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-w%sﬂ INTRODUCTION!

HE importance of sheet-metal work in modern m:mufa.ctu;—
Ting developments is vastly greater than those not actually in
touch with the work would imagine. Its use in building sky-
lights, roofs, and cornices are visible and obvious applications
of the industry, but there are countless operations in pressed
metal manufacturing where the principles discussed herein find
their most important application, and it is to help those who are
actually working in this field that this volume has been printed.
The sheet-metal draftsman has a very different problem in many
respects from that of the mechanical draftsman. The mechanical
draftsman has to deal, in the main, with square or circular
shapes, and he has perfectly definite plans or elevations to fashion
from the specifications given. His surfaces also are flat, spherical,
or cylindrical and will be shaped by the various machines found
in a well-equipped machine shop.

q The sheet-metal draftsman, on the other hand, must have a
deeper understanding of geometrical principles, of the areas of sur-
faces, and many other matters not considered by the mechanical
draftsman. He must be able, in addition to the sfmple drawing of
the object, to make accurate developments of complex surfaces
and do this so accurately that the éheet—metal form, made from
his drawing, can be put together without waste and without
distortion of the shape intended.

q The author of this l;ook has had years of practical experience
in sheet-metal work of all classes as well as abundant oppor-
tunity to apply his experience in teaching the subject. All the
studies worked out are typical and the details are so clearly pre-
sented as to make the volume valuable for the beginner as well
as for the most experienced metal worker.
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SHEET-METAL WORK,

PART 1.

The sheet-metal worker of today who wishes to succeed must
know far more than was necessary years ago. There are many
good, practical sheet-metal workers in the trade who are handi-
capped because they are unable to lay out the patterns that arise
in their daily work. Notwithstanding the introduction of labor-
saving machinery, the demand for good workmen has increased.
While most sheet-metal workers acquire practical knowledge in the
shop, they lack the technical education necessary to enable them to
become proficient as pattern cutters and draftsmen. In this
course, special attention is given to the fundamental principles
that underlie the art and science of pattern drafting.

Practical workshop problems will be presented, such as arise
in everyday practice, thus giving the student the practical
experience that usually comes only after long association with the
trade.

CONSTRUCTION.

In constructing the various articles made from sheet metal,
various gauges or thicknesses of metal are used. For all gauges
from No. 20 to No. 30 inclusive, we assume in the development
of the pattern, that we are dealing with ng thickness, and we make ‘
no allowance for bending or rolling in the machine. But where
the metal is of heavier gauge than No. 20, allowance must be made \
for shrinkage of the metal in the bending and rolling operations, ‘;
which will be explained in connection with development in heavy
sheet-metal work. Certain instructions for wiring, seaming, and
transferring patterns are not given here as they more properly belong
to tinsmithing work. It is sometimes the case that the capacity of a
vessel or article must be determined, when the rules given in -
Mensuration should be followed. When figuring on sheet-metal
work, the specifications sometimes call for various metals, such as
galvanized sheet iron or steel, planished iron, heavy boiler plate,
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band iron, square or round rods for bracing, etc., zinc, copper, o1
brass; and the weight of the metal must often be calculated together
with that of stiffening rods, braces, etc. On this account it is
necessary to have tables which can be consulted for the various
weights.

TABLES.

There is a wide difference between gauges in use, which is
very annoying to those who use sheet metal rolled by different
firms according to the various gauges adopted. It would be well
to do away with gauge numbers, and use the micrometer caliper
shown in Fig. 1, which determines the thickness of the metal by the
decimal or fractional parts of an inch.

9123
My

Fig. L

This is the most satisfactory method for the average mechanio
who works sheet metal manufactured by firms using different
gauges. The tables on pages 61 to 74 can be consulted when
occasion arises.

SHOP TOOLS.

In allowing edges for seaming and wiring, we must bear in
mind that when a seam is to be grooved by hand or machine the
allowance to be made to the pattern should conform to the rolls in
the machine or the hand tools in use. The edges of the pattern
are usually bent on the sheet-iron folder, or brake, while the seam
can be seamed or grooved with the hand groover or giant grooving
machine. Where round pipe work is done in lengths up to 3 feet,
the slip roll former is used, while square or rectangular pipes are

_bent up on the brake in 8-foot lengths. Where pipes, elbows,
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stove bodies, furnace shells, metal drums, etc., are made, the sheets
are cut square on the large squaring shears, rolled, grooved, and
stiffened, by beading both ends in the beading machine, using
ogee rolls. There is also a special machine for seaming the cross
seams in furnace pipes, also a set of machines for the manufacture
of elbows used in sheet-metal work. As before mentioned, if these
machines are at hand, it will be well to make slight modifications
in the patterns so that both the machines and patterns may work
to advantage.

PATTERNS OBTAINED BY VARIOUS METHODS.

In this course will be explained the four methods used in
developing patterns for sheet-metal work, namely, parallel line,
radial line, triangulation, and approximate developments. Further- .
more, practical problems illustrating these methods will be carefully
worked out in every detail.

INTERSECTIONS AND DEVELOPMENTS.

The following problems on parallel line developments have
been selected because they have a particular bearing on pipe work
arising in the sheet-metal trade. All of the problems that will
follow should be carefully studied, drawn on cheap paper, and
proven by cardboard models. These models will at once show any -
error in the patterns which might otherwise be overlooked. As
only the Examination Plates are to be sent to the School, the
student should draw all the other plates given in this course.

The first problem to be drawn is shown in Fig. 2, being the
intersection between a cylinder and octagonal prism. In drawing
these problems for practice, make the cylinder and octagonal prism
both 2 inches in diameter. The height of the cylinder from B to
E should be 43} inches; and the length of the prism from G to H,
3 inches. Let A represent the plan of the cylinder, shown in
elevation by B C D E; and F, the ‘section of the prism, shown in
plan by G HI J. Number the corners of the section F' as shown,
from 1 to 4 on both sides; and from these points draw horizontal
lines intersecting the plan of the cylinder at 2’3’ and 1’4’ on both
sides as shown. Establish a convenient intermediate point of
intersection between the corners of the prism, as @ and @ in-A, from



] SHEET-METAL WORK

which draw horizontal lines intersecting the section Fat ', a’,a’,
and a’. Take a tracing of the section F with its various inter-
sections, and place it in its proper position as shown by FY, in the
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center of the cylinder B C D E, allowing the section to make a
quarter turn, and bringing the points 3’ ' at the top and bottom
on a vertical line, while in the section F, b’ 3’ are on g horizontal
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line. From the various intersections in FT, draw horizontal lines
intersecting vertical lines drawn from similarly numbered inter-
sections in the plan A, as shown in elevation. A line drawn
through these points will represent the joint between the cylinder
and prism.

For the development for the prism, extend the line HI in plan
as N K, upon which place the stretchout of all the points contained
in the section F, as shown by similar figures and letters on N K,
Through these points, at right angles to N K, draw lines which
intersect with lines drawn from similarly numbered points and
letters in plan, at right angles to J I. Trace a line through points
thus obtained, and K L M N will be the desired pattern. To obtain
the development for the opening in the cylinder, extend the line
D E in elevation as S O, upon which place the stretchout of all the
points contained in the half-circle A, as shown by similar numbers
and letters on 8 O. At right angles to S O and through these
points, draw lines intersecting horizontal lines drawn from inter.
sections having similar numbers and letters in elevation, thus
obtaining the intersections shown by T U V W, which will be the
shape of the opening to be cut into one-half of the cylinder.

In Fig. 3 is shown the intersection between a hexagonal and
quadrangular prism, the hexagonal prism being placed in elevation
at an angle of 45° to the base line. When drawing this problem
for practice, make the height of the quadrangular prism 4} inches, .
and each of its sides 2 inches. Place the hexagonal prism at an
angle of 45° to the base line, placing it in the center of the
quadrangular prism in elevation as shown; and inscribe the hex-
agonal section in a circle whose diameter is 2% inches. Let A
represent the plan of the quadrangular prism placed diagonally as
shown, above which draw the elevation B C D E. In its proper
position and proper angle, draw the outline of the hexagonal prism
as shown by 1v 1" 4" 4v; and on 1" 4" draw the half section as
shown by F, numbering the corners 1’ 2' 3" and 4”. From the
corner1’ in the plan A, draw the center line 1’ 4. Take a tracing
of the half section F, apd place it as shown by F', placing the
points 17 4" in F on the center line in F' as shown. From the
corners 1,2,3,and 4, draw lines parallel to the center line, intersect-
ing the twosidesof A (51'and 1’ @) at2'3’and 1' 4, as shown. From



8 SHEET-METAL WORK

these intersections draw vertical lines, which intersect by lines
drawn parallel to 4" 4" from corners having similar numbers in ¥
thus obtaining the points of intersection 1v 2¥ 8v and 4*. Dropping
vertical lines from the intersections on the plane 1* 4 in elevation,
and intersecting similarly numbered lines in vlan, will give the
horizontal section of 1° 4", as shown by 1° 2° 8’ and 4°.

Ja

Fig. 3.

For the development of the hexagonal prism, extend the line
4' 1’ as shown by H J, upon which place the stretchout of twice
the number of spaces contained in the half section F, as shown by
similar figures on the stretohout line H J. From these points, at
right angles to H J, draw lines as shown, which intersect by lines
drawn at right angles to the line of the prism from intersections
1¥ to 4v, thus obtaining the points of intersection 1* to 4*. Lines
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traced from point to point as shown by J K L H, will be the
required development. The shape of the opening to be cut into the
quadrangular prism, is obtained by extending the line D E in
elevation as N O, upon which place the stretchout of one-half
the section A, with the various points of intersection, as shown by
similar figures on O N. At right angles to O N erect lines from
these points, which intersect by lines drawn from similarly
numbered intersections in elevation at right angles to the quad-
rangular prism, thus obtaining the points of intersection 1’ to 4"
on both sides. Then N O P R will be the half development.

Fig. 4 shows the intersection between two cylinders of equal
diameters at right angles. Make the height of the vertical cylinder
3 inches, that of the horizontal cylinder 1§ inches, and the diameters
of both 2inches. Let A represent the plan of the vertical cylinder,
and B its elevation. Draw the plan of the horizontal cylinder C,
shown in elevation by D placed in the center of the vertical
cylinder. Draw the half section E in plan and divide it into
equal parts, as shown from 1 to 3 to 1. In a similar manner draw
the half section E!in elevation, which also divide into the same
number of spaces as E, reversing the numbers as shovwn.

The following suggestions are given to avoid confusion in
numbering the points or corners of irregular or round sections in
plan and elevation. If the half section E were bent on the line 1-1
and turned upward toward the reader, and we should view this
section from the front, the point 3 would be at the top, or, if bent
downward, would be at the bottom; therefore the points 3 and 3 in
elevation are placed at top and bottom. Now if the section E! in
elevation were bent on the line 3-3 either toward or away from the
reader, the point 1 when looking down would show on both sides as
shown in plan, which proves both operations. No matter whether
the form is simple, as here shown, or complicated as that which
will follow, the student should use his imaginative power. Study
the problem well; close your eyes and imagine you see the finished
- article before you, or, failing in this, make a rough model in the
shop or a cardboard model at home, which will be of service. Now
from the intersections in E,draw horizontal lines intersecting the
circle A at 17,2’ and 3’ on both sides. From these points erect
perpendicular lines and intersect them with horizontal lines drawn
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SHEET-METAL WORK 1

from similarly numbered intersections in E!. Lines traced through
these points 3" 2" 1" and 1" 2" 3" will be straight because both
branches are of equal diameters.

For the development of the cylinder D in elevation, extend
the line 3-3 as shown by F' G, upon which place the stretchout of
twice the number of spaces contained in E!, as shown by similar
numbers 3° to 1° to 3° to 1° to 3° on the stretchout line F G.
From these points, at right angles to G F, draw lines, and
intersect them by lines drawn parallel to the cylinder B from similar
numbers in the joint line. Trace a line through these points in
the development, when F G H I will be the desired shape.

For the opening to be cut into the cylinder B to receive the
cylinder D, extend the base of the cylinder B as shown by 1v 1v,
upon which place the stretchout of the half circle A in plan, as
shown by similar figures on the stretchout line 1v1v. From these
points erect perpendiculars, which intersect by lines drawn from
similarly numbered intersections in elevation at right angles to the
line of the cylinder B. Trace a line through the intersections
thus obtained; J K L M will be the shape of the opening.

Fig. b shows the intersection of two cylinders of unequal
diameters at an angle of 45°. Make the diameters of the large and
small cylinders 2 inches and 1% inches respectively; the height of
the large cylinder 3 inches; and the length of the small cylinder
measured from its shortest side in elevation, 1 inch, placed at an
angle of 45° in the center of the cylinder B. A represents the
plan of the large cylinder struck from the center @ and shown in
elevation by B. Draw the outline of the small cylinder C at its
proper angle, and place the half section D in its position as
shown; divide it into a number of equal spaces, as shown from
points 1 to 5. Through the center ¢ in plan. draw the horizontal
line @ 5; and with b as a center describe a duplicate of the half
section D with the various points of intersection, as shown by D?,
placing the points 1 and 5 on the horizontal line ¢ 5. From the
intersections in D' draw horizontal lines intersecting the large
circle A at 3’ to 3’ as shown, from which points erect perpendicular
lines; intersect them by lines drawn parallel to the lines of the
smaller pipe from similarly numbered intersections in D, - A line
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traced through the points thus obtained will represent the inter.
section or miter joint between the two pipes.

These same principles are applicable no matter what diameters
the pipes have, or at what angle they are joined, or whether the

~ pipe is placed as shown in plan or at one side of the center line.
For the development of the small cylinder extend the line 5 -1
in elevation as shown by F E, upon which place the stretchout
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of the circle D! in plan, or twice the amount of D in elevation,
as shown by similar figures on the stretchout line F E. At right
angles to F E and through these small figures, draw lines which
intersect with lines drawn at right angles to the lines of the
small cylinder from similarly numbered intersections in the
miter line in elevation. Trace a line through the points thus
obtained; E F G will be the development for the cylinder C.
To obtain the opening in ‘the large
cylinder extend the lines of the large
cylinder in elevation as shown at the base
by H J, upon which place the stretchout
of the intersections contained in the circle
A, being careful to transfer each space
separately (as they are unequal) to the
stretchout line HJ. Through these points
and at right angles to H J erect lines which
intersect with horizontal lines drawn from
similar points in the miter line in elevation
A line traced through the points thus
obtained, as shown by K L M N, will be
the desired development. k=" Tia
Fig. 6 shows the intersection between /
a quadrangular prism and sphere, the center €
of the prism to come directly over the center
of the sphere. Make the diameter of
the sphere 2} inches, the sides. of the ELEVATION
prism 1} inches, and the height from f
to ¢’ 2§ inches. Draw the elevation of the
sphere A which is struck from the center Fig. 6.
a, from which erect the perpendicular ¢ 5. With any point, as ¢,
as a center and using the same radius as that used for A, describe the
plan B. Through ¢ draw the two diagonals at an angle of 45°, and
draw the plan of the prism according to the measurements given.
Now draw the elevation of the prism /¢’ and f” ¢, the sides of the
prism intersecting the sphere at cand ¢’. From either of these points .
draw a horizontal line intersecting the center line @ b at 4. Then
using o as a center and @ d as the radius, describe the arc ¢ ¢’
intersecting the sides of the prism extended at ¢ and ¢’; fe e’ [~
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will be the development for one of the sides of the prism. Im
practice the four sides are joined in one.

Fig. T shows the intersection of a quadrangular prism and
sphere when the center of the prism is placed to one side of the
center of the sphere. Make the diameter of the sphere the same
as in the preceding figure; through @ in the plan draw the 45°
diagonal, and make the distance from » to A § inch, the sides of
the prism 1 inch, and the height from E to ¢ in elevation 1} inches.

Having drawn the elevation and plan of
the sphere, construct the plan of the prism

PLAN as shown by A B C D. Parallel to the
A N center line  y project the prism in eleva-
(N tion intersecting the sphere at & and e.

: \\\ Now since the center of the sphere is on

Il one of the diagonals of the prism in plan,

{ either two of the sides meeting at one end
€ e of that diagonal, as B C and C D, will be
alike, and both will be different from the
other two sides A B and A D, meeting at
the opposite end of the diagonal. There-
fore the line F' ¢ in elevation will be used
in obtaining the development of D C in
plan, while the line E ¢ will be used in
obtaining the development for the two
sides D A and A B in plan.

Now from @ draw a horizontal line
intersecting the center line # y at &;
and using y as a center and y b as the
radius, describe the arc G H intersecting

Fig. 7. the sides of the prism extended to G
and H. Then E F G H is the development for each side of the
prism shown in plan by D C and C B. In a similar manner, from
the intersection ¢ in elevation draw a horizontal line intersecting
the center line @ y at d. Then using y as center and y d as radius,
describe an arc intersecting the sides of the prism at ¢ and /. E
F f ¢ will show the development for either side of the prism shown
in plan by D A and A B. By connecting the points G and f it
will be found that the line is a true horizontal line, which proves

ELEVATION




ELBOW PATTERNS*

In all elbow work the difficulty lies in obtaining the correct rise of the
miter line. By the use of a protractor this is overcome and thus the necessity
of drawing a complete quadrant is avoided. Following the rule given in the
illustration the rise can be easily found, when the throat and diameter of the
pipe is known.

In the upper table are shown various pieced elbows, having different
degrees when finished, and the various miter lines. There are six miter pat-
terns shown, the first for a 6-pieced elbow having 90° when completed; the
second for a 4-pieced 90° elbow; the third for a 3-pieced 90° elbow; the fourth
for a 2-pieced 70° elbow; the fifth for a 2-pieced 90° elbow, and the sixth for
a 2-pieced 105° elbow.

No matter what size of throat the elbow may have, or what diameter
or number of pieces, always follow the rule given in the illustration and obtain
the miter line; then place the half profile in its proper position and place the
full girth of the pipe on the line shown in the pattern by similar numbers.
By reversing the cut opposite the line 1-7-1 the pattern for the middle pieces
is obtained, after which one cut can be placed into the other as shown on
Page 48.

¢ The {llustration referred to will be found on the back of this page.
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SHEET-METAL WORK 15

the two developments. Should the plan of the prism be so placed
on the sphere that all sides would be different, then two elevations
would be necessary so that the intersections of all the sides could
be shown.

Developments by Triangulation. In developing sheet-metal
work of irregular forms, patterns are required which cannot be
developed by either the parallel or radial-line methods. These
irregular shapes are so formed that although straight lines can be
drawn upon them the lines would not run parallel to one another,
nor would they all incline to a common center. In the methods
previously described, the lines in parallel developments run parallel
to one another, while in radial-line developments all the lines meet
at a comimon center. Hence in the development of any irregular
article, it becomes necessary to drop all previous methods, and
simply proceed to measure up the surface of the irregular form,
part by part, and then add one to another until the entire surface
is.developed. To accomplish this, we have merely to make use of
one of the simplest of all geometrical problems, namely, to construct
a triangle having given the three sides. This problem is solved
very early in Mechanical Drawing. To carry out this method
it is necessary only to divide the surface of the plan or elevation
of any irregular article into a number of equal parts. Use the
distances in plan as the bases of the triangles, and the distances in
elevation as the altitudes or heights of the triangles, or vice versa;
and then find the hypothenuse by connecting the two given lengths.

To illustrate this simple principle Fig. 8 has been prepared.
Let A B C D represent the plan of a plane surface, shown in
elevation by A! B.. We know that the true length of the plane
is equal to A! B! and the true width is equal to A D or B C in plan.
We also know that the vertical height from the bottom of the plane
A! to the top B! is equal to B' 5 as shown. But suppose we want
to obtain the true length of the diagonal line B D in plan on the
developed plane. To obtain this it will be necessary only to take
the length of B D, place it from 4 to D!, and draw a line as shown
from B! to D!, which is the length desired.

While this may look very simple, it is all that there is to
triangulation, and if the student thoroughly understands the simple
principle and studies the problems which will follow, he will have
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no trouble in applying this principle in complicated work. To
make it still clearer we will prove the length of the line B! D.
Take the distance of A! B, place it in plan as shown by A B?, and
complete the rectangle A B? C?* D. Draw the diagonal B? D, being
the length sought, which will be found to equal B! D! in elevation.
When drawing this problem in practice, make the plan 4 by 6 inches
and the vertical height in elevation 5 inches.

In obtaining developments by triangulation. the student should
use all of his conceptive powers as previously explained. Before
84 making any drawing, he must
see the article before him in his
mind’s eye, so to speak, before
he can put it down on paper.
Therefore we want to impress
upon the student the necessity of
drawing all the problems that will

A %--,'al follow in this part and in the Prac-
_~21" | tical Workshop Problems. It

/////// I should be understood that tri-

Z ol ! angulation is not given as an
PLAN =-—dc* glternative method, but is wused

Fig. 8. when no other method can be

employed, and without it no true pattern could be obtained for
these irregular shapes; hence the necessity of close study.

In Fig. 9 is shown an irregular solic whose base and top are
triangles crossing each other, and in which the principle just
explained will be put tc practical test Inscribe the triangles
shown in plan in a circle whose radius is'equal to @ 1, or 1} inches,
and make the height of the article in elevation 2 inches. The
dotted triangles 1 2 8 in plan represent the section of the article on
the line 2-3 in elevation; and the solid triangle 1! 2! 3! in plan, the
section on the line 2! 3! in elevation. Now connect the two sections
in plan by drawing lines from 1 to 2! and to 3, from 2 to 2! and to
1!, and from 3 to 1' and to 3!. In a similar manner connect the
points in elevation as shown. It now becomes necessary to obtain
a triangle giving the true length of the lines conmnecting the
corners of the triangle in plan, and as all of these lines are equal
only one triangle is neocessary. Therefore take the distance from
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140 2! in plan and place it on the line 3-2 extended in elevation,
as shown from 2 to 1°, and draw a line from 1° to 2, which is the
desired length.

For the pattern, proceed as is shown in Fig. 10. Take the
distance of any one of the sides in the triangle, as 1-2 in Fig. 9,
and place it on the horizontal line 31 ELEVATION o
1-2in Fig. 10. Then usingl and [\ / /N
2 as centers, with 1° 2! in elevation \ // \\
in Fig. 9 as radius, describe the P \

7

arcs in Fig, 10 intersecting each \\ / \\
other in 2. Then 1 2 2! will be \./
the pattern for one of the sides 3 \E/' 2TW§%‘
shown in plan in Fig. 9 by1 2 2. o
Proceed in this manner in Fig. 10 277N
sl L1\
as shown by the small arcs; or a 7 X
tracing may be taken of the one / / PLAN \\
side 12 2, and traced as shown '| A\ & A
until six sides are obtained, which |/ \ ; / \
will be the full pattern and which e 2

is numbered to correspond to the
numbers in plan. Fig. 0.

In Figs.11,12, and 13 are shown the methods used in develop-
ing a scalene cone. The method of obtaining the development of
any scalene cone, even though its base is a perfect circle, is g verned
by the same principle as employed in the last problem on triangu.

e — e o

— ~ '
8 - 2

FULL
PATTERN

“1

< ~

Fig. 10.

lation It is well to remember that any section of a scalene cone
drawn parallel to its base will have the same shape (differing of
course in size) as the base. This is equally true of articles whose
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bases are in the shape of a square, rectangle, hexagon, octagon, or
any other polygon. What has just been explained will be proven
in connection with Fig. 11, in which A B O represents a side
"elevation of a scalene cone, whose plan is shown by 14174 C.
Draw any horizontal line, as A D, on which set off the distances

L]
(54

=

A B equal to 3 inches and B D equal to 2} inches, and the
vertical height D C equal to 4} inches. Draw lines from B and
A to C, which completes the elevation. In its proper position
below the line A B, draw the plan of A Bas14 74! struck from
the center C. Through C draw the horizontal line C C!, and
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intersect it by a vertical line drawn from the apex C in elevation,
thus obtaining the apex C'in plan. Draw lines from 4 and 4! to C*,
which completes the plan.

As both halves of the scalene cone are symmetrical, it is
necessary only to divide the half plan 1 4 T into a number of equal
spaces as shown by the small figures 1 to 7, and from points
thus obtained draw radial lines to the apex Cl. Then these lines
in plan will represent the bases of triangles which will be con-
structed, whose altitudes are all equal to D C in elevation. There-
fore in Fig. 12 draw any horizontal line, as A B, and from any
point, as C, erect the perpen-
dicular line C C! equal in
height to D C in Fig. 11,
Now from C!in plan take the
various lengths of the lines 1
to T and place them on the
line A B in Fig. 12, measur-
ing in every instance from
the point C, thus obtaining
the intersections 1 to 7, from
which lines are drawn to the
apex C. Then these lines will
represent the true lengths of
similarly numbered lines in
plan in Fig. 11. Fig. 13,

For the pattern proceed as is shown in Fig. 13. With C as
center and radii equal to C* 7, 6, b, 4, etc., in Fig. 12, describe the
arcs 1-1, 6-6, 6-5, 44, etc., in Fig. 13 as shown. Now assuming
that the seam is to come on the short side of the cone, as C B in
Fig. 11, set the dividers equal to one of the equal spaces in
the plan; and starting on the arc 7-7 in Fig. 13, step from arc 7 to
arc 6, to arcs 5, 4, 3, 2, and 1, and then continue to arcs 2, 3, etc.,
up to7. Trace a line through these intersections as shown by
7-1-7, and draw lines from T and T to C, which completes the
pattern.

Now to prove that any section of an oblique or scalene cone
cut parallel to its base, has a similar shape to its base (differing in
size), draw any line as ¢ b in Fig. 11 parallel to A B. From C in
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plan erect a vertical line intersecting the base line A B at d, from
which draw a line to the apex O, cutting the line @ 5 at e. Then
the distances ¢ @ and ¢ b will be equal; and using e as a center and
e b as radius, describe the circle @ b ¢, which is the true section

Cc

Fig. 14.

It is shown in Fig. 14 how in an irregular solid whose base is
square and top is round, both top and bottom on horizontal planes
are developed. The corners in plan FBG, GCH, HD E and
E A F should be considered as sections of scalene cones. Proceed
by drawing the plan ABCD 3} inches square, which represents the

onad. Thenad BA
will be the frustum of
ascalene cone. Extend
the line @ b parallel to
A D, cutting the diagram
of triangles in Fig. 12
from @ tod. Then with
radii equal to the dis-
tances from C! to the
various intersections on
the line @ b, and using

" Cin Fig. 13 as center,

intersect similarly num-
bered radial lines drawn
from Tto1l to 7 to the
apex C. A line [traced
as shown from 7’ to1’
to 7’ will be the desired
cut, and T-7-7'-7' will
be the pattern for the
frustum. The practical
use of this method is
shown in diagram V in
Fig. 11; o’ is the frus-
tum of the oblique cone,
on the ends of which are
connected round pipes
b’ and ¢’.
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plan of the base of the article; and the circle E F G H 24 inches
in diameter, which shows the plan of the top of the article; the
vertical height to be 3 inches, shown from @ to . As the circleisin
the center of the square, making the four corners symmetrical, it is
necessary only to divide the one-quarter circle into a number of
equal parts as shown by the small figures 1, 2, 2, 3, from which draw
lines to the apex B. Complete the elevation as shown by I J K L.
Now using B as center, and radii equal to B 1 and B 2 in plan,
describe arcs intersecting A B at 1’ and 2 as shown. From these
points erect perpendiculars intersecting the top of the article I J

Pt
-
-

coccerscsssccccccnncane=

HALF PATTERN \
]
1

K

Fig. 15,
in elevation at 1" and 2*, from which draw linesto K. Then K 1°
and K 2" will be the true lengths of the lines shown in plan by
B 1 and B 2 respectively on the finished article.

For the half pattern proceed as follows: In Fig. 15 draw any
horizontal line, as A B, equal in length to A B in plan in Fig. 14.
Now with K 1” as radius and A and B in Fig. 15 as centers, describe
arcs intersecting each other at 1 From 1 drop a vertical line
intersecting A B at K. Then 1 K should equal J K in elevation
in Fig. 14, which represents the true length through G N in plan.
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Now with radii equal to K 1” and K 2* in elevation, and with B in
Fig. 15 as ocenter, describe the arcs 1-1’ and 2-2’. Now set the
dividers equal to one of the spaces in G F in plan in Fig. 14; and
starting at 1 in Fig. 15, step off arcs having similar numbers as
shown by 1, 2,2’,1’. Now using 1 B as radius, and 1’ as center,
describe the arc B C, and intersect it by an arc struck from B as
center and with B A as radius, as shown at C. Take a tracing of 1
B 1’ and place it as shown by 1’ C1’. Now connect the various
intersections by drawing lines from 1 to A to B to O to
1"to1l’ to 1, which completes the half pattern. The triangu.
lar pieces 1 A B or 1’ B O will represent the flat sides of the
article shown in plan by 1 A B or 3 B C respectively in Fig. 14;
and the cone patterns 1-1’ B and 1'-1" C in Fig. 15, the sections of
the scalene cones 1-3-B and H-G-C respectively in plan in Fig. 14.
This same rule is applicable whether the top opening of the article
is placed exactly in the center of the base or at one side or corner.
Various problems of this nature will arise in Practical Workshop
Problems; and if the principles of this last problem are thoroughly
understood, these will be easily mastered.

Approximate Developments. In developing the blanks or
patterns for sheet-metal work which requires that the metal be
hammered or raised by hand, or passed between male and female
dies in foot or power presses, circular rolls, or hammering machines,
the blanks or patterns are developed by the approximate method,
because no accurate pattern can be obtained. In all raised or
pressed work in sheet metal, more depends upon the skill that the
workman has with the hammer, than on the patterns, which are but
approximate at their best. While this is true, it is equally true
that if the workman understands the scientific rule for obtaining
these approximate patterns a vast amount of time and labor can be
saved in bringing the metal to its proper profile. If the true rule
for averaging the various shapes and profiles in circular work is not
understood, the result is that the blank has either too little or too
great a flare and will not form to its proper profile and curve.
Before proceedirig to describe the approximate development
methods. attention is called to the governing principle underlying
all such operations. We have previously shown how the patterns
are developed for simple flaring ware; in other words, how to



SHEET-METAL WORK: 2

develop the frustum of a cone. The patterns for curved or any
other form of circular or hammered work are produced upon the
same principle. The first illustration of that principle is shown in
Fig. 16, in which A B C D represents a sphere 3 inches in diameter
oomposed of six horizontal sections, struck from the center a.
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Fig. A8

Divide the quarter circle A C into as many parts as there are
sections required in the half sphere (in this case three), and draw
horizontal lines through the ball as shown. The various radii for
the patterns are then obtained by drawing lines throvgh C 3, b ¢,
. and ¢ A. Thus Cb extended meets the center line E D at ¢, which
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is the oenter for striking the blank for number 3, using the radii
sband ¢ C. In similar manner draw a line from 5 to ¢, extending
it until it meets E D at . Then d ¢ and d b will be the radii tor
blank number 2, while A ¢ is the radius for blank 1 shown at 8.
The lengths of the pattern pieces are determined in the same
manner as would be the case with an ordinary flaring pan in
producing the patterns for tin ware, and will be explained

———e .-

SRR Ny LIPS

—cococcovcesom boococoaw

Fig. 17.

thoroughly in the Practical Workshop Problems which will
shortly follow.

In Fig. 17 is shown another elevation of a sphere composed of
twelve vertical sections as shown in plan view. While the method
used for obtaining the pattern is by means of parallel lines, and
would be strictly acourate if the sections in plan remained straight
s from 4 to 4, the pattern becomes approximate as soon as we start
to raise it by means of machine or hammer to conform to the profile
B in elevation, because the distance along the curve & from 4’ to 4’
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in plan is greater than a straight distance from 4 to 4. The pattern
by this method is obtained as follows: Let B represent the elevation
of the sphere, and A the plan of the same, which is divided into as
many sides as the sphere is to have vertical sections, in this case
12, being careful that the two opposite sides 44 and 4’ 4’ in plac
run parallel to the center line as shown. Make the diameter of the
sphere4—4" 3 inches.
Divide the half ele-
vation into an equal
number of spaces as
shown from 1 to 4 to
1, and from these .
B points drop lines at
right angles to 44"
intersecting the mi.
ter lines 14 in plan
asshown. Now draw
any horizontal line,
as1’-1',upon which
place the stretchout
of 1-4-1 in elevation
as shown by 1’'—4'-
1’ on the line 1'-1"-
in C. Through these
points draw lines at
right angles to 1'-
1’, which intersect
by lines drawn from
similarly numbered
intersections on the
Fig. 18. miter lines 1-4 in
plan, at right angles to 44. A line tracod through points thus
obtained as shown by O will be the desired pattein.

In Fig. 18 is shown the principle used in obtaining the radii
with which to develop the blank for a curved or circular mould
when it is to be hammered by hand. In this connection, only the
principle employed will be shown, leaving the full development and
also the development for patterns whick are to be raised by hand

&)
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and hammered by machine, to be explained in problems which will
follow in Practical Workshop Problems. Draw this problem double
the size shown., First draw the elevation A B C D, and through
the elevation draw the center line F G. Then using G as a center,
draw the circles A! B! and C* D! representing respectively the
horizontal projections of A B and C D in elevation. Now draw a
line from A to E in elevation, connecting the corners of the cove
as shown. Bisect A E and obtain the point H, from which at right
angles to A E draw a line intersecting the cove at J. Through J
parallel to A E draw a line intersecting the center line F G at M.
Take the stretchout from J to A and from J to E and place it on
the line J M as shown respectively from J to L and from J to K.
Then will ML and M K be the radii with which to strike the
pattern or blank for the cove. From J drop a vertical line intersect-
ing the line D' G in plan at N. Then with G as center strike the
quarter circle N O. Now using M as center and M J as radius,
strike the arc JP. Then on this arc, starting from J, lay off 4 times
the stretchout of N O in plan for the full pattern. It should be
understood that when stretching the cove A E, the point J remains
stationary and the metal from J to L and from J to K is hammered
respectively toward J A and J E. For this reason is the stretchout
obtained from the point J.

PRACTICAL WORKSHOP PROBLEMS. .

In presenting the 32 problems which follow on sheet-metal
work, practical problems have been selected such as would arise in
every-day shop practice.

In this connection we wish to im-
press upon the student the necessity of
working out each and every one of the
32 problems. Models should be made
from stiff cardboard, or, if agreeable to
the proprietor of the shop, the patterns
can be developed at home, then cut out
of scrap metal in the shop during
lunch hour, and proven in this way. Fig. 19.

Our first problem is shown in Fig. 19, and is known as a sink
drainer. It is often the case that the trap under the kitchen sink
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is choked or blocked, owing to a collection of refuse matter. To
- avoid this a sink drainer is used, and is fastened in position through
the wire loops @, 6 and ¢. The refuse matter is poured into the
drainer, from which it is easily removed after the fluid has passed
through the perforations. These drainers may be made of tin or of -
black or galvanized iron, but where a good job is wanted 16-ounce
oopper should be used. To obtain the pattern for any sized drainer,
F, proceed as follows: First draw the
plan of the drainer A B C in Fig. 20,
making A B and B C each two inches
and forming a right angle. Then
using B as center and A B as radius,
draw thearc A C. In its proper posi-
tion above the plan construct the side
.elevation, making E D 2 inches high,
and draw the line F D. Then will
D F E D be the side elevation. Divide
the arc A Cinto equal spaces as shown
by the small figures 1 to 5. For the
pattern use F' D as radius, and with
D in Fig. 21 as center strike the arc
15. From 1 draw a line to D and
step off on 1-5 the same number of
spaces as contained in A C in plan in
Fig. 20, as shown by similar figures
in Fig. 21. Draw a line from 6 to D.
Then will 1-5-D be the pattern for
the front of the strainer, in which per-
¢ forations should be punched as shown.
Fig. 20. To join the sides of this pattern,
vse 1 and 5 as centers, and with either F E or A B in Fig. 20 as
radius, describe the arcs E and E! in Fig. 21. Now using D as
center and D E in Fig. 20 as radius, intersect the arcs E and E! as
shown in Fig. 21. Draw lines from 1 to E! to D to E to 5, which
completes the pattern, to which edges must be allowed for wiring
at the top and seaming at the back.
When joining a faucet or stop cock to a sheet-metal tank it is
usual to strengthen the joint by means of a conical “boss,” which

SIDE
ELEVATION

.)---——-- - e =o e
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is indicated by A in Fig. 22. In this problem the cone method is
employed, using principles similar to those used in developing a
frustum of a cone intersected by any line. Therefore in Fig. 23 let

A B represent the part plan of the tank, C portion of the faucet
extending back to the tank line, and F G H I the conical “boss”
to fit around a faucet. When
drawing this problem make the
radius of the tank D A equal
to 34 inches, and from D draw -
the vertical line D E. Make
the distance from G to H equal
to 2§ inches, the diameter of the
faucet F I 1} inches and the
vertical height K C 1} inches.
Draw a line from G to H inter-
secting the center line D E at K.
Then using K as center describe
the half section G J H as
shown. Divide J H into equal
parts shown from 1 to 4, from
which drop vertical lines intersecting the line G H as shown,
from which draw radial lines to the apex E cutting the plan line
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of the tank A B as shown. From these intersections draw hori.
zontal lines intersecting the side of the cone HI at1,2’,3’,and4’.
Now use E as center, and with radius equal to E 1 describe the

1P

Fig. 23.

arc 1°-1* as shown. Draw a line from 1° to E, and starting from
1Y set off on 1°-1= four times the number of spaces contained in
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J H in plan, as shown by similar numbers on 1° 1*. Draw a line
from 1x to E, and with E I as radius describe the arc N L inter.
secting the radial lines 1° E and 1* E at N and L respectively.
From the various numbers on the arc 1° 1* draw radial lines to
the apex E; and using E as center and with radii equal to E 4’, .
E 3’, and E 2’, draw arcs intersecting similarly numbered radial
lines as shown. Trace a line through points thus obtained; theu
will N 1° 1 1x I be the pattern for the “boss.”

In Fig. 24 is shown what is known as a hip bath. In drawing
out the problem for practice the student should remember that it is
similar to the preceding one, the only difference being in the outline
of the cone. Make the top of the cone I B in Fig. 25 equal to 3}
inches, the bottom C D 1§ inches, the vertical height from K to 5’
2} inches, the diameter of the foot E F' 2] inches, and the vertical
height 5'-56" -inch. Through the center of the cone draw the

center line K L, and at pleasure

draw the outline of the bath as

shown by A J B. It is imma-

terial of what outline this may be,

the principles that follow being

applicable to any case. Thus, in

the side elevation, extend the

lines B C and A D until they

B intersect the center line at L. In

Fig. 24. similar manner extend the sides

of the foot piece E D and F C until they intersect the center
line at R. Now with §’ as center and with radius equal to 5’ D
or 5’ C, describe the half section C H D, which divide into equal
spaces as shown by the small figures 1t0 9. From the points of
division erect vertical lines meeting the base line of the bath D O
at points 1, 2', 3', etc., to 9. From the apex L and through these
points draw radial lines intersecting the outline B J A, from which
horizontal lines are drawn intersecting the side of the bath B C
as shown from1t0 9. For the pattern for the body use L as center,
and with L O as radius draw the arc F I!. Now starting at any
point, as 1, set off on F' L! twice the stretchout of D H C as shown
by similar numbers on the arc FL!. From the apex L and through
the small figures draw radial lines, which intersect by arcs
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struck from L as center with radii equal to similarly numbered
intersections on B C. Trace a line through points thus cbtained,
and I MN P F will be the pattern for the body of the bath,
to which laps should be added at the bottom and sides for seaming.

K
A8
|
|
!

tr_-._....—_..._

The pattern for the foot is obtained by using as radii R D and
RE, and striking the pattern using R! as center, the half pattern
being shown by E! T E! D! D!, and the distance D! D! being equai
to the stretchout of the half section D H C in side elevation
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It is usual to put a bead along the edges of the top of a bath as
shown at ¢ and 3 in Fig. 24. For this purpose tubing is sometimes
used, made of brass, zinc, or copper and bent to the required shape;
or zino tubes may be rolled and soldered by hand, filled with -
heated white sand or hot rosin, and bent as needed. The tube or
bead can be soldered to the body as shown in (A) in Fig. 25. Here
o represents the bead, in which a slot is cut as ¢, and which is then
slipped over the edge of the bath and soldered. Another method
is shown in (B), in which the bath body 4 is flanged over the bead
a and soldered clean and smooth at ¢, being then scraped and
sandpapered to make a smooth joint. A wired edge is shown at o
in Fig. 24, for which laps must be allowed as shown in Fig. 25 on
the half pattern for foot.

In Fig. 26 is shown the perspective view of a bath tub; these
tubs are usually made from IX tin or No. 24 galvanized iron. The
bottom and side seams are locked and thoroughly soldered, while
the top edge is wired with handles
riveted in position as shown
at A. The method used in de-
veloping these patterns will be
/ the cone method and triangula-

Fig. 26. tion. In drawing this problem
for practice (Fig. 27). first draw the center line W 8 in plan; and using
a as center with a radius equal to 14 inches draw the semicircle
C-12 D. Now make the distance @ to b 4 inches; and using b as
center with a radius of 1§ inches draw the semicircle E-7-H.
Draw lines from E to D and from Cto H. DE7H C 12 D will
be the plan of the bottom of the bath. In this case we assume
that the flare between the top and bottom of the narrow end of the
bath should be equal; therefore using @ as center and with a radius
equal to 1§ inches draw the semicircle A W B. At the upper end
of the bath the flare will be unequal; therefore from & measure a
distance on line W 8 of 1 inch and obtain ¢, which use as center,
and with a radius equal to 2 inches describe the arc F 8 G. Draw
lines from F to A and from B to G; and AF 8 G B W A will be
the plan of the top of the bath. Now project the side elevation
from the plan as shown by the dotted lines, making the slant
height from I to R 2} inches and from J to K 3% inches; draw a line
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from K to R, and J KR I will be the side elevation of the bath tub.
In constructing the bath in practice, seams are located at HG, F'E,
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Fig. 7.
A D and C B in plan, thus msking the tub in four pieces
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The lower end of the bath will be developed by the cone
method as in the last two problems. From the center @ drop a line
indefinitely as shown. Extend the side R I of the side elevation
until it meets the center line @ d at d. Now divide the quarter
circle 12-9 in plan into equal spaces as shown by the small figures
9, 10, 11, and 12, from which drop vertical lines (not shown)
intersecting the bottom of the bath tub in elevation from 9’ to 12’.
Then through these points from d draw lines intersecting the top
line of the bath R K as shown, from which draw horizontal lines
intersecting the side I-R extended as I X at points 9’ to 12”.
Then using d as center and d I as radius, describe the arc I M,
upon which place the stretchout of D 12 C in plan, as shown
by similarly numbered points on L M. Through these points from
d draw radial lines, which intersect by arcs drawn from similarly
numbered intersections on I R extended, using d as center. Trace
a line as shown,and L M N P will be the pattern for the lower
end of the tub ABCD in plan. Laps should be allcwed for

wiring and seaming.
As the patterns for the upper end and sides will be developed

by triangulation, diagrams of triangles must first be obtained, for
which proceed as follows: Divide both of the quarter circles H 7
and G 8 in plan into the same number of spaces as shown respec-
tively from 1 to 7 and from 2 to 8. Connect these numbers by
dotted lines as shown from 1 to 2, 2 to 3, 3 to 4, etc. From the
various points 2, 4, 6, and 8 representing the top of the bath, drop
lines meeting the base line J f in elevation at 2x, 4x, 6x, and 8%,
and cutting the top line of the bath at 2’,4’,6’, and 8’. Then
will the dotted lines in plan represent the bases of the triangles,
which will be constructed, whose altitudes are equal to the various
" heights in elevation. Take the various distances 1 to 2, 2 to 3,
3 to 4, 4 to b, etc., in plan up to 8, and place them on the vertical
line 1’-8” in (B) as shown from 1” to 2°, 2” to 3", 3" to4’,4" to 5°,
etc., up to 8”. For example, to obtain the true length of the line
6-7 in plan, remembering that the points having even numbers
represent the top line of the bath and those having uneven
numbers the base line, draw at right angles to 1’-8” in (B), from
6’, a line equal in height to 6=-6’ in elevation, and draw a line
from 6" to 7’ in (B), which is the length desired. For the true
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length of 6-5 in plan it is necessary only to take this distance
place it from 6” to 5" in (B) and draw a line from 6" to 5”. In this
way each altitude answers for two triangles. In plan draw a line
from 1t00. Then will two more triangles be necessary, one on the
line 1-0, and the other on B G- or 0-2. From 2’ in elevation draw
a horizontal line, as 2’ ¢, intersecting the vertical line dropped
from O at e. Now take the distances 0 1 and 0 2, and place them
in (A) as shown by the horizontal lines 0"-1” and 0=2= respectively.
At right angles-to both lines at either end draw the vertical lines
0"-0"" and 0=0" equal in height respectively to C! 0’ and ¢ 0’
in elevation. Draw in (A) lines from 2x to Ovand from 1” to 0™,
which are the desired lengths. Before proceeding with the pattern,
a true section must be obtained on 2°-8’ in side elevation. Take
the various distances 2’ to 8’ and place them on the line 2’-8’ in
Fig. 28. At right angles to 2’-8’ 8

and through the small figures draw
lines as shown. Now measuring in
each and every instance from the
center line in plan in Fig. 27, take the
various distances to points 2, 4, and 2 2
6 and place them on similarly num- Fig. 28.

bered lines in Fig. 28, measuring in each case on either side of the
line 2’-8’, thus obtaining the intersections 2-4-6. ' A line traced
through these points will be the true section on 2’-8’ in elevation
in Fig. 27.

For the pattern for the upper end of the tub proceed as follows:
Take the distance of 7'-8" in (B) and place it on the vertical line
7-8 in Fig.29. Then using 8 as center and with a radius equal
to 8’6 in Fig. 28, describe the arc 6 in Fig. 29, which intersect by
an arc struck from 7 as center and with 7"-6v in (B) in Fig. 27
as radius. Then using 7-5 in plan as radius, and 7 in Fig. 29 as
center, describe the arc 5, which intersect by an aro struck from 6
as center and with 6"-5” in (B) in Fig. 27 as radius. Proceed in
this manner, using alternately as radii first the divisions in Fig. 28,
then the length of the slant lines in (B) in Fig. 27, the divisions
on 7 H in plan, then again the slant lines in B, until the line 1~2
in Fig. 29 is obtained. Trace a line through points thus obtained,
as shown by 2-8-T-1. Trace this opposite the line 8-7, as shown
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by 2’ 1. Then will 2-8-2’~1’-7-1 be the desired pattern, to
which laps must be allowed.

For the pattern for the side of the bath draw any line 9-1 in
Fig. 80 equal to 9-1 in plan in Fig. 27. Now with a radius equal

PATTERN FOR

to 9-P in the pattern X and with 9 in Fig. 30 as a center, desoribe
the arc 0, which intersect by an arc struck from 1 as center and
with 1°-0" in (A) in Fig. 27 as radius. Now taking a radius equal
to Ov-2x in (A) with O in Fig. 30 as center, describe the arc 2, which
intersect by an are
struck from 1 as center,
and with 1-2 in Fig. 29
us radius. Draw lines
from corner to corner in
Fig. 80, which gives
the desired pattern, to
N/ which laps are added
Fig. 30. for seaming and wiring.

In Fig. 81 is shown a perspective view of a fuunel strainer
pail. These pails are usually made from IX bright tin, and the
same principles as are used in the development of the pattern are
applicable to similar forms, such as buckets, coal hods, chutes, eto.
This problem presents an interesting study in triangulation, the
principles of which have been explained in previous problems
First draw the center line O I in Fig. 82, at right angles to whick

< PATTERN FOR
~ CHGB INPLAN
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draw HE and HF each equal to 1} inches. Make the vertical
height H C 3} inches and C D 2 inches. Now make the vertical
heights measuring from O G, to A, and to P respectively 1%
inches, and 1} inches. Make the horizontal distance from C to G
23 inches, the diameter from G to A 1§ inches, and from A to B
$.inch, and draw a line from B to C. Connect points by lines;
then will A'B C D E F G be the side elevation of the pail. In its
proper position below F E, with J as center, draw the plan K LM N.
Also in its proper position draw the section on A GasOPR S.
Now draw the rear elevation making G* U and G* V each equal to
HE,and 1’ T and 1'-1’ each equal to C D. Project a line from
B in side, intersecting the center line in rear at4’. Then through
the three points 1’ 4’ T draw the curve at pleasure, which in this
case is struck from the center 2. WY X Z represents the opening
on G A in side obtained as shown by the dotted lines but having
no bearing on the patterns. Pails , -
of this kind are wusually made -
from two pieces, with seams at
the sides, as in Fig. 31. The
pattern then for the back shown
by C D E H in side elevation in
Fig. 32 will be obtained by the
cone method, struck from the
center I, the stretchout on E! E?
in the pattern being obtained -\ i
from the half plan. The pattern e SR
for O D E H is shown with lap Fig. 3L
and wire allowances by D! D? E? E! and needs no further explavation.
The front part of the pail shown by ABCHF G will be
developed by triangulation, but before this can be done a true
section must be obtained on B C, and a set of sections developed
as follows: Divide one-half of 1’ 4’ T in rear elevation into equal
parts as shown from 1’ to 4’, from which draw horizontal lines
intersecting the line B C as shown. From these intersections
lines are drawn at right angles to B C equal in length to similarly
numbered lines in rear as 3’-37, 2’-27,and 1’-1". Trace a line
as shown, so that C 1" 2" 3" 4" will be the true half section
on BC. To avoid a confusion of lines take a tracingof ABCHF G
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and place it as shown by similar letters in Fig.33. Now take
tracings of the half sections in Fig. 32, as HED C,C1"” B,
P O 8, and the quarter plan N J M, and place them in Fig. 33 on
similar lines on which they represent sections as shown respectively
byH9’' 8 C,C8B,A3G, and F9H. Divide the half section

A 3 G into 6 equal parts as shown by the small figures 1 o 5.
As this half section is divided into 6 parts, then must each of the
sections B 8 C and F 9 H be divided into 3 parts as shown respec-
tively from 6 to 8 and 9 to 11. As C 8’ and H 9’ are equal
respectively to C 8 and H 9 they are numbered the same as shown.
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Now at right angles to G A, BC,C H, and HF, and from the
various intersections contained in the sections G 3 A, B 8 C,
C8’ 9’ H,and H 9 F, draw lines intersecting the base lines of the
sections G A, BC,CH, and H F at points shown from 1’ to 11’,
Now draw dotted lines from B to 5’ to 6’ to4’ to 7’ to E to C,
and then from H to E to 10’ to 2’, etc wuntil all the points are

oonnected as shown. These dotted lines represent the bases of the
sections whose altitudes are equal to similar numbers in the various
sections.

In order that the student may thoroughly understand this
method of triangulation as well as similar methods that will follow
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in other problems, the model in Fig. 84 has been prepared, which
shows a perspective of Fig. 33 with the sections bent up in their
proper positions. This view is taken on the arrow line in Fig. 33.
the letters and figures in both views being similar. For the true
sections on the dotted lines in C E A B in Fig,. 83, take the lengths
of the dotted lines CE, E 7', 7’ 4’, etc., and place them on the
horizontal line in Fig. 35 as shown by similar letters and figures.
From these small figures, at right angles to the horizontal line,
erect the vertical heights C 8, E 8, 7' 1, etc.. equal to similaz

Fig 84

vertical heights in the sections in Fig. 83. Connect these points
in Fig. 85 by dotted lines as shown, which are the desired true

In Fig. 86 are shown the true sections on dotted lines in
G E HF in Fig. 33, which are obtained in precisely the same
manner, the only difference being that one section is placed inside
. of another in Fig. 36. For the pattern proceed as is shown in
Fig. 37. Draw any vertical line as G F equal to G F in Fig. 33.
With radius equal to G 1 and with G- in Fig. 37 as center describe
the arc 1, which intersect by an arc struck from F as center and
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with a radius equal to F' 1 in Fig. 86. Now with F'11 in Fig. 83 as
radius and F in Fig. 87 as center, describe the arc 11, which is
intersected by an arc struck from 1 as center and with 1-11 in
Fig. 86 as radius. Proceed in this manner until the line 8-9
in Fig. 87 has been obtained. Then using 8’-9’ in Fig. 88 as
radius and 9 in Fig. 87 as center, describe the arc 8, which is
intersected by an arc struck from 8 as center and with 8-8 in Fig

S~ _ 7 |
\\‘\\ //
\\\3 ' \\4—"‘6
-]

C E

85 as radius. Now use alternately as radii, first the divisions in
B8 O in Fig. 83, then the length of the slant lines in Fig. 85,
the divisions in E 8 A in Fig. 83, and again the distances in
Fig. 85, until the line B A in Fig. 87 has been obtained, which is
obtained from B A in Fig. 83. Trace a line through points thus

obtained in Fig. 87 as shown by ABS89F G A. Trace this
half pattern opposite the line @ F. Then will BA G A! B* 8!

9! F' 9 8 be the pattern for the front half of the pail. If for
any reason the pattern is desired in one piece, then trace one-
half of D D* E? E® in Fig. 82 on either side of the pattern in
Fig. 87 as shown by the dotted lines 8’ D* E? 9* and 9 ED 8.
Allow edges for wiring and seaming.

Fig 88 shows the method for obtaining the pattern for an
Emerson ventilator shown in Fig. 39.
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Fig. 37.

\’/

‘While the regular Emerson ventilator has a flat disc for a
hood it is improved by placing a cone and deflector on the top
as shown. To make the patterns, proceed as shown in Fig. 38.
First draw the center line @ b, on either side of which lay off
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1} inches, making the pipe A, 3 inches in diameter. The rule
usually employed is to make the diameter of the lower flare and
upper hood twice the diameter of the pipe. Therefore make the

diameter of s d 6 inches. From s and
d,draw a line at an angle of 45° to inter-
sect the line of the pipe at ¢ and ¢, this
completes B. Measure 2 inches above
the line ¢# ¢ and make » m the same
diameter as s d. Draw the bevel of the
deflector so that the apex will be % inch
above the line 7 ¢ and make the apex
of the hood the same distance above » m
as the lower apex is below it. Then draw
lines as shown which complete C and D.

Fig. 39.

Now with ¢ as a center and radii equal to ¢ ¢ and ¢ d draw the
quarter circles ¢ f and d A respectively, which represent the one-

Fig. 38.

Fig. 40.

quarter pattern for the horizontal ring closing the bottom of the
lower flare. For the pattern for the hood, use ! as a center and
{m as a radius. Now draw the arc m m’. Take the stretchout
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of the quarter circle 1 to 6 on d X, and place twice this amount
on m m’ as shown from 1-6-1. Draw a line from 1 to {. Then
m’ 6 m I, will be the half pattern for the hood. As the deflector
has the same bevel as the hood, the hood pattern will also answer
for the deflector.

When seaming the hood and deflector together as shown at
n, the hood o is double-seamed to the deflector at r, which allows
the water to pass over; for this reason allow a double edge’on
the pattern for the hood as shown, while on the deflector but a
single edge is required. Edges should also be allowed on ¢ d A f.

For the pattern for the lower flare, extend the line d ¢ until it
intersects the center line at j. Then with radii equal to § ¢ and jd
and with y in Fig. 40 as center describe the arcs ¢ ¢’ and dd’.
On one side as d draw a line toj. Then set off on the arc d d’

Fig. 41,
wice the number of spaces contained in d A in Fig. 88 as shown
in Fig, 40, Draw a line from ¢’ to i and allow edges for seaming.
Then d d’ ¢’ § will be the hali pattern for the lower flare.

The braces or supports E and F, Fig. 38, are usually made of
galvanized band [iron bolted or riveted to hood and pipe. The
hood D must be water tight. or the water will leak into the deflector,
from which it will dnp from the apex inside the building.

Elbows. There is no other article in the sheet-metal worker’s
line, of which there are more made in practice than elbows. On this
account rules will be given for constructing the rise of the miter
line in elbows of any size or diameter, also for elbows whose
sections are either oval, square or round, including tapering elbows
Before taking up the method of obtaining the patterns, the rule
will be given for obtaining the rise of the miter line for any size




|
SHEET-METAL WORK 45

or number of pieces. No matter how many pieces an elbow has,
they join together and form an angle of 90°. Thus when we speak
of a two-pieced, .three-pieced, four, five or six-pieced elbow, we '
understand that the right-angled elbow is made up of that number
of pieces. Thus in Fig. 41 is shown a two-pieced elbow placed in |
the quadrant C B, which equals 90° and makes C A B a right :
angle. From A draw the miter line A « at an angle of 45° to the |
base line A B. Then parallel to A B and A O and tangent to the |
quadrant at C and B draw lines to intersect the miter line, as
shown. Knowing the diameter of the pipe as C D or E B draw
lines parallel to the arms of the pipe, as shown. Then CBE D
will be a two-pieced elbow, whose miter line is an angle of 45°.

In a similar manner draw the quadrant B C, Fig. 42, in which
it is desired to draw a three-pieced elbow. Now follow this simple |

rule, which is applicable for any number of pieces: Let the top
piece of the elbow represent 1, also the lower piece 1, and for every
piece between the top and bottom add 2. Thus in a three-pieced
elbow:

Top piece equals 1

Bottom piece equals 1

One piece between 2

Total equals 4

Now divide the quadrant of 90° by 4 which leaves 224°. As
one piece equals 2234°, draw the lower miter line A ¢ at that
angle to the base line A B. Then as the middle piece represents
two by the above rule and equals 45°, add 45 to 22} and draw the
second miter line A &, at an angle of 674° to the base line A B.
Now tangent to the quadrant at C and B draw the vertical and
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horizontal lines shown, until they intersect the miter lines, from
which intersections draw the middle line, which will be tangent to
the quadrant at F. C D and B E show the diameters of the pipe,
which are drawn parallel to the lines of the elbow shown.

Fig. 43 shows a four-pieced elbow, to which the same rule is
applied. Thus the top and bottom piece equals 2 and the two
middle pieces equal 4; total 6. Now divide the quadrant of 90° by
6. -9—2 = 15. Then the first miter line A & will equal 15°, the

second A b 45°, the third A ¢ 75°, and the vertical line A C 90°,

The last example is shown in Fig. 44, which shows a five-
pieced elbow, in which the top and bottom pieces equal 2, the 3
middle pieces 6; total 8. Divide90by8. 0 = 113 Then the
first miter line will equa.l 114°, the second 33%°, the third 564°,and

the fourth 783°. By
using this method an
elbow having any num-
ber of pieces may be
laid out. When draw-
ing these miter lines it
is well to use the pro-
tractor shown in Fig. 45,
which illustrates how to
lay out a three-pieced
elbow. From the center
point A of ‘the protrac-
tor draw lines through
., 45. ' 224°,and 674°. Nowset
off A @, and the diameter of the pipe @ . Draw vertical lines
from @ and b to the miter line at cand d. Lay off similar distances
from A to ¢’ to b’ and draw horizontal lines intersecting the 673°
miter line at ¢’ and d’. Then draw the linesd d’ and ¢ ¢’ to
complete the elbow. In practice, however, it is not necessary to
draw out the entire view of the elbow; all that .is required is the
first miter line, as will be explained in the following problems,
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EXERCISES FOR PRACTICE.
1. Make the diameter of the pipe 1§ inches and the distances
from A to E 1} inches in Figs. 41 to 44 inclusive.
To obtain the pattern for any elbow, using but the first miter

A
Fig. 46.

line, proceed as follows: In Fig. 46 let A and B represent respect-
ively a two- and three-pieced elbow for which patterns are desired.
First draw a section of the elbow as shown at A in Fig. 47 which

Fig. 41,

is a circle 3 inches in diameter; divide the lower half into equal
spaces and number the points of division 1to 7. Now follow the
rule previously given: The top and bottom piece equals 2; then
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for a two-pieced elbow divide 90 by 2. In its proper position below
the section A draw B O D E making E D 45°. From the various
points of intersection in A drop wvertical lines intersecting E D as
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Fig, 48,

shown, In line with B O draw K L upon which place twice the
number of spaces contained in the section A as shown by similar
figures on K L; from these points drop perpendiculars to intersect
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with lines drawn from similar intersections on E D, parallel to K L.
Trace & line through points shown; then KLONM will be
the pattern. To this laps must be allowed for seaming.
Now to obtain the pattern for a three-pieced elbow, follow the
rule. Top and bottom pieces equal 2, one middle piece equals 2;
90

total 4. <= 223. Therefore in line with the section A below

-~ the two-pieced elbow draw F G J H, making H J at an angle of ;
223° to the line H 5. Proceed as above using the same stretchout |
lines; then U P R 8 T will be the desired pattern. It should be '
understood that when the protractor is used for obtaining the angle
as shown in Fig. 45, the heights @ ¢ and b d measured from the
horizontal line form the basis for obtaining the heights of the
middle pieces, inasmuch as they represent one-half the distance;
for that reason the middle pieces count 2 when using the rule.
Therefore, the distances F H and G J (Fig. 47), represent one-half
of the center piece and UT S R P one-half the pattern for the
oenter piece of a three-pieced elbow.

Fig. 48 shows how the patterns are laid into one another, to
prevent waste of metal when cutting. In this example we have a
three-pieced elbow whose section is 2 X 2 inches, It is to be laid
out in a quadrant whose radius is § inches. Use the same
principles for square section as for round; number the corners of
the section 1to4. In line with S £draw D E upon which place
the stretchout of the square section as shown by similar numbers
on D E; from which draw horizontal lines which intersect lines
drawn parallel to D E from the intersections 1’ 2’ and 3’ 4’ in A
in elevation, thus obtaining similar points in the pattern. Then
Al will be the pattern for A in elevation. For the pattern for B
simply take the distance from 2’ toj and place it on the line 4 4’
extended in the pattern on either side as shown by 4’ 4* on both
sides. Now reverse the cut 4’ 2’ 4’ and obtain 4" 2" 4*. By
measurement it will be found that 4’ 47 is twice the length of 2 2
as explained in connection with Figs. 45 and 47. Make the distance
from 1’ to @’ the same as § to @ in O and draw the vertical line
b’ ¥’ intersecting the lines 44” extended on both sides. Then A?, B?,
and C! will be the patterns in one piece minus the edges 1=

o
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seaming which must be allowed between these cuts; this would of
course make the lengths b’ 47,4" 4’ and 4’ 4 as much longer as
the laps would necessitate.

This method of cutting elbows in one piece, from one square
is applicable to either round, oval or square sections.

In Figs. 49 and 50 are shown three-pieced elbows such as are

a

Fig. 49. Fig. 60.

used in furnace-pipe work and are usually made from bright tin.
Note the difference in the position of the sections of the two
elbows. In Fig. 49 a b is in a vertical position, while in Fig. 50 it
is in a horizontal position. In obtaining the patterns the same
rule is employed as in pre-
vious problems, care being
taken when developing the
patterns for Fig. 49 that
the section be placed as in
Fig. 51 at A; and when
developing the patterns for
Fig. 50, that the section be
placed as shown at A in
Fig. 52.

Fig. b3 shows a taper-
ing two-pieced elbow, round in section. The method here shown
is short and while not strictly aocurate, gives good results.
It has been shown in previous problems on Intersections and
Developments that an oblique section through the opposite
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sides of a cone is a true ellipse. Bearing this in mind it is
evident that if the frustum of the cone H I O N, Fig. b4, were
a solid and cut obliquely by the plane J K and the several parts
placed side by side, both would present true ellipses of exactly the
same size, and if the two parts were placed together again turning
the upper piece half-way around as shown by J W M K, the edges

C

Fig. 62.

of the two pieces from J to K would exactly coincide. Taking
advantage of this fact, it is necessary only to ascertain the angle of
the line J K, to produce the required angle, between the two pieces
of the elbow, both of which have an equal flare. The angle of the
miter line, or the line which cuts the cone in two parts, must be
found accurately so that when joined ftogether an elbow will
be formed having the desired
angle on the line of its axis.

Therefore draw any vertical
lineas A B. With Cas a center
describe the plan of the desired
diameter as shown by E D F B.
At right angles to A B draw the
bottom line of the elbow H I
equal to E F, or in this case, 3
inches. Measuring from the line Fig. 53.
HI on the line A B the height of the frustum is 5 inches.
Through X'’ draw the upper diameter O N, 1} inches. Extend the
contour lines of the frustum until they intersect the center line
at L. Divide the half plan E D F into a number of equal parts
as shown; from these points urect lines intersecting the base line
H I from which draw lines to the apex L. As the elbow is to he
in two pieces, and the axis at right angles, draw the angle T RS,
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bisect it at U and draw thelineR V. No matter what the angle of
the elbow, use this method. Now establish the point J at some
oonvenient point on the cone, and from J, parallel to R V,draw the
miter line J K intersecting the radial lines drawn through the oone;
from these points and at right angles to the center line A B draw
lines intersecting the side of the cone J H from 1to 7. If it is

ey L
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Fig. 54

desired to know how the side of the tapering elbow would look,
take a tracing of N O K J, reverse it and place it as shown by
JWMK. -

For the pattern proceed as follows: With L as a center and
L H as a radius describe the arc 1 1. Starting from 1 set off on
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this arc twice the stretchout of 1 4 7 in plan, as shown by similar
figures on 1 1, from which draw radial lines to the apex L. Again
using L as center with radii equal to LN, L1, L2 to L 7, draw arcs
as shown intersecting radial lines having similar numbers. Through
these intersections draw the line J’ L’. Then O’ N’ J’' K’ L’
or A will be the pattern for the upper arm (A) in elevation, and
P’R’T’ X Y or B the pattern for the lower arm (B) in elevation.

Fig. 55.

. The pattern should be developed full size in practice and then
pricked from the paper on to the sheet metal, drawing the two
patterns as far apart as to admit allowing an edge to A at @; also
an edge at b to B for seaming.

When a pattern is to contain more than two pieces the method
of constructing the miter lines in the elevation of the conme is
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slightly different as shown in Fig. 55. Assume the bottom to be
3 inches in diameter and the top 1§ inches. Let the vertical height
be 4 inches. In this problem, as in the preceding, the various
pieces necessary to form the elbow are cut from one cone whose
dimensions must be determined from the dimensions of the required
elbow. The first step is to determine the miter lines, which can
be done the same as if regular pieced elbows were being developed.
As the elbow is to consist of four pieces in 90°, follow the rule

given in connection with elbow drafting. The top and bottom
piece equal 2; the two middle pieces equal 4; total 6. 20 = 16
Lay >ff A B C D according to the dimensions given, and draw the
half plan below D C; divide it into equal parts as shown. From
the points of division erect perpendiculars intersecting D C, from
which draw lines meeting the center line E 4 at F.

IND@
Fig. 56. Fig. 57.

‘We assume that the amount of rise and projection of the elbow
are not specified, excepting that the lines of axis will be at right
angles. Knowing the angle of the miter line, it becomes a matter
of judgment upon the part of the pattern draftsman, what length
shall be given to each of the pieces composing the elbow. Therefor.
establish the points G, I and K, making D G, GI, I K and K A
4, 1%, 4 and 1 inch respectively. From G, I and K draw the hori.
zontal lines G 1”,I11° and K 1x. To each of these lines draw the
lines G H, I J and K L respectively at an angle of 15° intersecting
the radial lines in the cone as shown. From these intersections
draw horizontal lines cutting the side of the cone. Then using F
as a center, obtain the various patterns O, P, R and S in the
manner already explained.
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In Fig. 56 is shown a side view of the elbow, resulting from
preceding operations; while it can be drawn from dimensions
obtained in Fig. 55, it would be impossible to draw it without first
having these dimensions.

In Fig. 57 is shown a perspective view of a tapering square
elbow of square section in two pieces. This elbow may have any
given taper. This problem will be developed by triangulation and
parallel lines; it is an interesting study in projections as well as
in developments. First draw the elevation of the elbow in Fig. 58
making 1-6 equal to 3} inches,the vertical height 1-2, 4} inches,
and 6-5, 24 inches; the projection between 1 and 2 should be
§ inch and between 5 and 6, § inch. Make the horizental distance

from 5 to 4, 2 inches, and the rise at 4 from the honzonta.l line
4 inch, and the vertical distance from 4 to 3, 1§ inches. Then draw
a line from 3 to 2 to complete the elevation.

. In its proper position below the line 1-6, draw the pla.n on
that line, a8 shown by 1’ 1’ 6’ 6’. Through this line draw the
center line AB. As the elbow should have a true taper from 1 to 3
and from 4 to 6, we may develop the patterns for the top and
bottom pieces first and then from these construct the plan. There-
fore, take the distances from 1 to 2 to 3 and from 4 to 6 to 6 in
elevation and place them on the line A B in plan as shown respec-
tively from 1° to 2° to 3° and from 4° to 5° to 6°; through these
points draw vertical lines as shown. While the full developments
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E and D are shown we shall deal with but one-half in the explana-
tion which follows. As the elbow is to have the same taper on
either side, take the half distance of the bottom of the elbow 1-6
and place it as shown from 1°-6° to 1'-6", and the half width of
the top of the elbow 3—4 and place it as shown from 3° to 3’ and 4°
to4". Then draw lines from 3" to 1” intersecting the bend 2° at
2’, and a line from 4’ to 6" intersecting the bend 5° at 5”. Trace
these points on the opposite side of the line A B. Then 1’ 3" a b
will be the pattern for the top of the elbow and 6’ 4" ¢ b the
pattern for the bottom. From these various points of intersection
draw horizontal lines to the plan, and intersect them by lines
drawn from similarly numbered points in the elevation at right
angles to A B in plan. Draw lines through the points thus
PATTERN FOR obtained in plan as shown by1’,2’,3’, 4/,
SioE3 x3 5’ and 6’ which will represent the half plan
view. For the completed plan, trace these
lines opposite the line A B as shown. It
will be noticed that the line 3—4 in eleva-
tion is perpendicular as shown by 3’ 4’
in plan while the points 2’ and 5’ project
from it, showing that the piece 2-3-4-5
Fig. 59. in elevation must be slightly twisted
along the line 5-3 when forming the elbow. Similarly slight
.bends will be required along the lines 1-5 and 5-2.

It will now be necessary to obtain the true lengths or a
diagram of triangles on the lines 1-5, 5-2 and 5-3. Connect similar
numbers in plan as shown from 1’ to 5, 5’ to 2’ and 5’ to 3’, the
last two lines being already shown. From similar points in eleva-
tion draw horizontal lines as shown by 2-A, 3-f, 5—¢ and 6-d.
Take the distances from 1’ to 5’,5’ to 2’ and 5’ to 3’ in plan and
place them on one of the lines having a similar number in eleva-
tion, as shown respectively by 1= 5x, 5% 2* and 5% 3*. From the
points marked 5% draw vertical lines intersecting the horizontal
line drawn from 5 at 5v, 5 and 5P respectively. Now draw the true
lengths 1* 5v, 2% 5%, and 3*6P. For the pattern draw any line as
1-6 in Fig. 59 equal to 1-6 in Fig. 58. Now with 6’ 5" in D as a
radius and 6 in Fig. b9 as a center, describe the arc § which is
intersected by an arc struck from 1 as & center and the true length




SHEET-METAL WORK 87

1* §v in Fig. 68 as radius. Then using the true length 5t 2= as
radius and 5 in Fig. 59 as center, describe the arc 2, which is
intersected by an arc struck from 1 as center and 1’ 2 in E in
Fig. 58 as radius. Using the true length &” 3= as radius and 5 in
Fig. 69 as center, describe the arc 3, and intersect it by an arc
struck from 2 as center and 2’ 3” in E in Fig. 58 as a radius. Now
with 57 4’ in D as a radius and 5 in Fig. 59 as a center, describe
tht arc 4, and intersect it by an arc struck from 3 as center and
3-4 in the elevation in Fig. 68 as a radius. Draw lines from point
to point in Fig. 59 to complete the patiern. Laps should be
allowed on all patterns, for seaming. Slight bends will take place
as shown on the pattern, also as is shown by « 5 and ¢ in Fig. 57
If the joint is to be on the line 2-5 in elevation in Fig. 58, the
necessary pieces can be joined together.
In Fig. 60 is shown a perspective view of a five-piece tapering
elbow, having a round base and an elliptical top This form is
‘ generally known as a ship ventilator.
The principles shown in this problem
are applicable to any form or shape no
matter what the respective profiles may
be at the base or top. The first step is
to draw a correct side view of the elbow
as shown in Fig. 61. The outline A
BCDEF can be drawn at pleasure,
/, but for practice, dimensions are given
“““\l\. First draw the vertical line A F
‘ equal to 4% inches. On the same
line extend measure down 1} inches to
Jf and draw the horizontal line H B. From fset off a distance of
13 inches &t (&, and using G as a center and G F as a radius
describe the arc F' E intersecting H B at E, from which draw the
vertical line E D equal to 1 inch. Draw D C equal to 11 inches,
then draw C B. From B lay off 53 inches, and using this point (H)
as a center and H B as a radius describe the arc BA. The portion
shown B E D C is a straight piece of pipe whose section is shown
oy IJ K L. Now divide the two arcs B A and E F into the same
number of parts that the elbow is to have pieces (in this case four)
and draw the lines of joint or miter lines as shown by U V, etec.
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Bisect each one of the joint lines and obtain the points @ 4 ¢ d and e.
Then A B C D E F will be the side view.

The patterns will be developed by triangulation, but before
this can be done, true sections must be obtained on all of the lines
in side elevation. The true sections on the lines B E and C D are
shown by I J K L. The length of the sections are shown by the
joint lines, but the width must be obtained from a front outline of
the elbow, which is constructed as follows: In its proper relation
to the side elevation, draw the center line M R upon which draw

-st—R__Iy
FRONT OUTLINE

: VSIDE ELEVATION

L
Fig. 61.

the ellipspe M N O P (by methods already given in Mechanical
Drawing) which represents the section on A F in side. Take half
the diameter I K in section and place it on either side of the center
lineMRas R Tor RS. Then draw the outline O Sand TN in
a convenient location. While this line is drawn at will, it should
be understood that when once drawn, it becomes a fixed line. Now
from the various intersections @ 4 ¢ d and ¢ in the side elevation,
draw lines through and intersecting the front outline as shown on
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one side by O, ¥’ ¢’, &’ and ¢’. Then these distances will repre-
sent the widths of the sections shown by similar letters in side.
For example, the method will be shown for obtammg the true
section on U V, and the pattern for piece 1 in side Ju
elevation. To avoid a confusion of lines take a /
tracing of A F V U and place it as shown by1, = |-
13,12, 0 in Fig. 62. On 1-13 place the half profile
M N P of Fig. 61. Bisect O-12 in Fig. 62 and )
obtain the point 6; at a right angle to O-12from 6
draw the line 6 6’ equal to ' 5" in front outline in ’o‘.'_— *
\
o
]

Fig. 61. Then through the three points O, 6' and
12 in Fig. 62, draw the semi-ellipse, which will
represent the half section on UV, The other

Fig. 63,

Fig. 62. ¢

- \
sections on the joint lines in side elevation are \
obtained in the same manner. \
If the sections were required for piece 2 in = 1t
side it would be necessary to use only O 6’ 12 in ]
Fig. 62 and place it on U V in Fig. 61, and on a !
perpendicular line erected from ¢, place the width !
¢’ ¢' shown in front and through the three points U—i
obtained again draw the semi-elliptical profile or \
section. Now divide the two half sections (Fig. 62) \
into equal parts as shown by thesmall figures, from \
which at right angles to 1-13 and O-12 draw lines
intersecting these base lines from 1-13. Connect opposite points
as1to2to3to4tob,etc,to12. Then these lines will represent
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\

the bases of sections whose altitudes are equal to the heights in
the half section. For these heights proceed as follows:

Take the various lengths from 1 to 2, 2 to 3, 3 to 4, 4 to 5, etc.,
to 11 to 12 and place them on the horizontal line in Fig. 63 as
shown by similar figures; from these points erect vertical lines
equal in height to similar figures, in the half section in Fig. 62 as
shown by similar figures in Fig. 63. For example: Take the dis-
tance from 7 to 8 in Fig. 62 and place it as shown from 7 to 8 in
Fig. 63 and erect vertical lines 7-7', and 8-8' equal to 7-7' and
8-8'in Fig.62. Draw a line from 7' to 8 in Fig. 63 which is the
true length on 7-8 in Fig. 62. For the pattern take the distance of
1-O and place it as shown by 1-O in Fig. 64. Now using O as a
center and O 2' in Fig. 62 as a radius, describe the arc 2 in Fig. 64

PATTERN
PiECE L For

O —————

Fig. 64.

and intersect it by an arc struck from 1 as a center with 1-2' in
Fig. 63 as a radius. Now with 1-3’ in Fig. 62 as a radiusand 1in
Fig. 64 as a center, describe the arc 3, and intersect it by an arc
struck from 2 as center and 2'-3' in F'ig. 63 as a radius. Proceed
thus, using alternately as radii, first the divisions in O—6'-12 in
Fig. 62, then the proper line in Fig. 63, the divisions in 1-7'-13 in
Fig. 62 and again the proper line in Fig. 63, until the line 12-13
in Fig. 64 is obtained, which equals 12-13 in Fig. 62. In this
manner all of the sections are obtained, to which laps must be
allowed for wiring and seaming.
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TABLES.
The following tables will be found convenient for the Sheet-Metal Worker:

TABLES PAGE.
Weight of Cast Iron, Wrought Iron, Copper, Lead, Brass and Zinec..... 62
Sheet Copper........cvieeeeieieeieirrsecanssssansnans ereesesceneaas 3
Bheet Zinc........coitiiieiieiiierineetereressostearesnenscacsnaneens 64
Standard Gauge for Sheet Iron and Steel............ccoeveeiennienn... 65
Weights of Flat Rolled Iron...... N 66-71
8quare and Round Iron Bars............... e i 72-73
Angles and Tees......coo0eneaen-n .. e e i iedeeiseesiieeea, 4
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WEIGHT OF A SQUARE FOOT OF CAST AND WROUGHT IRON, COPPER, LEAD, BRASS AND ZINC.

FROM 115 INCH TO ONE INCH IN THICKNESS.

SHEET-METAL WORK

¢ | g388R-IAE

g Ex8. ol Eed.

i | AevognsaHigas

3 | 48858%38a088880:E

PEONRARKRBRIITOES

§ | 222E883385588888,
g | HEC O AERRRREIRGLS
g
;| 458EsE5EsEtERASEY
g | PeergnanRNRRRNRES
3
%
g | g 3828REYEAES338ER
§ | RoYeodigedRRRKRERE
[¢]

THICKNESS.

Nore.—The wrought iron and the copper weights are those of hard-rolled plates.




I E——————..
SHEET-METAL WORK 63

SHEET COPPER. ]
Official table adopted by the Association of Copper Manufacturers of
the United States. Rolled copper has specific gravity of 8.93. One cubic
foot weighs 558.125 pounds. One square foot, one inch thick, weighs 46.61

pounds. .
®

= f. 0« 4 4 & 4 4
;2 54 . %8 2% 29 ag ag
[ F . I 8 8 13
T -1 1 I L )
82 g2 & 32 %2 af & 32
w8 £° ¢ =23 238 238 2

25 eH i §% 8% i &% %
#ne & & &8s as aB aE &B
g5........00087 4 110 2 812 45 @
83..c0ae. ] 1. 8 68 6.76 9
81....... 0107 8 2,83 4 6.25 9 12
29,0000, 0134 10 291 & 781 1125 18
27..... .. 0161 12 8.60 [ 9.37 13.60 18
26....... 0188 4 4.33 7 10.93 15.70 21
24....... 0215 (] 4. 8 12.60 18 24
28.....50. 0242 18 5.25 9 1406 20.26 27
22....... 0269 20 5.83 10 15.62 22.50 30
21....... 0322 24 T 12 18.76 27 36
19....... 0430 32 9.33 16 86 48
18....... 0538 40 11.66 20 8125 45 80
16....... 0645 48 4 24 87.60 54 72
15000000 04 56 1833 28 4375 68 84
14.. . 0860 64 18.66 32 80 72 96
18 005 170 85 55 k¢ 108
12.... 81 40& a3 91 122
1. 89 ... 44 70 100 134
10. 100 50 78 112 150
9.uits 10 .... 55 '8 124 165
8. 123 N 61 96 138 184
1. 134 PN 67 105 161 201
6.. 151 P 751, 118 170 227
5.. 164 cecs 82 128 184 246
4. 00000 177 8814 138 109 266
8oevenes 259 193 96 151 217 289
2.0000.. 284 211 eees 105 1656 238 817
looeeeee 223 eees 111 174 251 835
0.0, 340 268 ..., 126 98 285 M0
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UNITED STATES STANDARD GAUGE FOR SHEET AND PLATE

IRON AND STEEL
COPY [Public—No. 187]
An act establishing a standard gauge for sheet and plate iron and steel.

Be it enacted 8y the Senate and House of . Re(mmtaﬁw.r of the United States of America
in_Congress assembled, That for the purpose of securing uniformity the following is estab-
lished as the only standard gauge for sheet and plate iron and steel in the United States of
America, namely:

THICKNESS WEIGHT
N‘&?,;: of Approximate | Approximate | Weight rpm' Weight per N‘E’;g;‘; of

thickness in | thickness in square foot square foot

fractions of | decimal parts in OUNCES in POUNDS

an inch of an inch avoirdupois avoirdupois
0000000 1-2 5 320 20. . 0000000
000000 15-32 46875 800 18.75 000000
00000 7-16 4375 280 17.5 00000
. 0000 13-82 40623 260 16.25 0000
000 3-8 375 240 15. 000
00 11-82 34375 220 13.75 00
0 5-16 3125 200 2.5 0
1 9-32 .2812% 180 11.25 1
2 17-84 .265625 170 10.625 2
3 14 .25 160 10. 3
4 15-64 234375 160 - 9.375 4
5 7-32 .21875 140 8.75 5
[} 208125 130 8.125 [
7 3-16 1875 1.5 7
8 11-64 171875 110 6.875 8
9 5-32 15625 100 6.25 9
10 9-64 .140625 90 5.625 10
1 1-8 A2 80 5. 11
12 7-64 .109375 70 4.375 12
13 3-82 09375 60 8.75 13
u 5-64 078125 50 3.12% u
13 0703125 45 2.8125 1B
18 1-18 40 2.5 18
17 9-160 05628 38 2.2 17
18 1-20 05 32 2. 18
19 7-160 043 28 1.7 19
20 3-80 0376 24 15 20
21 11-320 K 22 1.375 21
22 1-82 03125 20 1.25 22
23 $-820 028125 18 1.125 23
%4 1-40 .025 18 1. %
25 7-820 021875 4 875 25
28 3-160 01875 12 .75 26
27 11-640 0171875 11 27
28 1-64 015625 10 625 28
29 9-840 0140825 9 5625 29
30 1-80 0125 8 S5 30
81 7-840 0100375 1 A8T5 31
82 13-1280 01015625 (371 40625 82
33 K 5 375 3
84 11-1280 00859375 5% 84375 U
35 5-640 0078125 3125 35
38 1280 00703125 4% 25 36
87 17-2560 K 4Y% . 37
38 1-160 100825 4 25 38

And on and after July first, eighteen hundred and ninety-three, the same and no other
shall be used in determining duties and taxes levied by the United States of America on sheet
and lplate iron and steel. Bat this act shall not be construed to increase duties upon any
articles which may be imported.

SEC. 2. That the Secretary of the Treasury is authorized and required to prepare suitable
standards in accordance herewith,

Sec. 8. That in the fractical use and application of the standard gauge hereby estab-
Mshed a variation of two and one-half per cent either way may be allowed.

Approved, March 8, 1863,
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WEIGHTS OF FLAT ROLLED IRON PER LINEAR POOT.
Iron weéighing 480 pounds per cubic foot.
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WEIGHTS OF FLAT ROLLED IRON PER LINEAR FROOT.
(Continued)

glh—l M| gn | 811 836 33¢"| 4n |axgr| asgr|axgr| 13w -
a5l | o el ssel seol essl 9e0] 2.0
- 11251185 | 146 | 166 | 1.67 | 1.77 | 1.88 | 1.98 | 5.00
1.88 | 2.08 | 2.19 | 2.34 | 2.60 |-2.66 | 2.81 | 2.97 {. zm
250 | 271 | 202 | 8.18 | 8.33 | 8.54 | 8.75 | 8.96 | 10.00
8.18 | 8.90 | 8.65 | 8.91 [ 4.17 [ 443 [ 4.69 | 4.95 | 1250
3.75 | 4.00 | 4.88 | 4.69 | 5.00 | 5.31 | 5.68 | 594 | 16.00
. 498 [ 4.74 | 5.10 6.20 | 6.56 | 6.98 | 17.60
5.00 | 542 | 588 7.08 | 7.50 | 7.92 | 20.00
v | 568609658 797 [ 844 891 | 2250
§} |62 ]677|729 885 | 9.38 | 9.90 | £5.00
4 |688| 745802 9.74 110.31 110.89 | 27.60
4§ 750|813 |87 10.63 (11.25 [11.88 | 80.00
, 818 (880 | 948 11.51 12.19 |12.88 | 82.60
? 8.75 | 948 10.21 12.40 118.18 1
| 938 [10.16 (10.94 18.28 114.08
1 10,00 110.88 |11.67 14.17 (16.00
b 10.68 |11.51 [12.40 15.05 (15.94
1 11.25 (12.19 (13.18 16.94 |16.88
14 [11.88 |12.86 |13.85 16.82 117.81
1 12.50 [18.54 |14.68 12.71 [18.75
1 18.18 [14.22 |15.31 18.59 (19.69
1 18.75 (14.90 (16.04 19.48 120.68
1 14.38 (15.67 [16.77 .86 21.56
14 [16.00 |16.25 |17.60 25 (22,50
1 5.3 16,08 18.23 22.14 [28:44
1 6.25 (17.60 |18.96 23.02 124.88
14} [16.83 |18.28 [19.69 |21  128.91' [25.81
13 [1750 |18.98 24.79 [26.25
1 18.18 [19.84 [21.16 125.68 [27.19
-1 18.75 [20.31 21.88 26.56 (28.13
1344 19.88 [20.99 [22.60 27.45 29.06
T pow pter pa 2833 (30.00
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WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT.

(Continued)

i?‘mxl 5” 5%” 5}‘" 5%” 6” e%” 6 " e%/l 12/'
1.04] 1.09| 1.15| 120 1.25] 1.80| 1.35| 1.41] 250
2.08] 2.19]| 229 240 250| 2.60| 2.71| 2.81| 5.00
8.187 8.28| 8.44| 8.59| 8.75| 8.81| 4.06| 4.22| 750
| 4.17| 4.8 4.68| 4.79| 5.00| 5.21| 542 5.63 | 10.00
Yc | 521| b47( 5.73| 599 625 6.51| 6.77| 7.08| 12.50
625] 6566 6.88| 7.19| 7.50( 7.81| 8.13| 8.44]15.00

720 7.66| 8,02| 889| 875| 0.11| 948( 0.84 | 1750
833 8.75| 9.17| 9.6810.00 | 10.42 { 10.83 | 11.25 | 20.00
0.38] 0.84|10.81 |10.78 | 11.25 [11.72 [ 12.10 | 12.66.| 2260
104211094 [ 11,46 111.98 | 12.60 | 13,08 | 13.564 | 14.06 | 25.00
¢ [11.46(12.08(12.6018.18 |13.75 | 14.82 | 14.90 | 15.47 | 27.50
$ 12.50 | 13.13 | 18.75 | 14.88 | 15,00 | 16.63 | 16.25 | 16.88 | 30.00
?' 1854 (14.22114.90 | 16.57 [ 1625 16,93 | 17.60 | 18.28 | 82.50
" 114.5816.81 (16.04 { 16.77 [ 17.50 | 18.28 | 18.98 | 19.69 | 85.00
4 115,63 {1641 |17.19(17.97(18.75 [ 19.58 | 20.81 | 21.09 | 87.60
i 16.67 {17.50 | 18.33 | 19.17 | 20.00 | 20.88 | 21.87 | 22.50 | 40.00
14 [17.71[1859 |19.48 | 20.86 | 21.95 | 22/14 | 23.02 | 23.91 | 42.50
1 ‘!‘ 18.75 | 19.69 | 20.63 | 21.56 22.50 | 23.44 | 24.88 | 25.31 | 45.00
1 10.79 120.78 | 21.77 | 22.76 | 23.7b | 24.74 | 25.73 | 26.72 | 47.60
11 12083 (21.88 | 20,92 |28.96 [ 25.0 | 26.04 | 27.08 | 28.13 | 50.00
15 |21.88(22.07 | 24.06 |25.16 | 26.95 | 27.94 | 28.44 | 29.53 | 52.60
1 ‘;' 22.92 [ 24.08 | 25.21 | 26.85 | 27.50 | 28.65 | 29.79 | 80.94 | 556.00
175 |23.96 |25.16 | 26.85 | 27.55 | 28.75 [ 29.95 | 81.15 | 82.84 | 57.50
14 125.00 [26.25 | 27.50 | 28.75 | 30.00 | 81.25 | 82.50 | 83.75 | 60.00:
1/ [26.04 |27.84 | 28.85 [20.95 . 91.25 | 82.55 | 38.85 | 85.16 | 62.50
13 27.08 | 28.44 | 20.79 | 81.15| 82.60 | 33.85 | 85.21 | 36.56 | 65.00
144 128.18129.53 | 80.94 | 82.34 | 38.75 [85.16 | 86.56 | 87.97 | 67.50
11 |20.17|80.63 | 82.08 | 33,54  85.00 | 36.46 | 87.92 | 89.83 | 70.00
133 |80.2181.72|83.23 '84.74 | 86.25 | 37.76 [ 89.27 | 40.78 | 72.50
1§ 81.25 | 82.81 | 34.38 ; 85.94 | 87.50 | 39.06 | 40.63 | 42.19 | 75.00
14§ 182.20183.91 | 85.52 {87.14 | 88.75 ['40.96 | 41.98 | 43.59 | 77.50
) 33.33 | 85.00 | 86.67 L38_.33 40.00 | 41.67 | 43.38 | 45.00 | 80.00
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WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT.

(Continued)

SaEmre— = em——R
m qr 174" 756" 7K 87 |8%"] 8% 8%"] 1£

146 1.51] 1.56] 1.61| 1.67] 1.78] 1.77] 1.82
. | 298| 802 8.18) 328) 838| 844 854 8.65| 5.00
4.38] 458| 4.69| 4.84] 5.00| 5.16| 531| 547| 7.50
588| 6.04] 646| 6.67| 6:88| 7.08| 7201 10.00
720| 785| 781 8.07] 838 859| 885| 9.1 | 1250
875 9.06| 9.38| 9.69]10.00 |10.81|10.63|10.04 | 15.00
102171057 | 10.94 | 11.80 | 11.67 | 12.08 1276 | 1750
11.67 | 18.08 12.92 |18.38 | 18.75 | 14.17 | 1458 | 20.00
. [18.18 1859 | 14.06| 14.58 | 15.00 | 15.47 [ 15.94 | 16.41 | 22.50
14.58 | 15.10 | 15.68 | 16.15 | 16.67 | 17.19 | 17.71 | 1823 | 25.00
16.04 | 16.61 | 17.19|17.76 | 18.33 | 18.91 {10.48 | 20.05 | 27.50
17.50 | 18.18 | 18.75 | 19.88 [ 20.00 | 20.68 | 21.25 | 21.83 | 80.00

| 18.96 [ 10.64 | 20.81 | 20.99 [21.67 | 22.84 | 23.02 | 23.70
‘¥ |2042|21.15)|21.38 22,60 | £3.38 | 24.06 |24.79 | 25.52 | 85.00
21.83 | 23.66 | 23.44 | 24.28 | 25.00 | 25.78 | 26.56 | 27.34 | 87.50
1" |2838|24.17(25.00 £5.88 | 26.67 {27.50 | 23.38| 20.17 | 40.00
14 |24.79[25.63| 2656|3745 | 28.88 | 29.22 80.10| 80.99 | 4250
13 |2625]27.19|28.1329.06 | 80.00 | 30.94 | 81.88 | 82.81 | 45.00
14 127.71(28.70 | £9.69 | 80.63 | 81.67 | 82.66 | 83.65 | 84.64 | 47.50
13 (20473021 |81.25|33.20 | 83.33 | 84.33 | 35.42 | 3646 | 50.00
15 |30.63 (8173|8281 [88.91 &w 86.00 | 87.10 | 83.28 | 52.50
: 11' 82,08 | 83.23 | 84.88 | 85.53 | 38.67 | 87.81 | 88.96 | 40.10 | 55.00
15 |8854|84.74 | 85.94 | 87.14 | 88.33 | 30.58 | 40.73 | 41.08 | 5750
14 |85.00|86.25|87.50 | 83.75 | 40.00 | 41.25 | 42.50 | 43.75 | 60.00
15 |96.46|87.76|89.06| 40.96 | 41.67 | 43.97 | 4427 | 4557 | 6250
1} [87.92)90.27(40.68 ) 41.98 [ 43.33 | 44.60 | 46.04 | 47.40 | 65.00
133 [90.3840.78 | 42.19 | 48.59 | 45.00 | 48.41 | 47.81 | 4922 | 67.50
13 (40884229 43.75 | 45.81 | 46.67 | 48.18 | 49.58 | 51.04 | 70.00

133 [42.29]48.80|45.91 | 46.82 | 48.33 [49.84 | 51.85 | 53.86
17 |[48.75|4b:31 | 46.88 | 48.44 | 50.00 { 51.56 | 63.18 | 54.69 | 75.00
14§ |452146.82 | 48.44 | 50.06 | 51.67 | 53.28 | 54.90 | 56.51 | 77.60
3 4667 50.00 | 51.67 | 53.38 | 55.00 | 6.67 | 58.38 | 80.00.




SHEET-METAL WORK '

WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT
(Continued)
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2.08| 2.14] 2.19| 224 | 250

625 641| 656( 672| 750
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10.16 | 10.42 1 10.68 | 10.94 { 11.20 | 1250
12.19 1 12.50 | 12.81  13.18 | 18.44 | 15.00

15.00 | 15.42 | 15.83 [16.25 | 16.67 | 17,08 | 17,50 | 17.92 | 20.00
16,88 | 17.84 | 17.81 [ 1828 | 18.75 | 19.22 | 10.69 | 20.18 | 22.50
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SHEET-METAL WORK

WEIGHTS OF FLAT ROLLED IRON PER LINEAR FOOT.
(Concluded) '
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SHEET-METAL WORK

SQUARE AND ROUND IRON BARS.

Tidoess | Weightof | Weightof | Areacf traol | Giroumfuremce
o Dismetar (iln- Br | [(Jdr | OBr | £ OB
1a Inchen, | 0neToot long | One Foot leng. | in sy; inchen, | in oq, inches. | ininches.
(]
e 013 010 0031 .19063
052 041 0156 0123 3027
,i, A17 | . 0363 | 0276 | .5890
.208 1e4 0625 0491 7854
,t, 326 266 0977 0767 9817
469 .368 .1408 .1104 | 1.1781
,g, 638 501 1914 1603 | 1.3744
.833 .664 2500 .19063 | 1.5708
1.085 .828 3164 2485 | 1.7671
1.303 | 1.023 .3906 3068 | 1.9635
{1 1.576 | 1.287 4727 3712 | 2.1598
3 1.876 | 1473 .5625 4418 | 2.3562
3 2.201 | 1.728 .6602 5185 | 2.56526
2.652 | 2.004 .7656 6018 | 2.7489
Y] 2.930 | 2.301 .8789 6908 | 2.9452
1 3.333 | 2.618 | 1.0000 7854 | 8.1416
T 3.763 | 2.956 | 1.1289 .8866 | 3.3379
4.219 | 38.313 | 1.2656 9840 | 38.56343
,t, 4701 | 38.692 | 1.4102 | 1.1075 | 8.7306
5.208 | 4.001 1.5625 | 1.2272 | 3.9270
5.742 | 4.510 | 1.7227 | 1.3530 | 4.1233
6.302 | 4.050 | 1.8008 | 1.4849 | 4.3197
-}, 6.888 | 5.410 | 2.0864 | 1.6230 | 4.5160
7.500 | 5.890 | 2.2500 | 1.7671 | 4.7124
8.138 | 6.392 | 2.4414 | 1.0175 | 4.9087
8.802 | 6.913 | 2.6408 | 2.0739 | 5.1051
H 9.492 | 7.4556 | 2.8477 | 2.2365 | 5.3014
| 10.21 8.018 | 3.0625 | 2.4053 | 5.4978
1 10.85 8.601 | 3.2852 | 2.5802 | 5.6941
1 11.72 0.204 | 3.5166 | 2.7612 | 5.89058
1% 12.51 0.828 | 3.7539 : 6.0868
3 13.33 10.47 4.0000| 3.1416| 6.2832
14.18 11.14 4.2538( 8.83410| 6.47956
15.08 11.82 4.5156| 3.56466| 6.6759
15.956 12.63 4.7852| 8.7583 .8723
16.88 | 138.25 5.0825| 3.9761| 7.06868
17.83 14.00 5.3477| 4.2000| 7.2649
18.80 14.77 5.6406| 4.4301.| 7.4613
19.80 | 15.56 5.9414| 4.6664| -7.6576
20.83 16.36 6.2500( 4.8087| 7.8540
21.89 17.19 6.5664| 5.1572| 8.0503
: 22.97 18.04 6.8006| 5.4119| 8.2467
2408 | 18.91 7.2227| 5.6727| 8.4430




sHEET-METAL WORK

SQuUARE AND ROUND IRON BARS.

(Concluded)
r;hhm: t of Weight of Area of Area of Circumference
o Diameter Bar O Bar ] Bar OB | o2 Q Bar
in Inches. | One Foot long, | One Poot long, | in sq. inches, | in sq, inches, | in inches,
3 25.21 19.80 7.5625| 5.9396| 8.6394
26.37 20.71 7.9102| 6.2126| 8.8367
27.66 21.64 8.2656| 6.4918| 9.0321
3 28,76 | 22.59 8.6289| 6.7771| 9.2284
8 .00 | 23.66 9.0000| 7.0886{ 9.4248
v 31.26 24..66 0.3789| 7.3662| 9.6211
32.66 25.67 0.7666| 7.6699| 9.8175
}‘ 33.87 26.60 | 10.160 | 7.9798| 10.014
‘t‘ 36.21 27.65 | 10.5663 8.2958 | 10.210
36.568 28,73 | 10.973 8.6179 | 10.407
87.97 20.82 | 11.391 8.9462 | 10.603
39.39 30.94 | 11.816 9.2806 | 10.799
3‘ 40.83 32.07 | 12.260 | 9.6211 | 10.996
42.30 33.33 | 12.601 9.9678 | 11.182
§ 43.80 34.40 |13.141 |10.321 | 11.388
# 45.33 35.60 | 18.698 | 10.680 | 11.5856
3 46.88 36.82 | 14.063 | 11. 11.781
? 48.45 38.06 | 14.535 |{11.41 11.877
50.06 389.31 | 15.016 |11.703 | 12.174
13 51.68 40.69 ] 15.504 |12.177 |.12.8370
4 53.33 | 41.89 18.000 | 12.5666 | 12.566
v 55.01 | 43.21 18.604 | 12.062 | 12.763
56.73 | 44.66 17.016 | 13.364 | 12.859
,t 58.45 | 45.91 17.636 | 13.772 | 13.166
60.21 | 47.29 18.063 | 14.186 | 13.352
,i- 61.99 | 48.69 18.598 | 14.607 | 13.548
63.80 | 50.11 19.141 | 15.033 | 138.744
,t, 65.64 | b51.66 19.691 | 15.466 | 13.941
67.50 | 53.01 20.250 | 15.904 | 14.187
69.39 | 54.60 | 20.816 | 16.349 | 14.334
$ 7130 | 66.00 | 21.891 | 16.800 } 14.5630
14 7824 | 57.62 | 21.973 | 17.267 | 14.726
75.21 | 659.07 | 22.5663 | 17.721 | 14.923
77.20 | 80.63 28.160 | 18.190 | 15.119
7922 6222 | 23.766 | 18.6656 | 15.315
81.26 | 63.82 24.379 | 190.147 | 15.512
5 83.83 | 65.45 25.000 { 19.635 | 15.708
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ANGLE IRON.

Weight Per Linear Foot.
§ 26 =%..cco0c0eeen 24 Lbs. 2 x2 X¥.ieieireorann. 8¢ Lon
8 28 xd.cieeennenn.. 1614 « 14 213 x M.ceeeeincnnnes 2% -
t 24 x¥%.oioinennnn. 121 « IE78 BEE B, 3 -
LIV 2374 B SR 9 =~ 121 X fyeeencenninn 13§ °
3 28 x3 ..ccovvvenee 7T - 1 21 x¥.eiieiennecens 1
B2 x . 5 « Yx Hxleeieeeionenan. % °
W2 XY ceevennnnnn. 44 -

TEE IRON.

Weight Per Linear Foot.
6 28 x5%............. 30 Lbs. P20 3178 B 7 (T, 4 Lim
T x6 x5....0000000e 80 « 2 X2 X¥iiiieriennens 8% *
6 x8 x¥.....ci0n0en 1616 “ 1 1% 2 ievereeneaea 8 °
¢ x4 xX¥.iiiiieniens 14 - 121X Yeeereranennns 2% °
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SHEET METAL WORK.

PART II.

PROBLETS FOR LIGHT GAUGE TIETAL.

It is often the case that the sheet
metal worker receives plans for
vent, heat, or blower pipes to be
constructed, in which the true
lengths and angles are not shown
but must be obtained from the
plans or measurements at the
building.

Figs. 65 and 66 show the prin-
ciples employed for obtaining the
true angles and lengths in oblique
piping, itbeing immaterial whether
the piping is round, square, or oval
in section. The only safe way in
obtaining these angles is to use the
centerline as a basis and after this
line has been obtained, build the
pipearound it, so tospeak. In Fig.
65 let A B C represent the eleva-
tion of the elbow shown in plan by
D E. Through the center of the
pipes draw the center line abcd
which intersect the center lines of
the pipe in plan at ¢ and /. Inele-
vation the rise of the middle piece
B on the center line is equal to 4 ¢
and projects to the right a distance
equal to b A, shown in plan bye f}
this same pipe projects forward in
plan a distance equal to¢ . While the miter lines in elevationi j

Fig. 65,
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- and &7 have been drawn straight, they would in reality show curved
lines; those lines have not been projected as there is no necessity
for doing so.

With the various heights and projections in plan and eleva-
tion the true length and true angles are obtained as shown in Fig.

A /A

_____________

TRUE LENGTH AND
ANGLES

Fig. 66. /

66, in which draw the horizontal line ¢ f equal to ¢ #in plan in
Fig. 66. Take the height from % to ¢ and place it from £ to ¢ in
Fig. 66 on a vertical line erected from f. Draw a line from ¢ to
¢ which is the true length on the center line of the pipe shown by
B in elevation in Fig. 66. From the points ¢ and ¢ in Fig. 66
draw perpendicular lines, making Y ¢ X and X ¢ Z = the true angles

shown by ¢ b X and X ¢ d respectively in Fig. 66. On either '

gide of the center line in Fig. 66 lay off the half diameter of the
pipe as shown, and in its proper position draw the profile W.
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Divide this into equal spaces and obtain the pattern A B D E C
in the usual manner. As both angles are similar the miter cut
C E D can be used for all of the patterns. In drawing this prob.-
lem for practice make the diameter of the pipe 2 inches, the height
from A to ¢ 3% inches in Fig. 65, the projection b to % 8% inches,
and the projection in plan ¢ to @ 6 inches.

Our next problem is that of a rain-water cut-off, a perspectlve
view of which is shown in Fig. 67. While the miter cuts in this prob-
lem are similar to elbow work the intersection between the two
beveled arms, and the cut-off or slide on the inside require atten-
tion. Make the diameter of the
three openings each 2 inches; A
to B (Fig.68) 14 inches. From
B at an angle of 45°draw B C 3}
inches and C D 2 inches. From
G draw the vertical miter line
G A. Make thedistance from B
to T § inch. Place the line d ¢
of the cut-off § inch above the
line T U as indicated at @ and
the line ¢ ¢ to the right of 4 G, as
indicated by &, a distance of 3
inch. Parallel to G H draw ¢ d . Wig. 67.
giving slight play room between
G H, intersecting ¢ d and ¢ c at @ and c respectively. From eat right
angles to d ¢, draw a line as shown, intersecting 4 G at f, which is
the pivot on which the cut-off ¢ & ¢ will turn either right or left.
The angles of the pipes on opposite sides are constructed in similar
manner; ABCDEF G HIJ K LM will be the elevation, N,
the section on A M and O P R S the section on IJ. BTUL
shows how far the upper tube projects into the body under which
the scoop ¢ & ¢ turns right and left to throw the ;‘ain water into
either elbow as desired. The pattern for the upper piece AT UM
is a straight piece of metal whose circumference is equal to N.

For the pattern for (A), divide the half section O P R into
equal spaces as shown, from which erect lines intersecting the miter
line H K as shown, and from which, parallel to K L and R «, draw
lines intersecting the joint lines G 4 L as shown. As none of the
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lines just drawn intersect the corner A, it will be necessary to ob.
tain this point on the half section O P R from which the stretch-
out of the pattern is taken. Therefore from A, parallel to L K
draw % A’ intersecting H K at /', from which, parallel to K J, drop
a line intersecting the profile O P R S at A”. At right angles to
L K draw stretchout of O P R 8 as shown by similar numbers on
T U, through which at right angles to T' U draw lines which are
intersected by lines drawn at right angles to L K from similar in-

tersections on G 4 L and H K. A line traced through points thus
obtained as shown by X Y Z V W will be the pattern for (A).
From £ in the elevation at right angles to L K project a line inter-
secting the miter cut XY Z at /" and /. At " and /" holes are
to be punched in which the pivot f of the scoop ¢'d ¢ in elevation
will turn.

While the pattern for (B) can be obtained as that for (A) was
obtained, a short method is to take the distance K to J and place
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it as shown from W to J' and V to J? on the lines of the pattern
XWandZV respectively extended. W V J* J' will be the pat-
tern for B.

To avoid a confusion of lines in the development of the scoop
or cut-off ¢ d ¢, this has been shown in Fig. 69 in which dec is a
reproduction of d ¢ ¢ in Fig. 68. A true section of the scoop must
now be drawn on z ¢ in Fig. 69 so that its dimensions will allow
it to turn easily inside of the joint line G 4 in elevation in F ig.
68. Therefore draw any horizontal line as 4 5 in Fig. 69, at right
angles to which from /' draw a vertical line intersecting 4 5 at f.
Now take a distance % inch less
than one-half the diameter of O R
in Fig. 68, and place it in Fig. 69
on either side of the line 4 5 on the
vertical line just drawn as shown
from f to 2 and fto 2. Extend
d ctill it intersects 4 5at 4. Draw a
line from 4 to 2'; by bisecting this
line we obtain the line @ & intersect-
ing4 5 at 2. Then with ¢ as center
and ¢ 2’as radius, describe the are 2’ 2.
From 2 and 2’ draw horizontal lines equal to /e as shown by 2 1
and 2' 1'. Then will 1 4 1’ be the true section on @ ¢. Divide
the half section into equal spaces as shown from 1 to 4, from which
erect lines intersecting c¢ and ¢d. Extend z ¢ as @ j, upon which
place the stretchout of 1 4 1’ as shown by similar numbers on 2 j,
through which draw vertical lines. These lines intersect with hori-
zontal lines drawn from similar intersections on & ¢ ¢. Through
points thus obtained draw the line 1 » 1’ m which is the desired
. pattern. As the pivot hole f falls directly on line 2, then ;" /"
will be the position of the holes in the pattern. Laps must be
allowed to all patterns.

In putting up rectangular hot air pipe it is often the case
that the pipe will be placed in the partition of one story, then has
to fall forward and twist one quarter way around to enter the par-
tition of the upper story which runs at right angles to the lower
one. A perspective view showing this condition is shown in Fig.
70, where the upper opening turns one quarter on the lower one

Fig. 69.
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and leaning to the right as much as is shown in Fig. 71 in plan.
This problem is known as a transition piece in a rectangular pipe.

Full size measurements are given in Fig. 71 which should be
drawn one-half size. The height of the transition piece is 1 foot
8 inches, the size of the openings, each 410 inches turned as
shown, two inches to the left and two inches above the lower section
as shown. From the plan construct the front and side elevations as
shown by the dotted lines. A BC Dand EF G H will then be
the front and side elevations of the transition piece respectively

FRONT ELEVATION
S

Fig. 0.

equal to 20 inches or 10 inches for practice. Number each side
of the plan (@), (8), (¢), and (d). Through the front and side
elevations draw the vertical and horizontal lines S T and U V
respectively at pleasure. These lines are only used as bases for
measurements in determining the patterns. For the pattern for
the side marked (a) in plan take the length of B C and place it
on the vertical line B C in Fig. 72. Through the points B and
C draw the horizontal lines E F and H G, making B F and B E,
and CGand CH equal respectively to the distances measured from
the line U V in Fig. 71 to points F, E, G, H. Draw lines from
E to H and F to G in Fig. 72, which is the pattern for (a).
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For the pattern for (b) in Fig. 71 take the distance of A D,

and place it as shown by A D in Fig. 72; through A and D draw
EF and H G, making A F and A E, and D G and D H equal

respectively to the distances measured from the line UV in side
elevation in Fig. 71 to points F, E, G, H. Draw lines from E
to H and F to G in Fig. 72, which will be the pattern for (b). In
similar manner obtain the patterns for (¢) and (d) in plan in Fig. 71.
The lengths of E H and F G are placed as shown by similar letters

Fig. 73.

in Fig. 72, while the projections to A, B, C, D are obtained
from A, B, C, D in front elevation in Fig. 71 measunng in
each instance from S T.

If desired the top and lower flange shown in the perspective
in Fig. 70 can be added to the patterns in Fig. 72. Laps are
allowed to the patterns to allow for double seaming at corners, if,
however, the pattern should be required in one piece, it would only ,
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be necessary to join the various pieces in their proper positions as
shown by a & b ¢ in Fig. 73, which would bring the seam on the
line J N in plan in Fig. 71.

In Fig. 74isshown a per-
spective view of a curved
rectangular chute the con-
struction of which arises in
pipingand blower work. The
problem as here presented
shows the sides @ and ¢ in
vertical planes having the
i same height, while the bot-
< ntwe tom & has more width than
the topc. The top opening
is to rise above the bottom
opening a given distance
equal to C. First draw the
plan and elevation as shown
in Fig. 76, make A Bequal to
2 inches, B 8 2} inches; with
a radius equal to § inch, with
a as center draw the quarter
circle 8 2. From 2 draw the
vertical line 2 C equal to 18
inches and draw C D equal to
1} inches. Make D 1 equal
to C 2 and using & as center
w- and ¢ 1 as radius draw the
arc 1 5. From A draw a

8w

Zz
|
|
!

I
o PATTERN
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T
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ci

o 8¢ line tangent to 1 & as A 7.
ot - 7w A B C D will be the plan of
- 5% the chute. In line with A B
T E§ draw the section STU V.

o In line with D C draw the

'b;"o ) gsection EFI H as shown.
Place the desired rise of the
chute as shown by F ¢ in ele-
s vation and from ¢ draw a horizontal line as ¢ K, which intersect by
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a line drawn from A Bin plan as shown. Make K J equal to FE
and draw thelines F K, KI,and EJ,J H. F E J K is theeleva-
tion of the outside curve, H I K J the inside curve, F I K the
bottom, and E H J the top.

Having the plan and elevation in position we will first draw
the pattern for the two vertical sides. For the pattern for the side
of the chute shown by B C in plan proceed as follows: Divide
the inner curve 2 to 8 into equal parts as shown by 2-4.6 and 8,
from which points drop lines intersecting the inside of the chute in
plan HJ K1as shown. Atrightanglestod K draw LM, upon which
place the stretchout of B C in plan as shown by similar letters and
numbers on L M, through which draw vertical lines which inter-
sect lines drawn parallel to L M from H J. Through points thus
obtained draw the line R 2V 4V 6V 8VN. The same method can

T ----- T ----- T ______ T “—_T\\ [ _—-T\
b 3 ry 3 3 7 ) AP
Fig. 76.

be employed for the curve P O, but as the height H I and J K are
equal, having a common profile B C, take the height of H IorJ K
and place it on vertical lines as R P and N O and trace the curve
R N as shown by PO. N O P R is the pattern for C B in plan;
To obtain the pattern for the outside curve divide the curve 1-7
into equal parts as shown, from which drop vertical lines inter-
secting similar points in E J K F, in elevation at right angles to
EF draw W X, upon which place the stretchout of D A in plan as
shown. From the divisiona on W X drop vertical lines, which
intersect by lines drawn from similar numbered intersections on
E J. Trace a line through these points as shown by ¢ # and draw
d e as explained in connection with the inside pattern. ¢ d ¢ f is
the pattern for the outside of the chute shown in plan by DA.

As both the top and bottom of the chute have the same bevel,
the pattern for one will answer for the other. Connect opposite
points in plan as shown from C to 1 to 2 to 3 up to 8, then to A.
In similar manner connect similar points on the bottom in eleva-
tion as shown from 1 to 2 up to K. The lines in plan represent
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the bases of the sections whose altitudes are equal to the various
heights in elevation, measured from ¢ K. Take the various lengths
from 2 to 3to 4 to 5 to 6 to 7 to 8 to A in plan and place them asshown
by similar numbers on the horizontal line ¢ & (Fig. 76); through
a b draw vertical lines, equal in height to similar numbers in ele-
vation, in Fig. 75, measured from the line ¢ K. For example take
the distance 4 § in plan and place it as shown by 4 b in Fig. 76.

Erect perpendiculars 4 4’ and 5 5’ equal to 4” 4 and 5” § in eleva--

tion in Fig. 75. Draw a line from 4’ to &’ in Fig. 76, which is the
true length of 4 5 in plan in Fig. 75. Proceed in similar manner
for the balance of the sections. Take a tracing of 1 2 C D in plan
and place it as shown by 1, 2, C, D in Fig. 77. Now using 1 as

Ik—=-32° PATTERN FOR
TOP OR BOTTOM
A-B-C-D IN FIG.75

C
Fig. T7. Fig. 78.

center and 1V 8V in (2), in Fig. 75, as radius, describe the arc at
3, in Fig. 77, which is intersected by an are, struck from 2 as
center, and 2’ 8, in Fig. 76, as radius. Now with radius equal to
2V 4Vin (Y) in Fig. 75 and 2 in Fig. 77 as center, describe the
arc at 4 which is intersected by an are, struck from 3 as center and
3’ 4, Fig. 76, asradius. Proceed in this manner, using alternately

as radius, first the divisions in the pattern (X), Fig. 75, then the -

slant lines in Fig. 76, the divisions in the pattern (Y), Fig. 75,
then again the lines in Fig. 76 until the line 7 8, Fig. 77, has been
obtained. Then using 7 as center, with a line equal to 7V/ in (X),
Fig. 15, as radius, describe the arc A, Fig. 77, which is inter-
sected by an arc struck from 8 as center and 8 A, Fig. 76,
as radius. Then with radius, equal to 8V N in (Y), Fig. 75, and
8, Fig. 77, as center, describe the arc B, which is intersected
by an are, struck from A as center and A B in plan in Fig. 786
as radius., Trace lines through pvints thus obtained (in Fig. 77,
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and A B O D will be the desired pattern. Laps must be allowed
on all patterns for double seaming the corners.

In Fig. 78 is shown a perspective view of a hopper register
box usually made from bright tin or galvanized iron in hot air
piping. In drawing this problem, the student should first draw
the half plan, making the semi-
circle 8% inches diameter, and A

E ¥ G H, making the vertical
height V' 'W, 24 inches, and the
flanges at the top and bottom
each inch. I K L M in plan
is the horizontal section on A B
in elevation and O P R the sec-
tion on E F. .
The pattern will be devel- Fig. 19,
oped by triangulation, and the
first step is to develop a set of triangles. Divide the quarter circle

placing it directly in the center ELEV’:: loN _ic
of the rectangular top, which ! \\\ : | o :
is 3§ inches wide and 5§ inches ! o H et !
long. Draw the elevation from | RN ! et h
the plan as shown by ABCD g \&0/’ . :

| i

i |

| i

O Rinto equal spaces, as shown by the numbers 1 to 7 in plan, from -

which draw lines to the apex M. These lines represent the bases
of triangles whose vertical height is equal to VW in elevation.
Therefore, in Fig. 80, draw any horizontal line as T U, upon which

place the various lengths M 1, M 2, M 3, etc.)

S Fig. 79) as shown by similar numbers on
T U. From T U erect the line T § equal to
the vertical height V W (Fig. 79). Then
draw the hypotenuses 8 1, 82, § 8, ete., in

T U Fig. 80, which represent the true lengths of

Fig. 80. similar numbered lines in plan in Fig. 79.

For the half pattern with seams on I O and

P K in plan, take a tracing of D V W in elevation and place it
a8 shown by D V 7 in Fig. 81. Now using D as center, and with
radii equal to the various slant lines in Fig. 80 from S 1 to 8 7
strike small arcs as shown from 1 to 7 in Fig. 81. Set the dividers
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equal to the spaces contained in O R, in Fig. 79, and starting from
point 7, in Fig. 81, step from one arc to another until 1 is obtained.
Then using 1 as center and E D (Fig. 79) as radius describe
the arc D’ in Fig. 81. With D as center and M I in plan in Fig.

AR AoA'
D \Y4 Cl
» 7
\ Ve
" N\ ] s,
I\\\ \\\\ 1 , | X
ERANNNN l e : %
\
RN N l ;0"
\ \\ NN ! I | /
\ [ ISR N N NN | - |
A\ i\ NN NN /4
\ d /
\\ ] \\ \, : A
4
\\ ! V
|
Fig. 81.

79 as radius, draw another arc intersecting the one previously
drawn at D’. Draw a line froml1to D’toD in Fig. 81,71 D'D V
is the quarter pattern, and the left-hand side of the figure may be
made by tracing the quarter pattern reversed as'shown by V C D"
1' 7. Take the distance of the flange D A in elevation in Fig. 79
and place it at right angles to the line D’ D, D C, C D” as shown
respectively by A” A’, A A%and AV AX, which completes the half
pattern with laps allowed as shown

The pattern for the collar E F G H in
elevation in Fig. 79 is simply a straight
strip of metal, equal to the circumference

of O P R in plan. ‘
It is often the case that two unequal
pipes ars to be connected by means of a
transition piece as shown by A in Fig. 82,
Fig. 82, ~ the ends of the pipes being cut at right
angles to each other. As the centers of
both pipes are in one line when viewed in plan, making both
halves of the transition piece equal, the problem then consists of
developing a transition piece, from a round base to a round top
placed vertically. Therefore in Fig. 83 draw 1 b equal to 2% inches,
and at an angle of 45°draw 5 6 1§ inches. At right angles to 1 §
draw 6 10 4 inches long and draw a line from 10to 1. On 15 draw
the semicircle 1 3’5, and on 6 10 draw the semicircle 6 8’ 10.
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Divide both of these into equal spaces as shown, from which draw
lines perpendicular to their respective base lines. Connect opposite
points as shown by the dotited lines, and construct a diagram of

3 —”,/:":/Z—= = g
P =
~~Z_
e T o
2345 7 8 9 10
Fig. 84.

sections as shown in Fig. 84 whose bases and heights are equal to
similar numbered bases and heights in Fig. 83. For example, take
the distance 4 8 and place it as shown by 4 8 in Fig. 84, from which
points erect the vertical lines 4 4’ and 8.8’ equal to 4 4’and 8 8 in
Fig. 83. Draw a line from 4’ to &', Fig. 84, which is the true

Fig. 85. Fig. 86.

length on similar line in Fig. 83. For the pati;ern take the dis-
tance of 1 10 and place it as shown by 1 10 in Fig. 85. Using 1

as center, and 1 2/, Fig. 83, as radius, describe the arc 2 in Fig. 85;
intersect it by an ar¢ struck from 10 as center and 10 2, Fig. 84,
~ ag radius. Then using 10 9’ in Fig. 83 as radius, and 10, Fig. 85, as
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center, describe the arc 9, and intersect it by an arc struck trom 2
as center, and 2’ 9’, Fig. 84, as radius. Proceed in this manner
using alternately as radii, first the divisions in the half profile
1 8 b, Fig. 83, then the length of the proper hypotenuse in Fig
84, then the divisions in 6 8 10 in Fig. 83; then again the hypot-
enuse in Fig. 84 until the line 5 6 in Fig. 85 has been obtained,
which is equal to 5 6 in Fig. 83. Laps should be allowed for
riveting and seaming as shown.

3

Fig. 87.

In Fig. 86 is shown a perspective of an offset connecting
a round pipe with an oblong pipe, having rounded corners.

The first step is to properly draw the elevation and plan as
shown in Fig. 87. Draw the horizontal line A B equal to one
inch, B 5’ one inch, and from &’ at an angle of 45° draw 5’ 6’ equal
to 2% inches and 6’ C 1} inches. Make the diameter C D 2§ inches
and D0’ 1§ inches. Make A 1’} inch and draw aline from 1’ to
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10’ whick completes the elevation. Directly above the line A B
draw the section of the oblong pipe, making the sides 1L 1 and 5 5
equal to 1} inches, to which describe the semicircles on each end
as shown. In similar manner draw the section on D C, which is
rhown by 6 8 10 8. A duplicate of the oblong pipe is also shown
in plan by E F, showing that the centers of the pipe come in one
line, making both halves symmetrical.

The patterns for the pipes will first be obtained. Divide the
semicircular ends of the oblong section into eqnal .parts, in this
case four, also each of the semicircles of the round pipe in similar
nnmber of parts as shown respectively from 1 to 6 and 6 to 10. Draw
vertical lines from these intersections cutting the miter line of the
oblong pipe at 1’ 2' 8’ 4’ 5’ and the miter line of the round pipe at
6’7 8 9 and 10’. Inline with A B draw

B M, upon which place the stretchout of 8 2 o

. o e 4 oty e )
the oblong pipe as shown b.y smfllar nam- By g
bers; from B M drop vertical lines inter- I e /ﬁ
secting the lines drawn parallel to BM 65 & 76 1234°
from, similarly numbered points on 1’ §'. Fig. 88.

Trace a line through points thus obtained,

and P N O will be the pattern for the oblong pipe. Now take the
stretchout of the round pipe, and place it on C H; erect vertical lines
as shown intersecting the lines drawn parallel to C H from similar
intersections on 6’ 10’. I J H C is the pattern for the round pipe.

The transition piece 1’ 6’ 6" 10" will be developed by triangu-
lation, and it is usual to obtain true sections on the lines 1’ 5" and
6’ 10’; however, in this case it can be omitted becanuse we have the
true lengths of the various divisions on the lines 1’ 5" and 6’ 10’ in
the miter cuts in P and L respectively.

The next step is to obtain a diagram of sections giving the
true lengths, for which proceed as follows: Connect opposite points
in elevation as shown from 1’ to 9’ to 2' to 8’ to 8 etc., as shown.
For example draw center lines through the oblong and round sec-
tions as shown by @ & and ¢ d respectively, and take the length of
1’ 10’ in elevation and place it as shown from 1 to 10 in Fig. 88.
From 1 draw the vertical line 1 1’ equal to the height of 1 in the
oblong section in Fig. 87 above the center line @ 5. As point 10
in plan has no height, it falls on the center line ¢ d in plan, then
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draw a line from 1’ t0 10 in Fig. 88. Now take the distance from
1’ to 9’ in elevation, Fig. 87, and place it as shown from 1 to 9 in
Fig. 88. Erect the lines 1 1’ and 9 9’ equal to points 1 and 9 in
the oblong and round sections in Fig. 87, measured respectively
from the lines @ 3 and ¢ d. Draw a line from 1’ to &' in Fig. 87.
Proceed in this manner until all of the sections are obtained. For
the pattern proceed as shown in Fig. 89, in which draw any verti-
cal line as ¢ 10 equal to 1’ 10’ inelevation in Fig. 87. Now, with
one-half of 1 1 in pattern P as ¢ 1 as radius, and ¢ in Fig. 89 as
center, describe the arc 1 which is intersected by an arc struck
from 10 as center and 10 1',in Fig. 88 as radius. With radius
equal to 10” 9" in pattern L in Fig. 87, and 10 in Fig. 89 as center
describe the arc 9, which is intersected by an arc struck from 1 ae
center and 1’ 9, in Fig. 88 as radius. Now, using as radius 1” 2"
in pattern P in Fig. 87 and 1 in Fig. 89 as center, describe the
arc 2 which is intersected by an arc struck from 9 as center and
9’ 2 in Fig. 88 as radius.

Proceed in this manner, using alternately as radii, first the
divisions in the pattern cut IJ, Fig. 87, then the length of the
slant lines in Fig. 88, the divisions in the eut O N in Fig. 87, then
again the slant lines in Fig. 88 until the line § 6 in pattern, Fig.
89, has been obtained. Then using 5 as center and 1 ¢ in P, Fig.
87, as radius, describe the arc ¢’ in Fig. 89, and intersect it by an
arc struck from 6 as center and 6’ 5’ in elevation in Fig. 87 as
radius. Draw lines through the various intersections in Fig. 89
10 ¢ ¢ 6 is the half pattern. By tracing it opposite the line ¢ 10
as shown by e 1’5’ ¢” 6" 10, the whole pattern, ¢ ¢ ¢” 6’ 10 6,
is found. Laps should be allowed on all patterns for seaming or
riveting both in Figs. 87 and 89.

In Fig. 90 is shown a perspective view of a three-way: branch
round to round, the inlet A being a true circle, and the outlets B, C,
and D also being true circles, the centers of which are in the same
vertical plane, thus making both sides of the branch symmetrical.

First draw the elevation and the various sections as shown in
Fig. 91. Draw the center line @ 6. From & draw the center line
of the branch C at an angle of 58° as shown by b d. Make the
center lines @ b and & d each 3} inches long. Make the half
diameter of the branch B at the outlet § inch, and the full diam-
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eter of the branch C at the outlet 1} inches placed on either side
of and at right angles to the center lines. Draw a line from 6 to f,
and with < and A as centers and radii equal to § inch draw arcs
intersecting each other at ¢. Draw lines from ¢ to ¢ to 4. In
similar manner obtain A and the opposite half of B. A B Cis
the elevation of the three branches whose sections on outlet lines
are shown respectively by G F and E and whosd section on the
inlet line is shown by D.

The next step is to obtain a trne sectlon on the miter line or
line of joint 6 ¢. Knowing the height ¢ and the width at the

C

A

Fig. 89. Fig. 90.

bottom, which is equal to the diameter of D, the shape can be
drawn at pleasure as shown in Fig. 92, b ¢ is drawn equal to b ¢,
Fig. 91, while b 4 and b & are equal to the half diameter D in Fig.
91. Now through @ ¢ d in Fig. 92 draw the profile at pleasure as
shown, which represents the true section on ¢ 4 in Fig. 91.

As the side branches A and C are alike, only one pattern will_
be required, also a separate pattern, for the center branch both of
which will be developed by triangulation. To obtain the measure-
ments for the sections for the center branch B, proceed as shown
in Fig. 93 where 1 4 5 8 is a reproduction of one-half the branch
B in Fig. 91. As the four quarters of this center branch are alike
suly one quarter pattern will be developed; then, if desired, the
quarter patterns can be joined together, forming one pattern. Now
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take a tracing of ¢ b 4, Fig. 92, and place it on the line 5 8 as
shown in Fig. 98. Similarly take a tracing of the quarter profile
F in Fig. 91 and place it on the line 4 1 in Fig. 93. Divide the
two profiles 1' 4 and 5 8’ each into the same number of spaces as
shown respectively by points 1’ 2’ 8' 4 and § 6’ 7' 8', from which
points at right angles to their respective base lines 1 4 and
5 8 draw lines intersecting the base lines at 1 2 3 4 and 5 6 7 8.
Now draw solid lines from 3 to 6 and 2 to 7 and dotted lines from
3to b5, 2to6,and L o 7. These solid and dotted lines represent

Fig. 91. Fig. 92. Fig. 93.

the bases of the sections whose altitudes are equal to the varione
heights of the profiles in Fig. 93. The slant lines in Fig. 94 rep-
resent the trne distances on similar lines in Fig. 93, as those in
Fig. 95 represent the true distances on dotted lines in Fig. 93.
For the pattern take the length of 1 8',Fig. 94, and place it
as shown by 1 8 in Fig. 96, and using 8 as center and 8 7' in
Fig. 98 as radius draw the arc 7, which intersect by an arc struck
from 1 as center and 1’ 7" in Fig. 95 as radius. Then using 1’ 2’
in Fig. 93 as radius draw the arc 2, which intersect by an arc
struck from 7 as center and 7’ 2’ in Fig. 94 as radius. Proceed
iu this manner until the line 4 5 in Fig. 96 has been obtained
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which equals 4 5 in Fig. 93. Trace a line through points thus
obtained in Fig. 96, then will 1 4 5 8 1 give the quarter pattern.

If the pattern is desired in one piece trace as shown by
mmllar figures, to which laps must be allowed for riveting.

As the two branches A and C in Fig. 91 are alike, one pat-
tern will answer for the two. Therefore let 17 8 11 14 in Fig.
97 be a reproduction of the branch Cin Fig. 91. Now take a trac-
ing of @ b ¢ in Fig. 92 and place it as shown by 11’ 11 8 in Fig.
97; also take a tracing of the half section E and the quarter sec-
tion Din Fig. 91 and place them as shown respectively by 1 4’ 7 and

Fig. 94. ' Fig. 96. Fig. 95.

11 11’ 14 in Fig. 97. Now divide the two lower profiles 8 11 and
11’ 14 each into 8 equal parts, and the upper profile 7 4’ 1 into 6
equal parts as shown by the small figures 8 to 11°, 11’ to 14 and 1
to 7. From these points, at right angles to the various base lines,
draw lines, intersecting the base lines as shown by similar num-
bers. Draw solid and dotted lines as shown, and construct the
sections on solid lines as shown in Fig. 98 and the sections on
dotted lines as ehown in Fig. 99 in precisely the same manner as
described in connection with Figs. 94 and 95.

In Fig. 100 is shown the pattern shape (to which laps must
be allowed for riveting) obtained as was the development of Fig.
96. First draw the vertical line 1 14, Fig. 100, equal to 1 14 in
Fig.97. Then use alternately as radii, first the divisionsin1 4’ 7 in
Fig. 97, the proper slant line in Figs. 98 and 99 and the divisions
in 11’ 14 until the line 4 11, Fig. 100, is obtained. Starting from
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the point 11 use as radii in their regular order the distances marked
off between 11’ and 8, Fig. 97, then the proper slant lines in Figs.
98 and 99, the distances shown in the semicircle, 1 4’ 7, Fig. 97,
until the line 7 8, Fig. 100, is drawn equal to 7 8, in Fig. 97. Then

L. " 2 1?‘_ o
/ 9 ! A== g
/ 3 o BT o etk oy
(. 2 6 l 1 1k -’sr_ A
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Fig. 97. Fig. 98. Fig. 99.

17 8 11 14, Fig. 100, will be the half pattern. If the pattern is
desired in one piece trace 17 8 11’ 14 opposite the line 1 14
as shown.

_ In Fig. 101 is shown a perspective view of a two-branch fork
oval to round, commonly used as breeching for two boilers. As

Fig. 101.

both halves of the fork are symmetrical the pattern for one will
answer for the other.

While the side elevation shown in Fig. 102 is drawn com.-
plete, it is only necessary in practice, to draw one half as follows,
and then, if desired, the other half elevation can be traced opposite
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to the center line EJ. First draw J B, 1} inches, equal to the
half diameter of the outlet, and the vertical center Eeight JV,2%
inches. Establish the height of the joint J E one inch, and the
desired projection V D on the base line 1} inches. Draw the
length of the inlet D C 2§ inches, and draw a line from C to B
and D to E. Draw a similar figure opposite the line J E, and
A BCDEF G shows the side elevation of the fork. In their
proper position below A B draw the sections M and N whose
semicircular ends are struck from @ 4 ¢ and & with radii equal to
% inch. Now draw an end elevation in which the true section on

M

i ELEVATION
_4‘91_ SAAIND < M m

Fig. 102.

J E is obtained. Draw the center line f ¢ and extend the lines
A B and G C in elevation as A P and G 8. Take the half diam-
eter L J and place it on either side of ¢ / as shown by O P. Ina
similar manner take the half diameter of the section N as d ¢ and
place it on’ either side of ¢ f as shown by R S. Then O PSR
shows the end elevation. Draw E T intersecting ¢ /at T. Now
draw the curve O T P, which in this case is struck from the center
U, being obtained by bisecting the line O T. It should be under-
stood that the curve O T P, which represents the true section on
J E, can be made any desired shape, but when once drawn, repre-
sents a fixed line.
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The pattern will be developed by triangulation, for which
diagrams of sections must be obtained from which to obtain meas-
urements. These sections are obtained as follows: In Fig.103
14512 18 is a reproduction of J BC D E, Fig. 102. Reproduce
the quarter profile H L I, the half profile O T, and the half profile
m n o as shown by 1'14, 1”131 and 129" 8 5 in Fig. 103.
Divide the round ends in @ each into 8 partsand the profiles 4 and
¢ also each into 3 spaces, as shown by the figures. Drop lines
from these figures at right angles to the base lines from 1 to 15 as
shown and draw solid and dotted lines in the usual manner. While
in some of the previous problems only dotted lines were drawn, we

|
1
231514 11109678
Fig. 106.

have drawn both solid and dotted lines in this case, in order to
avoid a confusion of sections. A diagram of sections on solid lines
in Fig. 108 is shown in Fig. 104, the figures in both correspond.-
ing; while Fig. 105 shows the true sections on dotted lines. The
method of obtaining these sections has been described in connection
with other problems.

For the pattern draw any vertical line as 4 B, Fig. 106, equal
to 4 6 in Fig. 103. Then with 5 ', Fig. 103, as radius and 5 in
Fig. 106 as center draw the arc 6, intersecting it by an arc struck
from 4 as center and 4 6’, Fig. 105, as radius. Then using 4 3,
Fig. 108, as radius, and 4 in Fig. 106 as center, describe the arc 3,
intersecting it by an arc struck from 6 as center and 6’ 3’ in Fig.
104 as radius. Proceed in this manner, using alternately as radii,
first the divisions in ¢ in Fig. 103, then the slant lines in Fig,
105; the divisions in ¢ in Fig. 103, then the slant lines in Fig.
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104, until the line 18, Fig. 106, is obtained. Now using 8 as
center and 8’ 9', Fig. 103, as radius draw the arc 9 in Fig. 106,
intersecting it by an arc struck from 1 as center and 1”7 9, Fig.
104, as radius. Then starting at 1 in Fig. 106 use alternately as
radii, first the divisions in & in Fig. 103, then the slant lines in
Fig. 105, the divisions in @ in Fig. 103, then the length of the
slant lines in Fig. 104 until the line 12 13 is obtained in Fig. 106,
which equals 12 13 in Fig. 103. Trace a line through points thus
obtained in Fig. 106, then will 4 1 13 12 9 8 & be the half pattern.
If the pattern is desired in one piece, trace this half opposite the
line 4 5 as shown by 1’ 13’ 12’ 9’ &', allowing laps for riveting.
In Fig. 107 is shown a perspective view of a tapering flange
. arqund a cylinder passing through an inclined roof, the flange

Fig. 107.

being rectangular on the roof line. The problem will be developed
by triangulation, a plan and elevation first being required as shown
in Fig. 108.

First draw the angle of the roof A B at an angle of 45°
through which draw a center line C D. From the roof line A B
on the center line set off @ b equal to 4 inches and through b draw
the horizontal line E F, making B F and-B E each one inch.
Through & on the center line draw the horizontal line G H, making
d H and d G each twoinches. From H and G erect perpendiculars
intersecting the roof line at K and L. Then draw lines from E to
Ka d F to L, completing the elevation. Construct the square in
plan making the four sides equal to G H. Bisect Il I and draw
the cunter line c ¢ intersecting the vertical center at @’. Then with
radiu. equal to & F or 4 E in elevation and ¢’ in plar. as center,
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draw the circle 1 4 7 4’ representing the horizontal section on E F
in elevation, while G H 1 J is the horizontal section on K L in
elevation. As the circle in plan is in the center of the square
making the two halves symmetrical it is only necessary todivide the
semicircle into equal spaces as shown from 1 to 7 and draw lines

Fig. 108.

from 1, 2, 3 and 4 to G, and 4, 5, 6 and 7 to H. Then will the
lines in 1 G 4 and 4 H 7 represent the bases of triangles which
will be constructed, whose altitudes are shown respectively by the
vertical heights in K Eand L F in elevation. Therefore draw hori-
zontal lines through E F, K, and L as shown by FO,K N, and L M.
From any point as R and T on F O, draw the perpendiculars R 8
and T U respectively, meeting the horizontal lines drawn from L
and K. Now take the various lengths in plan as G1, G2, G3.and
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G4 and place them on the line F O as shown by T1, T2, T3 and T4,
from which points draw lines to U which will represent the true
lengths on similar lines in plan. In sicilar manner take the dis-
tances in plan from H to 4, to 5, to 6, to 7, and place them on the
line F O, from R to 4, to B, to 6, to 7, from which points draw lines
to 8 which represent the trne lengths on similar lines in plan.
For the pattern take the distance F' L in elevation and place
it on the vertical line 7' L in Fig. 109. At right angles to 7" L
draw L 8 equal to ¢ H or ¢ Iin plan, Fig. 108. Draw the dotted

line from 7' to § in Fig. 109, which should be equal to 8 7 in W
in Fig. 108. Now with radii equal to 8 4, and 8 § and 8, Fig.
109, as center, draw the arcs indicated by similar numbers. The
dividers should equal the spaces in the semicircle in plan in Fig.
108, and starting at 7’ in Fig. 109, step from arc to arc of corre-
sponding numbers as shown by 6, &', 4.- Draw a dotted line
from 4’ to 8. Then using 8 as center and L K in elevation, Fig.
108, as radius, describe the arc U in Fig. 109, intersecting it by an
arc struck from 4’ as center and U 4, Fig. 108, as radius. Now
using U 4, and U § in X a8 radii, and U, Fig. 109, as center,
describe arcs having similar numbers. Again set the dividers
equal to the spaces in plan in Fig. 108, and starting from 4’ in
Fig. 109 step to corresponding numbered arcs as shown by 8, 2/, 1",
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Draw a dotted line from 4’ to U to 1. With K E in elevation,
Fig. 108, as radius, and 1’ in Fig. 109 as center, describe the
arc ¢ intersecting it by an arc struck from U as center and G ¢ in
plan in Fig. 108 as radius. Draw aline connecting 8, U, ¢,and 1".
74 1¢US L 7 shows the half pattern, which can be traced
opposite the line 7 L to complete the full pattern as shown by
741" U S L.

One of the difficult problems often encountered by the sheet
metal worker is that of a cylinder joining a cone furnace top at
any angle. The foﬁlowing problem shows the principle to be
applied, no matter what size the furnace top has, or what size pipe
is used, or at what angle the pipe is placed in plan or elevation, the
principles being applicable under any conditions.

Fig. 110 shows a view of a cyl-

. inder intersecting a conical fur-

nace top, the top being placed to

one side of the center of the top.

¢ ~ A B C D represents a portion of

the conical top, intersected by the

cylinder E F G H, the side of the

cylinder H I to intersect at a

given point on the conical top as

mc at H. This problem presents an

interesting study in projections,

intersections, and development, to

which close attention should be
given.

In Fig. 111 first draw the center line A X. Then draw the
half elevation A B C D, making A B 1§ inches, C D 3} inches
and the vertical height A D 2} inches. Draw the line from B to
C. Directly below C D draw the one-quarter plan using Z as
center, as shown by Z C' D' and in line with A B of the elevation
draw the quarter plan of the top as Z B* At, Let ¢ in the eleva-
tion represent the desired distance that the side of the cylinder is
to meet the cone above the base line as H in Fig. 110. From a,
parallel to C D in Fig. 111, draw @ . Then from o drop a ver-
tical line intersecting the line Z Ct in plan at @’. Then using Z as
center and Z o' as radius, describe the quarter circle o’ ¥'. Za' ¥

Fig. 110.
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in plan represents the true section on the horizontal plane @ & in
elevation. Now locate the point where the side of the cylinder as
H in Fig. 110 shall meet the arc ¢’ ' in plan, Fig. 111, as shown

/
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at 8”. Through 8” draw the horizontal line intersecting the center
line at K', the outer arc at M' and extend it indefinitely to 3.
From 3 erect the perpendicular equal to the diameter of the cylin-
der, or 1§ inches, bisect it and obtain the center ¢. Using ¢ as
center with ¢ 7 as radius, describe the profile of the cylinder as
shown, and divide it into equal parts from 1 to 8. From these
points draw lines parallel to 3 K', intersecting the outer arc D' C*
at N* O' P! R' and the center line Z X at I', G*, E!, A’. With Z
as center and the various intersections from K' to A' as radii,
describe the ares K!' L', I' ', G* H', E' F', and A' B'. From the
intersection B!, F', H', J*, L' erect vertical lines into the elevation
intersecting the side of the cone B C as shown by similar letters
BF HJ L. From these points draw horizontal lines through the
elevation as shown respectively by A B, EF, G H,IJ, and K L.
These lines represent a series of horizontal planes, shown in plan
by similar letters. For example, the arc E' F' in plan represents
the true section on the line E F in elevation, while the arec G* H!
is the true section on the line G H in elevation, etc.

The next step is to construct sections of the cone as it would
appear, if cut by the lines shown in plan by K' M, I' N*, G* O',E!
P!, and A' R'. To obtain the section of the cone in elevation on -
the line A' R' in plan, proceed as follows: At right angles to the
line A! R' and from the intersections on the various arcs, draw lines
upward (not shown) intersecting similar planes in elevation cor-
responding to the arcs in plan. A line traced through intersections
thus obtained in elevation as shown from A to ﬁ, will be the true
section on the line A' R' in plan. For example, the line K' M* of
the cylinder intersects the arcs at K' 3” and M' respectively. From
~ these intersections, erect vertical lines intersecting K L,b a,and D C
~ in elevation at K, 3, and M respectively. Trace a curve through
these p(}ints, then will K 8 M be the section of the cone if cut on
the line K' M* in plan. In similar mannet obtain the other sections.
Thus the section line E P, G O, and I N in elevation, represent
respectively the sections if cut on the lines E* P!, G*' O', and I' N*
in plan. Now from the given point 3" in plan erect a line which
must meet the intersection of the plane 4 @ and section K M in
elevation at 8. From 3’ at its desired angle, in this case 45°, draw
the line 3’ 7. At any point as d at right angles to 8’ 7 draw the
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line 1 6 through &, making @ 5 and & 1 each equal to half the
diameter of the cylinder shown in plan. With &5 as radius and a
as center draw the profile of the cylinder in elevation, and divide it
into the same number of parts as shown in C in plan, being careful
to allow the circle & in elevation to make a quarter turn, bringing
the number 1 to the top as shown.

- The next operation is to obtain the miter line or line of joint
between the cylinder and cone in elevation. By referring to the
plan it will be seen that the point 7 in the profile ¢lies in the plane
of the section A' R'. Then a line from the point 7 in the profile
@ in elevation, drawn parallel to the lines of the cylinder, must cut
the section A R which corresponds to the plane A’ R'in plan as
shown by 7’ in elevation. The points 6 and 8 in the profile ¢ in
plan, are in the plane at the section E' P, then must the corre-
sponding points 6 and 8 in the profile d in elevation, intersect the
section E P as shown by 6’ and 8. As the points 1 5, 2 4, and 3
in the profile ¢in plan, are in the planes of the sections G* O, I' N,
and K' M! respectively, the corresponding points 15, 2 4, and 3 in
the profile & in elevation must intersect the sections G O, I N, and -
K M respectively at points 1’ &', 2' 4, and 3" as shown. Trace a
line through these points, which will show the line of intersection
between the cone and cylinder.

For the pattern for the cylinder, proceed as follows: At right
angles to the line of the cylinder in elevation, draw the line T U
upon which place the stretchout of the profile & as shown by sim-
ilar figures on T U. In this case the seam of the pipe has been
placed at 1in d. Should the seam be desired at 3, 5 or 7, lay
off the stretchout on T U starting with any of the given numbers.
At right angles to U T from the small figures 1 to 1 draw lines
which intersect with lines drawn from similar numbered. intersec-
tions in the miter line in elevation at right angles to 1’ 1, result-
ing in the intersections 1 to §° to 1° in the pattern.. Trace a line
through points thus obtained, then will U V 'W T be the develop-
ment for the cylinder to which laps must be allowed fqr riveting
to the cone as shown in Fig. 110 and seaming the joint T W in
pattern in Fig. 111.

While the pattern for the cone is obtained the same as in
ordinary flaring ware, the method will be described for obtaining
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the pattern for the opening to be cut into the cone. Before this
can be done & plan view of the intersection between the pipe and
cone must first be obtained as follows: From the various in-
tersections 1’ to 8’ in elevation drop vertical lines intersecting
lines drawn from similar numbers in the profile ¢ in plan, thus
obtaining the intersections 1” to 8” through which a line is traced
which is the aesired plan view.
For the pattern for
e the opening in the
cone, the outline of
the half elevation and
one-quarter plan with
the various points of
intersections both in
plan and elevation in
Fig. 112 is a repro-
duction of similar
partsin Fig. 111, and
has been transferred
to avoid a confusion of
lines which would
otherwise occur in ob-
taining the pattern.
Parallel to D Oin Fig.
112 from the various
intersections 1’ to 8’
draw lines intersect-
ing the side of the
cone B Cfrom 1 to 8.
Through the various
Fig. 112. intersections 1” to 8"
in plan from the apex
Z draw lines intersecting the outer curve from 1° to 8° as shown.
Extend the line C B in elevation until it meets the center line. D A
extended at E. Then using E as center, with E C and E B as radii
draw the ares C F and B H respectively. At any point as 2X on
the arc C F lay off the stretchout of the various points on D! C! in
plan from 2° £ 6° as shown by similar figures on C F as shown

ONE HALF
ELEVATION




SHEET METAL “ORK 106

from 2X to 6%. From these points draw radial lines to the apex
E, and intersect them by arcs struck from E as center whose radii
are equal to the various intersections on B C having similar numbers.
Thus arc 4 intersects radial line 4X at 4V; arcs 8,5, and 2 intersect
radial lines 3%, 5%, and 2% at 3V, 5V, and 2V, and so on. Trace a
line through points thus obtained as shown from 17 to 8V which is
the desired shape. If a flange is desired to connect with the cylin-
der, a lap must be allowed along the inside of the pattern.

COPPERSTIITH’S PROBLEMS.

In the five problems which will follow, particular attention ir
given to problems arising in the coppersmith’s trade. While all
the previous problems given in the course can be used by the op-
persmith in the development of the patterns where similar shapes
are desired, the copper worker, as a rule, deals mostly with ham-
mered surfaces, for which flaring patterns are required. The prin-
ciples which will follow, for obtaining the blanks or patterns for
the various pieces to be hammered, are applicable to any size or
shape of raised work. The copper worker’s largest work occurs in
the form of brewing kettles, which are made in various shapes, to
suit the designs of the different architects who design the work.
In hammering large brewing kettles of heavy copper plate, the
pieces are developed, hammered, and fitted in the shop, then set
together in the building, rope and tackle being used to handle the
various sections for hammering, as well as in construction at the
building. While much depends upon the skill the workman has
with the hammer, still more depends upon the technical knowledge
in laying out the patterns.

In all work of this kind the patterns are but approximate, but
no matter what size or shape the work has, the principles contained
in the following problems are applicable to all conditions.

In Fig. 113 is shown a perspective of a sphere which is to be
constructed of horizontal sections as shown in Fig. 114, in which
for practice draw the center line A B, on which, using a as center.
and with radius equal to 24 inches, describe the elevation of the
sphere B C D E. Divide the quarter circle D C into as many
spaces as the hemi-sphere is to have sections, as shown by C F G D.
From these points draw horizontal lines through the elevation, a¢
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shown by CE, F H, and G I. Now through the extreme points
as E H, HI, and I D draw lines intersecting the center line-B A
at J, K, and D respectively. For the pattern for the first section
Z, take D I as radius, and using D' in Z' as center, describe the
circle shown. For the pattern for the second section Y, use K 1
and K H as radii, and with K' as center draw the arcs I' I’ and H?

ELEVATION
|

Fig. 113. Fig. 114.

H*. From any point as H* draw a line to the center K'. It now
becomes necessary to draw a section, from which the true length
of the patterns can be obtained. Therefore with 6 F as radius,
describe the quarter circle F L, which divide into equal spaces, as
shown by the figures 1to 5. Let the dividers be equal to one of those
spaces and starting at H:? on the outer arcin Y! step off four times
the amount contained in the quarter section F L, as shown from 1
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toB5toltodtolin Y. From 1 or H? draw a line to K*. Then
will H? I’ I' H® be the pattern for the section Y in elevation.

For the pattern for the third section, use J as center, and with
radii equal to J H and J E draw the arcs H H' and E E'. Now
set the dividers equal to one of the equal spaces in F' L and starting
from H set off four times the amount of L. F as shown from 1 to §
to 1 to 5 to 1 on the ¢nner curve HH'. From the apex J through
H' draw a line intersecting the outer curve at E'. EE'H'H
shows the pattern for the center section. It will be noticed in the
pattern X' we space off on the inner curve, while on the pattern
Y' we space off on the outer curve. These two curves must contain
the same amount of material as :
they join together when the ball is
raised. Toall of the patterns laps
must be allowed for brazing or
soldering. The patterns shown
are in one piece; in practice where
the sphere is large they are made
in a number of sections. Fig. 115.

In Flg 115 is shown the per-

‘spective view of & circular tank whose outline is in the form of
an ogee. The portion for which the patterns will be described is
indicated by A A, made in four sections, and riveted as shown
byabecd.

Fig. 116 shows how the pattern is developed when the center
of the ogee is flaring as shown from 8 to 4 in elevation. First
draw the elevation A B C D, making the diameter of A B equal
to 7 inches, the diameter of D O 4 inches, and the vertical height
of the ogee 1§ inches. Through the center of the elevation draw
the center line /' A, and with any point upon it as ¢, draw the half
plan through A B and C D in elevation as shown respectively by
EF and HG. Now divide the curved parts of the ogee into
equal spaces as shown from 1to3and 4 to 6. Draw a line through
the flaring portion until it meets the center line A atj. j will,
therefore, be the center with which to strike the pattern. Take
the stretchout of the curve from 8 to 1 and 4 to 6 and place it on
the flaring line from 3 to 1’ and 4 to 6’ as shown by the figures.
Then will 1’ 6" be the stretchout for the ogee. It should be under-
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ftood that no hammering is done to that part shown from 38 to 4.
The portion shown from 3 to 1’ is stretched to meet the required
profile 8 2 1, while the lower part 4 to 6’ is raised to conform with
the lower curve 4 6 6. Therefore, knowing that the points 3 and 4
are fixed points, then from either of these, in this case point 4,

= e - e . — - - ——— — ———— - - - —

\
it \__ 6

—— e e e

HALF PLAN '\

Fig. 116.

drop a vertical line intersecting the center line E F in plan at a.
Then with ¢ as center and 4 & as radius, describe the quarter circle @ ¢,
and space it into equal parts as shown by a, , ¢, d, ¢, which represent
the measuring line in plan on the point 4 in elevation. Using j
as center, and j 6, 7 4, 7 3 and j 1’ as radii, draw the ares 1”-1",
87.3",4"-4" and 6”.6" as chown. From 1” draw a radial line to ;
intersecting all the arcs as shown. Now starting at 4" step off on
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the arc 4”.4" twice the stretchout of the quarter circle @ ¢ as shown
by similar letters @ to ¢ to &' in pattern. From j draw a line

through o’ intersecting all of the arcs as shown.

shows the half pattern for the ogee.
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Fig. 117.

1"f1,"-6',"6”

‘While in the previous
problem the greater part of

- the ogee was flared, occasion

may arise where the ogee is
composed of two quarter cir-
cles struck from centers as
shown in Fig. 117. First
draw the center line A B,
then draw the half diameter
of the top C' C equal to 3}
inches and the half diameter
E D 1§ inches. Make the
vertical height of the ogee 1}
inches, through the center of
which draw the horizontal line
@ b. From Cand D draw ver-
tical lines intersecting the
borizontal line @ 4, at @ and &

" respectively. Then using @

and & as centers with radii
equal respectively to @ C and
b D draw the quarter circles,
shown completing the ogee.
In the quarter plan below
which is struck from the cen-
ter F, GJ and H I are sec-
tions respectivelyon D E and
C C'in elevation. The meth-
odsof obtaining the patterns in
this case are slightly different

" than those employed in the previous problems. The upper curve
shown from C to ¢ will have to be stretched, while the lower curve
shown from ¢ to D will have to be raised. Therefore in the stretch-
cut of the pattern of the upper part from 1’ to 3 and 3 to & the
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edges must be stretched so as to obtain more material to allow the
metal to increase in diameter and conform to the desired shape
shown from 1 to 8 and 3 to 5. In the lower curve the opposite
method must be employed. While in the upper curve the edges
had to be stretched to increase the diameters, in the lower curve
the edges must be drawn in by means of raising, to decrease the
diameter, because the diameters to the points 5” and 9’ are greater
than to points ¢ and d.

To obtain the pattern for the upper curve C ¢ which must be
stretched, draw a line from C to ¢; bisect it and obtain &, from
which erect the perpendicular & 3 intersecting the curve at 3.
Through 8 draw a line parallel to C ¢ intersecting the center line
A Bat m. Now divide the curve C ¢ into equal spaces as shown
from 1 to 5 and starting from the point 8 set off on the line just
drawn on either side of 3 the stretchout shown from 3 to 1’ and 3
to 5. 1' 5’ shows the amount of material required to form the
curve C ¢. In this case 3 represents the stationary point of the
blank on which the pattern will be measured. Therefore from 3
drop a vertical line intersecting the line F H at 10. Then using
F as center and ¥ 10 as radius, describe the arec 10 16, and divide
it into equal spaces as shown from 10 to 18. Now with radii equal
tom &', m 8 and m 1, Fig. 117, and with m in Fig. 118 as cen-
ter, describe the arcs b 5’, 3 8" and 1 1. Draw the radial line m 1
intersecting the two inper arcsat 3and 5. As the arc 3 3’ repre-
sents the statienary point 3 in elevation in Fig. 117, then set the
dividers equal to the spaces 10 16 in plan and step off similar
spaces in Fig. 118 on the arc 8 3', starting at 3 as shown by simi-
lar numbers 16 to 10. Through 10 draw a line to the apex m,
intersecting the inner curve at 5 and the outer curve at 1'.
11’6’ b is the quarter pattern for the upper curve or half of the
ogee, to which laps must be allowed for riveting and brazing.

For the pattern for the lower curve in elevation in Fig. 117
draw a line from ¢ to D; bisect it at ¢ and from ¢ erect a perpen-
dicular intersecting the curve at 7. From 7 draw a horizontal line
intersecting the center line at . Now the rule to be followed in
. “raising ” is as follows: Divide the distance from e to 7 into as

many parts, as the half diameter F 7 is equal to inches. In this
case 7 f equals 2} inches; (any fraction up to the § inch is not
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taken into consideration, but over 4 inch one is added). Therefore
for 2} inches use 2. Then divide the distance from ¢ to 7 into
two parts as shown at ¢ and through ¢ parallel to ¢ D draw a line
as shown intersecting the center line at N. Now divide the curve
¢ to D into equal spaces as shown by the figures 5 to 9. Let off
on either side of ¢ the stretchout from 5 to 9 as shown from 5" to

|
’ PATTERN FOR UPPER
5 HALF IOF OGEE )

N

91 PATTERN FOR LOWER /9

\ HALF OF OGEE /
\ \\ : // /

\ /

9. From ¢ drop a vertical line intersecting F H in plan at 28.
Then using F as center draw the arc 23 17 as shown, which rep-
resents the measuring line in plan on 4 in the stretchout.

The student may naturally ask, why is ¢ taken as the measuring
line in plan, when it is not a stationary point, for when “raising” ¢
will be bulged outward with the raising hammer until it meets
the point 7. In bulging the metal outward, the surface at ¢
stretches as much as the difference between the diameter at ¢ and
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7. In other words, if the measuring point were taken on 7 it
would be found that after the mould was ¢ raised ” the diameter
would be too great. But by using the rule of dividing ¢ 7 into as
many parts as there are inches in /7 the diameter will be accurate
while this rule is but approximate. In this case ¢ 7 has cnly been
divided into two equal parts, leaving but one point in which a line
would be drawn througw parallel to ¢ D. Let us suppose that the

semi-diameter 7.7 is equal to eleven inches. Then the space from

¢ to 7 would be divided into just so

@] many parts, and through the first part

nearest the cove the line would be drawn

parallel to ¢ D and used as we have

used «. Now with radii equal to n 9',

? { f nt,and n5” and » in Fig. 118 as center,

describe the ares 5” 6 ¢z < and 9 9.

"‘/\//—l A From any point as §” draw a line to n

intersecting all the arcs shown. Now

take the stretchout from 17 to 28 in

plan, Fig. 117, and starting from 17 in

Fig. 118 mark off equivalent distances

on the are 2 <" as shown. Draw a line

through 23 to the apex =, intersecting

the inner and outer arcs at 9’ and 5.

Then will 95” 5" 9’ be the greater pat-

Fig. 119. tern for the lower part of the ogee.

Another case may arise where the

center of the ogee is vertical as shown from ¢ to & in Fig. 119 in

A B. In this case the same principles are applied as in Fig. 117}

the pattern for ¢ & in Fig. 119 being a straight strip as high as

¢ d and in length equal to the quarter circumference ¢’ ¢” in plan

in Fig. 117 which is the section on ¢ in elevation. These rules

are applicable to any form of mould as shown in Fig. 119, by

e f, h,and j. The bead ¢ in j would be made in two pieces with

a seam at ¢ as shown by the dotted line, using the same method
as explained in connection with ¢ D in elevation in Fig. 117.

The coppersmith has often occasion to lay out the patterns
for curved elbows. While the sheet metal worker lays them out
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in pieces, the coppersmith’s work must form a curve as shown in
Fig. 120 which represents a curved elbow of 45".

In Fig. 121 is shown how an elbow is laid out having 90°,
similar principles being required for any degree of elbow. First
" draw the side elevation of the elbow as shown hy A B C D, mak-
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Fig. 121. Fig. 120.

ing the radius E B equal to 4} inches and the diameter B C 2
inches. Bisect C Bat K. Then with E as center and E K as
radius draw the arc K J representing the seam at the sides. Draw
the front view in its proper position as F G H, through which
draw the center line F I representing the seam at back and front,
thus making the elbow in four pieces. - Directly below C B draw



114 SHEET METAL WORK

the section of the elbow as shown by a b ¢ & struck from M as
center. Through M draw the diameters 4 & and @ ¢. The inner
curve of the elbow @ d ¢ in plan will be stretched, while the outer
curve @ b ¢ in plan will be raised. Through MM draw the diagonal
8 6 intersecting the circle at 3 and f respectively. Now draw
a d; through s parallel to @ & draw a line intersecting the center

]
PATTERN FOR
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PATTERN FOR
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Fig. 122.

line A E extended at O. On either side of / place the stretchout
" of 6 @ and 6 & as shown by /@’ and /' @. Then with radii equal
to O @’ and O a’ and with O on the line A B, Fig. 122, as center
describe the arcs ¢ d and @ a. Make the length of & d equal to
~ the inner curve D Cin Fig. 121. From < and d in Fig. 122
draw lines to the apex O extending them to meet the outer curve
at ¢ and ¢. Then will @ d @ be the half pattern for the inner
portion of the elbow for two sides. The radius for the pattern for
the outer curve is shown in Fig. 121.by N ¢, N ¥, placing the
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stretchout of the curve on either side of the pointe. &5 ¢ e in Fig.
122 shows the pattern for the outer curve, the length & 3 being
obtained from A B in elevation in Fig. 121.

In work of this kind the patterns are made a little longer, to
allow for trimming after the elbow is brazed together. Laps must
be allowed on all patterns for brazing.

Fig. 123 shows a perspective view of a brewing kettle, made

in horizontal sections and riveted. The same principles which
were employed for obtaining the patterns for a sphere in Fig. 114
are applicable to this problem. Thus in Fig. 124, let A B C rep-
resent a full section of a brewing kettle as required according to
architect’s design. Through the middle of the section draw the
center line D E. Now divide the
halfsection B to Cinto as many parts
as the kettle is to have pieces as
shown by ¢, d, ¢, /. From these
small letters draw horizontal lines
through the section, as shown by
cA,dd,ee, and £f and in its
proper position below the section,
draw the plan views on each of these .
horizontal lines in elevation, excep- Fig. 123.
ting d’ d, as shown respectively by (
IFGH,¢ ¢ and f” f”, all struck from the center . Now
through the points ¢ & draw a line which if extended would meet
the center line. Then this intersection would be the center with
which to draw the arcs ¢ ¢ and d 4"; the flange ¢ & would be
added to the pattern as shown by #’. The stretchout for this pat-
tern 1' would be obtained from the curved line’F G H I in plan
and stepped off on the outer arce¢ ¢’. In similar manner through
d ¢, e f, and f O draw the lines intersecting the center line D E
at K, L, and C. Then using the points as center, describe the
patterns 2, and 8', and the full circle 4'.

The stretchout for the patterns 2' and 3' is obtained from the
circle ¢” ¢ in plan and placed on the inner curve of the pattern 2!,
and on the outer curve of the pattern 8'. If desired the stretchout
could be taken from f” /' in plan, and placed on the inner curve
of 8' which would make the pattern similar as before.
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In large kettles of this kind, the length of the pattern 1s guided
by the size of the sheets in stock, and if it was desired that each ring
was to be made in 8 parts then the respective circle in plan from
which the stretchout is taken would be divided into 8 parts, and
one of these parts transferred to the patterns, to which laps must
be allowed for seaming and riveting.

!D
]
FULL SECTION

Fig. 124.

PROBLEMS FOR WORKERS IN HEAVY METAL.

While all of the problems given in this course are applicable to
developments in heavy metal as well as in that of lighter gauge, the
following problems relate to those forms made from boiler plate.

‘When using metal of heavier gauge than number 20, for pipes,
elbows, or any other work, it is necessary to have the exact inside
diameter. It is customary in all shops working the heavier metal,
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to add a certain amount to the stretchout to make up for the loss
incurred in bending, in order that the inside'diameter of the article
(pipe, stack, or boiler shell) may be kept to a uniform and desired
size. This amount varies according to different practice of work-
men, some of whom allow 7 times the thickness of the metal used,
while others add but 3 times the thickness. Theoretically the
amount is 3.1416 times the thickness of the metal.

For example, suppose a boiler shell or stack is to be made 48
inches in diameter out of }-inch thick metal. If this shell is to
measure 48 inches on the inside, add the thickness of the metal,
which is 4 inch, making 48% inches. Multiply this by 3.1416
and the result will be the width of the sheet. If, on the other
hand, the outside diameter is to measure 48 inches, subtract the
thickness of the metal, which would give 474 inches and multi-
ply that by 8.1416 which would give the proper width of the sheet.
It is well to remember that no matter what the thickness of the
plate may be, if it is not added, the diameter of the finished article
will not be large enough; for where no account is taken of the
thickness of the metal, the diameter will measure from the center
of the thickness of the sheet. While this rule is theoretically cor-
rect there is always a certain amount of material lost during the
forming operations. It is, therefore, considered the best practice to
use seven times the thickness of the metal in question. The cir-
cumference for a stack 48 inches in diameter inside using 4 inch
metal would be, on this principle, 8.14168 X 48 4- (7 X §) to which
laps would have to be allowed for riveting. Where the stack has
both diameters equal a butt joint is usually employed with a collar
as shown at either @ or 4 in Fig. 125, but where one end of the stack
is to fit into the other, a tapering pattern must be obtained which
will be described as we proceed.

In putting up large boiler stacks it is usual to finish at the
top with a moulded cap, and while the method of obtaining the pat-
terns is similar to parallel line developments, the method of devel-
oping such a pattern will be given showing how the holes are
punched for a butt joint.

In Fig. 126 a view of the moulded cap on a stack is shown.
On a large size stack the cap is often divided into as many as 82
pieces. If the stack is to be made in horizontal sections the rules
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given in the problems on coppersmithing apply. While in obtain-
ing the patterns for a cap in vertical sections, the plan is usually
divided into 16 to 32 sides, according to the size of the stack; we
have shown in Fig. 127 a quarter plan so spaced as to give 8 sides to
the full circle. This has been done to make each step distinct, the
same principles being applied no matter how manysides the plan has.

.

Fig. 125.

First draw the center line A B and with any point as C with
radius equal to 4} inches draw the quadrant D E. Now tangent to
D and E, draw the line D F and E @G, and at an angle of 45°, tan-
gent to the curve at Y, draw G F intersecting the previous lines
drawn at G and F. C D F G E shows the plan view of the extreme
outline of the cap. Directly above the plan draw a half section of
the cap, the curve 5 8 being struck from & as center and with a radius
equal to b 8 or 1§ inches. Then us-
ing the same radius with & as center
describe the quarter circle 5 2. Make
2 1 equal to § inch, and 8 9 one inch.
From the corners F and G in plan
draw the miter lines F C, C G.
Divide the profile of the cap into
equal spaces as shown by the figures
1 to 9, from which drop vertical
lines, intersecting the miter line F C
as shown. On C Dextendedas C H
place the stretchout of the profile of
the cap as shown by similar numbers.
At right angles to D H draw lines
as shown, and intersect them by lines drawn parallel to D H from
the intersections on C F. Trace aline through points thus obtained
as shown by J I and trace this outline on the opposite side of the

Fig. 126.
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line D H as shown by J* I'. = Then will J I I' J* be the complete
pattern for one side.

When riveting these pieces together an angle is usually placed .
on the inside and the miters butt sharp, filing the corners to make
a neat fit. This being the case the holes are punched in the pat-
tern before bending as shown by X X X etc. Assuming that the
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Fig. 127.

stack on which the cap is to fit is 48 inches in diameter, obtain
the cirenmference as previously explained and divide by 8 (be-
cause the plan is composed of 8 pieces) placing one-half of the dis-
tance on either side of the center line D H in pattern. Assuming
that 3, of the circumference is equal to 9 ¢, trace from e the en-
tire miter cut, as partly shown by ¢ 4 to the line I' I.  If the 4
circumference were equal to 9 @, the cut would then be traced as
shown in part by 4 4 until it met the line I I'. This, of course,
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would be done on the half pattern 9 J I I before tracing it opposite
the center line D H. Should the plan be divided into 32 parts,
divide the circumference of the stack by 82 and place 4l of the cir-
cumference on 9 J in pattern, measuring from the center line D H,
and after obtaining the proper cut, trace opposite the line D H.

In constructing a stack where each joint tapers and fits inside
of the other, as shown in Fig. 128, a short rule is employed for
obtaining the taper joints without having recourse to the center.
In the illustration @ & represents the first joint, the second C slip-

2=

s T R
. g %
»d [ 4 b

Fig. 128. Fig. 129.

ping over it with a lap equal to f; the joint being riveted together
at ¢ and d. 'When drawing the first taper joint @ b, care must be
taken to have the diameter at # on the outside, equal to the inside
diameter at the bottom at 4. This allows the second joint to slip
over a certain distance so that when the holes are punched in the
sheets before rolling, the holes will fit over one another after the
pipe is rolled.

In Fig 129 @ b ¢ d is a taper joint drawn on the line of its
inside diameter, as explained in Fig. 128 £, and ¢ in Fig 129 rep-
resents respectively the half sections on @ 4 and d ¢. By the short
rule the radial lines of the cone are produced without having
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recourse to the apex, which, if obtained in the full-size drawings,
would be so far away as to render its use impracticable. A method
similar to the following is used for obtaining the arcs for the pattern
in all cases where the taper is so slight as to render the use of a
common apex impracticable.

Let @ b ¢ d, Fig. 130, be a reproduction of @ b ¢ & in Fig. 129.
On either side of @ & and 4 ¢, in Fig. 130, place duplicates of
abcdasshown by ¥’ ¢’ and ¢’ d'. This can be done most accurately
by using the diagonals & & and ¢ @ as radii, and with & and ¢ as
centers describe the arcs b &' and @ a’ respectively, and intersect

them by arcs struck from @ and & as centers, with radii equal
respectively to@ b and 4 @ asshown. In precisely the same manner
obtain the intersection ¢’ and d’ at the bottom. Now through the
intersections &' @ b @’ and &' ¢ d ¢’ draw the curve as shown by bend-
ing the straight-edge or any straight strip of wood placed on edge
and brought against the various intersections, extending the curves
at the ends and top and bottom indefinitely. Since the circumfer-
ence of the circle is more than three times the diameter, and as we
only have three times the diameter as shown from ¢ to'd’ and
b’ to @', then multiply .1416 times the bottom and top diameter & ¢
and @ b respectively, and place one-half of the amount on either side
of the bottom and top curves as shown by ¢, ¢/, and A, A. Now take
one-half of seven times the thickness of the metal in use and place
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it on either side on the bottom and top curves as shown by £, /* and
7, ¢, and draw a line from ¢ to /"and <’ to /". To this lap must be
allowed for riveting. The desired pattern is shown by ¢ ¢ /" 1.

Fig. 131 shows a three-pieced elbow made from heavy metal,
the two end pieces fitting into the center pieces, to which laps are
allowed for riveting. The principles which shall be explained to
cut these patterns and make the necessary allowance for any thick-
ness of metal is applicable to any elbow.

In Fig. 132 draw as previously described the elbow A B C,
below G H draw the section of the inside diameter as D which is
struck from @, and divide into equal spaces as shown by the figures
1 to 5 on both sides. Through these figures draw vertical lines
intersecting the miter line 4 ¢, and from
these intersections parallel to ¢ & draw
lines intersecting the line & ¢ as shown.

Before obtaining the stretchout for
these elbows, a preliminary drawing
must be constructed, in which an allow-
ance is made for the thickness of the
material thatis to be used. This draw-
ing makes practical use of a principle
well known to draughtsmen from its
application to the proportional division
of hnes and is clearly shown at (R). In allowing for the thick-
ness of the metal in use, it is evident that we cannot allow it at one
end, but must distribute it uniformly throughout the pattern. In
(R) draw any horizontal line as E F, upon which place the stretch-
out of the inside diameter of the pipe D, as shown by similar
figures on E F. From 1° on E F lay off the distance 1° m equal
to 7 times the thickness of the metal in use as before explained.
Then using E as centerand E m as radius, draw the arc 7 1’ inter-
secting the vertical line drawn from 10, and from the various
intersections from 1 to 1° on E F erect perpendiculars intersecting
the slant line 1 1’ at 2" 3' 4’ etc., a8 shown. The slant line 11,
with the various intersections is now the correct stretchout for the
elbow made of such heavy material called -for by the specifications.
On G H extended, as H I, place the stretchout of the slant line
1 1" as shown from 1to1’on HI. At right angles to H I and

Fig. 131.
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from the various intersections, erect lines, which are intersected
by lines drawn parallel to H I from similar numbered intersec-
tions on themiterlined ¢. Trace thecurve L M. L M I Hshows
the pattern for the two end pieces of the elbow.

As the middle section A in I ig. 131 is to overlap the two end
pieces, it is unnecessary to allow for any additional thickness on

Fig. 132.

account of this lap when suitable flanging machines are available;
but since it is desirable, in some instances, to make an allowance
in the pattern for riveting, the method of allowing for this lap
will be explained.

In (R), Fig. 132, lay off on the line E F the distance m n
equal to 7 times the thickness of the metal in use, and with radius
equal to E » draw an arc intersecting the line 1° 1’ extended at 1”.
Draw the slant line from 1” to 1 and extend all the vertical lines
to intersect 1 1” at 2” 8" 4", ete. -The slant line 1 1" is the cor.
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rect stretchout for the middle section B. At right angles to & ¢
draw J K equsl to 1 5” 1” in (R), as shown by similar figures in
J K, through which draw lines at right angles to J K, and inter-
sect them by lines drawn at right angles to @ ¢ as shown. Trace
the curved lines to produce O P R 8, which is the pattern for the
middle section, to which flanges are al-
lowed as shown by dotted lines.

The perspective of an intersection
between pipes having different diam-
eters in boiler work is shown in Fig.
133. While the method of obtaining
the patterns is similar in principle to
parallel line developments, a slight
change is required in obtaining the
allowance in the stretchout for the thickness of the metal in use.

Let A B, Fig. 134, represent the part section of a boiler struck
with a radius equal to 38" and let 1 7 7° 1° be the elevation of the
intersecting pipe, whose inside diameter is 43", as shown by 1 7.

Fig. 133.

Divide the half section 1 4 7 into an equal number of spaces, as
numbered, from which drop vertical lines intersecting the outside
line of the boiler at 1° to 7°as shown. A true stretchout must now
be obtained in which allowance has been made for the thickness
of the metal in use. Therefore, in Fig. 135, on the horizontal
line A B lay off the stretchout of twice the inside section of
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the pipe in Fig. 134, as shown by similar figures on A B in Fig.
135, adding 1% g, equal to 7 times the thickness of the metal in
use. For example, supposing 4-inch steel was used; the distance
1X g would then be equal to 7 X %, or 1§ inches. Now draw the arc
a 1’, using 1 as center, which is intersected by the vertical line drawn
from 1X. From 1’ draw a line to 1, and from the various points -
on A B erect perpendiculars intersecting 1 1’ at 2' 3’ 4, ete. 11’
shows the true stretchout to be be laid off on the line 1 7 extended
in Fig. 134 as 1 1’, and from the various intersections on 1 1’ drop
vertical lines and intersect them by lines drawn parallel to 1 1’ from
similar intersections on the curve 1° 7° as shown. Trace a curved
line as shown from C to D. 1 C D 1’ shows the pattern for the
vertical pipe to which a flange must be allowed for riveting as
shown by the dotted line.

It is now necessary to obtain the pattern for the shape to be
cut out of the boiler sheet, to admit the mitering of the vertical -
pipe. In some shops the pa.ttern is not developed, only the vertical
pipe is flanged, as shown in Fig. 183, then set in its proper posi-
tion on the boiler and line marked along the inside diameter of the
Ppipe, the pipe is then removed and the opening cut into the boiler
with a chisel. We give, however, the geometrical rule for obtain-
ing the pattern, and either method can be used.

As A Bin Fig. 134 represents the ontside diameter of the
boiler, to which 7 times the thickness of the metal used must be
added to the circumference in laying out the sheet, and as the ver-
tical pipe intersects one-quarter of the section as shown by @ b ¢,
take the stretchout from 1° to 7° and place it from 1°to 7° on
F G in (E), to which add 7°¢, equal to § of 7 times the thick.
ness of the plate used. Draw the arc ¢ 7", using 1° as center,
intersecting it by the vertical line drawn from 7°. Erect the usual
vertical lines and draw 7" 1°, which is the desired stretchout. Now
Pplace this stretchout on the line A B in Fig. 186, erecting vertical
lines as shown. Measuring in each and every instance from the
line 1 7 in Fig. 134, take the various distances to points 2, 3, 4, 5,
and 6 and place them in Fig. 136 on lines having similar numbers,
measuring in each instance from A B on either side, thus obtain-
ing the points 2, 3, 4, 5, tnd 6. Tracé the curve 1°4 7" 4, which
is the desired shape.
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Fig. 137 shows a perspective of a gusset sheet A on a loco-
motive, the method of obtaining this pattern in heavy metal is
shown in Fig. 138. First draw the end view A B C, the semi-
_ circle 4 1 4 being struck from & as center with a radius equal to 2
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inches. Make the distance 4 to C and 4 to B both 8§ inches and
draw C B. Draw the center line A F, on which line measure up
2% inches and obtain &, which use as center with radius equal to ¢
4, draw the section of the boiler D E F G. In its proper position
draw the sideview HIJ K LM N. HILM N H shows the
side view of the gusset sheet shown in end view by G A E D G.

Divide the semicircle 4 1 4 in end view into equal spaces as
shown, from which draw horizontal lines intersecting H N in side

—_— T
— of ==

Fig. 136. Fig. 137.

view from 1’ to 4. From these intersections parallel to H I,
draw lines indefinitely intersecting I L from 1" to 4”. At right
angles to N L produced draw the line at ¢ d, on which a true
section must be obtained at right angles to the line of the gusset
sheet. Measuring from the line A D in end view, take the vari-
ous distances to points 2, 3, and 4 and place them on correspond-
ing lines measuring from the line ¢ & on either side, thus obtaining
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the intersections 1° to 4°, a line traced through these points will
be the true section. In (Y) on any line as O P lay off the stretch-
out of the true section as shown from 4°, 1°, 4°. As the gusset
sheet only covers a portion equal to a half circle, add the distance-
4° ¢ equal to § of 7 times the thickness of the metal in use and

using 4° at the left, as center with 4° ¢ as radius, describe the arc
e 4%, intersecting it at 4X by the vertical line drawn from 4°. From
O P erect vertical lines intersecting the line drawn from 4X to 4°
at 3%, 2X, 1X ete. 4° 4X is the true stretchout, and should be
placed on the line R 8 drawn at right angles to L I. Through
the numbers on R 8 and at right angles draw the lines shown
and intersect them by lines drawn from similarly numbered inter-
sections on II N and I L at right angles to H I. Throngh points
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thus obtained trace a curved line 48, 48, and 4V, 4V. It now be-
comes necessary to add the triangular piece shown by L M N in
side view, to the pattern which can be done as follows: Using LM
in side view as radius and 4V at either end of the pattern as cen-
-ters, describe the arcs m and n; intersect them by arcs struck from
48 and 48 ag centers, and M N in side view as radius. Then draw
lines from 48 tom to 4V in the pattern on either side. The full pat-
tern shape for the gusset sheet will then be shown by m 48 43 m
4V 4V, to which laps must be allowed for riveting.

Fig. 139 shows & conical -piece connecting two boilers with
the flare of A such that the radial lines can be used in developing
the pattern. In all such cases this method should be used in pref-
erence to that given in connection with Fig. 130. Thus in Fig.
139 the centers of the two boilers are on one line as shown by @ 5.
‘While the pattern is developed the same as in flaring work, the
method of allowing for the metal used is shown in Fig. 140.

A B C D is the elevation
of the conical piece, the half
inside section being shown,
by 1 4 7 which is divided
into equal spaces. 17 1in’

Fig. 139. (E) is the full stretchout of
. the inside section A 4 D in
elevation, and 1 ¢ is equal to 7 times the thickness of the metal
used. The line 1 1’ is then obtained in the umsual manner as are
the various intersections 2’ 3’ 4, etec. Now extend the lines A B
and D O in elevation until they meet the center line a b at a.
Then using @ ¢ and @ & draw the arcs 1’ 7" and 1” 7”. From 1’
draw a radial line to a, intersecting the inner arc at 1”. Now set
the dividers equal to the spaces on 1 1’ in (E) and starting from 1’
in the pattern step off 6 spaces and draw a line from 7’ to @ inter-
secting the inner arc at 7”. 1’7" 1” 7" shows the half pattern to
which flanges must be allowed for riveting.

Fig. 141 shows a view of a scroll sign, generally made of '
heavy steel, heavy copper, or heavy brass. So far as the sign is
concerned it is simply & matter of designing, but what shall be
given attention here is the manner of obtaining the pattern and
elevation of the scroll. As these scrolls are uwsually volled up in

h ]
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form of a spiral, the method of drawing the spiral will first
be shown. '

Establish a center point as @’ in Fig. 142, and with the desired
radius describe the circle shown, which divide into a polygon of

PATTERN

Fig. 140.

any number of sides, in this case being'6 sides or a hexagon.
The more sides the polygon has, the nearer to a true spiral will
the figure be. Therefore number the corners of the hexagon 1 to

Fig. 141.

b and draw out each side indefinitelyas 1 ¢, 25, 8,4 d, b ¢, and
6. Now using 2 as center and 2 1 as radius, describe the arc
1 A; then using 3 as center and 3 A as radius, describe the arc
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A B, and proceed in similar manner using as radii 4 B, 5 C, 6 D,
and 1 E, until the part of the spiral shown has been drawn. Then
using the same centers as before continue until the desired spiral is
obtained, the following curves running parallel to those first drawn.
The size of the polygon &', determines the size of the spiral.

In Fig. 143 let A B C D represent the elevation of one corner
of the flag sign shown in Fig. 141. In its proper position in Fig.
143 draw a section of the scroll through its center line in elevation
as shown by @ 17 to 1, which divide into equal spaces as shown
from 1 to 17. Supposing the scroll is to be made of § inch thick

Fig. 142,

metal, and as the spiral makes two revolutions then multiply 4
by 14, which would equal 1% inches. Then on E F in Fig 144
place the stretchout of the spiral in Fig. 143, as shown by similar
numbers, to which add 17 E equal to 14 times the thickness of
metal in use, and draw the arc E 17" in the usual manner and
- obtain the true stretchout with the various intersections as shown.
Through the elevation of the corner scroll in Fig. 143 draw the
center line E F, upon which place the stretchout of 17 E, Fig.
144, as shown by similar numbers on EF in Fig. 143. At right
angles to E F,through 1'and 17’, draw 17° 17°equal to ABand 1° 1°
equal to the desired width of the scroll at that point. Then at
pleasure draw the cnrve 1° 17° on either side, using the straight-
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edge and bending it as required. Then will 1° 1° 17° 17° be the
pattern for the scroll using heavy metal.

If it is desired to know how this scroll will look when rolled
up, then at right angles to E F and through the intersections 1’ to
17" draw lines intersecting the curves of the pattern 1°-17° on
both sides. From these intersections, shown on one side only,
drop lines intersecting similar numbered lines, drawn from the
intersections in the profile of the scroll in section parallel to A B.
To avoid a confusion of lines the points 1%, 8%, 5%, 7X, 10%, 12X,
and 17X have only been intersected. A line traced through points
thus obtained as shown from 1% to 17X in elevation gives the pro-
jections at the ends of the scroll when rolled up.
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The upper illustration shows the layout of a flat pitched skylight whose
curb measures 6’—0” X7’ —~6”, the run of the rafter or length of the glass being
6’ 0" on a horizontal line. Five bars are required, making the glass 15 inches
wide A working section through AB and CD is shown below.

It will be noticed in the section through AB that the flashing is locked to
the roofing and flanged around the inside of the angle iron construction; over
this the curb of the skylight rests, bolted through the angle iron as shown, the
bolt being capped and soldered to avoid leakage.

The same construction is used in the section through CD, with the excep-
tion, that when the flashing cannot be made in one piece, a cross lock is placed
in the manner indicated, over the fireproof blocks.

* The illustration referred to will be found on the back of this page.
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PART III

SKYLIGHT WORK

Where formerly skylights were constructed from wrought iron
or wood, to-day in all the large cities they are being made of galvanized
sheet iron and copper. Sheet metal skylights, having by their peculiar
tonstruction lightness and strength, are superior to iron and wooden
lights; superior to iron lights, inasmuch as there is hardly any expan-
sion or contraction of the metal to cause leaks or breakage of glass; and
superior to wooden lights, because they are fire, water and condensa-
tion- proof, and being less clumsy, admit more light.

The small body of metal used in the construction of the bar and
curband the provisions which can be made to carry off the inside con-
densation, make sheet metal skylights superior to all others constructed
from different material.

CONSTRUCTION

The construction of a sheet metal skylight is a very simple matter,
if the patterns for the various
intersections are properly devel-
oped. For example, the bar
shown in Fig. 145 consists of a N
piece of sheet metal having the
required stretchout and length,

8 8
and bent by special machinery,
or on the regular cornice brake, o o
into the shape shown, which rep-
resents strength and rigidity with A S S

the least amount of weight. A A v

represent the condensation gut-
t:g to receive the condensa%ilclm Fig. 145. Fig. 146.
from the inside when the warm air strikes against the cold surface of
the glass, while B B show the rabbets or glass-rest for the glass.

In Fig. 146, C C is a re-enforcing strip, which is used to hold the
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two walls O O together and impart to it great rigidity. When skylight
bars are required to bridge long spans, an internal core is made of
sheet metal and placed as shown at A in Fig. 147, which adds to its
weight-sustaining power. In this figure B B shows the glass laid on
a bed of putty with the metal cap
C C C, resting snugly against the
glass, fastened in position by the
rivet or bolt D D. Where a very
large span is to be bridged a bar
similar to that shown in Fig. 148 is
used. A heavy core plate A made
of }-inch thick metal is used, riveted
or bolted to the bar at B and B. In
construction, all the various bars
terminate at the curb shown at AB
C in Fig. 149, which is fastened to
Fig. 147. " the wooden frame D E.
The condensation gutters C C in the bar b, carry the water into
the internal gutter in the curb at a, thence to the outside through holes
" provided for this purpose at F F. In Fig. 150 is shown a sectional
view of the construction of a double-pitched
skylight. A shows the ridge bar with a core in
the center and cap attached over the glass. B
shows the cross bar or clip which is used in
large skylights where it is impossible to get the
glass in one length, and where the glass must §
be protected and leakage prevented by means -
of the cross bar, the gutter of which conducts
the water into the gutter of the main- bar,
thence outside the curb as before explained.
C is the frame generally made of wood or angle
iron and covered by the metal roofer with flash-
ing as shown at F. D shows the skylight bar
with core showing the glass and cap in position. E is the metal curb
against which the bars terminate, the condensation being let out.
through the holes shown.
In constructing pitched sky‘hghts havmg double pltch or being
hipped, the pitch is usually one-third. In other words it is one-third

Fig. 148.
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/ 1 *
of the span. If a skylight were 12 feet wide and one-third pitch were
required, the rise in the center would be one-third of 12, or 4 feet.
When a flat skylight is made the
pitch is usually built in the wood
or iron frame and a flat skylight
laid over it. The glass used in
the construction of metallic' sky-
lights is usually }-inch rough or
ribbed glass; but in some cases
heavier glass is used.
If for any rehson it is desired
to know the weight of the various
thickness of glass, the following
table will prove valuable.

Weight bf Rough Glass Per
Square Foot.

Thickness in inches.
3 &% + %3 8 4 1. ANNS=ZZ
Weighl??n pout%ds. .
2. 2%.3%. 5. 7.8} 10. 123,

Fig. 149
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SHOP TOOLS

In the smaller shops the bars are cut with the hand shears and
formed up on the ordinary cornice brake. In the larger shops, the
stips required for the bars or curbs are cut on the large squaring
shears, and the miters on the ends of these strips are cut on what is
known as a miter cuiter. This machine consists of eight foot presses
on a single table, each press having a different set of dies for the purpose
of cutting the various miters on the various bars. The bars are then
formed on what is known as a Drop Press in which the bar can be
formed in two operations to the length of 10 feet.

METHOD EMPLOYED IN OBTAINING THE PATTERNS

The method to be employed in developing the patterns for the
various skylights is by parallel lines. If, however, a dome, conserva-
tory or circular skylight is required, the blanks for the various curbs,
bars, and ventilators are laid out by the rule given in the dis-
cussion of circular mouldings beginning on page 249.

VARIOUS SHAPES OF BARS

In addition to the shapes of bars shown in Figs. 145 to 14S in-
clusive, there is shown in Fig. 151 a plain bar without any condensation
gutters, the joint being at A. B B represents the glass resting on the
rabbets of the bar, while C shows another form of cap which covers

A !
Fig. 151. Fig. 152. Fig. 153,

the joint between the bar and glass. Fig. 152 gives another form of
bar in which the condensation gutters and bar are formed from one
piece of metal with a locked hidden seam at A. Fig. 153 shows a bar
on which no putty is required when glazing. It will be noticed that
it is bent from one piece of metal with the seam at A, the glass B B
resting on the combination rabbets and gutters C C. D is the cap
which is fastened by means of the cleat E. These cleats are cut about
$-inch wide from soft 14-0z. copper, and riveted to the top of the bar
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at F; then a slot is cut into the cap D as shown from a to b in Fig. 154;
then the cap is pressed firmly onto the glass and the cleat E turned
down which holds the cap in position.

When a skylight is constructed in which raising sashes are re-
quired, as shown in Fig. 155, half bars are required at the sides A and
B, while the bars on each side of the sash to be
raised are so constructed that a water-tight joint
is obtained when closed. This is shown in Fig.
156, which is an enlarged section through AB in

-Fig. 155. Thus in Fig. 156, A A represents the
two half bars with condensation gutters as shown,
the locked seam taking place at BB. CC repre-
sent the two half bars for the raising sash with the caps D D attach-
ed to same, as shown, so that when the sash C C is closed, the caps

€

Fig. 154.

Fig. 155.
D D cover the jont between the glass E E and the stationary half
bars. F F are the half caps soldered at a a to the bars C C which
protect the joints between the glass H H and the bars C C.

VARIOUS SHAPES OF CURBS

In Figs. 157, 158 and 159
are shown a few shapes of curbs
which are used in connection
with flat skylights. A in Fig.
157 shows the curb for the three
sides of a flat skylight, formed in
one piece with a joint at B, while
C shows the cap, fastened as previously described. “A’ shows the
height at the lower end of the curb, which is made as high as the
glass is thick and allows the water to un over. In Fig, 158, A is

Fig. 156.



138 SHEET METAL WORK

another form of skylight formed in one piece and riveted at B;
a shows the height at the lower end. In the previous figures the frame
on which the metal curb rests is of wood, while in Fig. 159 the frame is

TN
A

Fig. 157. Fig. 158. Fig. 159,

of angle iron shown at A. In this case the curb is slightly changed
as shown at B; bent in one piece, and riveted at C. In Figs. 160, 161,
and 162 are shown various shapes of curbs for pitched skylights in
addition to that shown in Fig. 149. A in Fig. 160 shows a curb formed
in one piece from a to b with a condensation hole or tube shown at B.

QM
A/\/‘ A
—B

e 3

Pig. 160. Pig. 161. Fig. 162.

In Fig. 161 is shown a slightly modified shape A, with an offset to
rest on the curb at B. When a skylight is to be placed over an opening
whose walls are brick, a gutter is usually placed around the wall, as
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shown in Fig. 162, in which A represents a section of the wall on which
2 gutter, B, is hung, formed from one piece of metal, as shown from a
tobtoc. On top of this the metal curb C is soldered, which is also
formed from one piece with a lock seam at 7. ‘To stiffen this curb a
wooden core is slipped inside as shown at D. From the inside con-
densation gutter f a 14-0z. copper tube runs through the curb, shown
at d. The condensation from the gutter ¢ in the bar, drips into the
gutter f, out of the tube d, into the main gutter B, from which it is con-
veyed to the outside by a leader.

In Fig. 163 is shown an enlarged section of a raising sash, taken
through C D in Fig. 155. A in Fig. 163 shows the ridge bar, B the
lower curb and C D the side sections of the bars explained in connec-
tion with Fig. 156. E F in
Fig. 163 shows the upper
frame of the raising sash, fit-
ting onto the half ridge bar
A. On each raising sash, at
the upper end two hinges H
are riveted at E and I, which
allow the sash to raise or close
by means of a cord, rod, or
gearings. J K shows the
lower frame of the sash fitting
over the curb B. Holes are
punched at a to allow the
condensation to escape into b,
thence to the outside through Fig. 163.

C. Over the hinge H a hood or cap is placed which prevents
leakage. Fig. 164 shows a section through A B in Fig. 167 and rep-
resents a hipped skylight having one-third pitch. By a skylight of
one-third pitch ismeant a skylight whose altitude or height A B,is equal
to.one-third of the span C D. If the skylight was to have a pitch of .
one-fourth or one-fifth, then the altitude A B would equal one-fourth
or one-fifth respectively of the span C D.

The illustration shows the construction of a hipped skylight with
ridge ventilator which will be briefly described. C D is the curb; EE
the inside ventilator; F F the outside ventilator forming a cap over the




140 SHEET METAL WORK

glass at a. G shows the hood held in position by two cross braces H.
J represents a section of the common bar on the rabbets of which the
glass K K rests. L shows the condensation gutters on the bar J,

L
SECTION THROUGH A B
IN FIG. 23

Fig. 164.

which are notched out as shown at M, thus allowing the drip to enter
the gutter N and discharge through the tube P. The foul air escapes
under the hood G as shown by the arrow.

WFig. 185
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VARIOUS STYLES OF SKYLIGHTS

In Fig. 165 is shown what is known as a single-pitch light, and is
placed on a curb made by the carpenter which has the desired pitch.

Fig. 166.

These skylights are chieﬂy used on steep roofs as shown in the illus-
tration, and made to set on a wooden curbs pitching the same as the

Fig. 167.

roof, the curb first being flashed. Ventilation is obtained by raising
one or more lights by means of gearings, as shown in Fig. 155.

Fig. 168.
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Fig. 166 shows a double-pitch skylight. Ventilation is obtained
by placing louvres at each end as shown at A. Fig. 167 shows a
skylight with a ridge ventilator. The corner bar C is called the hip
bar; the small bar D, mitering against the corner bar, is called the jack
bar, while E is called the common bar. Fig. 168 illustrates a hip mon-
itor skylight with glazed opening sashes for ventilation. These sashes
can be opened or closed separately, by means of gearings similar to
those shown in Fig. 177 In Fig. 169 is shown the method of raising

Fig. 169,

sashes in conservatories, greenhouses, etc., the same apparatus being
applicable to both metal and wooden sashes. Fig. 170 shows a view
of a photographer’s skylight; if desired, the vertical sashes can be made
to open.

In Fig. 171 is shown a flat extension skylight at the rear of a store
or building. 'The upper side and ends are flashed into the brick work
and made water-tight with waterproof cement, while the lower side
rests on the rear wall to which it is fastened. In some cases the rear
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gutter is of cast iron, put up by the iron worker, but it is usually made
of No. 22 galvanized iron, or 20-0z. cold-rolled copper. To receive
the bottom of the gutter and skylight, the wall should be covered by a
wooden plate A, Fig. 172, about two inches thick, and another plank
set edgeways flush with the inside of the wall, as shown at B. The

two planks are not required when a cast iron gutter is used.

Fig. 173 shows a hipped skylight without a ridge ventilator, set
on a metal curb in which louvres have been placed. These louvres
may be made stationary or movable. When made movable, they are

Fig. 170.

constructed as shown in Fig. 174, in which A shows a perspective view,
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