038 067 060 .04 L0485 .43
8 it 32 .352 L300 .270. .100 .119 106 Rl JO45 076 071 .088 050 050
10 .180 24 .385 359 313" .116 .136 123 035 053 086 083 .103 055 057
12 L2168 24 .438 408 357 .132 152 BEE 059 . 080 095 094 JEIT 059 .084
X 250 20 N .472 414 .»153 174 . 163 066 G070 .108 109 .136 066 074
e 3125 18 636 .501 .61 192 214 205 077 .088 L130 137 171 07T 0a2
% .375 16 762 708 622 L230 -254 248 .088 106 .153 L164 206 .088 109

TABLE 5. Srorrep anp Hexaconai-Heap Car Screws (AMERICAN STANDARD)

Flat Head Button Head Fillister Head Heragonal Head

7 r[:em‘—'li i
LA o & 2T ) 2
:M._L—J E

-

I—!.—?D+f—[

=
| E

HiE A N 7Y S,
Maximum Diameter of Maximum Height of Maximum Depth of Finished Hexagonal-Head
Head Head Slot Cap Serew
T Maximum T Ty T Ty | Maximum R v
. . Mas .
Nowinal ;- Maximum | Threads Width of Heightof g s | Mtioie

Size Diameter | per Inch . y Fillister .
Flat . Blot Head Oval | ™4™ mun Maxi-

Flat | Buton | Fillister } (Nomi- | Bytton | Fitlister Flat Botton | Fillister [ ©° * [ widn Width mutn
ral) Across | Yeross | Height

Flats | Corners

Dy {4) (4) {4} (G (n (M) ) (7 (T) {n (Fy (F) (€ (i)

Y 0.2500 26 13 e 34 0. 146 0.191 114y 0.070 9.073 0,117 @097 0044 0.4375 0,488 0,194
Ais 0.3125 18 3% ?is e 183 L2446 148y 074 .091 151 L1133 050 0, 5000 0,577 L2
4% 0. 3750 18 3 34 916 .20 2T 1 083 .Hoe 167 J142 .06t 0,5625 { 0,628 289
Tis 0. 4375 14 Wis 31 36 0 328 195, 008 L 202 _163 0N 0,6250 0.698 337
e 0.5000 13 ¥4 13is 3 .22 335 214, NE 110 .219 188 084 | 0,7500 | 0.840 .385
%ia 0.5625 k2 I 134e L2756 Ao i¢ LE23 128 L2583 .24 LOGE 0.8125 0. 910 133
b 0. 6250 Hi 259 % L2093 .138 276 L1348 . i46 210 L0 000 9.8750 0.980 L$81
1 0. 7500 10 13¢ )3 366 547 iy L] LI83 Laar JI8% L1112 1.0000 1,128 LaTE
it 0.8750 0 11§ 1952 173 M A2 1.1250 1.261 .6i2
1 10600 8 131e 24y 1] 372 . HiB 1.3125 1.473 L 768
i 11250 7 1.5000 | 1.684 .883
[$4 I, 2500 7 i.6875 1. 806 059
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TABLE 6. Recurar Borr Heaps

Width across Flats | Width across Corners Height of Head
Nominal Size or
Ba:sm Major Hexagonal Unfinished Semifinished
Diameter of Unfinished and g Unfimished
Thread nfinished an quare nfinished
Semifinished Unfinished | and Semi-
finished Nom. Max. Nom. Max.
b7 0.2500 38 0.3750 0,498 0.413 1144 0.188 349 0.172
8  0.8125 14 0.5000 0.665 0.552 13¢, 0.220 g 0.205
3¢ 0.8750 s 0.5625 0,747 0,620 }%1 0.268 564 0.252
s 0.4373 34 0.6250 0.828 ) 0.687 194, 0.516 949 0.800
12 0.3000 34 06,7500 G.995 0.826 e, {0,348 1944 0.317
96 0.5625 1% 0.8750 1.163 0.966 34 0.396 114, 0.365
53 0.6250 157 0.9375 1.244 1.033 2744 0,444 25¢8¢ 0.413
3 0.7300 15 1.1250 1,494 1.240 g 0.5%4 154, 0.493
6 0.8750 | 15{  1.8125 1.742 1.447 195, | 0.620 s 0.589
1 1.0000 144 1.5000 1.9891 1.653 214, 0.684 194, 0.622
114 1.1250 Ttlge 1.6873 2.239 1.859 34 0.780 g 0.718
14 1.2500 178 1.87350 2.489 2.066 2744 0.876 284, 0.813
134 1.3750 2i{s 2.00625 2.738 2.273 294, 0.940 274, 0.878
14 1.5000 214 2.2500 2.986 2.480 1 1.036 1314 0.974
184 1.06250 211 2.4375 3.235 2.686 134, 1.152 142 1,069
134 1.7300 | Q%4 2.6250 3,485 2893 134, 1.196 ) 134, 1.154
175 1.8750 | 213y  2.8125 3.738 3.100 14 1,292 | 13{s 1.250
Q2 2.0000 3 3.0000 3.982 3.306 1tlg, }.388 1142 1,963

Thickness of washer face on semifinished heads shall be approximately 1§, inch, included in the head height. Diameter of
washer shall be the same as the width across flats.

Courtesy ASA.
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TABLE 7. ReeurLar Nuts

Wldg]l across Width across Corners {  Thickness of Regular Nuts Thickness of Regular
ats Jam Nuts
Nominal Size or
Basic Major }
Diameter of g Hexagonal | TUnfinished Semifinished Unfinished Semifinished
"Thread Unfinished and qUATE | Unfinished
Semifinished Unﬁl]- and Semi-
hed .
8 finished | Nom. | Max, { Nom. | Max. | Nom. | Max. | Nom. | Max.
Y 0.2500 g 0.4375 0.584 0.484 T42 | 0.285 | 1354 1 0.210 | B4, | 0.172 | %44 | 0.157
31s 0.3125 He  0.5625 0.751 0.624 l6s | 0.283 P 0.267 35 0.204 1144 | 0.189
3% 0.8750 3% 0,6250 0.832 0.691 214, | 0.846 51 0.330 732 0,287 13¢4 | 0.221
I{g 0.4875 E74 0.7500 1.000 0.830 34 0.394 234, | 0.878 Y 0.269 1564 1 0.258
1% 0.5000 13¢s 0.8125 | 1.082 0.898 {s | 0.458 | 23¢s | 0.442 | 3{¢ | 0.832 | 1%, i 0.317
91s 0.5625 14 0.8750 1.163 0.966 14 0.521 31g4 1 0,505 4o | 0.365 21g: | 0.349
5§ 0.6250 | 1 1.0000 | 1.880 1.104 sag, | 0.560 | 114, | 0.558 | 3¢ | 0.807 | 23¢, | 0.381
34  0.7500 1lg 1.1250 1.494 1.240 2145 1 0.680 g, ] 0.665 s 0.462 2744 | 0.446
T§0.8750 | 13§ 1.8125 | 1.742 1.447 %, 10192 % [0.96) 15 | o526 31, 0.510
1 1.0000 114 1.5000 1.991- 1.633 §54 0.503 53¢s | 0.887 s 0.590 3844 | 0.575
14 1.1250 111¢¢ 1.G875 2.239 1.859 1 1.0386 314, | 0,999 54 0.655 3844 ] 0.0639
14 1.2500 | 17§  1.8750 | 2.480 2.066 | 134, | 1.126 | 13{¢ | 1.004 | 3% |0.782| 234, | 0.751
13§ 1.8750 | 2lfs 2.0625 | 2.738 9.278 1136, | 1,287 [ 1134, | 1.206 | 13{4 | 0.846 | 254, | 0.815
114 1.5000 2y 2.2300 2.986 2.480 15{s 1.348 | 194, 1.817 18 0.911 274, | 0.880
136 1.6250 | 2%e 2.4375 | 3.985 2.686 | 1274, | 1.460 | 1235, | 1.429 | 13{s | 0.976 | 295, | 0.94%
13 1.7500 | 235  2.6250 | 3.485 2.808 | 1114, | 1.571 | 124 | 1.540 1.040 | 335, | 1.009
17§ 1.8750 | 213{, 2.8125 | 3.733 8.100 | 141g, i 1.683 | 1395, § 1.651 | 134¢ | 1.104 | 134, ! 1.078
2 20000 3 3.0000 3.082 3.306 134 1.794 | 1234, | 1.763 Pz 1.169 | 134, 1.138

Courtesy ASA.
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TABLE 8. AmEerican Stanparn Ser Screw (Cur Point)

P
~<*@:[
i |
Maximum | Minimum Nominal | Radi Nominal
Nominal | Threads Width Width ﬁ) mina 215 | Diameter
Diameter | per Inch Across across Teight of of

P f Head | Crown .

Flats Corners | & ¢ Cup Point

)] (¥ () (H) {B) (P

Y 20 Y 0.331 3{q 5¢ 0.125
31s 13 e 0.415 1384 2340 0.164
35 16 3 0.497 942 1575 0.203
s 14 s 0.581 2164 134, 0.242
14 13 14 0.665 34 1Y 0.281
% 12 e 0.748 2, | 1134, 0.321
3¢ 11 5 0.833 35, | 1% 0.859
34 10 34 1.001 ¢ 124 0.438
% 9 75 1.170 214, | 234, 0.516
1 8 1 1.837 34 214 0.594
1% 7 1% 1.506 214, | 213¢, 0.672
1Y 7 1 1.674 13{¢ | 814 0.750
13 6 13¢ 1.843 124, B 0.828
114 6 14 2.010 1% 3% 0.906

Sizes larger than 8{¢ are necked teo a width twiece the pitch and to a diameter equal to the minor diameter of the threads,

TABLIL 9. Amrerican Narionar Pree Tareap Tar Driwn Sizes
. Root Diameter Tap Dril
Sizes of Number
. Small End of
Pipe, of Threads | .,
Pipe and Gage, .
Inches per Inch . Decimal
Inches ~ Size Fou;
quivalent
4 27 (.3339 R 0.339
19 i8 0.4329 e 0.437
35 18 0.5676 37184 0.578
¥ 14 0.7013 234, 0.71%
34 14 0.9105 594, 0.921
1 114 1.1441 1542 1.156
1 1114 1.4876 114 1.500
1% 1115 1.7265 1474, 1.734
2 1114 2.1995 214, 2,218
214 8 2.6195 254 2.625
3 8 3.2406 314 3.250
514 8 3.7875 334 3.750
4 8 4.2344 414 4.250

Courtesy Brown & Sharpe Mfg. Co.
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TABLE 10, Prorortions oF Keys 1y THE Prarr AND WHITNEY SYSTEM

(Numbers same as in the Woodruff system.)}

No. of Key L W 1 D No. of Key L W H
1 ¥ Me 342 e 22 13¢ b 3%
2 1 332 %4 342 23 13¢ e 134,
3 14 W e 3% b 135 38 e
4 3% 332 9%4 344 24 134 Y 3%
5 34 b2 e 4 25 1} e 1344
8 34 342 1564 349 G 134 34 Me
7 £ % 3Hs % 51 134 A 3%
8 M 332 1244 54a 52 134 e 1342
9 24 s 24 3s 53 134 35 He
10 1% 549 1544 582 26 2 3 342
11 1% 3e 949 315 27 2 M 33
12 1% 142 2184 142 28 2 5 1839
A 1% 1 2 i 29 2 34 He
13 1 3e 949 e 54 24 M 3¢
14 1 142 2144 14y 55 214 5 1545
15 1 1 3% Y 56 2y 38 Hs
B 1 s 1344 s 57 234 s 2lse
16 114 3 84q 3e 58 214 3e 154,
¥ 114 742 2184 142 59 215 34 e
18 1lg 3 3 M 60 2)g e 2140
C 1l% 21e B35y s 61 2lg 154 74
19 14 3 942 3 30 3 38 He
20 134 142 2L, 140 31 3 e 214,
21 1Y %1 3¢ 2 32 : Y 34
D 1Y 2 124, 2s a3 3 He 2743
E 13 3% e 35 34 3 38 137
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TABLE 11. Woonrurr KeYs

Woodruff Key Dimensions
. Height of Key
"1 r i r
_ Width of Key Diam. of Key Distance
Nominal A B Below
Key * Key Size ) ¢ D Centor
Number AXDE ‘ ©
Max, Min. Max. Min. Max, Min, Max. Min,
204 He X 14 0.0635 0.0625 0.500 (0.490 0.203 0.198 0.104 0.188 864
304 342 X 15 L0948 .0938 0.500 0.490 .03 198 .194 .188 364
305 3, X 5§ 0948 0938 | 0.625 | 0.615 .250 245 240 284 e
404 kxXl4 1260 L1250 0.500 0.490 L2083 .198 104 188 364
405 %X 34 L1260 L1250 G.625 0.615 LR50 (245 .40 234 1 e
406 X ¥y L1260 . 1250 0.750 0.740 .313 .308 .308 LR97 He
505 342 X 3 1578 1563 | 0.625 | 0.615 .250 245 .240 234 e
406 259 X ¥ L1578 . 1568 G.750 0.740 318 .308 -803 LROY Mg
507 35, X 1§ (1573 1563 | 0.875 | 0.865 .875 .370 .865 .359 e
608 e X ¥4 .1883 1873 0.750 0.740 .813 .808 .308 .97 e
607 e X 4 L1885 L1875 0.875 0.865 375 870 .865 .359 M
G08 e X1 1885 L1875 1.000 0.990 .438 .433 .428 422 146
609 e X 1ig . 1885 L1875 1.125 1.115 484 479 475 469 364
807 WX L2510 L2500 0.875 0.865 875 .870 865 359 s
808 M X1 L2510 .2500 1.000 G.990 438 .433 428 422 s
809 M X1k L2510 L2300 1.125 1.115 484 479 475 469 36y
810 H X1y L2510 L2500 1.250 1.240 V547 542 037 .581 344
811 4 X 138 L2310 L2500 1.8%5 1.86G5 L5094 . 589 LoB4 .58 344
812 ¥ X1l LR310 L2500 1.500 1.490 641 .638 631 625 184

All dimenstons given in inches,

* Note: Key numbers indicate the nominal key dimensions. The last twe digits give the nominal diameter (B) in eighths of an
inch and the digits preceding the last two give the nominal width (4} in thirty-seconds of an inch. Thus, 204 indicates a key
252 X 3§ or g X 14 inches; 1210 indicates a key 1245 X 196 or 3§ X 114 inches.

Courtesy ASA.
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APPENDIX

TABLE 12. Pramx Pararrern Stock Kevs

A

1
1y
3

Dimensions of Square and Flat Plain Parallel Stock Keys

Bottom of Keyseat

to Opposite Side

Tolerance of Shaft
Shaft Square Key Flat Key on
Diameter WxH W x H Wand H
{(—) Square Flat
Key Key
S T

14 X Y L4 X 34, 0.0020 0.430 0.445
e X M 14 % 34, .0020 0.493 0.509
34 e X He 346 X 14 .0020 0:517 0.548
11 e X 3o e X M4 . 0020 0.581 0.612
34 e X 3 s X U4 .0020 0.644 0.676
13{s 3s X He e X M . 0020 0.708 0.739
% 3{e X 3, 3{e X U .0020 0.771 0.802
157 ¥ X Y Y X ¥ . 0020 0.796 0.827
1 XY WYX s .0020 0.839 0.890
1%4¢ Y XY X 3 .0020 0.923 0.954
14 YU XY M X e .0020 0.986 1.017
134 Y XM M ¥ .0020 1.049 1.081
14 ¥ XY 1 X ¥ .0020 1.112 1.144
1574 e X e e X Y L0020 1.187 1.169
134 8{s X e 8 X Y , 0020 1.201 1.232
12{% B X 35 . 3g X M L0020 1.225 1.988
114 3% X 3% 8% X Y . 0020 1.289 1.851
1346 X % 3¢ X Y .0020 1.852 1.415
134 34 % 84 3 Y . 0020 1.416 1.478
113, 35 X ¥ ¥ X M .0020 1.479 1.542
134 3% X % XY L0020 1.542 1.605

Courtesy ASA.
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TABLE 13. Sranpanrp Tarer Pins

TAPER 1/4°PER FOOT

T30

i
e emaxy ——s
Diameter of Pin at Diameter of Pin at
No. of Large End . Maximum No. of Large End Maximum
Pin Length Pin Length
Decimal | Fractional Decimal | Fractional
{F) " (L) (F) (F) (L)
00000 0.054 345 3 b 0.98¢ rag. R
0000 0.109 Téu 7% 8 0.341 114, 3
000 0.125 rg 1 7 G.409 134, 334
00 0,141 94 114 8 0.492 74 414
9 0.591 194, 514
0 0.156 340 114
I 0.172 114, 14 10 0.706 234, 6
2 0.193 3{s 114 11 0.860 55844 TY
3 0.219 42 13 12 1.032 134, 9
1 0.230 14 ) 13 1.241 1154, 1
14 1.5928 133, 13
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TABLE 14.

APPENDIX

Loose Fir (Crass 1)—LARGE ALLOWANCE, INTERCHANGEARBLE

This fit provides for considerable freedom and embraces certain fits where accuracy is not essential,

Size Limits Tl%f,]ii%t Lolc.‘)is:st
. Alowance
Hole or External Shaft or Internal Aowance +
Up to Number Member : ) Tol
From and Mean olerances
Incl.
+ - - + +
0 8¢ 4 0.001 0.060 0.001 0.002 0.001 0.003
He Y .002 000 001 .003 001 005
51 3% 002 .000 .001 003 .001 005
T Mg 14 .002 000 002 004 .00 .006
e 14g 34 .002 000 L0062 004 002 .006
Flig 13{, 34 002 000 002 004 .002 006
134 15{e 13 002 .000 .002 004 002 006
1844 1t{g 1 003 000 003 L0006 .008 008
1M 131 134 .003 .000 003 .606 003 .009
13{4 134 114 .003 .000 003 L6068 003 .009
134 184 14 003 000 L0038 .606 003 009
155 174 134 003 .G00 .00+ L0067 004 010
114 Q1% 2 003 000 .00+ 007 004 010
214 235 214 .003 000 L00d 007 004 L010
234 234 2ls .003 000 005 D08 005 011
234 3y 3 004 000 005 .009 005 .013
34 334 314 (004 000 006 010 006 ,014
33 414 4 004 .000 006 010 006 014

Courtesy ASA.
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APPENDIX

Free Fir (Crass 2)—LiBERAL ALLOWANCE, INTERCHANGEABLE

For running fits with speeds of 600 rpm or over, and journal pressttres of 600 I per sq in. or over,

. - Tightest { Loosest
Size Eimits Fit Fit
Hole or External Shaft or Internal \llowance Allo:ance
Up to Member Member ‘
n ! Tolerances
From and Mean
Incl.
+ - - + +
0 e % 0.0007 0. 0000 0.000:4 0.0011 0.0004 0.0018
3 e Y .0008 .0000 .0006 L0014 .0006 .0022
e e 34 .0009 L0000 L0007 L0016 L0007 L0025
s e 13 L6010 L0000 .G009 0019 L0009 L0028
%o 11{e 54 L0011 0000 .0010 .0021 .0010 .0082
11, 134, 3 .0012 .0000 .0012 L0024 .0012 L0036
137 154, % .0012 . 0000 L0013 L0023 .0013 .0037
1574 1194 1 L0013 L0000 0014 L0027 L0014 .0040
145 134, 134 .0014 0000 L0015 .0029 L0015 L0048
13{¢ 134 14f L0014 L0000 L0016 L0030 L0016 L0044
134 154 1lg L0015 L0000 .0018 .0033 L0018 L0048
154 174 1374 .0G16 L0600 L0020 L0036 L0020 L0052
114 24 2 .0016 L0000 .0022 .0038 .0022 L0054
21z 238 21 L0017 L0000 0024 L0041 L0024 L0058
234 234 2L4 .0018 .G000 . 0026 L0044 L0026 0062
234 3 3 0018 . 0000 .0029 L0048 0029 0087
3y 334 34 .0020 L0000 L0032 L0052 L0032 L0072
334 414 4 L0021 L0000 L0035 L0036 L0035 Riltrid

29.15

Courtesy ASA.
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TABLL 16.

APPENDIX

Mepionm Frr (Crass 3)—MEDpIus ALLOWANCE, INTERCHANGEABLE

For running fits under 600 rpm and wilh journal pressures less than 600 b per sq in.; also for sliding fits, and the more accu-
rate machine-tool and automotive parts.

Size Limits 1 ]gl},li:eSt Lolgiste st
Allowance
Hole or External Shaft or Internal Allows
owance +
Up to Member Member Tolerances
From and Mean
Incl.
+ - - + +

0 e g 0,0004 0.0000 0.0002 0.0006 0.000%2 0.0010
31 e }74 L0005 L0000 L0004 L0009 0004 L0014
91 16 3% L0066 .G0O0 L0005 L0011 L0005 L0017
s Me 14 .0006 .0000 .0006 .0012 .0006 0018
He 1l4g 54 L0007 . GO0 0007 L0014 L0007 0021
s 13{s 3 .0007 L0000 L0007 L0014 L0007 0021
13{s 13{g 1% 0008 L0000 .0008 L0016 L0008 L0024
ta{g 15 1 L0008 L0000 0009 0017 L0009 .0025
1s 1346 114 . 0008 L0000 L0010 L6018 L0010 L0026
137, 134 14 . 0009 L0000 0010 L0018 L0010 0028
13¢ 134 114 L0008 ,0000 L0012 0021 L0012 L0030
154 1% 134 L0010 L0000 L0013 0023 L0013 L0033
174 254 2 L0010 L0000 L0014 L0024 L0014 L0084
21z 234 2L L0010 . G000 L0015 L0025 NN L0035
234 235 214 L0013 L6000 L0017 0028 L0017 0039
23 E3%4 3 ,0012 L0000 L0019 L0031 L0019 L0043
3] 334 34 0012 L0000 L0021 .0033 0021 0045
334 41 &4 0013 L0000 0023 L0036 L0023 0049

Courtesy ASA.
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TABLE 17. Snvuc Fir (Cuass 4)—ZERO ALLOWANCE, INTERCHANGEABLE

2917

This is the closest fit which can be assembled by hand and necessitates work of considerable precision. It should be used where
no perceptible shake is permissible and where moving parts are not intended to move freely under load,

. . Tightest Loosest
Size Limits Fit Fit
Hole or External Shaft or Internal Alowance Allo:‘;ance
Up to Member Member g Toleran
From and Mean ces
Inel.
+ - +

0 31s 1z 0.0003 0.0000 0.0000 0.0002 0.00060 0.0005
31{s B1e 14 L6004 0000 L0000 L0003 L0000 L0007
5{s 116 3 L0004 L0000 0000 0003 L0000 L0007
e s o L0005 0000 L0000 L0003 L0000 00608
%6 114, 24 L0005 L0000 L0000 .0003 L0000 .0008
114, 35, q L0005 . 0000 L0000 L0004 .0000 L0009
3y 154{¢ 4 .0006 . G000 L0000 L0004 L0000 L0010
13{¢ 14, 1 L0006 0000 L0000 L0004 L0000 L0010
114 13{¢ 1E4 L0006 L0000 L0000 L0004 0000 L0010
134¢ 134 1Y L0006 L0000 L6000 L0004 G000 0010
135 154 114 L0007 L0000 L0000 L0005 L0000 .0012
134 1% 134 L0007 L0000 L0000 L0005 L0000 L0012
1% 24 2 L0008 L0000 0000 L0005 L0000 L0013
21z 234 L .0008 L0060 L0000 L0005 L0000 0018
234 234 24 . 0008 L0000 L0000 0005 L0000 L0013
234 L34 3 L0009 0000 L0000 L0006 0000 L0015
3 334 314 L0009 L0000 L0000 L0006 L0000 L0015
334 414 4 L0010 L0000 L0000 L0006 L0000 L0016

Courtesy ASA.
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TABLE 18.

APPENDIX

WrinGinGg Fir (Crass 5)—ZER0 To NEGATIVE ALLOWANCE, SELECTIVE ASSEMBDLY

This is also known as a “tunking fit” and it is practically metal-to-metal. . Assembly is usually selective and not interchange-

able,

. _— Tightest | Loosest Selected
Size Limits Tit Fit it
Allowance | Average
Un t Holeﬁrf}xternal Shaflti {Or Ill;t;arnal Allowance T Interference
p o cmber embe Tolerances{ of Metal
From and Mean
Tnel.
+ + - +

1] 3e % 0.0003 (.0000 0.0002 0.0000 0.0002 0.0003 0.0000
s 3{s 1% 0004 L0000 L0003 L0000 L0003 L0004 L0000
s {s 34 0004 0000 L0003 .06000 L0003 L0004 L0000
e e g L0005 Q000 .0003 0000 .0003 L0005 L0000
e 11{¢ 3% L0003 L0000 0003 L0608 .0003 L0005 L0000
1l{g 1346 3 L0005 L0000 0004 L0060 0004 00035 L0000
13{g 544 % L0006 L0000 0004 L0060 L0004 L0006 L0000
1544 1{e 1 . 0006 L0000 L0004 L0000 L0004 L0006 L0000
T1{s 13{4 14 L0006 L0000 L0004 L0000 000 L0006 L0000
13{g 13% 11 L0006 . 0000 L0004 L0000 L0004 0006 . 0060
134 134 114 il L0000 L0005 L0000 L0005 00607 L0000
154 114 134 L0007 L0000 L0005 L Q000 L0005 007 L0600
11g 2L Q2 L0008 L0000 L0005 L0000 L0005 L0008 000G
25 Q234 214 L0008 L0060 L0005 L0000 L0005 L0008 L0000
23y 234 214 L0008 L0000 L0005 L0000 L0005 L0008 L0000
234 314 3 L0009 L0000 000G L0000 006 L0009 L0000
B2 334 314 L0009 L0000 L0006 L0000 L0006 L0009 L0000
83 414 -+ L0010 L0000 L0006 L0000 L0006 L0010 Q000

Courtesy ASA.



TABLE 19. Tieur Fir (Crass 6)—SLIGHT NEGATIVE ALLOWANCE, SELECTIVE ASSEMBLY

APPENDIX

29-19

Light pressure is required to assemble these fits, and the parts are more or less permanently assembled, such as the fixed ends
of studs for gears, pulleys, and rocker arms. These fits are used for drive fits in thin sections or extremely long fits in other sec-
tions, and also for shrink fits on very light sections. Used in automotive, ordnance, and general machine manufacturing.

. . Tightest Loosest Selected

Size Limits Tit Fit Fit

Allowance Average

ot Holel\tl)r Eg(ternal Slmfi{or Ilr)xternal Allowanee +- Interference
N plo ember ember Tolerances | of Metal
From and Mean
g Tnel.

+ + + - -

(] e P 0.0003 0.0000 0.0003 0.0000 0.0003 +0.0003 (. 0000
e s Y L0004 . 0000 L0005 L0061 L0005 + .0003 .0001
{5 e 3% L0004 L0000 L0005 L0001 L0005 -+ 0003 0001
e e g L0005 .0000 L0006 L0001 .0006 + .0004 L0001
g 11{q 3% . 0005 L0000 L0007 0002 . 0007 -+ .0003 .0002
1{q 134, 3 L0003 L0000 Rtilirg (002 L0007 -, 0003 L0002
18¢4s 134 % . 0006 0000 .0008 .0002 L0608 + 0004 L0002
156 13e 1 0606 .0000 .000g . 0003 L0009 + .0003 L0003

1 13{s 14 L0006 L0000 L6009 L0003 L0009 4 .0008 0003

131, 134 114 L0006 00006 L6009 .0003 L0009 -+ 0003 .0003

134 154 115 0007 0000 .0011 L0004 L0011 + .0003 L0004

134 1% 134 L0007 L0000 L0011 L0004 L0011 + .0003 L0004

ilg 2ig 2 L0008 L0000 0013 L0005 .0013 4+ .0003 L0005

214 234 [3%4 L0008 L0000 0014 L0006 L0014 + ,0002 L0006

234 234 214 L0008 L0000 L0014 L0006 0014 -+ L0002 .0006

234 314 3 L0009 L0000 0017 L0008 L0017 + .0001 . 0008

Courtesy ASA.
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TABLE 20. Meoium Fonce Iir (Crass 7)—NEGATIVE ALLOWANCE, SELECTIVE ASSEMBLY

Considerable pressure is required to assemble these fits, and the parts are considered permanently assembled. These fits are
used in fastening locomotive wheels, car wheels, armatures of dynameos and motors, and crank disks to their axles or shafts, They
are also used for shrink fits on medium sections or long fits. These fits are the tightest which are recommended for cast-iron holes
or external members as they stress cast iron to its elastic limit.

. - Tightest Loosest Selected

Size Limits Tit Fit it
Hole or External Shaft or Internal \ Allowance I Average

Up to Member Member Atowance n nterference
5 olerances | of Metal
I'rom and Mean
Incl.
+ + + - -

0 3{s } 0.0003 0.0000 0.0004 0.0001 0.0004 40,0002 0.0001
e 546 ¥ .0004 .0000 .0005 .0001 0005 | + .0003 .0001
21 A 34 L0004 L0000 L0006 L0002 L0006 + .0002 L0002
1is s g L0005 L0000 L0008 .0003 0008 + .0002 L0003
e g 5% L0005 .0000 . 0008 .0008 . 0008 -+ .0002 0003
tlie 1374 34 L0005 L0000 L0008 L0004 L0009 + .0001 L0004
1376 T3yg 123 00006 0000 L0010 L0004 L0010 + .0002 L0004
Fafe 11 1 L0006 L0000 L0011 .0005 L0011 + 0001 L0005

g 13(; 134 0006 L0000 L0012 L3006 0012 L0000 L0000

1375 133 134 L0006 L0000 L0012 L0006 .0012 L0000 . 0006

12 153 114 L0007 L0000 0015 (008 0015 — 0001 0008

134 1% 134 L0007 L0000 0016 L0000 L0016 — 0002 L0009

1% 9Lg 2 L0008 L0000 L0018 L0010 L0018 — .0002 L0010

21z 23g 2L .0008 L0000 L0019 L0011 L0019 — 0003 L0011

233 234 QL4 L0008 L0000 L0021 L0013 L0021 — .0005 L0013

234 3 3 L0009 L0000 0024 L0015 L0024 — (006 RilzE

3 334 34 L0009 L0000 L0027 L0018 L0027 — (009 L0018

331 414 4 L0010 L0000 L0030 L0020 L0030 — 0010 L0020

Courtesy ASA.
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Hesavy Force anp Surink Fir (CrLass 8)—ConsIDERABLE NEGATIVE ALLOWANGCE, SELECTIVE ASSEMBLY

These fits are used for steel holes where the metal can be stressed to its elastic limit. These fits cause excessive stress for cast-
iron holes. Shrink fits are used where heavy foree fits are impractical, as on locomotive wheel tires, heavy crank disks of large

engines, cte.

. .. Tightest Loosest elected
Size TAmits gFit Fit S Tit
Hole or External Shaft or Internal Allowance Average
o to Member Aember Allowance Interference
P Tolerances of Metal
TFrom and Mean
Tuecl.
+ + -+ - -

0 3{s 14 0.0003 0. 0000 0.0004 0.0001 0.0004 -4+0.0002 0.0001
344 56 y 0004 0000 .0007 .0003 L0007 | + .0001 0003
3{g i1e 34 L0004 . 0000 L0008 L0004 .0008 , 0000 0004
e 96 g L6005 L0000 L0010 0005 L0010 L0000 L0005
e 11{g 5g L0005 L0000 L0011 L0006 L0011 - 0001 L0006
11{q E3 34 L0005 L0000 0013 L0008 L0013 — .0003 L0008
13{¢ 157% % L0006 L0000 L0015 . 0009 0013 — L0008 L0049
15{g 1}{g 1 . 00006 L0000 L0016 L0010 L0016 — 0004 L0010

14e 13 1% .0006 L0000 L0017 L0011 L0017 — .0005 0011

13{s 134 114 L0006 L0000 .0019 L0013 L0018 — 0007 L0013

13g 154 1l L0007 L0600 L0022 L0015 L0022 — 0008 L0015

134 114 134 L0007 L0000 L0095 Q018 0025 — L0011 .0018

114 214 2 L0008 L0000 L0028 .20 .0028 — 0012 L0020

214 g Q4 .0008 L0000 L0031 L0028 L0081 — 0015 L0023

234 231 244 0008 L0000 0833 00’5 L0033 -— 0017 L0025

234 34 3 L0009 L0000 L0039 (1030 L0039 — .0021 L0030

3% 334 314 L0009 L0000 L0044 L0035 004 — 0026 L0035

334 37 -+ L0010 L0060 L0030 L0040 L0050 — 0030 L0040

Courtesy ASA.
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* Toleranee is 4-0.005 on inside diameter to and including 74, inside diameter, and 4-0.010 on inside diameter greater than 74,.

APPENDIX

TABLE 22. DiMENstons or Praiy WASHERS

Thickness |

Thickness

Inside Outside Inside Outside
Diameter,* | Diameter,} Diameter,* | Diameter,}
In. In. Max. Min. In. In. Max. Min,
St4 He 0.025 0,016 134, 1346 0.080 0.051
34, 144 023 .016 e % .104 064
342 Y 025 .016 He 1 104 . 064
15 Iy .028 017 4 e 134 104 064
5 e 040 .025 184, 5844 .080 .051
549 5{e 048 027 P2 iy 104 .064
54, 4 065 .036 1g 1Y 104 064
134, 134, 065 086 1g 154 104 064
He 24 065 ,036 1idq 1M L121 074
%6 e 065 036 % 14 .182 .086
1344 1844 L0685 036 He 134 .182 086
14, 46 0G5 036 %s 1% 132 .086
14a 1 065 .086 184, 13{¢ 121 074
154, 174, 065 L0306 58 134 .132 .086
M 14 065 L0386 8 115 . 132 L0806
E*14 e 065 L0386 3% 374 L1860 .108
1 94 .080 L051 21g, 136 121 074
174 8¢ 065 036 114g 14 .160 .108
%42 2% .080 051 1 134 .160 .108
576 3 .080 .051 114, 234 .192 .136
546 % .080 .051 1346 1% .160 .108
114, 114, .080 .051 13, 1% 177 .122
34 34 .080 051 13{¢ Q A7 .122
8 7% 104 064 184, 274 102 .196
34 1% .080 051 154 134 160 .108

T Tolerance is 220.010 on outside diameter for all sizes.

1 Thickness of washers are Birmingham gage. The limits given are a tolerance of plus or minus one gage, or the spread from

the minimum of one gage minus to the maximum of one gage plus.

Courtesy SAE Handbool: 1952,



TABLE 23. WJI Suares
DiMENSIONS FOR DETAILING

—r] C=‘?—{W6’b #é

{
e @

It
| 7
4

e BEET

Flange Web Distance
Nominal Weight Dent} Iésua]
Size L et Thick. | Thick- | Half age
Width " | ness |Thick-| a T k m 0 ¢ g
ness
ness
In. b In. In. In. In. In In. In. In. In. In. In. In.
36 X 1614 230 3574 1614 134 3q 3% 7% 3114 234 3914 31z s 51g
36 X 12 150 351 12 1544 54 e 554 32y 1134, 37 3 34 514
33 X 153 200 33 1534 134 34 34 714 2854 2344 3654 314 g 513
33 X 1114 130 331 1114 % He 56 514 203y 111, 354 3 34 514
30 X 15 172 | 20% | 15 136 e | 346 | 726 | 253 | 246 3315 | 314 | % | 514
30 X 1014 108 2918 1014 34 %5 s ] 2615 114 3154 234 3% 514
24 X 14 130 24y, | 14 4% e 5{e | 6% | 203 | 1y 28 3 34 514
4 X 12 100 24 12 34 14 )1 534 2074 1%4s R67%% Q234 e 5lg
24 X9 76 2314 9 Mo | Hs M 14 | 213¢ | 1M 255 | 23 | s | 51
21 X 13 112 21 13 4% He P [i3%1 1734 134 2434 3 He 51
21 X9 82 201% 9 13{s 14 1 414 18 1746 2034 Q34 34 534
21 X 8} G2 21 814 54 34 e 4 1834 134¢ 2254 2Lz 174 514
18 X 1134 96 1814 1134 13{e g Y 554 1544 114 2134 234 #s 5
18 X 83 64 1734 834 14e s 26 454 1534 13 20 214 M 514
18 X 714 50 18 74 Hse 3% Ms 35 151% 14 1814 24 ¥ 314
16 X 11lg 88 1613 1114 374 14 171 544 1313 114 187%% 234 3{g 514
16 X 8% 58 1574 813 84 e Y 4 1334 114 18 214 36 518
16 X7 36 1514 7 s 5{s Me 33 14 139 173% 2} M 314
14 X 12 78 14 12 ]115 3{5 % 5% 11% Iéfﬁ 18% 21/5 ?/15 5}/2
14 > 10 61 1374 10 54 34 He 434 1135 114 1714 21 14 514
14 X8 49 13594 8 4 A e e 3 1133 1l 154 245 b 74 3%
12 X 10 53 12 10 % 34 3o | 4% 937 | 1344 155 | 24 | M4 5%
i2 X 8 40 12 8 1z 815 e 3 93 | B% 1434 214 g 514
12 X 614 7 12 1321 %% 4 b5 33 1035 i34 13%¢ 24 Me 315
10 X 8 33 9% 8 e 21 3 314 T4 t2{s 1254 2y M 54
10 X 5% 21 914 534 s M 3% 23 814 s i1} 2 He 23
8 X 613 24 T%o| 64 | % Y e | 8k | 6% | % 104 | 24 | e | 314
8 X5 17 8 534 e W % 214 634 4] B34 214 s 23
Courtesy AISC Manual.
29.23
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TABLE 24. AMERICAN STANDARD ] Beams

DIMENSIONS FOR DETAILING

| -—C:jWebI &
T
I3 . %} o
1
-
T ,l/
|
R o
1L
—&rio
&
Flange Weh Distance
Depth | Weight Max. | Usual
Secotfion I?oe;t Mean Thick Half Grip Eﬁ?::eg: Gae
Width | Thick- ness "~ | Thick- a T k g ¢ g
ness ness
In. Lb In. In. In In. In. In. In. In, In. In In. In.
24 79.9 T % 14 M 31 2034 154 3 316 % 1 4
20 65.4 61 131 ] M 24 167%% 121s 3 31e 8 % 314
18 a4.7 6 Tiys b M 234 1514 134 234 36 e el 3z
15 42.9 54 3% e Y 213 1214 14 234 31s e M 3k
12 31.8 3 26 3% 3 234 934 1l 215 M 14 4 3
10 25.4 434 ig s 3 215 8 1 215 24 14 3 23
8 18.4 4 e s e 114 Gl Iz 24 e e 3 244
7 15.3 334 3 4 b5 134 533 376 ¢ e 3 4] 2y
G 12.5 33 3% Y 14 115 414 A 2 e 316
] 10.0 3 He M b4 13% B3¢ Thye 2 H1s e W 134
4 T 234 5 s % 14 23 5% 2 s 218
3 3.7 233 A He ; 28 114 1234 2 3e A 84 11
Courtesy AISC Manual.
TABLE 25. Sranparp Gaces ror Awcres, INcHES
!
Leg 8 7 6 | o | 4 s os a2 gkl 1| K%
n 414 1 4 313 2lg | 2 1% 113 1tg |1 % 4] 3 3% 1
2 g lovgiay |9
g3 3 3 215 | 13
Max. Rivet| 134 1 Bl W] | W M %My | 3| M| M

Courtesy AISC Manual.
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TABLE 26. AMERICAN STANDARD CHANNELS

‘ DiMeNsioNs For DETAILING

*l el

4

| A

1

-

q),y

&

7 [y
I [ _..l g [— Grip
Flange Web Distance
I Depth | Weight Max. | Usual
of per Grip | Flange | Gage
Seetion | Foot | vyer | AL | Thick-| gy _ Rivet | ¢
Width § Thick- nes Thick- a T k a1 ¢
i ness 1653 ness
In. Lh In. In. In. In In, In. In. In, In. In. In. In.
13 33.9 5% %4 MHe Hse 3 1234 157 23 W 4] 1 2
12 20.7 3 Y 546 ¥ 23 9% 146 214 %% %S 1% 134
! 10 15.3 2% s Y % 234 813 134 214 %i6 s M 1}
9 13.4 234 e M W 2 Y % 214 e 3% M 134
8 11.5 244 3% X %1 2 634 13e 2y e %% b 134
7 2.8 244 3% i 3% 174 5% 136 2 51s 3 5% 134
6 8.2 1% 3 e % 134 414 3% 2 H 3 % 114
3 6.7 1% e He % 15 3% 114s 2 Y 5 ¥ 144
4 3.4 134 e e % 134 234 % 2 Y 2 4 1
3 4.1 134 M e % 134 134 % M M
% Courtesy AISC Manual,
TABLE ¢7. River SraciNg
5 (Cambria Handbook)
{All dimensions in inches.}
E Maxin Minimum Distance from | Maximum
Minimum Pitch MaXHUM | pioe of Piece to Center | Titeh in
: Piteh at . .
; . of Rivet Hole Line of
; Size of Ends of
§ Rivet | ———- I . Stress for
e O:;(’;:ES' Plate and
) ) Sheared Rolled Shape
: Allowable | Preferable | Members Edge Edge Members
: % %
1 % 114 o . . .
14 114 134 - 1 % 4
3% 124 2 214 14 I 414
3 214 214 3 14 14 G
l % 234 3 334 1% 14 6
1 3 4 . -
1lg 334 415
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TABLE 30.

APPENDIX

Maxmtom Seacing or Conumy TiEs

Size and Spacing of Ties, In.
Maximum spacing not to exceed least
Vertical column dimension,
Bar Size
#2 #3 #4
#5 10 19 10
#6 12 12 12
#i 12 14 14
8 12 * 16 16
#9 1e* 18 18
410 12 * 18 20
#11 12 * 18 Q2

* 42 ties are not recommended for #8 or larger verticals,

Courtesy ACIL.

TABLE 31. Maxmuvy Nusiner oF Cornumy Bars ror Rounp Conumns
Sorrol Verireal bors from

E‘ below ore jnside o

3 g arred i confoct with

'G § ) those above.

q;!‘ﬁ /2‘_, or

?(\![U 1F Ear Dio.

24

5 0

S

. Bar Si
Diameter Spi ar e
piral _ o e
of .
Columnn Size
#3 #6 #7 #8 #9 #10 #11

14 34 12 11 114 9 7 G
15 3% 13 12 11 106 8 i 6
16 3% 15 13 12 11 9 8 6
17 34 16 15 14 12 11 8 7
18 3% 18 16 15 1+ 12 I0 8
19 34 19 18 16 15 13 1 9
20 84 21 19 18 16 14 12 10
21 14 22 20 19 17 15 13 11
P2 14 23 22 20 18 16 14 11
23 15 25 23 21 20 17 15 12
P2} 14 26 24 Qe 21 18 16 13

Courtesy ACI.
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TABLE 32. Larrixc oF Banrs
Inches of lap corresponding to number of bar diameters.
(Figure to next largest whole inch.)
Number Size of Bar
of
Diameters| 4 » 43 41 45 #6 # 48 40 #10 411
16 4 [ 8 10 12 14 16 18 21 23
17 ] 7 9 11 13 15 17 20 22 24
i8 5 7 9 12 14 16 18 21 23 26
19 ] 8 10 12 13 17 19 29 25 27
20 3 8 10 13 15 18 20 23 26 20
a1 4] 8 11 14 16 19 21 24 a7 80
22 6 9 11 14 17 20 Q22 25 28 81
23 [i] b} 12 15 18 21 23 26 30 33
24 6 9 i2 15 18 21 24 28 51 34
25 i 10 13 16 16 29 25 29 32 36
Q7 T 11 14 17 21 24 @7 31 35 39
30 8 12 15 19 Q3 27 30 34 39 43
32 8 12 16 20 24 28 32 36 41 45
34 9 13 17 22 26 30 34 39 44 48
36 ] 14 18 23 7 32 36 41 48 51
38 10 15 i9 24 29 34 38 43 49 54
40 10 15 20 25 30 35 40 46 51 57
* #2 bars are generally furnished in plain rounds only,
Courtesy ACI.
TABLE 33. Mmxntusm Beay Winrus—ACT Conr
Number of Bars in Single Layer of Reinforeing Add for
Size of ~ Each
Bars Added
Q 3 1 3 G 7 8 Bar
#4 534 7Y 834 104 1134 1814 1434 114
5 G T34 91y 11 | PR~ 14 1f 1534 184
4G 614 8 934 1 18y 15 1634 134
¥ 614 815 101 121 14 16 1734 1%
#8 634 834 1034 1234 1434 1634 1834 2
49 714 914 1134 14 1614 1815 2034 Q14
#10 7y 1044 1234 15y 173 2014 23 254
a1 8 1 1334 1615 1914 2214 25 274

Courtesy ACI.
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Ceiling wali

5

PREOEO0® ®O®0
PRREPOOe @

Oab.c ete.
=ab,c el

S 3,b,c efc.

TABLE

GENERAL OUTLETS

Qutlet.
Blanked Outlet.

Drop Cord.

Electrical Outlet; for use only when circle

used alone might be confused with
columns, plumbing syebols, ete.

Pan Outlet.

Junction Box,

Lamp Holder,

Lamp Holder with Full Switch.
Pull Switeh, '

Qutlet for Vapor Discharge Lamp.
Exit Light Cutlet,

Clock OQutlet. (Specify Voltage)

CONVENIENCE OUTLETS
Duplex Convenience Qutlet.

Convenlence Outlet other than Buplex.
1 = S8ingle, 3 = Triplex, etc.

Weatherproof Convenience Qutlet,

Range Outlet.

Switch and Convenlence Cutlet.

Radio and Convenlence Cutlet.

Special Purpose Outlet. (Des, in Speec.)
Floor Qutlet.

SWITCH QUTLETS
Single Pole Switch,

Double Pole Switeh,

Three Way Swltch.

Four Way Switech,
Automatic Door Switch.
Electrolier Switch,

Key Operated Switch.
Switch and Pilot Lamp,
Circuit Breaker,
Weatherproof Circuit Breaker.
Momentary Centact Switeh.
Remote Control Switch.

Weatherproof Switch.

fused Switch
Weatherproof Fused Switch.

SPECIAL OUTLETS

Any Standard Symbol as given above with
the addition of a lower case subscript
letter may be used to desigpate some
special variation of Btapdard Equipment
of particular interest ip a specific
set of Architectural Plans. |

When used they must be listed in
the Key of Symbols on each drawing and
if necessary further described in the
specifications.

APPENDIX

ErLecrricaL SYMBOLS

7£32,9-1943

PANELS, CIRCUITS, AND MISCELLANEOUS

B Lighting Panel.

N Power Panel,

_ Branch Circuit; Concealed in Ceiling or Wall,
—_— Branch Circuit; concealed in Floor,

————— Branch Circuit; Exposed.

—— Home Run to Panel Board. Indicate number of
Circuits by number of arrows,
Note: Any circuit without further designation
indicates a two-wire circujt, For a greater
numbér of wires indicate as follows:

—H— (3 wires) -~ (4 wires), ete,

—a Feeders., Note: Use heavy lines and designate by
nupber corresponding to listing in Feeder Schedule,

fi::ff Underfloor Puct and Junction Box. Triple Systenm.
Hote: For double or single systems eliminate one
or iwo lines, This symbol is equally adaptable to
auxiliary system layouts.

Generator.

Motor,

Instrument.

Power Transformer. (Or draw to scale.)
Controller.

1solating Switch.

AUXILIARY SYSTEM3
Push Button,

Buzzer,

Bell.

Annunciator.

Outside Telephone.
Interconnecting Telephone,
Telephone Switchboard.
Bell Ringing Transformer.
Electric Door Opener.

Fire Alarm Bell.

Fire Alarm Station,

City Fire Alarm Station.
Fire Alarm Central Station.
Automatic Fire Alarm Device.
Watchman's Station,
Watchman's Central Station,
Rorn.

Nurse's Signal Plug.

Mald's Signal Plug,

Radio Outlet.

S8ignal Central Station.

FEEEEEEINEER0RRAOgRE JNecee

0&

Interconnection Box,

M Battery,

_____ Auxiliary System Circuits.

Note: Any line without further designation
indicates a 2-Wire System. For a greater number
of wires designate with numerals in manner similar
to --, -~12-Ko, 18W-3/4"C., or designate by number
corresponding to listing in Schedule,

Flanc Special Auxiliary Outlets.
T Subscript letters refer to notes on plans or
detailed description in specifications.

Courtesy ABA




TABLE 35.

(All dimensions in inches.

APPENDIX

AMERICAN Stanpanrp Steen Pive Dara

Weights in pounds.)

29-31

Standard Weight (40) * Extra-Strong (80) 1 Double-Extra Strong }
Nominal 6&‘ fttsul?lle Weidl | : Wall
Size o . Wall eight . Wall Weight Inside Va Weight,
Diameter pmde Thick- per DI.usule Thick- pe%' Diam- | Thick- pegr
Diameter ness Toot § lameter ness oot eter ness Foot
g 0.405 0.269 0,068 0.244 0.215 0.095 0.3+ ... | ... | L.
b7 0.540 0.364 088 0.424 0.302 L119 0.5385 | ..... | ... | ...
34 0.675 0.493 081 0.567 0.423 .126 6,788 | ..... | ..... | .....
1 0.840 0.622 109 0.850 0.546 147 1.087 0.252 0.294 1.714
35 1.050 0,824 113 1.130 0.742 L1354 1.473 0.434 .808 2.440
1 1.315 1.049 133 1.678 0.957 179 2.171 0.599 358 3.659
1Y 1.660 1.380 140 2.272 1.278 L191 2.996 0.896 382 5.214
114 1.900 1.610 143 2.717 1.500 .200 3.631 1.100 .400 6.408
2 2.875 2.067 54 3.052 1.939 .218 5.022 1.508 430 9.029
21ls 2.875 2.469 .208 5.79 2.328 276 7.66 1.771 .552 13.70
3 3.500 3.068 216 7.58 . 2.800 300 10.25 2.300 L8600 18.58
31 4,000 3.548 226 g.11 3.364 .318 12,50 | ... | oo o
4 4,500 4.026 .237 10.79 3.826 387 14,98 3.152 674 27.54
F 3,568 3,047 258 14.62 4,813 375 20,78 4.063 750 38.55
6 6.625 6.0685 L280 18.97 5.761 432 28.57 4,897 .864 53.16
8 8.625 7.981 .92 28.35 7.625 300 43.89 6.875 875 72.42
10 10.750 10.020 .365 40.48 9.750 500 5% S S I T R
12 12.750 12.9000 875 4956 11.950 L300 65,42 1 ... | ..o L

* Same as ASA B36.10— 'Schedule 40 except 12-inch diameter.
T Same as ASA 1386.10—"‘Schedule 80" except 10- and 12-inch diameter.
I Not identified with ASA Schedule number, but available as indicated.

§ Plain ends.
TABLLE 86. AGA Sraxpsarp Cast-Inox Beru-anp-Seicor Piee Dara
{All dimensions in inches.  Approx. weights in pounds.)
Norminal R , .
Size lg)_utsule Pipe Wall DI.."S“]E Depth Thickness Weight per
Inside lameter Thickness 1‘1111eter of Socket of joint Foot, IQ'I(O*Ot
Diameter of Pipe of Socket Lengths
4 1.80 0.40 5.80 4.00 0.50 19.5
6 6.90 0.43 T.850 4. 00 .50 30,58
8 9.05 0.45 10,05 +4.00 a0 42.42
10 11.10 0.49 12.10 +.00 .50 35.91
12 13.20 0.5 14,20 4.30 L300 73.83
16 17.40 0.062 18.40 4.50 a0 112.38
20 21.60 0.68 22.83 4,350 .63 153.88
24 23.80 0.76 27.05 5.00 .63 R2006.41
30 31,74 .83 32,09 3.00 .63 284.00
36 37.96 0.95 39.21 5.00 .G3 379.23
42 4+4.20 1.07 13,45 3.00 63 497.G6
48 a0. 20 1.206 AE.75 3.00 .63 6G3.50

* Including bell-and-spigot bead.
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TABLE 37. ASTM Stanparp Brass anp Correr Pire Darta

(Al dimensions in inches. Weights in pounds.}

Regular Extra-Strong
Nominal | Outside Weight per Foot Weight per Foot
Size Diameter Wall Wall
Thick- Thick-
ness Red Co ness Red c
Brass pper Brass opper
1g 0.405 0,062 0.258 0.258 0.100 0.363 0.871
4 ©0.540 0.082 0,447 0.457 0.123 0.611 0.625
3 0.675 0.090 0.627 0.641 0.127 0.829 0.847
14 0.840 0.107 0.934 0.955 0.149 1,23 1.25
31 1.050 0.114 1.27 1.30 0.157 .67 1.71
1 1.815 0.126 1.78 1.82 0,182 2.46 2.51
114 1.660 0.146 2.63 2.69 0.194 3.39 3.46
114 1.900 0.150 3.13 3.20 0.203 4. 10 4.18
2 2.875 0.156 4.12 4.22 0.221 3.67 5.80
2Lz 2.875 0.187 5.99 G.12 0.280 8.66 8.85
3 3.500 0.219 8.56 8.75 0.304 11.6 11.8
314 4.000 0.250 11.2 11.4 0.321 14.1 14.4
4 4,500 0.250 12.7 12.9 0.341 16.9 17.8
35 5,569 0.250 15.8 16.2 0.375 23.¢ 23.7
6 6.625 0.250 19.0 19.4 0. 4397 82.¢ 32.9
8 8.625 0.312 30.9 31.0 0.500 48 . 4 49.5
10 10.750 9.365 45.9 46.2 0.500 61.1 62.4
12 12.750 0.375 55.8 56.5




APPENDIX

TABLE 38. ASTM Stanparp Correr Water Tune Data
Weights in pounds.)

{All dimensions in inches,

Type K Type L Type M
Nominal | QOutside
Size Diameter | Wall Weight Wall Weight Wall Weight
Thick- per Thick- per Thick- per
ness Foot ness Foot ness Foot
1 0.250 0.032 0.085 0.025 0.068 0.025 0.068
b4 0.375 0.082 0,184 0,030 0.126 0.0%5 0.107
44 0.500 0.049 0.269 0.035 0.198 0.025 0.145
1z 0.625 0.049 0.344 0.040 (.285 0.028 0.204
i 0.750 0.049 0.418 0.042 0.36¢2 0.030 0.263
H 0.875 0.065 0.041 0.045 0.455 0.032 0.828
1 1.123 0.065 0.839 ¢.050 0.655 0.085 0,465
1Y 1.375 0.065 1.04 0.055 0.884 0,042 0.682
114 1.625 0.072 1.56 0.060 1.14 0.049 0,940
2 2.125 0.083 2.06 0.070 1.75 0.058 1.46
29 2.0625 0.095 2.93 0,080 2.48 0.065 2.08
3 3.125 0.109 4.00 .090 3.33 0.072 2.68
814 3.625 0.120 3.12 0.100 4,29 0.083 3.58
4 4.125 0,134 6.51 0.110 5.88 0.095 4,66
5 5.125 0.160 9.67 0.125 7.61 0.109 6.66
G G.125 0.192 18.9 0.140 10.2 0.122 8.92
8 8.125 0.271 25.9 0,200 19.8 0.170 16.5
1¢ 10.125 (.338 40.3 0.250 30.1 0.212 25.6
12 12.125 0.405 57.8 0,280 40.4 0.254 36.7
TABLE 39, Assrican Stanparp Tarer Pipe Tureap Data
(All dimensions in inches. Weights in pounds.)
Weight Normal
Nominal Qutside Inside Threads Tap per Foot Engage-
Size Diameter Diameter per Inch Drill Thds. and ment
Couplings by Hand
14 0.405 0.269 7 tlgs 0.245 0,180
174 0.540 0.364 18 e 0.425 0.200
3% 0.675 0.493 18 374, 0.568 0.240
14 0.840 0.622 14 23¢, 0.852 0.520
3 1.050 0.824 14 594 1,134 0.539
1 1.315 1.049 111 154, 1.G684 0.400
114 I1.660 1.380 114 14 2,281 0.420
144 1.900 1.610 11 1474, 2.731 0.420
2 2,875 2.067 1% 274, 3.678 0.436
214 2.875 2.469 8 254 3.82 0.682
3 3.300 3.068 8 3y 7.62 0.766
314 4,000 3.548 8 33 9.20 0,821
4 4.500 4.026 8 44 10.89 0.844
5 5,563 5.047 8 5% g 14,81 0.887
6 6.625 6.065 8 65{¢ 19.18 0.958
8 8.625 7.981 8 29.35 1.063
10 10.750 14.020 8 41.85 1.210
12 12.750 12.000 8 51.15 1.360
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TABLE 10. Srtanparp Fraxcep FrrriNgs

(123 1Ib per &q in. pressure.)

r.q ~

)

T ;’ B
— =5 i $ § N
P o ] | b
Dousl e BrANCH SipE Qureer Tes SrnveLe SwEEP Douat e Sweer T T
Eraow Lraow Tre TeE CoMPANION
FLANGE

K= THICKNESS OF
FLANGES

: L= TRICANESS OF

l 9 areraL in Booy

' AM=No. oF BoLrs

‘f/ & O =4, oF Borr Crwcite

1 S=Srze or Dra
|"‘ﬁ’*“! \( or JoLrs.

B /?’ﬂ-{ =
] If’ 1 [

-7}

1
el
o
J"

SroE Quireer CROSS 45 Froow Lowe Rnores LATERAL ReEpvesr
JEE Lraow

Size A i C D r & I K I i N 0 S
1 314 3 134 714 3 4 Iie He s 4 3% Y
14 | 3% 5lg 2 8 614 414 % liq 1 4 3ls b
114 | 4 G 2y 9 7 3 216 e % 4 313 b
2 4lg Gig 2lg 1014 8 6 %% Tie 1 4 434 34
214 a ] 3 12 914 7 1l4s i 14¢ 4 344 34
3 alg i34 3 13 10 6 Tl 34 e 1% 4 6 54
3l | 8 8lg 34 1414 1113 614 814 13{s e 13{¢ 8 7 34
4 Glg 9 4 15 12 7 9 184¢ 14 1315 8 Tle 3%
3] 7lg 101 414 17 1314 8 10 18/, 14 13{¢ 8 814 34
G 8 114 3 18 1414 ] 11 i He 12{s 8 034 3
8 9 14 314 22 1714 11 1314 14 % 154 8 1134 3
10 11 1614 314 2514 2013 12 16 137s 34 13 1¢ 141 4
12 12 19 T4 30 2414 14 19 1Y 187 2l 12 17 4




TABLE 41.

APPENDIX

StaNDARD Cast-IRON ScreEw Frrrines

(125 b per sq in. pressure.)

TJTAﬂ*A*1

‘-E

5™\

Dimensions in Inches

Size
Inches
A B C D E F
M 137 3
53 131 t3{g
% 134 s 21 1l
pt 131 1 3 2
i 171¢ 114 31 234
1} 13 15{s 434 314 24
1} 1134, 11{s 134 3134 2y
2 23 1114, 5% 4+ 2l
214 2l 1131, 634 33 2t 1{g
3 3lg 2315 T4 6lg 21314
314 32{s 234 814 614 31
33 2%% 934 T3 334 24
3 e 3 113 Y 3% 234
G 815 3 181{s 1034 435 254
8 614 414 16344 135 34 34
10 8ig 53{6 20114, 1634 6316 3%
12 137 [ 2418 195 Tig 414
Fractional dimensions are nominal. See ASA Bulletin for decimal dimensions.
TABLE #2. DimexsioNs oF STanparp GLOBE, ANGLE, AND Cross VALVES
[M—/? — (All dimensions in inches.) ["‘"_’q’ -
) I 'K_
. -~
§
&
¥
1
@,
H
-2
;
CrLogse o ANSLE
Cross Vacve Varve
Size 2 2Ly } 3 3l + 3 G 8 10 12
- )
A 614 70 8 9 10 ny |3 1814
B 8 814 | 9l 1014 111 18 14 1914 2414 2714
T b | 1136 | 1815 | 183 | 154 | 173 | 1935 | 2#3 | 30y | 3314
It 8 8 . 9 ] i0 10 12 16 18 20

Substitute A for B for screw fitlings.
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{All dimensions in inches.)

L1mT CrHECH

[T

Smwrwve CHeEcK

8

TABLE 43. DimEeENsIONS OF STANDARD Lire avp Swine VaLves

Varve [ Z VA
Size 2 214 3 34 4 5 6 8 10 2
A 614 7 8 9 10 1114 1214 1815
B 8 814 914 1014 1114 13 14 1914 2414 2714

Substitute A for B for screw fittings.

TABLE 44. DismEensions oF Stanpanrp GATE VaLves

(All dimensions in inches.)

1,
i

T

Q

i

[ @ fopen)/———] i s !
Size 2 Qg 3 314 4 3 6 8 10 12
A 6lg 614 634 734 754 813 814 1014
B 7 714 8 814 9 1014 13 1874 13 14
0 1434 17 1914 211 2334 2834 3254 1% 3014 58
r 1234 1334 1514 1614 1814 211y 2334 2734 33 8614
n 8 8 9 9 10 12 12 16 20 20

Substitute A for B for screw fittings.



APPENDIX 29-37

TABLE 45. ASA Svampors vorR HEATING, VENTILATING, AND AR CONDITIONING

O Gacs @
e, T gl g ) e [
Svrrace (Prant CenvrriFveat FAN (Pran)
Ducr (Frsr fieure £20x42 | 700 crm
S0 SHowN) ADIUSTABLE [ DEFLECTING

THERMOMETER | TRERATOSTAT

FPLAQUE DANFPER

DirECTION OF FLOW - T 0 o @
[~ el
NeLINED RIsSE TR — IncLivEn DRrRoP i —JFo T r Vorunte DanipeR

Aceess Poor :3 Canvas CONNECTIONS =)
——E Avroataric PastPER
AD

Qureer MALLSurPLY TR s 218 An aNp Moror 7urNinG Vanes

{/vorcars Ty re) 700 ¢ Woirst BeELr Gunrp

Duer v SECTION Eoe R PoxiE Dherer e Secrron S 2oxie CEH ING EXHAUST A creoxe, 700 chn
(ExrmacisT or Rervrn) Svesiy) vty (Srare Frref A CF 2Ix1E, 70T
AptrSTAaBLE m | TR 0K 12 INTAKE LOUVERS S CENING SUPPLY O 20014 800 i
Brans OFF i on SCREEN - Qurre E7(57A7E Trre} e

o

ConbenNsineg UNiT d) Conbensinvg Ui é EviapoRarive —EE‘”»,
A CooleEo Warer CooLto COMDENSER h
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Coto Warer

COMPRESSED AR A

Fire Live

ra

ArR-RELIEF LINE &~ —— e —

CONDENSATE

Brinve Serrry

COMPRESSOR
Rorary

CONODENSER
SerFAcE

ENGINE
STEAr

EnGIVE
G- GEas

— et e () —— i () ——

w

(=0

o

APPENDIX

'ABLE 46. ASA Graruic SympoLs For Prreixg ’
FProunrsing
G & & Sore, Wasre or LeAoER
A Hor MATeER —— ———— = e e et e Haove Graos)
~ Hor Warer ReETwRN ————=——m=wmm Venr e
HEATING
—— FlEL O FLone FOF Hi6s FRESSURE STEAAT — ——ffrrreresffmnsam
FUEL-On VENT wame e O — — e for Varer Suspry  ——————
Air Conorrronwmne
8 Crreuvtarive WWarer Flow CHf —— Aerriesmanr Ligvre — ———— R —
LlramORATOR HEATER TAnrsc
SmwveL e LFrecr FLUE 85 REHEATER OpPEn

EXTRACTOR

HEATER
Arm

SHEATER
LevE Sreant Sursr-

TArr
FRESSURE

G B Farns P,{‘ﬂ PoRAINE
An- Lo ER CENTRIFUGAL B ROTAR, c
M- Morar ONBENSING

RECIPROCATING £

[[I]I[I] STEArs

Genveraror S

FRBINE
SrEsss or ContpRESSOR

T




]

Bars (ReEcEssED)

DRINKING FOUNTAIN

WL 7vee

HB
Hose Bias

LAVATORY (AMANICURE) L AVATORY (PEDESTAL)

L

Fran  EFrrw
SHOWER(HEAD)

5]
335

T (SERVICE)

~

Llinvac, fware)

Barm(rore Rer)

LIRINKING FOUNTAN DF

APPENDIX

TABLE 47. ASA Prumping Sympois

IS HINASHER

CrEANCUT

(O] <
Gas OQUTLET

LRINKING FOUNTAIN
TROUEH TV PE

FrEoEsTAL Tros

29-39

4 gl

Drain DRAWWI T vaLvef
Q
R N
GrEASE
Gas AMancEe Serararor

-1

LAunoRY TRay

e
HR

Hose Rack HMHor Wares

[©] ®] -@-

LAavarory ATETER
fiAiase)
Sunee & LrswnasHERr  SInK & Launpre R4y
SHOWER (SrALt)
SINF (SERVICE) SINK (vasH) Y
(Froor Tree) (FREE STANDING) (iare TrPE}

Vaecvwnt Ourter

Warer CLOSET Warer CLOSET
(cow ramx) NG TANK)

T =

LAavaroryr(DeNTAL
L AavaToRry (CORNER)

Ore. SEpARATOR Roor Suarr

] B2 E

SINK (RITCHEN)
(N TH DRAINBGARDS)

T o

LiRINAL (TROVSH)

Srnre (et reren)

=

LIRINAL (STALL)

A @)

Wasw Ffounramw Wareg Hoarer

(HaLF cirRcULAR)
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TABLE 48. Bain Bearing Data

S5
SR ke 7 0]
18]
. el bt
Yo = .
! #
Balls Shoulder Dia. Radial Load at rpm
Brg. | Bore Dia. Width Rad.
No. B D v R .
Dia. | No. Shaft | Housing | <50 | 3000 | 2000
S H
34 0.1575 0.6299 0.1969 14 i 0.016 0.222 0.530 59 83 66
35 0.1969 0.7480 .2362 %64 6 .016 0.261 0.668 119 100 80
36 0.2362 0.7480 .2862 %4 6 .016 0.300 0.668 119 100 80
37 0.2756 0.8661 .2756 544 7 016 | 0.341 0.786 160 183 106
38 0.3150 0.8661 2756 542 7 .016 0.379 0.786 160 183 106
30 0.3543 1.0286 ,8150 s 7 025 0.454 0.809 230 195 135
3L00 0.3937 1.0286 .3150 3 s 7 018 0.500 0.920 230 195 155
3Lo1 0.4724 1.1024 .3150 3 8 .016 0.570 1.000 255 215 170
3L.02 0.5906 1.2598 .3543 s 9 .016 0.690 1.15 275 230 1835
3103 0.6693 1.3780 . 89387 He 10 .016 0.780 1.97 205 243 195
3L04 0.7874 1.6535 4794 1 9 025 0.940 1.50 505 425 340
3L05 0.9843 1.8504 4724 Y 10 025 1.14 1.69 545 455 360
3106 1.1811 2.1654 .5118 %42 11 040 1.87 1.54 750 630 500
SLO7 1.3780 2.4409 5512 5{s 11 040 1.58 2.21 935 785 625
3L08 1.5748 2.6772 3906 e 12 .040 1.78 2.44 990 835 665

Courtesy New Departure Division, General Motors Corp.
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TABLE 49. Dimsnsions oF SiveLe Row, Straignr-Bore Type-S RoLLER BEARINGS

S o '
r Sranpars TOLERANCE
Conve Hore
! [ YR T 2E000 INCLusnE
‘:)T[L #0005 —.0000
q | }!
_L;. , Cp Oursror DinmeErer:
\ LR T L2000 .00/
_ 3 -.o00
i
(.
Rating at Cone Cup
500 rpm
Bore Othis;de Width
A ' ¢ . Shoulder Dia.
B Radial | Thrust | Radius| Length | Stand- | Shoulder} p, giys | Length
b | Ib R D o " R E
8 0
0.3750-| 1.2595 j 0.3940 235 205 364 0.4246 | 0.0815 14¢ 384 0.3125 | 1 114
0.4720 | 1.2595 .3940 255 205 140 L4246 L0815 34 354 8125 | 1 1%
0.5000 { 1.37%5 L4330 290 255 344 4326 .0893 3 364 8487 | 144 1Y
0.5900 | 1.3773 .43380 290G 255 L4o 4326 .0893 274, 3é4 3487 | 148 144
0.6250 | 1.5745 4730 300 310 364 L4391 0880 4 34 3750 | 184 | 11342
0.6690 | 1.5745 | .4730 ¢ 800 | 810 | 14. 4301 | 0080 | 4 344 3750 | 13¢5 | 1134,
0.7500 | 1.5745 L4780 300 310 0.040 4391 L0980 1 344 L3750 | 184 1134,
0.8125 1 1.0380 | 7813 | 960 | 610 | e | .7818 | 1568 | 13{s 1. | L6250 | 1134, | 1234,
0.8750 | 1.9687 ,0313 610 480 34 L5614 .1563 1242 (.040 AT50 L 11 Mg | 104
0.9375 | 2.2400 L7623 10106 610 14q L7810 L1375 1Y 354 L6250 | 11814 ] 13149
1.000 | 2.2500 | .6875 | 885 | 600 | 3£ 6875 | L1563 | 1114, e 5318 | 114 | 2.
1.125 | 28750 0 L7818 1 1010 | 630 | 34 | .7620| .1563 | 1l{s 3z, | L6230 1 2 234,
1.950 | 2.7500 | .9873 | 1715 | 920 | 4. 9983 | .1875 | 1% 3%, 7500 | 2134, | 2134,

Courtesy Timken Roller Bearing Co.
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APPENDIX .

NaTuraL Triconomerrie FuncTions

COSINES

SINES
Degrees Cosines
0’ 10° 20" 30’ 40 307 GO’

i 0.00000 0.00291 00582 0.0087%3 .01164 01454 01745 89

1 .G1745 .02036 .02327 .02618 .02908 .03190 03490 88

Q 03490 03781 L04071 04362 04653 04943 05234 87

3 05234 L05524 G814 .06105 .068395 . 06685 06976 86

4 06976 07266 07556 7846 .08136 .08426 08716 85

3 08716 09005 .09295 . 09585 09874 10164 . 10453 84

6 . 10433 072 11081 11320 . 11609 .11898 . 12187 83

7 . 1187 L1476 12764 L 130353 .135841 . 13628 .186917 82

8 .13917 14205 14493 14781 . 13069 . 13336 15643 81

9 . 15643 . 159381 . 16218 L 16305 . 16792 . 17078 173865 80
10 173635 17651 17937 18224 18309 L 18795 .19081 79
11 .19081 .19366 19652 . 19937 .20222 .20507 .20791 78
12 .20791 LR1076 .213606 L21644 .21928 .22212 22495 77
13 22495 .22778 .23062 .23345 .23627 23910 .24192 76
14 .24192 RE4T4 24758 .25088 .R5820 .25601 .25882 73
15 .25882 .26163 26443 .26724 29004 L7284 L2756 Tt
16 .275G4 .R7843 28123 L28402 .28680 .28959 L2993 73
17 29237 L29515 .29793 .30071 .30348 . 300625 .30902 72
18 .30902 .31178 1S 5T L31730 . 32006 .32282 L 32557 Tl
19 32557 . 82832 .33106 . 33381 . 33655 .33929 L3420¢2 70
20 L3208 84475 V34748 .35021 .35208 L33565 .35837 69
21 . 33837 .36108 36379 .36650 .36921 3710 .37461 8
Q2 L37461 L3730 .3799% .38268 . 38587 . 38805 .39073 67
3 .38073 38341 . 39608 .39875 40142 40408 40674 G6
24 40674 40939 E1R04 41469 41734 41998 49262 63
235 42262 42525 12788 43051 43313 43575 43837 64
Pd4] . 43837 .44098 44358 41620 . 44880 3140 £3399 63
27 43399 . 15658 35917 A6175 16433 6690 46947 62
28 46947 TR0+ 7460 I Yira B 47971 k8226 48481 61
29 18481 E8T3S 48989 40249 A9L85 HOTER L50000 60
30 30000 o025 30303 30734 LI 1004 51254 .31504 39
31 31504 51753 52002 L 549250 02498 LA2TLS .32999 38
32 32992 .58238 L58184 .38730 La3975 L4290 o464 a7
33 oG4 Lo4708 L34951 L33194 LO3436 LI3678 L5918 36
34 .33919 L36160 L6401 L3364 .3G880 LaT119 .0T358 35
33 L37358 LATH906 LAT833 L8070 .O8307 .58543 LOBTTY 54
30 LO87T79 .389014 Lo9248 L8 L0716 L30949 .60182 33
37 .G0183 60414 60645 60876 Nasiis LG1837 61366 32
38 LG1566 61795 .62024 62251 LG24TY 62706 (12032 a3l
39 LG2032 .63158 .6G3383 630608 (13832 4056 64279 50
40 64279 .G1501 LGET23 LGRS .G316G6 L65386 .65606 49
41 L6306006 .65825 66044 G262 .66G480 LBG69T .66918 48
42 LG6913 67128 T34 LG7339 LGTTTS LGTORT (8200 47
443 .G8200 68412 L6824 LG8B35 .G8046 692506 LG9466 16
44 .G9466 .69675 .69883 LTO001 70298 LT0505 LT0711 15

60’ 307 0’ 30" 2 10 o
Sines |—— -—| Degrees
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TABLE 50. Naturas Triconomerric Funcrions (Continued)
COSINES
Degrees Sines
o’ 10’ 20’ 30° 40' 50 60’
0 1.000G0 1.00000 0. 99998 0.99996 .99993 .99988 .99985 89
1 0.99985 0.99979 . 99973 .99906 99958 .99949 .99839 88
2 0.99539 0.99929 99917 99905 .09892 .96878 . 09863 87
3 0.99863 0.99847 .95831 .99813 99785 L9776 997506 86
4 0.99756 0.99736 L99714 . 99692 .99G68 .99644 .99619 85
3 0.95619 0.99594 89567 89540 .90511 . 990482 .99452 84
6 0.99452 0.99421 99390 99357 99324 | 59200 -99255 83
7 0.99255 0.99219 50182 V99144 09106 . 99067 L 99027 82
8 0.99027 0.98980 98044 . 98902 .98858 . 98814 98769 81
9 0,98769 0.98723 98676 08629 98580 .98531 . 88481 80
10 0.98481 0.98430 98378 98325 .98272 .98218 .98163 70
11 (.98163 0.98107 L98030 97992 97934 97875 .R7815 78
12 0.97815 0.97754 97092 97630 975686 .97502 .97437 T
13 0,97437 0.97371 97304 L7287 97169 97100 97030 76
14 0.97030 0.96059 . 96887 . 968135 96742 96667 96593 73
15 ~ 0.96593 0.96517 96440 .06363 .96285 96206 96126 7
16 0.961206 0.96046 .35964 .95882 L95799 5T15 95630 78
17 0.95630 0.95545 L05459 95372 L95284 L95185 95106 72
18 0.95106 0.950135 L04924 . 94832 © 04740 94646 94552 71
19 0.94552 0. 94457 L4361 L04264 167 L4068 .D3969 T0
20 0.93968 0,93869 . 93769 . 93667 03565 . 93462 93358 9
21 0.93858 0.93253 .98148 L93042 . 92935 . 97827 02718 68
22 0.92718 0.92609 . 92490 . 0%388 L9R2T6 L9164 92050 67
23 0.92050 0.91936 . 91822 01706 91390 .01472 91355 66
24 0.91355 0.91236 L91116 . 90996 .90875 V80753 90631 G5
25 0.90631 0. 90507 .90383 L90259 .90133 90007 .890879 G4
20 0.80879 (.89752 . 89623 .86493 88363 89232 .891061 63
T 0.80101 (.88968 . 88835 .88701 88506 .88431 88295 62
28 0.88295 0.88158 . 88020 .87882 LBTT43 876038 LBT462 61
<9 0.87462 0.873¢21 .B87178 .87036 80892 .8G748 .BGG03 60
30 0.86603 0.864357 .86310 86163 86015 .B3866 85717 59
31 ¢.85717 0.85567 .854106 .852064 .85112 84959 84805 58
32 0.84805 0.84650 84495 . 841430 .84182 L8105 83867 a7
33 0.83867 0.83708 .83549 83388 .B3228 . 83066 82904 30
34 0.82004 0,.82741 LBRATT .82413 .BR24B . 82082 81915 35
33 (.81915 0._81748 .81580 .B141% .B1e42 .81072 80802 5
36 (.80802 0.80730 80358 .BO38G 80212 . 80038 79864 38
87 0.798064 0.79688 L5112 .T9335 .79158 .T8980 . 78801 52
38 (.78801 0.78022 L7844 L7861 .T8079 UTT897 TTLS 3l
39 0.77715 077531 JTT34T 17162 LT6977 16791 LT6604 a0
10 0.76604 0.76417 L7622 LT6041 JTo851 LT5661 LT5471 19
41 0.753471 0.75280 LT3088 LT4896 L1703 L T4309 L7314 418
42 0.74314 0.74120 L73924 .T3728 LT3531 .73333 73135 +7
43 0.73135 0.72937 NEYET L7587 .Te887 72136 71934 46
44 0.71934 0.71732 L71529 LT1325 L1121 L70916 70711 +5
6o’ 30 10’ 307 20’ 10’ 0
Cosines Degrees

SINES
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TABLE 51.

APPENDIX

Natural Triconomerric Funcrions

TANGENTS
Cotan-
Degrees gents
0 16" 20 30’ 40" 507 60’

0 0.09000 G.00201 00582 G.00873 0.01164 01455 0.01746 89

1 LOI746 . 02036 02328 L026G19 L02910 03201 0.03492 88

2 .03492 .03783 04075 .04366 . 04658 04949 0.05241 87

3 05241 05538 .05824 .061186 .06408 .G6700 0.06993 86

4 .06955 07285 07378 07870 08163 08456 0.08749 83

5 08749 09042 09335 09629 . 069923 10216 0,10510 84

G 10510 . 10805 .11099 L 11394 . 11688 .11983 0.12278 83

7 .12278 .12574 , 12869 V18165 13461 18758 0.14054 82

8 14054 14351 . 14648 14045 15243 . 15540 (0.15838 81

9 . 15838 L 16137 L 16485 .16734 . 17033 .17333 0.17633 80
10 17633 . 17983 .18233 18534 . 18835 . 10136 0.19438 79
11 . 19438 19740 20042 L20345 .20648 .20952 0.21256 78
12 L1256 .21560 21864 22169 22475 22781 (.23087 17
18 28087 23893 L23700 . 24008 .24816 L2462+ 0.249388 76
14 , 21933 25242 25552 258062 26172 .26483 (.26795 5
15 26795 L7107 27419 27732 .28046 L428360 0.28675 T4
16 .28675 .28990 L9305 29621 . 29938 . 30255 0.30573 73
¥ .30573 30891 31210 31530 .31850 .32171 0.32492 7R
18 L, 92402 , 32814 .33136 .33460 .33783 .34108 0.34433 71
19 , 34433 31758 .35085 .33412 L35740 .36068 0.36397 70
20 .36397 L86727 37057 .37388 37720 .38053 0.38386 G0
21. .38386 L3871 .89035 38301 L3977 40065 0.40403 68
2 40403 40741 .41081 41421 41763 42105 0.42447 67
23 28 v 42791 43136 43481 43828 44175 0.44523 66
24 44523 44872 .£520% 45573 45924 . H6L7T 0.-$6631 G5
23 L E6651 46985 EYEE| 76808 L hB055 8414 0.48773 G+
26 A8TTS 49134 49495 .40858 L5022 LO0387 0.50953 G3
7 La0933 .51320 .31688 L3007 iRt D L52798 0.53171 62
28 L3171 33545 .83920 .54296 L4674 33051 0.3535431 61
29 L535431 L53812 L6194 LaBSTT 36962 L7348 057785 GO
30 .BT735 L3812+ La8313 38905 L9297 .28691 0.60086 59
31 . G00O86 .G0483 .60881 512806 .61681 2083 G,62487 38
32 LO2487 LG2892 .63299 .83707 LGE1YY 64528 0.64941 ¥
33 LG4941 - 83355 65771 .GG18Y L66608 LG7028 0.67451 36
34 G751 67875 , 68301 18728 LG9157 .69588 0.70021 a3
335 .70021 L7045 .T0891 .71325 VT176Y L7221 0.72654 54
36 LTR654 LT3100 LT8547 LT3090 VTR LT4900 0.73355 a3
37 .T53535 L8812 L7627 .T6733 LTT196 LTT661 0.78120 32
38 .T8129 .T8598 L7070 79544 80020 .804908 0.80578 31
30 80978 81461 .B1946 82134 82023 L83415 0.83910 a0
40 .83910 BH0T 84906 .83408 L8301 86418 (1. 86929 46
41 .86929 BT V87955 88473 88992 LB9515 (. 90040 48
42 00040 90569 .91099 L916338 92170 .92709 0.93252 47
43 L03252 L93797 948345 .94856 5451 .86008 0. 96569 40
44 .9835690 97133 97700 L8270 .98843 09420 1.00000 45

6o’ 50 40’ 307 20’ 10’ 0
gle‘::tls Degrees

COTANGENTS




TABLE 51.

APPENDIX

Narurarn Trigonomerric Foncrions (Continued)

29.45

TANGENTS

COTANGENTS
Degrees Tangents
0 10 20’ 30 40’ 50 60"

0 ] 343.77371 171.88540 114.588065 85.93979 68.75009 57.28896 80

1 57.28996 49.10888 42.96408 398.18846 34.36777 31.24158 28.63625 88
2 28.63625 26.43160 24, 54176 22.90377 21.47040 20.20555 19,08114 87
3 19.08114 18.07498 17,16934 16.34986 15.60478 14,92442 14.80007 86
4 14. 30067 13.72674 13.19688 12.706621 12.25051 11,82617 11,43005 85
5 11.43005 11,05943 10.71191 10.38540 1¢.07803 9.78817 9.51436 84
6 9.51436 9.25530 9.00983 8.77689 8.55555 8.34496 8.14485 83
7 8. 14485 7.95302 T.77035 7.50575 7.42871 T.R6873 7.11587 82
8 7.113387 6.96823 6.82694 6.69116 6.56055 6.43484 6.31375 81
9 6.81375 6.19703 G.08444 5.97576 5.87080 3.76937 5.67128 80
10 5.67128 5.57638 5.48451 5,.89552 5.,80928 5.22566 &, 14455 79
11 5.14455 5.06584 4.98040 4,01516 484300 4.,77286 4,70463 78
12 4.70463 4.63825 4.57363 4.51071 4.44942 4.38969 4,33148 ird
13 4.33148 4, 27471 4.21933 4.16580 4.11256 +.06107 4.01078 76
14 4.01078 3.96165 5.91364 3.86671 3.82083 3.77595 3.73R05 75
15 3.73203 3.68009 3.64705 3.60588 3.56557 3.52609 3.48741 T4
16 3.48741 3.44951 3.4123¢6 3.37594 3.34023 3.30521 8.27085 73
17 3.27085 3.23714 3.20406 3.17159 3.13972 3.10842 3.07768 72
18 3.07768 3.04749 3.01783 2.98869 2.96004 2.03189 2.90:421 71
19 2.80421 2.87700 2.85023 2.82391 2.79802 2.77204 2.74748 70
20 2.74748 2.72281 2.698353 2.67462 2.65109 2.62701 2,60509 G9
21 2.60509 2.58261 2.56046 2. 53865 2.51715 249597 2.47509 68
22 2.47300 2.45451 2,48422 2.41421 2.39449 2.87504 2.35585 67
23 2.35585 2.330693 2.31826- 2.29984 2,28167 2.26374 2.24604 66
24 2.24604 2.92857 2.21132 2.19430 2. 17749 2,16090 2.14451 65
23 2, 14451 2.12832 2.11233 2.00654 2.08094 2.06553 2.05030 64
26 2.05030 2.03526 2.02039 2.00569 1.99116 1.97680 1.96261 63
X7 1.96261 1.948358 1.93470 1.92098 1.90741 1.89400 1.88073 62
28 1.88073 1.86760 1.853462 1.84177 1.82907 1.81649 1.80405 61
20 1.80405 1.79174 1.77855 1.76749 1.75556 1.74375 1.73205 60
30 1.73205 1.72047 1.70901 1.69766 1.68643 1.87530 1.66428 59
31 1.66428 1.063387 1.64236 1.63185 1.62125 1.61074 1.60033 58
32 1.60033 1.59002 1.57881 1.56969 1.35066 1.54972 1.53987 37
43 1.53987 1.53010 1.52043 1.51084 1.50133 1.49180 1,48256 56
34 1.482350 1.47330 1.46411 1.43501 1. 44598 1.43703 1.44815 35
33 1.42815 1.4%03% 1.41061 1.40195 1.39336 1.38484 1.37638 a4
36 1.37638 1.36800 1.35968 1.32143 1.34323 1.33511 1.32704 53
37 1.32704 1.31904 1.81110 1.30323 1.29541 1.28764 1.27994 52
38 1.27994 1.27230 1.20471 1.25717 1.24969 1.24227 1.23490 ol
39 1.23490 1.22758 1.22031 1.21310 1.20593 1.19882 1.18175 30
40 1.18175 1.18474 1. 177%7 1.17085 1.16398 1.15715 1.15037 49
41 1.15037 1.11363 1.13694 }.13029 1.12369 1.117138 1.11061 48
12 1.11061 1.10414 1.09770 1.09131 1.08496 1.07864 1.07237 47
13 1.07237 1.06613 1.05994 1.05378 1.047G6 1.04158 1.03553 46
+4 1.03553 1.02052 1.02353 1.01761 1.01190 1.00583 1.00000 45

G0’ 30 40 30’ 20 10’ 0’
Cotangents Degrees
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TABLE 52.

APPENDIX

Rapir or Ranroan axp Hicnway Cunves

Degree of Radius, Degree of Radius, Degree of Radius,
Curvature Feet Curvature Fest Curvature Feet
0° 0 o 5 0 1146.28 10° 0 573.69
10 34877.5 10 1109.33 10 a6+4.31
20 17188.8 20 1074.68 20 555,28
30 11459.2 30 1042, 14 30 546.44
40 8594 .42 40 1011.51 40 537.92
a0 6875.55 a0 982.6G4 50 329.67
| 1 5729.65 6> 0 955.37 11° ¢ 321,67
10 4911.15 10 929 .57 16 513.91
20 4297.28 20 905.13 20 506.38
30 3819.83 30 881.95 30 499,06
40 3437.87 40 859.92 40 491,96
50 3125.386 50 838.97 a0 485.05
2° 0 2864.938 e 0’ 819.02 12° 0’ 178.34
10 20644.58 10 800.00 30 159.28
20 2455.70 20 781.84
30 2292.01 30 T64.149 18° 0o 441.68
40 2148.79 40 747.89 30 425 .40
50 202 .41 5 732.01
14° o 410,28
3° o 1810.08 8 0 716.78 30 396,20
10 1809.57 10 702.18
20 1719.12 20 G88.16 13 0 383.06
30 1G37.28 30 671.69 30 370.78
40 1562.88 40 661.74
30 494,95 50 649,27 16° o 339.20
30 348.45
1° 0’ 1432.69 0° o 637,27
10 1875.40 10 625.71 17° o’ 338.27
20 1322.33 2 G14.506 30 328.08
30 1273.57 30 603 .80
40 1228, 11 40 593,42 18° o' 319,62
50 1185.78 30 283,38 30 311.06

Note. The degree of curvature is the angle subtendéd at the center of the are by a chord of 100 feet.
is the length measured in 100-feet chords plus fractional 100-feet chords at the ends from P.C. to P.T.

The length of a curve
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TABLE 53. Mgrric Conversion TanrLes

Inches to centimeters—1 in, = 2.540005 cm

Units| 1 2 3 4 5 6 7 8 9
tens
0 2.540 5.080 7.620 10. 160 12.700 15,240 17.780 20.320 22.860
1 256 .400 27.940 30.480 83.020 85.560 38.100 40.640 43.180 45,720 48.260
2 50.800 53.340 55.880 58.420 60.960 63.500 66,040 (48.580 71.120 78.660
3 76.200 T8.740 81.4280 83.820 86.360 88.900 91.440 93,980 96,520 99,060
4 101.600 | 104,140 ! 106,680 | 109.220 | 111.760 | 114.300 | 116,840 | 119.380 | 121.920 ; 124.460
5 127.000 | 129.540 § 132.080 | 184.620 | 137.160 | 139.700 | 142.240 | 144.780 | 147.320 | 149.86G0
[{] 152.400 | 154.940 | 157.480 | 160.020 | 162.560 | 165.100 | 167.640 [ 170,180 | 172.720 | 175.260
7 177.800 | 180.840 | 182.880 | 185.420 | 187.960 | 180.500 | 193.040 | 195.580 | 198.120 | 200,660
8 203.200 | 205.740 | 208.280 | 210.820 | 215.360 | 215.900 | 218,440 | 220,980 | 223.520 | 226.060
9 298 G600 | 231.140 | 238,680 | 236.220 | 238.760 | 241,300 | 243.840 | 246.380 | 248.020 | 251.460
Centimeters to inches—1 em = 0.393%7 in.
Units| i 2 3 1 5 6 7 8 )
tens

L3748 1.9685 2.8622 | 2.7559 | 3.1496 | 3.5433
o118 | 5.0055 6.2092 | 6.6929 | 7.0866 | 7.4803
7.8740 8.2677 8.6614 9.0551 A488 | D.8425 | 10.2362 | 10.6289 | 11,0286 | 11.4173
11.8110 | 12.2047 | 12.5684 | 12.9921 3838 1 13.7795 | 14.1732 | 14.5669 | 14.9606 | 15.3543
L7480 | 16,1417 | 16.5854 | 16.9201 | 17.3°Q8 | 17.7165 | 18.1102 | 18.5039 | 18.8976 | 19.2913
19.6850 i 20.0787 | 20.4724 | 20,8661 | 21.2398 | 21.6585 | 22.0472 | 22,4409 | 22.8346 | 23.2283
28,6220 | 24.0157 | 24,4004 | 24,8031 | 25.1968 | 25.5805 | 25.9842 | 206.3779 | 26.7716 | 27.1653
27.5500 | 27.9527 | 28.3464 | 28.7401 | 29.1338 | 29.5275 | 29.9212 | 30.3149 | 30.7086 | 31.10%3
51.4960 | 31.8887 | 32.9834 | 32.6671 | 33.0708 | 33.4645 | 33.8582 ;| 34.2519 | 34.6456 | 35.0803
$5.4330 | 85.8267 | 96.2204 | 36.6141 | 37.0078 | 37.4015 | 37.7952 | 38.1889 | 38.5826 | 38.9763

0.3937 0.7874 1.1811
3,9870 4.3307 4, 7244 5.1181

—
Lo o G =

W OO0 =2 D Lo Q0D e O
—
=1
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TABLIE 56. Arrkas anp YOLUMES
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TABLE 57. Jic Busuings. Press Frr Wearing Busuings—HreapnLess anp Heap Types

e
< [ R¥
N

ey
FEE

™

=
e

™
Y

!
|

X
—

NN

G

i
|
|

\Il

|
| N
- | oA

e

|-

PRESS FIT, HEADLESS PRESS FIT, HEAD TYPE
WEARING BUSHING WEARING BUSHING
Body Diameter
Range of B .
Hole Size *t  |_ Body Length § Width | Head
” & . Head
A of Diam- Heihit
Unfinished { Finished Cham-| eter et(;g !
fer | r M
, D Max ax
From |UPtoand | ool Max | Min | Max | Min | Short | M| rong
Including dium i
0.0156 | 0.0625 545 | 0.166 | 0.161 | 0.1578 | 0.1575 | 3{s Y% | M Y 34,
0.0630 | 0.0993 13¢, | 0.213 | 0.208 | 0.2046 | 0.2048 | 3{s 1 | 14, 57 35,
0.1024 | 0.1378 Y 0.260 | 0.255 | 0.2516 | 0.2513 | 8{s | ... % | 1. 3% 34,
0.1406 | 0.1875 5 | 0.827 | 0.322 | 0.3141 | 0.3138 | 3¢, 1 37 | 14, {4 1%
0.1910 0.2500 134, 0.421 | 0.416 | 0.4078 | 0.4075 5{g i 74 e Elf, 54,
0.2520 | 0.3125 % 0.520 | 0.515 | 0.5017 | 0.5014 56 1 30 | 5 54 14,
0.3160 | 0,4219 5% 0.645 | 0.640 | 0.6267 | 0.6264 14 3 | 1 345 tace |14,
0.4875 | 0.5000 3 0.770 | 0.765 | 0.7518 | 0.7515 | 1 g | 1 744 V3ie | T4e
0.5156 | 0.6250 % 0.895 | 0.800 | 0.8768 | 0.8765 34 1 1% | 6s | 1% i
0.6406 | 0.7500 | 1 1.020 | 1.015 | 1.0018 | 1.0015 | 3 | 1 13 | %. | 1M te
0.7656 | 1.0000 | 1% 1.895 | 1.300 | 1.8772 | 1.3768 3 1 136 | %e | 134 2%
1.01560 | 1.3750 | 1% 1770 | 1.765 | 1.7528 | 1.7519 | 1 1% | 134 | % | 2 3%
1.8906 | 1.7500 | 234 e.a70 | 2.265 | 2.2525 | 2.2321 | 1 1% | 134 | 742 | 2k 3
All dimensions given in inches,
Tolerance on fractional dimensions where not otherwise speeified shall be 4:0.010 inch.
* Hole sizes are in accordance with the American Standard for Twist Drill Sizes (ASA B3.12—1940).
t The maximum and minimum values of the hole size. A, shall be as follows:
Nominal Size of Hole Maximum Minimum
Above 0.0000 to !4 m. incl Nominal 40.0004 in. Nontnal +0.0001 in.
Above I to 3§ in. inel. Notminal 4-0.0005 in. Nominal +0.0001 in.
Above 37 to 134 in. inch Nominal 40.0006 in. Nominal 40.0002 in.
Above 114 Nominal +0.0007 in. Nominal 4-0,0008 in,

1 The body diameter, B, for unfinished bushings is larger than the nominal diameter in order to provide grinding stock for
fitting to jig plate holes, The grinding allowance is 0.005 to 0.010 in. for sizes 544, 1344, and 14 in.,
0.010 to 0,015 in. for sizes 3{g and 134, in., and
0.015 to 0.020 in. for sizes 14 in. and up.
§ The length, ', is the overall length for the headless type and the length underhead for the head type.
[l The angle of chamfer, k, shall be 59 deg = 1 deg, and a slight radiis shall be provided at the intersection of this chamfer
with the hole, 4. -
1 The head design shall be in accordance with the manufacturer’s practice.
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TABLE 58. Heavy.Duty Die Sers

lmt————————— M

Commercial series, regular type.

[t ———————— §

R

Ftanged Punch Holder and Die Holder

Heavy Guide Posts

r\—-—gmm

Die Area Thickness General Dimensions
Steel
Die
Die | Punch i Holder
Holder | Holder | Steel
A B Punch ¢ D E F 8 M N 0 R S T
Holder '
J K
6 4 114 1374 939116 434 T4 | 2341 | 134 alg | 1033 4151114 8l | 1037 {1 2
2 134 939117
8 ] 134 13 039118 634 9lg | 337 | 184 Tif | 1234 3la | 148 1 103 | 1237 1 €
2 13 | 939119
10 8 133 114 030120 8Tz 1 1134 [ 435 | % 03¢ | 1531 | 7 137 | 1234 | 1437 | 21f
34 2 939121
12 10¢ 2 134 030122 | 10% | 1334 | 815 | ¢ 1134 | 1734 8 132 | 143 | 1633 | 2Y
3 2ls | 939128
14 12 214 2 439124 | 13 16 ki 2Ly | 14 21 954 1 2 161 | 1837 | 2L%
314 | e3; | 980125
16 P 14 ! ey | 2 939126 |15 118 |8 lewlie les |1os5|2 |18y | 2035 | 2%
314 | 235 | es;mer

Courtesy General Motors Corp.
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TABLE 59. Staxparp Benp Rapit

Aluminum Alloy

r Magnesium Steel
i 3S8YH 484 H Alloy
| Material 280 251¢H 25%H 45 14H YIST
' Thickness 380 ISKH 38uH 1780 248T 278T
5280 450 48 4H 2450 §38T 1580 758T |——- Low Stainless
5380 52854 H | 52514H | 5283%H 638W Carbon
| 53SIH | 53S14H | s3syH | 61T Cold | Hot | X4130
i 6180 618W Formed | Formed | Annealed { Anneated | }{ Hard | V4 Hard
0 through €¢.013 | 0.03) 0.031 0,031 0,031 0.062 0.031 0.062 0,062 0.031 0.021 0,031 9.062 0.062
! .04 through 017 .031 031 .031 031 062 031 0.052 0.062 031 031 031 .062 062
f LOES through .022 .031 031 031 031 .62 L0452 0.094 0.004 031 .031 031 062 062
' .023 through .027 .031 031 031 062 .094 062 0.125 0.125 062 031 031 .062 L0682
.028 through .035 052 062 L0682 082 125 062 0.156 0.156 062 .031 031 062 084
036 through 044 062 062 062 062 .125 094 0.219 0.219 004 062 052 L094 L1126
€ .045 through .034 062 062 LOf 094 .156 125 0.250 0.280 125 i 062 094 L1256
F 055 through 068 .62 094 L0894 125 219 .125 0.312 0.312 it Nilir 062 .12a L1888
: .06% through 075 094 094 125 125 250 .156 0.375 0.375 .188 .062 062 L1256 L1188
.076 through .0B{ 004 094 .156 A2 .281 .188 0.4046 0,406 .219 094 004 L1166 L219
.085 through 097 004 .094 188 A% 312 .188 0.469 0.469 L2560 094 OH .188 L250
f .098 through ,113 125 125 .188 . 1566 .375 .219 0.531 0.625 L2560 .126 L1256 219 .312
l .114 through .139 523 .156 219 .188 .438 .281 0.688 0.750 L3112 .125 .188
i . 140 through 172 - E56 .188 250 .250 562 375 0.875 1.000 375 .156 .188
.173 through .21 L188 .250 375 .32 LTo0 .438 1.062 1.250 .500 .188 .188
.220 through .26% .250 .312 .500 .469 .038 .531 1,250 1.500 .625 .250 . 250




TABLE 60

FLANGE ANGLES

&0

15

T0

65

650

55

30

45

40
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30

FLAT PATTERN DEVELOPMENT

SET-BACK CHART FOR FLAT PATTERN DEVELOPMENT

BEND RADIJS
1
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LINE, FORMULAI /ND.L.=(B-J) +A A DL=A+B-J
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Courtesy MeDonnell Aireraft Co.



Acme thread symbol, 10-07
Advantages, of isometric, 16-10
of oblique drawing, 17-08
Air conditioning symbols, 29-37
Aligned dimensioning, 9-04
Allowances, finish, 11-02
Alphabet, origin of, 2-01
American standard threads, 29-05
Ames lettering instrument, 2-02
Angle valves, dimensions of, 29-35
Angles, between line and plane, 14-25
.between lines, 14-16
between two planes, 14-25
by tangent method, 20-09
equal to given angle, 4.01
Angular perspective, 18-086
Angularity, 12-12
Annealing, 11-20
Appendix, index of, 29-01
Application for patents, 28-02
Arc equal to a line, 4-08
Arc welding, 26-02
Arch, five-centered, 4-10
Architectural drawing, 21-01
Areas, formulae for, 29-50
Arrangement of views, 7-02, 7-08-7-09
Arrowheads, 9-02
Art gum, 3-04
Assemblies, check, 12-02
drawings, 12-01
field, 12-02
shop, 12-02
Auxiliary planes, perpendicular to an
axis, 13-03
perpendieular to H-plane, 13-02
perpendicular to P-plane, 13-03
perpendicular to V-plane, 13.02
problems, 13-08-13-12
relation to object, 13-01
relation to principal planes, 13-01
second, 13-07
Auxiliary section, 8-08
Auxiliary views, need for, 13-01
procedure for laying out, 13-06-13-07
use of, for construction of principal
views, 13-05
Axonometric projection, 5-03, 6-07, 18-01
Azimuth, 20-07
of a line, 14-06

Ball hearings, 24-11
dimensions, 28-40

Bar charts, 18-07

Basic dimension, 12-05

Beam connections, 22-05, 29-27

Beam schedule, 22-19

Beam widths, 29-29

Bearing of a line, 14-06
Bearings, antifriction, 24-11
housing, 24-11
journal, 24-10
Bell-and-spigot joints, dimensions of,
29-31
Bend, allowance, 15-25
radif, 15-25, 29.53
relief, 15-26
Bending, 11-10
Bevel gears, assembly of, 24-05
drawing of, 24-05
Bilateral tolerance, 12-08
Billing materials, 22-06
Blanking, 11-10
Blueprint, 27-01
Boards, drawing, 3-04
Bolt heads, dimensions of, 29-07
Bolts, 10-10
carriage, 10-11
construction of, 10-12
dimensions, 10-12
finish of, 10-11
hex-head, 10-11
in section, 8-09, 8-12
tocking devices, 10-13
plow, 10-11
representation of, 10-11
sertes, 10-12
specifications for, 10-13
square-head, 10-11
stove, 10-11
stud, FO-11
tvpes of, 10-15
Boring mill, 11-15
Bosses, 11-04
Bottom view, 22-03
Bow instrument, 3-14
Braddock lettering triangle, 2-02
Broaching machine, 11-19
Broken-out section, 8-08
Brown print, 27-01

Cabinet drawing, 17-05
Cadastral maps, 20-01
Cams, 24-07
drawing of, 24-08
empirical design, 24-08
radial, 24-07
Cap screws, 10-14
dimensions of, 29-08
Case hardening, 11-20
Castings, 11-01
bosses, 11-04
centrifugal, 11-05
design details, 11-03
die, 11-05
1

Index

Castings, fillets, 11-03
pads, 11-05
permanent mold, 11-05
ribs, 11.03
vounds, 11-03
section thickness, 11-04
Cavalier projection, 17-01
conventional, 17-03
Centrifugal casting, 11-05
Chamfer, dimensioning of, 9-15
Channels, structural, 29-25
Charts, 19-01
har, 19-07
classification of, 13-01
computation, 19-08
flow and organization, 19-07
how to draw, 19-03
on rectangular coordinates, 19-03
polar coordinate, 19-06
semilogarithmic, 19-05
three-dimensional, 19-11
trilinear, 19-05
uses of, 18-01
Check assemblies, 12-02
Checking a drawing, 12-19
Cirele, construction of, tangent to a line
and circle, 4-05
tangent to two circles, 4-06
tangent to two lines, 4-05
through a point, tangent to a circle,
4-05
through a point, tangent to a line,
4-05
through three points, 4-05
Circles, in Cavalier, 17-03
isometric four-center method, 16-03
isometric of, 16-03
perspective of, 18-07
Clamping devices, 25-03
Classification, of maps, 20-01
of surfaces, 15-01
Coining, 11-10
Columm bars, maximum number of, 29-28
Column details, 22-11
Colunm splices, 22-12
Column tes, spacing of, 29-28
Compass, adjustment of, 3-12
beam, 3-13
sharpening leads for, 3-13
use of, 3-12-8-18
Composition in. lettering, 2-07
Computation charts, 19-08
Concentricity, 12-14
Conerete, engineering drawings, 22-16
placement drawings, 22-18
reinforced, 22-16
Conerete beams, width of, 29-29




2

Cone and cylinder, intersection of, 15-12
Cones, construction of, 14-29
intersection of, 15-09, 15-11
Conie, identilication of, 4-14
tangent to two lines and through a
point, 4-14
through five points, 4-18
Conic section, construction of, 4-08
Conoids, 14-37
Consecutive dimensioning, 9-12
Construction cone, 14-29
Construction methods, 1-02 -
Coeunterbore, 11-14
dimensioning of, 9-15
Countersink, 11-14
dimensioning of, 9-15
Contour lines, 20-10
plotting of, 20-11
Contour maps, cut and fill from, 20-10
outcrop from, 20-12
use of, 20-12
Contour pen, 3-17
Conventional breaks, 8-12
Conventional intersections, 15-17
Conversion table, metric, 29-47
Coordinate dimensioning, 9-13
Coordinate planes, 7-01
Copper pipe, dimensions of, 20-32
Core box, 11-05
Core prints, 11-02
Cores, 11-05
Cosines, 29-43
Cotangents, 29-45
Cross-hatching in assemblies, 12-02
Cross valves, dimensions of, 28-35
Curved lines, projection of, 7-12
Curved surfaces, projection of, 7-12
Curves, construction of, eycloids, 4-16
helix, 4-17
involute, 4-16
spiral of Archimedes, 4-17
horizontal, 20-15
rail>asd 29-46
Cv . g plane method, 15-15
Cs :inder, intersection of, 15-13, 15-16
C lindroid, 14-37

Datum surfaces, selection of, 12-11
Decimal equivalents, 29-49
Definitions, pattern and foundry, 11-01
Detailing, skewed members, 22-10

sloping members, 22-10

trusses, 22-14
Details, architectural, 21-05

column, 22-11

standard, 12-04

structural, 22-04
Determining visibility, 15-07
Development, of cone, 15-20

of cylinder, 15-19

of oblique cone, 15-20

of oblique cylinder, 15-19

of obligue prism, 15-18

of prism, 15-17

of pyramid, 15-18

of reducing sections, 15-21

of sphere, Gore method, 15-24

Zone method, 15-24

of surface by triangulation, 15-23

of surfaces, 15-17

of transition pieces, 15-21
Diagrams, 19-01, 19-07; see Charts

INDEX

Die casting, 11-05
Die drawings, 25-05
Die sets, dimensions of, 20.52
Dies, 10-10, 11-14
Dimension lines, 9-02, 9-06
Dimensioning, aligned, 9-04
angles, 9-10
architectural, 21-09
arrowheads in, 9-02
assemblies, 12-02
base-line, 9-11
blind holes, 9-13
by transfer, 25-05
chamfer, 9-15
circles, 9-08-9-09
circular ends, 9-13
consecutive, 9-12
coordinate, 9-18
counterbore, 9-15
countersinking, 9-15
decimal, 12-10
dimension lines in, 9-02, 9-06
dovetail, 9-16
extension lines in, 8-02, 9-06
fractions in, §-03
hidden lines in, 9-06
inch 1. atks in, 9-03
isometric, 16-07
keyways, 9-16
knurls, 9-16
leaders in, 9-02--9-03
location, 9-06, 9-11
narrow spaces in, 9-068
notes in, 9-16
oblique drawings, 17-07
partial circular parts, 9-12
pipe drawings, 23-09
placement of, 9-04-9-03, 22-06
problems, 9-17-9-19
progressive, 9-12
size, 9-06-2-07
spotface, 9-15
structural, 22-06
symmetrical parts, 9-12
technique, 9-01-9-03
threaded holes, 9-13
threading against a shoulder, 9-16
unidirectional, 9-04
unrelated dimensions in, 9-06
what to give, 9-01
where to place, 9-01, 8-04-9-05
witness lines in, 9-02, 9-08
Dimensions, of angle valves, 29-35
of ball bearings, 29-40
of cross valves, 29-35
of die sets, 29-52
of fabricated parts, 22-06
of gate valves, 29-28
of globe valves, 29-35
of jig bushings, 29-51
of lift valves, 20-36
of plain washers, 29-22
of roller bearings, 20-41
of square keys, 29-12
Dimetric drawings, 16-10
Dip of a plane, 14-15
Display drawings, 21.02
Distance, between parallel lines, 14-17
between parallel planes, 14-23
between two skew lines, 14-27
from point to a line, 14-17
from point to & plane, 14-22

Distribution diagrams, 19-07
Dividing a line, into equal parts, 4-02
into functional seale, 4-02
Dividers, 3-13
Doors, 21-08
Double curved surfaces, 7-18
in oblique, 17-08
intersection of, 15-06, 15-16
Dovetail, dimensioning of, 9-16
Draft, 11-03
Drafting, simplified, 12-20
Drafting machine, 3-05
Drawing, 11-10
architectural, 21-01
machine, 24-01
map, 20-01
patent, 28-01
pipe, 23-01
sheet sizes, standard, 3-06
structural, 22-01
tool, 25-01
welding, 26-01
Drawings, display, 21-02
Drill, twist, 11-13
Drill sizes, 29-03
Drop pen, 3-17

Edgewise view of a plane, 14-14
Electrical symbols, 29-30
Electrical wiring, 21-13
Elements of projection, lines of sight,
5-01, 5-03
plane of projection, 5-02-5-03
point of sight, 5-01, 5-04
position of object, 5-02--5-03
Elevations, building, 21-03
on maps, 20-10
Ellipse, construction of, as a section of
cone, 4-08
by four-center method, 4-10
by Trammel method, 4-10
by two circles, 4-09
by use of loci, 4-09
with axes given, 4-10
with conjugate axes given, 4-10
Engineering drawing, computation charts
in, 1-02
dimensioning of, 1-02
divisions of, 1-01
functions of, 1-01
legal aspects of, 1-02
non-projective, 1-02
professional aspects of, 1-02
standardization of, 1-02
value of, 1-02
Engineering maps, 20-03
Equipment, 3-01
Equivalents, decimal, 29-49
Erasers, 3-03
motor, 3-03
Erasing shield, 3-03
Erection diagrams, 12-02
Etchings, 27-06
Extension lines, 9-02, 9-06
Extrusion, 11-10

Fabricating dimensions, 22-06
Fasteners, 10-01

Field assemblies, 12-02

Filleted angles, projection of, 7-18
Fillets, minimum, 11-08

Finish allowances, 11-02
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Finish marks, 12-18

Fits, classes of, 12-08

Flanged pipe fittings, 29.34

Flatuess, specification of, 12-12

Floor plans, 21-02

Flow charts, 19.07

Forgings, design details, 11-07
draft, 11-07
plane, 11-08
I-beam sections, 11-08
minimum fillets, 11-08
parting plane, 11-08
rounded: corners, 11-08
scale, 11-07
tolerance, 11-08

Foundry, 11-05

Fractions, 9-03

Framed structures, rectangular, 22-07

Full section, 8-02

Functional scale, 4-02

Fusion welding, 26-03

Gage lines, 22-05
Gas welding, 26-01
Gate valves, dimensions of, 29-36
Gears, 24-01
assembly drawing of, 24-03
bevel, 24-05
definition of terms, 24-02
tooth forms, 24-03
tooth proportions, 24-04
working drawing of, 24-03
worm, and wheel, 24-07
Geographic maps, 20-01
Geometric principles in axonometric
sketching, 6-07
Geometric surfaces, 15-02
Geometric tolerancing, examples of,
12-18
Globe valves, dimensions of, 29-35
Grade lines, 20-15
Grinding, surface, 11-17
cylindrical, center type, 11-17
cyclindrical, centerless type, 11-17
Grinding machine, 11-17
Guide lines, 2-02

Hachures, 20-10
Half-section, 8-03
Hardening, 11-20
Heat treatment, of steel, 11-20
of non-ferrous alloys, 11.20
Heating and ventilating symbols, 29-37
Hectograph, 27-05
Helicoid, 14-36
Helix, 10-01
Hidden lines, 7-05
in assernblies, 12-04
Hyperbola, construction of, as a section
of cone, 4-12
with asymptotes and one point, 4-12
with foci and vertices givan, 4-13
with vertex and two points, 4-13
Hyperbolic paraboloid, 14-33
Hyperboloid of revolution, 14-34

I-beams, 29-24

Inch marks, 9-03

Ink, drawing, 3-11

Inking, weights of lines fur, 3-12
Installation drawings, 12-02
Instruments, kit of, 3-01, 3-02, 3-09

INDEX

Interchangeable assembly, 19-05
bolt through two matching hales, 12-16
mating hole and pin, 12-18
stud bolt and hole, 12-16
Intersecting lines, 14-07
Intersection, of cone and cylinder, 15-12
of eylinder with double-curved surface,
15-16
of plane and cone, 15-05
of plane and eylinder, 15-04
of plane and double-curved surface,
15-08
of plane and prism, 15-01
of plane and pyramid, 15-03
of plane and sphere, 15-05
of prism and pyramid, 15-07
of two cones, 15-09, 15-11
of two cylinders, 15-13, 15-16
of bwo planes, 14-25
of two prisms, 15-08
of two pyramids, 15-08
Invisible lines, 7-10, 7-12
in sections, 8-03
Irregular curves, use of, 8.14
Isometric, advantages of, 16-09
axes, position of, 16-09
box method, 16-03
center-line layout, 16-07
dimensioning in, 16-07
drawing, 16-01
of circle, 16-02
of double-curved surface, 16-07
of plane figures, 16-02
of spheres, 16-09
projection, 16-01
sectional views, 16-08
three-point perspective, 18-11

Jig bushings, dimensions of, 29-51
Jigs and fixtures, 25-02
Joints, pipe, 23-02

welding, 26-02

Key sizes, Pratt and Whitney, 2910
Woodruff, 29-11
Keys, 10-18
in section, 8§-09
square, dimension of, 29-12
Keyways, dimensioning of, 9-16
Knurls, dimensioning of, 9-16
Kodograph, autopositive prints, 27-04

Lapping of bars, 29-29
Lathe, 11-15
Lay, 1218
Layout, structural design, 22-07
structural joints, £2.15
Layout drawing, 12-01
having one auxiliary view, 13-06
having two auxiliary views, 13-07
Le Roy lettering guides, 2-09
Leaders, 9-02, 9-03
Lettering, Ames instrument, 2-02
Braddeck triangle, 2-02
combination of stems and ovals, 2-03
composition, 2-07
compressed, 2-07, 2.08
engineering, 2-01
expanded, 2-07, 2-08
guide lines, 2-02
Le Roy guides, 2.09
mechanical guides, 2-09

Lettering, position of hand for, 2-03
problems, 2-14
rule of stability in, 2-04
shape, 2-08
size, 2-08
slope in, 2-02, 2-08
special alphabets for, 2-10
special pens, 2-08
strokes, direction of, 2-03
style in, 2-01, 2-08
titles, 2-09
use of ellipse guides in, 2-12
weight of strokes in, 2-03, 2-08
Wrico guides, 2-09
Letters, architectural, 2-10
ascenders, £-06
capital, 2-01, 2.04
composition with capitals, 2-07
descenders, 2-06
elements of, 2-03
Gothie, 2-01, 2.13
gummed, 2-13
height of, 2-01 |
Integers and fractions, 2.05
large and small capitals, 2-07
lower-ecase, 2.01, 2-05
based on oval, 2-06
single stroke, 2-08
with partial ovals, 2-06
modern roman, 2-19
numerals, 2-04, 2-.05
old roman, 2-10
roman, 2-01
single-stroke, 2-03
small, 2-06
spacing, 2-07
text, 2-01 :
Lift valves, dimensions of, 29-36
Limits, basic hole method, 12-09
basic shaft method, 12-09
Limits and fits, class 1, 29-14
class 2, 29-15 .
class 8, 290-16
class 4, 29-17
class 5, 29-18
class 8, 20-19
class 7, 29-20
class 8, 29-91
Line, aximuth of, 14-06
bearing of, 14-06
construction of, tangent to any curve,
4-16
tangent to ellipse, 4-15
tangent to hyperbola, 4-15
tangent to parabola, 4-15
extending a, 14-04
Lines, converging, 3-12
gage, 22-05
grade, 20-15
in a plane, 14-11, 14-12
intersecting two skew lines, 14-27
intersecting with intersection inacces-
sible, 4-03
making given angles with two skew
lines, 14-30
parallel, to line, 4-01
to plane, 14.02, 14-08, 14-21
perpendicular, 14-09
drawing of, 4-01
to plane, 14-02, 14-03-14-22
point projection of, 14.01
rotation of, 14-05

i
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Lines, shortest of given slope, intersecting

two skew lines, 14-81
slope of, 14-06
tangernt to circle, 4-15
true length of, 14.-01, 14-04
«  weights of, 8-12
Lithography, 27-03
Location dimensioning, 9-06, 9-11
Location of point of sight, 18-02
Locking devices, cotter pins, 10-13
elastic stop nuts, 10-13 -
jam nuts, 10-18
lock washers, 10-13
split nuts, 10-13
Locus problems, 14-32

Machine drawing, 24-01
Machine screws, 10-15
dimensions of, 29-08
Machine shop, 11-12
Machine tools, 11-13
counterbore, 11-14
countersink, 11-14
dies, 11-14
reamer, 11-14
spotface, 11-14
taps, 11-14
twist drill, 11-13
Map drawing, 20-01
lettering, 20-15
profiles, 20-13
- scales, 20-05
symbols, 20-05
color of, 20-06
how to draw, 20-05
position of, 20-07
size of, 20-03
spacing of, 20-07
titles, 20-15
traverse, 20-08
Maps, cadastral, 20-01
classification of, 20-01
engineering, 20-01
geographic, 20-01
military, 20-05
topographic, 20-01
Marking structural members, 22-07
Materials, billing, 22-08
in section, 8-183
Maximum material principle, 12-11
application of, 12-15
Method of welding, 26-01
Metric conversion table, 29-47
Micro-film, 27.-04
Military maps, 20-05
Milling machine, 11-17
Mimeograph, 27-05
Mold lines, 15-25

Necking, 11-10
Nesting, 11-10
Nominal size, 12-05
Nomographs, 19-11
Normalizing, 11-20
North points, 20-16
Notation, 7-07
auxiliary planes and views, 13-01
Notching, 11-10
Notes, general, 9-17
in dimensioning, 9-16
Nuts, regular dimensions of, 29-08

7 N
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Oblique drawing, advantages of, 17-08
dimensioning of, 17-07
Oblique extension lines, 9-16
Oblique projection, 5-03, 6-08, 17-01
center-line layout, 17.06
Offset section, 8-05
One-point perspective, 18-05
One-view drawings, 7-06
Orthographic projection, 5-03, 6-06, 7-01
arrangement of views, 7-02, 7-08,.7-09
choice of quadrants, 7-03
construction methods, 7-14
curved lines, 7-11
curved surfaces, 7-12
filieted angles, 7-13
hidden lines, avoiding, 7-05
< invisible lines, 7-10, 7-12
layout of three-view drawing, 7-15
notation, 7-09
number of views, 7-05
one-view drawings, 7-06
partial views, 7-14
placement of object, 7-04
planes, 7-01
problems, 7-19-7-21
quadrants, 7-03
revolution of planes, 7-02
rounded corners, 7-13
run-out lines, 7-18
solids, classification of, 7-18
three-view drawings, 7-08
two-view drawings, 7-06
visibility, 7-09
Outcrop of a plane, 14-20
Ovals, 2-08
Ozalid prints, 27-03

Pads, 11-05
Paper fasteners, 3-06
Parabola, construction of, as a section of
cone, 4-11
focus and directrix given, 4-11
point at vertex and two other points,
4-11
tangent to two intersecting lines,
4-12
Parallel lines, 14-07
constructing, 3-06
distance between, 14-18
Parallel perspective, 18-05
Parallel rules, 3-05
Parallelism, 12-13
Part numbers, 12-04
Partial section lining, 8-08
Partial views, 7-14, 13-06
Parting plane, 10-08, 11-02
Patent office drawings, 28-01
Patents, application for, 28-02
meaning of, 28-01
Pattern, and foundry definitions, 11-0
color of, 11-05 .
Pattern drawing, 11-01
Pen, contour, 3-17
drop, 3-17
lettering, 3-04
ruling, 3-09
Pencils, kind of point, 3-02
Permanent molds, 11-05
Perpendicutar lines, 14-09
constructing, 3-06
Perpendicularity, 12-13

Perspective, 18-01
isometgic, three point, 18-11
measuring lines, 18-08
nicasuring-point method, 18-09
measuring points, 18-08 .
of circle, measuring-point method,
18-10
projection, 5-03, 6-09
reflections in, 18-13
shades and shadows in, 18-12
three-point, 18-10
visual-ray method, 18-03
Phantom section, 8-09
Photact prints, 27-03
Photo-mechanical process, 27-08
Picture plane, location of, 18-01
Piercing point of line, with any plane,
14-19
with coordinate plane, 14-18; 14-19
Piercing points, cutting plane method,
14-19
Pins, taper, 10-20, 29-13
Pipe, bends, 23-05
diagrams, 23-08
drawing, 23-01
fittings, 23-03
flanged, 29-34
screwed, 29-35
joints, 23-02
layout, itometric, 23-09
orthographic, 23-09
sizes, 23-01
specifications, 23-01
supports, 23-05
symbols, 23-06
threads, 10-16
tap drill sizes, 29-09
Piping symbols, 20-38
Plain washers, 29-22
Plane, dip of, 14-14, 14-15
edgewise view of, 14-14 ~
outcrop of, 14.20
strike of, 14-13
true size of, 14.01, 14-13
Plane and cone, intersection of, 15-05
Plane and cylinder, intersection of, 15-04
Plane and prism, intersection of, 15-03
Plane and pyramid, intersection of, 15-03
Plane figure, construction of, 14-21
hexagon, 4-04
pentagon, 4-04
regular polygon, 4-04
square, 4-03
transfer of, 4-01
Plane parallel, to a line, 14-21
to coordinate planes, 14-11
to a plane, 14-23
Plane perpendicular, te a line, 14-22
to a plane, 14-25
Planer, 11-19
Planes, perpendicular to coordinate
planes, 14-10
properties of, 14-10
Planes making angles with given lines or
planes, 14-31
Planes of projection, 7-01
Plot plans, 21-02
Plumbing symbols, 29-39
Point in a plane, 14-13
Point of a line, 14-04
Point of sight, location of, 18-02
Point projection of a line, 14-13, 14-14



Points, piercing, 14-18, 14-18
Polar coordinate charts, 19-06
Polishing, 11-19
Position of object, angular perspective,
18-02
obligue perspective, 18-02
parallel perspective, 18-02
Pasitional tolerancing, examples of, 12-16
limited center distances, 12-14
relation to size of parts, 12-15
true position method, 12-15
Powder metallurgy, 11-06
Pratt and Whitney key, sizes of, 29-10
Prints, blue, 27-01
brown, 27-01
kodograph autopositive, 27-04
ozalid, 27-03
Prism and pyramid, intersection of, 15-07
Profiles, map, 20-13
Progressive dimenstoning, 9-12
Projection, axonometric, 5-03
oblique, 5-03
orthographic, 5-03
perspective, 5-04
types of, 1-01, 5-02, 5-05
Projection drawing, origin of, 5-01
Proportioning, in perspective sketching,
6-10, 6-11
in sketching, 6-04, 6-05
Protractor, 3-16
Pulleys, 24-G1
Punching, 11-10

Quadrants, 7-03

Railroad curves, 29-46
Reamer, 11-14
Rectify an arc, 4-08
Reference lines between views, elimina-
tion of, 13-04
Heference numbers, 12-04
Reflections, 18-13
Reinforced concrete, 22-16
Reinforcing bars, lapping of, 29-29
Relation of object to plane, 7-04
Removed section, 8-07
Reproduction of drawings, 27-01
Resistance welding, legends for, 26.02
Reverse curve, conmecting nom-parallel
lines, 4-08
connecting parallel lines, 4-08
Revolution of planes, 7-02
Revolved section, 8-06
Ribs, 11.05
Rivets. 10-17
explosive, 10-18
size and spacing, 22-05
spacing, 29-25
symbols, 22-05
Roller bearings, 24-11
dimensions of, 29-41
Rolling hyperboloids, speed ratios of,
14-35
Rotation, of a plane, 14-15
in sections, 8-10
Roughness, 12-18
Rounded comers, 11-08
projection of, 7-13
Ruling lines, direction of, 3-03
Ruling peun, flling of, 3-10
kinds, 3-09
nibs, 3-10

INDEX

Ruling pen, sharpening of, 3-10
use of, 3-10, 3-11
Run out lines, 7-13

Sash, window, 21-08
Scales, architect’s, 3-07
civil engineer’s, 3-07
decimal, 3-08
divisions of, 3-07
mechanical engineer’s, 3-08
structural, 22-04
use of, 3.08
Schedules, beam and joist, 22-19
column-placement, 22-21
Screw pipe fittings, 29-35
Screw threads, in isometric, 16-08
in oblique projection, 17-07
Screws, cap, 10-14
machine, 10-15
set, 10-15
Second auxiliary plane, 13-07
Second auxiliary view, procedure in lay-
© ing out, 13-07
Section lines, 3-15
Section lining, 8-01
aids in. 3-16
Section planes, location of, 8-01
Sectional views. in isometric, '18-08
purpose of, 8-01
structural, 22-04
Sectioning, oblique drawings, 17-06
Sections, architectaral, 21-05
auxiliary, 8-08
broken-out, 8-08
cutting plane in, 8-03, 8-04
full., 8-02
half, 8-03
hidden lines in, 8-03
materials in, 8-12
offset. 8-05
partial section lining, 8-08
phantom, 8-09
problems in, 8-14-8-16
removed, 8-07
revolved, 8-08
rotation of odd-numbered axes in, 8-10
showing cutting plane in, 8-05
solid shafts in, 8-09
spokes of wheels in, 8-10
thin webs in, 8-10
threads in, 8-12
visible lines behind, 8-03
Selective assembly, 12-04
Semilogarithmic charts, 19-05
Sepia prints, 27-01
Set screws, 10-15
dimensions of, 29-09
Setback, 15-25
Shades and shadows in perspective, 18 12
Shadows, of curved line, 18-13
of horizontal line, 18-13
of inclined line, 18-13
of vertical line, 18-12
Shafts, 24-01
in section, 8-09
Shaper, 11-19
Shaving, 11-10
Sheet metal gages, 29-48
Sheet metal joints, 15-25
Shop assemblies, 12-02
Shop methods, 1-02
Shop problems, 11-21-11-24

Shrink rule, 11-01
Simplified drafting, 12-20
Sines, 29-42
Size dlmensmnmg, 9-08, 9-07 -,
Size of parts, relation to positional toler-
ancing, 12-15 .
Sizes, of copper pipe, 28-32
of steel pipe, 29-31
Sketches, preliminary, 21-01
structural, 22-08
Sketching, axonometric, 6-07
border lines, 6-02
circles, 8-03, 6-04, 6-11
ellipses, 6-03-6-04
geometric principles in, 6-07
horizontal lines, 8-02
materials. for, 6-01
oblique, 8-08
orthographic, 6-06
perspective, 6-09
pictorial, 6-06
problems in, G-11-6-14
proportioning in, 6-04-6.05
purpose of, 6-01
straight lines, 6-01
vertical lines, 6-02
Skewed-beam connections, 29-27
Skewed structural members, 22-10
Slope, of letters, 2-02, 2-08
of a line, 14-06
Solids, classification of, 7-18
Space vector diagrams, 14-28
Spacing of rivets, 29-25
Specifications, architectural, 21-12
of threads, 10-08
patent office drawings, 28-02
pipe, 23-01
Spheres, isometric of, 16-10
Splices, column, 22-12
Splines, involute, 10-20
Spokes in section, 8-10
Spotface, 11-14
dimensioning of, 9- 15
Springs, 10-20
Spur gears, 24-02, 24-04
Square keys, dimensions of, 29-12
Squareness, specification of, 12-13
Stability, rule of, 2-04
Stamping, 11-10
design limitations, 11-11
Standard beam connections, 29-26
Standard bend radii, 29-53
Standard building details, 21-05
Standard drill sizes, 29-03
Standard I-beams, 29-24
Standard pipe threads, 29-33
Standard taper pins, 20-13
Standard tools, 25-01
Steel pipe, dimensions of, 29-31
Stems, lettering, 2-03
Straightness, specification of, 12-12
Strike of a plane, 14-13
Strokes, direction of, in lettering, 2-03
Structural beams, 20-23
Structural billing materials, 22-06

. . Structural channels, 29-25

Structural connections, 22-09
Structural details, 22-04
Structural drawing, 22-01

marking, 22-06

scales, 22.04

symmetrical members, 22-04
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Structural jeints, layout of, 22-15
Structural shapes, 22-04
Structural terms, 22-01
Structures, framed, rectangular, 22-07
Subassemblies, 12-04
Surface finish, 12-18
Swaging, 11-10
Swing valves, dimensions of, 29-36
Symbols, architectural, 21-12
double-line pipe, 23-04
electrical, 29-30
geometric tolerancing, military stand-
ard, 12-18
heating and ventilating, 29-37
map, 20-05
patent office, 28-04
pipe, 23-06
piping, 29-38
plumbing, 29-39
rivet, 22.05 ,
single-line pipe, 23.07
welding, 26-04
Symmetry, specification of, 12-14

Tangents, 29-44
Tap drill sizes, 29-04
American National pipe threads, 29-09
Taper pins, 10-20, 29-13
Taper pipe threads, 29-33
Taps, 10-10, 11-14
Technique, dimensioning, 9-01-9-03
drafting, 3-15
ink, 3-15
- invisible lines, 7-10
pencil, 3-15
Tempering, 11-2¢
Theory of axonometric projection, 16-12
Thermit welding, 26-02
Thermo-Fax prints, 27-03
Thin sections, 8-09
Thin webs in section, 8-09
Threads, Acme symbols, construction of,
10-07
American National, 10-05
cutting, methods of, 10-10
definitions, 10-02
dimensions, Coarse series, 29-04
dimensions, Fine series, 29-05
fit," classes of, 10-09
in section, 8-12
measuring and gaging, 10-17
pipe, 10-18
profiles, 10-03
representation, 10-04
serles, 10-09
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Threads, simplified symbol, 10-05
specifications, 10-08
Square, 10-08
symbol, construction of, 10-08
symbols, construction of, 10-05
Unified, 10-05, 29-04
Three-dimensional charts, 19-11
Fhree-difensional curves in oblique,
17-07
Three-point perspective, 18-10
Three-view drawings, 7-07, 7-15
Titles, 2-09
Tolerance, 12-08
bilateral, 12-08
unilateral, 12-08
Tolerances, specifying on drawings,
12-07 :
use of, 12-08
Tolerancing, angularity, 12-12
concentricity, 12-14
flatness, 12-12
geometrical, 12-10
parallelism, 12-13
perpendicularity, 12-13
positional, 12-14
squareness, 12-13
straightness, 12-12
symmetry, 12-14
Tolerancing of form, 12-12
Tool drawing, 25-01 .
assembly layouts, 25-03
details, 25-05
locating details, 25.03
routing and work sheets, 25-01
standard parts, 25-03
Tools, erasing, 3-04
special celluloid, 3-16
Topographic maps, 20-01
Tracing cloth, 3-06
inking on, 8-11
Tracing paper, 3-06
Traverse, plotting of, 20-08
Triangles, kind of, 3-05
testing of, 3.-05-3-06
use of, 3-05-3-08
Trigonometric functions, cosines, 29-43
cotangents, 29-44
sines, 29-42
tangents, 29-44
Trilinear charts, 19-05
Trimetric projection, 16-13
Trimming, 11-10
True axonometric projection, 16-12
True length of a line, 13-01, 14-04
True position dimensioning, 12-15

COURTESY

True shape of a plane face, 13-02
True size of a plane, 14-13
by rotation, 14-16
Truss, defailing of, 22-14
T-square, care of, 3-04-3-05
construction of, 3-04
testing of, 3-04
Two-point perspective, 18-08
Two-view drawings, 7-08
Types of intersections, 15-08
Types of welding joints, 26-03

Unidirectional dimensioning, 9-04
Unified standard threads; 29-04
Unilateral tolerance, 12-08

Valves, 23-04
sections of, 23-05
Vanishing-point method, 18-07
Vanishing points in perspective, 18-03
Vector diagram, 14-07-14-08
space, 14-28
Vertical curves, 20-15
Views, in projection drawing, 5-04
number and location of, 22-02
Visibility, 7-08 '
rules for, 15-07
Volumes, formulae for, 29-50

Warped surfaces, 14-33
Waviness, specification of, 12-18
Weights, calculation of, 7-17
Welding, arc, 26-02
drawing, 26-01
fusion, 26-03
joints, types of, 26.02
method of, 26-01
resistance, 26-02
symbols, 26-04
legend for fusion welds, 28-03
Thermit, 26-02
WF structural shapes, 29-23
White print, 27-01
Wire gages, 20-48
Witness lines, 9-02, 9-06
Wood, sizes of, 21-00
Wood sash, 21-08
Woodruff keys, dimensions of, 29-11
Working drawings, architectural, 21-02
bevel gears, 24-05
of gears, 24-03
welding symbals on, 26-08
worm gear, 24-07
Wrico lettering guides, 2-09

Xerography, 27-04




