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PRACTICAL PROJECTION.

INTRODUCTION.

1. Orthographic Projection.—When the sheet-metal
worker is required to make any article whose form or dimen-
sions are not previously known, it is evident that a descrip-
tion of the work in question should be furnished him. This
description may be, and often is, given by verbal instruc-
tion; but in order to enable the worker to understand
definitely what is wanted, the form of the object, its dimen-
sions, and the quality of the material to be used should be
stated. Instruction given in this way is, however, seldom
satisfactory either to the workman or to hisemployer, since
it is difficult in such cases to place the responsibility for
any errors that may occur.

Written instruction, therefore, would seem to be prefer-
able; but, since most objects would require an extended
description, a shorter and more convenient method of con-
veying the desired information is to be sought.- A drawing
of the object is therefore made.

These drawings are generally made by a process termed
orthographic projection, or, as it is usually called, projec-
tion drawing. Every detail of the object is correctly
represented in this drawing, so that the workman knowing
how to ‘‘read the drawing,” may obtain his measurements
therefrom for the construction of the object itself. He is
also enabled, by an examination of the drawing, to under-
stand exactly how the object will appear when completed.
Hence, we have the following definition:

§15
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2 PRACTICAL PROJECTION. 8§15

Orthographic projection is t/he process of making correct
representations of objects by means of drawings.

2. A Working Drawing Generally Necessary.—Be-
fore a pattern for any piece of sheet-metal work can be laid
out, a working drawing of the article must first be made.
No pattern, however simple or plain, can be produced until
we have something definite to work from.

The metal worker does not go to the trouble of preparing
adrawing on paper for every piece of work he is called on
to make, since many objects are so plain that a brief verbal
or written description of their dimensions gives the me-
chanic all the information he needs to enable him to lay out
the pattern.

If, for example, you are called on to make a box out of
IX tin, 4 inches long, 3 inches wide, and 1 inch deep, you
immediately proceed with the steel square to lay off the
given sizes directly on the metal; but, if the mechanic is
required to make a round pan having flaring sides or some
article of a form not readily carried in the mind, there is
one thing he must do before he can proceed with the work,
or even lay out the pattern—he must make a working
drawing of the object.

3. What Constitutes a Working Drawing. — There
are several ways in which this drawing may be made, de-
pending altogether on how complicated the object is. In
the case of the pan referred to, it may be desirable, by an
application of certain principles stated in this Course, to
omit the operation of making a drawing consisting of several
views, and proceed as with the box to ‘‘lay it out ” directly
on the metal. In this case, however, it will be found that
the operation differs from that of making the box referred
to, since it is first necessary to mark out the sizes and out-
lines as they will appear when the pan is completed. These
sizes may or may not form a part of the pattern, but they
are required as preliminary lines from which to ‘‘lay off,”
or ‘‘strike out,” the pattern.

Marking out these sizes or dimensions of an object is
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really making a working drawing. This drawing may be
Sfull sise—in which case it is referred to as a detail draw-
ing—or it may be drawn to a scale, either larger or smaller
than the object itself.

4. Where the Drawing Is Made.—In the case of plain
articles, the necessary drawings may be made directly on
the metal; in the majority of cases, however, the work is of
a more or less complex nature, making it highly important
that a full-sized properly made detail drawing be used.
This is not always provided, and the mechanic frequently

-has to make his own detail from a small freehand sketch or

possibly from a drawing made to asmallscale. In the latter
case, an enlarged drawing must generally be made before
the work of laying out the pattern can proceed. This neces-
sitates operations with drafting board and drawing imple-
ments—with which the student is already familiar. The
proficiency that has been acquired may now be put into
practical use in the operations to follow.

It is the purpose of this section of the Course to present
methods by which working drawings may be made and
read. These methods are presented in a practical way, that
the principles laid down may be readily understood by the
student.

GENERAL PRINCIPLES.

8. Various Kinds of Drawings.—The most common
representations of objects are those used for purposes of
illustration merely and known as perspective drawings.
They are of little value to the mechanic to serve as working
drawings, since they are not drawn to a scale in the same
way as a projection drawing, and to obtain measurements
therefrom is an operation both complicated and indirect. A
photograph is an ideal perspective picture, but no one would
think of using a photograph as a working drawing. The
photograph and the perspective drawing represent the ob-
ject ‘‘as we see it,” or as it appears to the eye of the
observer, while the working drawing- the projection drawing
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—represents the object as it actually is, or will be when made.
A photograph, however, shows only such objects as really
exist, while a projection drawing often shows objects that
exist only in the imagination of the draftsman.or a person
capable of understanding, or ‘‘reading,” the drawing. By
means of such drawings the imagination is aided in pictur-
ing the object as already constructed—or, as we would say,
it enables the mechanic to see the object ‘‘in his mind's
eye.”

6. What Is Shown In a Drawing.—The perspective
drawing always shows more than one side of an object—
generally three sides—while the working drawing seldom
shows more than one side, that being the side toward the
observer. The position of such other portions of the object
as are not located on the side shown in the drawing may,
however, be indicated in a projection drawing by dotted
lines. No lines should be used in a working drawing that
do not represent actual edges, or outlines, in the object
itself. We sometimes find certain edges or outlines of an
object represented in a drawing by heavy lines. These
heavy lines are called shade 1ines; but since they are not
essential features of the working drawing, no description of
them is necessary in this Course. There is also an elabo-
rate system of representing the effect of light and shade
on curved and receding surfaces by means of lines properly
disposed over the surfaces shown in the drawing. Since
these lines are for effect only, and their meaning is appar-

_ent to the observer, the principles governing their use are
not made a part of the subject matter of this Course.

7. Position of Observer.—Another point of difference
between the perspective and the projection drawing is that,
in taking the view of which the perspective drawing is a
representation, the eye of the observer remains in a fixed
position, and in the same relation to the drawing as the
camera is to the photograph; while in that view of the ob-
ject of which the projection drawing is a representation,
the eye of the observer is always supposed to be directly
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over, or opposite, that point in the drawing which is being
noted.

This may be illustrated by the student for himself in a
very simple way. Place a sheet of paper on the drawing
board and draw a horizontal line, say 6 inches long; now
lay an ordinary 2-foot pocket rule against this line, in the
manner shown in Fig. 1, and proceed to mark off the line
to correspond with the divisions on the rule. He will find
that he is obliged to get his eye directly over each mark on
the rule, and to ‘“sight ”’ carefully down on to the rule be-
fore making each mark, very much as he would *‘sight” or
look along a piece of work to see whether it is straight or
not. It will be noticed also that he is making one eye do
all the work in this ‘‘sighting,” and, further, it will be ob-
served that in making the markings he is moving his head
as he progresses toward the end of the line. He is obliged
to do this to keep his eye exactly over each point on the
line as it is marked.

Fic. 1.
8. Line of Sight.—The line first drawn on the paper is
not the only one made use of in reproducing the markings
on the rule. The student has unconsciously made use of
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another line, or, more properly, a set of lines, that are an
important feature of projection drawing. These lines are
those made use of in doing the !‘sighting " necessary for
the marks; they are purely imaginary lines and are not rep-
resented in the illustration. They are very properly called
lines of sight. The lines of sight in a projection drawing
are always perpendicular to the drawing. They extend
from a point in the eye of the observer to a point on the
drawing that is directly opposite, as indicated by the point
of the draftsman’s pencil in Fig. 1.

These lines of sight—which, as stated, are only imagi-
nary lines and are not represented in a working drawing—
constitute one of the most important features of the projec-
tiondrawing; for on these lines we are enabled to obtain the
views from the object, and, by means of other lines, called
projectors, bearing a certain relation to the lines of sight
(as will be explained later), we can reproduce the views
thus obtained on the drawing.

9. Lines of Sight Always Parallel.—When it is de-
sired to make a drawing of any object, the lines of sight
must be used in the same manner as in marking the divi-
sions on the line in Fig. 1; that is, care must be taken to
keep the lines of sight in any one view parallel to one an-
other. We may take different views of the same object,
or, to express it otherwise, we may take positions on differ-
ent sides of the object, in order to obtain views therefrom;
but in any view thus taken, the above statement must be
carefully observed and the lines of sight kept exactly par-
allel to one another.

10. Several Views Necessary.—We have already noted
that a projection drawing seldom shows but one side of
an object. Since there are no objects that present all
their dimensions on any one side, it necessarily follows
that, in order to convey a correct idea of the form of an
object, it is necessary to make a drawing—or a projection
—of as many sides as will enable the correct shape and
dimensions to be shown. We may make these drawings
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from as many points of view as may be desired; but, for
certain reasons, to which attention will be called later, it
is generally preferable to view all objects from six sides,
which correspond to the six sides of a cube. These draw-
ings of the different views have their correct names, which
we will now consider.

11. Plans and Elevations.—It being assumed that
the object is in some fixed position, the various views take
their names from the different positions of the observer in
his view of the object. Thus, a view taken from above, or
looking down on the object, is called a plan; so also is a
view from beneath, or looking up at the object; thus we
have the terms top plan and bottom plan. 'The two views
thus obtained are frequently designated by terms that vary
with the class of objects represented, and not infrequently
derive their names from some portion of the object itself.
Thus, a top plan of a house is a view of the roof taken
from above, and is called a roof plan; while a ceiling plan
is, as its name indicates, a view of another part of the
house taken from the opposite direction. In the case of
small objects generally, such views are termed zop plan or
bottom plan, as the case may be. These views, in certain
cases, should be marked on the drawing, in order to guard
against error. Here it should be noted that while the posi-
tion of the object is not changed in making either the top
or the bottom plan, yet the position of the observer is.
When the two plans thus made are compared, it is found
that the corresponding points of the drawings are changed
in their relation to each other in the same manner as the
hands of two persons that are standing exactly in front
of and facing each other—the right hand of the one being
opposite to the left hand of the other.

A view taken from the side of an object is called an
elevation. That side of an object shown in any elevation
gives its name to that drawing; thus, a view of the front
of an object is called a front clevation. So, also, we have
the terms rear elevation and side elevation. In some cases
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it may be more convenient to designate the clevations by
the points of the compass; for example, the north clevation
of a building is a projection of that part of the building
which faces north, or, to state it as we have done before,
that part of the building seen when looked at from the
north.

12. Section Drawings.—Cases frequently occur in
which the views or dimensions desired to be given on a
working drawing cannot be shown in either plans or eleva-
tions. Under such circumstances, recourse is often had to
a class of drawings termed sections. A section drawing is
a projection of an object assumed to have been cut in two
in a certain direction, usually at right angles to the lines of
sight. Those parts of the object between the observer and
the place where the cut is made are assumed to have been
removed, so as to present an entirely new surface. This
surface is not seen in the object itself, since the cutting is
entirely imaginary—done simply for the purpose of showing
some interior construction.

13. Sections May be Drawn Iin Any Desired Posi-
tion.—The cut just referred to may be made in a korizontal,
a wertical, or an obligue direction, according to the way in
which it is desired to show the section. Portions of surfaces
that have been cut in this way are usually represented by
certain conventional methods, indicating the character or
composition of the material. A custom frequently adopted,
and which will be followed in the drawings for this Course,
consists in designating surfaces exposed by the cut by a
series of closely drawn parallel lines. Such lines are usu-
ally drawn at an oblique angle, as compared with the other
portions of the drawing, and are called c7oss-scction lines, or
cross-hatching.

14. A Set of Plans.—It is a common practice, when
speaking of a set of drawings consisting of various plans,
elevations, sections, etc.—as for a house, or for some other
object—to refer to them as a ‘‘set of plans.” This is a
collective phrase for the drawings, and its use in this way
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is perfectly proper; when used in this sense, however, it is
not understood as applying simply to a plan view as ex-
plained in Art. 11. Drawings for large objects are fre-
quently of a size such that the different views are more
conveniently made on separate sheets. Architectural draw-
ings are usually separated in this way, and it is often nec-
essary for the one that is to read such drawings to arrange
the sheets in a particular manner, in order that the relation
between the views may be understood. This arrangement
of the views will be considered later.

15. Foreshortened Views.—The lines in a projection
drawing—or, as we shall term it hereafter, a projection—are
either of the same length as the corresponding edges or out-
lines of the object itself, or they are foreshortened. No
lines are represented longer than they actually exist on the
object, except in cases where the drawing is made to an en-
larged scale. All lines that are used to represent the edges
or outlines of an object, and that are at right angles to the
lines of sight in any view, are represented in that view by
their true length. Lines that represent other edges or out-
lines, and are not at right angles to the lines of sight, are
consequently represented shorter than they exist on the
object, and are then said to be foreshortened.

16. Geometrical Forms.—The simplest geometrical
form that we can imagine is a point ; next we have a /line,
defined as the shortest distance between two points; then a
surface, which is a flat, or plane, figure bounded by lines;
and, finally, a so/éd, which in turn is bounded by different
surfaces.

1%. The Combination of Geometrical Forms.—Since
the mechanic deals with objects of various forms that
may be said to represent geometrical solids, we shall en-
deavor to convey an idea of the way in which the repre-
sentation of these objects may be simplified by resolving
them into their elements, or the parts that combine to pro-
duce these forms. We thus have to deal with points, lines,
surfaces, and solids; of these four things, one only—the
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solid—can be represented by any actual thing or be such
as to enable us to handle it, for there is no object that does
not possess length, breadth, and thickness toa greater or less
extent. It consequently follows that the other three forms
are entirely imaginary. The student that can most readily
conceive or imagine their existence in this way will most
readily comprehend the principles involved in projection
drawing and pattern drafting.

18. A Test of the Student’s Imagination.—The fol-
lowing illustration will show how a solid may be resolved
into the simplest of its elements and still retain its definite
and characteristic form. We will suppose a sheet-metal
box to be made in the form of a cube, each edge being
linchlong. Thesixsquare piecesof sheet metal that make
the sides of this box are to be lightly soldered together,
‘“‘edge and edge.” This box representsa geometrical solid,
although it is by no means a solid considered in a physical,
or practical, sense. It s, in fact, popularly spoken of as
~ being ‘‘ hollow ”"; but we could very readily convert it into
a solid by filling it with molten solder. It represents, how-
ever, as it is, a geometrical solid, and as such we will con-
sider the parts of which it is made up, without paying any
attention, in this elementary part of the subject, to the
material of which it is composed. We are now dealing
with forms only, and until these principles are fixed in the
student’s mind no attention will be paid to other details.

19. We first look for the surfaces of this solid, of which
we find six. Thestudent may have some difficulty in under-
standing that the surfaces of this cube, which he can appar-
ently distinguish by the sense of touch, exist only in an
imaginary way. We refer him, therefore, to our definitions
for the explanation of this seeming paradox. A surface, we
have been told, has length and breadth, while a solid has
these and also a third property—thickness. Now, as we
have said before, we cannot consider the material of which
the cube is composed, but if we handle it we will be obliged
to refer to the metal of which the sides of the cube are
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made. These metal sides have thickness; it may be only a
few thousandths of an inch, but still it 75 thickness, and
consequently does not come within our definition of a sur-
face. A surface may be compared to a shadow, which can
be distinguished by its outlines or shape, but, as every one
knows, is absolutely without thickness. It is in this sense
that we refer to the sides of the cube as its surfaces. We
find also that each of these six surfaces is bounded, or
defined, by four edges or outlines, the lines in turn being
terminated at the corners of the cube by points, of which
there are eight. It willnow be seen that these eight points,
situated at the extremities of the lines, or edges, of the
cube, perfectly define the shape and size of the geometrical
solid.

If we could imagine the metal sides of the cube to disap-
pear entirely, leaving only the points at the corners, we
would still have as perfect a representation of the size and
shape of the cube in our minds as if it had an actual exist-
ence and could be seen by the eye. For these imaginary
points could then very easily be imagined as being con-
nected by lines, and we could then ‘‘see” the surfaces, and
finally the solid, existing in the same imaginary way. It
will thus be comparatively easy for us to transfer a repre-
sentation of this solid to our drawing, since we can use the
points as the markings on the rule were used in connection
with the lines of sight in a previous illustration.

20. The Imagination a Valuable Assistant to the
Draftsman.—An object, or solid, of any conceivable shape
may thus be resolved into its elementary parts or points.
The drawing of the object, then, will consist simply of loca-
ting the positions of these points on the drawing. We may
have drawings to make that will require the location of a
hundred or more of these points, depending entirely on the
form or shape of the object we are dealing with, but the
principles are in all cases the same.

If the student, after resolving an object in this imaginary
way, will carefully study, or imagine, the proper location of

A 12
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-these points in their relation to the object itself, defining
their positions on the drawing one at a time, much that
may appear complicated at first sight will resolve itself into
very simple and comparatively elementary work. Compli-
cated work is usually nothing more or less than the aggre-
gation of a number of simple operations that appear
complicated only because they are combined. Zhere is no
Jield of work to whiclk the latter statement is more applicable
than to that of the pattern draftsman.

It is in the ‘“‘imaginary ” way thus described that the
student is directed to picture to himself each figure as pre-
sented to him for the making of the drawings on the plates.
This part of the study is, as will be noticed, almost entirely
the work of the imagination; but it should be practiced by
the student for the sake of the assistance it will be to him
later on. .

The operations of projection drawing follow one another
in a natural sequence, which we will proceed to trace out in
a series of drawing plates. As the student follows these
operations, keeping in mind the foregoing principles, he will
have no difficulty in making or reading any drawing.

PLATES.

21. Seven plates are to be drawn by the student in
accordance with the directions given in this section. Copies
of the first two plates are sent with this Paper; copies of
the remaining plates will be sent as the student requires
them. The plates drawn by the student are to be of the
same size as those drawn for Geometrical Drawing, and
the same general instructions regarding the preparation of
the plates are to be observed; they must be drawn and sent
to us for correction in the same manner.

The letter heading for each problem, which has heretofore
been placed on the drawing, will be omitted, and the stu-
dent is required only to designate each plate with the letter
heading, or title, that is printed in heavy-faced type, both
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§ 15 PRACTICAL PROJECTION. 13

in this section and on the reduced copies of the plate. For
this purpose the &lock-letter alphabet is used.

22. The dimension lines and figures shown in the first
three problems of the drawing plate, title : Projections I,
are to be especially noticed by
the student. They are ordi- Right —
narily used in all working draw-
ings, and preference is invari-
ably given to a dimension
figure, rather than to the scale Fic. 2.
to which a drawing is made. Dimension figures are not to
be placed on the plates, since the object in requiring the
student to draw these projections is rather to enable him to
gain an idea of their principles than to be able to make a
finished working drawing.

Dimension and extension lines when used should be light
broken lines. Care should be exercised to make the arrow- -
heads as neatly as possible and of a uniform size—not too
flaring. They are made with a steel writing pen, and their
points should touch the extension lines, as illustrated in
Fig. 2.

~—— -Wrong— —— —— —»

DRAWING PLATE, TITLE: PROJECTIONS I.

23. General Instructions.—This plate is divided into
four equal spaces, and each of these divisions, with the
exception of the upper left-hand space, is again divided, by
means of a central vertical line, into two equal parts. Use
light pencil lines, as they are not to be inked in and are
intended only to facilitate the location of the problems.
These lines are not shown on the printed copies of the
plates. Before attempting to draw any of the problems
on the plate, the explanations accompanying each problem
should first be carefully read and compared with the
reduced copy of the plate and also with the illustrations
in this section. The principles of projection drawing will
thus be better understood by the student, and their applica-
tion readily made when more difficult drawings are under-
taken.
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The fundamental laws of projection are contained in the
Sirst four problems, and if these are thoroughly mastered by
the student, the application of the laws to the remaining prob-
lems will be comparativcly casy.

24. Why Different Views Are Drawn.—The names of
the difterent views have already been noted; in this plate it
is shown how they are distinguished from one another in a
drawing. The relation of the different views to one another
will also be explained.

Some objects in certain positions may have all their dimen-
sions represented in two views—a plan and an elevation—but
generally three views should be drawn. There are, indeed,
many cases where views from each of the six sides, as well
as sections and views taken from oblique positions, are neces-
sary. Ithasalready been observed that lines are represented
in their true length only when at right angles to the lines of
sight; consequently, since the position of the object in any
set of views is not changed, it is necessary to change the
position of the observer in such a manner as to bring the lines
of sight where they will be at right angles to the lines in the
object, thus enabling the latter to be shown in their true
length on the drawing.

The student will readily perceive that in pattern drafting
it is of the highest importance that the lines which combine
to make up the surfaces of any object should be shown in
their true length, or at least be presented in such positions
that their true lengths may be easily found. Without these
true lengths, no measurements can be obtained from which
to lay out the patterns, a pattern being merely a representa-
tion of the surfaces of some solid. It isnecessary, therefore,
to be prepared to take views of any object from any
position; for there are many different forms, or shapes, of
solids, and it is necessary to be able to show in its true length
any line in the object that may be needed for a pattern.

25. The Base Line.—We shall first consider objects in
positions that may be shown intwoviews. Draw a horizon-
tal line through the central portion of the upper left-hand
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space on the drawing, as at -~ on the plate. Inthe portion
of the space below thisline are to be drawn the top plans of
each of the two simplest forms, viz., the point and the line.
The space above this line is to contain the elevations of the
same forms. The line thus drawn is called a base 1ine, and
defines the boundary of the surfaces on which we are to
“‘sight,” or, as we shall say hereafter, on which we are to
project the lines of sight. It is necessary to call the imagi-
nation into use again, and imagine the paper to be bent up
at a right angle on this line.

26. Planes of Projection.—The drawing paper is imag-
ined to be the surface that intercepts the lines of sight, and
in the case of a plan, as seen from instruction already given,
must be a horizontal surface; while in the case of an eleva-
tion, it is imagined to be a vertical surface. The different
portions of the drawing on which the projections are made
are called planes of projection, and are also distinguished
by other names that designate the position they are supposed
to occupy in intercepting the lines of sight. That portion
of the drawing on which the elevation is drawn is called the
vertical plane of projection; it is represented on this plate
by the space above the base line; the portion below the base
lineis devoted to the plan, and is called the horizontal plane
of projection. We shall, for the sake of brevity, refer to
these surfaces by the use of the letters VP and H P, respect-
ively. Copy these letters into the upper and the lower left-
hand portion of their respective spaces on the drawing,
using for that purpose a block letter one-half the size of the
title letter, and leaving a distance of } inch from the border
lines of the spaces.

27. Foot of the Line of Sight.—Before proceeding
with the drawing of this plate, it is desired to call the atten-
tion of the student to the distinction to be observed between
the imaginative and the practical features of this subject.
The imaginative feature is employed when a conception of
an object is formed by the student in accordance with the
instruction in previous articles, and also when the lines of
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sight are applied in the imaginary way, as in the *‘sighting
illustrated in Fig. 1. The application of the practical feature
in this instance is made when the position of each division
of the rule is indicated on the drawing by a pencil mark or
dot. The practical part of the work is always accomplished
by the aid of pencil and drawing instruments.

The two features are closely associated, since we cannot
have a practical representation of any object without first
having an idea, or an imaginative conception, either of the
object itself or of the means of projection. The practical
feature of the work was introduced in the illustration (Fig. 1),
when a mark or dot was made on the paper, thereby indica-
ting the position of the point at which the line of sight
was intercepted by the plane of projection.

That point on any plane or drawing where a line of sight
is intercepted is called the foot of the line of sight. When
the foot of every line of sight that can be used on the ele-
mentary points of any object is thus represented on the
drawing by dots, and connecting lines are drawn between
such dots, the drawing is completed, and the object is said
to be ‘‘ projected.”

28. Projectors.—If but one view of an object were
required, the use of the lines of sight as previously explained
(representing the imaginative feature), and the drawing of
the dots and lines referred to in the previous article (repre-
senting the practical feature), would be all that is necessary
for the student to understand before proceeding with the
work on the drawing board.

Since it has been shown that several views are required,
another important practical feature must necessarily be
explained. This relates to the connection usually established
between the different views of a drawing and the lines that
are drawn in a certain manner between corresponding points
in each view. These lines are usually not represented in a
finished drawing, since they are in the nature of construction
lines. They are essential, however, to the work of making
the drawing, and it is very important that the student should
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thoroughly understand the principles by which they are
employed. These lines are called projectors, and may be
defined as the #race of a line of sight, or the representation
of the foot of a line of sight moving in a certain direction.
Projectors are used in two ways, which are distinguished
from each other for the present by the terms primary and
secondary.

29. Primary Projectors. — This use of projectors is
illustrated in Fig. 3, which shows the drawing bent up at a
right angle along the base line m—n. The point A4 is pro-
jected to HP by the vertical line of sight CB; it is also
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projected to V P by the horizontal line of sight D £; Band £
are dots at the foot of each line of sight.

It is assumed that the first position of the observer is at C;
he then moves, in the direction of the arrow, along the
dotted line to D. If, in so doing, he continues to sight
through the point A, it is apparent that a line will be traced
from B to Fon HP, and from Fto £ on VP. The upright
portion of the drawing VP is now imagined to be bent back-
wards until laid flat on the drawing board, and it is evident
that £ F B is represented on the flat surface of the two
planes of projection by the straight line £'/FB. It may
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therefore be drawn as a straight line by the aid of the tri-
angle and T square, the position of the point A4 in each view
being determined by the points 5 and £’ at the extremities
of the line. These points (or dots, for points, being entirely
imaginary, could not, of course, be actually represented)*
B and £' are the projections of the point A—the line drawn
between them (B F £') is called a projector. When projectors
are used as in this illustration—that is, between two planes
that may actually be bent up as shown in Fig. 3—they are
said to be used in a prémary manner.

The secondary use of the projector will be shown in con-
nection with Problem 3, Case III.

The practical use of the projector is clearly shown in
the following problems. It is a most important factor in
the projection, and, as will be seen from instruction soon
to follow, is often the first line to be used in a drawing.

PROBLEM 1.

30. To project the plan and elevation of an imagi-
nary point.

There are two cases of this problem, representing differ-
ent positions of the point. Definite instructions are given
for drawing the first projection, and the student is expected
to draw the second projection without further directions.

* Attention has been called to the fact that points, lines, and surfaces
are entirely imaginary geometrical forms. his is true in the sense
that the student must consider such forms in the imaginative study of
this subject. When their representation on the drawing paper is con-
sidered, however, something that can actually be seen by the eye is
required. Therefore, when a point is referred to in this section as per-
taining to the drawing, it is to be represented by a neat dot in the
Eroper place on the paper. Inlike manner, a line should be represented

y a fine pencil mark drawn between two points marking its extrem-
ities. When the line is to serve a special purpose, as explained in this
section, it is inked in in a particular manner characteristic of its use, in
order that the drawing may be more easily read. A surface, therefore,
would be represented by a portion of the drawing bounded by the
proper lines and descriptive of the form of surface represented. Re-
member that accurate work cannot be done unless the pencil points are
in good condition. The student should provide himself with a smooth
file or Fiece of fine sandpaper and frequently sharpen the chisel point
of the leads in both pencil and compasses, in order that fine sharp lines -
may be readily drawn.
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Case 1.—When the point is located 1 inck from each of the
two surfaces VP and H P.

This position is illustrated in Fig. 3, referred to in
Art. 29. '

ConstrucTiON.—Fix a point B (see plate) 1 inch below
the base line on the drawing. This point should be £ inch
from the left-hand side of the drawing, and is the plan view
of the point given in the problem. Bring the T square and
triangle into position and draw the projector vertically
upwards and across the base line. Fix a point at £’ on the
projector 1 inch above the base line. A projection drawing
is thus made, showing two views—a plan and an elevation
—of the required point, the position of which is thus defi-
nitelv established.

Fig. 3 is an illustration of the imaginative feature, and
the projection drawing just made is a representation of the
practical feature of the work—the part actually made by
the draftsman. The intimate connection between the two
features may be seen if the drawing just made is compared
with the illustration in Fig. 3. Similar results are found
to have been accomplished in both cases, the method last
employed being the only one practicable for actual use.
When inking in this drawing, make small round dots to
represent the positions of the points, and always ink in
projectors as light dot-and-dash lines, as shown on the
plate. These dot-and-dash lines should be inked in in a
uniform manner, as on the plate, the dashes being about
} inch in length and spaced about % inch apart, with a
light dot between each dash. Measure the distances by the
eye, and preserve a uniform shade for all projectors, thus
giving the drawing a neat appearance. The base line should
be represented by a heavy dotted line, as shown at m-# in
the perspective illustration of Fig. 3.

When making the preliminary drawings, do not attempt
to draw dotted lines with the pencil, since this is liable
to affect the accuracy of the work. Keep the chisel point
of the pencil sharp, and draw as fine a line as can be dis-
tinctly seen. The contrast between the different lines on



20 PRACTICAL PROJECTION. §15

the drawing may then be clearly indicated when the work
is inked in. ‘ '

Case YIX.—When the point is located 1% tnches from N P
and ¥ tnck from H P.

The student will fix the location of the point in the plan
and elevation on the drawing without further instructions,
bearing in mind the fact that distances from VP are
measured on the plan and distances from H P are shown in
the elevation. Reference to Fig. 3 explains this statement.
Case II should be placed on the drawing about 4 inch to
the right of the preceding figure.

PROBLEM 2.
31. To project the plan and elevation of an imag-
inary line, the line being in a right position.

The term rig/kt position is used in connection with pro-
jection drawing as distinguished from the terms znclined,
or obligue, position. The line, therefore, can be either in a
horizontal position or in a vertical position and still be
designated as in a rZght position. There are three figures
for this problem, representing three cases where the line is
in a right position and yet represented differently on the
drawing. The different positions, the various distances,
and the length of the lines for the three cases of this prob-
lem are clearly illustrated in the perspective drawings
shown in Figs. 4, 5, and 6. Instructions are given for the
drawing of Case I on the plate, but the student is expected
to be able to make the drawings for Cases II and III with-
out further directions than those contained in the illustra-
tions. Be careful to preserve a distance of } inch between
the drawings, so that the plate may present a neat appear-
ance when completed.

Case L.—When the line is parallel to both H P and V P.

ExpranaTioN.—This position of the line is illustrated in
Fig. 4, and, as apparent from that figure, the drawing is
merely an extension of Problem 1. Each end of the line
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is treated as a point, projected first to the plan and after-
wards to the elevation in precisely the same manner as was
the point in Problem 1, the only difference being that there
are two points instead of one, for we cannot have a line
without establishing at least two points.

This problem also illustrates another principle of projec-
tion already referred to, viz., all lines at right angles to the
lines of sight, in any view, are shown in that view in their
true length; or, in other words, the lines that are to be

Fioc. 4.

made on the drawing to represent the plan and elevation
of A B, Fig. 4, will be of the same length as 4 B is indi-
cated in the figure, viz., 2 inches. The angles /' 4 B and
L A B are right angles, although shown in perspective in
the figure; and, since the lines of sight in any view are
always parallel to each other, the angles G B A and X B A
must also be right angles; consequently, as the line A B is
at right angles to the lines of sight in both views, it must
be shown in its true length in both the plan and the eleva-

tion on the drawing. '

ConsTrUCTION.—To make this drawing on the plate, draw
a horizontal line of the given length and the proper dis-
tance (i. e., 1 inch) below the base line. This will be the
plan of the line 4 B. From each end of this line (CD in’
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Fig. 4 and on the plate), draw projectors to the clevation;
or, to use the term by which such operations are desig-
nated, project the ends cf the line C/) to the elevation.
After measuring off the proper height above the base line,
draw the horizontal line £ /-, which is the elevation of the
line A B.

NoTe.—When a point is projected from one view to another, its
projector (a straight line) is drawn from the first view to the view pro-
Jected, and always at right angles to the base line.

Case IN.—1Where the linc is in a horizontal position and at

right angles to VP,

ExpranxaTioN.—Fig. 5 illustrates this case. It will be
noticed that the plan view of the line does not differ very
much from the plan of the line given in Case I, merely that
it is represented by a vertical line on the drawing in the
plan in place of a horizontal line, as in Case 1. The

line A B is at right angles to the vertical lines of sight G D
and A C in both cases. The line A B in this figure is in
such a position that the horizontal line of sight K /£ passes
through both points 7 and . The projection of these
~ points, therefore, on the elevation is the single point £ at
the foot of the line of sight A/, A single line of sight may
pass through an unlimited number of points in any view,
but the foot of such line of sight is always represented in
that view by one point on the drawing. The student who
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is to read that drawing must picture to himself, or imagine,
the position of these points as they are supposed to exist in
the object of which any drawing is a representation. It is
further to assist his imagination that other viewsare drawn,
and by means of which the position of the different points
may be definitely located. Thus, in this case, if we were
to consider the elevation alone, without paying any atten-
tion to the plan, we would say that the point £ represented
merely some other point (imaginary, of course) that could
be situated anywhere on theline of sight A"£. A glance at
the plan, however, shows not only where the location is,
but how many points are represented. In this case, there
are two points represented by £, one directly in line with the
other. The plan also shows how far apart these points are,
and from the two views it can be further seen that the line
is in a right position perpendicular to VP. If it were not,
the two points would not be in the same line of sight, and
would, consequently, require two positions on the elevation,
whereas they are designated by the one position £, Fig. 5.

CoxnsTrUCTION.—Since the drawings for this case have
been shown in the preceding explanation to be similar to
those of Case I, no definite instructions need be given. The

two drawings differ in position only, and are drawn asshown
on the plate, the plan being first constructed.
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Case 111.— Where the line is in a vertical position.

This is shown in Fig. 6, each feature of which has already
been explained in connection with Figs. 4 and 5. The
drawing may, therefore, be made by the student in accord-
ance with the dimensions given in the illustration.

32. Proof of a Projection Drawing.— The various
cases of the foregoing problem represent lines in differ-
ent positions, and, as in the case of the point in Problem 1,
the student will see that these projections definitely repre-
sent the position of each line; further, that for each posi-
tion indicated, but one line can be placed, or can occupy
that position. It is recommended that the student prove
this assertion as follows: Copy the projections of this prob-
lem on another piece of paper and bend the paper at right
angles along the base line, as shown in the illustrations;
take a piece of small wire of the given length, to represent
the lines, and proceed to hold it, in turn, over the drawing
for each case—at the same time *‘‘sighting,” or using the
lines of sight, as illustrated. It will be seen that, in order
to make the foot of each separate line of sight come to the
proper place on the drawing, the wire must be held in the
position indicated in the statement of the case.

PROBLEM 8.

33. To draw the projections of an imaginary line in
a rightly inclined position. :

There are three cases of this problem, in all of which the
given line is rightly inclined; that is, the angle of inclina-
tion is such that the true length of the line may be shown
in either a plan, a front elevation, or in some elevation that
shall be at right angles to the front elevation. The differ-
ent cases of this problem are presented in perspective views,
from which the projection drawings are to be made by the
student. They illustrate the principles of foreshortened
views.
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Case I.—Where the line is horizontal, but inclined to VP
at an angle of 45°.

ExpLaNaTION.—This is shown in Fig. 7, which gives all
the dimensions and distances necessary to enable the student
to draw the projections on the plate. The student will note

the position of each point and carefully observe the instruc-
tions for making the drawings. Bear in mind that, although
the drawing is only that of a single line, careful study must
be given to it, for the principles on which these simple pro-
jections are made are the same as for any other projection
drawing. These principles are shown in a more compre-
hensive way in simple problems than if an object of complex
form were presented, requiring a confusing number of
points to define its outline. In Cases I and II of this
problem, the plan is first to be drawn and the elevation
projected therefrom.

ConsTrucTION.—Since the line in Case Lis in a horizontal
position, and therefore at right angles to the vertical lines
of sight, it will be shown in its full length on the plan.
The line is stated to be inclined to VP at an angle of 45°;
draw the plan, therefore, at that angle to the base line and
at such distance below the base line as indicated in Fig. 7
and shown at 4 Bon the plate. Project the points .l and 5
to the elevation, and at the given height above the base line
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draw a horizontal line between the projectors. This is the
elevation of the line shown in the plan, and, since its entire
length is contained between the horizontal lines of sight # £
and H G, Fig. 7, the line cannot be shown on the elevation
as being any longer than the perpendicular distance between
the projectors. This distance being less than the actual
length of the line, the elevation is, in this case, called a fore-
shortened view of the line. It represents, however, the entire
line, and reference to the plan is necessary in order to find
its true length.

Case IL.—Where the .line ts parallel to VP but mclmed to
HP at an angle of 60°.

ConsTrRUCTION.—Fig. 8 shows that the plan is to be repre-
sented by the horizontal line # H. It also gives the length -
of the line in the plan, which is a foreshortened view.
Therefore, draw # // 1 inch long and 1 inch below the base
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line. Draw the projectors and fix a point at / on the pro-
jector drawn from /7 at the proper distance above the base
line. This will be one end of the line in the elevation.
With the compasses set to 2 inches (the length of 4 B) and
using the point /, fixed on the projector drawn from F, as a
center, describe an arc intersecting the other projector. The
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point that represents the other end of the line is located at
this intersection, and the line may then be drawn.. Now
bring the T square into position and prove by the triangle
that the line /K is at an angle of 60° with the base line.
It will be seen that it would have been possible, after fixing
the position of a point at either end, to have drawn the line
at once with the 60° triangle. Attention is called to both
methods in order to show the student the connection
between them.

Case 11X.— Where the line is rightly snclined toVP at an
angle of 60° and is also tnclined to HP,

ExpLaNATION.—In Cases I and II, the line has been in
such positions as to enable its full length to have been
" shown in one of the views drawn on the plate. In this case,
a position is illustrated in which the line is shown foreshort-
ened in both of these views. It will therefore require
another view to be projected, in order that the line may be
shown in its true length. Since it is known that the line is
rightly inclined, the additional view required will be at right
angles to the base line. Asanother view is to be drawn, so
another base line will be required. This base line, being
merely the lower boundary of a surface supposed to be in an
upright position to receive the lines of sight, and at right
angles to the surface of the elevation previously drawn, will,
consequently, be at right angles with the base line in a
drawing that shows only two views—such drawings as have
thus far been made.

Fig. 9 contains the given dimensions, etc. for this position
of the line. This perspective figure shows the interception
of the lines of sight from still another direction than has
been shown in the preceding illustrations. In the same
manner, a view may be obtained from any side of an object,
or at any angle other than a right angle. The method of
accomplishing these results by the use of the T square and
triangle on the flat surface of the drawing board will now
be shown, and the illustration of the bent-up surfaces will
not be continued beyond this problem. Such illustrations

4 I1.—s
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are, however, always implied in a projection drawing, for
that part of the work is the imaginative feature previously
mentioned, to which the attention of the student will be
directed throughout this instruction.

Since the angle of inclination to the elevation is the same
in this case as in the plan of Case II, the length shown on
the elevation of this projection will be the same as in the plan
of that case. In this drawing, the line is, however, in a
different position as related to the plan, and from Fig. 9 it
will be seen that it must be represented by a vertical line in
that view on the drawing.

ConsTrUcTION.—Extend the base line on the plate to the
center of the next space, from which point draw a vertical

FiG. 9.

line downwards to the division line; these lines are to be
inked in the same as the base line in the first space. In the
smaller space thus enclosed on the drawing is to be drawn
the plan for this problem, the front elevation occupying the
same relative position as before, directly above the plan,
while in the space at the right the side elevation will be pro-
jected. First, draw the elevation as at £' /" on the plate,
fixing the point £’ at the specified distance above the base
line. As the foreshortened length in the plan is given in
Fig. 9 as 1§ inches, draw the line C D of that length, as
shown on the plate, keeping the point C at its proper dis-
tance below the base line, as indicated in Fig. 9. The view
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to represent this line in its true length may next be drawn.
It is known that this view must be one in which the line
itself is represented at right angles to the lines of sight.
There is a choice of two views for this projection—either to
the right or to the left side. Having already utilized the
space to the left on the plate, the side elevation is, in this
case, projected to the right. The method employed in
Case IT might here be used to project the side elevation, but
since it is customary, when a number of elevations are pro-
jected from the same plan, to facilitate the operation by
drawing, between such views, lines that are termed second-
ary projectors, an explanation of their use is here presented.

34. Secondary Use of the Projector.—The term sec-
ondary is not applied in the case of projectors as indicating
an unimportant or infrequent application of these lines.
The name is used rather to distinguish operations in which
similar principles, as applied to the imaginative features, are
differently represented on the drawing in the application of
the practical features of the work. In fact, both uses of
these lines are required in most drawings. It is therefore
essential that the student should become familiar with the
various means employed in producing them on the drawing.

35. It is evident, from an inspection of Fig. 9, that the
eye of the observer at £, in moving around along the broken
line in the direction of the arrows to take position at X
would trace a line from F, through O, to L. The part of
this line (¥ O) that shows on the front elevation is parallel
to the base line of that surface; and also, the part of that
line (O L) shown on the side elevation is parallel to the base
line of the side elevation. It is seen that the definition of
the projector, as previously given, applies equally to the
lines #O and O L. If the two planes of projection repre-
sented by the two upright surfaces could be bent in the
same relation to each other as were the plan and the elevation
in Fig. 3—i..e, on the line PQ, Fig. 9—the use of the pro-
jectors in these views would be no different from that already
described. It is customary, however, to assume that such
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upright surfaces are always bent downwards and away from
the plan; to accomplish this result, the secondary use of the
projector is employed. Suppose, now, that the upright sur-
faces, represented in Fig. 9, were bent backwards until laid
flat on the drawing board. Evidently, there would be an
appearance presented similar to that shown in Fig. 10, and

FiG. 10.

an open space would be shown on the drawing board in-
cluded between the angle PQ P'. The paper on which the
drawing is made is not of an irregular shape, thus to be
bent up at will; further, the operations performed in pro-
jection drawing are such that they can be accomplished
only on the flat surface of the drawing board.

36. It is found that similar results may be obtained in
two ways, both being easily affected by the aid of the draw-
ing instruments. The first is known as the angular method,
and is thus accomplished: If the projectors #O and O'L,
Fig. 10, or any other corresponding set of projectors, parallel
to their respective-base lines, are extended until they inter-
sect each other, it is found that @/l the intersections are on a
diagonal line terminating exactly at the intersection of the
base lines. It is also found that this diagonal line cxactly
bisects the outer angle formed by the base lines. Applying
these principles, therefore, to the drawing, bisect the outer
angle formed by the base lines on the plate and produce the
bisector indefinitely toward the right-hand side of the space.
The outer angle formed by the base lines in this case being
an angle of 270°, the bisector may be drawn with the 45° tri-
angle, since a line thus drawn will be at an angle of 135°
with both base lines.
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3%. Fig. 11is a reproduction of the projection drawing
from the plate, showing the bisector drawn as previously
directed. Draw F’'x and E'y p: _ sscoxviar rsosmcrox 7

parallel to the base line in the ('03,/73
front elevation ; from their inter- 4&/ |
sections with the bisector at » E|_ — Smcoxpasy. v/ |
and y, draw x L and y R parallel % oro”, |

to the base line in the side eleva-
tion. Project thepoints C'and D Mrancuar L__.§
from the planto the side elevation
by the use of primary projectors,
as previously described. The side
elevation of the line 4B of
Fig. 9, then, is a line drawn be- p
tween points of intersection of
the primary with the secondary
projectors, as shown by R L, Fig. 11. The lines F'x, x L
and £'y, y R are called secondary projectors, and are used,
as in this case, when projecting points between views that
are related to one another in the manner shown. Project-
ors are used in a similar way when, for reasons that will be
shown later, the base lines are at an angle other than a
right angle. In all cases, the outer angle is bisected as
shown in Fig. 11, and the secondary projectors are drawn
parallel to their respective base lines.

Note that the front elevation, shown in Fig. 11, is a fore-
shortened view, and corresponds in length with the perpen-
dicular distance between the secondary projectors in the
side elevation.

Seax,

|

|

|

|

1

N\,
SECONDARY PROJECTOR

F16. 11,

38. Reading a Drawing.—The ability to read a draw-
ing consists of the intelligent comparison of the different
views, and is well illustrated in the projections just drawn.
The different views—or the different projections, as they
are called—must never be considered as drawings apart
from one another. Each projection is shown to be neces-
sary in order to enable the position of some point or element
of the object to be established in the reader’s imagination.
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PROBLEM 4.

39. To draw the projections of an imaginary line in
an obliquely inclined position.

The projections of this problem are to be drawn by the
student in the next space on the plate, following the instruc-
tions here given.

ConsTrUCTION.—Draw the base lines as in the last space
used for Problem 3, but place the lines £ inch higher on the
plate and extend them } inch farther to the right in the
space. These base lines will be used in the construction of
the projections as before, but will not be inked in on this
drawing; they are construction lines only—to be erased
from the plate after the drawing is completed. It has been
shown that base lines are necessary for determining the
position of the different points on a drawing, and are
essential in establishing the first few points in any projec-
tion; but as the drawing progresses and other lines are
produced, any right line in a view—i. e., a line at right
angles to the lines of sight—may be used as a base from
which to establish the position of points in a drawing.

Represent a foreshortened view of this line in the plan by
a line 1} inches long, drawn at an angle of 45° with the base
line of the front elevation, as shown at 4 B, Fig. 12; draw
the front elevation (also a foreshortened view) at an angle
of 30° with the base line. Draw the line 4 B in the plan
and G £ in the front elevation in such positions that the
end of either line nearest to the base line shall be } inch
from that line. Next draw the side elevation as explained
in Problem 3, Case III, and it will be seen, when the side
elevation is completed, that /// is also a foreshortened
view, not representing the true length of the line.

An elevation will now be projected in which the line may
be shown in its true length. This will be an elevation
whose surface is parallel to the line. Draw the base line of
this surface 4 inch from the line A B on the plan and par-
allel to that line, as at C D, Fig 12. Thisfigure is an illus-
tration of the projection drawing, showing all the lines used
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in its construction, certain of which, as already explained,
are not to appear in the completed drawing on the plate.
Note that the oblique elevation K'L is projected in the
same manner as the side elevation was drawn, the only
difference being that the outer angle O D C, formed by the

Fi6. 12 \

base lines, is greater than a right angle, but is treated in
the same way. This completes the problem, and in finish-
ing the figure on the plate, the student will ink in only the
different views and the primary projectors, erasing all other
construction lines.
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40. Finding True Lengths by Triangles.—It is pos-
sible to find the true lengths of lines from a plan and any
¢ elevation showing such lines obliquely
inclined, by a shorter method than that
/l given in Problem 4. This is accomplished
4 B by the use of the right-angled triangle.
Fie. 13 If such a triangle is constructed, with its
base equal to the length of the line shown in the plan and
its altitude equal to the vertical height shown in the eleva-
tion, the hypotenuse will be equal to the true length of the
line. This is shown in Fig. 13, in which A4 B is made the
same length as A B, Fig. 12, and B (, Fig. 13, is equal to
the vertical height shown in the elevation, i. e., £ F, Fig. 12.
Since A B C is a right angle, the hypotenuse 4 C, Fig. 13, is
equal to the true length of the line. This statement is of
the greatest importance to the draftsman and should be
proved by the student. Construct a triangle on a separate
piece of paper and set off the lengths from the drawing
with the dividers; afterwards compare the length of the
hypotenuse with the length of the line shown in the oblique
elevation, or full view. This is an illustration of a prin-
ciple of much use in later problems, and one on which cer-
tain important principles of patterncutting depend.

41. All Projections Depend on Similar Principles.
There is no conceivable position of a line that may not be
shown, or its true length not be ascertained, by the applica-
tion of the principles contained in the foregoing simple
problems. Lines have been used to illustrate these problems
drawn at such angles as were conveniently made with the
T square and the 45° or G0° triangles, but any angle or any
position could as well have been represented, since the prin-
ciples are in any and all cases the same. We will now proceed
with the representation of flat, or plane, surfaces.

42. Planes, or Plane Surfaces.—All drawings made
to represent surfaces are composed of lines that bound, or
limit, their borders, or sides. These drawings, therefore,
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will differ from those of the foregoing problems only in the
fact that they are the representation of lines shown in their
relation to one another. There are, however, certain prin-
ciples relating to flat, or plane, surfaces that must be borne
in mind, since they influence this relation of the different
lines in a drawing.

43. That the student may have a thorough knowledge
of the principles employed in the representation of surfaces,
it is essential that he first have a clear conception of what a
plane is. A plane surface, as has been stated, has only an
imaginary existence, being bounded, or enclosed, by imagi-
nary lines; this surface may be in any conceivable position,
but is always a flat surface. If viewed from a certain direc-
tion—viz., as if ‘‘on edge "—it would be represented by a
single straight line. If the student can imagine a plane
surface indefinitely extended in every direction beyond the
boundary lines of the figure, he will have a very good con-
ception of a plane; any number of points or lines, the posi-
tions of which are anywhere on this surface thus extended,
aresaid tobe ‘' in the same plane ” inrelation to one another.

44. To illustrate: Suppose two flat-top tables of the
same height are on the floor of a room perfectly level and of
indefinite extent. Here is a practical representation of two
planes, both of them in a horizontal position; one plane is
represented by the floor, while the other plane is parallel to
the first and ‘‘ passes through” the tops of the tables. The
surfaces represented by the tops of the tables are said to be
‘in the same plane.” The tables may be placed some dis-
tance apart, yet the straight edge of a ruler laid across their
tops would exactly coincide with the upper surfaces of both
tables, and would remain in contact at all points for every
position of the ruler.

The plane surface represented by the top of one table is
said to be ‘‘in the same plane " as the corresponding surface
of the other table. The same could be said with reference
to any other surfaces answering the same test. Any number
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of flat surfaces are said to be in, or to *‘lie in,” the same
plane with one another, and the same is true of any lines or
points used to define any surface or position in that plane.

The planes in the foregoing illustration of the floor and
tables are horizontal planes, but may be imagined in any
position, vertical or inclined, needed for the projections of
a drawing.

45. How the Position of a Plane Is Determined.
Since any two points determine the position of a line, so any
three points, not in the same straight line, determine the
position of a plane. To illustrate: Take a square piece of
cardboard, thick enough to remain flat, and push pins of
equal length through each of the four corners so that they
will resemble the legs of a chair. The object will stand
firmly when placed on a level surface with the points of the
pins down, for the reason that all the points represented
by the ends of the pins are in the same plane. If one of the
pins is withdrawn and a shorter one inserted in its place,
the cardboard will not be stable when placed as before, and
can be ‘‘rocked,” for the point at the extremity of the short
pin is not in the same plane with the other three. Two
planes are thus defined—one determined by points at the ex-
tremities of the three long pins, and the other by points at
the ends of the short and the two adjacent pins. Both of
these planes may be imagined as extended indefinitely, one
plane being inclined to and intersecting the other.

Again, a flat sheet of metal may be supposed to represent
a plane surface. All points that may be located on this
sheet are in the same plane; but if a sheet that is ‘‘ buckled ”
is chosen, it is possible to locate some points on the surface
of that sheet higher or lower than others, and the points
would then be in different planes. The connection between
the plane and the plane surface, then, is such that, to be
defined as a plane surface, every point on that surface must
be in the same plane.

46. In drawing different views for the illustration of the
plane surface, we shall first use the octagon, requiring the
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projection of eight points and the intermediate lines. The
use of the word ‘‘imaginary ” in connection with the state-
ment of the problem will henceforth be discontinued, since
it has been clearly shown that all surfaces, as well as other
geometrical elements, depend for their existence on the
imaginative feature referred to in previous articles. It
will be understood, therefore, when any geometrical element
is mentioned, that the practical feature is to be employed—
the imaginative, of course, being implied.

PROBLEM 5.

4%. To project three views of an octagonal surface,
representing it in a horizontal position.

The three views consist of a plan, front, and side elevation.
A perspective view of the surface in the required position is
shown in Fig. 14.

ExpLaNATION.—All lines used to define this surface in the
plan are at right angles to the vertical lines of sight; and
since the lines will thus bedrawn in their full length in that
view, the surface will there be shown in its full dimensions.
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F1G. 14.

This principle also applies to any view of a plane surface in
which all its lines are at right angles to the lines of sight.
The plan of the surface, then, will be a true octagon, and
may be drawn on the plate with lires tangent to a circle
1} inches in diameter, using the T square and 45° triangle
for that purpose.
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ConsTRUCTION. —Draw the base line for the front elevation
3 inches above the lower border of the drawing, and draw
the vertical base line (for the side elevation) 2% inches from
the left-hand border. Describe the circle previously men-
tioned in such a position that the nearest edges of the octa-
gon will be } inch from each base line; the figure may then
be completed in the plan. In this and the remaining prob-
lems to be drawn on this plate, the right views are to be
drawn } inch from the base
line in all cases. In both eleva-
tions, the lines of sight in
crossing the surface pass also
through the points in that por-
/ tion of the surface farthest
G / D from the observer; and asthe
/ eye of the observer travels
from points opposite to M
and WV, Fig. 15, in tracing the
front elevation, the foot of
every line of sight would be
projected on a single line
on VP. The elevation of the
surface, therefore, is represented on the drawing by the
single straight line /4 N, Fig. 15. Project the front and
the side elevations in their proper places, completing the
problem.

M 4

Fi1G. 15,

NoTe.—The single line that constitutes each elevation of this prob-
lem represents the eight lines of the octagonal surface shown on the
plan. This is shown in Fig. 15, which is a copy of the plan and front
elevation on the plate, lettered for convenience of reference. Two of
the lines in the plan, 4 B and F £, Fig. 15, are shown in their full
length by that portion of the line 47 /V included between the points £
and (). since FE isdirectly in line with 4 A in the elevation, as
already explained, it isshown by the same line /> Q used to define 4 B.
The line /7 A is shown foreshortened at A7 /; and, as G F is directly
behind /A A, A7 P represents G F also; (Q /V bears the same relation
to B Cand £D. Theline G H is represented in the elevation by the
point A ; NV, in like manner, represents D C. 'Thus, the line M N
represents a certain view of the eight lines 4 /4, B C, etc. to /' A, and
also a view of the surface defined by those lines.

The above is very important, and should be carefully read, as it
shows the application of principles to Problem 5.
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PROBLEM 6.

48, To project the views of an octagonal surface
that is in a rightly inclined position.

NoTe.—No 1perspective figure is shown for this problem, and the
Projections will be made on the plate from the following directions.
The same figure is used for this problem as for Problem 5. These
drawings are really a continuation of that problem; and since a full
view of the surface is shown in the plan of Problem 5, projectors will
be drawn from that view, in order to define the plan of this problem.

ConstrucTiON.—Draw the horizontal base line in the next
space on the drawing, and at the same distance from the
lower edge as the corresponding base line was drawn in the
space for Problem 5; draw the vertical base line 1% inches
from the left side of the space.

The front elevation of this problem will first be drawn:
Draw a line inclined to the horizontal base line at an angle
of 60°, and equal in length to the line shown in the front
elevation of Problem 5; the lower end of this line should
be } inch above the base line, as previously explained. It
should be drawn in such a position on theplate that vertical
projectors from the ends of the line will pass through the
central portion of the horizontal base line. Mark the posi-
tion of the points indicated by the projectors, as at M, P, Q,
and V, Fig. 15, and from these points draw four vertical
projectors to the plan. Intersect these with horizontal pro-
jectorsdrawn from the plan in Problem 5; draw the connect-
ing lines between corresponding points thus projected; this
produces a figure that is the plan of the octagonal surface
in the rightly inclined position indicated by the front
elevation.

Project the side elevation by the use of secondary pro-
jectors, as previously explained. Reference to the copy of
this plate will be of assistance to the student during the pro-
jection of these views. The completed drawings are there
shown, and the method of projecting between different views
is indicated by projectors partially extended toward the left
of the plan of this problem.

49. Basis of Projection.—The plan and side elevation of
this surface are foreshortened views. There are, however,
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two lines in each view shown in their true length; this may
be proved by a comparison of the figures with the plan of
Problem 5; the other lines in each case are foreshortened.

It does not necessarily follow, however, that any of the
lines in a rightly inclined view are shown in their true length.
Had the angle of inclination been along the line 4 £, Fig. 15,
every line would have been foreshortened; again, in the
case of surfaces having curved or irregular outlines, the least
angle of inclination in any direction would preclude the pos-
sibility of representing, in a foreshortened view, any portion
of the outline in its true length.

It will thus be seen that the point is the only geometrical
element not subject to change, or variation, in any view.
It may therefore be relied on as a basis of projection. The
outline of any surface in the different views is determined
by first fixing the location of points at the extremities of
the boundary lines of such surface, afterwards drawing the
connecting lines, as in this problem.

PROBLEM 7.

B50. To project a full view of a surface from a given
plan and elevation showing that surface in a rightly
inclined position.

A full view of any surface may be projected by assuming
a view to be taken at right angles to a line in which the
entire surface is represented, for in such a view the lines
of sight are at right angles to the outlines of the surface.

ConsTrucTION.—In the next adjoining space to the right
on the plate, copy the plan and the front elevation of Prob-
lem 6, placing the projections so that they will occupy the
same relative position in the space. To obtain a full view
of the surface in this problem, a view must now be assumed
at right angles to the line in the elevation; in other words,
the elevation must be considered as a plan and a new
front elevation projected therefrom. The plan copied from
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Problem 6 is used as a base plan, secondary projectors being
drawn from thence in the manner shown on the plate and
described in the following article. The projectors in this
case are drawn by the arc method, sometimes more con-
veniently employed than the angular method previously
described.

81. Arc Method of Drawing Secondary Projectors.
Draw a base line, for the projection of the full view, from
the intersection of the base lines previously drawn and
parallel to the line that represents the surface of the octa-
gon, as A B (see plate). At the point of intersection of
the base lines (), erect a perpendicular to the oblique base
line A B, as B C, producing it indefinitely toward the right.
The positions of all points in the plan are now to be located
on this line in the same relative position as they would oc-
cupy if projected horizontally to the vertical base line in
the drawing. The points are accordingly projected hori-
zontally to the vertical base line 5 D; thence, by using the
compasses and describing arcs from a center 5, located at
the intersection of the base lines, they are projected to the
line B C. The projectors are then continued beyond B C,
but parallel to A B; they are there intersected by primary
projectors drawn from corresponding points in the eleva-
tion, as shown. Locate the various positions of the corre-
sponding points at the intersections of these projectors, and
produce the full view of the octagon by drawing the con-
necting lines.

It will thus be seen that the drawing of secondary pro-
jectors by this method involves firs?, projection to the .
nearest base line; second, the describing of arcs from the
center shown; and 2kird, the continuation of the projectors
parallel to the base line of the desired view. If the draw-
ing has been carefully made, it will be found that the sur-
face thus defined is an exact counterpart of the plan in
Problem 5, and that the full view projected in this problem
is in the same relation to the elevation as the plan in Prob-
lem 5 is to the elevation of that problem.
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52. Views Necessary for the Projection of the Full
View.—When it is desired to project a full view of any
surface that is represented in a drawing. in an inclined po-
sition, it is necessary to have one view that will show all
the points of that surface as contained in one line. A pro-
jection must also be drawn at right angles to that view, in
order that such dimensions of the surface as are at right
angles to those in the first view may be shown in their true
length.

53. Full Views Sometimes Obtained Without Pro-
Jection Methods.—A comparison of the views in the pro-
jections of the. last problem will prove that the vertical
primary projectors included within the surface of the octa-
gon shownin the plan are of the same length as the second-
ary projectors in the view last projected. This knowledge
may be used to some advantage in producing a full view
without using all the projectors employed in this problem.

Thus, draw a horizontal center line through the plan, as
E F (see drawing on the plate for Problem 7), and draw
primary projectors from the elevation to the full view in
the regular way; at a convenient distance, draw a line at
right angles to, and crossing, these projectors, as G A.
This line will be the center line for the full view, the points
of which may then be located with the dividers in the fol-
lowing manner: Set the dividers to the length a ¢ in the
plan, and set off a corresponding distance at @' ¢' in the full
view; in like manner make &' /' equal to & /| etc., as shown
on the plate. Complete the outline of the full view, then,
by drawing connecting lines as heretofore.

This method is generally followed in pattern drafting,
since it requires less time than to draw full projections as in
the construction of the problem, and there is less liability
of error.

B54. If the student that does not clearly understand the
principles by which these projections are made will cut a
piece of cardboard to the same size and shape as the plan
of Problem 5, and hold it in such positions that the foot
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of the lines of sight falls on the points designated on the
drawings for the different views, he will at once see the
correct position of the surface as represented in each view.

55. Surfaces Bounded by Curved Lines.—Surfaces
that are defined by curved lines do not present any points
from which to make projections. In making such pro-
jections, the same principles are employed, however; but it
is first necessary to establish a number of points at various

- positions on the curved lines. The points thus established
are then projected in the same way as in the foregoing
problems. When, for purposes of projection, points are
located on the outline of a curved surface in any view, it
should be observed that they are so placed that, when the
points thus located are projected to a line that represents
an edge view of that surface, each end of that line is de-
fined by the projection of a point.

PROBLEM 8.

56. To project views of a plane surface defined by a
curved line, the surface being in a rightly inclined
position; also, to project a point located on that surface.

Note.—Before making the projections of this problem, the lines to
remain on the drawing for Problem 5 should be inked in, and, to avoid
confusion, all other lines not to be inked in on that figure should be
erased; the circle drawn for Problem 5 may then be redrawn for
this problem.

ConsTrRUCTION.—The surface for the projections of this
problem is that of the circle to which the sides of the octa-
gon in Problem 5 are tangent. After describing the circle,
the next step is to locate points on its circumference. Do
this by first drawing a vertical and a horizontal diameter,
and then drawing, with the 45° triangle, two other diam-
eters at right angles to each other, thus locating eight
points at equal distances on the circumference. Those
points indicated by the horizontal diameter will, when pro-
jected to the elevation, define the ends of the line in that
view.

A II—}
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Also, locate a point at the center of the circle. The plan
and elevation of the surface thus projected is shown in
Fig. 16, the points being
5 denoted by numerals. Pro-
i _ ject these points to the ele-
|

’

4’
T
! vation of Problem 5, using
lines easily erased, since
they are not to appear in
that problem when the
plate is finished. In the’
last space on the plate,
draw horizontal and ver-
tical base lines in the same
corresponding position as
in the space for Problem 6,

Fig. 16, The line that represents the
front elevation of the circular plane surface is then drawn in
the same position as in the elevation in Problem 6; with the
dividers, locate points thereon in the same position as the
points projected from the circle to the front elevation in
Problem 5, as shown in Fig. 16. Project these points ver-
tically to the plan, and intersect these projectors with hori-
zontal projectors drawn from the circle in Problem 5.

When projecting points across a drawing—as from the
space occupied by Problem 5 to the drawing for this prob-
lem—it is not necessary to draw lines the entire distance.
By carefully placing the edge of the T square on each point
in turn, corresponding lines may be drawn across the plan
in this problem. This saves erasing unnecessary lines, but
care must be taken, when making projections in this way,
to observe that points thus located are at the intersections
of projectors drawn from points in corresponding positions
in each of the views. Find the location of each point thus
projected, and through these points trace the curve that
represents the foreshortened view of the circle, using the
irregular curve for this purpose. Thus a plan and a front
elevation of the circular plane surface is drawn, in which
the surface is represented in a rightly inclined position,
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Project the side elevation by the angular method of sec-
ondary projectors, as previously explained, and designate
the point in both views by a small dot at the center of the
surface. Finally project the full view by the arc method,
as in Problem 7. In this problem, a good test of accuracy
is afforded, if, after the nine points have been projected to
the full view, a circle with a radius of $ inch, described
from the central point, passes through the other eight
points.

57. Importance of Accuracy.—Next to a knowledge
of the principles of projection, neatness and accuracy are
the prime requisites in a drawing. The student should
carefully observe that, when the points determined by the
intersection of lines are used as centers for arcs or circles,
the needle point of the compasses should be placed exactly
on that position; again, drawing three or more lines that
shall intersect at the same point is very commonly required
in projection drawing and in pattern drafting; this is not
an easy thing to do accurately unless carefully practiced by
the student. It is needless to state that unless the work is
accurately done it is of no value.

When putting in the figures for the dimensions on draw-
ings, care should be observed that they are placed on those
views in which the lines and surfaces are shown in their
true length. Do not designate a foreshortened view of a
line or surface by a dimension figure, when another view is
given in which the true length is shown. Again, do not
repeat the same dimension on different views of the same
drawing; thus, in Problem 2, Case I, the length of the
line is given as 2 inches in the plan, and it is obviously
unnecessary to give the same dimension in the front eleva-
tion.

The student may ink in all the problems on the plates,
but the letters used to describe the different positions and
lines are not placed on the drawing. The date, name, and
class letter and number are inscribed as in the plates of
Geometrical Drawing.
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DRAWING PLATE, TITLE: PROJECTIONS II.

58. The problems for this and the succeeding plates
should be practiced on other paper and then copied on the
drawing that is to be sent in for correction. The student
can thus judge better as to the relative position the figures
should occupy and the completed plates will present a neat
appearance. In making the projections on this and the
succeeding plates, the views may be assumed to be } inch
from their respective base lines, as this will enable the pro-
jections to be kept in closer proximity. The base lines are
not to be inked in on this or the following plates. Divide
this plate by a central horizontal line; the part of the draw-
ing above this line is divided into three, and the part
below the line into four, equal spaces.

PROBLEM 9.
59. To project a side elevation and a full view ofa
rightly inclined plane surface deflned by an irregular
outline.

This is a problem in which the student has an opportu-
nity to use, in a practical way, the
knowledge of projection thus far
gained. The surface to be projected
is shown in a rightly inclined position
in Fig. 17, which is a foreshortened
view of the surface. This figure is to
"t be copied, in the size indicated by the
dimension figures, into such a position
in the upper left-hand space on the
drawing that the projections when
completed will occupy about the cen-
ter of the space.

ConstTrRUCTION.—First, draw the
horizontal line A B 1% inches long and
bisect it at o by the vertical line C/. Make oD } inch
long and bisect it at &, as shown, making o C 1% inches
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long. Set the compasses at a radius of 1} inches, and
with 4 and C, respectively, as centers, describe arcs inter-
secting at ¢; with the same radius and with 2 and C as
centers, describe arcs similarly intersecting at ¢'. From
these centers (¢ and ¢') describe the arcs A C and B,
thus producing the curved outline of the lower portion
of the plan. Next, divide these arcs, by spacing, into
six equal parts, thus locating the points 1, 2, 3, 4, and §;
from these points draw vertical lines, as shown in Fig. 17.
Complete the upper outline of the surface as represented in
the figure; thus, locate @ at the intersection of the vertical
from I with a horizontal from A ; 4, at the intersection of
the vertical from 2 with a horizontal from D; f, in like
manner at the intersection of a vertical from 8 with a hori-
zontal from x. :

The points at the extremities of these lines and those
located on the curved outline are now to be treated as in
former problems and the projections made in the usual way.

CauTtioN.—When making the projections for this prob-
lem, the student must observe the precautions given in
regard to the taking of the same corresponding points in
each view. Project the side elevation first; it may be de-
sirable for the student to ink in that figure, in order to
avoid the confusion arising from a number of lines crossing
one another on the drawing. Use the angular method for
the secondary projectors in projecting the side elevation
and the arc method for the full view. Since it is often
necessary, when developing patterns, to draw several views
over one another in this way, the student should accustom
himself to drawings that have a complicated appearance
from this cause, and should learn to follow each set of pro-
jectors as readily as though they were in separate drawings.
During the construction of this projection, it will be noticed
that the base line for the full view, in order to be drawn
from the intersection of the other base lines, will fall below
the front elevation of the surface. This is unimportant, how-
ever, since its purpose is the same, and the result is merely
that of a slight appearance of crowding on the drawing.
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PROBLEM 10.
60. To project views of a plane surface in an
obliquely inclined position.

ExrLaNATION.—A full view of the surface to be projected
in this problem is shown in Fig. 18, the dimension figures
4 giving the size in which it is to be drawn
by the student. The upper portion of this
surface is defined by a semicircle, the lower
b by one-half of an octagon. The purpose in
selecting a surface of this outline is to give
the student some practice in the projection
of both straight and curved outline surfaces.
It has been shown that, before an inclined
view of a surface was projected, a right view—i. e., a right
plan and elevation, as in Problem 5—has first been drawn.
These views alone are projected in drawings of simple or
plain objects, it being obviously unnecessary to show any
object in a working drawing in a position not commonly
occupied. But, owing to the different shapes of objects,
variously outlined surfaces are presented in a diversity of
positions, and it is essential that the student should be ca-
pable of projecting any surface into any conceivable position,
and of drawing a full view from such a projection.

B
FI1G. 18.

ConsTrUCTION.—The method of drawing oblique views of
surfaces is shown in detail at (a), (4), and (¢), Fig. 19, the -
projections at (c) being the ones required for the plan and
elevation of this problem. Lay a separate piece of paper
over the drawing of Problem 9 on the plate, and reproduce
thereon the projections shown at (@) and (4), Fig. 19, in
accordance with principles already explained. Next, draw
the plan and elevation at (¢) in their proper places on the
plate. The drawing shown at (¢) may be seen to be similar
to that of Problem 5 of the preceding plate; (&) is projected
directly from (), in the same manner as Problem 6, the
angle of inclination being 60°. The plan of this surface in
(&) is then copied at (c) in such a position that the center
line 4 B makes an angle of 60° with the base line of VP.
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This is accomplished by first drawing the center line A'A5'
at the given angle in (¢), noting thereon the position of the
points =, x’, and y'; draw perpendiculars through these
points, and make @' a’ in (¢) equal to # a4 in (4), 2’ D' equal

(a)

FIG. 19.

to x D, etc. The outline of the plan at (c), therefore, is
exactly the same as it is shown in (4), the only difference
between the two views being the fact that the line 4’ 4’ in
(¢) is inclined to VP, while in () it is perpendicular to that
plane.

Let us consider what changes have here been represented.
Cut a piece of cardboard to the outline and size shown in
Fig. 18, and compare it with the different positions in the
drawings just made. It will be seen that the cardboard
must be held in a horizontal position to coincide with the
drawing at (a); to represent the drawing at (4), the point C
must be raised until the line C D is at the angle of 60°
with HP. The plan at (4) is, therefore, a foreshortened
view of the surface, although its elevation may still be
represented by the single line (" D'. Now turn the card-
board to the position indicated in (c), that is, so that the
line A’ B' makes an angle of 60° with VP.

It will be seen that the line C [ in its relation to HP is
not affected by this change, its angle with HP remaining as
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before; therefore, the wertical distances to be shown in the
elevation of (c) will be the same as in the elevation of (b),
and may be projected directly to (¢) from (), as shown in
Fig. 19. Draw horizontal projectors from the elevation
at (4) to the elevation in (¢), intersecting them, in the man-
ner shown, by primary projectors drawn vertically upwards
from the points in the plan at (¢). Trace the outline of the
surface thus indicated through the intersections of pro-
jectors drawn from corresponding points in each view. The
projections shown at (¢) being completed on the plate, the
paper on which (@) and (4) were drawn may now be re-
moved and the side elevation required for the problem
projected by the angular method previously described.
Three views are thus shown, in all of which the surface is
represented as inclined at an oblique angle to the lines of
sight; all these views, therefore, are foreshortened. Oblique
views may always be drawn in this manner; that is, a right
view is first drawn; next, a rightly inclined view is pro-
jected, the desired angle being represented in the elevation.
The plan thus produced is then redrawn for the oblique
view and its elevation projected as in this problem.

61, Position of Full Views: How Determined.—To
project a full view of this surface it is first necessary to
determine whether any of the lines or distances in any of
the views are shown in their true length, but without having
recourse to the projections made on the separate paper,
since projection methods are to be used. This may be done
by comparing the relative position of any two points in the
outline of the surface, as located in the plan and elevation.
If it is found that a line drawn between any two of these
points in the elevation will be parallel to the base line (and
therefore at right angles to the vertical lines of sight), that
line will be shown, of course, in its true length on the plan.
Any other lines parallel to it will also be shown in their
true length. It is found, on examination, that points in
the elevation corresponding to the positions represented-by
A and B, Fig. 18, are located on the same horizontal
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projector; therefore, a line drawn between these points as
they are located on the plan will be representcd in its true
length in that view; and a view projected from these points
in the plan by primary projectors drawn at right angles to
this line, intersected by secondary projectors from the front
elevation (by a modification of the method used in Prob-
lem 7), will be a full view of the surface.

Draw the oblique base line in the proper position, i. e.,
parallel to that line shown in full length in the plan (4 B on
the plate), as above explained, and at such distance away
from the plan as directed in the instructions for drawing
this plate, producing the line indefinitely toward the upper
portion of the drawing, as shown on the plate at £/ In
this case, the line thus drawn defines the inclination of the
surface, since the angle is the same in botn plan and eleva-
tion, viz., 60°. The full view is projected as follows: Draw
the line G H at right angles to the base line £ F and from
the intersection of £/ with the horizontal base line. By
the arc method, draw secondary projectors from the eleva-
tion, as shown; intersect these projectors by primary pro-
“jectors drawn from the plan at right angles to £ F, thus
producing the full view of the surface. It will be found
that this full view is an exact counterpart of the sur-
face shown in Fig. 18, and should correspond to the pre-
liminary drawing in the plan at (¢) on the separate paper.
Note that the portion of £ Fincluded between p and ¢ cor-
responds in length to that of the rightly inclined front
elevation at (#), Fig. 19. This may be seen by comparing
that portion of the line with the view on the preliminary
drawing.*

The student should now be able to recognize any view of
a surface in any position; that is, he should be able to tell
whether a view represents such a surface in a right posi-
tion, a rightly inclined position, or an obliquely inclined
position; and by the application of the principles illustrated
in the foregoing problems and the exercise of a little

* It should be noted that this is the case only when the angle of
inclination is the same in both views.
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judgment, he should be able to project any surface into any
desired position. Or, being given a surface in a position
indicated by a properly projected plan and elevation, he
should be able to produce the full view and designate the
angle of inclination.

The following problem will serve as a test of his progress.
The principles involved have already been presented, and
the method of application will be readily understood. The
angle of inclination in the plan is not the same as is shown
in the elevation; both angles are to be determined by pro-
jection methods.

PROBLEM 11.

62. To project the full view of an irregularly out-
lined surface obliquely inclined.

The projections of this problem are to occupy the upper

right-hand space of the drawing plate.
‘ The plan and front elevation are shown
ALrazION. in Fig. 20, and are reproduced full size

e —<+n~ on the sheet opposite this page.* The
outline represented is frequently used
as a ‘‘stay,” or profile, to which mold-
ings are formed in cornice work. Since
the view shown is known to be obliquely
inclined, its dimensions are foreshort-
ened, and their true lengths are to be
found by projection methods, as fol-
FIG. 20. lows:

ConsTrucTION.—The student should detach the sheet
opposite this page and paste the plan and elevation in such
a position in the third space on the plate that the base
line M N, Fig. 20, will be 24 inches below the top border line
and exactly horizontal. Locate a number of points on the
curved outline in the elevation, by equally spacing that

I * This sheet is not inserted in the bound volume containing this
Paper.
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portion of the figure with the dividers, as shown at 1, 2, 3,
and 4 in the drawing for this problem on the plate, and
project these points to the plan. To ascertain the angle
of inclination in the plan, draw a horizontal line through
the widest portion of the figure in the elevation, locating,
if possible, one end of the line at an angle of the surface—
as the line 4 B. Project this line to the plan at 4’ B’, as
explained in Art. 61 ; parallel to this line, erect the oblique
base line C D.

The angle formed by these lines (A’ AB'and C D) with the
horizontal base line is the angle of inclination of the surface
to VP, or that angle shown in the plan. The angle of incli-
nation to HP, or that shown in the elevation, is most easily
found by constructing a right-angled triangle whose base
and altitude are equal to certain distances found in the plan
and elevation; that is, the base is equal to the extreme
width of the figure in the plan, taken at right angles to the
line of inclination in that view (shown by the dimension V).
The altitude is the vertical height shown in the elevation
at M. Construct this right-angled triangle on the horizontal
base line extended, as shown at NV’ A/, and locate one end
of the base at D, the intersection of the base lines. Extend
the hypotenuse indefinitely toward the right of the drawing.
Next, intersect primary projectors drawn from the plan to
the oblique view by secondary projectors drawn from the
elevation by the arc method, as shown on the plate.
The full view of the surface is then traced through the
intersections of these projectors, completing the problem.

63. Projection of Solids.—We now come to the pro-
jection of solids, which, as before noted, are merely various
combinations of surfaces. Projections of surfaces in a
variety of positions having already been made, we shall
encounter no new principles in the projection of solids, the
surfaces of which are projected in the same manner as has
been shown in preceding problems.

Since lines intersect in a point, so surfaces intersect in a
line, and in drawing projections of solids it is necessary only
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to find the trie projections in any view, or set of views, of
those lines that represent the correct intersections of the
adjacent surfaces; this is a comparatively easy thing for
the student to do, if he will use proper care and diligence
in the application of the principles of the preceding
problems.

64. Projection of the Cube Illustrated.—Every solid
consists of a number of surfaces, each of which is differ-
ently shown when the solid is projected to the various
views. This is due to the fact that the observer is assumed
to occupy a different position in each view of the solid thus

Bo-p &
ks
N | »

N
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projected. In certain positions some solids show one or
more of their surfaces directly behind another surface of the
same size and shape. This would be the case if the projec-
tions of the cube, referred to in Art. 18, were drawn as
shown in Fig. 21. When the cube is in a right position—
that is, with two surfaces horizontal, and that surface
nearest the observer in a side view in such position that the
lines defining that surface will be at right angles to the lines
of sight, as indicated in Fig. 21—it is evident that the sur-
face parallel to and behind the front surface will be pro-
jected by the same lines of sight as the front surface.
Therefore, in such a case, a projection of the front surface
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of the cube is equivalent to a projection of the entire cube.
Each projection of the cube in the plan, front, and side
elevations is a square, the sides of which are 1 inch long,
while the views are arranged, as shown in Fig. 22, in such
a way as to appear related to one another.

65. In ‘‘reading” the projections shown in Fig. 22,
we merely compare the surfates of the cube as they
are shown in the differ-
ent projections. Thus, | 5 ' ~
the surface A BCD,

Fig. 21, is represented IM* tevation
in the plan of Fig. 22 by "l-
the line 4 B, and in the b g
front elevation by the \
line B, while a full
view of that surface is 4 £
shown in the side eleva-
tion; so, in like manner, o} _ _Pis Stde Elevation | ,
the position of each sur-
face of the cube may be
determined. Note that, v
in each full view, two Fie. 2.

surfaces are represented; thus, in the front elevation of
Fig. 21, the surfaces BFGC and A EH D are projected
on VP as one surface at PQRS. It is thus shown that
surfaces in their relation to one another, when combined
in one view, as in the projection of a solid, partake of the
same principle that has been shown in its application to
points and lines, viz., surfaces whose outlines are contained
i the same lines of sight in any view are projected in that
view as one surface.

Note that in Fig. 22 the secondary projectors are
described from £ as a center, the lines of the cube being
used as base lines, as mentioned in Art. 39. When this
short method is adopted in the case of secondary project-
ors, the center from which they are described must be
located at that intersection of the primary projectors




56 PRACTICAL PROJECTION. §15

nearest the two views between which secondary project-
ors are drawn. A further illustration of this will be given
in connection with a later drawing.

66. Hidden Surfaces: Ilow Indicated.— When the
form of a solid is such that, in any view, a smaller surface is
hidden by a larger, the smaller surface is not shown in that
view, although frequently its outline may be defined by
dotted lines on the drawing. This applies also to projections
in which two or more solids are shown in positions such that
some of their surfaces are completely or partially hidden by
other surfaces nearer the eye of the observer. Only such
surfaces as receive the lines of sight directly from the eye of
the observer are shown in a view by full lines, although, as
mentioned above, the outline of such other surfaces as it
may be desirable to show in a drawing may be indicated by
dotted lines.

67. Facility In Reading Drawings Acquired Only
by Practice.—The reading of working drawings is, there
fore, a comparatively easy matter, if the student will resolve
each portion of the object represented into its respective
surfaces, and look for the various outlines as they are shown
in the different projections. If this is found a difficult task,
the surfaces may be further resolved into lines and points,
whose respective positions may then be located in each view
shown. It is not to be expected that the position of every
surface in a complicated drawing will be seen by the beginner.
at a single glance—an expert seldom acquires such profi-
ciency—but, as ‘‘ practice makes perfect,” the student may
easily accustom himself, by careful study of the various
positions of the surfaces composing the solids that are pro-
jected in the following problems, to the more or less com-
plicated projections found in the various mechanical and
architectural journals, in shop drawings, or in such other
projection drawings as are within his reach.

68. The Center Line.—It has been found convenient,
when making projections of objects, to make use of a line
that is imagined to pass through the central portion of the
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solid, as it is shown in any plan and elevation. Such a line
is called a center line, and in many projections it is inked in
when the drawing is finished, since it frequently affords a
convenient means of indicating certain positions of the
figure, besides assisting in the location of the several surfaces
of the solid in the different views. This line, however, is
central only in its relation to the object of which the drawing
is a representation, and not in relation to the planes of pro-
jection. This may be better understood by considering the
center line as the projection of an imaginary surface (or
plane) that passes through the central portion of the figure.
It is generally represented in those views only in which that
imaginary surface can be shown in one line, or, as we have
said before, as if ‘‘on edge.” Thus, in the right view pro-
jected in Fig. 22, the lines w.x and y z are center lines, rep-
resented on the drawing by the broken-and-double-dotted
lines shown in Fig. 22. The practical use of the center line
will be illustrated in the succeeding problems by the pro-
jection of solids into various positions.

PROBLEM 12.
69. To draw the projection of a glven solid, several
positions being indicated.

The solid for the projections of this problem is shown in
perspective in Fig. 23. It is, as the figure
shows, a pentagonal prism; that is, a solid
whose ends are pentagons and parallel to
each other, and whose sides are parallelo-
grams. The dimensions are given in
Fig. 23; three projections are to be drawn,
each showing the solid in a different posi-
tion; each projection will be complete in
a set of views consisting of a plan and front
and side elevations. Each set of projec-
tions is to occupy one of the remaining FiG. 28.
spaces on the plate, the prism being shown in the positions
indicated by the following cases:
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Case I.—/n an upright position, the side nearest the observer
being parallel to V P.

The projections showing this position of the prism may be
readily drawn by the student from the explanations and
instructions already given. The plan, which is a pentagon
with 2-inch sides, should be drawn first, according to instruc-
tions given in Geometrical Drawing. Draw the center lines
as in Fig. 22 and ink them in, completing the drawing as
shown on the plate. All lines that represent the intersection
of surfaces—i. e., the edges of the prism—and that intercept
the lines of sight directly from the eye of the observer are
to be represented by full lines on the drawing. All hidden
edges are to be shown by dotted lines..

Case Il.—/n a horizontal position, the upper side being
parallel to HP, and the ends of the prism parallel to VP in
the side elevation.

In this case, which differs from Case I only in the position
of the prism, the side elevation should be drawn first. It
may here be mentioned that, in drawing different views of
objects in right positions, the question as to which view is
drawn first is merely a matter of convenience, depending
on the form of the object represented. Thus, in Case I,
the plan is drawn first; in this instance it is, however, more
convenient to draw the side elevation first. In this drawing
it is only in the plan and the side elevation that the center
line can be shown, since an edge view of the plane repre-
sented would not be given in the front elevation.

Case IIL.—/n a rightly inclined position, the angle of in-
clination of the center line (and consequently of the prism)
to HP being 75°.

ExpLaNATION.—The sides of the prism are in the same
relative position to VP in the front elevation as in Case I.
(See the plate.) The projection of solids to inclined posi-
tions is accomplished in the same manner as the projection
of surfaces to similar positions in preceding problems.
Practical use may be made of the center line in this drawing;
this line may be shown in the front elevation, but cannot
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be continued to the plan from that view, since it is clear
that its true position may not be shown there in one line.

ConsTruUcTION.—First draw the line v » in that part of
the space devoted to the front elevation, and at an angle
of 75° to the base line. The line w x is the center line of the
front elevation. Next, copy the front elevation of Case I in
the same relative position on this line, thus producing the
rightly inclined front elevation. Draw primary projectors
vertically downwards from all points of this front elevation,
and intersect them with horizontal primary projectors drawn
from the plan of Case I, in the same manner as the plan of
Problem 6 on the preceding plate was produced. Next,
draw the outline of the plan by connecting the intersections
of projectors that have been drawn from corresponding
points in each of the two views. Project the side elevation
by means of secondary projectors described from the inter-
section of the upper and right-hand primary projectors, that
is, at O on the plate (see Art. 65). When drawing secondary
projectors for solids whose surfaces do not extend to the
outer primary projectorsin the adjacent views, note that the
primary projector must be produced as at O y and O 2.

Case IV.—/n an obliquely inclined position, with the center
line at an angle of 45° toV P and 15° to H P, the upper side
being tn such a position that a full view will be shown of its
upper and lower edges.

ExpPLANATION.—As in Problem 10, where a surface was
projected to an obliquely inclined position, so in this prob-
lem some preliminary work must be done on another piece
of paper. These preliminary projections are shown in
Fig. 24, of which (a) is the right plan and elevation and (4)
is the rightly inclined drawing.

ConsTrUCTION.—On a separate piece of paper, construct
the projections shown at (a), Fig. 24; copy the elevation
produced at (a) in such a position at (4) that the angle of
the center line w x is 15° to H P, as required by the con-
ditions of the problem. Next, project the plan in (4) from
the plan of (@), in connection with the elevation of (&), as

A IIL.—5
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indicated by the primary projectorsdrawn from these views.
Redraw the plan of (4) at (¢), and give its center line y z,
the required angle of 45° to VP. Next, produce the eleva-
tion in (¢) by drawing primary projectors from the elevation
in () and intersecting them by primary projectors drawn
from corresponding points in the plan in (¢). These opera-
tions are precisely similar to those used in producing the
obliquely inclined views of the surface in Problem 10; and
if the extra piece of paper is laid over the drawing in such a
manner as to leave the lower right-hand space exposed, the
drawings shown in Fig. 24 at (¢) may be projected directly
v
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to their proper position, thus producing the plan and front
elevation required. The side elevation is then projected by
means of secondary projectors described from the center O,
as shown on the plate. It is thus shown that oblique views
of solids are projected by the same methods as those used in
the case of surfaces.

NoTeE.—The apPearance of this plate will be improved if the base
line of the front elevation of this case is placed § inch higher than in
the preceding cases. _

70. The Axial Line.—In views such as are projected in
thisdrawing—i. e., obliquely inclined views—the center line,
as the representation of the central plane of the figure, can be
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shown only in the plan; that is, in the position of the solid
shown in this case. The position of the solid might be such
that the center line would be shown in one of the elevations,
or possibly not inany right view. However, it is sometimes
represented in drawings merely as a central line, and not
as the representation of a central plane; it may, in such
cases, be projected to the other views by means of points
located at convenient distances on the line. It is then called
an axial line, or line of axis, and represents the position of
the axis of the solid. It is not projected in the cases of the
preceding problem, since the figure is not of such a form as
to demand the location of an axial line. The axial line is
similar in its use to the center line and is represented on
drawings by the same kind of a broken-and-dotted line.

In order to avoid confusion, the center and axial linesare
usually indicated by small lettering placed conveniently
near one end of the lines; thus, ‘‘center line” or *‘axial line.”

DRAWING PLATE, TITLE: PROJECTION III.

71, Three problems are to be drawn on this plate, each
of which will require two sets of projections. Like the pro-
jections of Problem 12, they consist of a plan and front and
side elevations. Each set of projections occupies one space
on the drawing, and the plate is divided into six equal spaces
by a single horizontal and two vertical lines. The different
cases of each problem are drawn in the same vertical divi-
sion; thus, Case I of Problem 13 occupies the upper left-hand
space and Case II of the same problem is directly under it.
Cases I and II of the other two problems on the plate are to
be placed in the same way in the remaining spaces.

PROBLEM 13.
72. To drawthe projections of a cylinder.

The method of projection used in the case of surfaces
having curved outlines has been shown in a preceding
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problem. Two such surfaces are presented in the ends of
the cylinder shown in perspective in Fig. 25; and the fig-
ure also gives the dimensions of the
solid as it is to be drawn on the plate.
Since, with the exception of those at
the intersection of the ends, there are
no edges formed by the curved sides of
the cylinder, there will be no full lines
on the drawing except those required
to show the ends in their different
positions and the outline of the sides.
A front elevation of the cylinder in the
right position indicated by Fig. 25 is
therefore a parallelogram, the length
of whose horizontal sides is equal to the diameter of the
circular surfaces at the ends of the cylinder—the vertical
sides equal in length to the height of the cylinder. Itsentire
dimensions and its form are indicated in a plan and front
elevation, and there is no need of making any further draw-
ings to enable the mechanic to understand the shape of the
solid thus represented.

F10. 25.

Case L.—When the cylinder is rightly inclined.

ExpLaNATION.—In this drawing the cylinder is inclined at
an angle of 60° to H P. Rightly inclined views of solids are
often drawn by a method somewhat shorter than that shown
in preceding problems. By this method, temporary views
are drawn in convenient positions on the paper and rightly
inclined views are projected, as shown in this case. Less
space is required for the drawing and a saving of time is
effected; the principles involved, as will be seen from the
following construction, are identical with those of the pre-
ceding problem.

ConsTrUCTION.—First draw the center'line in the eleva-
tion at the given angle—as 4 B in the drawing on the plate.
Describe the circle shown at (), which represents a full
view of the end of the cylinder; next, draw the front eleva-
tion C D £ F on the center line 4 B according to the given
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dimensions. Describe a circle similar to () at (#); thisisa
temporary view of the end of the cylinder and corresponds
to the plan of the prism at (a), Fig. 24. Locate a conve-
nient number of points at equal distances on the outline of
each full view thusdrawn at () and (7). Project the points
of () to the elevation C D E F, and thence draw primary
projectors vertically downwards; intersect these primary
projectors by other primary projectors drawn horizontally
from similar points located on the outline of the full view
at (7). Trace the outline of the plan thus produced through
points of intersection corresponding to those on the full
views. The temporary full views () and (#) may then be
erased from the plate. Project the side elevation by means
of secondary projectors described by the arc method, thus
completing the drawing.

Case IN.—When the cylinder is obliquely inclined.

ExpLaNATION.—The method of projecting the drawings
required for this case is similar to that already given for
oblique views of surfaces and solids, and has been fully ex-
plained in Art. 60, and also in connection with Case IV of
Problem 12. A right view is first drawn [as the elevation
and full view () of the preceding case]; next, a rightly
inclined view. The rightly inclined plan thus drawn is
then recopied at the given angle, thus producing the plan of
the oblique view; from this plan, in connection with the
rightly inclined elevation, the obliquely inclined elevation
is projected. The rightly inclined plan and elevation hav-
ing been drawn in Case I of this problem, the plan there
shown may be redrawn for the plan of this case.

CoNSTRUCTION.—On a separate piece of paper, reproduce
the plan and front elevation of Case I, and fasten this paper
by thumbtacks to the drawing board, toward the left of the
space used for this case. Next, redraw the plan of Case I
in its proper place on the plate for this case, and in such a
position that the line G A of Case I forms an angle of 60°
with the base line of the front elevation, as shown at G' A’
on the plate. Then produce the front elevation by drawing
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primary projectors upwards from the plan and intersecting
them by similar projectors drawn horizontally from the
rightly inclined elevation on the attached sheet, which may
then be removed. Trace curves through the points thus
projected and draw the tangential lines, as previously
described and as shown at C" D' F' E' on the plate. Project
the side elevation as in preceding problems, taking special
care to project from similar points in each view.

PROBLEM 14.

73. To draw the projections of a hexagonal pyra-
mid.

A pyramid is a solid whose base is a polygon and whose
sides are triangles uniting at a common point called the
vertex. The pyramid for the projec-
tions of this problem is shown in
Fig. 26, where its dimensions are clearly
indicated. Since these drawings are
very easy and are constructed in a man-
ner similar to those of preceding prob-
lems, definite instructions are omitted,
and the student is expected to be able
to complete the drawings by the aid of
the brief explanations that follow.

Case I.—When the pyramid is in a
right position.

ExpLanaTiON.—The plan of this projection is most con-
veniently drawn first, a circle 1} inches in diameter being
described from O as a center, as shown on the plate. The
edges of the pyramid are then drawn: a horizontal diameter,
and two diameters at angles of 60° with the first, repre-
sent the upright edges; chords of the arcs thus designated
are then drawn, and the plan of the pyramid is completc.
Next draw the center lines 4 B and C D; set off the height
of the pyramid on the line 4 B and complete the front ele-
vation by the aid of primary projectors, as shown on the

F1G. 2.
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plate, the side elevation being projected as in former
problems.

Case I1.—When the pyramid is in an obliquely inclined
position.

ExpLaNaTiON.—The angles of inclination in the projec-
tions of this case are 60° to HP and 45° to VP. Preliminary
drawingsare required on separate paper, as shown in Fig. 27,

F1G. 21.

first, as at (@), showing a right view of the pyramid; and
second, as at (4), showing a rightly inclined view, the angle
of inclination (of the center line) being 60° to HP. The
plan produced at () is then copied on the plate in sueh a
position that its axial line will make the required angle,
viz., 45° to V P, as shown by the line wx at (¢), Fig. 27.
The front elevation is then projected as in Case II of the
preceding problem, that is, by vertical primary projectors
drawn from the plan in (¢), intersected by horizontal pri-
mary projectors drawn from the elevation in (4). The pro-
jection of the side elevation by the arc method of secondary
projectors is also similar to the preceding projections, as
will be seen from an inspection of the plate.

1
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PROBLEM 15.
%4. To draw the projections of a cone.

The cone is a solid that may be produced by the revolution
of a right-angled triangle around one of its sides as an axis.
Its base, therefore, is a circle, and its curved surface tapers
uniformly toward a point at the top called the vertex, or
apex. Like the cylinder, its entire form and dimensions
are presented in a planand a single elevation showing a right
view of the cone. The cone for the projectionsof this prob-
lem is shown in perspective in Fig. 28, which gives the
dimensions that the cone is to present on the plate. The
methods used are precisely similar to those used in the case
of the hexagonal pyramid in the preceding problem.

Case 1.—/n a rightly inclined position.

ExpLaNaTION.—In order to produce the rightly inclined
front elevation, a construction similar to that used in Case I
of Problem 13 is here used. The drawing differs from that
projection only in the form of the solid. The angle of
inclination in this case is 50° to HP.

ConsTrucTION.—Draw the center line 4 B (see the plate)
at the given angle, that is, 50° to the horizontal. Next,
construct the triangle representing
the elevation of the cone and describe
the circle at (#)—a temporary full
view of the base. Describe a similar
circle at (z), also a full view of the
base, and locate a convenient number
of points on the outline of each full
view—in this case eight—as shown at
a, b, ¢, etc. on the plate. Project the
rightly inclined plan in a manner pre-
cisely similar to that used in the view

Fio. 2. of the cylinder in Case I of Problem 13.
Erase the temporary views () and (#), and project the
side elevation as in preceding projections.

Case IL.—/n an obliquely inclined position.
ExprLanaTION.—The angle of inclination to H P is the same
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as in the drawing last made, and the plan of that projection
may be recopied for the plan of this case, but it is to be
drawn on the plate in such a position that the center line w x
will make an angle of 45° to VP. The plan and front eleva-
tion of the preceding case must be redrawn on separate
paper and temporarily fastened over the drawing toward
the left of the space required for this case, in order that the
projection of the front elevation may be drawn. As this
process is similar to that used in preceding.constructions,
no further explanation will be given. Complete the projec-
tions in the plan, front, and side elevations as shown on the
plate.

NoTe.—When inclined views are drawn of solids having curved
surfaces (as the cylinder and the cone), the circular ends should first
be projected. The outline of the curved surface is then represented
as tangent to the base, or bases, of the solid, and without regard to

the intersection of such outline with any given point on the base
outline. :

75. BSelf-Rellance.—The student that has intelligently
completed the projections of the foregoing problems and
has made frequent use of the imaginative feature of this
subject, as previously explained and directed, should now
possess a very complete knowledge of the methods of pro-
jection used in representing plain solids in various positions.
The projection of irregularly outlined figures has not been
presented, since the methods are identical with those
already shown. The student should acquire a degree of
self-reliance in this work; for, if he is to depend on having
the projection of every conceivable form described for him,
the principles governing those projections will become a
secondary matter, whereas the pattern draftsman requires,
above all else, the faculty of recognizing the principles by
which to define and project the various forms occurring in
the course of his work.

NoTe.—The student should understand that the percentage of
marking adopted for these plates is based on the degree of ac-
curacy in which the projections are drawn to the angles of inclina-
tion, as well as on the quality of neatness attained in the finish of the
drawings.
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DRAWING PLATE, TITLE: SECTIONS I.

76. Use of Sectlon Drawings.—A-section drawing, as
previously explained, is a projection of a portion of a solid,
in a view where the solid is intersected by a plane. This
plane—sometimes called a cutting planc—may pass through
the solid in any direction; that portion of the solid between
the plane and the observer is assumed to have been re-
moved. Section drawings are useful in many ways, for by
such means the construction of interior parts of objects
may be shown. It is desirable, in many cases, to show
some particular form that a solid of peculiar shape pos-
sesses at a place where it cannot be presented in an
exterior view, and in such cases, sections are projected.
The section is considered simply as a surface that would
appear on the cutting plane in any view of the object pro-
jected. The outline of this surface, therefore, will depend
on the form of the object, the number of surfaces inter-
sected by the plane, and the angle of inclination of the cut-
ting plane.

To project the views of a solid in which a new surface is
thus presented, it is necessary to consider the various sur-
faces that originally composed the solid. The first view
drawn is always that in which the cutting plane is repre-
sented as on edge. The intersections of the original sur-
faces of the solid with the cutting plane are thus shown;
and, by using methods of projection already presented, any
view of the section may then be drawn. Those portions of
the solid assumed to have been removed are not shown in a
section drawing, although their position is sometimes indi-
cated by dotted lines. '

7?. Sections of the Sphere.—The solid that presents
the most simple illustrations of sections is the sphere, or
globe.  This solid, also called a a//, is such as would be gen-
erated by the revolution of a circle around its diameter as
an axis.

The cylinder, cone, and sphere are sometimes called the
‘“three round bodies,” or the solids of revolution. It will be.
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shown later that their imaginary formation by such revolu-
tion may be taken advantage of by practical short methods

of projection, the > —_
principles of which %////// ™~
are based on this /4??////'% AN
knowledge. T

A full view of any /////)////
section of a sphere N
is a circle. If the \
cutting plane passes
through the center Plan , Side
of the sphere, the Elevation
full view of the sec- —
tion isa circle whose
diameteristhesame FIG. 20.

as the diameter of the sphere—or the great circle of the
sphere, as it is called. If the cutting plane intersects the

FiG. 30.

sphere in any other way, the section is still a circle, but of
smaller diameter, and is measured from a view in which
the cutting plane is shown on edge.

78, BSections of the Cube.—Fig. 29 is a projection
drawing of the cube referred to in former illustrations and
shows a vertical section. It will be noticed that the view
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of the section in the elevation is the same as the view in the
front elevation in Fig. 22.  This is always the case in sec-
tions of regular prisms where the cutting plane is parallel
to the ends of the prism. Fig. 30 represents a diagonal
section of the cube, the measurements of which will be
apparent to the student from an inspection of the drawing.
Fig. 31 is an oblique section, in which but three sides of the
cube are intersected by the cutting plane; in this figure,
the full view of the sectional surface is projected. Fig. 32

Fi1G. 81.

represents a section taken at a still different angle and posi-
tion of the cube. When a cutting plane passes through a
solid having parallel sides, in any direction that causes it to
tntersect both of those parallel sides, those sides are shown in
any view by parallel lincs. Note that in the sectional views
of Fig. 32 the opposite edges of the surfaces are defined by
parallel lines; thus, since A B and C D are parallel to each
other in the plan of the cube in Fig. 32, so A' 5" and C" D'
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are in the same relation to each other in the side elevation;
also, A* B* and C’ D’ in the full view of the section. The
same is also true of 4 C and B D, as may be seen from a
comparison of the views.

79. How the Cutting Plane Is Represented.—When
the cutting plane is shown on edge in a view, it is usually
indicated by the same kind of a broken-and-double-dotted
line used for the center line and the axial line. The use of

this line for these three purposes is somewhat puzzling to
the beginner; but as the student is now able to read projec-
tion drawings, he can readily determine which purpose the
line is intended to serve. It is customary, however, as
already mentioned, when center and axial lines are used, to
mark them as such by neat lettering. A section line in a
complicated drawing is usually designated by a letter placed
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at each end of the line, to which reference is made in the
following manner: If, in the view where the cutting plane
appears as a line, it is lettered A-B, the full view of the
section is designated as a ‘‘section on the line A-B."”

80. The problemsfor this plate, of which there are four,
consist of the projection of the section drawings indicated
in the accompanying illustrations. They are to be repro-
duced on the plate by the student to the dimensions given
on each figure. The cutting plane is indicated by the
line 4-5, and the views shown may be understood by a
careful study of the figures on the plate illustrating each
problem. The direction of a certain line in each plan is
changed in these views, and the cross-section is accordingly
represented as foreshortened in the front and side eleva-
tions. A view is also to be projected in whicha full view
of the sectional surface will be seen. The plate is to be
divided into four equal spaces by horizontal and vertical
lines. Problem 16 is to occupy the upper left-hand space.

The student is recommended not to refer to the reduced
copy of the plate more frequently than is necessary to en-
able him to fix the location of the views on the drawing; he
should learn to depend on his own knowledge of projection.

PROBLEM 16.
81. To project sectional views of an octagonal prism,
the cutting plane crossing the solid at an oblique angle
and leaving a portion of the upper surface intact.

ExpLaNATION. —The position of the prism and the angle of
the cutting plane is shown in Fig. 33. This figure is to be
drawn, as at () in the left-hand portion of the space, to the
size required by the dimension figures. The plan is then
copied to the right, as at (), but in a relatively different
position, as will be seen by the arrangement of the letters
and the direction of theline C ). Thus, the edge a, which
in the plan of (@) is on the extreme left of the figure, occu-
pies a position necarer the lower part of the drawing in the
plan at (%). This shifting of position of the plan may be
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effected by describing circles circumscribing the octagons
and drawing the diameter C D at an angle of 30° to VP, as
shown in the planat (a).” This diameter is then drawn in
a vertical position in the second plan (4), after which the
arc Da, as measured on the first, may be set off with the
dividers on the second plan. The projections of the front
and side elevations are then made in the regular way. The
projection of the full view is accom-
plished by drawing projectorsatright /
angles to the cutting plane 4 5. At 4 i
a convenient distance, as shown / |
%.

at (c), draw the center line a" ;'*, and /
from this line set off with the dividers /
the distances from the line a¢ as /
found in the first plan. As similar <
positions have corresponding letters 80’
in the different views on the plate, B )
the student will have no difficulty in ] I
recognizing the method of transfer, ‘ /lJ
it being the same as that mentioned \
in Art. 83. Observe that the sides
of the section &'¢’ and g’ ¢, and 4" ¢”
and g" o, are parallel in every view D
shown, since the sides é¢ and go (f) Fic. 83.

are parallel, as shown in the plan of the solid. The same is
true of 2g and co (), as seen at 4" g" and ¢"¢" in (¢) (see
Art. 78).

The student will finish the drawing on the plate in as
complete a manner as in the drawing of the cube in Fig. 29,
but omitting all reference letters. The surface of all sec-
tions in each view is to be cross-hatched, as in Figs. 29-32.

PROBLEM 17.
82. To project sectlonal views of a hexagonal
pyramid.
The dimensions and position of the pyramid and the
angle of the cutting plane are indicatedin Fig. 34, Any
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section of a pyramid taken at right angles to the axis of
the solid is a polygon having an outline similar to the base
—7 of the pyramid. The polygon repre-
senting the section of any pyramid
thus intersected varies in size as the
A cutting plane passes through the
pyramid at a point on the axis nearer
the base or the vertex of the pyra-
mid. If the cutting plane passes
through the vertex and the base,
or through two sides and the base of
the pyramid, the section is a triangle.
' c Any other section is a polygon having
I sides unequal in length, but equal in
V4 number to the sides of the polygon
forming the base of the pyramid.

ExpLaNaTION.—The projections of
this solid and its sections do not differ
Fio. 84. materially from those of the preceding
problem. The change of position in the two plans is accom-
plished by means of the circumscribing circle, the diameter
in the first plan being drawn at an angle of 45°, and the
arc C a being measured in a similar manner. This drawing
may be more accurately made if the edges of the pyramid
are continued by dotted lines to the vertex O in the front
elevations, as shown on the plate. A comparison of the
reference letters in the different views on the plate will
assist the student in the work of drawing these projections,
as each line shown is similarly lettered in all views.

PROBLEM 18.
83. To project sectional views of a cylinder.

The cylinder possesses some points of similarity to the
regular prism with respect to its section, viz., a section par-
allel to its ends has the same outline as the ends, while a
section parallel to its axis is a parallelogram. An oblique
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section of the cylinder is, however, as will be observed
during the projection of this problem, an ellipse; and it will

further be noted that a certain view

of an ellipse is a circle. /
ExpLANATION.—The position of l

the cylinder and the angle of the nl‘

cutting plane is shown in Fig. 35.

Make the edge a—a’ of the elevation
at (@) ¥ inch long. The plan of the
cylinder is first divided into an equal
number of spaces (in this case 12),
the points being lettered q, 4, ¢, etc.,

as shown on the plate. These points 0
are then assumed to represent edges, e

as in the case of the octagonal prism, —s=

and are projected to the elevation, -

their respective positions there being

indicated by similar letters; thus,

the edge a—a' in the elevation repre- Fic. .

sents the edge a as shown on the plan. The change of posi-
tion in the second plan is effected by drawing the vertical
diameter /f, which is shown as C D in the first plan at an
angle of 30° to VP. The position of all points is then noted
in a manner similar to the two preceding problems and the
projections are completed as heretofore. After tracing the
curve of the ellipses through the points located in the differ-
ent views, the sections are indicated by cross-section lines,
as before directed.

PROBLEM 19.

84. To project views of an Irregularly formed solid;
also, to project a sectional view from a given cutting
plane.

ExpLaNaTION.—This solid, shown in perspective in Fig. 36,
may be described as a transition piece, that is, a form used
to connect openings or-outlines unlike in shape. Such solids
are frequently used in the sheet-metal trades, particularly

A II—6
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in boiler and pipework. The dimensions of this solid are
better shown in the projection at Fig. 37. Its upper base
is a circle 14 inches in diameter, while the lower base
is an oval, which may be drawn by the method shown in
Geometrical Drawing. The end circle of the lower base is
described with a radius of 1 inch from a center located
at B, Fig. 37, the distance

between the centers of the | _i*‘\\
upper and lower bases, as | | I
measured on the plan be- | | |
tween A and B, Fig. 37, being | EzEVATION | I

g inch. The vertical height }
of the solid is 14 inches. :

F1G. %. F1G. 8.

The plan and front ‘and side elevations are drawn
as shown on the plate, and since the methods of projec-
tion are no different from preceding problems represent-
ing regular solids, definite instructions for this work are
omitted. Particular attention is directed to the method
of finding the outline of the section, as its application
to various processes of patterncutting is of great impor-
tance. The direction of the cutting plane is shown in the
side elevation at (@) by the line 4 B on the plate. The
plan and elevation is to be redrawn on the plate in the
position shown thereon at (4), and the full view of the sec-
tion is projected toward the upper part of the drawing. As
it is desired to show a section through a certain portion of
this solid, it is first necessary to locate a number of points
on the line that represents the cutting plane. Since the
solid presents no edges that intersect this plane, a number
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of lines are to be assumed as drawn on the curved surface
of the solid.

CoxnsTrucTION. —First draw a horizontal line through the
central portion of the plan, as m# in the drawing on the
plate; this divides the figure into symmetrical halves.
Next, by spacing, divide the outline of each base into the
same number of equal parts, as ata, &, ¢, etc. on the upper
base and p, ¢, 7, etc. on the lower base. Project the points
thus located to the elevation and draw connecting lines in
both views, as shown. Across the elevation draw the line C /),
representing the cutting plane, and project the intersections
of this line at 1, 2, 3, etc. to the plan, producing each line
thus drawn until it meets the horizontal line m#. The full
view of the sectional surface may now be drawn as follows:
Draw projectors vertically upwards from the points 1, 2, 3,
etc. in the elevation, and at a convenient height from that
view draw the horizontal line 7' »'. The width of the sur-
face, as measured on each line, may now be set off with the

Z A

Fi1G. 88.

dividers, as directed in Art. 53 ; thus, take the space xy
from the plan and transfer it to corresponding positions
at x' ' &', on the same line in the full view. Transfer, in
like manner, the length of each vertical dotted line shown
in the plan to the full view, and trace an irregular curve
through the points thus located, completing the projection,
This curve may also be traced through the plan and there
indicated by short cross-hatching, while the full view of the
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sectional surface is designated, as heretofore, by cross-section
lines in the manner shown on the plate.

85. Practical Method of Representing Certain Sec-
tions.—In working drawings, particularly those made for
the execution of sheet-metal work, a section drawing is often
made directly over another view, and the lines indicating

the section are distinguished by short cross-hatching, as
shown on the plate in the plan of the preceding problem.
Short portions of sectional views are also frequently shown
in this way on working drawings, in order to indicate the
form, or profile, of moldings, the different planes of adja-
I cent surfaces, or the different levels at which
certain notations are made. Thus, in Fig. 38,
which shows a gable finish, the section at
is the profile, or ‘‘stay,” of the molding,
while the section at B indicates that the
o " panel shown is a sunk panel.
A In detail drawings (mere projections
I drawn full size) for decorative sheet-metal

’

work, sections are frequently shown at dif-
ferent portions of the drawing, as in Fig. 39,
an inspection of which will enable the student
fully to comprehend the character of the

—— ) various parts, without the aid of another
_Ujj:' view. Sections, therefore, properly under-

FIG. 40, stood and used, may be employed by the
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draftsman in many ways, and are frequently a means of
shortening the labor of drawing intricate projections.

The lines representing the sides of the octagonal shaft in
Fig. 40 are broken in the lower part of the figure, this being
a means of indicating that the full length is not shown in
the drawing. Reference to the dimension figures gives the
reason, it being obviously unnecessary to make a drawing
extending the full length of a simple form.

DRAWING PLATE, TITLE: SECTIONS II.

86. Conic Sections.—The divisions on this plate are
the same as on the preceding plate. The two problems to
be constructed are those relating to sections of the cone.
Besides their use in many calculations of the arts and higher
sciences, conic sections are of great value to the architec-
tural and mechanical draftsman, for the curves thus de-
veloped possess great beauty and symmetry, and when used
in moldings, present pleasing architectural effects of light
and shade.

The full view of the section of a regular cone made by a
cutting plane parallel to its base is a circle,; if the cutting
plane passes through the vertex and the base of the cone,
the section is a friangle; if the cutting plane is at an
oblique angle to the base, which angle is less than the angle
made by the elements of the cone with the base, the section
is an ellipse,; if the cutting plane is parallel to any line
drawn on the convex surface of the cone from the base to
the vertex—that is, parallel to any element of the cone—the
section is a parabola; if the cutting plane is at any angle
(but not passing through the vertex of the cone) greater
than the angle which the elements of the cone make with
the base, the section is an Zyperbola.

8%. Elements of the Cone.—In the construction of
Problem 19, where it was desired to project a section of a
solid whose curved surface presented no edges, it was found
necessary to assume lines on that surface, in order to
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establish points of intersection with the cutting plane. This
process must be followed with all solids whose surfaces
are curved, and in the case of the
cone the lines thus assumed have a
further use, as will appear later.
The manner in which these lines
are located on the surface of the
regular cone is of special impor-
tance and is as follows: The out-
line of the base in the plan is first
divided by spacing it intoa number
of equal parts (16, in the plan of
Fig. 41). The points thus located
are then projected to a view in
which the cone is represented as in
the elevation of Fig. 41—that is, a
right view—and lines are then
! -1 drawn from these points to the
AVERN vertex. They are also shown on
KJ/ _)\I) the plan in the same relation,
each line being represented as a
R — radius of the circle at the base of
FIG. 41. the cone. These lines are called
the c/ements of the cone, the term being used in this case
as it is in Arithmetic.

In such a view of a cone as presented in the elevation of
Fig. 41, only two of these elements (viz., 4 B and 4 C) can
be shown in their true length—all the others are foreshort-
ened. This must be borne in mind by the student, for it
is evident that only on such lines as are shown in their true
length can measurements be obtained for any points of in-
tersection. Those points that are located on foreshortened
elements are determined in a particular way, as will appear
during the construction of the following problem.

The plan and front and side clevations, and the full view
of the section for each problem and case, are to be drawn
on this plate in the same corresponding relation as on the
preceding ‘plate.
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PROBLEM 20.

88. To project sectional views of a cone.

The three cases of this problem should be carefully stud-
ied by the student, for on the application of the principles
here shown depend nearly all operations of pattern drafting
that relate to so-called flaring work. A clear conception of
the methods used will be found indispensable to the drafts-
man that desires to become proficient in his work. An
effort should be made on the part of the student to trace
each operation to its fundamental principle, when it will be
discovered that the drawing practically resolves itself into
a continuation of problems relating to the true lengths of
foreshortened lines. Since such problems have occupied
his attention during the drawing of the earlier plates, he
should have no difficulty in following the constructions here
given.

Case L.—IWhen the cutting plane is oblique to the base
and intersects all the elements of the cone.

The position of the cone, its dimensions, and the angle of
the cutting plane are shown in Fig. 41.

ConsTrUcTION.—Draw a right plan and elevation and
represent the cutting plane » n (see plate) by a line drawn
at an angle of 45° with B, cutting A B } inch from B.
Divide the circle that represents the outline of the base of
the cone into any convenient number of equal parts (in this
case 16). Draw lines from these points (4, 1, 2, 3, etc.) to
the center; next, project these lines—or ¢lements, as they
are called—to the elevation. Project the intersections of
the elements in the elevation with the cutting plane m
to the corresponding elements in the plan and trace a
curve through the points thus obtained.

Attention is called to the fact that, although the distances
between the points found in this manner are unequal, yet
the foreshortened view of the sectional surface thus shown
in the plan is a true ellipse, as is also the full view of the
section next to be drawn. Project a side elevation to the
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right (see Art. 61), also showing a foreshortened view of
the section—an ellipse of a different curvature.

Case IL.—IWVien the cutting plane is parallel to one of
the elements, the section being in this case a parabola.,

ExpLanaTION.—Fig. 42 is a right plan and elevation,
giving the dimensions of the cone. The cutting plane mn

oa”
4

Fic. 42.

is, in this case, parallel to the side A B of the cone and
cuts B C § inch from B. The method of drawing these pro-
jections is precisely similar to that in the preceding case,
and since corresponding points are similarly designated in
the different views shown on the plate, the student should
experience no difficulty in completing the drawing.

Case YIL.—When the cutting plane is perpendicular to the
base of the cone, the scction being an hyperbola,

ExpLaNaTION.—To produce that section of the cone
known as the hyperbola, the cutting plane may form with
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the base any angle included between a right angle and
the angle formed by an element with the base (as the angle
A BC, Fig. 43). The dimensions and position of the
cone and the cutting plane are shown in Fig. 43, and since
the method of projection is the same as in the two prece-
ding cases, the student may complete the views without
further instruction. In this case, the projection of a sep-
arate full view may be omitted, the latter being shown in
the side elevation.

PROBLEM 21.
89. To project sectional views of a scalene cone.

ExpLaNaTION.—This solid, which is of varied form and
of frequent occurrence in the metal trades, is an irregular
geometrical figure. It is
a cone whose axis is in-
clined to its circular base.
All the elements of a reg-
ular cone are of equal
length, but the elements
of a scalene cone are nec-
essarily of variable length,
for, since its axis is in-
clined toward a portion of
the base, the elements in
that part of the surface
must be shorter. It isto
be noted, in this case, that
the axis of the cone shown
in Fig. 44 does not pass
through the center of the
circle that represents the
base of the solid.

F16. 4.

ConsTrUcCTION.—ToO re-
produce this drawing on the plate, draw first the horizontal
line 4a in the plan 3§ inches long, as called for by the
dimension figures in Fig. 44; next, describe the circle 63 ¢
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2} inches in diameter from a center located on the line b a,
its circumference passing through the point 4. Project the
elevation according to the dimensions given in Fig. 44
The axial line is next drawn; bisect the angle BA4 C and
draw the bisector 4 O; represent the cutting plane m#n by
a line drawn perpendicular to A4 O and cutting AC § inch
from C.

The method of projection for the various views of this
solid is the same as in former cases; that is, divide the out-
line of the base in the plan into a convenient number of
spaces (12 in this problem), and from points thus located
draw the elements to the apex a (see plate). Next, project
these elements to the elevation, and finally project their
intersections with the cutting‘planeto the different views, as
shown in the drawings on the plate. Note that the full
view of the section, which in this problem is taken at right
angles to the axis of the solid, is an ellipse. If the cone
were in an upright position—that is, with its base at right
angles to the axis (as that part of the cone above the cut-
ting plane in Fig. 44)—the solid would be termed an
‘“clliptical” cone. This, strictly, is not a geometrical
solid, but its characteristics in projection drawing are some-
what similar to the regular cone, although the elements in
each quarter of the base are always of unequal length.

. The student should now be able to project any sections
that may be desired.

DRAWING PLATE, TITLE: INTERSECTIONS 1.

90. The Miter Line.—To represent properly the inter-
sections of the surfaces of solids—or to ‘‘draw the miter
line,” as it is commonly called—is the last process of projec-
tion used before the patterns for any sheet-metal work may
be developed. It hasalready been remarked that plane sur-
faces intersect in a line; the representation of the intersec-
tion of plane surfaces is therefore a very simple process,
the draftsman merely having to define each surface by
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the application of the regular projection methods already
explained. The intersection of curved surfaces is appar-
ently more complicated, but only because it is necessary to
locate a greater number of points than are required for the
intersection of plane surfaces. The location of points for
the representation of the intersection of curved surfaces is
done in a manner somewhat similar to that already shown
in connection with the projection of plane surfaces having
curved outlines. There is, however, this important differ-
ence to be observed: in the case of the surfaces mentioned,
their projection is accomplished by means of points located
on their outlines; while in the case of the intersection of
curved surfaces, it is necessary to locate /ines in such posi-
tions on each surface that they will lie in the same plane,
although drawn on different surfaces. It is possible to
locate a number of these lines in such positions on the
drawing that through their points of intersection a curve
may be traced that will be the correct line of intersection
of the surfaces.

91. Relation of the Miter Line to the Pattern.—No
drawing of an object in which intersected solids are repre-
sented is complete unless the line of intersection is accu-
rately produced. This is a very important part of the
drawing, and the correct ‘‘fit” of the pattern in work of
this class often depends entirely on the accuracy with which
the line of intersection is drawn. In fact, a development, or
pattern, cannot be made until the-drawing is complete in
this particular. The principles governing the use of these
lines are clearly shown in the explanation accompanying
the problems, which the student should study carefully; for,
if he thoroughly comprehends the principles governing
their use and exercises due care to see that lines are drawn
from the same corresponding points in each view, he will
have no difficulty in producing the correct lines of intersec-
tion for the surfaces of the solids represented on these
plates, or, in fact, for the surfaces of any solid. The prob-
lems for this plate consist of the projection of intersecting
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solids having plane surfaces. The solids are shown in per-
spective in the illustrations accompanying each problem,
and reference to the projections on the plate will be suffi-
cient to show the method of finding the lines of intersection.

N

PROBLEM 22.
92. To project views of Intersecting prisms.

When the plane or curved surfaces of any solid so inter-
sect as to present one continuous surface—that is, so that
the surfaces meet ‘‘ edge and edge” in the same plane—no
line of intersection is necessary, since such surfaces are rela-
tively in (and a part of) the same plane. When, however,
the surfaces of one solid intersect a central portion of the
surface, or surfaces, of another solid, it is necessary that
the line of intersection—that is, the boundary lines of the sur-
faces of the intersecting solid—should be accurately drawn.

Case L.—1Vien the axes of the prisms intersect at an angle
of 90°.

ExprLaNATION.—The solids for the projection of this prob-

lem are shown in perspective in Fig. 45, which represents

also their position inthe intersection of

Case I. The figure consists of an up-

right shaft in the form of a quadrangu-

lar prism with a horizontal octagonal

prism intersecting, or ‘‘mitering,” at

right angles along the axial lines of

the two solids. The projection and

arrangement of the solids is seen in

the drawings for this problem on the

FIG. 45. plate. It will be noticed that the octa-

gons drawn in dotted lines in the figure do not form a

part of the finished drawing, but are thus drawn to facili-

tate the projection, as the edges of the solids may thus be

determined before the side view is drawn. It is often con-

venient to place portions of views temporarily on the draw-

ing in this manner, as much labor is thereby saved. The
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plan is completed first and the remainder of the drawing
finished in the usual way, as may be seen from the reduced
copy of the plate. It is thus shown that the correct line of
intersection is found by simple methods of projection, the
position of the points in the line being determined by pro-
jection from the different views.

ConsTRUCTION.—Draw the plan A BCD in its proper
position, as shown on the plate, and next construct the
elevation A A’ C' C, thus completing the projection of the
quadrangular prism as though that solid alone were to be
represented. Draw a horizontal axial line (not shown on
the plate) for the octagonal prism through both views, and
at the left of the views thus drawn construct a full view of
the end of the octagonal prism, as shown by the octagons
in dotted lines on the plate. Next draw the lines that rep-
resent the edges of the octagonal prism in both views.
From the points of intersection of such lines in the plan
with the edges 4 B and A D of the quadrangular prism,
draw primary projectors to corresponding lines in the eleva-
tion. Draw connecting lines through the points of inter-
section thus determined in the-elevation, as shownata' &' ¢'d’
on the plate. This completes the projection of that view;
the side elevation may then be projected by means of
secondary projectors, as in former problems.

This plate is divided in the same manner as the preceding
plate, and the projections for this case are drawn in the
upper left-hand space.

Case IL.—When the axes intersect at an oblique angle.

This projection is completed as shown on the plate. In
this, asin the preceding case, the plan is first drawn; but
before it can be completed, a portion of the elevation has to
be drawn in order to determine the outline of the octagonal
surface in the plan (Problem 6).

ConsTrucTIiON.—First draw the outline 4 B C D in the
plan, and then construct the octagon shown in dotted lines
at (@), from the points of which draw horizontal lines to the
plan of the quadrangular prism, in the manner shown. Next
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draw the elevation of the quadrangular prism, and locate the
point x midway on theline 4 A'; the angle of inclination of
the octagonal prism is in this case 45°, and a line at that
angle isthen to be drawn through x for the axial line of that
solid. Construct the full view of the end of the octagonal
prism at (¢), and from the points ¢, £, g, etc. in that view, draw
lines of indefinite length toward the right; intersect these
lines at a’, &', ¢/, and &' in the elevation by vertical primary
projectors drawn from corresponding pointsin the plan, thus
establishing the line of intersection in the elevation. The
plan isthen completed by drawing primary projectors verti-
cally downwards from the edge view of the end of the
octagonal solid in-the elevation and tracing the outline of
the inclined surface thus designated, as in Problem 6. The
side elevation is next projected by the arc method of second-
ary projectors, as heretofore. Note that the intersection
of the upper portion of the octagonal surface is to be rep-
resented in that view by dotted lines.

Case IIL.—When the axes are at an obligue angle, but do not
tntcrsect.

ExrLaANATION.—The position of thesolids is shown in the
drawings on the plate, and the projections do not differ
materially from those of the two preceding cases. The
octagonal solid is, in this case, inclined at an angle of 30°, and
its axial line 7 », as shown in the plan, is drawn & inch
below the center of the quadrangular prism. The order of
procedure is the same as that given for the drawing of
Case II, and will present no difficulties to the attentive
student. It is necessary, however, to use extreme care in
these projections, in order that the position of points in the
different views may be located i¢n the same corresponding
position with regard to one another.*

* Too much stress cannot be laid on this important statement; as the
student progresses with the projection of the views, he will see the im-
portance of this matter. The work must be done slowly, keeping the
pencil points well sharpened; the position of the points in the drawing
may then be accurately determined, if the views are constantly com-
pared. If thisis done, there will be no difficulty attached to any of the
problems to follow in this Course,
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PROBLEM 238.

93. To project views of a prism intersected by a
cylinder.

ExpLanaTiON.—Fig. 46 is a perspective view of an octag-
onal prism intersected by a cylinder at an oblique angle, the
axes of the solids not intersect-
ing. The arrangement of the
views, the dimensions, and the
angle of inclination are shown on
the plate. The projection of this
problem is very similar to the last
case of Problem 22. Note that
the position of the two solids is
such that the axis of the cylinder
intersects the edge D of the
prism. The circles that represent
the end surface of the cylinder in each view are divided into
a convenient number of equal spaces, and from the points
thus located lines parallel to the axis of the cylinder are
drawn on its surface. These lines are then projected in
the same way as the lines that represented the edges of
the octagonal prism in Problem 22. Since the surface
of the cylinder is a curved surface, the line drawn through
the points of intersection of the two solids will be a curved
line.

94. General Instruction Relating to Intersections.
When points are located on the full view of a surface in a
plan and elevation, as on the circles at () and (4) in the
drawings on the plate for the last problem, care must be
taken that the distinction between the different views is
maintained; thus, the point x, at (@) and in the plan, is
located at z' at (4) and in the elevation, both positions on
the drawing representing the same position on the solid.
Any other points thus located on an outline will be changed
in a corresponding way with relation to one another. To pro-
ject intersections of solids, all of whose surfaces are bounded
by parallel lines, or on whose surfaces parallel lines may be

FiG. 46.
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drawn that will also be parallel to the axis of thesolid, it is
necessary to first draw a view that will show the intersected
surface, or surfaces, in one line—that is, ‘‘ on edge.” Such
views have been drawn in the plans of the preceding prob-
lems. The lines of the intersecting solid are then repre-
sented in this view, and the points of their intersection with
the upright surfaces are projected to the elevation in the
manner described.

It will be seen that, if all the surfaces of any intersecting
solids are plane, their edges or outlines alone will suffice for
finding the lines of intersection. If thesurfacesare curved,
it is merely necessary to locate a number of points on the
outline of the full view, through which to draw parallel lines
similar to those drawn on the cylinder in Problem 23. This
practically changes, or reduces, the cylinder to a solid
bounded by a number of plane surfaces. In the case of
Problem 23, the cylinder has really been treated as though
it were a prism having a number of sides equal to the num-
ber of spaces into which the circles were divided. This
would actually have been the case had straight lines been
drawn between the points thus located on the circles at ()
and (4). Had this been done, the line of intersection would
also have been represented by a series of short lines drawn
between the points located by projection methods.

DRAWING PLATE, TITLE: INTERSECTIONS II.

95. This plate is divided in the same manner as the pre-
ceding plate, and the problems occupy the same relative
positions.

96. Intersections of Cylinders.— /e intersection lincs
of cylinders equal in diameter and intcrsecting one another
in the same planc—that is, so that their axes also intersect—
are always represented by straight lines in a view that shows
the axes in their truc length. This is the case in the pro-
jections that are shown in Fig. 47, which represents objects
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that are familiar to all sheet-metal workers; namely, pipe
angles (a), elbows (4), Y's (¢), and T's (d). The same is
also true of similar moldings ‘‘mitered ” in a plane in which
the true length of all members of such moldings may be
shown. The line of intersection may always be found in
such cases by bisecting the angle made by the pipe or mold-
ings. Fig. 47 also illustrates an example of line shading
often used by draftsmen to designate cylindrical surfaces on

(@).
®)

. (@)
)
FIo. 47.

working drawings. When cylinders of different diameters
intersect (or cylinders of the same diameter whose axes do
not intersect), the lines of intersection in any view are
curved lines, and are found in a manner similar to the pro-
jection in the last problem. The lines, however, that are
drawn on any one cylinder must be projected to the inter-
secting cylinder, for it is at the intersection of lines thus
drawn that points are established through which the curve
of intersection may be traced. This is illustrated in Prob-
lem 24.

4 11—
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PROBLEM 24.
9%. To project views of intersecting cylinders of
unequal diameters.

ExpLanaTION.—Fig. 48 isa perspective view of a branch Y
of occasional occurrence in blowpipe work. The arrange-
ment of the views and the method of projec-
tion are shown on the plate, and since it is
similar to those of drawings that have been
made on the preceding plate, no definite in-
structions are necessary. The diameter of
the larger cylinder is 2 inches and that of
the smaller 1 inch, while the angle of inter-
section shown in the elevation is 45°. The
position of the two cylinders is such that
the outline 7 s of the smaller cylinder in the
Fic. 48. plan is tangent to the circle that represents
the large cylinder. Note the position of points on the cir-
cle that represents the end surface of the smaller cylinder in
the plan, at @, §,and ¢, and their corresponding location ata’,
o', ', etc. in the elevation (Art. 94). Also, observe that cer-
tain pointson lines drawn on the surface of the smaller cylin-
der, as the lines m %, pg, and 7 s in the plan, are projected to
the front elevation, where they are represented as lines at
n'n', q'q’, and s's”. These corresponding lines are in the
same plane and are the lines drawn on the surface of the
larger cylinder, as above mentioned. Through the points of
their intersection with lines drawn from a’, ', and ¢’ in the
elevation, the curved line of intersection of the two cylinders
is to be traced, thus completing the problem. Project the

side elevation as heretofore.

PROBLEM 25.
98. To projectviews of acone Intersected by a cylin-
der, the axes of the two solids being parallel.
ExpLaNnaTION.—Fig. 49 is a perspective view of a steam-
exhaust head, a modification of which is in common use.
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The drawing on the plate is a complete projection of the
same, in which the proportion of the cylinder C is increased,
in order to show the method of projection to better ad-
vantage. Observe that the position of the object is re-
versed, as the drawing is thereby facilitated. The eleva-
tions on the plate show that the lines of intersection of
the two cylinders 4 and B with the cone are represented
by straight lines; this is always the case when a cylinder
whose diameter is equal to a section

of the cone intersects in this manner.

ConsTRUCTION. — First, construct
the elevation of the cone in its proper
place on the drawing and in accord-
ance with the dimensions given on the
plate. The cylinders 4 and B are
then drawn as shown. - Next, draw
the plan and represent the outline of
the cylinder C in that view by a circle
of the diameter indicated on the plate.
Divide this outline-into a convenient number of equal spaces
(in this case 8), as shown at a, 4, ¢, etc., and through each
of these points draw elements of the cone, as Op, O ¢, etc.
Project these elements to the elevation and locate thereon
by projection methods the position of the points of intersec-
tion a', Z', g', etc. Complete the elevation by drawing the
outline of the cylinder C in that view and tracing the line
of intersection of the two solids through the points a’, 7', g’,
etc. Project the side elevation by the usual methods.

F1G. 49.

PROBLEM 26.
99, To project views of intersecting cones.

Fig. 50 is a perspective view of an object that illustrates
this problem. The cones are shown in a somewhat more
convenient proportion for this problem in the projections
on the plate. The construction of this problem must be
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followed very carefully, as a number of the operations are

necessarily made over one another on the drawing and the
student must be careful to dis-
tinguish each process.

ConsTrRUCTION.—Describe a circle
2% inches in diameter in the plan
to represent the lower base of the
larger, or intersected, cone in that
view; and from the same center de-
scribe a circle § inch in diameter,
to represent the upper base. Pro-
ject the front elevation of this cone,
~and define the frustum 2} inches
high, as shown on the plate, pro-
ducing the outlines until they meet
in the vertex. Next, through the
point /, Fig. 51, draw the axial line of the smaller, or inter-
secting, cone (the line 4 B, Fig. 51) at an angle of 45°
with the base of the larger
cone; locate the point 4
3 inches from F, and, after
fixing the point C 1 inch
from F, draw C D perpen-
dicular to 4 B. Draw the
outline of the upper base of
the smaller cone in the ele-
vation parallel to CD and
4 inch from 4. Draw the
full view of the base of the
smaller cone at /A H; di-
vide this outline into a con-
.venient number of equal
parts, as at /, a, B3, ¢, etc.,
and project these points to
the base C' /). Draw the
elements of the smaller
cone, as shown in Fig. 51,
and produce them until they FIG. 51.

F1G. 50.
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intersect the base of the large cone at /¢, /,and G.* In
the planof this drawing, a series of sections of both cones
are now drawn as the sectional curves would appear if each
of the elements of the smaller cone shown in the elevation
were considered as a cutting plane, as in Problem 20. The
sections of the smaller cone will, in each case, be a triangle
(Art. 86), while the sections of the larger cone will be
elliptical, parabolic, or hyperbolic curves, as the case may be.
The point of intersection with the side of each triangle and
its correspondihg sectional curve of the larger cone is then
projected to the elevation and the line of intersection of
the two cones traced through these points. The sectional
triangles of the smaller coneareshown in the plan of Fig. 51.
Draw vertical primary projectors to the plan from points a’,
B',and ¢', and on these pro-
jectorsset off distances from
the horizontal center line of
the plan similar to the dis-
tances from /A / in the full
view of the base; that is,
make 2’ ¢" equal x ¢, etc.

It is not necessary to de-
velop the sectional curves
of the larger cone in their
entire length, since all that
is required is to find a point
on each curve that is at the
intersection of the triangu-
lar sections of the smaller
cone. This is better illus-
trated in Fig. 52, in which
is shown the projection of
the point o in the line of in-
tersection. A study of this Fic. 52.

* In this case eight elements are represented, since it is not desirable
to complicate the drawing by using more, although in practical work
it will be found necessary to use a larger number of points in order
that the line of intersection may be more accurately traced.
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figure will show to the student that the operations are simi-
lar to those of Problem 20; the process in the case of each
point is merely a repetition of that here indicated and need
not be further explained.
The extreme upper and
lower points y and gz,
Fig. 51, are the points of
intersection of the central
section, and may be pro-
jected direétly to the plan
from the elevation, since
the outline of the figure
in the elevation is really
a section on the line m»n
in the plan of Fig. 51.
Fig. 53 shows the three
sections produced by the
above method; that is,
the irregular curve pg7,
Fig. 53, is a section of the
larger cone produced by
. the intersection of the

Fic. 53. cutting plane 4 £; s
and 77 are found as above described, the section lines being
indicated in the figure by short cross-hatching. Project
the side elevation as in former problems.

The student may, at the completion of the drawing on
the plate, erase all the construction lines except those pro-
jectors shown on the reduced copy of the plate, those lines
only being inked in that are necessary to show the out-
lines of the figure and the line of intersection in each view,
as well as the outer projectors.

PROBLEM 27.

100. To project views of a sphere Intersected by a
cylinder.

When the position of these two solids is such that the axis
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of the cylinder passes through the center of the sphere, as
shown in perspective in Fig. 54, the line of intersection
is shown in a right elevation as a straight line. In the case
of the solid shown in perspective in Fig. 55, the axis of the
cylinder does not pass through the center of the sphere, and
the line of intersection is an irregular curve, which may be

FI1G. 54. Fi1G. 55,

found by the following method. Since the construction of
this problem involves lines that must necessarily be drawn
closely together in the small scale adopted for these drawings
on the plate, a proportion is selected that does not admit of
the entire figure being shown in the elevations; these pro-
jections are therefore finished by broken lines, as indicated
on the plate.

ConsTrRUCTION.—Draw the plan first and represent the
view of the sphere by a circle 34 inches in diameter. Draw a
vertical diameter and from a point midway on the radiusa 4
describe a circle 1§ inches in diameter, to represent the end
view of the cylinder, on the outline of which locate a number
of points by spacing with the dividers, as at 1, 2, 3, 4, etc.
Through these points, in the manner shown on the plate,
draw vertical lines, as a b, cd, ¢ f, g/, and ¢, each of which
will now represent a cutting plane. Sections of the sphere
and cylinder on these lines are now to be produced in the
side elevation. These sections, as already stated, are circles
and parallelograms, respectively, the diameter of the circles
being ascertained from the view in which the cutting plane
is shown on edge, as in the plan. In this problem, the side
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elevation is next projected. Describe arcs representing the
sections in the side elevation, using the radii @b, cd, ¢ f, gk,
and 7/, the radius a4 being the great circle of the sphere.
By the aid of primary projectors, project the points from
the cylinder in the plan to the side elevation, intersecting
corresponding arcs in the side elevation. Trace the irregular
curve shown in that view on the plate through these points.
Next, project the front elevation, thus completing the
problem.

101. Recapitulation.—The problems of this plate have
afforded the student an opportunity for careful study.
Owing to the number of points necessary to be found in
each figure, the problems may have had the appearance of
more or less complication, but if the student, as previously
cautioned, will carefully locate the points required, one at a
Zime, not hurrying his work nor trying to grasp the entire
problem at once, but keeping in mind the different principles
in the order presented, and by referring, if necessary, again
and again to the primary principles, he will experience no
difficulty in making the drawings. He will also be able in-
telligently to project any view of any object; in other words,
he will be able to make any working drawing whatever, and,
in addition to this, be able to read and understand any
working drawing he may be called on to examine.



DEVELOPMENT OF SURFACES.

INTRODUCTION.

1. Definition of a Development.—A development is
a drawing in which a full view of all the surfaces of a solid
is represented. Whenever a development is to be drawn
(except in the case of solids of very simple form), a pro-
jection drawing must first be made. This projectionshould
show the solid in a 7ig/k¢ position. Since the location of the
various points in a development is dependent on their corre-
sponding position in the projection drawing, the importance
of the projection and the necessity for accuracy in its con-
struction are thus clearly seen. If a solid is bounded entirely
by plane surfaces, its development can be accomplished by
merely projecting their full views, as already explained in
Practical Projection.

A solid is said to be developed when all surfaces compo-
sing it are represented onone plane and in such relation to
one another that, if formed or bent up, they will constitute
a solid similar to the one represented by the projection draw-
ing from which the development was made. Such a rep-
resentation is called a development, or a pattern, the
process of laying out the pattern being termed devcloping
the surfaces of the solid.

2. Relation of the Surfaces in a Pattern.—When it is
desired to produce a pattern requiring a combination of
several surfaces that are adjacent in a solid, such surfaces
must be drawn in the same relation to one another in the
development. The surfaces of a solid when thus combined

8 16
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in a pattern, or development, bear the same relation to one
another that they would if they were considered as being
unfolded or unrolled—the same relation that a paper wrap-
per would bear to the package from which it had been un-
folded or unrolled. The paper wrapper is not always an
apt illustration, as the metal worker seldom requires several
thicknesses of his material. In the case of the familiar
‘‘square pan,” however, the ends are folded on one another
in precisely the same way as in the paper wrapper.

It will be seen from the foregoing that, were all solids
bounded by flat, or plane, surfaces, the subject of develop-
ments would present no new problems; it would be neces-
sary merely to study the relation of surfacesto one another,
project their full views, and carefully redraw them in the
pattern in the same relative position.

3. Projection Methods Used.—It has been shown in
Practical Projection that a single surface is developed, or, as
stated, its full view is drawn, by a modification of the same
methods that are used to produce the different views of that
surface. Many of the operations attendant on the develop-
ment of solids are like those used in producing full views of
single surfaces; or, if not, the principles involved may be
traced to their origin in other methods used in projection
drawing.

A thorough knowledge of projection is absolutely neces-
sarythat the student may understand the operations involved
in developing the surfaces of a solid. The position of the
several points located in a drawing and their corresponding
location in an imaginary way on the object itself must be
definitely fixed in the student’s mind. Each line must be
determined in its relation to the other lines of the drawing
and its ideal, or imaginary, location definitely ascertained;
the surfaces, also, must be treated in a similar way. The
student must picture to himself the completed object as it
will appear when the surfaces laid out on the drawing board
in the development are formed up in their final relation to
one another. This imaginary part of the study is of even
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greater importance in the case of developments than in pro-
jection drawing. As thestudent has already had some drill
in this part of the work, the subject he is now studying
should be found less difficult than would otherwise be the
case. Inprojection drawing, the surfaces of the solid are rep-
resented as being in their proper position; in the develop-
ment, the same surfaces are represented as being developed
or spread out on the surface of the drawing board.

GENERAL CLASSIFICATION.

4. General Classification of Sollds. — An accurate
development may be drawn for the plane surfaces of any
solid, or for surfaces having, when related to a given line on
such surface, a curvature in one direction only. Ingeneral,
it may be stated that any solid may be developed on whose
surfaces it is possible to lay a straightedge, in continuous
contact, in any one direction. To use, in this connection,
the illustration of the cylinder, it will be seen that, if the
straightedge is resting on the surface parallel to the axis of
the cylinder, it will remain in contact at all points. If,-on
the other hand, the straightedge is resting on the curved
surface and is not parallel tothe axis of the cylinder, the
surface will be in contact at a single point only. However,
the fact that it is possible to place the straightedge in con-
tinuous contact on the surface allows the inference that
such surface is capable of accurate development.

The same rule applies to solids of irregular form. The
methods of development, however, are not the same in cer-
tain variously formed solids, as will be explained later.
There are certain forms whose surfaces, owing to their
curvature in several directions, are not capable of being thus
laid out on a flat surface; i.e., not capable of being developed.
On the surfaces of solids of this class—the sphere, for ex-
ample—it will be found impossible to lay the straightedge in
contact in any direction. For, if placed on such a surface,
there will be but one point of contact—that of the tengential
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point. Tangential contact indicates that developmentcan
be accomplished only in an approximate way. For purposes
of development, then, it is convenient to separate all solids
into two general classes according to the result obtained in
developing their surfaces. These two classes are: solids
whose surfaces admit of accurate development and solids
whose surfaces admit only of approximate developments.
Approximate developments are, however, so nearly accurate
for the purposes of the sheet-metal worker that the kind of
solid is more clearly marked by the method of developing its
surface than by the result obtained by the development.
Therefore, in order to distinguish the kinds of solids, both
accurately and approximately developed solids are divided
into three main classes according to the method used in
developing their surfaces. These classes are explained
later.

8. Accurate Developments.—Solids whose surfaces are
capable of accurate development are of frequent occurrence
in the sheet-metal-working trades. To this class belong all
prismatic, cylindrical, and conical forms, whether of regular
or irregular geometrical form. It includes all articles or
objects whose covering may be formed without being sub-
mitted to the operations known to trade workers as
‘““raising " or ‘‘bumping.” Any solid whose surfaces may
be unrolled or spread out on a flat surface without *‘ buck-
ling,” may be accurately developed. Although it is often
necessary, especially when working metal of unusual thick-
ness, to take into account the stretching of the material
when producing patterns for many objects, these objects
belong to accurately developed solids, providing that the
metal does not have to be ‘‘raised” or ‘‘bumped ” in order
to form the object. It is, therefore, essential that the
metal worker should thoroughly understand the nature of
the material and be well informed as to the best manner in
which to provide for all laps and edges used in the construc-
tion of the finished article.

It is the purpose of Development of Surfaces to define and
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illustrate theoretical developments and the means used by
the draftsman in their production.

6. Approximate Developments.—The sphere and
other solids whose surfaces have a curvature in two or
more directions are examples of objects capable of only
approximate development. The test by the straightedge is
(with a single exception, which will be fully explained later)
a positive indication of the class to which any solid may be
assigned. Patterns for the surfaces of objects of this class
may be approximated, because it is necessary for the metal
to undergo the operations of ‘raising,” or ¢ bumping,”
before it will conform to the exact surface represented in
the drawing. It is necessary in these cases to make allow-
ance in the pattern for the stretching of the metal. This
part of the subject, as it does not belong to theoretical
devclopment, is not treated here, but is taken up later in
the Course.

SOLIDS THAT MAY BE ACCURATELY DEVELOPED.

7. There are three distinct methods in common use, by
means of which patterns are produced for solids whose sur-
faces are capable of accurate development. It is advisable,
therefore, to separate the different varieties of these forms
into three general divisions, in order that their development
may be studied in a systematic manner. This classifica-
tion may be made by studying the manner in which the
covering of these solids—to use again the illustration of a
wrapper—would be unrolled or spread out if done by roll-
ing the solid on a flat surface.

8. Solids Developed on Parallel Lines.—A convenient
illustration of the manner in which the surfaces of a solid
will appear when unrolled as above indicated may be found
in the following example, which serves at the same time to
define a property peculiar to solids of a certain form. Let
the continuously adjacent surfaces of the prism shown in
Fig. 1 (a) be carefully covered with thin paper, as at
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Fig. 1 (6). Denote each of the four surfaces by a letter,
as A, B, C, and D, and further designate the edges of the
prism by the lettersa b, c d, ¢ f, and g k. As the ends of
the paper covering meet at the edge a 4, that edge of the

Fi6. 1.

surface D may be denoted bylthe letters @' &', as shown in
Fig. 1 (6). Assume now that the prism is laid on the
drawing board, the surface A face down, and the paper
covering removed by turning the prism over and over, the
paper remaining on the surface of the drawing board, as
shown in Fig. 2 (4) and (4).

Two important principles relating to developments are
demonstrated in these illustrations. Firsz, as will be seen
from Fig. 2 (0), the edgesa b, c d, ¢ f,g /), and a’' &' are all

(a) )
FIG. 2. :

parallel to one another. This is true both in the develop-
ment and on the solid, as may be readily seen by the
student, the only difference being that on the solid certain
of the lines are in different planes, while in the development
they are all in the same plane. Second, it will be noted
that, since the letters shown in Fig. 2 are reversed, the
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outer surface of the paper covering in Fig. 1 (8) corresponds
to the under surface in Fig. 2 (4). In a similar manner, it
is learned from the second principle that positions indicated

(a) (6)
FIG. 8.
on any surface of a solid, as shown in a projection drawing,
are reversed when shown in the development of the solid.

The same treatment of the cylinder is found to produce
results closely resembling those shown in the case of the
prism. The cylinder is represented in Fig. 3 (@) as covered
with paper, a number of lines being ruled on the covering
parallel to its axis, as shown at ¢ d, ¢ f, etc. The paper is
shown unrolled in Fig. 3 (4), and it will be observed that
not only the outer edges a & and @' 4" are parallel to each
other, but that all other lines parallel to the axis of the
solid appear in the development parallel to one another and
to the edge lines @ # and @’ 4. The student that has ever
flattened out a piece of straight molding, as for cornice
work, probably noticed a number of straight parallel lines
on the metal where it had been bent in the brake. This is
an illustration similar to that of the cylinder, the different
members of the molding being considered as the various
surfaces of an irregular solid.

Such illustrations indicate that parallel lines bear some
relation to certain forms, and it will be shown that the pat-
terns for these forms are developed by a method whose
principles are based on this fact. Many solids may be at
once recognized as belonging to this division. In general,
any solid whose edges are parallel may be located here. In
the case of solids having curved surfaces, it may be stated
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that, if it is possible to draw a series of parallel lines on
such surfaces, the development of the solid may be pro-
duced by the same methods given for this class. The first
general division, therefore, comprises those solids whose
surfaces may be developed on paralle! lincs.

9. Solids Developed on Radial Lines.—When the test
given to the cube and the cylinder in Figs. 1 to 3 is applied

FiG. 4.

to the pyramid, it is found that the lines indicated on the
paper converge to a point, as shown in Fig. 4 (¢) and (4).
It is noticed, also, that this point o, Fig. 4, defines the
position of the vertex of the pyramid. The same may be
said of the cone, illustrated in Fig. 5 (@) and (4). 1f lines

F16. 5.

are first indicated on the surface of the cone corresponding
to its elements, it will be found, when the covering is un-
rolled, that these lines also converge to a point, as in the
case of the edges of the pyramid.

It was found possible to institute a system of obtaining
developments based on parallel lines in the case of the
prism and cylinder; in a similar manner, it is quite evident
in this case that a system dealing with radial lines should
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produce like results. Since, in projection drawing, the ele-
ments of the cone are known to be useful factors in deter-
mining the position of points on its surface, it may readily
be conceived that their use in a somewhat similar way may
be adapted to developments. This is found to be the case;
and a second general division of solids is thus made, con-
sisting of those forms whose surfaces may be developed on
radial lines. Included in this division are all regular taper-
ing solids and such irregular forms as are derived from
regular solids. The metal trades furnish many examples of
solids belonging to this division; in fact, the writers of sev-
eral works on patterncutting confine their instruction almost
entirely to the development of solids of this character.

10. BSolids Developed by Triangulation.—There are
many forms of irregular surfaces to which the test of the
straightedge may be applied and the conclusion thereby
reached that their surfaces admit of accurate development.
It may also be concluded that neither of the two former
methods is applicable, for neither parallel lines nor a series
of radial lines may be drawn on their surfaces. Many of
these solids are not of such a shape as to admit of their
being either turned or rolled on a plane surface. It is
found, however, that on every such surface, series of two or
more lines each may be drawn in certain directions, forming
angles.

On such irregular surfaces it may happen that no two of
the angles thus drawn on the solid, or represented—either
correctly or foreshortened—in the projection drawing, will
lie in the same plane or be equal to each other. Since it is
possible thus to project these angles, evidently they may be
reproduced on the flat surface of the drawing paper in their
correct size. If this can be done, it may be reasonably
assumed that the surfaces thus represented will be the same
as the corresponding surfaces of the solid. An illustration
of this principle, as pertaining to a plane surface, was given
under another heading in Practical Projection. In Geo-
metrical Drawing, the irregularly outlined figure known as

4 I8
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the trapezium was divided into two triangles that were in
turn reproduced by a method precisely similar to that used
in developments for solids of this division. The figure in
that problem was a plane figure; but the student, having
now had experience in representing solids in projection
drawing, should have no difficulty in understanding that it
is possible to find a method applicable to the development
of irregular surfaces by means of a series of triangles.

In Fig. 6, an irregular solid of this kind is shown. It is
the solid whose projection was drawn in Problem 19 of
Practical Projection.  This figure
illustrates in a general way the
method used in arranging the trian-
gles on the irregular surface of such
solids. The triangles are represented
in the figure in a perspective way,
but they are, of course, alwaysdrawn
in connection with the usual methods
of projection. The third general division, therefore, con-
sists of those solids whose surfaces are developed by ¢rian-
gulation—that is, by means of triangles.

Fi1G. 6.

11. Ilow the Division of Solids Is Accomplished.
It is not to be understood that the draftsman actually
applies the test of the straightedge in reaching a conclusion
as to whether the surfaces of a solid may be accurately or
approximately developed. Nor does he roll the object on
the drawing board in order to determine whether the
method by parallel lines or one of the other methods is to
be used. As a matter of fact, he seldom has a model to
work from, and, therefore, could not apply such a test if he so
desired. But as he studies the drawings and imagines the
position of the surfaces as they will appear in the com-
pleted object, he is enabled to apply the tests as effectually,
in an imaginary way, as though the tests were made with a
straightedge. In the same imaginary way, also, he assigns
the solid to the general division to which it properly belongs,
and thus decides as to the method he will use in the devel-
opment of its surfaces.
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A little practice will enable the student to classify the
variously formed objects in this way and to select the
method that shall be applied in any given case. A very
important part of the patterncutter’s acquirements consists
in being able to recognize in various irregular objects those
forms that may be only a portion of some regular solid.
In other words, the student must learn to establish in his
own mind the connection between complete and perfectly

formed solids and those objects
in which only a portion of the solid
may be represented. The method
of development is, of course, the
same in both cases, but as a matter
of fact, the operations are us-
ually more complicated in cases
where the incomplete solid de-
mands the patterncutter’s atten-
tion. Especially is this true of
conical forms, or those developed

F16. 7. F1G. 8.

on radial lines. Frequent illustrations of this principle
may be found in commonly occurring objects. The flaring

o S —— e A
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pail shown in Fig. 7 is seen to be a part (or frustum) of a
cone, the completed cone being indicated by the light sha-
ding in the illustration.

The same is true of the sitz bathtub in Fig. 8. Here it
is seen that the portion of the cone represented by the fin-
ished article is an irregular section
of the cone; its development is, how-
ever, accomplished by the same meth-
ods to be shown for regular cones.
Another instance is found in the
measure shown in Fig. 9. Here are
two intersecting cones: a regular
frustum of one forms the body of
the measure; and an irregular frus-
tum of the other—an inverted cone—
forms the lip of the finished article.

All the articles in Figs. 7 to 9 are
thus shown to be frustums of regu-
lar cones, although varying in the
regularity of their bases. In certain
cases, as in the ‘‘oval” pan body

F1cG. 10.

represented by the heavily shaded band in Fig. 10, the
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surfaces may be portions of the surfaces of different cones or
of cones differing in size. The bases of this article are
elliptical in outline. The ellipses are drawn by circular
arcs. The vertexesof the different cones would be repre-
sented in a plan view by the centers from which the differ-
ent arcs are struck. These cones are partially shown in
Fig. 10, and in the relation required by the portions of
their surfaces that compose the sides of the pan.

It is essential, therefore, that the student should possess
a certain familiarity with the forms of the regular solids, to
assist him in the classification of the objects that he will be
called on to develop. It is with this end in view that a
series of platesis to be drawn by the student. The instruc-
tion is in the form of problems, and several of the drawings
of Practical Projection are reproduced for the purpose of
showing the development of the surfaces of the solids there
represented. The student’s attention will first be directed
to a consideration of those solids whose development may
be accomplished by means of parallel lines.

DEVELOPMENT BY PARALLEL LINES.

12. Importance of Certaln Views.—It has already
been stated that the making of a working drawing is the
draftsman’s first step toward obtaining a pattern for the
surfaces of any solid. The solid in question should be shown
in this drawing in such a position that measurements may
be taken of its surfaces in all their dimensions. In order to
accomplish this, several views may have to be drawn,
although a right plan andelevation will usually be sufficient.
In some cases there may be given to the mechanic a draw-
ing in which the object is so shown that these dimensions
may not be readily obtained. In such cases, operations in
projection are required; with these the student is already
familiar.

For purposes of development it is important that the view
shown should be that one in which the lines of the solid are
given in their true length, or, in other words, a right view
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of the solid. In addition to this view there must be given
that view also in which the surfaces thus partially bounded
by these parallel lines are shown as on edge. In some
instances, as in the case of a simple solid of which all the
dimensions are known, the latter view may be omitted; it
is, however, understood as being drawn, for the draftsman
knows all of its dimensions. Generally, therefore, before
the pattern can be produced, a plan and an elevation show-
ing the solid in a right position must be drawn.

In drawing the projections in Practical Projection, the
right views have first been drawn and inclined views have
then been projected from them. This has been done in
order to familiarize the student with the appearance of such
drawings; but, in every case, the development of the pat-
tern is to be projected from a right view. It is possible for
the draftsman to become so expert by practice that, in cer-
tain cases, he is enabled to obtain, from foreshortened
views, patterns for some surfaces. The beginner should not
attempt this, however, since the operations involved are
confusing, and should be resorted to only by the experienced
patterncutter that thoroughly understands the subject.

13. The Stretchout.—As stated in the preceding article,
it is essential that, in all cases where the development of
solids may be accomplished on parallel lines, the view show-
ing certain surfaces as on edge should either be given or
assumed. From such a view, the width of each surface may
readily be ascertained. The total width of all these sur-
faces—the distance around the solid—is called the girth of
the solid. In case the solid has a curved surface, its girth is
found by spacing with the dividers the outline in that view.
The girth of the cylinder, for example, is equal to the length
of the circumference of a circle that represents the base of
the cylinder.

When a distance corresponding to the girth of any solid
is represented by a straight line on a flat surface, such aline
is called a stretchout for the development, or pattern.
This line is then marked off by a series of points, the points
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representing the places at which the line would be bent if
formed up to correspond with the outline of the solid repre-
sented in the view from which the distances were taken.
In the case of curved surfaces, a number of points are
located on the outline, as previously indicated. This is
usually done by dividing the outline into a number of equal
spaces in the same manner as in projection drawing; an
equal number of spaces is then stepped off on the stretchout
line, whose total length is, in all cases, equal to the girth of
the solid. An important point to be observed is that the
points thus located on the stretchout must be (although
reversed) in a position on the line corresponding to that
relatively occupied on the solid.

14. Position of the Development.—The position in
which the stretchout is placed on the drawing determines
the position of the development. This line is always drawn
at right angles to the parallel lines of the solid and from a
view in which these parallel lines are shown in their true
length.

In making a projection, then, from which to produce the
patterns of any object, it is important that a sufficient
space be left on the drawing, to one side or the other of that
view. It frequently happens that this cannot be done, and,
in such cases, it is a common practice to lay an extra piece
of paper over a portion of the drawing, on which the de-
velopment may be produced. When the latter method is
adopted, the paper on which the development is made may
be used in transferring the outline of the pattern to the
metal, and the original drawing may then be preserved in
perfect condition.

15. Development of the Cube.—For the purpose of
explaining to better advantage the use of the stretchout, the
development of the cube is presented, step by step, in Figs. 11
to 14, inclusive. A reproduction of this development should
be made by the student in accordance with the following
instructions, although the drawing is not to be sent to the
Schools for correction.
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The plan and the elevation shown in the left-hand portion
of the figures are drawn first. The development could be
produced from either view in this case, since in any right
view the dimensions of a cube are equal. For the purpose
of the illustration, the development is drawn from the
elevation. At right angles to the parallel lines in the eleva-
tion, draw a line as M /N, Fig. 11. On this line locate a
point at any convenient distance, as at . This point may
correspond to any of the upright lines or edges of the solid

Elevation U4

F — —, 3 —
represented by A, B, C, or Din the plan of
4———B the cube. Since it is necessary to begin
from one of these edges to unfold in an
imaginary way the surfaces of the cube, the
point w will be considered as representing
a position on the edge A. The surfaces
Fic. 11. are to be represented in their regular order
in the development, that is, the order in which they appear
on the solid itself; first, the surface represented in the plan
by A B, then B C, CD, and D A, in their natural order as
they are shown in the projection at the left of the line 4/ V.
The dividers may, therefore, be set at a distance equal to
the length of the side 4 B, and, since the sides of the cube
are equal in length, the distances wx, xy, y2, and zw'—
corresponding, respectively, to the sides represented in the
plan by A B, BC, CD, and D A—are to be spaced off on
the line M V.,

Plan

16. Laying Off the Stretchout.—That portion of the
line 4/ IV included between the points 7 and %' is called the
stretchout of the cube. A stretchout may be drawn in any
position on the drawing board, at the convenience of the
draftsman, but it is invariably at right angles to the paralle!
lines of the solid.

Wherever the stretchout occurs in the drawings of this



§ 16 DEVELOPMENT OF SURFACES. 17

Course, it is represented by a heavy line, as shown in Fig. 11.
It is customary to draw a line of indefinite length quite near
the view of the solid that is being developed, as in Fig. 11.
When the stretchout is mentioned, the only part of the line
referred to is that included between the extreme points
and @', Fig. 11, located to define the total width of the ad-
jacent surfaces. This operation is called laying off, or
developing, the stretchout. It will be seen that if a string
equal in length to w ' should be stretched around the cube
in a horizontal direction, it would exactly reach the entire
distance, and the ends would meet, in Fig. 11, at the edge 4.

The next step is to erect perpendiculars to the stretch-
out M N that shall pass through the points w, z, y, etc.
and be produced on both sides of the line. This is done by
means of the triangle, in connection with the T square, as
in Fig. 12. The lines thus drawn are called edge lines,
since they represent, in the development, those portions of
the surfaces that would form the edges of the solid if the

Fi6. 13.

pattern were to be cut out and formed up to the shape
indicated by the projections. Edge lines are to be repre-
sented in these drawings by dash-and-dot lines, as shown
in Fig. 12, similar to those used in Practical Projection for
projectors.
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Next, the length of each of the upright edges shown in
the elevation is marked off on its corresponding edge line
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in the development. This is readily done
Plan with the T square, and, since each of the four
edges represented in the elevation is of the

same length, the T square may be brought

. Fio. 13, even with the horizontal lines in that view,
and a line drawn from each across the development, as
shown in Fig. 13. The lines thus drawn are called deve/-
opers, and will be represented in these drawings by broken
lines, as shown in Fig. 13. This name is applied to them
for the reason that the length of the edge lines is deter-
mined—developed—when a developer is drawn from each
extremity of the edge shown in the elevation to its corre-
sponding edge line in the development. In this case, the
four upright edges of the cube, represented by the two ver-
tical lines in the elevation, are of the same length, and their
ends are in the same horizontal lines; therefore, the two
developers p ¢ and s, drawn from the elevation, define the
upper and lower boundaries of each of the four upright
surfaces of the cube.

The development of four sides of the cube is thus accom-
plished; and, if desirable, the other two sides may be added
to any one of the four that have been developed. Since
the method of obtaining a development, as it is now called,
or a full view of any side or surface of a solid is already
familiar to the student, no further explanation will be given.
In sheet-metal work it is generally preferable to make the
ends (of forms similar to the cube) of separate pieces of
metal, and, on account of the waste of stock, it will seldom
be found desirable to combine all the surfaces of a solid in a
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single piece. Should such a case arise, however, the full
view would be projected and afterwards copied into its
proper place on the development.

The development of any solid of this class, whose bases
are parallel and at right angles to its parallel lines, is always
a parallelogram; and, as in the development of the cube in
Fig. 13, this is divided into smaller parallelograms, each
representing a surface of the solid.

1%. Finishing the Drawing.—In order to enable the
draftsman to distinguish the features of a development at a

Y o < R
R
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glance, it is customary to define the outer
edges of such a drawing by means of full
lines, as is shown in Fig. 14. The outer
edges are further distinguished by small
Fic. 14, arrowheads, while the other edge lines of
the pattern are marked near each extrem-
ity by a small circle drawn by freehand methods, in the
manner shown, thus indicating to the mechanic that the
- sheet is to be bent along this line. It is sometimes desir-
able, as in detail developments for certain classes of sheet-
metal work, to designate the stretchout by a line drawn
with a blue pencil, thus readily attracting the draftsman’s
attention.

The sheet-metal worker seldom resorts to the drawing
board in order to produce a development of a simple solid
such as the cube, since the same result may be accomplished
with the steel square, the sizes being marked out directly
on the metal. The development of the cube, however, has
been shown in these illustrations, inasmuch as by the same
principles any solid of this class may be developed. It may
also be stated that the draftsman rarely representsdevelopers

Plan
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or edge lines by the particular lines used for that purpose
in this Course. These distinguishing lines have been
adopted here solely for the purpose of fixing clearly in the
student’s mind the principles on which these drawings are
made. After these principles have been mastered, the use
of such lines in practical work may be discontinued, and
the student may then, by the use of light pencil lines only,
proceed with the development of such other solids as he may
be called on from time to time to lay out. Thedrawings of
this Course, if inked in, should be completed in the manner
shown in the illustrations.

18. Development of Intersected Solids.—In cases
where the parallel lines of a solid are interrupted by the in-

made on the drawing board. For exam-
ples of the development of such inter-
sected solids, we will refer to the figures illustrating the
cutting planes in their effect on the cube, which figures
have become familiar to the student from their use in Prac-
tical Projection. Fig. 15 is a reproduction of one of these
projections, showing the development of the parallel sur-
faces. Here it will be seen that the development can be
produced only from the elevation, since the cutting plane
has altered the solid in such a manner as to admit of par-
allel lines being drawn in but one direction.

The stretchout is drawn as before, and the width of the
surfaces spaced off in the usual manner. It will be further

FiG. 15.
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noticed that, since the edges of the cube are unequal in
length, it becomes more important to observe the order of
the surfaces as they are being unrolled from the solid.
After the edge lines are drawn in the development, the de-
velopers are drawn in the same manner as in Fig. 13, but
with this difference: the lower ends of the edge lines are
defined by a single developer as before, but it becomes nec-
essary to draw a developer from the upper end of each
edge in the elevation to its corresponding edge line in the
development. If this is done carefully, it will be seen,
from a comparison of the surfaces in the development with
those on the solid in the elevation, that they are in the
same relative position with reference to one another,
although reversed. This is clearly indicated in Fig. 15 by
the use of similar capitals and small letters for the corre-
sponding edges and edge lines, respectively, in the projec-
tion and development. Thus, the edge line @ @’ represents
the edge A; & &' represents the edge B; etc. It will be
noticed, also, that those parts of a development that come
together and form edges or seams are indicated by the
same letters. A similar principle of lettering these draw-
ings will be continued throughout Development of Sur-
Saces, since, when once understood by the student, he can
study the drawings intelligently and with less reference to
the descriptive text.

In this drawing of the cube, another fact is presented
that demands care on the part of the draftsman; that is,
the outer edge lines in the development must be of the
same length. It may seem unnecessary to call attention
to a fact so obvious, since it is very clear that, as the
outer edge lines represent the same edge of the solid,
they 7ust, therefore, be of the same length in the develop-
ment. It is, however, a cause of frequent error, and is
due simply to carelessness in drawing the developer to the
wrong edge line. Great care must be exercised in this
respect, since the accuracy of a development depends in no
small degree on this feature.

A development similar to the one given in Fig. 15 is
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shown in Fig. 16. This development is made from the front
elevation of the figure in Practical Projection that shows how

a plane that cuts a cube is represented.
Fig. 15 shows a development made from
the side elevation of the same figure. An
excellent illustration is here furnished of
the importance of all edges of a solid being
defined in that view from which a de-
velopment is made. The drawing in
Fig. 15 represents the cube in such a position that the lengths
of all its parallel edges are shown, while in Fig. 16, the
length of the edge B is seen only by the aid of the dotted
line. In drawings of this class, therefore, all edges should
be indicated, whether on the side nearest the observer or
not. In such drawings, however, it is customary to repre-
sent these hidden edges by dotted lines, in order to avoid
confusion.

It frequently happens that the cutting plane so intersects
the surfaces of a solid as to produce angles at points other
than at the vertical edges of the solid. An example of
this is found in Fig. 17. The method of obtaining the de-
velopment is, in the main, similar to that used in the pre-
ceding cases. From the plan of the cube in Fig. 17, how-
ever, it will be seen that points are indicated on the lines
B C and C D denoting the corners, or points, at the extrem-
ities of the line K'L. The distances 8K and DL must,
therefore, be indicated on the stretchout A/ /N, as shown at
x £ and /z, the points in each case being located from 44’
and dd’' toward c¢'. This is because the points K and L
approach Cin the plan in their distances from 5 and D,
respectively; according to the foregoing instruction, it is
necessary to define them in a position in the development
corresponding to that represented on the solid.

F1G. 16.
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Parallel lines must be produced through the points £ and /
in the same manner as the edge lines were drawn. In a
certain way, these lines serve a similar purpose, since they
are the termination of certain developers; but, as it is not

necessary to bend the surfaces of the
pattern on such lines, they are distin-
guished from the regular edge lines by
the term nzeredge lines. Interedge lines
are as essential in determining the out-

Fic. 17. line of a development as the edge lines
themselves, and are to be distinguished on the drawings for
this Course by the dash-and-double-dot line. A comparison
of the projections with the development in Fig. 17, made by
looking for similar capitals and small letters in the figure,
will enable the student to see clearly the manner in which
the additional spaces are located on the stretchout, and also
how this development is produced from the elevation.

19. Importance of Accuracy.—The attention of the
student has frequently been called to the necessity for accu-
racy in his drawings. If this is necessary in the case of
projection drawing, it is doubly important in the case of
developments. Too much stress cannot be laid on this very
important feature of the patterncutter's training. Unless
his drawings are accurate they are of no value; it is, there-
fore, of the utmost importance that the patterns for any
piece of sheet-metal work should be carefully and accurately
described. The draftsman may thoroughly understand all
the principles involved in projection drawing and the develop-
ment of surfaces; but if the work on the drawing board has
been done in a careless manner, the pattern is as liable to be
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incorrect as though it had been ‘‘guessed at,” or *‘cut and
trimmed.”

There are few solids whose development may be accom-
plished by the aid of the limited number of lines required in
the case of the cube. The same principles, however, govern
all solids of this class, and it is necessary merely to be careful
and observe the form of the solid as it is shown in the pro-
jection drawing. The fact that the drawing contains many
lines should not deter the student from recognizing each
surface independently of the others, although it may require
more care on his part to select the correct lines in each case.

20. The Imagination a Great Help.—The student’s
imagination will be found to be his best assistant in this
work, and by the aid of the projections he should picture to
himself a model of the object represented. Further, he will
find it a valuable help in being able to imagine the surfaces
as they would appear if a covering of the solid were unrolled
and spread out on the drawing board for the development.
In this way, the corresponding surfaces on the solid and in
the development may be compared, and the student may be
able to detect any errors that might otherwise escape him.

GENERAL RULES FOR OBTAINING PARALLEL
DEVELOPMENTS.

21. For the convenience of the student, and to aid him
in the production of developments of solids by means of
parallel lines, a general summary of the important features
is here presented. This summary contains the substance of
the foregoing instruction.

1. A projection must first be drawn, consisting of a plan
and elevation, showing the solid in a right position.

2. The development is always obtained from that view in
which the parallel lines are shown in their true lengths.

3. The stretchout isdrawn at right angles to the parallel
lines of the solid.
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4. To indicate the width and relative position of the sur-
faces, points are located on the stretchout corresponding to
the place of those points in a view that represents the sur-
faces on edge.

5. Edge lines and interedge lines are always drawn at
right angles to the stretchout.

6. Developers are drawn from each edge or interedge:
represented in the projection drawing to the corresponding
edge line or interedge line in the development. The position
of points located on these lines is determined in a similar -
manner.

7. Interedge lines, when necessary for the development,
must be indicated on the projection as well as on the develop-
ment, and the same care exercised with the corresponding
developers as with those drawn from edges to edge lines.

8. The length of the outer edge lines in a complete
 development must be defined by the same developers.

These instructions should be carefully observed by the
student, and if the work involved in the accompanying prob-
lems is done in accordance with the principles just enumer-
ated, no difficulties will be encountered that may not be
readily overcome by careful study and a comparison of the
drawings with these rules.

DRAWING PLATE, TITLE: DEVELOPMENTS 1.

%2. For Development of Surfaces the student is required
to draw five plates, which are the same size as those drawn
for Practical Projection and in accordance with the same gen-
eralinstructions. Thetitles of the plates are given, and are to
be placed and lettered in the same manner as heretofore. The
division lines between the problems are to be omitted, and,
in their place, a general arrangement is to be followed which
resembles the reduced copies of the drawings shown on the
printed plates. The problems should first be drawn on

A II.—9
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separate paper to the given sizes. The developments may
then be drawn in such positions on the plates as to present
an appearance similar to that of the reduced copies.

These problems consist mainly of developments of SO]ldS
whose projection occupied the attention of the student in the
study of Practical Projection. They have been selected for
this purpose because they are representative solids whose
development affordsan illustration of the principles involved
in patterncutting. The student that desires to pursue the
study at greater length may find convenient illustrations in
other objects of frequent occurrence. Desirable practice
may thus be obtained, and the practical application of the
principles outlined will serve to fix them more definitely in
the student’s mind. No insurmountable difficulties are
likely to be encountered in developments thus undertaken.
Additional work of this kind should be of the same class as
the developments explained in the text.

PROBLEM 1.
23. To develop the surfaces of a pentagonal prism.

A perspective view of the prism is presented in Fig. 18.
The drawing is to be made on the plate
to the size indicated by the dimension
figures there given. The completed de-
velopment is shown at Fig. 1 («) and ()
on the plate. First draw the plan in
the position shown and then the eleva-
tion, according to the given sizes. Next,
draw the stretchout A7/ /N, spacing off on
its length, as previously instructed, the
width of the surfaces; after this the
edge lines are drawn, and finally the
developers. As before, indicate the edge
lines, and finish this and all drawings in the manner de-
scribed in Arts. 16 to 18,

Fi1G. 18.
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PROBLEM 2.

24. To develop the curved surface of a cylinder.

ExpLaNaTION.—No perspective figure is given- for this
problem, the cylinder being 1} inches in diameter and
14 inches high. Since there are no parallel edges presented
on the curved surface of the cylinder, it is necessary to
assume them. When edges are thus assumed for the
curved surface of any solid, the corresponding edge lines
in the development are represented in the same manner as
for the prism. It is unnecessary, however, to designate
assumed edge lines by small circles, since there is no
angular bending on such lines when the surface is formed
to the shape indicated in the projections.

When it becomes necessary, on account of the intersec-
tion of another solid or plane with the cylinder, to represent
intermediate lines, they are then treated as interedge lines,
the same as for the prism. Edge lines and interedge lines,
therefore, bear the same relation to the development of
curved surfaces as to plane surfaces. But it is necessary to
exercise more care in the development of curved surfaces,
since these lines are not so readily distinguished from one
another as in the case of prisms. Indicators may be
marked on the outer edge lines; but, since the others are
assumed merely for the purposes of development, the small
circular indicators are omitted. In the case of a regular
cylinder, as in this problem, it is unnecessary to project the
edge lines to the elevation, and this work may be omitted
in the construction of the problem on the plate.

ConsTrUCTION.—Draw first the plan and elevation shown
on the plate at Fig. 2 (a), giving the figure the required
dimensions. Next, divide the outline in the plan into a
convenient number of equal spaces (in this case 16). Draw
the stretchout M NV as heretofore, and lay off on this line
an equal number of spaces similar to those on the plan of
the cylinder; draw the edge lines as shown, and complete
the development by drawing the two necessary developers
from the elevation. Then finish the drawing in the usual
manner, as shown at Fig. 2 ().
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PROBLEM 3.
25. To develop the surfaces of an intersected octag-
onal prism.

Fig. 19 is a perspective view of the prism projected in
Practical Projection in order to show an octagonal prism
cut by a plane; the dimensions of the figure, however, are
slightly changed, as may be seen from the plate. The
drawing of the projections is similar to that in the problem
referred to, and may be completed as shown on the plate
at Fig. 3 (). This problem requires interedge lines, as in
the case of the cube in Fig. 17; more de-
velopers, too, are needed than are used
for preceding problems. Aside from
these features, the drawing does not
differ materially from those that have
preceded it. After developing the stretch-
out, as in previous problems, and drawing
the edge lines and interedge lines at right
angles to the stretchout, developers are
.drawn from the several points indicated
in the elevation; viz., £”, D", (’, etc., as
shown. Care must be used to terminate
each developer on the line corresponding
to each edge or interedge, as the case
may be.

After this development is completed, the student may
derive some assistance by cutting out a paper model
according to the lines indicated and bending it to conform to
the octagonal prism; he should then understand exactly
what is implied by the operations that have been explained.

FI1G. 19.

PROBLEM 4.
26. To develop the curved surface of an intersected
cylinder.

Fig. 20 is a perspective drawing of the intersected cylinder
required for this development; the dimensions in Fig. 4 on
the plate indicate the size the drawing must appear thereon. -
This problem is very similar to Problem 2, the only difference
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being that it is necessary to project the edge lines to the
elevation in order to obtain the points of

their intersection with the cutting plane.

From these points developers are drawn

to their corresponding edge lines in the

development. The curve traced through

points of intersection in that portion of

the drawing is the upper outline of the

development. This drawing being fully

shown on the plate at Fig. 4 (2) and (4),

the student should have no difficulty in

completing the problem. Since the cut.

ting plane in this problem is at an angle Fi6. 20.

of 45°, the development may be used as a pattern for a two-
pieced elbow. More attention will be directed to the
methods of obtaining elbow developments in a later part of
this Course, but the principles are the same as are shown in
this problem. '

PROBLEM 5.
27. To develop the surfaces of two intersecting
cylinders.

ExpranaTioN.—Fig. 21 is a perspective view of intersect-
ing cylinders. Since the two cylinders are of the same
diameter, their axes intersecting, the lines of intersection
are represented on the drawing by straight lines.

ConsTrUCTION.—The projections shown on the plate at
Fig. 5 (a), are first completed, and an end view of the
shorter cylinder projected as shown at (&).

The outline of each cylinder in that view

in which it is represented as on edge is

then divided into a similar number of

equal spaces (16 in Fig. 5). The points

thus located for the purpose of represent-

ing the assumed edges are then projected

from each view to the elevation. Stretch-

outs M NV and M' V' are then developed,

Fia. 1. aud edge lines are drawn perpendicular to
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the stretchout in each development. Developers may now
be drawn from the ends of all assumed edges in the eleva-
tion to their corresponding edge lines in the developments.
Note that, in the development of the vertical cylinder, the
outline of the intersection of the horizontal cylinder is pro-
jected to any set of edge lines desired, the position of the
outline of the opening being optional with the draftsman.

The development of the intersecting cylinder could be
drawn from either the plan or the elevation in this case,
since the true length of the parallel lines of that solid is
shown in either view; for the sake of the appearance of the
drawing, it is developed from the elevation. The develop-
ment of the intersected solid is here shown to be a parallelo-
gram having an irregularly curved portion outlined in the
central part of the figure. It may be seen that the plan of
the cylinders is not absolutely necessary for this develop-
ment, since the edge lines from each circle intersect in the
same points on the line of intersection of the two cylinders.
In the practical work of such developments, therefore, one
of the full views may hereafter be omitted.

- 28. Recapitulation. —These five problems are to be
copied on the plate in the relative positions indicated on the
printed copy. Care should be exercised that the figures
when completed occupy central positions on the plate, and
an equal distance should be left on all sides of the drawing.
The plate will then present a neat appearance, and the
developments may be easily distinguished from one another.
When finishing these drawings on the plate, the various
features are to be represented as follows:

Represent the boundaries of figures and all visible parts
of solids by light full lines.

Hidden edges and hidden intersection lines should be
represented by light dotted lines. - ———-——————————

Projectors, as heretofore, are to be indicated by dot-and-
dash lines. —_— e —

Edge lines are indicated by dot-and-dash lines, used also
for projectors.
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Interedge lines are indicated by dash-and-double-dot

lines.

— e et —— e

Represent developers by broken lines, — — — — — —

Represent the stretchouts by heavy full lines.

DRAWING PLATE, TITLE: DEVELOPMENTS II.

PROBLEM 6.

29. To develop the surfaces of two intersecting

prisms.

The prisms developed in this problem are the octagonal

e

vy

and quadrangular solids whose projec-
tion was given in Practical Projection
in order to show views of intersecting
prisms.

ConsTrucTION. — The development
of Case I of that problem is shown in
Fig. 22. Note that interedge lines are
required for the development of both
solids, their positions being found by
projectors drawn from the different
/

’
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| views of the drawing to the full
/ view of the end, as shown in
Fig. 22.
Case II of the problem referred
to is developed in a similar man-
Fic. 22.

ner. A drawing of the latter will

form the first development for this plate, and the projections
are accordingly reproduced as shown at Fig. 1 (a) of this



32 DEVELOPMENT OF SURFACES. 8§16

plate. In order to avoid confusion of lines, projectors are
sometimes drawn as shown on this plate; that is, only their
starting points are indicated, as between the two views of
the octagonal prism in this drawing. Next, develop the
stretchouts for the two solids, as at M/ NV and A/’ N', and
draw edge and interedge lines through their respective
points. The positions of the interedge lines are found by
projecting the point 4, in the plan, across to the full view,
as shown at (&), afterwards locating the points x and y
at 2’ and 3’ in (d'); thence, they are projected to the eleva-
tion and carried to the development in the usual manner,
the resulting figures at (4) and (¢) completing the develop-
ment of the solids.

The development of Case III of the problem in Practical
Projection forms the second part of this problem. These
projections are reproduced in Fig. 2 on the plate at (a).
In this case, the axes of the solids do not coincide, and the
problem has an appearance of greater complication than
the drawing in Fig. 1. It is necessary to trace out the line
of intersection very carefully, and, if this is done, the draw-
ing of the remainder of the problem will be comparatively
easy. The interedge lines are determined in the same man-
ner and are shown on the plate by similar letters. The
method of procedure is precisely the same as already ex-
plained, the resulting developments at (4) and (¢) com-
pleting the problem. '

In drawings of this class, the student will perceive that
the true length of the parallel lines is found by projection
drawing. The application of the rules found under the
heading ‘‘ General Rules for Obtaining Parallel Develop-
ments " is then sufficient for the development of any solid;
and, if this application is carefully made, the student will
meet with no obstacles that may not be readily overcome.

30. Development of Intricate Solids.—In the process
of developing intricately formed solids, it becomes neces-
sary to exercise diligence and caution in the observance -of
the regular order of unrolling the surfaces on the stretchout,
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and carefully to draw the developers to their correspon-
ing edge lines in the development. Note that in order
to obtain the outline of the development for the inter-
secting solid at Fig. 2 (¢), a separate developer is required
in the case of each edge or interedge of the solid.

DRAWING PLATE, TITLE: DEVELOPMENTS III.

PROBLEM 7.
31. To develop cylinders that intersect irregularly.

This problem is a development of the cylinders projected
in Practical Projection, to show views of intersecting cylinders
of unequal diameters.

ConsTrucTION.—The principles are the same as those
governing previous developments, but since many lines are
required for the drawing, the student should carefully fol-
low the directions in the order stated. Draw, first, the
projections as at Fig. 1 (@) of this plate, and carefully in-
dicate the line of intersection of the two solids. The de-
velopment of the smaller cylinder is then made. Space the
outline of the full view as at (4) and (&), using 16 spaces;
number these points in a corresponding manner, as shown,
and project them to their adjacent views. Designate the
intersections in the different views by similar numbers, to
avoid confusion. Develop the stretchout 47V in the usual
way; draw edge lines and, afterwards, developers, as shown
on the plate. The development at (¢) is thus completed,
the irregular outline there shown being the pattern for the
surface of the smaller cylinder. This part of the work may
be completed without reference to the larger cylinder. In
fact, it may be considered as a separate drawing, and the '
student should take no notice of any other lines on the
drawing except those pertaining to the smaller solid. In
this way he will accustom himself to working on drawings
that overlap one another.
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A saving of the draftsman’s time is often effected by
thus making developments over other portions of the draw-
ing, for if this were not done, a separate projection would
be required for each development. The large number of
lines on the drawing is, however, apt to be confusing to the
beginner, and is frequently a cause of error when the draw-
ing is transferred to the metal. Unusual care must there-
fore be taken in such cases.

The development of the smaller cylinder being com-
pleted, attention is directed to the larger solid. It is evi-
dent that the outline of the development of the larger
cylinder will be a parallelogram having an irregularly out-
lined portion in some part of the figure. Reference to the
plan indicates that the edges assumed for the smaller cylin-
der intersect the surface of the larger at 9, 10, 11, 12, 13,
14, 15, 15, and 1, the total distance from 9 to I being one-
quarter of the length of its outline. These points may now
be assumed as the edges for that portion of the surface of
the larger cylinder, the remainder being spaced off in the
usual manner, as 4, B, C, etc. Any convenient point on
the outline may be taken as the starting place for the
stretchout, the extreme upper point of the plan at 4 being
selected in this case. Since the intersections occur only on
the assumed edges that are indicated by the numbered
points, the drawing of the edge lines in the development
may be omitted through the Jetfered points, the outer edge
lines alone being necessary to define the size of the parailel-
ogram. Developers are then drawn from the same points
of intersection in the elevation used for the development of
the smaller cylinder, care being exercised that they extend
to their corresponding edge lines in the development of the
larger cylinder, as shown on the plate at Fig. 1 (&).*

* It will be noted during the drawing of this development that
the stretchouts of these cylinders are measured as chord distances.
The lengths in (<) for the large cylinder, therefore, will be slightly
different as measured from a to I when comparison is made with the
length 7 to 9, and, correspondingly, from { to /4. The student should
understand that in actual shop practice these chord distances are
equally spaced in all quadrants in order to overcome this difficulty.
The difference is, however, so slight in this drawing that no allowance
is necessary. .
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PROBLEM 8.

32. To develop an octagonal prism and an inter-
secting cylinder.

ExpLaNATION.—The projections given in Practical Pro-
Jjection to show views of a prism intersected by a cylinder,
are redrawn for this problem. The development of the
cylinder is very similar to that of the smaller cylinder in
the preceding problem, as shown at Fig. 2 (¢). Note that
the edges I and 9, assumed on the surface of the cylinder,
coincide with the edge C of the prism; this simplifies the
development, and the student will have no difficulty in
completing the work at (¢), it being similar to that described
in the preceding problem.

ConsTrRUCTION.—Since the development of one-half of the
prism will serve to illustrate the principles of this problem,
four sides only need be laid out on the stretchout. In this
case, the edge lines are to be drawn and indicated as such,
in order that the distinction between them and the inter-
edge lines may be clearly marked, in accordance with the
instructions given under the heading ‘¢ Development by
Parallel Lines.” After developing the stretchout as shown
at (), the completion of the development is made in the
same manner as heretofore.

PROBLEM 9.

33. To develop the surfaces of a cylinder inter-
secting a sphere. -

ExpLaNATION.—The projections of the sphere intersected
by a cylinder that were drawn for Practical Projection are
here reproduced at Fig. 3 (@) on the plate, but to a smaller
scale. This problem introduces no new element in the de-
velopment of solids by parallel lines. It is given a place in
this instruction merely to show the student that, while the
task of finding the line of intersection of parallel-lined solids
with solids of other classes may depend on various principles
of projection drawing, their development after this line has
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been produced is the same in all cases. After the comple-
tion of the projections, the outline of the cylinder, as shown
in the plan, is divided into spaces by locating a convenient
number of points; this number is always optional with the
draftsman, it being customary to take as many as are re-
quired for accurate development; for, of course, the more
points there are, the greater will be the accuracy.

ConsTrucTION.—In this case, as in the case of all sym-
metrical solids, it is necessary to locate points on but one-
half of the outline, since their projectors, if produced, will
fix corresponding points on the remaining portion of the
outline. The assumed edges are then projected to the ele-
vation and their intersections with the sphere carried by
developers to the development at (4). A similar develop-
ment may be completed at (4') by producing the edge lines
to that figure and drawing developers as shown, completing
the problem.

The stretchout line has been prominently used in these
problems. In many cases it may be convenient to develop
the stretchout on one of the lines used for developers, thus
avoiding an additional line on the drawing. Generally, in
sheet-metal work, it will be found preferable to give the
stretchout line the same prominence as in these problems,
for reasons that will be apparent in the student’s later work.

DEVELOPMENT BY RADIAL LINES.

34. Relation of the Pyramid to the Cone.—We now
come to the second general division of those solids whose
development may be accurately accomplished—that is,
solids developed on radial lines. 1t is here proposed to
show the relation borne by the pyramid to the cone, since
the methods of development of both solids are similar. In
the development of the cylinder, its curved outline was
divided by points into a number of equal parts. These
points in the plan were then projected to the elevation and
there considered as assumed edges; in other words, the
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cylinder was treated as a many-sided polygonal solid, this
solid appearing inscribed within the cylinder. In a similar
manner we shall now consider the pyramid as an inscribed

(c)
F1G. 23.

solid in its relation to the cone. This may be better under-
stood by reference to Fig. 23 (a), (4), and (c).

The removal from the cone at (@) of the pieces marked .,
leaves a solid that may be recognized as a quadrangular
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pyramid—better shown at (4), the pieces being removed
and shown in an adjacent position. The illustration at (c)
is a perspective elevation of the partsshown at (¢) and (4),
and is introduced for the purpose of showing the relation be-
tween the cone and the pyramid to better advantage. Com-
paring these two solids in the figure, it will be seen that the
edges of the pyramid at () correspond to certain elements
of the cone at (a). Further, it will be seen that, if the
cone is covered with paper, as in Fig. 24, and the position
of the elements noted, the paper afterwards being unrolled
as shown,.the elements may be imagined as leaving their
imprint on the paper, as at oa, 04, etc., Fig. 24. The posi-
tion of these imprints will correspond relatively to the loca-
tion of the elements on the surface of the solid. A figure

FI1G. 24.

similar to the unrolled covering may be described by the
aid of the dividers, the boundaries of the development being
defined by the position of any element chosen at pleasure,
notice being taken of the first and last contact of such ele-
ment with the drawing during a single revolution of the
cone. The radius of the arc thus described is always equal
to the true length of an element, while its lengtk is equal to
the circumference of the base of the cone.

Suppose, now, that the surface of the pyramid shown at
Fig. 23 (4) is covered in a similar manner, the covering being
afterwards unrolled as shown in Fig. 25. It will be found
that an arc described with a radius equal to that used for
the development of the cone in Fig. 24—that is, equal to
the true length of an edge of the pyramid—will pass
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through the points a, 4, ¢, &, and a’, representing the lower
extremities of the upright edges of the pyramid. These
points are equally distant from one another as measured on
the arc. This may be proved by setting the dividers at a
distance equal to the length of a base edge of the pyramid

FIG. 25.

and stepping off the spaces on the arc. The only differ-
ence between the developments for these two solids lies in
the fact that, for the cone, the development is defined by
the circular arc, while in the case of the gyramid, straight
lines are drawn between the points a, 4, ¢, etc., as shown in
Fig. 25. These developments will be completed in a later
problem.

35. Stretchouts for Radial Solids.—Since the dis-
tance around the bases of the cone and the pyramid may
be measured on an arc whose radius is equal to the length
of one of the elements of the cone (or, in the case of the
pyramid, to the length of one of its upright edges), such
an arc may be described for the stretchout of these solids.
The measurement around the solid being taken on a partic-
ular line, or base plane, it may here be observed that ‘any
real or assumed base plane of a cone or pyramid may be
treated in a similar manner. The length of the radius by
which the stretchout is described must, in all cases, be
equal to the true length of the elements in that portion of
the solid. .

This is illustrated in Fig. 26, the cone O +1 B being devel-
oped along a stretchout described with the radius O 5. An
assumed base may be taken at C D; an arc is then described
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from the center O with the radius O D (O D being the true
length of the elements of the cone O CD). If the width
of a space between the
elements on the as-
sumed base C D (meas-
ured on the plan) is
taken in the dividers
and spaced off on the
arc D F, the spaces will
be found to coincide
with the intersection
of the elements in
the development drawn
from the arc B £. The
same will be found true
for any right base that
may be assumed for the
cone. As a matter of
precaution, it is cus-
tomary, when drawing
developments of the ra-
dial solids, to describe
the stretchout with as
long a radius as possi-
ble, usually not exceed-
ing the length of the
elements or edges shown in the drawing. For reasons
that will be shown during the construction of the problems,
it is convenient to locate the center for describing the
stretchout at the vertex of the solid.

F16. 2.

36. Revolution of Radial Solids.—During the study
of projection drawing, it was learned that measurements
for all distances and the position of points on the surfaces
of cones and pyramids—radial solids—are determined by
means of their radial lines, or elements. The same princi-
ple must be adhered to when developments of such solids
are produced. It is essential, therefore, that these lines
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should be shown in their true lengths on drawings from
which such developments are produced. This will necessi-
tate much work on the part of the draftsman, especially if
the surfaces are in any way irregular or are intersected by
other solids. To overcome the necessity for drawing a
number of views, advantage is taken of a principle that
may be observed during the revolution of the solid. This
revolution is effected in a very simple way on the drawing
board, and an illustration of the method used is furnished
in Fig. 27. The student will understand, from an inspec-
tion of that figure, that if the cone O A B is revolved on
its axis in the direction of the arrow, the motion of any
point on its surface will be indicated on the elevation by
a horizontal line. When any elements of the cone are in
the positions occupied by the elements O 4 and O B, their
true lengths are shown on the elevation, and measurements
may, therefore, be taken from such lines or from any points
located on these lines. Lines in this
position may be called ¢rue edge lines,
their use under this name being pecu-
liar to the radial solids.

When developing the surfaces of pyra-
mids shown in certain positions, it is
sometimes necessary to draw this true
edge line independently of the figure.
A problem illustrating this principle is
given on the following plate. Since the
elements of a cone are equal in length,
the position of any point that may be
located on any of these elements (as x,
located on the element O (, Fig. 27)
may be projected in a horizontal direc-
tion to the true edge line at x”, and its
correct distance from the vertex O be
there ascertained. The point x, there- Fio. 7.
fore, could be projected to either element O A or OB, but
the supposed revolution is generally represented as being
made toward the true edge line that is nearest the point

4 I11—10
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whose location it is desired to determine, although in Fig. 27
the point x is moved in the opposite direction. Thus, in
Fig. 27, if it is desired to determine the exact distance of
the point x from the vertex O, the horizontal line xx" is
drawn in the elevation, and the distance from the point O
to the point »” is then the exact, or true, distance between
the two points. The same result would be obtained if an
elevation were drawn showing the element O C in its true
length; but, as seen from the foregoing explanation, the
method here explained is much shorter and better adapted
to the wants of the draftsman.

3%7. Use of Constructlon Lines.—In the development
of radial solids, the same construction lines are used as in
obtaining the developments for parallel solids, although in a
slightly different manner. Since the stretchout line has
been shown in its adaptation to the development of these
solids, it may be represented in a similar manner on the
drawings. Developers also are indicated by the same kind
of broken lines used in the preceding class, but, like the
stretchout, they are described in the form of arcs, and must
be produced from an element or edge that is shown in its
true length. In a similar manner, these developers are
drawn to the development, arcs being described extending
from points on edges or interedges, as the case may be, to
_their corresponding edge lines or interedge lines in the
development. When edge lines and interedge lines occur,
they converge to a point, and are the radial lines by which
this class of solids is distinguished. Such edges and inter-
edges are represented by lines similar to those used for the
same purpose in parallel developments, and refer to the same
corresponding portions of the solid.

GENERAL RULES FOR OBTAINING RADIAL DEVELOPMENTS.

38. A slight modification of the rules for obtaining
developments on parallel lines is here applied to the develop-
ment of radial solids. In connection with the foregoing
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instruction, a comparison of the two sets of rules will
enable the student to understand the principles by which
these developments may be accomplished.

1. A projection must first be drawn, consisting of a plan
and elevation and showing the solid in a right position.

2. Thedevelopment is always obtained from that view in
which the axis of the solid is shown in its true length (since
the revolution of the solid may not readily be shown in any
other view).

3. The stretchout is described with a radius equal to the
length of the true edge of the solid. Its center may be
conveniently located at the vertex.

4. To indicate the width and relative position of the sur-
faces, points are located on the stretchout corresponding to
the position of those points on the outline of a sectional or
base view. This view must be taken at right angles to the
axis of the solid, the distance from the vertex being de-
termined by the length of the true edge lines in the elevation.

5. Edge lines and interedge lines are always radii of the
stretchout arc.

6. Points located on the surface of the solid must be pro-
jected to the true edge line by projectors drawn at right
angles to the axis.

7. Developers are described with radii equal to the dis-
tances on a true edge line from the vertex to the points pro-
jected to such edge line. Each developer extends thence
to its corresponding edge line or interedge line in the
development.

8. Interedge lines, when necessary for the development,
must be indicated on the projection as well as on the develop-
ment. Points located on such lines are projected to the
true edge lines and thence developed in the usual manner.

9. The lengths of the outer edge lines in a complete de-
velopment of a solid must be defined by the same developers.

The application of these rules will be made apparent to
the student in the construction of the following problems,
which involve the development of radial solids.

f— e . mne——
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DRAWING PLATE, TITLE: DEVELOPMENTS 1V.

PROBLEM 10.
39. To develop the surface of a cone.

ConsTRUCTION.—Draw a plan and an elevation of the cone,
as shown at Fig. 1 on the plate. The cone is there shown
in a right position, the dimensions being 1} inches in diam-
eter at the base and 2 inches high. The true length of its
axis is shown in the elevation, and the development is there-
fore made from that view. Divide the outline of the base in
the plan into a convenient number of equal parts (in this
case 12); from the vertex O’ of the cone as acenter, describe
the stretchout arc B’ @' with aradius equal to the true length
of the elements of the cone (that is, the distance O’ B’ in
the elevation). With the dividers, take the length of one of
the equal spaces in the plan, and, starting at a convenient
point on the stretchout, as at a, step off spaces equal in
number to those on the plan, thereby making the length of
the stretchout equal to the circumference of the base of the
cone. From each of the points thus located on the stretch-
out, an edge line may be drawn to the vertex O'; but since
there are no points on the surface of the cone that it is desir-
able to locate in this instance, only the outer edge lines @ O’
and @' O' need be inked in on the drawing. These lines are
to be further indicated by means of the small arrowheads
(as in the case of parallel solids) illustrated on the plate
in Fig. 1. This completes the development.

PROBLEM 11.

40. To develop the surfaces of a quadrangular
pyramid.

ConsTrUCTION.—This development is shown on the plate
at Fig. 2, the right plan and elevation being first drawn
according to the dimensions given in the figure. It will
be seen that the true length of the edge is shown in the
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elevation; the stretchout may, therefore, be described as in
the case of the cone in the preceding problem. After set-
ting the dividers to the width of one of the base edges shown
in the plan at A B, Fig. 2, begin at @ and step off on the
stretchout line spaces equal in number to the base edges
of the pyramid. Thus, points are located ata, 4,¢, &, and a’.
Draw lines connecting these points in the manner shown,
and draw other lines from each of these points to the
vertex O'. In this case the edge lines must be drawn in
the development, since there are actual edges on the solid;
besides, it is necessary to define those portions of the de-
velopment as indicated on the plate. Complete the drawing
in the manner shown, the outline O' a & ¢ d a' being the
development of the pyramid.

PROBLEM 12.

41. To develop the surfaces of an octagonal pyra-
mid.

ExpLaNATION.—The base of the pyramid whose dimen-
sions are given in Fig. 3 on the plate is not a true octagon,
the alternate sides only being equal. It will be seen,
however, that the octagon may be circumscribed by a circle;
that is, a circle may be described in the plan from the
center O with a radius O 4, whose outline will pass through
all the points 4, B, C, D, etc.; therefore, the development
of the solid may be accomplished by this method.

ConsTrRUCTION.—The true length of the edge lines is not
shown in either view presented, and it is therefore necessary
to draw a line that will represent the true edge in the
elevation. This is found as follows: From O as a center,
with the radius O H, describe the arc A/ A, intersecting a
line O H' (drawn parallel to the base line of the front ele-
vation) at A'; project the point A’ to the base line of the
front elevation (extended) at /"; O' H" is then the true
length of an edge of the pyramid, and is, at the sume time,
the length of the stretchout radius. Next, describe the
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stretchout with this radius from the vertex O’ as a center;
then space off the width of the surfaces shown on the base
in the plan, as at @, 4, g, f, etc., and complete the develop-
ment as directed in the preceding problem.

PROBLEM 13.
42, To develop the surfaces of an Irregular frus-
tum of a hexagonal pyramid.

ConsTrUcTION.—The projections shown in Fig. 4 on the
plate are first drawn in accordance with the dimensions
there given, thus producing a right plan and elevation of
the frustum. In this and all similar developments, it is
desirable to extend the edges of the pyramid to the vertex
of the solid. Since the drawing does not show the true
length of the edge, this must first be found by the method
described in the preceding problem, and produced as shown
in the elevation at O'a. The points in the upper portion of
the solid, at B'C'D’, are then projected to the true edge line
at B*, C’,and D’. The stretchout is next described from O’
as a center with ‘a radius O'a; the widths of the surfaces
are .then laid off ata, 4, ¢, d, etc., and the corresponding
edge lines are then drawn. Developers are now described
from B", C', and [, as previously directed, the intersec-
tions with their corresponding edge lines being noted at
b a' c' f',and d'¢'. Complete the development by drawing
its full outline and adding the indicators in the manner
shown.

PROBLEM 14.

43. To develop an irregular frustum of a cone.

Two developments are required for this problem, one of
them being fully described and the other to be drawn by
the student as a test of his advancement.

ConsTrRUCTION.—The projection drawings for the first
development are shown on the plate at Fig. 5, that portion
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of the cone representing a parabolic section being presented
for development. In this, as in the preceding case, the
completion of the figure, as shown by the broken lines, must
first be made. Proceed then as if the complete cone were
to be developed; that is, divide the outline of the base in
the plan into a number of equal spaces, observing that
certain of the points fall on the ends of the parabolic curve
(as at Fand B in the plan, Fig. 5). The elements of the
cone are then produced in the elevation, their intersections
with the edge of the frustum at 4", ¢’, 4’ etc. being then
projected as before to the true edge line. As in former
problems, the stretchout is next described and spaced off,
and edge lines are drawn. Developers may now be de-
scribed as shown on the plate, and the development com- .
pleted in the usual manner. The irregular curve is now
traced through the points thus determined. The projection
drawings for the second development of this problem are
shown on the plate at Fig. 6, and, since the methods used
are the same as in the case just described, the development
may be completed by the student without further instruc-
tion. -

PROBLEM 15.
44. To develop the surfaces of intersecting cones.

The projections for this problem are shown on the plate
at Fig. 7. They should first be carefully drawn by the
student, the line of intersection being accurately determined
by the method for finding the intersection of two cones that
was given in Practical Projection. After this line has been
found, all construction lines used in the projection should
be erased from the drawing; if this is not done, confusion
is liable to result.

ConsTrUcCTION.—The development of these surfaces does
not differ materially from those in the preceding problem,
as an inspection of Fig. 7 will indicate. First draw the
development of the surface of the smaller cone; extend the
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edge lines in the elevation to the vertex O', as shown;
extend them also to the assumed base @ ¢ and produce the
full view of the base in the manner indicated by the broken
lines at (#), using only one-half of the circumference. The
semi-circumference is then spaced off as at @, &, ¢, &, and ¢;
b, ¢, and & are then projected to the base line a ¢; and the
elements &' O, ¢’ O', andd’' O' are drawn as shown. The in-
tersections of these elements with the line of intersection of
the two solids are then projected to the true edge of the
smaller cone, ata”, 4", etc. A stretchout for this solid is next
described from the vertex O’ as a center with a radius O'¢;
the points a, b, ¢, etc. at (4) are located by spacing the stretch-
out; and the distances a &, & ¢, etc. are taken from the full
view at (#). Next, draw the edge linesa O, 6 O, c O, etc.
at (4); and from points a’, 4", etc. describe developers in
the manner shown. The irregular curve at (&) is then
traced, completing the development for this solid.

As a matter of convenience in this case, the development
of the larger cone, or, rather, as much of its surface as will
show the opening made by the intersection of the smaller
cone, may be drawn to the right of the projections, as at (¢).
Now draw the horizontal center line in the plan and from
the center of the plan draw a line tangent to the line of
intersection of the cones, marking the point where this line
meets the base 4. Divide I'-4 into a convenient number
of parts (in this case 3), and project the points 7', 2', 8', 4’ to
the elevation. Draw elements from O" to the projected
points and mark the points where these elements cross the
line of intersection of the cones 1, 2,3, 4, 6, 6, and 7. The
points I, 2', 8, 4' in the plan establish the width of the
spaces that shall be stepped off on the stretchout. Describe
the stretchout from the center O, as shown at (¢), and on
this line set off the spaces determinedin the plan at 7', 2', 8,
and 4/, and repeat them on both sides of the edge line 10",
as indicated at (¢). Project the points 1, 2, 3, etc. to the
right-hand true edge line of the elevation, and carry them
thence, by developers, to the drawing at (¢), completing the
development as there shown.
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The student will readily perceive that, if the line of inter-
section of the two cones is not correctly drawn, the true
development cannot be produced, since the drawing depends
entirely on the line thus determined. If these points are
incorrectly located, the development is necessarily wrong.
The importance of having a correct projection is thus
evident.

45. How to Recognize Radial Forms. — Since many
objects of frequent occurrence in the trades are portions of
the cone or pyramid, the student should familiarize himself
with the appearance of such frustums. Many objects repre-
sent a combination of the surfaces of cones of unequal
sizes, and at first sight it might appear that their develop-
ment should be produced only by triangulation. But an
experience in the projection of cones and conic sections will
often enable the student to refer such sections to the appro-
priate form, in many cases thereby avoiding a tedious proc-
ess of development.

The representation of the elements of the cone in both plan
and elevation will determine the method to be used in the
development of a given solid. In a certain case, a number
of vertexes may be defined; each cone is then to be traced out
carefully and the development of its surface made, or as
much of that surface as is required for the object in view,
the operation being similar to that of the preceding prob-
lems. This subject is given special attention in a later part
of this Course, and different trade articles are developed
clearly exemplifying these principles.

TRIANGULATION.

46. Elementary Principles. —Triangulation —the
process by which the development of solids belonging to
the third general division is accomplished—is generally re-
garded by sheet-metal workers as particularly intricate and
difficult. It is, on the contrary, a very simple method of
development, and should, to the student that thoroughly
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understands the principles of projection, present no serious
obstacles. This process depends for its results on two gen-
eral principles, both of which have been mentioned in this
Course: first, to find the true length of all lines, real or
assumed, appearing on the surfaces of the solid; second, hav-
ing determined the true length of such lines, to construct
triangles similar in form and relation to those shown on the
solid.

Certainly, the construction of a triangle whose three sides
are given is not a difficult problem; and the task of finding,
from the projection drawing, the true lengths of its sides
involves nothing but the elementary principles of that
study. Having found the true lengths of the sides of such
triangles as are involved in a development, nothing appar-
ently remains but to show the method of arranging the
triangles in their proper relation to one another on the
different surfaces of the solids. Since this is naturally
suggested by the shape of the solid itself, several solids are
presented in the accompanying problems, from the study of
which the student should learn to apply the principles to the
development of any solid of this class.

47%. Illustration of Mecthods Used.— This method of
development has been previously mentioned, and while this
principle of patterncutting is
usually applied to solids having
curved surfaces, it is best illus-
trated by its application to a solid
having plane surfaces.. Such a
solid is shown in Fig. 28, where a
perspective view is given of what
may be termed a fransition piecce—that is, a piece used to
connect openings of different sizes, as in pipework. Both
bases are rectangular and, in this case, parallel, but diago-
nally arranged in their relation to each other, as may be
seen from the figure.

It is at once seen that none of the methods described
under the headings of parallel- or radial-lined solids will

FiG. 28.



$16 DEVELOPMENT OF SURFACES. 51

apply to the development of the lateral surfaces of this solid,
although it is possible to project a full view of each of the
surfaces shown in the figure. - Since this would require an
unusual amount of work on the part of the draftsman, the
following process admitting of more rapid application is
presented.

48. Determining the Triangles.—Clearly, a reproduc-
tion of these triangular surfaces on the flat surface of the
drawing board, in the same corresponding relation with ref-
erence to one another, will be a development of the solid.
Apparently, the only difficulty that presents itself is the
fact that, in certain cases, the sides of the triangles are not
shown in their true lengths. It is necessary to determine
the true lengths of all lines, in order that the triangles may
be constructed of the same size as they are on the surfaces
of the solid.

As in all cases where a development is desired, a right
plan and elevation must first be drawn. This is shown in
Fig. 29, and from that illustra-
tion it is seen that all lines of
the solid that appear on either
base are shown in their true
lengths. It is therefore neces-
sary, before the triangles may
be produced, to determine the
true lengths of the remaining
lines of the solid. As mentioned
in Practical Projection, this is
most readily accomplished by
constructing, in each case, a
right-angled triangle whose base
is equal to the length of any
foreshortened line in the plan,
and its altitude to the vertical Fic. 2.
height of the same line, as shown in the elevation. The
hypotenuse of such a triangle will then be equal to the true
length of the line. In this case, thelines 4 /, DH, A E, BE,
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etc., foreshortened in the plan, are all represented by lines
of the same length. The vertical height 17, Fig. 29, is the

same in the case of each line.
A single triangle constructed by the above method, there-
fore, will be sufficient to indicate the true length of all lines
not shown in their true length in Fig. 29.

-l Such a triangle is constructed in Fig. 30; the
i base of the triangle A H, Fig. 30, is equal to
the length of 4 A, Fig. 29, the altitude M

_L being the same as M, Fig. 29. The hypot-
4 enuse of this triangle is therefore the true
Fic. %0 lengths of the lines A H,D H, etc. as shown

in Fig. 29. The true lengths of all lines bordering the tri-
angular surfaces of the solid shown in Fig. 29 having been
found, the triangles may now be constructed on the drawing,
care being observed that the adjacent triangles are completed
in the same order as they are shown on the solid. Any edge

Fi1G. 81.

of the solid may be assumed as a starting place for the
operation; the true length of such an edge is then laid off
on a line as at 4 £, Fig. 31. The triangle 4 £ B, Fig. 31,
is first constructed; the length of the side 4 £ being laid
off, and B E, Fig. 29, being of the same length, an arc may
be described in Fig. 31 from £ as a center, with a radius
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equal to £ A. Intersect this arc at B, Fig. 31, with one
described from 4 as a center, with a radius equal to A 5,
Fig. 29. Draw A B and £ B, thus developing the trian-
gle A E B, Fig. 31, which is the correct development of the
surface 4 £ B, Fig. 29.

The adjacent triangle £ B F, Fig. 31, may next be con-
structed. Since B F is equal to B E, Fig. 29, an arc may be
described in Fig. 31 from B as a center, with a radius B X
this arc is then intersected by an arc described from £ asa
center, with a radius equal to the length of £ F, Fig. 29,
thus developing the triangle £ B F, Fig. 31, which corrc-
sponds to the surface £ 5 F, Fig. 29. In like manner, each
surface of the solid is developed, due care being observed
that adjacent triangles are placed in corresponding positions
in the development.

49. Completion of the Drawing.—The completion of
the drawing is made in a manner somewhat similar to par-
allel and radial developments; that is, the edge lines may be
indicated as in those methods, the outer edges being denoted
by full lines and those lines on which bends are to be made
when the flat surfaces are formed up being designated by
the customary indicator circles. It will thus be seen that
no new principles are required to produce developments by
this method. A careful observance of the different portions
of the drawing is required, since an object as simple as that
shown in Fig. 29 is seldom met in practice. The same
methods are used, however, and should be readily understood
by the student and applied to the drawing in the same
manner as has been shown.

DRAWING PLATE, TITLE: DEVELOPMENTS V.

50. Several problems relating to the development of
solids by triangulation are given on this plate. The same
principles that were shown in connection with the develop-
ment of the transition piece in Figs. 28 to 31 are used in
these drawings; but, owing to the different shapes assumed
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by the solid selected for each problem, slightly different
constructions are given in each case.

Particular attention should be paid to the manner in
which the triangles are located on the irregular surfaces, care
being exercised that similar points in each view shall be
taken as a basis for finding the true length of each line.

PROBLEM 18.

51. To develop the surface of an Iirregular solld
having parallel bases.

The solid shown in perspective in Fig. 32 is the same as
that used in Practical Projection for the projections of views
of an irregularly formed solid and a sectional view from a
given cutting plane.

ConsTrucTIiON.—The first step is to draw a right plan and
elevation, as shown at Fig. 1 (@) on the plate. Draw the
horizontal diameter @ 2 through the pian, thus dividing the
solid into symmetrical halves. It will now be seen that, if a
development is made of the upper portion of the solid, as
seen in the plan, a duplication of the resulting figure will be
the complete development. In order to locate the sides of
the triangles that are to be assumed on the surface of the
solid, the outline of the bases is divided into the same number
of equal parts (in this case 6), as at a, ¢, ¢, etc. on the lower
base and &, d, f, etc. on the upper base.

Draw, in succession, lines alternately from the points on
the upper and lower bases; @ being on the line of the
diameter, draw bc¢, cd, de, etc.
Project these points and lines to
the elevation, and represent them
by dot-and-dash lines, as used in
preceding developments to desig-
nate edge lines. The surface of
the solid is thus divided into a num-
ber of triangles that may be better
understood by the student from an inspection of Fig. 32.

FiG. 32,
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This is a perspective view of the solid, showing in the full
lines the triangles that have been assumed on its surface.
The lengths of the sides 6d, df, ac, ce, etc. may be taken
as chord distances directly from the plan, since they are
there shown in their full length. A construction of right-
angled triangles is necessary, however, in order to find the
true lengths of the lines b¢, cd, de, etc., Fig. 1 of the plate;
and, in order to construct them, the base line a' m' of the
solid in the elevation, Fig. 1, is extended indefinitely toward
the right of the drawing to #", as shown at (4).

At a convenient distance from the elevation, locate a
point on this line, as at 4’ in Fig. 1 (#) on the plate. Take
the distance b¢, as shown in the plan, and set it off with the
dividers, as at §'¢’; in like manner, make ¢’ &’ equal to ¢4,
as shown on the plan, and proceed to copy all the distances
there shown until the point #" is reached. It will be seen
from an examination of the projections that the lines a'é
and 7'z are shown in their true length in the elevation,
and atriangle is, therefore, not required for those lines.

Since the bases of the solid are parallel, the vertical
height of the triangles at () is the same in all cases, and
may be projected from the elevation as shown on the plate.
The true lengths of all lines now being determined, the tri-
angles may be constructed as shown at Fig. 1 (¢). Draw
the line 2 4, making it equal in length to the corresponding
line in the elevation—that is, @' &; next, describe an arc
from a as a center, with a radius ac, taken from the plan at
(@); intersect this arc by an arc described from 4 as a cen-
ter, with a radius equal to the length of the hypotenuse of
the triangle whose base is §'¢' in (#). This completes the
triangle a ¢ at Fig. 1 (¢). The triangle écd is next con-
structed in a similar manner, and the completion of the de-
velopment is accomplished by a continuation of the methods
described. Small arrows are introduced in Fig. 1 (¢) to
indicate the location of the centers of the corresponding
"~ arcs. Thus, the arrowhead on the line & ¢ is pointed toward 4,
and indicates that the center of the arc, by means of which
the point ¢ is determined, is located at &; ¢ in like manner
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is similarly shown to be the center of the arc described
through . Since there are no edges to be bent angularly
when the surface is formed to the shape shown in the plan
and elevation, the circular indicators are omitted; but
arrowheads indicating the boundary edges of the develop-
ment may be added as heretofore, completing the problem.

PROBLEM 17.

B52. To develop the surface of an Irregularsolid hav-
ing inclined bases.
A perspective view of this solid is shown in Fig. 33; it is
a modification of the solid used for the preceding problem,
and may be drawn as shown on the
plate at Fig. 2 (a). The outline of
the lower base is drawn as in Fig. 1,
and the center of the semicircle at o
is also the center of the circle that
represents the inclined upper base,
the angle of inclination being 45°.

Fio. 3. ConsTRUCTION.—Draw a line (not
shown on the plate) vertically upwards from o, and fix the
point /2 1} inches above the lower base of the solid. Through
this point draw the line &2 at the given angle; and at right
angles to &n describe the circle representing the full view
of the upper base, as shown. Next, locate the points shown
on the semicircle and, by means of the temporary full view
shown at &'/’ »', project the inclined view of the upper base
in the plan. These points are then used, as in the prece-
ding problem, for the purpose of defining the triangles.
Divide the lower base of the solid, as shown in the plan,
into an equal number of parts, and draw lines representing
the sides of the triangles, as in Fig. 1, producing them in
the plan and elevation, as ¢, cd, de, etc., Fig. 2 (a).

The manner of determining the true lengths of the lines b¢,
cd, de, etc. ig slightly different from that used in the pre-
ceding problem, since the vertical distances are not the same



§16 DEVELOPMENT OF SURFACES. 57

in all cases. Produce the lower base @ m to the left, as
shown at (&) on the plate, and on this line set off the lengths
of the lines &c, cd, de, etc. as they appear in the plan at
Fig. 2 (a). The vertical heights are then projected from
the elevation in the manner shown, taking similar points in
each case.

The truc lengths of all lines now having been determined,
the development may be constructed as shown at Fig. 2 (¢).
In this case, as in all instances where the solids are uneven
and irregular in their form, it is preferable to begin the de-
velopment from the longest edge that is shown in its true
length. The line m n is, therefore, copied as shown at (¢),
and the triangle 7 m/ constructed as in the preceding de-
velopment, taking the lengths of the radii n/, /j, j 4, etc.
from the full view of the upper base, and the lengths of the
radii m/, /k, kj, etc. from their respective triangles as
formed at (6), while m 4, £i, g, etc. are taken from the full
view of the lower base as shown in the plan at (a).

PROBLEM 18.

53. To develop the surface of an irregular solid
whose upper base is rightly Inclined and whose lower
base is a portion of a c¢ylinder.

This solid is shown in perspective in Fig. 34, and the tri-
angles that are to be located by the student in the projec-
tions are represented in the drawings shown on the plate.

CoxsTRUCTION.—As may be seen from Fig. 3 (2) on the
plate, the projections do not differ materially from those of
the preceding problems.  First draw
the oval in the plan as in the two
preceding problems, noting that, in
this case, the outline is a foreshort-
ened- view of the real surface. Next,
drawaline vertically upwards from o,
the center of the semicircle, to the
point / in the elevation, which is FIG. 34.

A NI.—I11
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3 inches distant from o. Through /% draw &7 at an angle
of 30° with the horizontal; at right angles to &, project
the full view of the upper base, which, as in Problem 17,
is a circle. Through the plan draw @ and bisect it at x;
with x as a center, and a radius of 11} inches, describe, in
the elevation, the arc agm, representing that view of the
lower base.

As in the preceding problem, project the foreshortened
view of the upper base, and, as before, designate the posi-
tions of the six spaces. Since the view of the base in the
plan is foreshortened, it is necessary to project its full view,
in order to ascertain the true distance around the outline.
Divide the foreshortened outline of the lower base shown in
the plan into six equal spaces, at a,c, e, etc. First, how-
ever, draw the center line am, as in previous cases, and
then project to the elevation the points thus located. To
produce the full view, as at Fig. 3 (), extend the line a m
in the plan toward the left as far as'to #', and on this line
lay off the stretchout of the lower base, as shown in the
elevation; thus that portion of the solid is treated as a sur-
face developed by means of parallel lines. Draw edge lines
perpendicular to the stretchout, as on the plate, and pro-
duce developers from the points a,c¢, ¢, g, etc. in the plan
toa',c, ¢, g, etc. at (¢). The light curve shown at (¢) is
then drawn and represents the true outline of the lower base
of the solid; measurements may now be taken from points
on this outline, as a'¢’, ¢' ¢, etc., for the radii of the arcs
required in that portion of the development at (&), their
true lengths thus being shown. The true lengths of the lines
shown in the projections at &¢, cd, de, etc. are obtained as
before by constructing temporary triangles at (4), ().
Their projection on both sides of the elevation is done to
avoid confusion from having a number of lines cross on
the drawing.

Note the varied heights of the triangles, hence the need
of extreme care; for, if corresponding points are not taken
from both plan and elevation, it will be difficult to trace the
resulting errors. The true lengths of all lines having been
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determined in (4), (4), and (¢), the development at (<) may
be constructed by methods precisely like those used in
Problems 16 and 17.

Since m 7 is the longer true edge shown in the elevation,
the development should begin from that line by making mn
at (4) equal to m#n in the elevation at (¢). Witharadius»/
(taken from the full view of the upper base), and with # in
(4) as a center, describe an arc as shown, and intersect it
at / with an arc described from 7z as a center, with a radius
equal to the hypotenuse of the triangle m/ at (§)—the true
length of the line 72/, as shown at (a).

This completes the triangle mz/ at (d). Next, describe
an arc from 2 as a center, with a radius /' 2’ taken from
the full view of the lower base at (), and intersect this arc
at £ with an arc described from /as a center and a radius
equal to the hypotenuse of the triangle /£ at (4). The tri-
angle m /% is thus completed, and the remainder of the
figure at (4) is constructed in a similar manner. The de-
velopment at (&) is one-half of the irregular surface of the
solid shown in Fig. 34.

It should be noted that, in the practical work of laying
out patterns by this method, a sufficient number of points

should be located on both bases of the solids to insure accu- -

racy in tracing the curved line of the development.

54. Importance of a Correct Projection.—It will be
seen from the foregoing problems that in each case the first
operation is the drawing of a correct projection. The true
lengths of all real or assumed lines that may have been shown
in such a drawing of the solid are thus ascertained, and the
draftsman is then enabled to determine which of the three
general methods is to be applied in order that a development
may be produced. The views to be drawn are, in all cases,
those that will represent the solid in a rig/ht position, since
the true length of any line is most easily obtained from such
drawings. The ease with which this is accomplished is
clearly shown in the foregoing examples; and if the student
will devote his attention to the projection of a variety of
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commonly occurring trade subjects, he will quickly acquire
a facility obtained only by constant practice.

Particular attention is directed to the imaginative feature
of the projection, as mentioned in Practical Projection; tor
a correct conception of the actual position of the various
lines as they will appear 'in the completed object can be
acquired in no other way, and it is of extreme importance
to the draftsman desiring to become proficient in the pro-
duction of developments. If a student is expert at ‘‘read-
ing " drawings, he will experience no difficulty in applying
the various principles that have been given for producing
developments of surfaces.

55. Employment of Modifled Methods.—In producing
the developments given in the last three problems, the tri-
angles are not always projected from the views in the man-
ner shown on the plate. Short methods are often used; but
since, in such cases, there is more chance for error, the

@

a

(a)

Fi1G. 35.

student will do well not to attempt any other method than
that just described—at least, not until the principles are
firmly fixed in his mind. As the drawings from which such
developments are made are often too large to permit
the projection of the triangles in the manner shown,
the construction given in Fig. 35 is often applied. In
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this figure the triangles for Problem 16 are shown at (a),
and those for Problems 17 and 18, at (4) and (c¢), respect-
ively. A single right angle is first drawn, as adc; the
lengths of all lines shown in the plan are then set off with
the dividers on the side &¢, while the vertical distances
taken from the elevation are set off on the side ab. A
number of slanting lines are then drawn between the points
thus located, each forming the hypotenuse of its respective
right-angled triangle. Unusual care must be observed when
this method is adopted, since the points are located close
together and are very apt to be mistaken for one another.

When many lines thus appear in the drawing, the student
is very apt to become confused and to consider the drawing
as complicated. If due care is used and ample time taken,
this confusion will be avoided, for the drawings themselves
depend on the simplest of principles—principles that may
readily be understood by any one willing to give the time
necessary for mastering this work.

56. Scalene Cone.—The developmeént of this solid illus-
trates a short method of triangulation applicable to a number
of solids, particularly to those represented by transition
pieces one of whose basesisa polygon. A right view of such
a cone is presented in Fig. 36 (@), and an inspection of its
elements will show that they are of unequal length. This
inequality, combined with the fact that a section taken at
right angles to the axis of a scalene cone is not a circle, pre-
cludesits development by the method applied to radial solids,
although the process is a combination of that method and
triangulation. In accordance with instructions given here-
after, a drawing of this development should be made by the
student, although it is not required to be sent to the Schools
for correction.

After drawing the right plan and elevation asin Fig. 36 (a),
the base is divided into a convenient number of equal parts
(12in Fig. 36). Next, the elementsare drawn in both views,
and it may then be seen that the surface of the cone is
divided into a number of triangles whose common apex is
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at o, the vertex of the cone. In the elevation, the elementsog
and o @ are the only ones shown in their true length. In
order to determine the true lengths of the remaining ele-
ments, the drawing shown at Fig. 36 (#) is constructed.
Draw the right angle /mn and set off mo, the vertical
height of the cone.

The length of each element shown in the plan at (a) is
now set off on the line m n; thus, make m g at () equal
to o' g in the plan at (a), 7 f at (6) equal to o' f at (a), etc.

Fic. 86.

Draw o g, 0 f, o0 ¢, etc. at (b), thus producing the elements of
the scalene cone in their true length, the method used, as
will be seen by the student, being similar to that used in the
other triangulation problems.

From o as a center, witho g, 0 f, o ¢, ctc. as the respective
radii, describe arcs in the manner shown in Fig. 36 (4). At
a convenient point locate g', and draw g'oas indicated at (c).
This line (g’ 0) is one edge of the development, which may
be completed by making &' /" at (¢) equal to g fin the plan
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at (a), f' ¢ at (¢) equal to f¢ at (a), etc., the compasses
being set at this distance and similar arcs described as the
successive points are located. Proceed in the manner shown
until the point g’ is reached, when the development is com-
pleted by drawing o ¢” and tracing the curve through points
at the intersection of the arcs. The outer edge lines of the
development may be further noted by the use of  indicators
as before described.

There are many irregular solids to which this method of
development may be applied. The student should therefore
work out this drawing very carefully, that the construction
may be well understood and the method of its application
readily seen. Where convenient, models should be made of
these developments. These models may be cut out of paper
or thin sheet metal, and afterwards formed up to represent
the solids described in the particular projections accompany-
ing each problem. A better idea of the solids and their
respective developments will thus be obtained. Should any
errors arise in the course of the work, they may frequently
be detected by this means.

APPROXIMATE DEVELOPMENTS.

57. The Sphere.—The sphere is the most prominent
example of the many solids whose surfaces admit of approxi-
mate development. The methods used with solids capable of
accurate development must be applied to solids of approxi-
mate development. Since solids of approximate develop-
ment may be resolved into parts resembling those capable of
accurate development, it is clear that the same general -
methods are easily applicable. Thus, in the case of the
sphere, that solid is resolved into a number of frustums of
cones, in the manner described in the next article.

As already stated, it is necessary to submit the covering
for these solids to the operations of ‘‘raising,” in order to
conform the metal to the profile of the solid itself; anallow-
ance is therefore required for the consequent stretching of
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the stock. This allowance varies with the thickness and
quality of the material; hence, no general rules can be given
here. The mechanic must be acquainted with the nature of
the material in order to determine the allowance required in

each case. The method of applying these shop rules will be

considered later in the

o

Course, but an example
/\ is here given showing
/\ how certain methods

may be adapted to the
case of the sphere.

58. Development
of the Sphere.—It has
been stated that each
solid of approximate de-
velopment must be re-
ferred to one of the
three classes of solids
capable of accurate de-
velopment. It is first
necessary, therefore, to
determine which of the
regular solids the irreg-
ular solid to be devel-
oped most resembles.
The blanks, or pat-
terns, produced by
these methods are, as
has been observed, flat,
or plane, surfaces; and,
since it is necessary to
‘‘raise” these surfaces
by hammering, the
draftsman must imag-
ine the surface desired in the final form. The principle by
which these solids are classified is illustrated in Fig. 37 by
the perspective of the sphere and its resolved cones. After
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the sphere has thus been resolved into cones—or rather,
frustums of cones—their developments may be produced in
the regular way, each frustum being separately treated, in
the manner shown. This is called dewvelopment by zones,
and may be applied to a number of irregular solids resem-

bling the sphere.
Another method of treatment is shown in Fig. 38, certain
sections of the sphere being here considered as portions of
the surface of the cvlinder Thig

—

r

b
F1G. 38, customary to determine a series of
sections in a regularly occurring order and apply the
method of triangulation as shown in Problems 16 to 18.
Such surfaces are then formed up as nearly as possible to the
shape of the solid and are then submitted to the operations
referred to for ‘‘raising ” to their proper shape.
The remainder of this Course is devoted to illustrating the
practical methods of applying the principles of developments
to actual shop problems and patterns.






PRACTICAL PATTERN PROBLEMS.

(PART 1.

GENERAL CONDITIONS AND
APPLICATIONS.

1. The principles of projection and development having
been clearly illustrated, the practical application of these
principles to commonly occurring trade problems will now
be considered. Practical Pattern Problems is printed in
three parts, none of which is accompanied by a Question
Paper. In this section, before taking up the problems, sub-
jects of general importance to the sheet-metal worker are
treated. The articles on these subjects should be read care-
fully. The tables given here and in Arithmetic are useful in
solving the problems and examples that follow.

2. Familiarity With Methods Indispensable.—Owing
to the diversity of forms that occur in actual workshop
practice, it is necessary for the student to be familiar with
the operations that have preceded, and be ready to apply, in
any particular case, the method best adapted to the pro-
duction of the pattern. If he is skilful in the application of
these methods, he will often be able to shorten an otherwise
tedious process, and in special cases may be able to use
methods of his own that will have been suggested by his

§ 17
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study of the subject. The facility with which these results
are attained will depend on the proficiency of the student—a
high degree of expertness can be acquired only by constant
practice.

It will be noticed that in the construction of the projec-
tions required for the various problems, the regular arrange-
ment of the various views given in Practical Projection is
occasionally departed from, and an arrangement better
adapted to the particular case in hand is used instead. The
student will, however, readily see the connection that exists
between these drawings and those previously given; and,
from the knowledge of projection that he has now acquired,
he will be able to apply, in special cases that may arise, the
arrangement of views best adapted to the purpose. A

It seldom happens that similar drawings made by two
draftsmen in the delineation of sheet-metal patterns are
c¢xactly the same in every particular. They may both reach
the desired end and produce a correct pattern, but an exami-
nation and comparison of the work will usually show that the
different steps have not been taken in the same order by
both men. It may be found that one has used a long and
tedious process, while the other may have greatly shortened
his work by ingenious adaptations of certain fundamental
principles. The thoughtful draftsman that gives his atten-
tion to the work in hand and studies labor-saving devices and
processes is sure to be rewarded by a reputation for skill and
efficiency.

In handling the problems treated, these short methods
have been quite frequently used; they are explained in
detail as they occur, in order that the student may profit by
the practice thus given and be enabled to apply to his future
work the principles therein involved.

3. Patterns for Complicated Forms.—DParallel, radial,
and triangulation methods must often be applied to different
portions of the same solid. The objects constructed in the
sheel-metal-working trades are frequently of such irregular
shape that no one process of development may be sufficient
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in any particular case to enable the draftsman to produce the
entire pattern of the solid. One method may be best suited
to develop certain of its surfaces, and another method to de-
velop the remaining surfaces. In some instances, all three
processes must be utilized before the development is com-
plete. Insuch cases, thedraftsman is quiteapt to become con-
fused; a careful development of each surface, with close at-
tention to the corresponding lines, is therefore indispensable.

4. Unwise Economy in Drawing Paper.—It is a fre-
quent practice, and one that deserves condemnation, for the
draftsman to be too saving of his paper; in many instances,
errors arise simply from the fact that too many drawings
are attempted on the same sheet. The result is generally
an incorrect pattern, and when the draftsman’s attention is
called to the mistake—often in no gentle way—his only
excuse is, ‘‘ Well, I must have taken the wrong line.” On
examining the drawing afterward, he frequently finds that
his work has been correctly done, but that in transferring
the pattern to the metal, lines or points were wrongly taken,
thus spoiling an otherwise carefully constructed pattern.
Possibly many pieces have already been cut in accord-
ance with the pattern; these must be thrown on the scrap
pile and the lost time and wasted stock charged to the
account of profit and loss. After such an incident, it is
within the range of possibility that the draftsman’s mail will
be delivered to a new address and among the certainties
that he will be more careful to avoid such mistakes ir the
future.

It is true that the draftsman is compelled in many cases
to lay out the patterns for different portions of some objects
insuch a manner that the developments cross, or overlap, one
another on the drawing, this being necessary in order to
avoid the drawing of another projection; unusual care,
however, should be exercised in such instances.

5. Preservation of Drawings.—Another point to be
observed in this connection isthat all detail drawings should
be carefully preserved; if the same sheet of drawing paper
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is used repeatedly for different developments, it will be
extremely difficult to refer to them intelligently when occa-
sion requires. Or, if some person other than the one that
made the drawing should be obliged to get out work from
the same details, he will usually find it impossible to deter-
mine the outlines of the various patterns that have been
developed. A

In the office of every well-regulated sheet-metal-working
establishment, what is called a contract rccord book is kept, in
which is entered a descrip-

COLLERYENGINEER COMPANY, || tion of every contract se-

CONTRACT No.__99.324 cured. Each contract is
N T usually distinguished by a

X . .
] SHEET No._ 0 number, and this numberis
Lataits for Wast Dormer___ often used to designate the
and fintal ______ work while it is undergoing

__JuL 14 1899 construction. Wherever
this excellent system has

FiG. 1. been adopted, the drafts-
man should be particular to designate by its proper number
every drawing pertaining to a contract. It is often desirable,
where many drawings are made for the same contract, to
indicate these drawings by independent numbers or short
descriptive terms, in order that reference to them may be
more readily made. A small space, usually in the lower
right-hand portion of the drawing, is devoted to these mem-
oranda, and the contract number, together with such other
descriptive matter as may be found necessary, is neatly
marked on the drawing. The freehand alphabet previously
described may be used to good advantage, since the letters
are clear and easily read. Insome establishments, a rubber
stamp is used, lettered as shown in Fig. 1; and, as before,
the numbers and description are filled in with some freehand
letter. In this instance, the contract number has a further
significance; its first two figures refer to the year in which
the contract was secured—the date being that on which the
drawings of a particular sheet were completed. No sheet
should contain drawings that have reference to more than
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one contract. The different drawings and details may then
be filed—each contract or number by itselff—and readily
referred to as occasion requires.

6. Allowances Necessary in Laying Out Work.—
During the construction of the drawings in Decvelopment of
Surfaces, no attention was paid to the thickness of the cov-
ering of the different solids. This covering has been con-
sidered simply as a surface, and as such has been represented
on the drawing board. Before the patterns for any object
are laid out by the draftsman, however, it is essential that
the properties of the material to be used in its construction
should be considered. Such investigations often show that
certain changes of construction must be made in the draw-
ing; these changes should be made in the manner required
by the nature of the material and the conditions that prevail
in the object itself. This is an important subject, and in
order that it may be thoroughly understood by the student,
his attention is directed to a study of a few of the commonly
occurring requirements. These changes will be considered
under two heads: first, those made necessary on account of
bends in the material; and second, those required for laps,
locks, and cdges.

7. Allowance for Bends.—When the metal used in
any construction is lighter than No. 24 gauge, no allowance
is usually necessary for its shrinkage under bending opera-
tions, unless the work in question is very small and great
accuracy is desired, in which case, methods similar to those
used for the heavier gauges may be adopted.

When heavy sheet metal is formed into cylindrical shapes,
such as pipes and round-tank work, and it is desired to pre-
serve an exact inside diameter, it is customary to add a
certain amount to the stretchout of the pattern to make up
for the loss of stock in bending, due to the thickness of the
material, and also for the imperceptible inequalities in various
portions of the curved surface. Workshop practice varies in
the amount to be added; some mechanics allow three times
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the thickness of the material, while others allow five, six, or
even seven times this amount. Since it is found that the
metal ‘‘takes up” an additional amount, varying with its
nature, it is usually considered the best practice to allow
seven times the thickness of the metal. When the article is
of such a form that only a portion of the full circumference
is needed in the pattern, a proportionate allowance must be
made.

In the case of patterns of irregular outline, as for elbows
and certain other forms, this allowance must be made on the
stretchout before the pattern is developed, in order that the
added amount may be equally distributed over its surface.
The practical methods by which this is accomplished will be
fully illustrated in connection with several problems.

8. Angular Bends.—Probably the operation most com-
monly required of the sheet-metal worker is that of making
square or angular bends, similar to

(a) those shown in Fig. 2 (¢) and (4). In

®) the lighter gauges of metal no allow-
ance is necessary for this operation;
but when the thickness of the material
exceeds No. 24 gauge and accurate
Fic. 2. work is required, several elements
must be taken into account.

First of all, if the metal is such that a sharp square bend

cannot be made to advantage, either on account of its ex-

treme thickness or of its resistance to
N

the bending operation, a representation
must be made of a form similar to that
which the metal will assume under the
conditions through which it must pass;
the detail may then be worked out in
accordance with the resulting form.
For example, let us suppose that a cer-
tain metal of a specified thickness is to
be used in the construction of a tank
having the form of a parallelopipedon— FIG. 8.
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that is, the shape of a rectangular prism. Square bendsare
required at the corners of this tank, and, on trying a piece
of the metal, it is found that the angle shown in Fig. 3 is as
sharp as can be conveniently made with the machinery at
hand. It is necessary, in this instance, to represent the
outline of the corner on the drawing by the broken line pass-
ing through the central portion of the section. The solid is
then treated on the drawing as though it had similarly
rounded corners, and its projection and development are
made in accordance with that form. Possibly the inner
dimensions of the tank have been given to the draftsman,
in which case it will be found necessary to construct the
drawing in such a manner that allowance may be made for
the thickness of the material. It will be seen from Fig. 3
that if the broken center line be taken for the outline of the
pattern—inside measurements being given, as is usual in
such cases—then, for every square bend of the material, an
amount equal to the thickness of the metal must be added
to the stretchout. '

9. Angles other than right angles must be treated in a
similar way, the center line of the metal being taken for
the outline of the pattern. Allowances necessary in the
case of other forms may be made in accordance with the
suggestions that have here been given; but, in all cases, a
test bend should be made and the outline of the drawing
should follow the center line of the material. No definite
rules can be given that will apply in all cases; different
flanging, bending, and forming machines take up unequal
amounts, and the experience of the workman must furnish
the needed guidance.

It is found that an unusually sharp bend will always
cause sheet metals to stretch at the outer part of the curve,
as indicated at a, Fig. 3. When great accuracy is desired
in cases where this stretching is considerable, it should be
noted in the test and an allowance made for it on the draw-
ing, although it is not usually deemed of sufficient impor-
tance to be taken into account.

4 ll—I12
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10. Allowance for Laps, Locks, and Edges.—The
method of adding allowances to the pattern for laps is so
simple that little need be said concerning it. In the case
of the lighter gauges of metal, it is necessary merely to add
the required amounts in their proper places; but where
heavy metal is used and a flush joint is desired, as in Fig. 4,
the amounts required for the offset bends at @« and & must
be considered by the draftsman. Where
such a seam as that shown in Fig. 4 is made
on flat work, and an accurate layout is nec-
essary, an amount nearly equal to two thick-
nesses of the stock is needed; this amount
should be determined and added to the
pattern, as in the case of the square bend
previously mentioned. If the seam occurs
transversely in round work, the addition
need not be so great, since
there will be a stretching of
the metal in working out such
a bend. The correct allow-
ance in such cases is best de-
termined by actual experience
and a knowledge of the proper-
ties of the metal used.

11. When pipes are made
of heavy metal, with joints at
frequent intervals, and it is not
desired to flange each section
as represented in Fig. 4, itisa
common practice to consider
the sections as frustums of
cones. The pattern is therefore given a certain amount of
flare, as in Fig. 5. The method of laying out the pattern
in such cases is to treat each section as a radial solid to he
developed by methods already known to the student.

In a variety of work, such as tapering joints of stove-
pipe, stack cylinders, or boiler sections, this flare is not so

A

N

FiG. 4. Fi1G. 5.
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pronounced as to require the laying out of the pattern with a
‘““sweep.” In such instances, the required radius will be too
long even if trammels are used, and it is customary to lay
out the pattern for each section in the form of a trapezoid.

An illustration of a case of inside and outside laps occur-
ring at the corners of square work constructed of heavy

Fi1G. 6.

metal is furnished in Fig. 6. The method of making the
necessary allowances will be apparent from an inspection of
that figure. The draftsinan’s judgment is always indis-
pensable and he must find the construction best adapted to
the purpose, for on this will depend the degree of excellence
in each particular case.

12. The Lock Seam.—When a joint is made between
two pieces of comparatively thin metal, either on a flat sur-
face or lengthwise on a flaring or a cylindrical surface,
what is technically termed the lock seam is frequently
used. This is used for many of the straight seams in
pipework, for the side seams in tinware, and for many
cases of flat work.
An illustration of
this seam may be
seen in Fig. 7, the
sheets A4 and 5
being thus joined
along the seam c.
Note that there are four thicknesses of metal at ¢, and,
since there is but one thickness at other places on the two
sheets, it is evident that an allowance must be made equal

Fi1G. 7.
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to three times the dimension m. In addition to this, some
allowance must be made for the stock taken up by the
curved bends at x, », and z. As previously stated, the
amount required for these bends depends on the thickness
of the metal used, and, in the case of metal thinner than
No. 24 gauge, this amount need not be taken into considera-
tion unless unusual accuracy is required. Where heavier
metal is used, however, the actual width of material taken up
by such bends must be computed and added to the pattern.

When a lock seam is required in a pattern of irregular
outline, it is necessary to add one-half of the requisite
amount to each edge thus joinéd. This is done to preserve
the contour of its outline when the metal is formed, and
this precaution should always be carefully observed when
such patterns are laid out.

The double lock, shown in Fig. 8, is used in certain
work, and, as may be seen from the illustration, requires
the addition of five times the dimension m, as well as an
allowance for the
curved portions of
the metal. By ma-
king a test seam, the
student should in
all cases be able to
determine the cor-
rect allowance. He should also be familiar with the vari-
ous amounts taken up by different locking and bending
machines, and thus be better prepared to make necessary
allowances in proper places as occasion requires.

Fic. 8.

13. The Double Beam.—A seam somewhat similar to
the lock seam is often used at the corners of angular work
and in the connections made between flat and curved sur-
faces. It is called a double seam, and is shown in its ap-
plication to an angular corner at (4), Fig. 9. The sheets -
and B are shown at (2), Fig. 9, with the seam partially
completed; the seam is occasionally left in this way, but it
is referred to as a double scam only when the operation is
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finished by turning over the edge, as at Fig. 9 (4). Asmay
be seen from the figure, an allowance equal to three of the
dimensions m is necessary. In this case, however, the
width of but one of these surfaces is added to the sheet A,
while the width of two is added to B.

There are many special machines in use for effecting this
operation, and, since they all differ in the amount of stock

(a) ®)

Fic. 9.

required for the seam, the draftsman must determine the
correct amount by experiment and make the necessary ad-
ditions to the pattern.

In certain cases, an edge or flange is required for the pur-
pose of stiffening an article, thus enabling it to hold its shape
and withstand strains. The only application that need be
considered is that made in the case of the so-called ** wiring "
operation, since all other edges added for this purpose are
proportioned at the discretion of the draftsman and in ac-
cordance with the variety of work and quality of material

14. The Wiring Operation.—It is often desirable to
increase the strength of cylindrical or flaring articles, es-
pecially those made from thin sheet metal, by enclosing a
wire in certain of their edges, as shown in Fig. 10. The
wire in this illustration is shown larger than the size of the
vessel would warrant; but this is done in order that the
principle of the operation may be more plainly seen. The
amount usually added to the height of the pattern for this op-
eration is equal in width to three-fourths of the circumference
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of the wire—indicated by the dimension m, Fig. 10. When
this work is done by means of power machinery, and the wire
is ‘‘curled in ” either by direct-acting dies or by a rapidly
revolving wheel suitably grooved, there is a certain amount
of stretching of the material. This amount can be deter-
mined only by careful tests and should be provided for
accordingly.

o p

e

F16. 10.

In the manufacture of many articles, especially tinware
and light brass goods, where cheapness is an object, the
wire is often omitted; but, since the formation of the work
is the same as when the wire is actually used, a similar
allowance should be made; that is, three-fourths of the
circumference of the inside diameter of the curl is allowed
in the pattern.

15. Notches.—The next important feature to be taken
into consideration is the manner in which the pattern shall
be notched. That is, the allowances that have been made
for the various purposes described in the foregoing text
must be finished at their ends in such a manner that when
the several pieces of the pattern are joined, the finished
article will present a neat appearance. No part of the
work counts for so much in the appearance of the finished
article as the manner in which the notching is done. If the
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various edges do not meet exactly throughout, the pattern-
cutter will be blamed for poor work. He should therefore
examine the edges as carefully as any other portion of the
work, and see that they are so trimmed that, when the
work is put together, they will make a neat joint. Atten-
tion to these minor details of construction distinguishes the
careful draftsman from his unfortunate fellow workman
with whom fault is continually being found for carelessness.

16. Methods of Transfer.—After the pattern has
been developed on detail paper and the necessary edges
properly marked, as above described, it may be transferred
to the sheet metal and the process of manufacture begun.
There are several ways in which this transfer is effected,
depending on the character of the work and the nature of
the material. Intricate designs on the more expensive
metals are sometimes reproduced by means of carbon
tracing paper. That is, the carbon paper is laid face down
on the metal and the detail carefully adjusted over the
carbon; if large, the detail is steadied with weights, so that
it will not move, and the outline of the pattern is then
gone over with a stylus or a scratch awl. This causes all
lines that have been thus traced to appear on the metal,
and the work of cutting out may then proceed.

When the work is too large, or of such a nature that it is
not considered desirable to trace the lines of the pattern in
this manner, it is a common practice to lay the detail paper
directly on the metal, steadying it with weights, and then,
with a sharp scratch awl, to punch light holes through the
paper at the principal points of the drawing. If thescratch
awl is lightly tapped with a hammer or mallet at each point
thus taken, slight indentations are made on the metal;
when the paper is removed, the pattern may be reproduced
on the metal by drawing lines with scratch awl and straight-
edge between points thus designated. In case the pattern
is curved in outline, it is customary to make similar inden-
tations along the outline at frequent intervals; care should
be taken that these points are closely spaced, so as to enable
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the patterncutter to follow the line of curvature with accu-
racy. - Lines on which bends are to appear in the finished
work are usually designated by punch marks on the metal,
and it is to distinguish such lines that the circular indicators
described in Dewvelopment of Surfaces are added to the draw-
ing, the punch mark usually being made on the line at the
center of this circle. After the principal points of the pat-
tern have thus been fixed on the metal and while the lines
are being drawn with the scratch awl, the draftsman should
have the detail opened before him, and, before attempting
to cut the metal, he should carefully compare the outline on
the metal with that of the detail. Any lines that have been
incorrectly drawn may thus be detected and the error
rectified before the metal is cut.

17. How Patterns Are Marked.—When a number of
differently shaped patterns are required for any construc-
tion, and any number of pieces are to be cut by hand meth-
ods, it is essential that such number shall be distinctly

FiG. 11.

indicated on each pattern. Chalk is not desirable for this
purpose, although frequently used; but, since it is easily
rubbed off and the mark thusdestroyed, it is better to mark
such metals as will admit by plain and indelible marks.
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Worlers in galvanized iron use for this purpose a solution
of sulphate of copper, or dluestone, as it is commonly called;
they usually provide themselves with a small bottle of this
solution and write on the metal with a hardwood stick, the
point of which is frequently dipped in the liquid. If to this
solution a small quantity of muriatic acid is added, it may
be used on copper in a similar manner. Tin may be marked
with soap or with an ink made of black asphalt reduced to
the proper consistency with turpentine.

When work on several contracts is undertaken in the shop
at the same time, the patterns for each job should be dis-
tinguished by the contract number, in order to avoid con-
fusion. The number of pieces that are to be cut after each
pattern should also be distinctly marked in the manner in-
dicated in Fig. 11, which shows a pattern for a certain
piece used in a cornice, properly marked and ready for the
cutters.

No one system of marking can be applied to all classes of
sheet-metal work, and the draftsman is therefore left to
determine the plan best adapted to his needs. He should
always study to avoid ambiguity and endeavor to leave his
work in such shape that no possible chance is left for mis-
leading the workman.

TABLES.

GAUGES FOR SHEET METAL,

18. The subject of gauging metal plates is one that has
proved very perplexing to manufacturers; and, while the
_adoption of the United States standard gauge for iron and
steel sheets has simplified matters relating to these products,
it may be stated that there is a general tendency among
intelligent mechanics to do away entirely with gauge num-
bers and specify all metals by their actual thicknesses in
decimal parts of an inch. Such measurements are far more
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satisfactory, both to the trade worker and to the manufac-
turer, and greatly lessen the liability to error that arises
from imperfect gauges and from the use of gauges made by
different firms.

On this subject, Trautwine says: ‘‘No trade stupidity is
more thoroughly senseless than the adherence to the various
Birmingham, Lancashire, etc. gauges, instead of at once de-
noting the thickness and diameter of sheets, wire, etc. by the
parts of an inch, as has long been suggested * * * * To
avoid mistakes that are very apt to occur from the number
of gauges in use and from the absurd practice of applying
the same gauge number to different thicknesses of different
metals in different towns, it is best to ignore them all, and,
in giving orders, to define the diameter of wire and the
thickness of sheet metal by parts of an inch.”

FiG. 18.

The micrometer, Fig. 12, is an instrument for obtaining
accurate measurements of sheet metal and wire, and is now
in very extensive use; micrometers are sold by several man-
ufacturers of fine tools at a price not greatly in excess of
the old form of wire gauges shown in Fig. 13, and are much
to be preferred. Micrometers are usually graduated to read
thousandths of an inch, but one-half and one-quarter thou-
sandths may be readily estimated. Théy are very simple,
and any person of ordinary intelligence can learn to use
them in a very few minutes. Unlike the gauges shown in
Fig. 13. they are provided with appliances for taking up
wear and for readjustment.
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In the following tables of gauges, the actual thickness in
decimal parts of an inch is given opposite each number of
the gauge, and it will be readily seen that if the workman
is provided with a micrometer, he has a means of obtaining
instantly the numbers of any of the various gauges made by
different manufacturers, or of different metals; in such
comparisons, the micrometer is an invaluable instrument in
the hands of a workman that has to deal with different
sheet metals or with wire.

The absurdity of continuing to designate the thickness of
sheet metal by arbitrary gauge numbers is apparent when
the student considers that hardly any two metals are judged
by the same standard. Thus, we have the United States
standard gauge for iron and steel; Brown & Sharpe's for
brass and aluminum; a special gauge for zinc; still another
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for Russia iron; the Birmingham gauge for precious
metals; Washburn & Moen's for wire, etc. The dangers
that lurk in the use of these arbitrary gauges are clearly
indicated in the following extract taken from a circular
issued by a prominent firm of sheet-metal manufacturers:

‘“‘In regard to ordinary wire gauges, they are notoriously
inaccurate, because they cannot be made accurate and be at
all salable.

‘*We have two new gauges in our possession that were
kept in our offices for purposes of comparison, and to
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prevent their wearing they were not allowed to go into the
mills, ’

‘““In a recent case, a sample under discussion measured
on one gauge tight 23, and on the other light 24, and our
customer said it was neither by his gauge, and did not suit
him anyhow.

‘“One of our new gauges has its No. 23 so much larger
than its No. 22 that the difference can be easily detected by
the naked eye; yet No. 23 ought to be two to four thou-
sandths smaller than No. 22.

‘“If we were to roll No. 23 by that gauge, how would
our customer get what he wanted unless his gauge acci-
dentally contained the same blunder? Yet our gauge is a
new one, stamped with the maker’s name, and cost about
six dollars.

‘“ Another trouble is with the wearing of the gauges, for
which there is no remedy; and we imagine that no man
ever throws away a gauge because it is worn out. On the
contrary, it represents an outlay of six dollars; he is used
to it; he measures everything by it; and he is angry when
anything does not measure to suit it. A still more serious
difficulty arises from a very common mode of ordering. We
frequently have orders for such a gauge, ‘light’ or ‘tight,’
‘full’ or ‘scant,’” ‘heavy’ or ‘easy’; or such a number and
one-half, for instance 154.

‘“This latter is terribly confusing to a roller; he almost
always takes it to mean that it is to be thicker than the
whole number, and is pretty certain to make 14} for 154, if
he is not warned beforehand. '

“* * x x There is a very simple way out of this whole
snarl, and that is to abandon fixed gauges and numbers
altogether. Micrometer sheet-metal gauges cost less than
a common gauge, or no more. They measure thousandths
of an inch very accurately, and even a quarter of a thou-
sandth may be very neatly measured. * * * * Qur works
are fully supplied with these instruments, and we urge all
parties in ordering to give us dimensions and not num-
bers.”
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COMPARISON OF GAUGES.

19. A comparison of the four principal gauges in com-
mon use is shown in Table I, and it will be noticed
that a wide difference exists as to the relative thickness
of gauge numbers; thus, No. 20 by the United States
standard gauge is designated as .03%5 inch, by the Brown
& Sharpe gauge as .031961 inch, by the Birmingham
gauge as .035 inch, and by the Washburn & Moen gauge
as .0348 inch. The need for specifying the name of the
gauge used, or, better still, to give, in bills of material,
all measurements in decimal parts of an inch, is at once
apparent.

GALVANIZED IRON.

20. It is generally well understood that galvanized iron
is merely black iron or steel coated with zinc, or spelter, as
it is called by the manufacturers. The black sheets are
dipped into a bath of the molten spelter and are then passed,
while hot, through squeezing rolls that remove all superflu-
ous metal. The iron or steel surface is thus protected by a
coating of metal not readily oxidized when exposed to the
weather, and, on this account, galvanized iron is in general
use for a variety of purposes. All mills in this country that
produce this material have adopted the United States stand-
ard gauge for their uncoated sheets, and it is customary,
when it is desired to ascertain the weight of the finished
galvanized iron, to add 2} ounces per square foot for the
weight of the coating. The additional thickness thus at-
tained is inappreciable, and, in the usual operations of the
sheet-metal worker, need not be considered.

In addition to galvanized iron, black sheets are coated
with alloys and sold under special trade names, as Aala-
mein, aluminum-coated shects, leaded irom, etc., but the same
gauges and measurements are used as in the case of the
regular galvanized-iron sheets.



TABLE 1.

COMPARISON OF GAUGES.

Dimensions in Decimal Parts of an Inch,
Number Number
of Gauge. American, Birmingham,| Washburn [of Gauge.
U.S Standard. or or & Moen
Brown& Sharpe. Stubs, Mfg. .Co.
0000000 .5 .49 0000000
000000 .46875 .46 000000
00000 . 4376 43 00000
0000 .40625 .46 454 .3938 0000
000 375 .40984 . 425 3625 000-
00 84375 .3648 .38 .831 00
0 .3125 .32480 .34 .8065 0
1 .28126 .2893 .8 .283 1
2 .265625 .25763 .284 .2625 2
8 .25 22042 .259 . 2437 3
4 234375 .204381 .238 .2258 4
5 .21875 .18194 .22 .207 5
6 .203125 .16202 .203 .192 (]
7 .1875 .14428 .18 177 7
8 .1718%5 .12849 .165 .162 8
9 .15625 .11443 .148 .1483 9
10 .140625 .10189 134 135 10
11 L1256 .090742 12 L1205 11
12 .109875 .080808 .109 .1055 12
13 .09375 .071961 .095 0915 13
14 .078125 .084084 .083 .08 14
15 .0703125 .057068 .072 .072 15
16 .0625 .05082 .0685 .0625 16
7 .05625 . 045257 .058 .054 17
18 .05 .040803 .049 L0475 18
19 04375 .03589 .042 .041 19
20 .0375 .031961 .035 .0348 20
21 .084375 .028462 .032 03175 21
22 .03125 .025847 .028 .0286 22
23 .028125 022571 .025 025 23
24 .025 .0201 .022 .023 24
25 .021875 .0179 .02 .0204 25
2 .01875 .01594 .018 .0181 26
T .0171875 .014195 .016 .0173 27
28 .015625 .012641 .014 .0162 28
29 .0140625 011257 .013 015 29
30 L0125 .010025 012 .014 30
31 .0109375 . 008928 .01 L0132 31
32 .01015625 00795 .009 L0128 32
33 009375 00708 .008 .0118 83
84 .00859375 .006304 007 .0104 34
35 .0078125 .005614 .005 .0095 35
36 .00703125 .005 .004 .009 36
37 006640625 .004453 0085 87
38 .00625 003985 .008 38
39 003531 L0075 39
40 .003144 ) 007 40




TABLE II.

UNITED STATES STANDARD GAUGE.

Thickness. Weight.
Number of
5 Fractional i . Ft. er Sq. Ft.
Gauge. Pnrt;: ofnan D%?:': ll::l:ts l::rost?ncig ?n Posgndst.
Inch (approx.). (approx.). (avoir.). (avoir.).
0000600 3 .5 320 20.
000000 'Y .46875 800 18.75
00000 s .4375 280 17.5
0000 .40625 260 16.25
000 Y .815 240 15.
00 + .84875 220 13.75
0 5 .8125 200 12.5
1 .28125 180 11.25
2 i‘i .265625 170 10.625
3 1 .25 160 10.
4 Y 3 .284375 160 9.875
5 "-’, .21875 140 8.75
(] 3 .203125 180 : 8.125
7 .1875 120 7.6
8 ﬁ 171875 110 6.875
9 ” .15625 100 6.25
10 & .140625 90 5.625
11 EY .125 80 5.
12 o .109375 70 4.875
18 & .09375 60 8.75
14 o .078125 50 8.125
15 .0703125 45 2.8125
18 r,i: .0625 40 2.5
17 T .05625 86 2.25
18 ,!: .05 32 2.
19 - .04375 28 1.75
20 .0875 24 1.5
21 ,1:1, .034375 22 1.875
22 . .03125 20 1.25
23 sts .028125 18 1.125
24 2 .025 16 1.
25 .021875 14 .875
26 j-: .01875 12 .75
27 .0171875 11 .6875
28 .015625 10 .625
29 .0140625 9 .5625
30 'j;' L0125 8 .5
31 =t .0109375 ki 4275
32 s .01015625 6} .40625
33 o 009375 6 .875
34 'y .00859375 5% .34875
35 ats 0078125 5 .3125
36 1755 .00703125 43 .28125
37 v .006640625 43 .265625
.38 1hs .00625 4 .25

NOTE.—For the purpose of securiny uniformity of gauge throughout the United
States, Congress, on March 3, 1893, adopted the above as the Legal Standard for
determining the thickness of uncoated iron and steel sheets, allowing a variation
of 3} per cent., either above or below, for practical use and application.
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SHEET COPPER.

21. Unlike most other metals, the various weights of
sheet copper are designated by the number of ounces con-
tained in a square foot of the sheet; thus, 16-ounce copper
is of such thickness that a square foot weighs 16 ounces.

It should be stated, however, that weights heavier than
64 ounces are customarily designated by the number of
pounds contained in a sheet 30 inches by 60 inches; thus,
a 30" X 60" sheet of 64-ounce copper weighs 50 pounds,
and, in trade parlance, is known as a 50-pound sheet, the
size (30" X 60") being understood. Any desired size and
any required weight may be obtained from the sheet mills,
but such heavy gauges are always referred to the standard
size for their trade designation. Both hard, or cold-rolled,
copper and soft, or hot-rolled, copper are known by the
same standard.

The manufacturers of sheet copper have, in late years,
adopted a uniform scale of prices for their sheets. These
prices are arranged so that there is no change within the
limits of certain sizes. Lists of such sizes, together with
the prices, are issued by the manufacturers at frequent in-
tervals, according to the fluctuations of the market; a copy
of such list should be in the possession of every patterncut-
ter, in order that he may so plan his work as to use the
lower-priced sizes wherever possible.

Table III gives the nearest United States standard gauge
number for the weights commonly used, together with the
thickness in decimal parts of an inch.

SHEET ZINC.

22. Sheet zinc is rolled to an arbitrary gauge adopted
by the firmms controlling its manufacture. Little need be
said concerning the zinc gauge, except that its existence
affords still another argument in favor of the adoption of
the decimal system of designating all sheet metals.
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TABLE IIIL

APPROXIMATE GAUGE NUMBERS FOR COPPER.

Oper | Numpers"| Thickness. || Oares [V SA08¢) Thickness.

Sq. Ft. | (approx.). : Sq. Ft. | (approx.). :
5 38 .00685 28 20 .03835
6 35 .00821 30 19 .0412
7 33 .00958 32 19 .0438
8 31 .01095 34 18 .0465
9 30 .01232 36 18 .0494
10 29 .01370 40 17 .0549
11 28 .01547 44 16 .0604
12 27 .01643 48 15 .0658
13 26 .01780 52 15 .0712
14 26 .01917 56 14 .0767
15 25 .02052 60 14 .0822
16 25 .02185 64 13 .0876
18 24 .02465 72 12 .0984
20 23 .02748 80 12 .1095
22 22 .03015 88 11 .1205
24 2 .03290 96 10 1315
26 21 .03551

REMARK.—To find the thickness and gauge of additional weights,
multiply the number of ounces per square foot by .00136843; the result
is the thickness in decimal parts of an inch, and by comparison with
that column in the table of United States standard gauge, the corre-
sponding number may be found. As in the case of other metals,
decimal parts of an inch are preferably stated when bills of material
are drawn by the draftsman.

RUSSIA SHEET IRON.

23. Russla sheet 1ron was formerly exclusively used for
locomotive jackets, stove bodies, etc., and as it was imported
from Russia it was natural that the foreign gauge numbers

A I1—18
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by which it was rolled should be used here to designate the
various thicknesses. Planished iron and steel is now made

by American manufacturers; it is superior in tensile strength
and fully as finely finished as the imported sheet, although

TABLE 1IV.

GAUGES AND WEIGHTS OF SITEET ALUMINUM.

B. & S. Gauge. Weight per B. & S. Gauge. ‘Weight per
No. | Decimal Parts Squarc? Foot No. | Decimal Parts Squan? Foot
: Aluminum. Aluminum.
of an Inch. of an Inch.
Pounds. Pounds.
0000 .46 6.406 ' 20 .032 .445
000 .41 55704 | 21 .028 .396
00 .365 5.08 22 .025 .353
0 .325 4.524 23 .023 .314
1 .289 4.029 24 .02 .28
2 .258 3.588 25 .018 .249
3 .229 3.195 26 .016 222
4 .204 2.845 27 014 197
5 .182 2.534 28 .013 176
6 .162 2.256 29 .011 157
7 .144 2.009 30 .01 .14
8 .128 1.789 31 .009 .124
9 114 1.594 32 .00795 .1107
10 .102 1.418 33 .00708 L0985
11 .091 1.264 34 .0063 L0877
12 .081 1.126 35 .0056 L0782
13 .072 1.002 36 .005 L0696
14 .064 .892 37 00445 062
15 .057 .795 38 .00396 L0552
16 .051 .708 39 .00353 L0491
17 .045 .63 40 00314 .0438
138 .04 .561 41 .0028
19 .036 il : 42 .00249
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for certain purposes there is a sufficient demand for Russia
iron to warrant jobbers in handling this product.

TABLE V.

ILLINOIS ZINC COMPANY’S STANDARD GAUGE.

Weight Per . U. S. Gauge
Number, | Sagare Foot. | TRLZES | Number

1 .07 .00186

2 .15 .004

3 .22 .00587 38

4 .30 .008 35

5 .37 .011 32

] .45 .012 30

7 .52 .014 29

8 .60 .016 28

9 .67 .018 206
10 75 .020 25
11 .90 .024 24
12 1.05 .028 23
13 1.20 .032 22
14 1.35 .036 20
15 1.50 .040 19
16 1.68 .045 19
17 1.87 .050 18
18 2.06 .055 17
19 2.25 .060 16
R0 2.62 .070 15
21 3.00 .080 14
22 3.37 .090 13
23 3.75 .100 12
24 4.70 .125 11
25 9.40 .250 3
26 .375 00

14.00
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The table here given applies only to the genuine Russia
iron, as locomotive-jacket iron, planished iron, and steel of
American manufacture are gauged by the United States
standard gauge. ’

TABLE VI.

APPROXIMATE GAUGE NUMBER FOR RUSSIA SHEET IRON.

Russian U. S. Gauge Weight per
Number Sheet (28" X% 56").
Gauge Number. (approx.). Pounds.
16 21 144
13 23 12
12 24 11
11 25 10
10 26 9
9 27 8
8 28 7}

TIN PLATES.

24. Many conflicting terms are used with reference to
tin plates, or s/keet tin, as it is usually, though erroneously,
called, and few—even among the *‘ fraternity "—are aware
of the correct meaning of the various names made use of by
manufacturers and jobbers. Cokes, charcoals, and ternes
are referred to indiscriminately, although roofing plates are
now generally understood when ternes are designated.
Bright plates are sheets of steel, or, as called by the manu-
facturers, dlack plates, coated with pure tin,.while the coat-
ing of the steel sheet in the case of ternes is an alloy of tin
and lead. As ternes are used principally for roofing pur-
poses, they are now generally known by the term roofing
Dplate.

Formerly, iron was used in place of steel for the manu-
facture of the black plate, and since there were two distinct
grades of sheet iron—called, respectively, coke fron and
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charcoal iron, according as coke or charcoal was used for fuel
in the furnaces—so two grades of- bright and terne plates
were known in the trade. Coke iron was used for the
cheaper plates, and was known to be more brittle than the
more expensive charcoal plates. For the past ten years or
more, steel sheets have been used exclusively in the manu-
facture of tin plates, and the terms coke and clharcoal have
come to mean simply a difference in the amount of coating
received by the black plate.

Bessemer steel is ordinarily supplied by the manufac-
turers, but when a plate of greater tensile strength is
required, open-hearth steel may be had at a slight advance
in cost. Many different weights of coating are furnished by
the manufacturers, from an ordinary bright coke plate,
or /. B. grade, at 24 pounds per box of 112 sheets of stand-
ard size plates (14" X 20"), up to the best charcoal coating,
which is 6 pounds to the same size box.

The old Welsh names have been retained to indicate the
amount of coating in the so-called charcoal grades. Thus,
a 3-pound coating is called an A/laway finish, or grade; a
4-pound coating, Melyn,; and a 5-pound coating is termed
Calland grade. In addition to these regular weights, the
manufacturers furnish bright plates at special order with
any desired coating in even pounds or half pounds, up to
and including 6 pounds per box.

Terne plates, on account of their exposure to the action
of the elements, are coated more heavily than bright plates.
The lightest weight, or coke coating, for ternes is 4 pounds
to the box, and various grades are manufactured between
that weight and the best charcoal coating of 20 pounds per
box. The standard box of tin plates consists of 112 sheets
(14" X 20”), and this size is considered a basis by manufac-
turers when quoting prices. A net weight per box of
108 pounds is now considered a full-weight ¢ IC” plate;
100 pounds is the next grade lighter, sometimes desig-
nated “ICL"; still lighter plates are also furnished for
special purposes of manufacture, graded from 5 pounds per
box down to about 65 pounds net weight.



28

PRACTICAL PATTERN PROBLEMS. §17

A very thin plate, called Zaggers’ tin, is also furnished,
and the usual gauges are Nos. 36, 38, and 40. Taggers’ tin
is differently packed; the standard weight is 112 pounds

TABLE VII.

STANDARD WEIGHTS, GAUGES, AND SIZES OF TIN PLATES.

. U S. Gauge Net Weight
l:c‘lz:: " Trade Title. pse:e;;: Numbel,'z per Bof
(approx.). Pounds.
14 x 20| ICL 112 81 100 and lighter
14 x 20| IC 112 80 108 or 107
14 x 20| IXL 112 29 128
14 x| IX 112 28 135 or 136
14 x 20| IXX 112 27 156
14 x 20| IXXX 112 26 176
14 x 20| IXXXX 112 25 196
124 X 17| DC (= 1x) 100 28 94
124 X 17| DX (= 1xxXx) 100 25 122
124 X 17| DXX (= 1XXXXX) 100 24 142
124 X 17| DXXX (= 1XXXXXX) 100 23 162
124 x 17| DXXXX (= 1xxxxxxx)| 100 22 182

TABLE VIIIL.

WEIGHT PER SQUARE FOOT OF BOILER-PLATE TRON.

Thickness. Weight. Thickness. Weight. Thickness Weight.
Inches. Pounds. Inches. Pounds. Inches. Pounds.
i 200 | 15 25 17 62.5
*r 22.5 13 45.0 14 65.0
& 25.0 14 47.5 13 67.5
H 27.5 1} 50.0 13 70.0
3 30.0 15 52.5 144 72.5
H 32.5 1 55.0 13 75.0
¥ 35.0 1% 57.5 144 .5
L 3 37.5 14 60.0 2 80.0
1 40.0
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per box, and a sufficient number of sheets are added to
bring the weight up to this standard; thus, a box of
No. 36 gauge Taggers’ tin weighs 112 pounds and contains
180 sheets (14" X 20"). No. 38 gauge is the same net weight
per box, but contains 225 sheets, etc.

Table VII contains the regular sizes, with approximate
gauge numbers and net weights.

SHEET LEAD AND SHEET TIN.

25. Sheet lead and sheet tin are used for a variety of
purposes, one of the principal uses being for tank linings.
The sheet tin here referred to is the pure sheet metal, and is
not to be confounded with the tin-coated iron plates that
are usually referred to as sheet tin, the latter being an
erroneous term.

TABLE IX. TABLE X.

WEIGHT AND THICKNESS OF WEIGHT AND THICKNESS OF

SHEET LEAD. SHEET TIN.
Weight |Thickness.|Thickness. Weight |Thickness. Thickness.
per Square|Fractional| Decimal per Square Fractional | Decimal
Foot. |Partsof an|Partsofan - Foot. |Partsof an Partsof an
Pounds. Inch. Inch. Pounds. Inch. Inch.
1. + .015625 1. 5 .025
1.5 o3 .0233 1.5 o .037
2. o .03125 2. % .06
2.5 % .041625 2.5 15 L0625
3. & .046875 3. T3 .0769
4. e .0625 3.5 r .0909
5. 1 .078125 4. Ts 1
6. ] .09375 4.5 $ L1111
8. 3 125 ' 5. 3 125
16. } .25 10. P S %5
32. % .5 20. 3 .5




TABLE XI.

SIZES, WEIGHTS, AND LENGTHS OF IRON WIRE.*

%&‘;‘;{,’gar‘;‘ Diameter. Weitght Weight N%':elzei;“ N:-':e‘ie{n“
& Moen's | Decimal ° of . One Bundle One Ton
Wire Partsof an | 100 Feet. One Mile. of of
Gauge. Inch. Pounds. Pounds. 63 Pounds. | 2,000 Pounds.
0000000 .49 63.63 38,860. 99 3.143
000000 .46 56.10 2,962. 112 3,565
00000 .43 49.01 2,588. 129 4,081
0000 .3938 40.94 2,162. 154 4,885
000 .3625 34.78 1,834, 181 5,759
00 .3381 20.04 1,588. 217 6,886
0 . 3065 27.66 1,460. 228 7,230
1 .283 21.28 1,121, 206 9,425
2 . 2625 18.34 968. 843 10,905
3 437 15.78 833. 899 12.674
4 .2253 13.39 707. 470 14,936
6 .207 11.35 599. 555 17,621
6 .192 9.73 514. 647 20,555
7 177 8.03 439. 59 24,906
8 .162 6.96 867. 905 28,734
9 . 1483 5.08 306. 1,086 34,483
10 .185 4.83 255. 1,304 41,408
11 .1205 8.82 202, 1,649 52,356
12 .1055 2.92 154. 2,158 68,493
13 L0915 2.24 118. 2,813 89,286
14 .08 1.69 89. 8,728 118,843
15 .072 1.37 2. 4,598 145,985
16 .0625 1.05 55. 6,000 190,476
17 .054 Nk 41. 8,182 259,740
18 L0475 .58 31. 10,862 844,827
19 .041 .45 24. 14,000 444,444
20 0348 .82 17. 19,687 625,000
21 03175 27 14. 23,333 740,741
22 0286 .21 11. 30,000 952,381
23 0258 195 9.24 36,000 1,142,856
24 023 .14 7.39 45,000 1,428,570
26 0204 .116 6.124 54,310 1,724,125
26 0181 093 4.91 67,742 2,150,537
7 017 .083 4.382 75,903 2,409,616
28 .0162 074 3.907 85,135 2,702,695
29 .015 .061 3.22 103,278 3,278,663
30 .014 .054 2.851 116,666 3,763,678
31 .0132 .05 2.64 126,000 3,999,006
32 .0128 .046 2.428 136,956 4,347,805
83 .0118 .037 1.953 | 170,270 5,405,391
34 .0104 .03 1.584 210,000 6.666,660
35 L0095 .025 1.32 252,000 7,999,992
36 .009 021 1.161 286,363 9,090,879
37 .0085 .0188 1.04
38 .008 .0169 935
39 .0075 L0137 .55
40 .007 .0119 .659

* Washburn & Moen's gauge the standard.
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TABLE XII.

WEIGHT OF FLAT BAR IRON PER LINEAL FOOT.

PRACTICAL PATTERN PROBLEMS.
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TABLE XIII.
WEIGHT OF ROUND AND SQUARE ROLLED IRON.
Weight. Weight.
Side or Pounds per Foot. Side or Pounds per Foot.
Diameter. Diameter.
Inches. Inches.
Round. Square. Round. Square.
% .041 ..053 43 45.174 57.517
1 .165 211 41 47.952 61.055
8 .373 475 43 50.815 64.700
$ .663 845 44 53.760 68.448
3 1.043 1.820 44 56.788 72.805
3 1.493 1.901 43 59.900 76.264
¥ 2.032 2.588 4% 62.220 80.333
1 2.654 8.880 5 66.350 84.480
14 3.859 4.278 5% 69.731 88.784
1} 4.147 5.280 5} 73.172 93.168
13 5.019 6.380 58 76.700 97.657
13 5.972 7.604 5% 80.304 102.240
1 7.010 8.926 53 84.001 106.953
13 8.128 10.352 5% 87.776 111.756
13 9.333 11.883 5% 91.200 116.671
2 10.616 13.520 6 95.5562 121.664
2% 11.988 15.263 6} 103.704 132.040
2} 13.440 17.112 6} 112.160 142.816
28 14.975 19.066 6% 120.960 154.012
2% 16.588 21.120 ki 130.048 165.632
2% 18.293 23.202 3 139.544 177.672
2% 20.076 25.560 4 149.328 190.136
2% 21.944 27.939 3 159.456 203.024
3 23.888 30.416 8 169.856 216.336
33 25.926 33.010 8} 180.696 230.068
3} 28.040 35.704 84 191.808 244.220
38 30.240 38.503 8% 203.260 258.800 -
84 32.512 41.408 9 215.040 273.792
3¢ 34.886 44.418 93 227.152 289.220
3% 87.332 47.534 93 239.600 305.056
3% 39.864 50.756 9% 252.376 321.330 .
4 42.464 54.084 10 265.400 327.920
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Both of these metals, when rolled into sheets, are desig-
nated by the weight in pounds per square foot ; thus, 4-pound
sheet lead, which is perhaps the weight most used, is of such
thickness that a square foot of the sheet weighs 4 pounds.
Since tin is the lighter, sheets of that metal are thicker than
lead sheets of corresponding weight.

The manufacturers of these sheets supply the product in
rolls of various width, up to and including 9 feet wide. The
lighter-weight sheets and the widths between 12 inches
and 3} feet are usually put up in boxed rolls containing 50,
100, or 150 pounds. Sheets 12 inches wide and narrower,
of such weights as are usually required for press operations,
are put on reels containing from 100 to 250 pounds of the
metal, and will be found much more convenient to handle
than the large sheets carried in stock by the jobbers.

ROUGH AND RIBBED SKYLIGHT GLASS.

26. The following table will be found useful when com-
puting the loads on skylight bars and their sustaining
trusses. The glass made by different manufacturers varies
somewhat in thickness, so that some allowance is necessary
in certain cases, but for general use the figures given be-
low will be found satisfactory.

TABLE XIV.

WEIGHT OF GLASS,

Thickness. Weig(ht per S)q. Ft. H Thickness. Weig(ht prer S)q Ft.
approx.). approx.).
Inch. Pounds. - Inch. Pounds.
% 1.5 3 6
s 2.5 F 3 9
1 3.5 1 12
& 4.75
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SPECIFIC GRAVITY AND WEIGHTS OF VARIOUS
METALS.

27. The table on the following page gives the specific
gravity of various metals together with the weight of a
cubic inch of the metal. The numbers in the column of
weights were calculated by multiplying the weight of a
cubic foot of water at 62° F. (that is, 62.355 pounds) by the
specific gravity of the substance and dividing the product
by 1728, the number of cubic inches in one cubic foot. By
the aid of this table, the weight of any sheet metal, or of a
quantity of the metal in solid form, may be readily found.
It is necessary to find the number of cubic inches contained
in any given quantity and multiply this amount by the
figures appearing in the column of weights, or, knowing
the weight of a certain amount of metal, the weight of a
similar amount of another metal may be found by propor-
tion, by the aid of the figures in the column of specific gravi-
ties. For example, a vessel made of sheet copper weighs
18 ounces, and it is desired to find the weight of a similar
article when made of silver; the specific gravity of sheet
copper is found to be 8.9, and that of sheet silver 10.51;
then, by proportion, 8.9 is to 10.51 as 18 is to the weight
of silver. Multiplying the means, we have 10.51 X 18
= 189.18; then, dividing by one extreme gives the other
extreme, or 189.18 + 8.9 = 21.3 ounces, the weight of the
vessel when made of silver.

INTRODUCTION TO PROBLEMS.

28. General Statement.—In order that the sixty prac-
tical pattern problems that are given in this Course may be
studied systematically, they have been divided into three
groups of twenty problems each. This section contains the
problems of the first group, which consists of practical ex-
amples chosen mainly for the reason that they represent
typical situations likely to be encountered by the ‘‘bench”
hands of a sheet-metal-working establishment. In other
words, the articles represented are those usually classed as
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TABLE XV.

SPECIFIC GRAVITY AND WEIGHTS OF VARIOUS METALS.

. . Weight
Names of Substances. :‘::::?; per Cgubic
Inch (Lb.).

Aluminum, sheet........................... 2.67 .096
Aluminum, cast..... ............. ..., 2.56 .092
Antimony........ooniiiiiini i iiiiiiinaean, 6.71 242
ArSeniC......ooiiini ittt 5.76 .208
Bismuth..............c.oiiiiiiiiinn., 9.82 354
Brass:

Copper 5, zinc 25, sheet.............. ... 8.45 .305

Copper 75, zinc 25, cast................... 8.1 .202
Bronze:

Gunmetal ..........oiiiiiiiiiiiia 8.75 .316

Ordinary......coovieniinininiiniinnnn. 8.21 .296

Tobin.........oovve e 8.38 .302
Calcium ......ovveiiii i i 1.58 .057
Cobalt.......covt i 8.6 .810
Copper, sheet...... ............oooiian, 8.9 .321
Copper,cast .......c..oviiiiiiiiiiiiiiian, 8.7 .314
Gold, sheet ...........cooviiiniiiniinn... 19.86 .699
Gold, cast..........cciiiiiiin v v 19.25 .695
Iridium, hammered ................. e 23. .830
Iron, sheet........ e et 7.704 278
Iron, cast ........coiiiiii i 7.207 .260
Lead,sheet............................ ... 11.388 411
Lead,cast ..................... ... 11.352 .410
Mercury at 60° temperature ............... 18.57 .490
Nickel, sheet .............................. 8.8 .818
Nickel,cast..............oooiviiniiiiin.. 8.28 .299
Platinum, sheet............................ 22.07 i
Silver,sheet......................coo... 10.51 .379
Silver,cast ..............cii o, 10.47 .38
Steel,sheet.................. ...l 7.8 .282
Steel,cast ................. il 7.84 .283
Tin, sheet.........c.ccoiiiiiiiniiinnn... 7.4 267
Tin, cast......viere i 7.29 .263
Tungsten....................oii 17. .613
Zinc,sheet............cciiiiiiiiiii, 7.19 .260
Zinc, cast (or spelter)....................... 6.86 248
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tinware, or house-furnishing goods. While it is true that
these problems refer particularly to the work of the tinsmith,
they are equally deserving of study by the artisans of allied
industries, for their principles are capable of wide applica-
tion, and may, therefore, be adapted to many other cases of
development.

29. How the Examples IIave Been Selected.—As far
as possible, an actual trade object forms the subject of each
problem, and the sizes and dimensions to be worked out are
conformed to proportions established in good practice. In
the construction of the projection drawings, therefore, the
student will derive much benefit, not only from the practice -
afforded, but in the fundamental principles of design as ap-
plied to the sheet-metal worker’s trade. These problems are
intended to equip the student for taking full charge of a
shop or for producing working drawings and patterns. No
work is introduced that is not liable to arise in the course of
his experience as a sheet-metal pattern draftsman.

The problems have been selected with the purpose in view
of furnishing the student with an opportunity to apply the
fundamental principles in a variety of ways, and the follow-
ing pages will be found full of suggestions that the ingenious
draftsman will be able to convert and adapt to any other
requirement liable to arise in his experience. The student
that applies himself to a careful and persistent study of the
several methods, as shown in their adaptation to the various
problems, will then be able to produce, without difficulty,
any pattern he may desire. Full and complete explanations
are given of the reason for the adoption of each particular
method, and if these are thoroughly mastered, the student
will soon become skilful in solving any problem. The drafts-
man must possess, too, a ready imagination in order to con-
ceive correctly the true position and relation of the parts of
a given article. If he has the ability to do this, he can then
proceed by the simple process of deduction, and, guided by
his knowledge of projection drawing, can accomplish his
object with facility and confidence.
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30. Use of Established Principles.—The principles of
construction previously introduced in Practical Projection
and in Dewvelopment of Surfaces form the entire basis for the
solutions of the problems herein contained. Occasional
deviations will be found, but in every such case the student
should note that the change of method and its relations to
principles already explained are pointed out. The plates
drawn by the student in connection with the two preceding
subjects will now have an increased value to him, for he will
be able to trace in them many of the operations that he is
now required to perform. Plates drawn by the student,
which have been corrected and returned to him, possess a
value for reference that cannot be overestimated; they are
vastly more valuable to him than the printed plates sent out
by the Schools. If he has preserved these plates, properly
inked in, he has, within easy reach, principles of inestimable
value in practical work.

31. Difficulties Encountered by the Pattern Drafts-
man.—There is perhaps no field of work that presents
situations so varied and puzzling to the draftsman as the
sheet-metal-working trades. In nearly every branch of this
industry, a large proportion of the daily work consists of
special cases that may or may not be encountered in the
same form a second time. While it is true—as the student
has already seen in Development of Surfaces—that the same
general principles are used in the development of nearly all
solids, yet the necessary operations are not always readily
apparent. Thedrawings, therefore, may require some study
on the part of the draftsman before he will be able to deter-
mine the exact course to pursue. But a thorough mastery
of principles, with judgment and skill in applying them, will
enable the student to cope with difficulties that appear in-
surmountable to one unskilled in the art of sheet-metal
pattern drafting.

32. How the Problems Are to be Studied.—The prob-
lems should be taken in regular order and drawings con-
structed as called for by the text. These drawings are
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intended for practice only, and are not to be sent to the
Schools for correction. They should be drawn on detail
paper of convenient size and in accordance with the dimen-
sions given. Read over the text carefully before beginning
to draw, in order that the entire scope of the problem may
be well understood. Should difficulties be encountered in
the construction of any of the drawings, do not hesitate to
make use of the information blanks, and, if necessary, send
in your work in order that we may render such assistance as
is required. In selecting paper on which to make these
drawings, choose such as will stand erasures without rough-
ening. Paper as thin as practicable should be procured in
order to save postage on drawings that the student must
send to the Schools.

At the end of this section will be found specifications and
full instructions for drawing an examination plate. It should
be noted that no principles are called for by the examination
problem that are not completely illustrated in some one of
- the problems in this section. If the student faithfully works
out these problems, therefore, he will encounter no difficulty
in drawing the examination plate.

GROUP I: PATTERNS FOR TIN AND
SHEET-IRON WARE.

PROBLEM 1.

33. To develop the patterns for a square pan
whose sides have an equal flare.

ExpLANATION.—A perspective illustration of a pan that
answers this description is shown in Fig. 14. The trade
term ‘‘square pans” is

usually applied to such

articles, although their

dimensions are com-

monly not that of a

FiG. 14. perfect square. The
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development of the required surfaces is a comparatively
simple matter. The principal feature of the work consists
in defining the outline of the corners so that, when formed
as shown in Fig. 14, the upper edges of the folded parts
will finish neatly under the wire. It will be seen that a
pan thus made is water-tight without soldering, and since
such pans are commonly made of black iron or tin, and are
often subjected to a temperature higher than the melting
point of solder, the construction herewith shown is impor-
tant.

Although the drawings for this problem are to be made
on the drawing board by the aid of the T square and other
drawing implements, it will be seen that the work can be
laid out with a steel square and dividers directly upon the
sheet metal. This is true also of many of the problems
that follow, and in the actual practice of the workshop
many mechanics prefer this method, resorting to the draw-
ing board only when an intricate solution is required.

The drawings, having a scale of 3 inches to the foot, are
to represent a pan 9" X 18” at the lower base, 12 inches in
vertical height, and 23" X 32" in size at the upper base; in
other words, the pan is to have a flare of 7 inches on all
sides. The construction is to be as indicated in Fig. 14,
although the proportions are somewhat different from that
of the pan there shown.

ConsTrUCTION.—Draw an elevation of the pan as shown
by the trapezium A B D C, Fig. 15. Since, in this case, the
sides have an equal flare, it makes no difference whether a
side or an end view of the pan be represented in the ele-
vation. At right angles to the base lines of the pan 4 C
and B D, draw the stretchout line 3/, and on this line lay
off the width of the surfaces, observing, however, that the
width of base—that is, the distance a’ ", Fig. 15—here laid
off must represent the opposite dimension to that shown in
the elevation. In other words, if the 18-inch dimension is
represented by the line /1 C in the elevation, then the width
of the space a’ a” on the stretchout must coincide with the

other, or 9-inch, dimension. The width of the sides, that
A II—14
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is, the spaces @' &' and 4" 4”, is made equal to the length of
the line A B of the elevation. Draw lines parallel to 4 C
through the points thus determined on the stretchout, and
project developers from the elevation in the manner shown
in Fig. 15, thus determining the location of the points f

D
Elevation
4 c
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and ¢; complete this portion of the development by draw-
ing the several lines ¢ f.

Since the ‘“flare " of all sides of this pan is the same, an-
other stretchout line M’ A" may be drawn at right angles
to A/ NV in the manner shown in Fig. 15, and crossing A7V
at its central point O. On this line, lay off distances from
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the lines A ¢ and Ce equal to the distance @'4' of the line
MN. Produce the line drawn through a' to /%, and make
/¢ equal to fg, afterwards repeating the operation at each
of the four corners. The main body of the pan is now com-
pleted, and the next step is to provide for the extra stock
at the corners. This stock, as already stated, must be so °
cut as to allow the folds of the metal to finish neatly under
the wire. The manner in which this result is accomplished
is shown in the upper left-hand corner of the pattern.
Draw the line ¢£ so as to bisect the angle fe7; set the
compasses to a radius slightly less than the vertical distance
from the point fto the line ¢4, and from fas a center, de-
scribe a short arc in the manner shown; next, make »s’'
equal to s and draw fs', producing the line until it meets
ek in the point ¢. Complete the pattern as shown in
Fig. 15, and when the metal is formed as shown in Fig. 14,
it will be found that the upper edges of the folded stock will
neatly coincide with the other edges of the pan. It is
necessary, however, to add the amount required for the
wire; this is equal to three-fourths of the circumference of
the wire. Referring to the table of wire sizes, it is found
that No. 6 wire measures .192 inch in diameter, or, as ex-
pressed in fractional parts of an inch, slightly more than
% inch. The circumference of this diameter is found from
the table in Arithmetic, Part 9, to be .589, and three-
fourths of this is approximately 1% inch. This amount is
therefore to be allowed for a wiring edge, as shown by
the dimensions W in Fig. 15, and the pattern is thus com-
pleted.

Capacity.—Only in rare cases is the draftsman asked to
compute the volume of articles of this form, as orders for
work of this description are usually accompanied by the
exact dimensions required. Since, however, there is an
occasional demand for the figures rélating to the capacities
of such pans, the method of ascertaining their volume will
be considered. It will be seen that if the bases of the pan
were square, the solid represented would be a frustum of a
pyramid, and the rule given for such shapes would apply.
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In this instance, the bases are oblong and the solid is what
may be termed a prismoid. The application of the pris-
moidal formula is as follows: Area of lower base, 9" x 18’
=162 sq. in.; area of upper base, 23" X 32" = 736 sq. in.;
area of middle section (that is, a section halfway between
the upper and lower bases) multiplied by 4, 16" x 25" X 4
= 1,600 sq. in. Then, 162 4 736 4 1,600 = 2,498, and 2,498
multiplied by one-sixth the vertical height (i. e., 12 +6
= 2), or 2,498 X 2 = 4,996 cu. in., the capacity of the pan.

PROBLEM 2.

34. To develop patterns for a square pan whose ends
have a flare different from that of its sides.

ExprrLaNaTION.—No perspective figure is given for this
problem, since its conditions may be understood from the
following description. Both the lower base of the pan and
its height are the same as in the preceding problem. The
upper base is to measure 16" X 32". The ends of the pan
have the same flare as in the previous problem, but the sides
will flare only 3} inches. The widths of the lateral surfaces,
therefore, will be unequal, and it will be seen, also, as the
construction proceeds, that it is important to understand
which way the corners are to be folded. Two constructions
are given—in one, the corners are folded toward the ends;
in the other, they are folded back in the direction of the
sides of the pan. As before, the drawings are to be made
to a scale of 3 inches to 1 foot. .

ConsTrucTION.—The dimensions for the front elevation
are the same in this case as in Problem 1, and the view
shown at A4 B D C, Fig. 16, is accordingly reproduced as
indicated. Next, the stretchout 37 NVis drawn perpendicular
to A C and of indefinite length, since the spaces thereon
cannot be laid off until the side 