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PREFACE

For many years “The Tinsmith’s Helper and
Pattern Book” has been one of the most popular
books on tinsmithing and elementary sheet metal
work. It is to be found in the majority of the
shops, because it explains the elements of pattern’
drafting and shows how the rules of mensuration
are applied to the problems which come up daily.
This New Helper is an outgrowth of that practical
guide.

At first it was intended to merely revise the old
book, but it soon became apparent that an entirely
new treatment of the subject was necessary in order
to cover the ground. This book is new with the
exception of the chapter on Mensuration, which has
been re-arranged and amplified, and possibly some
fifty pages of problems and tables which are classi-
- fied according to the phase of the work they cover.

== The present work has 312 pages, 247 figures and

52 tables as against the’ 128°pages, 53 figures and 24
dables contained in sthe- former work.
~ The additional mattﬁ; uo.vers smpre geometry and
2rvery phase of modern’ pattem cutting, from the
aking of every type of seam, lap and joint, to
onical problems and tinware, elbows, piping, ducts,
Z3gutters, leaders, cornice and skylight work, and
? furnace fittings. The use of triangulation in the
Sdevelopment of pattern problems is simply ex-
N 3
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4 \ PREFACE

plained. In\b‘r,mation is also included on tin roof--
ing, corrugated iron work, laying metal shingles,
tile, slate, etc.

The chapter of tables contains practxcally all the
data the sheet metal worker requires, from the
weight of iron and steel, copper, brass and aluminum
sheets and bars, to the capacities of cylinders and
rectangular tanks in U. S. gallons. Our Canadian
and English friends will find complete tables of
capacities based on their standard Imperial gallon.
The metric equivalents of all our measures are
also given.

The chapter on Recipes and Formulas gives the
mixtures for all the soft and hard solders, solder-
ing fluxes, cements, putties, inks for making sheet
metal work, rust preventives, etc.

It is the belief of the editor and publishers that
this handy little volume is the most complete text-
book and guide for the apprentice or trade school
student, as well as an up-to-date reference book for
the mechanic and shop foreman. Anyone who fails
to find the in*ennatnon which he tiimks ought to be
in the book Will: ctmfer a iavor by ‘writing the pub-
lishers. $
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THE NEW
TINSMITH’S HELPER

CHAPTER 1

Mensuration
Mensuration is that branch of mathematics which
1s employed in ascertaining the extension, solidities
and capacities of bodies capable of being measured.

Definitions of Arithmetical Signs
= Slgn of Equality, and signifiesas 4 + 6 =10.

+ Addition, “ as 64+6=12,
the Sum.

— “  Subtraction, “ as 6—2z2= g4,
Remainder.

X % Multiplication, as 8 X 3=24,
Product.

= “ Division, “ as24 +—3=28.

V “ Square Root, “ Extraction of

Square Root.
6° “ tobesquared, “ thus 82 = 64.
72 “ tobecubed, ¢ thus 32 = 27.

Z‘,’ ﬁﬂ;{“s



2 THE NEW TINSMITH’S HELPER

SURFACE MENSURATION

The Square, Rectangle, Cube, Etc.

1. The side of a square equals the square root of
its area. :

2. The area of a square equals the square of one
of its sides.

3. The diagonal of a square equals the square
root of twice the square of its side.

4. The side of a square is equal to the square root
of half the square of its diagonal.

5. The side of a square equal to the diagonal of
a given square contains double the area of the given
square.

6. The area of a rectangle equals its length multi-
plied by its breadth. .

7. The length of a rectangle equals the area
divided by the breadth; or the breadth equals the
area divided by the length.

To Measure or Ascertain the Quantity of Surface in
Any Right Lined Figure Whose Sides are
Parallel to Each Other.

Rule: Multiply the length by the breadth or per-
pendicular height, and the product will be the area
or superficial contents. :

Example: The sides of a square piece of iron
are 97 inches in length, required the area of this
sheet of iron.

Ans.: Decimal equivalent to the fraction 74 =
875, and 9.875 X 9.875 = 97.5, etc., square inches,

« the area.
- Example: The length of a roof is 60 feet 4

eccee
.
.
«



" MENSURATION 3

inches and its width 25 feet 3 inches; required the
area of the roof.

Ans.: 4 inches =.333 and 3 inches=.25 (see
table of equivalents), hence, 60.333 X 25.25 =
1523.4 square feet, the area; or, to convert back to
feet and inches, 1523 square feet and 5734 square
inches. .

Triangles

1. The complement of an angle is its defect from
a right angle.

2. The supplement of an angle is its defect from
two right angles.

3. The three angles of every triangle are equal
to two right angles: hence the oblique angles of a
right angled triangle are each other’s complements.

4. The sum of the squares of two given sides of
a right angled trlangle is equal to the square of the
hypothenuse.

5. The difference between the squares of the
hypothenuse and given side of a right angled tri-
angle is equal to the square of the required side.

6. The area of a triangle equals half the product
of the base multiplied by the perpendicular height
of the triangle.

To Find the Area of a Triangle When the Base and
Perpendicular are Given.
Rule Multiply the base by the perpendicular
height and half the product is the area.
Example The base of the triangle is 3 feet 6
inches in length and the height 1 foot 9 inches;
required the area.
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Ans.: 6 in. = .5 and 9 in. =.75, hence,
35X 1.75
2
square feet, the area.

= 3.0625

To Find the Hypothenuse When the Base and Perpen-
dicular are Given.

Rule: Add the square of the base to the square
of the perpendicular and the square root of the sum
will be the hypothenuse.

Example: The base of the triangle is 4 feet and
" the perpendicular 3 feet; required the hypothenuse.

Ans.: 4% 4 32=25, \/ 25 = 5 feet, the hypothe-
nuse.

To Find the Perpendicular When the Hypothenuse and
Base are Given.

Rule: From the square of the hypothenuse sub-
tract the square of the base, and the square root of
the remainder will be the perpendicular.

Example: The hypothenuse of the triangle is 5
feet and the base 4 feet; required the perpendicular.

Ans.: 52— 4?=9, and VV/ 9 =3, the perpen-
dicular. .

To Find the Base When the Hypothenuse and Perpen-
dicular are Given.

Rule: From the square of the hypothenuse sub-
tract the square of the perpendicular, and the square
root of the remainder will be the base.

Example: The hypothenuse of a triangle is 5
feet and the perpendicular is 3 feet, required the
base. A '

Ans.: 52 — 32=16 and \/ 16 = 4, the base.
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Polygons

The side of any regular polygon multiplied by its
apothem or perpendicular, and by the number of its
sides, equals twice the area.

To Find the Area of a Regular Polygon.

Rule: Multiply the length of a side by half the
distance from the side to the center, and that prod-
uct by the number of sides; the last product will
be the area of the figure.

Example: The side of a regular hexagon is 12
inches, and the distance therefrom to the center of
the figure is 10 inches; required the area of the
hexagon.

Ans.: ; X 12 X 6 =360 square inches =214
square feet. '

To Find the Area of a Regular Polygon When the Side
Only is Given,

Rule: Multiply the square of the side by the
multiplier opposite to the name of the polygon in
the ninth column of the following table, and the
product will be the area.

Example: A hexagon side is 12 inches, required
its area.

Ans.: 122=144; 144 X 2.598076 = 374.1229
square feet.

Table of Angles
Table of angles relative to the construction of

Regular Polygons with the aid of the.sector, and of
coefficients to facilitate their construction without
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it; also, of coefficients to aid in finding the area of
the figure, the side only being given.

©

- - - g~ a § o

B EE ?}5 3: ia H
51 ‘8

88 5 2 pEzaEzlE g
3 120 60 .288681.782 .5773 2. .

20 920 .5 1.414 .7071 1.414 1.
5 72 108 .6882 1.175 .8506 1.238 1.720477

60 120 .866 1. 1. 1.156 2.598076

[
7 5137 1284-7 1.0382 .86721.152 1.11 3.633912
45 135 1.2071 .76541.3065 1.08 4.828427
140 l 3737 .684 1.4619 1.06 6.181824
36 144 5388 .618 1.618 1.05 7.694208
328-11 1473-11 1.7028 .56341.7747 1.04  9.36564
30 150 1.866  .5176 1.9318 1.037 11,196152

Norte.—“Angle at center” means the angle of
radii passing from the center to the circumference
or corners of the figure. “Angle at circumference”
means the angle which any two adjoining sides make
with each other. :

The Circle }

1. The radius of a circle is a straight line drawn
from the center to the circumference.

2. The diameter of a circle is a straight line
drawn through the center and terminating both
ways in the circumference.

3. A chord is a straight line joining any two
points of the circumference.

4. The versed sine is a straight line joining the
chord and the circumference.

5. An arc is any part of the circumference.

6. A semicircle is half the circle cut off by a
diameter.

7. A segment is any portion of a circle cut off
by a chord.
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8. A sector is a part of a circle cut off by two
radii.

9. The circle contains a greater area than any
other plane figure bounded by an equal perimeter
or outline.

10. The areas of circles are to each other as the
squares of their diameters. Any circle twice the
diamgter of another contains four times the area
of thé other.

11. The circumference of a circle equals its diam-
eter multiplied by 3.1416.

12. The diameter of a circle equals its circumfer-
ence multiplied by .31831.

13. The area of a circle equals the square of its
diameter multiplied by .7854.

14. The square root of the area of a circle mul-
tiplied by 1.12837 equals its diameter.

15. The diameter of a circle multiplied by .8862,
or the circumference multiplied by .2821, equals the
side of a square of equal area.

16. The side of a square multiplied by 1.128
equals the diameter of a circle of equal area.

17. The number of degrees contained in the arc
of a circle multiplied by the diameter of the circle
and by .008727, the product equals the length of
the arc in equal terms of unity.

18. The length of the arc of a sector of a circle
multiplied by its radius equals twice the area of
the sector.

19. The area of the segment of a circle equals
the area of the sector, minus the area of a triangle
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whose vertex is the center and whose base equals
the chord -of the segment.

20. The sum of the diameters of two concentric
circles multiplied by their difference and by .7854
equals the area of the ring or space contained be-
tween them.

To Find the Circumference of a Circle Whose Diameter
is Given.

Rule: Multiply the diameter by 3.14I0.

Example: The diameter of a circle being 5 feet
6 inches, required its circumference.

Ans.: 5.5 X 3.1416=17.27880 feet, the circum-
ference, or, converting back to feet and inches, 17
feet and 3 5/16 inches.

To Fmd the Diameter of a Circle When the Circumfer-
ence is Given.

Rule ‘Multiply the circumference by .31831I.

Example: A straight line or the circumference
of a circle being 17.27880 feet, required the circle’s
diameter corresponding thereto. '

Ans.: 17.27880 X .31831 =—5.5000148280 feet, di-
ameter, or actually 514 feet.

To Find the Area of a Circle When the Diameter is
- Given.

.7854.

Example: The diameter of a circle is 934 inches;
what is its area in square inches?

Ans.: 9.375%2 = 87.89, etc., X .7854 = 69.029, etc.,
square inches, the area. 0.29 feet equal about 5
of a square inch.

Rule: Multiply the square of the diameter by
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To Find the Diameter of a Circle When the Area is
Given,

Rule: Extract the square root and multiply it by
1.12837.

Example: What must the diameter of a circle be
to contain an area equal to 69.029296875 square
inches?

Ans: 1V 69.02929, etc., = 8.3091 X I. 12837_-
9.375, etc., or 934 inches, the diameter.

Given the Diameter of a Circle to Find the Side of a
Square of Equal Area to the Circle.

Rule: Multiply the diameter by .8862.

Example: The . diameter of a circle is 15%%
inches; what must each side of a square be to be
equal in area to the given circle?

Ans.: 15.5 X .8862 = 13.73, etc., inches, length
of side.
Gwen the Side of a Square to Find the Diameter of a

Circle of Equal Area.

Rule: Multiply the side of the square by 1.128.

Example: Each side of a square is 13.736 inches
in length ; what must the diameter of a circle be to
contain an area equal to the given square?

Ans.:'13.736 X 1.128 = 1549, etc, or 15
inches, the diameter.

To Find the Diameter of a Circle Any Chord and
Versed Sine Being Given.

Rule: Divide the sum of the squares of the
versed sine and ome-half the chord by the versed
sine; the quotient is the duz.meter of corresponding
circle.
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Example: The chord of a circle equals 8 feet and
the versed sine equals 115; required the circle'’s
diameter.

Ans.: 8% 4 1.52 = 66.25 = 1.5 = 44.16 feet, the
diameter.

Example: In the curve of a railway a stretched
line is 80 feet in length and the distance from the
line to the curve is found to be g inches; required
the circle’s diameter.

s.: 80% 4 .75%2 =640.5625 = 2 — 320.28, etc,
feet, the diameter.

To Find the Length of Any Arc of a Circle.
Rule: From eight times the chord of half the arc
subtract the chord of the whole arc, and one-third
of the remainder will be the length, nearly. )
Example: Required the length of an arc, the
chord of half the arc being 814 feet and chord of
-whole arc 16 feet 8 inches.

Ans.: 85 X 8 = 68.0 — 16.666 = S1:334 _

17.11114 feet, the length of the arc.

To Find the Area of the Sector of a Circle.
Rule: Multiply the length of the arc by half the
length of the radius.
Example: The length of the arc equals 914 inches
and the radii equal each 7 inches; required the area.
Ans.: 9.5 X 3.5 =33.25 inches, the area.

To Find the Area of a Segment of a Circle.

Rule: Find the area of a sector by the rule given
for sector of a circle, whose arc is equal to that of
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the given segment, and if it be less than a semicircle
subtract the area of the triangle formed by the
chord of segment and radii of its extremities; but
if more than a semicircle add area of triangle to the
area of the sector, and the remainder or sum is the
area of the segment.

To Find the Area of the Space Contained Befween Two
Concentric Circles, that is to say, the Area of a Cir-
cular Ring.

Rule 1: Multiply the sum of the inside and out-
side diameters by their difference and by .7854; the
product is the area.

Rule 2: The difference of the area of the two
circles will be the area of the ring or space.

Example: Suppose the external circle equals 4
feet and the internal circle 214 feet, required the
area of space contained between them or area of a
ring. .

Ans.: 4+ 2.5=06.5 and 4—2.5=1.5, hence,
6.5 X 1.5 X .7854 = 7.65 feet, the area; or,

The area of 4 feet is 12.566; the area of 2.5 is
4.0081. (See table of areas of circles.) 12.566 —
4.9081 = 7.6579, the area.

Cylinders
The circumference of a cylinder multiplied by its
length or height equals its convex surface. -

To Find the Convex Surface of a Cylinder.
Rule: Multiply the circumference by the height
or length, the product will be the surface.
Example: The circumference of a cylinder is 6
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-feet 4 inches and its length 15 feet, required the
convex surface,

Ans.: 6.333 X 15 = 04.995 square feet, the sur-
face. '

Ellipses or Ovals

1. The square root of half the sum of the squares
of the two diameters of an ellipse multiplied by
3.1416 equals its circumference.

2. The product of the two axes of an ellipse
multiplied by .7854 equals its area.

To Find the Area of an Ellipse or Oval.
Rule: Multiply the diameters together and their
product by .7854.
Example: An oval is 20 x 15 inches, what are
its superficial contents?
Ans.: 20 X 15 X .7854 = 235.62 inches, the area.

To Find the Circumference of an Ellipse or Oval.

Rule: Multiply half the sum of the two diameters
by 3.1416 and the product will be the circumference.

Example: An oval is 20 x 15 mches, what is the
circumference ? :

20 :

Ans.: —1_—5 = 17.5 X 3.1416 = 54.978

inches, the circamference.

" Cones and Pyramids

1. The curve surface of a cone is equal to half
the product of the circumference of its base multi-
plied by its slant side, to which, if the area of the
base be added, the sum is the whole surface.
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To Find the Convex Surface of a Right Cone or

~ Pyramid.

Rule: Multiply the circumference of the base by
the slant height and half the product is the slant sur-
face; if the surface of the entire figure is required,
add the area of the base to the convex surface.

Example: The base of a cone is 5 feet. diameter
and the slant height is 7 feet, what is the convex
surface?

Ans.: 5 X 3.1416 = 15.70 circumference of " the

d 15'70 X 7

base an = 54.95 square feet, the con-

vex surface. Convertmg feet to inches, 95 square’
feet equal 13646 square inches.

To Find the Convex Surface of a Frustum of a Cone or
Pyramid. '

Rule: Multiply the sum of the circumference of
the two ends by the slant height and half the product
will be the slant surface.

Example: The diameter of the top of the frus-
tum of a cone is 3 feet, the base 5 feet, the slant
height 7 feet 3 inches; required the slant surface.

Ans.: 942 + 157 = ————25'125 725 _ 91.06
square feet, slant surface. To change to square
inches, .06 square feet equal 1034 square inches.

Spheres

1. The square of the diameter of a sphere multi-
plied by 3.1416 equals its convex surface.

2. The height of any spherical segment or zone,
multiplied by the diameter of the sphere of .which
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it is a part and by 3.1416, equals the area or con-
vex surface of the segment; or,

3. The height of the segment muliplied by the
circumference of the sphere of which it is a part
equals the area. :

To Find the Convex Surface of a Sphere or Globe.

Rule 1: Multiply the diameter of the sphere by |
its circumference and the product is its surface; or,

Rule 2: Multiply the square of the diameter by
3.1416; the product is the surface.

Example: What is the convex surface of a globe
6% .feet in diameter? ,

Ans.: 6.5 X 3.1416 X 6.5 = 132.73 square feet;
or, 6.52=42.25 X 3.1416 = 132.73 square feet, the
convex surface.

MENSURATION OF SOLIDS AND CAPACI-
TIES OF BODIES

1. The solidity of a cube equals the area of one
of its sides multiplied by the length or breadth of
one of its sides.

2. The length of a side of a cube equals the cube
root of its solidity.

To Find the Solidity or Capacity of Any Figures in
the Cubical Form.

Rule: Multiply the length of any one side by its
breadth and by the depth or distance to its opposite
side, and the product is the solidity in equal terms
of measurement.

Example: The side of a cube is 20 inches; what

3 its solidity 7
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Ans.: 20 X 20 X 20=28000 cubic inches, or
4.6296 cubic feet.

Example: A rectangular tank is in length 6 feet,
in breadth 414 feet and its depth 3 feet; required
its capacity in cubic feet; also its capacity in United
States standard gallons.

Ans: 6 X 4.5 X 3= 81 cubic feet; 81 X 1728 =
139,968 = 231 = 605.92 gallons.

Cylinders

1. The area of the end of a cylinder multiplied
by its length equals its solid contents.

2. The area of the internal diameter of a cylinder
multiplied by its depth equals its cubical capacity.

3. The square of the diameter of a cylinder mul-
tiplied by its length and divided by any other re-
quired length, the square root of the quotient equals.
the diameter of the other cylinder of equal con-
tents or capacity.

4. The capacity of a cylinder,*1 inch in diameter
and 1 inch in length, equals .0034 United States.
gallon.

5. The capacity of a cylinder, 1 inch in diameter
and 1 foot in length, equals .0408 United States.
gallon.

6. The capacity of a cylinder, 1 foot in diameter
and 1 foot in length, equals 5.875 United States
gallons.

7. The capacity of any other cylinder in United
States gallons is obtained by multiplying the square
of its diameter by its length, or the capacity of any
other sphere by the cube of its diameter and by the
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number of United States gallons contained as above
in the unity of its measurement.

To Find the Solidity of Cylinders.
Rule: Multiply the area of the base by the height
and the product is its solidity.
Example: The base of a cylinder is 18 inches and
height 40 inches. What is its capacity ?
Ans.: 18 X .7854 X 40 = 10,178.7840 cubic
inches.

To Find the Contents in Gallons of Cylindrical Vessels.
Rule: Take the dimensions in inches and deci-
mal parts of an inch. Square the diameter, multi-

ply it by the height, then multiply the product by

.0034 for wine gallons, or by .002785 for beer gal-
lons.
Example: How many United States gallons will
a cylinder contain whose diameter is 18 inches and
length 30 inches?
Ans.: 18 X 3 9720 X .0034 = 33.04, etc.,
gallons.
- Cones and Pyramids

1. The solidity of a cone equals one-third the
product of its base multiplied by its height.

2. The square of the diameters of the two ends
of the frustum of a cone added to the product of
the two diameters, and that sum multiplied by its
height and by .2618, equals its solidity.

Nearly all appliances for measuring liquids are
frustums of cones in shape, rather than cylinders;
so it might be well to pay particular attention to
gallon capacities in the examples for frustums.

|
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To Find the Solidity of a Cone or a Pyramid.

Rule: Multiply the area of the base by the per-
pendicular height and one-third the product will be
the solidity.

Example: The base of a cone is 214 feet and
the height is 334 feet, what is the solidity?

2
Ans.: 225X -7354 X 375

= 4.97 cubic feet, the
solidity.

To Find the Solidity of the Frustum of a Cone.

Rule: To the product of the diameters of the
ends add one-third the square of the difference of
the diameters; multiply the sum by .7854 and the
product will be the mean area between the ends,
which multiplied by the perpendicular height of
frustum gives the solidity.

Example: The diameter of the large end of a
frustum of a cone is 10 feetgdat of the smaller
end is 6 feet and the perpendicular height 12 feet
what is its solidity ?

Ans.: 10— 6 =4*=16-— 3 = 5.333 square of
difference of ends; and 10 X 6 + 5.333 = 65.333 X
.7854 X 12 =615.75 cubic feet, the solidity.

To Find the Contents in U. S. Standard Gallons of the
Frustum of a Cone.

Rule: To the product of the diameters, in mches
and decimal parts of an inch, of the ends, add one-
“third the square of the difference of the diameters.
Multiply the sum by the perpendicular height in
inches and decimal parts of an tnch and multiply
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that product by .0034 for wine gallons, and by
.002785 for beer gallons.
Example: The diameter of the large end of a
frustum of a cone is 8 feet, that of the smaller end
. 1s 4 feet and the perpendicular height 10 feet; what
are the contents in United States standard gallons?
Ans.: 96 — 48 =48% =2304 <+ 3 = 768;96 X 48
+ 768 = 5376 X 120 X .0034 = 2193.4 gallons.

To Find the Solidity of the Frustum of a Pyramid.

Rule: Add to the areas of the two ends of the
frustum the square root of their product, and this
sum wmultiplied by one-third of the perpendicular
height will give the solidity.

Example: What is the solidity of a hexagonal
pyramid, a side of the large end being 12 feet, one
of the smaller ends 6 feet and the perpendicular
height 8 feet?

Ans.: yunx%n—vawrﬂ&w

654.712 X 8
374.122 + 93.53 + 187.06 = —57—3——- =

1745.898 cubic feet, solidity.

Spheres

1. The cube of the diameter of a sphere multiplied
by .5236 equals its solid contents.

2. The capacity of a sphere 1 inch in diameter
equals .002266 United States gallon.

3. The capacity of a sphere 1 foot in diameter
equals 3.9168 United States gallons.

4. The solidity of any spherical segment is equal
to three times the square of the radius of its base,
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plus the square of its height, multiplied by its height
and by .5236.

5. The solidity of a spherical zone equals the sum
of the squares of the radii of its two ends and one-
third the square of its height, multiplied by the
height and by 1.5708.

To Find the Solidity of a Sphere.

Rule: Multiply the cube of the diameter by
.5236 and the product is the solidity.

Example: What is the solidity of a sphere, the
diameter being 20 inches?

Ans.: 20® =8000 X .5236 = 4188.8 cubic inches,
the solidity.

The oblate spheroid, the prolate spheroid and a
few other shapes have not been discussed because
they are not generally used in the shop, and this
mariual has been boiled down so as to give the great-
est amount of usable material in the space available
herein. <

Further information on the practical application
of mensuration to shop and outside problems is
given in Neubecker’s “Mensuration for Sheet Metal
Workers.”



CHAPTER 1II
Simple Geometrical Problems

A knowledge of geometry is very useful, and
while some of the mechanics who read this chapter
may feel that they can do all that is required of
them by rule of thumb, it is recommended that
they study the methods given in these simple prob-
lems. No one who hopes to become an expert pat-
tern drafter should fail to study geometry, for it
is the foundation on which all the principles of pat-
tern cutting are based.

The problems presented in this chapter have been
selected for their importance, and a more compre-
hensive treatment of the subject is given in “The
. New Metal Worker Pattern Book.”

To Erect a Perpendicular to a Straight Line
In Fig. 1 AB is the
straight line, and P the
point at which perpendic-
ular is to be erected.
Take any point, C, out-
/' side of line AB as cen-
X g\—/P‘B ter, and with radius C to
P strike an arc. Draw a
F16. 1.—Erecting a Perpendicular. line from where arc cuts
line A B through C to arc
again, thus establishing point F. A line drawn

from F to P is the required perpendicular.
20
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To Erect a Perpendicular to an Arc

In Fig. 2, ADB is the given arc. With A and
then B as centers, with a radius greater than half
the length of the arc A B, describe arcs XX
and YY. Then draw a line, FDE, through the
points where the arcs XX and YY cross each
other and the result is the perpendicular required;
always use extreme care in the operations.

Y

™

N\
XY XNy

F16. 2.—To Erect a Perpendicular toan Arc.  F16. 3.—To Divide a Straight Line

To Divide a Straight Line into Equal Parts

In Fig. 3, A B is the given line. With the points
A and B as centers and with radius greater than
one-half the length of A B, draw arcs XX and
Y Y as shown. Then draw a line E F through the
points where these arcs cross each other, thus
dividing line A B into two equal parts at G. Inci-
dentally EG or F G are perpendiculars to A B, so
that this method will do for erecting perpendicu-
lars, at G, to A B.

-~
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To Find the Center of an Arc

Let HK in Fig. 4 represent the given arc. Span
dividers any convenient radius and describe small
arcs, as at V and O, being sure to have the point of
the dividers on the arc HK. Draw lines through
them, as shown by dotted lines, and the intersec-
tion, S, will be the center sought. Arc B from V
and O, bisects angle V S O.

X

Fre. 4.-—Fi|;¢li]in rgxe Center of Fie. s.—l;ifmﬁ:;g Acll’:ce. Center
Having Chord and Height of Segment to Find
Center of the Arc

In Fig. 5 let A B be the chord and C D the height
of the segment, then draw lines AD and BD. Bi-
sect these lines as shown and extend the lines HL
and I M until they intersect each other as at point
E, then E is the center sought. Continuing line
D C until it cuts either HL or I M is another
method in which but one bisecting line, either H L
or I M, is used.
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To Bisect an Angle

In Fig. 6 A C B is the given angle, and to bisect
it strike an arc, to any convenient radius, using B
as center and establishing points D and E. With
the compass set to a radius more than half the dis-
tance from D to E and with these points as centers
strike intersecting arcs, thus producing point H. A
line from H to B bisects the given angle A B C;
in part, a similar procedure to that of Fig. 4.

N S

D
B
B M N
Fic. 6.—Bisecting an Angle. Fi6. 7.—Locating the Center.

Arc and Radius Given, to Locate the Center

In Fig. 7, assume that A B is the given arc and
line M N the radius. Set the compass to radius
M N and with any point on arc, say C, as center,
describe a short arc. With any other point on arc
A B, as D, for center describe another arc cutting
the first one at T, which is the center of the given
arc A B.
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To Draw a Straight Line Parallel to Another

In Fig. 8, let A B be the given line. Select any
two points on line A B as C and D and with com-
pass set to radius equal to distance the parallel lines
are to be apart, strike short arcs using points C and
D for centers as shown. Then draw a line touching
these arcs as E F, and that line, E F, will be paral-
lel to, and the required distance from line A B.

E FA2°3°4°5°6’7'

F16. 8.—Drawing Parallel Lines. F16. 9.—Dividing a Line Equally.

To Divide a Straight Line into a Number of
Equal Parts

In Fig. 9, assume that line A B is to be divided
into nine equal spaces. From A draw another line,
at any convenient angle. Step this line off into nine
equal spaces as shown on line A C by setting the
dividers at will, but trying to arrange it so the last
swing will come near the end of the line A C. From
C draw a line to B and then draw lines, parallel to
line C B, from the points on line A C to intersect
the line A B, giving points A 2°, 3°, 4°, 5°, 6°, 7°,
8° 9° and B. These spaces on A B are all equal
and divide A B into nine spaces. Both problems
on this page are very useful and the reader will do
well to memorize them.
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To Draw a Tangent to a Circle or Arc

In Fig. 10, let M D N be the given arc of the cir-
cle.and to draw a tangent at D set the compass to
a convenient radius and with D as center describe
arc cutting MD N at A B. Join points A and B.
Then set compass to radius equal to distance be-
tween D and the line A B. With this radius and
with B as cénter describe an arc above line A B.
Then draw a line extend-
ing through point D and
touching the second arg
as shown by E D H,
which is the tangent.

B

Fi16. 10.—Drawing the Tangent. Fic, 11.—A Triangle in a Circle.

To Inscribe an Equilateral Triangle in a Circle
In Fig. 11, let AD B be given circle, then with
compass set to radius of the circle and from any
point on it at will as E describe arc BCD cutting
circle at points B and D and naturally passing
through center of circle C. Draw line B D, which
is one side of the triangle. With the compass set
to a radius equal to space B D and with B and then
D as centers describe arcs giving point A. Draw
lines from A to D and A to B completing the tri-
angle. The same method of drawing a triangle
may be followed when one side is given, as B D.
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To Inscribe a Square in a Circle

In Fig. 12, let T be given circle. Through its
center A draw two diameter lines at right angles to
each other as CD and EF. To be sure you have
a square set your dividers to the distance between
points CE and using that as a guide check the
length of the other sides. Drawing lines from F to
D,DtoE, E to C and C to F completes the square.

¢ ' ~t ~———%

F16. 12.—A Square in a Circlg. F16. 13.—A Hexagon in a Circle.

To Inscribe a Hexagon in a Circle

In Fig. 13, let T be the given circle; choose any
point for center, as A, on the circle and with a
radius equal to that of the circle describe arc P B,
P of course being the center of the circle T. Set
dividers to space A B and step around circle as B C,
CD and so on. In other words, the radius of the
given circle equals one side of the hexagon, so all
that is necessary to get the other five sides is to step
off the length of the radius as often as possible on
the circumference, beginning at A. The sixth point
should be A. ‘




~

SIMPLE GEOMETRICAL PROBLEMS 27

To Inscribe an Octagon within a Given Square

Draw diagonal lines from corner to cormer and
the intersection is the center H, as shown in Fig.
14. 'With the compasses set to a radius from center
to corner, and one foot set successively at each cor-
ner, describe arcs, as shown. The points at which
they cut the square, as K V, will be the corners of
the octagon. Draw lines from point to point to
complete the figure.

N
o

F16. 14—An_Octagon Within a Fie. 15.—An Octagon Within a
Square. ’ Circle.

To Inscribe an Octagon within'a Given Circle

Draw lines at right angles passing through center
H as in Fig. 15. This divides the circle into four
parts, which need only to be subdivided into equal
parts again to form the corners for the octagon.
This may be easily done by drawing the lines KV,
and bisecting them, as shown, and drawing lines to
the circle through the bisecting arcs locates desired
points. .
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Heart with Square and Compass

Draw line H K the breadth of the heart and de-
scribe two semicircles on it as shown in Fig. 16.
These semicircles should be of the same size and
radius. About the best way to do this would be to
divide line H K into four equal parts and then use
the first space point from H, and also from K, as
centers describe a semicircle from H and then K.
Span dividers from H to K and with H as center
make sweep K to V. Then with same radius and
K as center, make sweep H to V.,

\

Fic. 16.—A Geometrical Heart. Frc. 17.—A Five Pointed Star.

To Describe a Star

With V in Fig. 17 as center strike circle size of
star desired. Divide circle in five parts and draw
lines to points.

There is a rule for finding the points of a star
other than stepping, but it is not given here because
it has been found that this mode is the quickest and
most accurate; in fact, it is about the quickest way
to draw any polygon.
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To Describe an Oval or Ellipse with a Compass

Draw horizontal line F K the length of the oval
desired, as shown in Fig. 18, then span the divid-
ers one-third the required major diameter F K, and
from V and O as centers describe circles, as shown;
then span dividers two-thirds entire length V to K,

F16. 18.—Quick Way to Draw an Oval.

and, with one foot at the intersection of the circles,
as S and B, draw the arcs G H and U R, stopping
them where they touch the circles drawn with O
and V as centers, which of course is GH U and
R, which completes the oval.

~The proportion of the diameters is about as three
to four, and makes an oval—or, strictly speaking,
an ellipse, that is satisfactory for all ordinary pur-
poses. Drawing straight lines from G to H and
from U to R describes an oval that is quite popular
for furnace pipes. Or, draw a rectangle as wide
as the required oval and as long as the distance
from center to center of semicircular ends. Strike
half-circles from the centers of the ends of the
rectangle.
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‘To Describe an Oval Having Diameters as Five
to Eight with a Square and Compass

Draw horizontal line H K the length desired as

shown in Fig. 19. Span compasses one-quarter

F16. 19.—Another Method of Drawing an Oval or Ellipse.

the long diameter and describe three circles with
that radius, as shown by diagram. Then draw lines
through centers of outer circles and their intersec-
tions with the inner circle as shown. The oval is
completed by drawing the arcs, connecting the outer
circles, from points V and O as centers; the dotted
lines being the terminus points.

By comparing the diagram, Fig. 19, with the
other diagram, Fig. 18, it will be seen that this

™ .method gives a more accurate ellipse.
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To Describe an Oval with a Square and Compass.
Third Method

- Draw horizontal line HK and erect line

V O perpendicular to it as shown in Fig. 2o.

Fi16. 20.—A Third Method of Drawing an Oval or Ellipse.

Let HK equal the long or transverse diam-
eter, and SB the short or conjugate. Lay
off the distance SB on the line HK, as from
H to U. Divide the distance U K into three equal
parts. From R, the center, set off two of the parts
each side, as GF. On the line V O set off the dis-
tance GF from R, as RV and RO. From V and
O draw lines passing through G and F, as shown.
From the points V, O, G, F as centers describe the
arcs that complete the ellipse.

As may be observed, the foregoing procedure
more nearly approaches the usual prescribed geo-
metrical procedure.
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To Describe an Oval with a Square and Compass.
Fourth Method

Construct the parallelogram equal in length and

width to the long and short diameters of the oval

o)
L]
S /B
A K K v
S
0

F1c. 21.—A Fourth Method of Drawing an Oval or Ellipse.

desired, as shown in Fig. 21. Divide it into four
equal parts by drawing lines through the center, -
crossing at H. Mark the points K and K one-third
the distance from V to H, and draw lines from the
corners through these points until they intersect,
as shown at O. Then from O and O as centers de-
scribe the arcs SUB and SU B; from K and K as
centers the segments BV Band S V S; thus com-
~ pleting the required figure.
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To Describe Oval with String, Pins and Pencil

Erect perpendicular line H K equal to short diam-
eter and at right angles to it VO, as shown in

Fi6. 22.—Drawing Oval with a String.

Fig. 22. Span dividers one-half the length of the
oval, and with H and K as centers describe the arcs
S and B. Set pins at these points, and, with a string
(one that will not stretch) tied around them so that
the loop when drawn tight will reach H or K, as
shown, draw the figure with pencil, keeping string
equally tense while going around. The various
rules for drawing ovals, or rather ellipses, by the
use of dividers and other means have been given in
this work for the benefit of the student and so the
mechanic may select and use the one that seems easi-
est to him.

This is a mechanical process and there are many
other mechanical devices for drawing ellipses. There
are also numerous other geometrical processes like
developing the oblique section of a cylinder.

-~
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To Draw a True Oval

Strictly speaking the foregoing problems are not
ovals, but ellipses. A true oval is egg-shaped, and
7]

F16. 23.—Drawing a True Oval.

in Fig. 23 is shown a geometrical method of draw-
ing such a figure. Draw a horizontal line A B the
length of the narrowest dimension of the figure.
Draw a vertical line CD the length of the longest
dimension of the oval; line CD is to pass exactly
in the center of line A B by method of Fig. 3, giv-
ing point E. With E as center and radius A de-
. scribe full circle. Draw lines from A and B through
F indefinitely. With A and then B as centers de-
scribe arcs A G and BH. With F as center and a
radius equal to F G describe arc GD H, which will -
“-nmplete the oval. ‘
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To Draw a Simple Spiral or Scroll

The scroll or spiral is a typical geometrical prob-
lem and, of the many different methods, the follow-

F16. 24.—A Simple Spiral.

ing one is recommended for its simplicity. Draw
any polygon, for example a hexagon as in Fig. 13.
Continue the various sides as shown in Fig. 24.
Then with 2 as center and 2 to 1 as radius describe
arc 1 A. With 3 as center and A to 3 as radius, de-
scribe arc A B. With 4 as center and B to 4 as
radius, describe arc B C. With 5 as center and C to
5 as radius, describe arc CD. With 6 as center and
D to 6 as radius, describe arc D E: With 1 as cen-
‘ter and E to 1 as radius, describe arc E F, complet-
ing revolution. As many revolutions as desired may
be drawn by just continuing in this wise, as shown
in the diagram.
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Practical Application of Mensuration and
« Geometry

This problem is presented in concluding the chap-
ter on geometry to show the practical application of
mensuration and geometry to actual shop problems.
Fig. 25 illustrates an ordinary hip roof with a flat
deck to be covered with tin. In handling work of
this character the sheet metal worker is required to
calculate the areas of flat surface for the tin, the
length of the hips, etc.

400"
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Fi1c. 25.—Sketch of Practical Fi16. 26.—Method of Measuring

Problem. oof,

Fig. 26 shows the steps followed in determining
the area of the roof. This is one quarter of the
plan with the cornice gutter omitted. The length
is 40 feet on the eaves line for each side, or 40 feet
6 inches over all for each side.

The deck is 10x 10 feet or 100 square feet of
area. Now, the pitch of the roof, as usually figured,
is 6 inches to 1 foot of horizontal line, that is to say,
one-quarter of the span of the roof. Should this
“fer though from the reader’s idea of pitch, it is to
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be said that the mathematical operations as herewith
expounded would be the same, simply a substituting
of his rise per foot for that given here. As it is
15 feet on the horizontal lines from eaves to deck,
the rise of the deck above the eaves would be 15x 6
inches or 7 feet 6 inches.

Draw the quarter plan to a convenient scale as in
Fig. 26 which may be made 34 inches to the foot.
Continue deck line to eaves as A B. At right angles
to A B draw line A C, 7 feet 6 inches by scale. Con-
nect B and C and scale, learning thereby that the
line is 16 feet g inches, which is the slant measure-
ment of the roof from eaves to deck. Determine the
area of the roof by the rules given in the chapter on
mensuration, viz.: Add the length of the deck to the
length of the eaves, divide into one-half and multi-
ply the result by the slant length of the roof, which
in turn is multiplied by 4 (the number of sides of the
roof). That is, 104 40=1750; 50--2=25;
25 X 16 feet g inches = 418 feet g inches; 418 feet .
9 inches X 4 = 1675 square fcet as the area of the
hipped roof.

The length of the hip A D is ascertained by draw-
ing a line from A, at right angles to it, and seven
feet six inches long, to scale, thus locating point E.
Connect E and D. Scale and it will be found that
the slant of the hips measures twenty-two feet seven
inches from the eaves to the deck.



CHAPTER III
Conical Problems and Tinware

Pattern for Cone

In Fig. 27, HK V represents a cone for which an
envelope is wanted. And by envelope is meant the
surface of the cone, for pattern cutting is the
science of the developing the surface of solids.

Span the dividers from V to H and describe the
arc O S. Set off the arc equal in length to the cir-

F16. 27.—Cutting a Cone Pattern,

cumference of the required cone. Draw the lines
V O and V S, allowing for locks or laps, as shown
by the dotted lines.

For the circumference, refer to the tables in
Chapter XII or obtain by some of the rules given
in Chapter I. By using the rules familiarity with
them is obtained. which is desirable. Of course,

epping around a circle of the required diameter

i&uld also do.

38
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The Old German Rule for Developing the
Patterns for the Cone
Take the slant height of the cone HK, in Fig. 28
as a radius, and describe a circle. Divide the diam-

\\_-—/

F16. 28.—A German Rule for Cones.

eter of the base of the cone KV into seven equal
parts and set off a space equal to twenty-two of
these parts on the circle already struck. From the
extremities thus measured off draw lines to the
center.

The dotted lines shown parallel to the solid lines
from the center, represent allowances for locks for
seaming after forming the metal into shape. Of
course, these laps are allowed in accordance with
the method used for making the seam and a lap
should be allowed on the outer circle if required.
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Steamer or Pitched Cover

Strike circle 1 inch larger than rim burred. Draw
line through center H, as shown in Fig. 29, and
from either side cut 1 inch on circle to 1 inch
from center K. Draw lines and cut out. Or, strike
circle the same or larger. Draw line through cen-
ter and cut on it to center. After burring put in
rim; draw up and mark, cut out triangular piece
and solder. The latter method is much quicker and
equally as good as the first. '

\

F16. 29.—A Pitched vaer. F16. 30.—Measure Lip Pattern.

A Measure Lip

Draw line H K as shown-in Fig. 30, and upon it,
with V as center, describe a circle the size of meas-
ure. With S, half the distance from V to H, as cen-
ter, describe semicircle B U. Make R K the de-
sired width. With V as center and the compass set
to the radius V K, describe the arc G O; continuing
the arc to ‘both sides, until it intersects arc B U.
Cut on arcs B U and G O to obtain the required lip

~ pattern.
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Flaring Vessel in Three Pieces
Draw line H K; then locate points V and O as
far apart as the height of the vessel, as shown in
Fig. 31. With the intersections V and O for cen-
ters, describe circles equal in size to the top and the
bottom of vessel. These circles, or rather arcs, are

Fic. 31.—Pattern in Three Pieces. ’

to be described on both sides of line K H as shown
in the diagram. Draw lines S H and B H touching
on or, more properly speaking, tangent to these arcs
or circles. With intersection H as center and with
the radius H V, describe the segment U R. Then
with the radius H O describe the segment G F.
Allow for locks, as shown by dotted lines. It is to
be understood, of course, that it takes three of these
to make the girth or entire pattern; meaning, that
for an entire pattern, arcs U V R and G O F are
continued to both sides and made the same length
as U to R, and G to F. Then lines are drawn to H.
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Pattern for Frustum of a Cone
Lay the square on your sheet and construct the
right angle HK V, as shown in Fig. 32. Draw
line O S parallel to KV, making the distance KO

———— -
.- -

______
N ———— -

~

F16. 32.— One Method for Frustums.

the altitude. On these lines lay off one-half the
diameter of the large and small ends. Draw a
line through points V and S to the intersection at
H. Then, with H as the center, describe the semi-
circles BU, RG. Lay off circumference of large
end on line B U and draw lines to center H. Allow
for all edges. For two sections take one-half of
the piece, allowing edges on piece used for pat-
tern.
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Another Method of Developing the Pattern of a
Frustum of a Cone ’

Draw perpendicular line H K, as shown in Fig.
33, and from K lay off diameter of large end, as
V O. Onthe line H K lay off the height of frustum,
as KS. Draw line parallel to V O, and on it lay
off small diameter, as BU. Draw lines through

F16. 33.—Another Case of Cone Frustums.

points V B and O U until they intersect at H. With
H V as radius draw large arc R G; and with HB
as radius describe small arc. Make arc R G equal
to the circumference of the large end and draw
lines from R and G to center H. To find this cir-
cumference refer to the tables, Chapter XII, or
draw a circle with V O as diameter and step it with
the dividers.

Allow for all edges, wire, burr and locks as
shown by the dotted lines. This forms a pattern
in one piece.
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To Describe Pattern for Flaring Vessels
For example,sit is desired to describe pattern for
pail 12 inches in diameter at top, 9 inches at bot-
tom and g inches deep, which is a very common
article in tinsmithing and the dimensions are the
usual ones.

F16. 34.—Flaring Vessels,

Take the difference between large and small di-
ameters (3 inches) for the first term, the height for
the second and the large diameter for the third,
thus, 3:9 : : 12.

12 x 9 = 3, this gives radius by which the pattern
may be described. Span the dividers (or use beam
compasses, piece of wire, straight edge or any con-
venient device) 36 inches and strike large circle as
in Fig. 34. With radius less the slant height of pail
strike small circle. Ascertain the circumference re-
quired and divide by the number of pieces to be
used. Lay off on outer circle and draw lines to
center,as HKV.

"Allow for locks, burr and wire as may be re-
quired according to the process of making pails.
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To Describe Patterns for Flaring Tinware

In Fig. 35 is given a popular rule for flaring
tinware. Let HK V O represent the elevation of
an ordinary tin pan, constructed in four pieces,
155 inches in diameter at the top. Below the ele-
vation is shown the same in plan. The pan is a

H

F16. 35.—A Popular Rule for Flaring Tinware.

frustum of a cone, and if the sides of the pan were
continued down until they intersected at S, as
shown, the cone would be complete. The radius of
the envelope of the cone must be either S H or S K.
To describe the section of the frustum which is re-
quired, place one foot of the dividers at the center S,
and with the radius SH describe the arc K B.
With the radius SV describe O U. This gives the
width of the pattern and the proper sweep.

Py
Fl
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To get the length of the piece, refer to the table
of circumferences or find, by the rules given, the
circumference of the article, which in this case is
485 inches. There being four pieces, divide by
four, which gives 12 5-32 inches. Span the divid-
ers I inch, step off the 12 and add the fraction.
Draw line from the center S to the point last ascer-
tained ; which is S to B.

Allow for locks, wire edge and burr; all as indi-
cated on the pattern by the dotted lines.

The pattern for the bottom is the smaller circle
with edges allowed for seaming.

Strainer Pail or Watering Pot Breast

Strike a circle the size of the pail or pot desired
as in Fig. 36. With the radius VK 134 inches

Fi1c. 36.—Pail Breast Pattern.

more or less than radius of circle described accord-
ing to the pitch desired and with point V as center
describe an arc. Draw the chord, making the seg-
ment K O which is the pattern of the desired width.
The breast may be cut out if preferred, as shown
by dotted lines.




\
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Can Breasts—First Case

Draw horizontal line H K and, parallel to it, at a
distance equal to the height of breast, draw line V
O, as shown in Fig. 37. On H K lay off didmeter of
can, as SB. On V O lay off the size of opening, as
U R. Then extend lines B R, S U, until they cross
G. With G as center and G S as radius, describe
outer circle. G to U as radius and G as center, de-

Fi6. 37.—First Case of Breasts for Cans.

scribe inner circle. Starting at B set off the outer
circle, by stepping with the dividers, the length of
the circumference of a circle having a diameter
equal to space S to B. Of course, this circumfer-
ence can be readily found by referring to the cir-
cumference table herein.

This is the usual procedure for all flaring articles
and follows the general principles of all previous
cone problems. The various laps and locks are pro-
vided on the pattern as shown by the dotted lines
on the pattern.
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Can Breasts—Second Case
Can breasts, as a rule, mean the sloping tops of
cylindrical cans. The small opening is usually fitted
with a screw cap spun from zinc or brass; or else,
a small inverted frustum of a cone is soldered on,
and an ordinary cork is thrust into it for a stopper.

F16. 38.—Second Case of Breasts for Cans,

Draw the two horizontal lines, KV and O S, and
perpendicular to them the line K H, as in Fig. 38.
Set off on line KV from the point K one-half the
diameter of the can. On O S the point R is one-
half the diameter of the opening. Produce the
line U G, touching the points B and R, until it in-
tersects H K. With U as center and the radius U
B, describe the outer circle. With the same center
and the radius U R, describe the inner. Then span
from K to B and step six times on large circle to
obtain size of breast. Draw line to center and allow
for locks, as shown by dotted lines.
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Can Breasts—Third Case

Describe a circle the size of can desired, as indi-
cated by medium sized circle in Fig. 39. Draw line
through center and mark point H at three-fourths
of diameter. Then with the three-fourths of diam-
eter as radius and with H as center strike circle
K V. Span to diameter of can and step three times
on large circle,

F16, 39.—Third Case of Breasts for Cans.

Draw line from center to point KV, allowing
for edges and locks as may be required by the
process of making the can. For more or less pitch
make circle K V larger or smaller.

Small circle in center for opening in top. Hoods
and pitched covers may be cut by same rule inas-
much as they are like bodies.

These problems are based on the principles of
cone envelopes. The years of success of this
treatise attest the usefulness of these problems and
they are again presented for this reason.
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Rectangular Funnel

Draw side of the rectangular funnel, as shown
by H K V in Fig. 40. Continue side lines, as
shown by dots. From point of intersection as cen-
ter, describe arc and chord KV and H. Draw end
O K S, producing lines to intersect at B. From B

K (o)

Fi16. 40.—Pattern Process for Square Funnels.

as center describe arc and chord OK and S. The
other side and end obtained in the same manner,
as shown in cut. Can be made in two or more
pieces by dividing the pattern. It is to be under-
stood that this funnel has sides of different dimen-
sions. Should a square funnel be wanted the same
procedure would apply. _

All locks and edges must be allowed for on the
pattern piece, which are not, however, shown in
the diagram. The provision for these depends on
how the seam is to be made.
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Flaring Square Vessel or Frustum of a Pyramid

In Fig. 41 let KV and B U represent the width
of the bottom and top of one of the sides, respec-
tively, the distance between them being the slant
height. Continue lines until they intersect at R.
With radius R B strike circle UB G. With R as

Fi1c. 41.—Pattern for Square Vessel.

center and R K as radius describe the outer cir-
cle. Span dividers from K to V and set off on
outer circle the distance, as VO, K S, etc.; draw
lines through these points tending toward the cen-
ter R, also the chords, as shown by dotted lines.
Allow for edges. Can be made in two pieces by
dividing and allowing for extra lock or seam at the
place of division in the pattern. ‘

" All three problems are interesting, as they show
how cone developments can be employed for objects
of rectangular or square shape.
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Flaring Hexagon Article or Frustum of a
Hexagonal Pyramid
Let V O represent width of the bottom of one
side and R G the width of the top of one side, the

distance between the slant height. Produce side

lines until they cross in the center, as shown by

dotted lines. Span dividers from center to O, and

F16. 42.—Pattern of Hexagon Article,

describe circle H O U; span to G and describe inner
circle; span again from V to O and step on the
outer circle three spaces each side from O, as K,
H, B, S, U. Draw lines from these points tending
toward center, and connect by chords as HK, K O,
etc., as shown. .

Cut out piece HU, allowing for the locks, as
shown in Fig. 42. Pattern for a pentagon article
may be described by the same rule, in which case
the pattern would have five parts.
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Tapering Octagon Article or Frustum of an
Octagonal Pyramid
Draw bottom K H and top V of one side, with
distance between the slant height, and continue side
lines until they intersect at O. With O as a center
and the radii OV and O H, describe inner and

Fi6. 43.—Pattern of Octagon Article.

outer circles. Set off on them distances equal to
H K and V, and connect by chords, shown dotted.

Allow for locks and edges as in Fig. 43, and as
stated in the other problems preceding this, the
pattern can be subdivided along such lines as VK
to suit requirements.

All the foregoing problems like this one are of
exceptional value in the tinsmith trade and the prin-
ciples embodied therein are applicable to innumer-
able cases.
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Flaring Article with Square Top and Base a
Rectangle. Two or Four Pieces
Draw rectangular base HK and square top V
in center of base. Draw perpendiculars O S and
R U. Also place the height of the article O B and

8

%’c

0 S END
PATTERN &'
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F16. 44.—Pattern of a Square Flaring Article,

R G. Place the slant height B S on B! S* and draw
lines a and b which intersect as shown, which gives
pattern for end. Place GU on G* U, draw lines
@’ and b’ which intersect as shown, which gives pat-
tern for side. Join half of end pattern to either side
of side pattern as shown by similar letters, which
gives half pattern as shown in Fig. 44. Naturally,-
if it was so required, the half of pattern G* T?
a’ b’ could be attached to the end pattern B* St
a and b.
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To Find Length of Sheet Required for Oval
Boiler. Common Method
The diagram, Fig. 45, represents the contour of
the universal type of oval clothes boiler or like
articles. First describe bottom, length and width
desired, cut it out of the metal, then burr and from
H as a starting point, first making a mark on the

—< —

H

N

F16. 45.—Oval Boiler Bottom,

bench where H was, roll on the bench to obtain the
circumference.

Some tinsmiths, however, do not first burr the
metal but find the circumference by working a thin
strip of tin around the bottom and then deduct from
this the amount of take-up of the double-seam. If
three pieces are to be used for the body of the boiler
divide the circumference into three parts and allow
edges; if made in two pieces, divide by two. Al-'
ways divide the circumference by the number of
pieces desired. Cut the cover the same size as the
bottom, providing it is to be a flat cover; if pitched
cover is wanted see the following problems.

»
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Rapid Method of Laying Out an Oval Boiler
Cover
In Fig. 46 is shown a rapid method for develop-
ing the pattern of an oval boiler cover. First draw
line A K, and from R as center describe circle G U,
size of boiler outside of rod. Make A K equat to
one-half of entire length of boiler, and K S three-

F16. 46.—Pattern for Oval Boiler Cover.

eighths of an inch, or more if more pitch is desired. |
Through S draw the perpendicular line HV. Lay
corner of square on line H, one blade at K, the other
touching circle, describe lines UHK; in similar
manner obtain KV G, completing the half pattern.
In the diagram, the dotted lines at HK and KV
are allowances for the groove seam to join the two
halves of the cover. A double allowance along the
line B G A U O should be made for the clinch edge
by which the rim of the cover is fastened on. As
a rule the cover is formed to shape by making slight
bends on lines K A U to K'and G to K, and round-
ing up between bends before joining the halves.
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To Describe Pattern for Oval Flaring Vessel
Four Pieces

Describe bottom as by Fig. 21. Obtain length of
arcs SUB and SV S of that diagram, also length
of corresponding arcs at the top of vessel. Now, in
Fig. 47, draw horizontal lines H K and V O, making
the distance between the desired slant height.

F1c. 47.—Pattern of Oval Vessel.

Make H K equal in length to that of the piece at
the top, and VO to that of the bottom, for the
sides. S B and UR for the end pieces. Produce
. lines through these points to intersect at G and G’.
Describe the arcs from these points.

Allow for all edges, locks, wire and burr, as indi-
cated by the dotted lines: also carefully lay out the
various notches, as poor or careless notching spoils
otherwise good work.
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To Describe Pattern for Flaring Article with
Straight Sides and Round Ends.
Two Pieces :

Draw the outline of the bottom and side, as in
Fig. 48. Erect two perpendicular lines, HV, KO,
distance between the length of sides A B; at right
angles to these, two lines, distance between the slant

F16. 48.—Pattern of Article with Round Ends.

height of article CD. On HV and KO set off
the radius CE as V and O. 'From V and O as cen-
ters, with radii VB, VH and O S, O K, draw the
arcs BJ, HG and SU, KR. Make the arcs HG
and KR equal to one-half the circumference of
the ends M N and draw lines to V and O. Allow
for all edges, locks, wire and burr, as shown in the
pattern at the right of the diagrams.
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To Describe Pattern for Flaring Oval Vessel.
Two Pieces

Draw plan according to rule given in Fig. 18,
or any other method. Construct right angle tri-
angle T H* S* in Fig. 49, and parallel to H* S,
_______ : draw H! O3,
== = the distance
between
height of ar-
 ticle. Lay
off on H* $*

r
Fic. 49.—Pattern for Flaring Oval Article.

the distances HS and V'S in plan and on H® Ot
the distances HO and VO in plan. Draw
lines through these points to intersect the line R* T
at Uand T. Using T as center draw the arcs O K*
and St R?, making the distance along the arc S*R!
equal to UR in plan. Draw line from R! to T.
Take radius V! U on the lines R*T and S' T and °
obtain centers B and C, with which describe the arcs
R G* and S'G?, which make equal in length to
GRorUBinplan. Draw lines to centers B and C.
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Flaring Article, Top and Base a Rectangle.
Two Pieces

Draw side elevation in Fig. 50, as HK, V O, of
the longest side. Span dividers the difference be-
tween the shortest side of the base and longest side
of top. From V and O as centers describe arcs S
and S. With blade of square resting on arcs and
the corner at H and K, draw lines HB and KG.
Set off HB and K G equal one-half of shortest

F16. so.—Pattern of Transition Article.

sides of base and draw lines B U and GR at right
angles to H B and K G; also lines UV and RO at
right angles to UB and GR.

Allow for all edges, locks, wire and burr, as
show! in the pattern at B U, R G of Fig. 50, by the
dotted lines; notching, of course, is governed by
the widths of locks, machines used and in general
method followed in the particular shop; careful
notching bespeaks the careful mechanic and en-
hances the looks of the finished article.

It is to be understood that this is a quick method,
a more strictly accurate method is as shown by

Fig. 44.
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Round Base and Square Top Article. Two Pieces

Referring to Fig. 51 for the procedure, first
erect perpendicular line. Span dividers to three-,
quarters diameter of base and describe semicircle
HKYV. Make KV and K H each equal to one-
quarter the circumference of the round base and
draw lines to center. Span dividers to three-quar-

K

vie—— 7._‘____’____74

ters size of top from corner to corner and describe
inner circle. Lay out sides of top, size required, on
circle, as shown.

Allow laps as shown by the dotted lines which
are for the seam to join the two halves; other edges
are to be provided in accord with the requirements
of the article. This procedure is a quick rule, the
more accurate method would be by the modern sys-
tem of triangulation. Triangulation is a science of
pattern cutting that is fast becoming the only
method used for developing patterns for bodies of
irregular shapes, and should therefore be studied.

F16. s1.—Pattern of Square to Round Article.
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Rectangular Base and Round Top Article.
Two Pieces

Referring to Fig. 52 for the procedure, first
draw horizontal lines HK, VO. Make HK
equal to the longest side of base, V O equal to one-
fourth the circumference of the top, the distance
between slant height; draw side lines through these
points. With radii one-half the difference between

\

F16. 52.—Rectangular Base to Round Top Pattern.

V O and the shortest side of the base, describe the
arcs S, B; with blade of square resting on arcs, and
corner at H and K, draw lines KR, H U, equal to
one-half the short side; at right angles to KR,
H U, draw lines RG and UG; UG and R G pro-
duced will intersect; from this point span dividers
to line V O and describe the arc.

Allow for locks and edges, as shown in the dia-
gram, other edges depending on requirements.
These methods are a rapid substitute for triangu-
lation.
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Square Base and Round Top Article. Two Pieces

Referring to Fig. 53 for the procedure, first
draw horizontal lines HK, VO; HK equal to
the length of one side of the base, V O equal to
one-fourth the circumference of the top, the dis-
tance between the slant height;-draw lines through

K ' H

G
F1c. 53.—Pattern for Article of Square Base and Round Top.

these points. With radii one-half the difference
between K H and OV, describe arcs; with blade
of square resting on arcs and the corner at H and
K, draw lines HS and K B, equal to one-half the
base; at right angles to HS and KB draw SU
and B R, produced to intersect at G. Span divid-
ers from G to line V O and describe the arc.

The providing of edges for seams and other es-
sentials can only be prescribed in a general way
owing to conditions being different in each case.
The dotted lines at BR and U S show laps.
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Scale Tray or Scoop

A sketch of the finished article is shown in Fig.
54, it being made in two pieces with a seam at its
cross center. As may be noticed, the problem em-

>
T~ l

FiG. s5.—Pattern of FiG. 54.—Sketch of Fin- ‘
Scale Scoop. ished Article.

braces the conical or flaring method of developing
patterns, technically known as developing the sur- .
face of solids by radial lines. _ '

To develop the pattern but one section, O, Fig.
‘54, need be drawn; so, as in Fig. 55, construct a
sectional view as HKV and let HS B represent |
one-half elevation of it, or O in Fig. 54.  Continue '
lines BS and K H until they cross at U. Divide |
HK YV into any given number of spaces, continu-
ing the same to the line H B,as shown by short lines. {
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Draw lines from the division points on H B to the
point U, thus obtaining the intersections on the
line SH. With the T square at right angles with
H U, drop the points thus obtained on H S, onto
the line B S. , '

With U as center and UB as a radius describe
the arc BR. Step off upon this arc spaces equal
to those in H K V, using dividers, which gives the
length BR. Draw radial lines from U to space
marks on line B R, as shown.

With U as center and the various points on S B
as radii, describe arcs, intersecting similar radial
lines as shown. Then a line traced through the
«points thus obtained, together with the arc B R, will
be the outline of the required pattern. Allow for
edges, as shown by dotted lines. x]

It is to be understood, of course, that the dotted
lines show allowed edge for the groove seam at
the cross-section center line of the scoop, as shown
by the vertical line in Fig. 54. As a rule, a wire
is curled into the outer edge of such articles, and in
that case an edge should be provided for the wire
along the outer line of the pattern. This edge to

. be of a size suitable for the thickness of wire used;
some mechanics allow three times the diameter of
the wire, that depending on the mode of wiring. -

Using the design of Fig. 54, scoops could also be
treated as parts of cylinders and the patterns devel-
oped by the parallel line system. Some have part
O of Fig. 54 as shown, but the other part has its
nose continued around’ to form a bag filling funnel,
the pattern of which is cut by the same methods.

-

Lw i
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Funnel Pattern by Short Rule
As the usual way of making funnels requires no
fixed proportions, advantage can be taken of a geo-
metrical coincidence for the rapid development of
the flaring body.
By proportions is meant the diameter of the cir-
cle at the top of the body proper, that is, the width

-
~.

-
.-

______________ Cm—mrmame—ed

F1c. s6.—Elevation of Fi6. 57.—Pattern of
Object. Ob_iectt

across as C A in Fig. 56 and the depth of the body
or slant height CB, so that the body forms an
equilateral triangle as shown by A B C.

In Fig. 56 is shown an ordinary funnel and if
the distance A B is the same as A C no elevation
. is required ; simply span the compasses to the diam-
eter of what is wanted for the large end and strike
a half-circle as in Fig. 57. Now set the compasses
to the diameter of the small end and strike the half-
circle shown. The spout T of Fig. 56 is laid out as
in Fig. 33.

Allow edges for seams and wire, as shown by
the dotted lines in Fig. 57.
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To Obtain Length of Piece for Tea Kettle Body

The old-time tinsmith had many well tried meth-
ods like this; however, modern ideas are more
along strictly scientific lines.

Tea kettles like these are mostly made by copper-
smiths and in the book “Art of Coppersmithing”
there is a detailed discussion on the making of tea
kettles.

The way in general practice is to roll the bottom
after burring on the bench to obtain circumference,

74
8

b

F1c. 58.—Tea Kettle Pattern.

and use strip 34 inch less in length, as shown by
figure. H represents the pit; KV the length of
the strip or sheet, these remarks naturally referring
to Fig. 58.

Of course, the length of the body could be found
by reference to the table of circumferences herein.
The pattern of the spout and breast, also cover, is
governed by the design, methods employed in the
particular shops and so on. As they are usually
raised or hammered to shape, the patterns, no mat-
ter how obtained, although most likely the radial
line method could be used, would only be approx-
imate.
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Mode of Stringing Together a Number of
Patterns

Fig. 50 represents the three pieces of a 6-quart
pan usually cut from one sheet of 10 x 14 tin. In-
stead of using one piece for pattern and placing it
three times, three pieces are fastened together by
soldering on two strips of tin with a heavy hem on
each side, and all placed at once, thus saving time

H

F16. 59.—Rapid Method of Marking
Out Blanks.
and vexation. To use to advantage begin at the
bottom of the string pattern and mark around on
the outside first, and then mark in the centers right
across.

If the strips of tin with the hem edges are not
stiff enough; why, light band iron could be sub-
stituted. These should be riveted on instead of
soldered ‘as for the tin strips.

The lines curving beyond the patterns show how
the sheet is first cut into. The bands being narrow
no attention need be paid to the part of the sheet
not marked under them.
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,Another Mode of Stringing Patterns
Fig. 60 represents a string of rim or hoop pat-
terns, fastened as shown in the same manner as
described in Fig. 59. Rims of any width can be
- put together in this manner and a great saving of
time is the result when once properly done. Pat-
terns for all articles of tinware should be strung
in this way, when more than one piece is obtained
from a sheet, that the marking out may be ex-

F16. 60.—Another Rapid Method.

pedited and less tedious. A space should be left
between each pattern for the scratch-awl. .

If the material to be cut is of light weight, two
or more sheets can be cut at one time by pinning
together; for instance, mark out one sheet, lay it
evenly on two more sheets, notch in along the edges
about an inch and on a slant and, say, six inches
apart. Bend notches over with the pliers and flat-
ten down with the mallet. In this case the notches
could be at the top and bottom of sheets.

-
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Description of Boiler Block, for Shaping or
Truing the Bodies of Oval Articles
By Fig. 61 is represented a block for truing up
boilers after they are formed up in the rollers and
locked together. Many mechanics depend upon the
stake and the accuracy of the eye, but after using

F18. 61.—Elevation of Block,

this method would not abandon it, as better results
are obtained and in much less time. The block is
made of 2-inch plank, by placing one on another
and securing with four long bolts passing com-
pletely through them. The proper dimensions are
as follows:

Bottom, 13 inches wide, 25 inches long.
Top, 10 ‘“ “ 19 6« ¢«
Height, 12

3
\

As the shaping of the boiler bodies are dependent
on this block it follows that extreme care is requi-
site when shaping the block especially as it tapers.

The procedure, in using the block, is to force the
boiler body down on the block as far as it will go
and then to tap on the wired edge of the boiler body
with a mallet.
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Pattern for a Drip or Roasting Pan
In Fig. 62, A is the elevation of the pan; now,
draw a rectangle B C D E. Draw the sides of the
pan to this; that is, B F equals B’ F’ of the eleva-
tion. Distance F G equals H J, as the flare is equal

Fl
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F16. 62.—Drip Pan Pattern.

all around. Bisect angle G H B by drawing line to K.

With the compass at H and set to almost touch
line K B, as shown, swing around to L. With B
as center swing an arc from L to line K B, locat-
ing point M. Point M shows amount of fold or
material for each corner, so that pan can be made in
one piece with water-tight corners. Complete each
corner the same way, M’ M” and M" being the
point M just mentioned. Provide edge, as shown
dotted for the wire. .
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Pattern for a Chimney Cap

To design and develop patterns of the object
shown in Fig. 63 it is to be said that the pattern
problem comprises

2 3 4 5 N
, developing the sur-
e 7\ face of a cone. In
-~ . .
< /?‘\ the sketch, which is
\ N\

River piokos” N for an 8-inch pipe
gmc ' and drawn one-
2 twelfth full size. A
+ is simply a short
I > o joint pipe, which,
ad i1 E {  of course, can also
be a square-to-

round chimney
base. C and C are
the braces and D
the cap. Inasmuch
as there are no
fixed rules for pro-
portioning the cap,
and as most me-
chanics have a 30-
[} deg. triangle, and
as that amount of

pitch for the cap

would seem pleas-

F16. 63.—Pattern for Chimney Cap. ing to the eye, the
linesa b and b c are

so drawn, as shown. The length of these lines may
be as wanted, only it should be remembered that the

~
Sreencemne=”
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cap must be of a sufficient height above the pipe to
allow a free passage of the smoke. It is better to
err by making the space between the cap and pipe
too great rather than too small. It is also to be
remembered that the longer the lines @ b and b ¢
are, or which is the same thing, the larger the cap
the more storm-proof it is, and as it naturally covers
a larger area it can be raised so much more above
the pipe.

For the pattern of the cap the leg of the com-
passes is set at b and the other leg at ¢ and a long
arc drawn. On this arc a point is chosen as d and
from this point the half-circumference of the base
of the cap or cone which is shown as a quarter-
section at d is set off; that is, from o to 6 is set
off twice in the arc as shown. If a full pattern is
desired this is doubled.

The braces C are made from 14- and 1-inch
tinned straps which bind the bundles of sheet iron,
and after they are punched and formed to shape,
as indicated in the drawing, they are first riveted
to the cap and then to the pipe. The holes for the
rivets are accurately spaced on the pattern for the
pipe and punched with a solid punch before the
pipe is rolled up. The holes in the cap can best be
spaced by swinging an arc from e with b as center
and then intersecting with a line drawn from b to 6.
The holes together with those of the seams are
punched before the cap is formed to shape, the
forming being done by coaxing it over a blown horn
stake. As shown in the sketch, a bead can be
swadged on the cap and the pipe to stiffen them.

ral



CHAPTER 1V

Elbows and Piping

To Describe a Tapering Elbow

Draw elevation of elbow at any angle desired
and draw miter line HK as shown. Establish
height and diameter of small end as V O and extend
the lines 1-V and 7-O until they meet at B. Draw
half profile S, which space into equal parts and
draw vertical lines to 1-7, from which draw radial
lines to the apex B, which will cross the miter
line H K as shown. From these intersections draw
horizontal lines to the side B-7 as shown from 1 to
7. With B-7 as radius, draw the arc 7'-7’ equal to
the circumference of the circle S. From the points
on 7'-7' draw radial lines to the apex B, which inter-
sect by arcs struck from B as center, with radii
equal to the points between 1 and 7. URGO is
‘the pattern for the upper arm and R G 7'-7 pattern
for the lower arm. See Fig. 64 on opposite page
for the diagram referred to.

It is to be understood that the smaller piece is
to be turned half way around when joining the two

pieces. That is to say, the seam for the largest or |

first piece is at the throat, while the seam for the

smaller or second piece will be at the heel; throat

and heel being the common terms of the trade.
"Edges should be allowed for along the miter line

for seaming, also along the sides, depending on the o

method of seaming used.
74
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These methods are the basic principles for the
system of developing tapering elbows of three or
more pieces. The system must only conform to the
rule that all the pieces are to be parts of one cone,
or its frustum. That is to say, the various pieces

r.

are turned on their axes so that they constitute a
cone, as was done with the two pieces in Fig. 64.

A better system for three or more pieces would
be to have the pieces at each end of the elbow
straight and the taper provided for in the inter-
mediate pieces; which means that the end pieces
would be cut by the parallel line system and the
others by triangulation.

- )
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A Square or Right Angle Elbow, in Two
Pieces
Draw the elevation of the elbow, as BS, OV,
K H. Draw line from V to O. Divide one-half of
the plan into a convenient number of equal parts, as
shown by dotted lines; erect lines to intersect O V.
Make the line B R equal in length to the circumfer-
ence of the elbow. Set off on this line spaces cor-

H \/. Gi

T
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F1e. 65.—Two-piece Elbow Pattern.

responding to those in the plan, the same number
each side of the center line; then draw lines parallel
to the arm of the elbow, cutting the corresponding
lines -as indicated. By tracing through these points

. the irregular line U G the pattern is obtained, refer-
ring to Fig. 65. Allow edges for lock and provide
lap for the rivets.

The general principle for cutting elbow patterns
is the same throughout, and to understand the prin-
ciple is to be able to describe pattern for any elbow,
at any angle and of any number of pieces. It is
the design of this work to make the principle clear
to thie readers.

b
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Quick Method for Cutting Two-piece Elbow

In Fig. 65 is shown the strictly scientific method,
according to orthographic projection, of developing
two-piece elbow patterns. Now, in Fig. 66 is given
a method based on a geometrical coincidence which
is employed to save time in developing such pat-
terns.

As may be seen, no elevation, plan or other view

H , K

A1 \\

F16. 66.—Quick Method for Fjlbow Pattern.

or views of the elbow need be drawn; no prelim-
inary drawings whatsoever.

Lay out on sheet length required for elbow, as
HKVO. Describe semicircle S the desired size
of pipe, which divide into four parts. Space the
length of the sheet into twice the number of squares
in S, and draw vertical and horizontal lines until
they intersect. O B U RV is then the pattern.

Allow for flanges for seaming the two parts to-
gether, also edges for locks or rivet flange for ver-

tical seams of the two pieces.
Il
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A Square Three-piece Elbow
This is a complete demonstration, as shown in
Figs. 67 and 68, of the method of developing pat-
terns for a three-piece elbow. It is not the shortest
way of proceeding, nevertheless it is strictly correct

Fi1c. 67.—Elevation of Elbow.

.and based on the principles of orthographic projec-
tion.

Let HK be the throat and KV the diameter of
the elbow. Draw the quadrant V O, which divide
into four equal parts, as shown by 1, 2, 3. Draw
miter lines through 1 and 3as HR and HG. Draw
the circle B equal to diameter of elbow and divide
one-half of B in equal parts, as shown; draw lines
to intersect miter line R U, as directed by the dia-
gram in Fig. 67.

Referring now to Fig. 68, which is the complete
set of patterns, and referring to Fig. 67 when re-
quired by reference letters in the text, continue as
follows:
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Construct parallelogram H K V O equal in length
to the circumference of B. Through the spaces on
H K draw parallel lines as shown. Measuring from
V K, take the various distances to the miter line
R U and place them on similar lines measuring from
HK. HSBK is then the pattern for the end.
Double the distance from 3 to R’ and place it from

Fi16. 68.—The Patterns of the Elbow.

S to G and B to U and transfer the miter line
SR’B to GRU. Place HS as shown by GO
and UV and draw O V, which completes the three,
patterns. .

Allow for seams and so forth in accordance with
the scheme used for making elbows.

Attention is called to the grouping of the three
patterns to form a rectangle; the idea being to cut
the three pieces from a sheet without waste. , This
is the customary shop procedure and patterns for
" preservation should be bound together in the man-
ner of stringing patterns given in Fig. 50.
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A Four-piece Right Angle Elbow .

As for the three-piece elbow, this is a complete
demonstration of the exact method of cutting four-
piece elbows, as shown in Figs. 69 and 7o0.

As was stated in the previous problems, this
method is not the quickest but it is the truly scien-
tific procedure and a good one for demonstrations.

F16. 69.—Elevation of Four-piece Elbow.

It may be of interest to state that elbows of any
shape are developed by the method explained in
connection with these problems of pieced elbows;
for instance, profile R could be elliptical.

Let H K be the throat and KV the diameter of
the elbow. Draw the quarter circle VO, which
divide into six equal parts, as shown by a b ¢ d e.
Draw miter lines through a, ¢ and ¢, as shown by
HB, HG and HT. Draw the circle R, which
space as shown, and draw lines to intersect the
miter line B U, as in Fig. 69; which is the prelim-
inary drawing.
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Referring now to Fig. 70, which is the complete
. set of patterns and referring to Fig. 69 when $o
directed by the reference letters in the text, pro-
ceed as follows: ‘
Construct parallelogram H KV O, equal in length
to the circle R, as shown by similar figures on
H K, through which draw parallel lines as shown.

\

o v
] A —

T 1 T T

P——

(VI

1| & S u

B _/// T \\"\ B
Hl ' K

7 [ ] ) 4 3 1 2 3 4 b [

F16. 70.—~Complete Set of Patterns.

Measuring from V K, take the .various distances
to the miter line B U and place them on similar lines
in the pattern, measuring from H K, and obtain
B SB. Double 1 S and place at BU and B U and
trace the miter cut BSB as shown by UGU!
Place SG at UT and UT and trace UGU as
shown by TAT. Make TO and T V equal to S 1
and draw line OV, which completes the four pat-
terns.

Allow for locks for the various seams for joining
the pieces together and the rivet or lock edges for
the vertical seam of each piece.

-~
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A Five-piece Right Angle Elbow
As with the foregoing problems of this nature, the
following is a demonstration of the complete steps
of . developing patterns for a five-piece elbow as
shown in Figs. 71 and 72. '
The principles embodied in the procedure exem-
plified in these four or five problems should make

] T

Fi6. 71.—Elevation of a Five-piece Elbow.

‘the procedure quite clear for the developing of
elbows of any number of pieces and indeed, at
other than a right angle.

Draw throat HK and diameter KV. Draw
quadrant H VR, which divide into eight parts as
shown from @ to g; draw miter lines HU, H B,
H S and HO. Divide profile A into equal spaces,
and draw lines from these points to miter line H O,
as shown in Fig. 71.

Referring now to Fig. 72, which is the complete
set of patterns, and referring to Fig. 71 when so
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directed by the reference letters in the text, pro-
ceed as follows:

Make 1 1 equal to circumference of profile A.
Draw parallel lines as shown in pattern. - Use divid-
ers and measure various distances from V K to
miter line H O, which transfer to similar lines
measuring from I 1, and obtain miter cut HK V.

F1e. 72.—~Complete Set of Patterns for Five-piece Elbow,

Double 7 K and place at HO and V' S and draw
miter cut OB S. Place KB at OU and SR and
draw miter cut UGR. Make U A and R D equal
to H O and draw miter cut A CD. Make A F and
D E equal to H1 and draw F E, which completes
the five patterns. It is to be understood that this
system of grouping the patterns causes the seams
to come opposite each other in adjoining pieces,
which is a decidedly good feature.

Allow for locks and so on as previously directed,
inasmuch as these problems are all similar.

v
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An Offsetting or Obtuse Elbow
When the pattern for an obtuse or rather an
elbow offsetting, as shown in Fig. 73, is
desired it is only necessary to 'draw a cor-

F16. 73.—Rise of Miter Line in Elbows,

rect representation of the elbow and obtain the
miter line, as follows: With H as center, draw
the arc KV. With any desired radius, and using
K and V as centers, intersect arcs at O. Draw
the miter line HO S. Place the half profile B in
position as shown, which space, and draw parallel
lines to the miter line HS. Then proceed as by
the rules already given in the four or five foregoing
problems of like problems.
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Rises for Elbow Mitei‘ Lines

The rise in an elbow is equal to the difference in
length between the longest side and the shortest
side of an end
piece. In Fig.
74, showing a
three-piece el-
bow, the dis-
tance A B is the
rise. The fol-
lowing are the
rises of elbows
of from 3 to 10
pieces, the diam-
eters of which
are I inch: F1. 74—Rise of Miter Line in Elbows.

Table of Rises

pleOe, 0.4140r, 13-32inchrise 7 piece, 0.132 or, 9-64 inch rise
0.2680r,17-64 “ “ 8 “ o.113o0r,7-64 ¢ ¢

o.199o0r, 3-16 9 o.0980r,3-32 “ ¢

“ o.158o0r, 5-32 “ “ 10 “ o0.0870r,564 “

g “ [ “

3
4
S
6
To Find the Miter Line Rise for an Elbow of Any
Number of Pieces and of Any Diameter

Rule: Multiply the rise given in the above table
by the diameter in inches of the desired elbow and
the result will be the rise in inches for the miter
line of the desired elbow.

Example: Find the rise for a seven-piece elbow
the diameter of which is 11 inches.

Answer: Table gives rise as 0.132; then, 0.132 X
IT1=1.452 or I 15/32 inches, the desired rise.

-~

o~
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Gray’s Practical Elbow Chart

There are many devices to cut elbow  patterns.
Also charts have been prepared for figuring the
number of pieces to use in making up an elbow of
angle from the standard elbow patterns, as in Fig.
75

Although useful in many other ways, the main
purpose of this chart is to instantly tell how to
make offsetting elbows from the patterns of right-
angled elbows of different number of pieces.

The regular elbow patterns can be developed for
right-angled elbows, to full size, by following the
instructions given herein for right-angled elbows of
various number of pieces. Those who do not want
to bother laying out their own patterns may pur-
chase full size sets on heavy paper, all ready to lay
on the metal. They are known as “Gray’s Perfect
Elbow Patterns,” sets A and B.

Supposing you have a set of patterns at hand
and, as per the example given in the chart, you have
an offsetting angle in a run of piping that is 45
degrees from the original line of run. In fact, you
do not know what degree the angle is but are able
to set a bevel to the angle.

Now, this bevel is laid on the chart as shown, and
it points to 45 degrees. Reading up the dotted line
to the box tail of the arrow pointer on that degree,
three combinations will be found in the box.

Deciding that, as in the example on the chart, a
three-piece angle elbow will do, you select the first
piece pattern of a right-angled five-piece elbow and
cut out two pieces like the pattern. You also cut
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out one piece of any one.of the middle sections of
this five-piece right-angled elbow and, joining the .

Fic. 75.—A Useful Elbow Chart.

three pieces as in the chart, you obtain the required

angle elbow. -
A~
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Ideal Rule for Elbow Patterns

One of the nicest, most accurate and rapid meth-
ods of cutting elbow patterns is in this manner.
Make a small memorandum chart—it even need
not be drawn to scale—of the rises per foot of elbow
miter lines as in Fig. 76. The. rises here shown
were found by drawing elbow elevations, as in
Fig. 71, for instance, and, of course, could be car-
ried up to any number of pieces.

Fi1g. 76.—Cutting Elbow Patterns,

Now, supposing a six-piece elbow 4 inches in
diameter is wanted. Simply draw a straight line
12 inches long and at one end erect a perpendicular
line 17§ inches high. Draw a line completing the
triangle, as shown in Fig. 76, this line being the
required miter line.

Anywhere on this line locate a center and scribe
a 4-inch half-circle, as shown. Divide into a num-
ber of spaces. Place these spaces on the extended
12-inch line, as shown at the right of Fig. 76.
Erect perpendicular lines, which in turn are inter-
sected by lines projected from the miter line, which
gives the half-pattern, the set being complete as in,
say, Fig. 72.
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Rectangular Elbows—First Case

Rectangular elbows are common fittings. To cut
the pattern for an elbow in which the turn is on the
wide side of the pipe, first lay out a full-size side
elevation (the profile reafly is not necessary) in
this manner: Draw horizontal line A7 and ver-

[¢]

Profile

-

-

D L IR P

Throat Pattern of

Pattern Throat
abcd

F16. 77.—Elevation and Patterns of Rectangular Elbows.

tical line A 1. A is the center, and scribe throat to
required radius as b to e. Scribe heel the distance
away from throat equal to widest dimension of pipe.
Add the straight parts o1 ab and ef78.

The pattern for the heel is just a rectangular
piece the width of narrowest dimensions of pipe and
the length of the stretchout in elevation o to 8. The
same is true for the throat pattern. Sometimes the
throat is made as in the diagram at the right of
Fig. 77, in which case the pattern is as shown below
the diagram; a square bend is made along line k.
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Rectangular Elbows—Second Case

The making of rectangular piping, or as some
call it, duct work, is an important part of the sheet
metal trade. Wall stacks for heating and venti-
lating, often of huge dimensions, are made this
shape. And, too, the wall risers in furnace heating
are frequently made rectangular as well' as other
fittings in this line, like cold air boxes for furnaces.

2 34 56 7abcdef
T T 1

Qide
Elevation

1
E H 1 '
Profile s L || Patrern
- ! Pattern : 'of
' of Heel H
1

-
¥
§
SRR J—

F16, 78.—Elevation and Patterns of Rectangular Elbows.

The problems in rectangular elbows discussed
here are those of frequent occurrences and lead up
to complicated designs in unusual cases.

The turn, as in Fig. 78, can be on the narrowest |
side of the pipe or rectangle, just the opposite of |
the case of Fig. 77, and especial care must be exer-
cised in laying out these types of elbows to be sure
and have the turn on the right side. With rec-
tangles of the proportions here shown the chance
of error, while possible, is not as great as when
the dimensions are almost equal.

As was directed for the other elbow, first drav
side elevation, then take stretchouts of the heel and
throat and cut out sheets the length of these stretch-
outs and to the width of the widest dimension of
the rectangle. Provide for laps, etc.
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Compound Elbows in Rectangular Piping—
First Case
First draw where convenient, an outline of the
rectangular duct as 8 A B C, which will represent
the end of the horizontal duct. The correct dis-
tance below this and also as far to the right as it
should be, draw the horizontal line 21 D to represent.

5/5 Side:

17 Elevi
8
19
20
D l2/__
———————— e —
_____ atuin o SN
| /
L1--7

K
F16, 79.—Shows Procedure in Making Elbow.

the wide side of the end of the vertical duct. As

can be seen, there is ample room between these two-

ducts to make an easy connecting offset and square

elbow, as shown by this front elevation. Note that

this is the regulation method of making elbow off-

sets in pipe work, which is merely the choosing of
ot
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convenient points like E and E’, as centers and
scribing throat and heel sweeps of the turn.
Although not absolutely necessary, a plan is
drawn as directed by Fig. 79, as it will help indi-
cate the relative positions of the two duct ends.
From the front elevation and plan a side elevation
is projected which will indicate the regulation

.
A : 8
e

NS
&i =:©0

DGR

[ X BN}

”2)
&l

Fu';s. 80 and 81.—Patterns of Wide Offsetting Part.

square elbow O XY 7 required to make the turn
from vertical to horizontal. Observe that the throat
has a square bend which is customary when, owing
to restricted space, a throat of a sweep like the heel
is impossible.

Now then, Fig. 79 shows that the scheme in mind
is to make the connection between the two ducts
by a composite elbow, two offsetting elbows, the turn
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being made on the widest side of the pipe, as shown
by the front elevation and a square elbow, the turn
or cheeks being on the narrowest side.

If this is duct'work, the three elbows would be
made separately and joined by the usual method of
slips or angle irons. However, the patterns as here
shown are all in one. To make more clear Fig. 8o
is given and is just a reproduction of the offsetting
elbows of thefront elevation of Fig. 79 up to point
8. Point 8 is called 7 in Fig. 80 and from 7 up is
nothing more than the stretchout o to 7 of the heel
of the square elbow of the side elevation of Fig. 79.
This pattern is for the side nearest the observer
of the front elevation of Fig. 79 or K in the plan. -
The opposite side, M in the plan, has the same pat-
tern as Fig. 8o except that above 7 the throat
stretchout, X Y of Fig. 79, is placed which would.
mean that the pattern stops there or as at A.

After having cut the two patterns from the metal
it is to be noted that the piece terminating at A
would have a square bend at 7, while the other piece
would be rounded to the shape of the side eleva-
tion, starting the rounding at 7.

The pattern of the narrowest sides is given in
Fig. 81, the cheeks of the square elbow, shown in
the side elevation, Fig. 79, are reproduced and then
from point 8 down is the stretchout 8 to 21 of the
front elevation, Fig..79. Of course, this pattern is
for side P of the front elevation, Fig. 79, but the
stretchout for side T is the same. The only differ-
ence is that the smaller curve is toward the bottom
of the pattern instead of towards the top.

~
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-Compound Elbows in Rectangular Piping—
' Second Case
The discussion herein of these two cases of com-
pound elbows in rectangular piping is based on
actual work. They were originally prepared in re-
sponse to a query on how to make fittings for these
situations. Many solutions of compound elbows
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Fi16. 82.—Projected View of Second Problem.

treat of a twisting elbow throughout which might
be all right in certain cases but principally good
problems for technical pattern drafting rather than
actual shop practice like these solutions. -

The second problem seemingly is more compli-
cated, but an inspection of Fig. 82 will reveal that
nothing more is needed than an additional elbow
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so that the composition consists of double offsetting
elbows shown in the front elevation, a square elbow
with cheeks on narrow sides as shown in the side
elevation and the additional elbow to make the
quarter turn horizontally which has its cheeks on
the wide sides, as indicated by the plan of the dia-
grams, Fig. 82.

From the description of the method of develop-
ing the patterns for the first problem, it is assumed
that the method -of obtaining the patterns for the
second case requires no explanation; attention is
called, though, to the throats, which are all round-
ed ; the patterns of which are obtained by taking the
girth of the throat quadrant as explained before.

It should be understood that in the foregoing an
attempt was made to describe how such problems
would be studied and solved in actual practice. For,
assuming that the pipe is 3 x 8 feet, it will be seen
that no more extraordinary situation occurs, in
either case, than arises on most every job of heat-
ing, ventilation or kindred work, and it is common
practice, when space is available as it was in these
problems, to use just such combinations of common
elbows because these fittings are all easily made
and erected. It is to be remembered, too, that the
slip joints are used so as to cut out the material
with the least waste; generally they would be at,
say, B in plan, C in side elevation, and D in the
front elevation; as shown in Fig. 82.

Full information on the development of com-
pound elbows by the “twist” method are given in
the book, “Piping and Heavy Sheet Metal Work.”

-~



CHAPTER V
Furnace Fittings

Patterns for an “A” Smoke Jack
This problem is introduced not only because it
is a good design for a chimney top, but also be-
cause two problems occurring quite frequently in
furnace smoke pipe work are involved, namely, a

Fre. 83.—A Smoke Jack.

tee joint at a square angle and a tee joint at other
than a right angle. Arms No. 1 and No. 2—square
tee joint and No. 2 and No. 3 angle tee joint.

As in Fig. 83, draw a vertical line 3 B; also 2
horizontal line crossing this at C, as DE. Again,
axes lines of inclined arms to suit desired propor-

96
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tions. Draw the two profiles of the parts, as o to
6 and 0O’ to 6' and divide into equal spaces as shown.
Draw the dotted lines from these spaces, also line
4" 6" at right angles to line 3’ G.

A A

0123456543210

F16. 84.—Pattern of No. 1 Piece.

Many designers do not cut the tops and bottoms
of arms, No. 3, on a horizontal line as shown, but

leave the arms straight, J J'
that is, on a line par- FS(—O /Z:\
allel to line 4" 6”. As \ "/

may be imagined, this Z EV \
does not look as well as 3

the design of Fig. 83, 5

but it saves consider- H)—% H'
able cutting, which 5

might be quite a factor p:3

when figuring for a low

cost, especially as the 2
operating of the jack __—_'T_:'_

would be the same in
either case,

For the pattern o iece No. 1 draw a
lineasotooi :g\‘\84,witht sot06tooof
the profile j .F ig. 83. Draw the rig angled lines

: < Hamilton Fieh Park Bran

,5%, Last Houston Bt §/f a ?J'ﬂ/y

S’r- . N n‘\

Fic. 85.—Pattern of No. 2 Piece,

. “
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from these spaces. Then carry distances from like
lines in Fig. 83 to Fig. 84; thus, line 3° C in Fig.
83 equals line 3 A in Fig. 84, and so on. ‘
For the pattern of piece No. 2 place stretchout
on a line as shown in Fig. 85, also right angle lines.
Carry the lengths from both sides of line 3° B in

— P
il

N e

N ~

S—

F1c. 86.—Pattern of No. 3 Pieces.

Fig. 83 to both sides of line o to o in Fig. 85. Thus,
spaces 6 H 6 H’ in Fig. 85 is 6° H and 6° H’ of Fig.
83. Alse for the cut-out or hole; for instance, o]
anll 0 J' of Fig. 85 is 0° J and 0° J' of Fig. 83, and
so on.

For the arm pieces, in No. 3, Fig. 83, place
stretchout on line 0 to 0 as in Fig. 86 and continue
as explained before, measuring from the line 4” 6"
in Fig. 83; that is to say, the lengths are taken from
line 4” 6", in Fig. 83, to the top of the arm and are
placed above the stretchout line of Fig. 86. Then,
lengths taken below line 4” 6", of Fig. 83 to the
bottom, are placed below stretchout line in Fig. 86.

T\
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Laying Out a Chimney Base
Proceed as in Fig. 87, in which 1, 2, 3, 4 is the
outline of the bottom of the base and A the size of
the round pipe. From the corners of the rectangu-

-

F16. 87.—Short, Simple Rule for Laying Out Chimney Bases.

lar base, draw the two diagonals, and where they
intersect will be the center b used for striking the
desired size of the smoke pipe A. Now, at right
angles to either one of the diagonal lines, in this
case 4 b, draw lines indefinitely from points 4, A

P 1318450
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and b as shown. Now draw any line as ¢ e parallel
to 4 b and make the height ¢ d equal to the desired
height of the base. From d draw the line df
parallel to ¢ e until it intersects the perpendicular
line drawg from A parallel to 4 ¢ at f. Dfaw a line
from e through f until it intersects the center line
at h; I f and h e then become the radii for striking
the pattern. Now, using these radii, with & as cen-
ter, describe the arcs f 5 and e1. Set the dividers
equal to 1-4, 4-3 and 3-2 in plan, and place these
distances on the outer arc as shown in the pattern-
from 1 to 4, 4 to 3, and 3 to 2. Now draw lines
from 1 to 4, 4 to 3 and 3 to 2 and bisect the side
3-4, thus obtaining the point ¢, from which draw a
radial line to A, cutting the inner arc at j.

Take the girth of full circle A, and place one-half
of it on either side of the inner arc, as shown from
j to 5 and j to 6. Bisect j5 and j6 and obtain
points [ and m, respectively. Now, draw lines from
point 1-on the outer arc to 5 and b; from point 4 to
! and j; from point 3 to j and m and from point 2
to m and 6. These lines indicate where slight bends
would be made, so as to obtain the transition from
square corners to round top. As the seam in this
case is to come between I and 2 in plan or in the
center of the long side at g, then to obtain this joint
line in the pattern, use j ¢ in the pattern as radius,
and, with 5 and 6 as centers, draw the arcs a¢” and
@', respectively ; then using 34 or 4 ¢ as radius and 1
and 2 as centers, intersect arcs previously drawn at
a” and a’. Draw lines from 1 to ¢” to 5, and from
2 to @' to 6, which completes the pattern.
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Pattern for a Furnace Center Boot
Of all the fittings that are made for furnace
work, boots or shoes or starters, etc., as they are -
called, according to the different localities in which
they are made, form one of the most important
problems. They have offsets one way or two ways.
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Fi16. 89.—Elevation and True Lengths.

They have their collars at various angles to each
other and, in fact, are so diverse in designs that
quite a humber of articles could be written about
them; the style shown in Fig. 88 is a common one

and the pattern procedure is as shown in Figs. 89
and go.
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Divide the quarter circles of elliptical section,
in the same number of divisions as the quarter cir-
cles in the half section and number the points from
Ito 4,5 to 8and g to 15 as shown. From the divi-
sions in the elliptical section I to 8 at right angles
to the line 1-8 draw lines intersecting the line 1-8
at 2’, 3,4, 5,6’ and 7’. In a similar manner, at
right angles to the line 9-15 from the intersections

Fi16. go.—Pattern of the Center Boot.

10 to 14, draw lines cutting the line 9-15 at 10/, 11/,
12’, 13’ and 14. Connect solid lines in elevation
as shown, and connect the opposite points by dotted
lines all as indicated in the parts marked A and B.
To obtain the true length of the solid lines in A
in elevation proceed as follows: Take the various
lengths of the solid lines 4’ to 12’, 3’ to 13’ and 2’ to
14’, and place them as shown by similar numbers in
the diagram of true lengths in A. From these vari-
ous points perpendiculars are erected equal to the
various’ heights in the semi-sections in elevation.
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For example, the heights of 4’-4 in the semi-ellip-
tical section and 12’-12 in the semi-circle are placed
on the proper perpendiculars in diagram for true
lengths in A, as indicated by 4’-4 and 12’-12. A
line drawn from 4 to 12 is the true length of the
line 4’-12’ in elevation. Similarly, obtain the true
lengths of the dotted lines in A in elevation, also
the true lengths of the solid and dotted lines in B.

Cut the pattern as follows: Assuming that the
seam is to come along 8-9 in elevation then take the
length of 1-15, which shows its true length, and
place it as shown by 1-15 in the pattern. Now with
1-2 in the half section as radius, and 1 in pattern
as center, describe the arc 2, which intersect by an
arc struck from 15 as center and 15-2 in the true
lengths in A as radius. Now using 15-14 in the
half section as radius, and 15 in pattern as center,
describe the arc 14, which intersect by another arc
struck from 2 as center and 2-14 in the true lengths
in A as radius.

Proceed in this manner, using alternately first the
proper division in the semi-elliptical section, then
the proper true length of the dotted lines; then the
proper division of the semi-circular section, and the
proper true length of the solid lines, always follow-
ing the dotted and solid lines in elevation as a guide,
until the seam line 8-9 in pattern is obtained, which
equals 8-9 (its true length) in elevation. Trace a
line through points thus obtained, as shown by
1-8-9-15 in the pattern, which shows the half pat-
tern. « If a full pattern is desired, trace this half
opposite the line 1-15, as shown by 8°-g°.

a
4
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Round to Rectangle Furnace Boot

The problem is an object having a round base
and transforms to a rectangular form at the top.
This rectangle is so situated in respect to the round
base, as to have what is termed a straight back,
which 1s to say, the long center line of the rectangle
does not lie in the same vertical plane as does the
cross diameter of the round; however, the short
center line of the rectangle does lie in the same
vertical plane as a diameter, at right angles to the
one mentioned, of the round. This then makes a
problem of symmetrical halves so that the pattern
for one-half will answer for the other half.

First, divide the circle into quarters. Then divide
the two quarters represented by E H G into equal
divisions, and, from the points in the section E H,
draw lines to the corner of the top, represented by
B, in Fig. 93, and, from the divisions in section
H G, draw lines to the corner of the top represented
by C, Fig. 93. It will be necessary to construct the
two diagrams of triangles, one for each corner,
shown in Fig. 93, so as to obtain the true length
of each line. Lay off the line, R J, in Fig. 94, equal
to the height of the fitting made to suit the work on
which it is to be used. From the point J, and at
right angles to the line R J, set off the length of
lines in the section E to H, making J 1 equal to B 1,
J 2 equal to B 2, etc. From the points thus estab-
lished in the line J W, Fig. 94, draw lines to R.

To obtain triangles for the section HG, draw
lines as shown in Fig. g5, the same as in Fig. 94.
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Make V S the same height as R J, Fig. 94; draw
S T at right angles to V'S, and, on the line S T set
off the lengths of the lines in section H G, making
S 1’ equal to C1’, S 2’ equal to C 2/, etc.; from the
points thus established in ST, Fig. 95, draw lines

[}
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Fi6s. 91 to 96.—Various Details of Object.

to V, as shown. To obtain the pattern, lay off line
1 E' in Fig. 96, and from point E', and at right
angles to 1 E’, draw line E' B equal in length to E' B
of plan Fig. 93, which is the same as half the length
of the long side of the top. Set the dividers to R 1,
Fig. 94, and with B of pattern as center, strike an
arc cutting the line E' 1 at 1. Then join 1-B, Fig.

-~
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96. With B as center and R 2 in Fig. 94 as radius,
describe an arc. With 1, of pattern as center, and
1’-2” of plan as radius, strike a small arc intersect-
ing at 2 with the arc previously drawn. With B,
Fig. 96, as center, and R 3, Fig. 94, as radius, de-
scribe an arc, and with the dividers set to same
space used in stepping off the plan, strike small arc
intersecting at 3 of the pattern. Proceed in the
same way to lay off the lines 4, 5 and 6. Then, to
obtain the point C, of pattern, set the dividers to
B C of plan, Fig. 93, and, with B of pattern as
center, and B C of plan as radius, describe an arc.
Now, with V&', Fig. 95, as radius, and 6, of the
pattern, as center, strike an arc, intersecting with
the arc already drawn. This will give the point C
of the pattern. With C of the pattern as center
and V g, Fig. 95, as radius, describe an arc. Now,
with the dividers set to same space used in stepping
off plan at 6-5', using 6 of the pattern as center,
strike a small arc intersecting the other at §'. The
remaining lines, 4/, 3, 2’ and 1’ are established in
the same way as the preceding one. To complete
the pattern, set the dividers to C'-C, and, with C
of pattern as center, strike a small arc. Now, from
1’ of pattern as center, and the slant height of bull-
head Fig. 91, as radius, strike an arc intersecting .
at C'. Lines traced through the points thus obtained
will give the pattern required minus laps.

Drafting the pattern for boot with an offset is
done in exactly the same way, only be sure to draw
the right amount of offset in the plan and elevation
and then proceed as previously explained.
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Pattern for an Angular Furnace Boot

A sketch of the fitting is given in Fig. 97 and it
is to be understood that this procedure will apply
for any combination of sizes, position and dimen-
sions of rectangular collar. The methods and de-
sign here explained are scientifically correct and a
much better method than the so-called channel boot,
which is merely a square box with collars let into it.

By position and dimensions of rectangular collar
and combination of sizes in respect to the round
collar, is meant that if, for instance, the rectangle
collar was turned one-quarter around in relation to
its present position an ordinary offset boot would
_result. Such boots are commonly used when the
wall pipe is in a partition over a girder and it is
necessary to offset over this girder to make the con-
nection to collar pipe and transition in shape at this
place, from the round collar pipe to the rectangular
shape of the wall pipe or riser.

Also, if the wall pipe had a shape of what is
-commonly called “oval,” that is to say, a rectangle
with semi-circular ends, the procedure here out-
lined would be in a measure, similar; that is, very
little adjusting of the methods would be required.

Now, even if the round collar was situated at a
different angle, as say, somewhat off the vertical
line in which it is now, so that the boot could be
connected to the pitched collar pipe without using
an angle elbow, the procedure would be identical
to that herein explained. »

The first step is to draw the side elevation, as

-

P
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shown by 1’-2’-3’-9 in Fig. 9¢8. On the line 1’2’
place the half section of the 3% x 10-inch pipe, as
shown, and on the line 3-9 place the half section
of the g-inch pipe, also shown.

. Holf Saction of L]
/! 33"~ 10'Riser

X
e

: ! x 4 Sectn-
X 7ol Sectn
F19.97 N g Side ';z-u'

. - ~.
Sketch of Fl"H’lng \\\\\\\\\\ \
N
N \\ N \
6 6™ N N \]BF’—-
T I7 N N
NS
| N e
[ -
¢ | i L Ty
Y+ 78 &

True Lengths of Dotted
Lines in Side Elevation

F1c. 98.—Various Details of the Object.

Divide the semi-circle in any number of equal
spaces ; in this case 6, as indicated by the small fig-
ures, 4, 5, 6, 7 and 8. From these points at right
angles to 3-9 draw lines intersecting, 3-9 at 4, 5’
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6’, 77 and 8. From the intersections 3, 4’, 5’ and
6’ draw lines to the corner 2’; and from the in-
tersections 6/, 7’, 8 and 9 draw lines to the corner
1. These lines represent the bases of sections
which will be constructed whose altitudes will equal
the various heights in the half "sections. For an
example: To find the true length of the line 1”-6
in side elevation, take this distance and place it as
shown from 1’ to 6' in diagram A. From the
points 1’ and 6’ at right angles to 1’-6’, erect the
lines 1’-1 and 6’-6%, equal in height to 1’-1 and
6’-6 in the half sections. A line drawn from 1
to 6% in A is the desired length. In similar man-
ner take the various lengths 1’ to 7, 1’ to 8 and 1’
to 9 in the side elevation and place them as shown
by similar numbers in diagram A and erect perpen-
dicular lines equal to the proper height in the half
sections. Also, take the lengths 2’ to 3, 2’ to 4/,
2' to §' and 2’ to 6’ in the side elevation and place
them in diagram A, as shown by similar numbers,
and obtain the heights from the half sections.

It will be noticed that the height of the sections
at 1’ and 2’ in the side elevation is equal to 1’-I
and 2’-2 respectively, both heights being similar,
as shown in diagram A, while the heights at 4/, 5/,
6, 7' and & in the side elevation vary, as shown in
the semi-circle at 4, 5, 6, 7 and 8, respectively.

Having obtained the true lengths in A, the pat-
tern is now in order, and is developed as follows:
Take the length of 17-9 in the side elevation which
shows its true length and place it on the vertical
line in the pattern, shown by 1’-9. Now with a

.



110 THE NEW TINSMITH’S HELPER

radius equal to 1’-1 in the half section in the side
elevation, and 1’ in the pattern as center, describe
the arc 1, which intersects by an arc, struck from 9
as center and 9-1 in the true length A as radius.
Now with radii equal to 1-8, 1-7 and 1-6% in
diagram A and using I in the pattern as center,
describe the short arcs 8, 7 and 6. Set the divid-
ers equal to the divisions 9-8, 8-7 and 7-6 in the
semi-circular section in the side elevation, and
starting from 9 in the pattern $tep to arc 8, 7 and
6 respectively, and draw a line from 6 to 1 and 1
to 9 and trace the curve from g to 6.

Now with a radius equal to 2-6 in diagram A
and with 6 in the pattern as center, describe the
arc 2, which intersect by an arc struck from 1 as
center, and 1-2 of the half section in the side ele-
vation as radius. With radii equal to 2-5, 2-4 and
2-3 in diagram A and 2 in the pattern as cen-
ter, describe the arcs 5, 4 and 3. Again set the
dividers equal to the divisions 6 to 5, 5 to 5 and 4
to 3 in the semi-circular section in the side eleva-
tion and starting from 6 in the pattern, step to arc
5, 4 and 3. Draw a line from 3 to 2 and 2 to 6.

Now with radius equal to 3-2’ in the side ele-
vation, which shows its true length, and 3 in pat-
tern as center, draw the arc 2’, which intersect by
an arc struck from 2 as center and 2-2’ in the semi-
rectangular section in the side elevation as radius.
Connect points in the pattern by tracing the curve
from 6 to 3, and draw lines from 3 to 2/, 2’ to 2, 2
to1and1to1’. 1’-9-3-2’-2-1-1’ is the half pattern;
and, 1°-2°-2°-3°-6°-g added is the full pattern.
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Pattern for a Y Fitting

Trunk line systems in furnace heating are be-
coming quite popular and require special fittings as,
for instance, the Y branch. The principles as ex-
plained for this case can be applied to any size fit-
ting, no matter what angle the fitting may have,
providing the two forks are symmetrical when
viewed in plan as shown in diagram X in Fig. gg.
As the angles of the forks in this case are the same
as shown in the elevation, the one pattern will an-
swer -for both. If, however, the angle of the one
fork was 45 deg. and the other 30 deg., a separate
pattern would have to be developed for each, using
the same method as will now be described.

The first step in this procedure is to draw any line
as 8-10° equal to 14 inches, which bisect and obtain
a. From g erect the perpendicular a 14, equal to
one-half of 14 inches, or 7 inches. From a draw
the angles desired, as a e and ad. Make these two
lines of the desired length and through ¢ and d, per-
pendicular to the lines just drawn, draw the line 1-7
the desired diameter, or 10 in. Using e as center,
with e 1 as radius, draw the half section of the pipe.
In similar manner, using @ as center, with radius
equal to a 8, draw the half section of the large pipe,
also the half section of the intersection between the
two forks on line a 14.. It may be of interest to
state that the profile ¢ 14 11° could be arbitrarily

- drawn if the conditions required it.

Thus 1-4-7 is the half section of the 10-inch pipe;
8-11-11° the half section of the 14-inch pipe and

-~
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a-11°-14 the half section of the joint line between
the two forks. Now divide the half sections into
equal parts, as shown by the small figures, from
which draw perpendicular lines to their respective
base lines as shown. Draw solid and dotted lines

F16. 99.—First Steps for Developing the Pattern.

as indicated, which will represent the base lines of
sections which will be constructed whose altitudes
are equal to their respective heights in the various
sections. Thus to find the true length of the solid

line 12 to 3 in the elevation of the left fork, take’

that distance and set it on the line A B as shown in
Fig. 100. From 12 and 3 erect perpendicular lines

1



FURNACE FITTINGS 113

equal to the heights to 12 and 3 in the sections,
measuring from their respective base lines. The
heavy line in the diagram 12-3 will be the true
length. In similar manner are the balance of the
true lengths for solid and dotted lines found, as
shown by similar numbers on the horizontal lines
A B of Fig. 100 and CD in Fig. 101.

The next steps are for the pattern shape, so

1109 7 8
True Lengths of Solid Lines in Elevation -

Fi16. 100.—Triangulating the Solid Lines.

-—
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-
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TrueLengths of Dotted Lines in Elevation

Fi1c. 101.—Triangulating the Dotted Lines.

proceed as follows: As the seam is to come along
the top at 1-14 in. elevation, take the distance of
the lower line 7-8, which shows its true length, and
place it as indicated by 7-8 in the pattern, Fig. 102.
Now with 7-6 in the half section as radius and 7 in
the pattern as center, describe the arc 6, which in-
tersect by an arc struck from 8 as center and 8-6 in
the dotted true lengths as radius. Now using 8-9
in the lower half section as radius and 8 in the pat-
tern as center, describe the arc 9, which intersect
by an arc struck from 6 as center and 6-9 in the

-~
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- solid true lengths as radius. Proceed in this man-
ner, using alternately first the divisions in the top
section, then the proper dotted length; again the
proper division in the lower section, then the prop-
er true solid length, all as indicated by similar num-
bers in the pattern, the length of 1-14 being ob-
tained from 1-14 in elevation. Trace a line through
points thus obtained as shown, which will be the

Fic. 102.—The Procedure for the Pattern.

desired pattern for both forks, to which edges- must
be allowed for seaming, or riveting, inasmuch as
the two arms are most always joined by riveting,
- although by using extreme care they could be
double-seamed together.

Forks or Y branches have had the close attention
of many draftsmen, and no doubt a book of this
size could be written about them alone; however,
the fundamental principles embodied in this prob-
lem are really involved in all and merely require an
adjusting in applying these principles to the case at
hand.
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Pattern for a Furnace Collar

As stated farther on in the exposition of. this
subject, the opening in the conical top, or, as it is
called in some shops, a furnace bonnet, would be
marked by scribing around the collar. Should it be
desired to cut it out on the flat, one would proceed
to do so by developing the pattern of the top by
the radial line method as explained in conical prob-
lems, like the scoop problem of Fig. 55. Points
2’-3” and 4’ are carried across parallel to the base
line A (referring to Fig. 104) to the line where
" points 1”7 and 5’ are; thence swung radially around
to like element line in the pattern just as was done
in the scoop problem, thus obtaining the opening in
the top for the collar.

In Fig. 104 are shown the true principles for de-
veloping a collar intersecting a conical furnace top,
which can be applied to any angle, no matter what
size the top or collar may have. The diameter of
the furnace collar in this case has been made larger
and is out of proportion, so that the points of inter-
sections may be more clearly shown.

Referring first to Fig. 104 on next page,
A BCD represent the one-half elevation of the
conical top, below which in its proper position is
drawn the one-quarter plan shown by FBA. Es-
tablish at pleasure any two points on the outline of
the plan as a and b, from which points draw radial
lines to the center F. From these points a and b
in plan, erect vertical lines intersecting the base line
A B of the cone in elevation as is also indicated by
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a and b, from which points radial lines are drawn,
toward the apex E as shown. Establish the angle
which the collar is to have as shown by the center
line 3° 3 and with any point on this line as d as

F16. 104.—Geometrical Procedure for Acquiring Collar Pattern,

center, describe the profile of the collar as shown.
Divide this profile into an equal number of spaces,
in this case eight, as shown by the small figures 1
to 5 to 1, through which points draw lines parallel
to 3 3°, extending them partly in the elevation as
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shown by 22°, 33° and 44°. The lines drawn
from points 1 and 5 in the full profile show their
true points of intersection with the furnace top at 1’
and 5.

Where the planes or lines 22°, 33° and 44°
intersect the radial lines drawn from Ba and b in
elevation, drop vertical lines to the plan, intersecting
similar radial lines also drawn from Ba and b in
plan; as will be clearly understood by following
the dotted lines. Through the points of intersec-
tions thus obtained trace the curves 22, 33 and
4 4. Then will these curves 22, 33 and 44 in
plan represent the horizontal sections on the lines
shown in elevation by 22° 33° and 44°, respec-
tively.

Extend the line F B in plan as FH and with
any point on same as d’ draw the semi-profile of
the collar as shown. Divide this into one-half the
number of spaces contained in the full profile as
shown. Parallel to F H through the point 3 in the
semi-profile draw a line until it intersects the hori-
zontal section 3 3 in plan at 3'. In a similar manner
through the points 4 and 2 in the semi-profile draw
a line until it intersects the horizontal sections 4 4
and 22 in plan at 4 and 2/, respectively. From
these intersections 2, 3' and 4’ in plan, erect verti-
cal lines, intersecting similar numbered planes or
lines in elevation as 2 2°, 3 3° and 4 4° at 2/, 3’ and
4/, respectively. Through the intersections 1’, 2/, 3/,
4’ and 5’ in elevation trace the intersecting line be-
tween the collar and conical top as shown in Fig.
104 on the opposite page.
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The line of intersection, or miter line, having

M

‘B.
Fic. 105.—Net
Pattern_for
Furnace Collar,

been obtained the pattern is now in
order. As in Fig. 104, at pleasure
draw any line as J B in elevation at
right angles to 3 3° as shown. Draw
any vertical line as J° B°, Fig. 105,
upon which place the girth of the full
profile as shown by similar numbers.
From these points 1 to 5 to I, at right
angles to J° B® draw lines indefinite-
ly. Measuring in each instance from
the line J B in the half elevation, take
the various distances to points 1’, 2’,
3’, 4’ and 5’ and place them on sim-
ilar numbered lines in the pattern,
measuring in each instance from the
line J°B°. Trace a line through
points thus obtained; then will L M
11 be the pattern for the desired
furnace collar, to which flanges must
be allowed for seaming.

The opening in the conical top has not been de-
veloped as this is not necessary, because after the
collar is developed, rolled up and seamed it may
be held in its desired position on the conical top
and the opening scribed around the collar with a

lead pencil.

The opening may then be cut out

partly with a small chisel, after which it is cor-
rectly trimmed with the circular shears. Practical
methods for joining the collars to the bonnets are
explained at length in Chapter IX.



- CHAPTER VI
Leaders and Gutters

Making Offsets in Leader Pipes

The following is a description of the method
whereby offsets or elbows are made in square lead-
er pipe; a method always found eminently prac-
tical and expeditious and for an example a case
where the leader passes over the water table of the
usual type of frame building is shown, as illustrated
in Fig. 106.

The usual procedure when following this method
is to send out to the job full lengths of leader, say
10 feet in length, and all offsets and elbows or the
like -are made there by the mechanic, and in this
case measurements would be taken of the water
table and in some convenient place, like the cement
or stone walk or inside on the floor of one of the
rooms of the building if it is not as yet finished,
the offset would be drawn full size as shown at A
of Fig. 107; a good idea being to use chalk and a
line in a way known to all workmen. Now, as all
the cuts, or miters, it should be said, would be ob-
tained in identically the same manner, that for the
upper one only will be here elucidated to avoid
repetition of explanations. ‘

Therefore, at @ draw a line as a b at right angles
to ac, as shown, employing a small square for the
purpose. Many mechanics do not carry a small

119
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carpenter’s square in their kit of tools. Before pro-
ceeding farther it is well to explain how a square

—
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F16. 106.—Perspective of Fi16. 107.—Layout of
Typical Case. Offset.

can be cut from a piece of sheet metal. As in B of
Fig. 108, draw a line ¢ b 8 inches long; with the
- compasses set to span 6 inches and with one leg set
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at a describe an arc toward c. Then set the compasses
again to 10 inches, and with one leg at b describe
an arc intersecting the one previously drawn at c.
A line drawn from ¢ to a will give a right angle,
the basis for a piece of sheet metal cut like B.
Stiffen as may be required.

Taking a full length of leader, a point a (of C,
Fig. 109) is marked on it at the right distance from

NS
Y

F1c. 108.—Layout Fi1G. 109.—Obtain- Fic. 110.—Finished
of a Square. ing Cuts. Cut for Offset Elbow.
the end of the length of leader in relation to the
distance point a is from the soil pipe connection (if
the leader is connected to the plumbing system, the
discharging shoe otherwise), providing the me-
chanic is working from the bottom up, or if from
the top down, the relation point a is in the matter
of distance from the last length of leader erected,
for it is to be understood that good judgment is to
be exercised in placing this point to obviate the need
of cutting off some of the leader at the ends or,
worse still, adding some leader to the ends which
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would make the job look piecy and decidedly un-
workmanlike.

The distance b d of A is now placed to both sides
of point ¢ in C, as indicated by the points b and c.
Holding one leg of the aforementioned square in line
with the side of the leader pipe as shown in C, lines
are drawn across the pipe from these three points as
shown, though only the middle one is required, the
idea being to prove accuracy by seeing that all three
lines are parallel; from d to ¢ and b lines are
drawn as shown, and then from d square across
the back to f, and from ¢ and b square across the
front to the other side, as shown by ¢ and k; con-
nect these with b and the space between f, g, ¢, d, b
and & is then to be cut out of the pipe, allowing
laps at the top, so that the water will not flow
against but’ with the seam, after which the leader

" pipe at that place will look like at D, Fig. 110 of
the group of diagrams.

The lap shown at the front of the pipe is bent
outward with the pliers, and then by carefully coax-
ing the pipe, it is caused to bend along the line d f
of C until point h touches g or b touches ¢ and the
joint well soaked with solder. Like everything else,
the work is to be done right to be of any value, and
it should be obvious that the method outlined in
the foregoing is superior to chopping off two pieces
of the leader and trimming the ends to a miter and
thereby making individual elbows for each bend in
the offset, necessitating two joints to each bend

w. Which certainly will make the job appear patchy
“and require more time, solder and pipe.
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An Oblique Leader Elbow

A leader pipe elbow pattern 2-inch by 3-inch is to
be developed. The elbow is to reach around the
corner of a building, the angle of which is go deg.,
as shown in Fig. 111, at an
incline or rake of 45 deg.
The flat or 3-inch side of
the conductor is to face the
building on both sides. In
Fig. 112 is shown a simple
method of finding the mi-
ter lock between two sim-
ilarly sized pipes by means
of simple projections. Us-
ing this method it will not
be necessary to go through Fic. 111.—Parenective View

. . of Problem.

the operations of raking or

changing of profiles, and the same area of the pipes
is maintained. Where the intersection between the
two pipes takes place there will not be a true miter
line, but rather an intersecting lock, similar to that
shown in the perspective in Fig. 113, which, how-
ever, is perfectly practical, and this method, can be
used, no matter what size the pipe may be, or at
what angle or rake they incline.

The method of finding the joint line and develop-
ing the pattern is shown in detail in Fig. 112. First
draw the wall line represented by F C in the eleva-
tion and from any point on it, as 6, draw the de-
sired rake of the pipe, in this case 45 deg., as shown
by 6-B. Draw the.perpendicular B E equal to 3
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inches on the wide side, and from E draw a line in-
definitely parallel to B-6. At right angles to the
wall line F C draw the line C D equal to 2 inches on
the narrow side, and from D, parallel to CF, draw a
line until it intersects the line previ- 6

ously drawn from E at 2. From
intersection 2 draw the dotted
horizontal line, cutting the
line of the pipe C-6 ex-
tended at 1. Also, from

, . S tern Shape
s .7 ,for both arms
: 7,7 of Elbow

é"’ 6 draw the solid
: ‘;,"' horizontal line cut-
ting the outside line
< 27> of the pipe erected
from D, at 4. These
~ are all the projecting
e20n points required previ-
ous to developing the
pattern.

Above and in line
with B E draw the
section of the rectangular pipe and from point 1 in
the elevation, which represents the seam line in
the rear flat side of the pipe, draw a line parallel
to 6-B, cutting the section at 1. In a similar man-

Fi16. 112.—Developing Pattern Shape.
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ner project back to the section the corner indicated
by 4 in the elevation, which in this case happens
to fall on the same line projected from the corner
I in the elevation. These points, 1 and 4 in the sec-
tion, are used when laying out the girth or stretch-
out of the pipe. Be-
low the line C D in
the elevation place a |,
duplicate of the sec-
tion in its proper po-
sition by A. For the
pattern extend the
line B E, which was
drawn at right angles
to B-6, as shown by
F G. Upon this place
the girth of the sec-
tion from 1 to 6 to 1,
as shown by similar
numbers on FG.
Through these small
figures, at right an-
gles to F G, draw the )
usual measuring lines  Fic. 113-—Perspective View of
which are intersected

by lines drawn at right angles to B-6 in the eleva-
tion from similarly numbered intersections in the
joint line in the elevation. Trace a line through
the points thus obtained, as shown by J L M, then
will 1, J, L, M, 1 be the desired pattern of which
two will be required both formed the same way,
allowing laps for seaming, riveting and soldering.
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True Angle of an Oblique Leader Elbow
This is an interesting problem in leader work
and herewith is the solution of the problem as
taught in the Gray’s Correspondence School of

Sheet Metal Pattern Drafting, New York City.
= . . i

T W e e

.e

F16. 114.—The First Steps in the Procedure.

draw a line through these two points, intersecting
the center line of both arms of the elbow at 1
and 2. The next operation is to draw the front
elevation, the center line of the elbow is all that
is wanted as shown by line 43 and 35. Con-
nect 4 and 5, this line will represent the pitch
of the elbow. Now, draw the side elevation to
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the right of the plan, as shown; distance 7 8 is the
same as 3 4% in the front elevation in this case,
but may be otherwise, and line 89 1s the pltch of
the center line of the el-
bow in this view.

The true angle of the
elbow is now found by
taking the distance of
line 7 to 8 of the side
elevation and placing it
on line 3 4%, measuring
from 4%, giving point X, 7
in the front elevation. p. ", .ty Desired Etbow.
Now take the full length .
of line 3 to X and place in the true angle diagram.

Again, take the distance of line 1 2 in the plan,
Fig. 114, and place at right angles to line 3X in
Fig. 115. Take the distance 4 to
5 in the front elevation and place
it at 45 in the true angle dia-
gram by swinging a small arc of
this radius as shown. Do the
same with distance of line 8 g of
side elevation getting the point
of intersection of the two arcs as
Frc. 116—The Pattern 48. Then 5489X is the true

angle sought for.

BlSCCt this angle. Draw the rest of the elbow as
shown and develop the pattern in Fig. 116 as previ-
ously directed in the other chapters. The pattern
being the same for both arms of the elbow; it can
be of any desired length.
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Sizes and Other Facts About Leaders:

A good rule to follow for quickly computing the
size to be allowed for a leader is to figure up to
eighteen hundred square feet of roof area for a
three-inch round leader or its equivalent in area for
a square-shaped leader. From eighteen hundred to
two thousand two hundred and fifty square feet for
a three and one-half inch round leader or its equiva-
lent in square leader. From two thousand two
hundred and fifty to three thousand square feet for
a four-inch round leader or its equivalent in square
leader. From three thousand to five thousand
square feet for a five-inch round leader or its equiv-
alent in square leader. From five thousand to seven
thousand square feet for a six-inch round leader or
its equivalent in square leader. Horizontal leaders
should be larger and should be set with as much in-
clination as possible from the horizontal.

It is to be understood that judgment should tell
what size leader to use when the roof area passes
from one size or factor to another. For it is more
economical to use, say, a four-inch leader for three
thousand square feet of roof area; but, however, a
five-inch leader would give a greater factor of
safety in case of an unusual rainfall.

It is not considered good practice to use leaders
less than three inches in diameter because of the
danger of stoppage or freezing. Two-inch leaders,
however, are often used for small porch roofs or
the gutters on turret skylights. In corrugated lead-
er, the corrugations are not figured but the smallest
diameter of the pipe is called the size of the leader.
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A Plain Leader Head

Where just utility and not appearance is requisite
the leader head shown in Fig. 117 is ideal, inasmuch

Fi1G. 117.—View of Leader Head, Leader and Roof Outlet,

as there are no members forming ledges on which
damp dirt would accumulate, which naturally
would hasten the decay of the head. This is espe-
cially true of the tube connection and attention is
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called to the manner of making this connection so
that the flow of water is not retarded and all shelves
in the leader are eliminated.

The pattern is obtained, as in Fig. 118, by draw-
ing the side elevation, the front elevation and the
— inverted plan, as
shown. The pat-
terns are devel-
. oped by placing
I N stretchout adjoin-
: N = ing the various
------ ™ T S—=—==21), views and pro-
- jecting the points
. in like position in
AN various views to
pattern, as shown.

The true an-
gle along the hip,
| S o or miter, of the

front with the

side — the back

and side natural-

ly being a right

o tenotSdes Potternoffrom angle —is found
Fio 48 Devclvine the Paerm and by projecting an
oblique elevation.

Assume any two points on the side and front of
head as indicated in the inverted plan. Project
these to base line of oblique elevation. Project
a line at right angle to hip line from the point
in base line to touch the hip line and through the
point in the base line, parallel to hip line, draw

P
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Rather than cut this guard to allow the 14 x 1-inch
galvanized band iron braces to pass through, the
‘braces are bent as indicated, for at a test it was
found that they had sufficient rigidity at the bend ¢
to resist all strains. All braces are formed and
punched exactly alike, and when handable lengths
of the gutter are assembled in the shop these braces
are riveted on, as shown, and by simply keeping the
bend g against the gravel guard, when drawing the
rivet through the gutter flange, the front of the
gutter naturally will be straight, when bolt f is put
in. The rivet is soldered to the underside of the
gutter flange to make it watertight, although there
would be little danger of a leak at this point for
there would be plenty of tar around the brace. The
gutter being so heavy the braces are for this reason
spaced 2 ft. apart. Obviously by placing the braces
in position before the lengths of gutter left the shop,
the gutter is not forced out of shape in shipping,
and they materially assist in handling and hoisting.
The threads of the bolts, holding the braces, should
be upset to prevent loosening of the nuts.

When the gravel roofer has run on all his felt
the gutter lengths are set in place, the flange nailed
every 3 inches with roofing nails and a heavy wood
screw driven through the hole in the other end of
the brace, as shown. All seams are now riveted
where access would allow, and heavily soldered;
likewise outlets are soldered in and connected to the
leaders. The gravel roofer, prior to spreading his
hot tar and pushing in the gravel, swabs a generous
quantity of hot tar along the gutter flange and

-
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around the braces and before the tar is cool a heavy
strip of felt is placed so as to cover the gutter flange
down to the gravel guard and up to the rodf a few
inches. This felt strip also covers the braces. As
" this would be the weak point of the roof, especial
care should be used to thoroughly tar in here.

Developing the Square and Angle Miter Patterns
for Plain Gutter
The methods used to make a square miter for a
plain gutter are shown in Fig. 123. It is to be un-
derstood that although
slightly different in de-
sign, the methods here
explained can be used
to cut the patterns for
a gutter shown in the
last problem. A profile
is first laid out full
size, as shown at g, I,
9, 10 and 11, Fig. 123
The angles 9, 10, 11,
represent the angle
made by the pitch of
the roof, that is, if the
roof pitch is g inches in
12 inches, then the rise
: from 10, 11 should be
Fia. 123'_sqg::r§e3.ﬁm for Plain g5 laid out. g is the
bead for which 1%-
inch of stock is allowed when wired with a
s-inch rod. The front side of the gutter being
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“curved, is spaced into any number of equal spaces,
as shown by 1, 2, 3, 4 to 9. Of course, 7 to 9 is
really flat and number 8 could be omitted but num-
ber 8 is used here to better explain the procedure,
in case it was round.

The line 9 to 10 is the back of the gutter and is
straight. The line 10 to 11 is also straight and
represents the roof angle. Draw vertical lines as
shown from the numbered points, lay out the stretch-
out line as shown by a’, 10/, 11, in Fig. 123,
making the spaces on the line marked 1’, 2’ to 10/,
11’ in each instance equal to the spaces 1, 2 and
10, 11 on the profile. Now, through these points,
on the vertical stretchout line, draw horizontal line
to intersect’ the vertical lines from the profile.
Thus, horizontal line from say, 3’ on stretchout
line is to intersect vertical line dropped from point
3 on the profile, and so on.

Then a line drawn through the points of inter-
section will be the pattern. It will be noticed that
at a the diameter of the rod is laid off, a represent-
ing a point in the center of the bead directly oppo-
site 1. In laying out the stretchout 115 inches are
allowed for the bead miter drawn as shown. Also
notice that the points I to 3 are in a straight line,
hence the points of intersection as, 1, 2, 3, 1, 2, 3’
are on the same line, making the straight section on
the top of the front side of the gutter. The line 9
to 10 is also straight and is placed as shown in Fig.
123. The line 10 to 11 is the pitch of the roof, and
a vertical line is drawn through these points as
shown, intersecting the horizontal line 10, 11’, which
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represents the points 10 and 11 on the stretchout
line. Then the line drawn from the intersection
points 10, 10’ and 11, 11', as shown, gives the
proper bevel for the pattern. It probably would
have been better to have the pattern placed much
more below the profile so that the pattern would

R ~ 1

!

F1G. 124.—Angle Miter for a Plain Gutter,

The method used when the miter is to be other
than a right angle is shown in Fig. 124. Let A B be
the miter line on the angle required. Then place
the stretchout as shown. Draw vertical lines from
points in the profile to the angle line and draw the
stretchout lines @ 11’ at right angles to the vertical
lines on the profile, also vertical lines from points
on the stretchout line from a to 11/, placed at dis-
tances equal to the spaces in the profile, as shown.
Draw horizontal lines from the several points of |
intersection on miter line as shown, then a line
drawn through the intersection will be the pattern
required. This method can also be used for a right
angle by placing the miter line at an angle of 45 deg.
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Straight Eaves Trough Tube Pattern and
Opening in Trough

With most mechanics the usual procedure would
be to roll up and seam a straight tube small enough
to slip easily into the leader. They would then lay
a length of the trough upside down on the bench
and, while holding the tube in position against the
bottom of the trough with one hand, they would
scribe around the tube with a compass. The com-
pass would be held steadily against the trough bot-
tom so that the correct varying line would be
marked on the tube.

The tube would then be trimmed on this line

with the tinner’s snips. A quarter inch line would
now be scribed along the irregular cut of the tube
for a guide line in flanging. This flanging would
be done by holding the tube to the mark against
any sharp block of iron or bench stake. Then,
with the peen of the hammer a flange would be
thrown off the irregularly cut end of the tube.
" The tube is again held to the bottom of the
trough as before, only this time at the correct place
on the trough. A line is then scribed around the
inside of the tube onto the bottom of the trough.
Now, while the helper holds a block of wood or a
lead cake against the part of the trough to be cut
out, the mechanic chisels along the scribed line.
Or else, a small hole is first cut within the scribed
line and the balance cut out with a tinner’s circular
snips. The tube would then be inserted in the hole
in the trough and the flange heavily soldered.

~
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A better way is to draw a section of trough and
‘the tube, as in Fig. 125; also the half profile of the
tube. One-half of this
profile is divided into
spaces, and lines are pro-

2 2 3 4 J e 2 3 4

F16. 125.—Pattern of Tube.

jected from the points I to 4 up to the trough. A
horizontal stretchout line is now drawn and twelve
spaces of the half profile placed thereon as 4 to 4.
Vertical lines are erected from these points and are
in turn intersected by lines pro-
jected across from the section of
the trough, which completes the
pattern for the tube.
G oohening  Tq develop the opening in the
trough, draw a line as 4/-4” in Fig.
126, and beginning at some point near the middle set
off each way the spaces 1’-4’ in the half profile and
through the points draw indefinite perpendiculars, on
each of which set off, measuring from and on each
side of 4’-4’, the half distances through the tube at
these points taken. from the half profile. As from 1”
set off to 1”7, in Fig. 125, and from 2’ set off 2 to 2”
and etc. Connecting the points thus located will
produce the net pattern for the opening.

IS
3.
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Flaring Eaves Trough Tube

The problem, as presented in Fig. 127, which
shows an end view of the trough with the flaring
tube, is for a geometrical proposition of a frustum
of a right cone, intersecting a cylinder their axes
being at right angles. Draw the elevation and con-
tinue the outlines of the tube until they intersect the
center line as at A. Bisect the line that represents
the base of the cone or d’-d and with this point as
center and radius to d describe a half profile of the
base. Space half this semi-circle into a number of
equal spaces and project the points, parallel with
the center line, to the base of the cone, as a’, b’, and
etc., and from the points on the base draw lines to-
apex A, and where these lines or elements cross the
trough as g, f, e, d, will be miter points between the
two pieces. The miter points are all, excepting d,
located on fore-shortened lines or those that do not
show their true lengths. To find the true lengths or
distances the points are from the apex, the points
are revolved around the cone by projecting them at
right angles to the center line in elevation, to one of
the outlines which is a true length. As g is pro-
jected to A-d and then A-g° is the true length of
A-g; f is similarly projected and then A-f° will be
the true length of A-f, and etc.

With A as center and radius to d, describe an in-
definite arc on which place four times the lengths of
the spaces in the quarter profile and from the
points draw lines to the apex, and these lines will
correspond to the elements of the cone, as shown.
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With A as center, radially transfer or radially pro-
ject the points on the outline A-d to lines of corre-
sponding letters. Connect the intersections and
then will d-d*-x-2’ be the net pattern of the flar-
ing tube. At the ends material is added for a
groove seam and to x-x" material for a joint to

S

pen-

F16. 127.—Pattern of Flaring Tube.

the leader. To d-d” an allowance is made for 2
flange to rivet the tube to the trough; all these
allowances are shown by dotted lines in the pattern,
which, of course, can vary according to conditions. |
To develop the opening in the trough it is first |
necessary to find the half distance through the miter |
points on the intersection and a part plan of this
intersection is requisite. To avoid confusion of
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lines the left half of P is used and corresponding
points lettered the same. From a’' draw lines to
the points on the profile of the base as a’-a, a’-b",
a’-¢’ and, etc., and these lines will be the plans of
the elements of corresponding lines in the elevation.
By projecting the miter points, parallel with the cen-
ter line, to their corresponding plan elements will
locate the miter points in the plan. As f is located
on A-b°, it is projected to the corresponding line
a-b" and its location will be f” in the plan and the
distance b°-f” will be the half distance through
the cone, front to back through the point f' and etc.
The distance through g will be g-¢".

In Fig. 128 draw a line and from some point near
the middle begin to set off, each way, the spaces
g-f, f-e; and e-d in Fig. 127. g to d being the
amount in length on the trough that half the tube
intersects, and through the points draw indefinite
perpendiculars. Measuring on each side of and
from the intersections on d-g-d transfer the half
distances through the cone on similarly lettered
points to perpendiculars of the same letters. As
from e, set off ¢’-c°, from f set off f/-b° and etc.
Connecting the points obtained in this manner will
result in the net pattern for the opening in the
trough for the tube.

The straight part of tube is just a rectangular
piece, its width to be equal to the height required
and its length or girth equal to the distance from
X’ to X of the.pattern in Fig. 127. There would be
no lap allowed where this straight tube joins the
flaring tube as the pattern in Fig. 127 has the lap.

Pa
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Developing the Patterns and Making Right-
Angle Eave Trough Miters
Eave troughs are usually made half round or semi-
circular with a bead on the front edge, there being
two kinds of right angle miters. An outside miter
to fit an exterior or external angle, as Fig. 129, and

F16. 129.—Outside miter. F1e. 130.—Inside Miter.

an inside miter to fit an interior or internal angle,
as Fig. 130. Naturally, these remarks refer also to
miters at other than a right angle.

When the pattern for either is developed the pat-
tern for the other naturally results from the same
process, being simply the reverse cut or the piece
cut away from the one.

The method here used is the short method in
which the patterns are said to be produced directly |
from the profile. Technically, this statement is not |
correct, but as error cannot occur it probably is just
as well to continue describing the method or process
in that manner. By this it is meant that according
to the strict geometrical method, the lines from the
profile should be first dropped to a miter line, thence |
to the pattern stretchout; instead of directly to the |
pattern from the profile.

As in Fig. 131, draw the profile so that the top |
edge will be horizontal or level and the back at 19
be as high as the head at 8. If there is enough mate-
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rial it will make a better trough if the back is as
high as ¢. To strengthen the edge an angle is some-
times turned as at b. The circular part of the trough

Fic. 131.—The Pattern Developing Process.

will intersect the bead at the point 10, and from 10

the profile of the trough is spaced into a number of

equal spaces. Also space the bead into equal spaces
in which 2 will be opposite or touch 10.

P
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At right angles to the top of the profile draw a
line as 1’-19° and transfer to this line all the
spaces in the profile, including a division between 14
and 15, as @, which has been projected from E to
locate the bottom center and will be the point on
the pattern edge where a convex curve will join a
concave curve. From all the points on 1’-19” draw
parallel lines that are at right angles to 1’-19” and

Fie. 132.—Nesting Outside F16. 133.—Nesting Inside

Miter Pattern. Miter Patterns.
are parallel to the top of the trough. Project at
right angles and to these parallel lines the points in
the profile having the same numbers. As to line 2’
project point 2, to line 3’ pont 3, to line 12’ point
12, etc. Connecting these intersections will produce
the net patterns as shown by the inside and outside
miter patterns.

There are several ways to put the parts together,
one of which is to cut both parts on the net lines as
A, Fig. 132, and B’, Fig. 133, butt them together
and solder a seam strip or butt strap over the joint.
Another way is to leave a lap on one piece as in A’
and B in which the bead is cut on the net edge and
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butted, sometimes leaving a lip as d and e to bend
onto the adjoining bead and then be soldered. The
lap allowed must be turned, half in and half out, to
fit the adjoining piece.

A third way to join the pieces is by a double seam,
and when this is done the amount of lap or seam
allowance on one piece is twice that on the other
piece, and the two parts are put together in a man-
ner similar to an elbow, but with the seam flattened.
The laps or edges must in this case be turned full
or the beads will gap and not come together.

To save material outside miters are cut from
sheets as at A and A’ and inside miters as at B and
B’, and are formed right and left if formed before
beading, or beaded right and left if beaded before
forming.

The material for trough miters should always be
trimmed so that opposite edges are parallel, and
after beading and forming, temporary braces should
be soldered in them so they will retain their shapes
free from twists, and the edges 8 and 19 must be
parallel and in line with each other when viewed
along the arrow pointer N, Fig. 129. The pieces are
to be formed to profile as nearly as possible, for a
trough miter should be true to shape, and if not true
it will result in high, low and twisted joints or joints
with the front or back, that are high or low where
it joins the main trough in spite of all a workman
can do to prevent such conditions when out on a job.

It may be well to state that should a roof flange
be required, as in Fig. 124, the procedure would
not vary in the least from the foregoing.



CHAPTER VII.
Cornice Problems

Describing an Ogee and Cove Molding

It is not intended to include expositions on archi-
tectural subjects in this treatise, nevertheless the
sheet metal worker is called upon to do quite some
designing and drafting when engaged in . making
sheet metal work for the ornamentation of building,
and he should, therefore, read good books on archi-
tecture. One of the subjects of importance is the
designing of moldings and, as with all things, au-
thorities differ as to what is correct ; however a good
book giving the various designs should be at hand.

The system best suited for sheet metal working is
that in which all rounds and the like are composed
of parts of circles which allows greater ease and
accuracy in bending on the usual machines. Now,
the ogee and cove are the most common members
and indeed the basis of the other types; so in Fig.
134 is detailed one method of drafting a molding
composed of such members as well as straight mem-
bers like fillets and fascias. Just what proportions
to give these members depends a good deal on what
authority is consulted or other factors.

The first thing to do is to draw a vertical line, gen-
erally called the wall line, as A B, and place thereon
the vertical dimensions of the members. Draw hori-
zontal lines through these points and, measuring

146
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from A B on the topmost line, place thereon the de-
sired projection of the molding, as C. Draw line
CD and continue downward dotted to E. Draw
diagonal line E F at 45 deg. Line F G is now drawn
and diagonal line GD. Draw horizontal line H I

K F
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F16. 134.—An Ogee and Cove Molding.

and vertical line K L. Using H as center, describe
quarter-circle D J; using I as center, describe quar-
ter-circle J G, completing the ogee member.

Continue line from G to M and dotted to N.
Draw 45 deg. diagonal N O. Draw O P, and now
'using N as center, describe quarter-round M P.
Finish the other members as shown.

—

P
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A Square Miter

One of the most important miters in cornice work
is the square return miter, and Figs. 1354 and 1358
show how that kind of a miter may be laid out.
Of course, line A B of Fig. 1354 could be extended
downward and the pattern stretchout, A B of Fig.
WA 1358, placed there-
°s 0 on and the points
in the profile pro-
M~ jected downward
about as is ex-
| 0 plained in the gut-
g < ter problems of the

s preceding chapter.
§0onmmanaees A The method here
expounded is very
useful, as the
chances are al-

oA ways about even

2 that this scheme

B must be employed

Fic. 135a.—Profile of the Problem. to the other; espe-

cially as many me-
chanics first draw the profile on paper and then
develop the pattern directly on the sheet metal with
a steel square and scratch awl.

Another good reason for using this system of
carrying the distances rather than projecting them
to the parallel lines of the stretchout is, in cornice
work often the detail is exceedingly large and com-
posed of many profiles and members, and by this
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system each profile and member could be developed
separately and where convenient,
U
A
S 2 ¢
[}

N

2'

SN Wi [ W

|~

4 D
B

F1e. 1358.—The Pattern of the Profile.

As the system applies, no matter how elaborate
the design of the profile may be, a simple contour
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was adopted to better explain the procedure. Draw
line A B in Fig. 1354 and place thereon the heights
of the members and complete the profile as directed
by the diagram. Divide the quarter round or cove
into equal spaces and number all pomts as shown in
" Fig. 135A.

Now, in Fig. 1358, draw the vertical line A B and
place thereon the stretchout, from o to 14 of the
profile in Fig. 135a. Draw horizontal lines through
these points indefinitely, always measuring from
line A B, in Fig. 135a, to numbered points, carry
the various horizontal distances to like horizontal
lines in Fig. 1358. For instance—o o’ of Fig. 1354
is 00’ of Fig. 1358, and 2 2’ of Fig. 1354 is 2 2’ of
Fig. 1358. Note, however, that point 14 is on
the other side of line A B in both Fig. 1354 and
Fig. 1358,

Having obtained these points in this manner, a
line is traced through them which is the outline of
the miter cut. The length of pattern can be as de-
sited, as shown by line CD of Fig. 1358. Note
also how small circles are placed on those horizontal
lines which are bending lines, so that there is some
sort of a guide to indicate these lines when dotting
out on the metal; and, naturally, it is to be under-
stood that if so desired the process of Fig. 1358
can be done direct on the sheet metal after Fig.
1358 was drawn precisely as explained, and where
convenient, as aforementioned.

" As explained in connection with the eaves trough
problem, an inside miter would be the reverse cut
to the right of Fig. 135B.
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A Butt Miter Against a Curved Surface.

The problem discussed here, Fig. 136, is exactly
like the angle-face miter following. It is intended
" that this problem will show that the plane or miter
line against which the parallel measuring lines of

miter, problems butt,

need not be a straight o, o 1 A
line or surface, but can '
be a curve or, indeed,
another molding. This
problem is also intend-
ed to show the meas-
uring lines projected
direct to the parallel
lines of the stretchout,
as discussed in the pre-
ceding problem.

The curved surface O T
is described with A as
center. Note, also,
that members in the
pattern, as, 1 to 2, 6 to
7 and 8 to 9, have &<
curved outlines at the  *7*
butt miter "of equal
radius to the curved
surface and the center for the radius of each
is found, for instance, by using 7” as center and
striking an arc on line dropped from A, giving
center A’.

]
= SRR

N

LN

9
F16. 136.—A Curved Surface
Miter.

/1‘
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Miter at an Angle in Plan

Next in importance to the square return miter is
that of a miter at an angle in plan, other than a
right angle or square return. The principles ex-
plained in connection with this problem and de-
lineated in Fig. 137 and Fig. 138 not only apply to
a case like this, but also to many other situations.

g

'y

Fi1g. 137.—Elevation of Molding and Miter Line.

For instance, a butt miter at an angle in plan;-as,
if this profile was the horizontal molding of a bay
window butting against a wall, the miter line A B,
in Fig. 137, would represent the wall line. And
again, in butt miter cases, miter line A B might be
curved just the reverse of the preceding problem,
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or another molding, or many other diverse objects.

As for the square return miter, the pattern of Fig.
138 could be developed by projecting lines from the
miter line direct to the stretchout line, as was done
in one of the preceding prob- F
lems. However, it was the in-
tention of the original author to 1° |
explain a common shop prac-
tice of carrying distances, as he

R

explains in the elbow problems. \ ’
Therefore, draw the required \

profile, as in Fig. 137, and also \ °

the given angle, which in the \ 6

diagram is an octagon angle, as 7

shown. Bisect this angle and
obtain the miter line A B. Di-
vide the round of the profile
into equal spaces and number
the entire profile and drop lines
to miter line. Establish any

horizontal line as CD. H
Now, as in Fig. 138, draw a g
vertical line EF with the 2
stretchout on it of the profile, 159115
then measuring always from this e
line CD, in Fig. 138, carry the ' e N

distances from the plan in Fig.

137 to like numbered lines of Fig. 138. To ex-
plain: 1° 1°° of Fig. 137 is 1 1° in Fig. 138; also,
15° 15°° in Fig. 137 is 15 15° of Fig. 138 and so on.
The small circles on certain lines indicate where
square or angle bends are to be made.
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A Square Face Miter
In Fig. 139 is given a profile often employed in
panel work, and if the pattern for the face miter
was to be developed by projecting lines from the
profile to the parallel lines of the stretchout line, the
0 p  stretchout line
] 0 would then be
drawn at right an-
3 gles to line A B of
' Fig. 139 and the
s - projecting lines
would be a con-
tinuance of those
10 - lines like o00'.
2 That is to say,
[3__t4 - the parallel lines
5 16 through the stretch-
out line. points
would be parallel
to the dotted lines
% A in Fig. 139. So,
o then, to carry the
FiG. 139.—The Profile and Lengths.  distances, simply
take the lengths of
these dotted lines. In Fig. 140, line A B is the
stretchout line, with the parallel lines at right an-
gles to it and through the stretchout points, as
shown by o to 17 Fig. 140.
Carry the lengths from like numbered lines in
Fig. 139 to Fig. 140; thus, 0 0® Fig. 139 is 0 0® Fig.
140, 11 11° Fig. 139 is 11 11° Fig. 140, etc.
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Note the small circles to indicate the bending
lines, and it might be said that some cutters indicate
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F1c. 140.—The Square Face | “
Miter Pattern. LN
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e
these lines by a cross, as !
shown on line 16. It would
seem, however, that the small N\
circle is the best. Note, too, B

how laps would be provided,

as shown by the dotted lines. Laps cut so will not
interfere with the bending or soldering operations,
but give the best assistance.
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Angle-Face Miter

The cutting of pattern, or rather the developing
of the surfaces of solids, is merely the manipulating
of certain geometrical principles and the application
of the science of orthographic projection to accom-
plish desired results. In the preceding problem ad-
vantage was taken of a situation, so to speak, in

2 a

]
B PR

Fi16. 141.—Profile and Miter Line of an Angle-Face Miter.

projection, which allows of using shorter methods
to arrive at desired results. Now, strictly speaking,
and as mentioned elsewhere in this book in connec-
tion with such problems, that method is not abso-
lutely in accord with true projection, which might
also be said of the square return miter, although a
strictly correct pattern is obtained in both cases by
this procedure.

The correct method is to use a miter line, and in
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face miter problems the line is situated as shown
in Fig. 141. In that diagram A B is the given angle,
which is bisected to get the miter line CD. The
given profile is shown at the right of this line with
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F16. 142.—Pattern of Angle-Face Miter.

its division points 1 to 14, which are projected
across horizontally to the miter line. The angle
A CB is bisected according to the method given in
Fig. 6, in the chapter on geometry.
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Assume any measuring line which would be verti-
cal and established, as indicated by line EF. For
the pattern draw where convenient a vertical line on
which is placed the stretchout of the profile 1 to 14,
in Fig. 141, as shown by line with o to 14 division
points, in Fig. 142. Draw indefinite horizontal lines,
and, measuring from line E F to miter line C D of
Fig. 141, carry the distances to Fig. 142, measur-
ing from the vertical stretchout line. Like this,
point 2 in Fig. 141 is measured from 2’ to 2” and
placed from 2 to 2’ in Fig. 142, and so forth.

It is to be understood that this problem is the
basis of numerous other miter cuts—the apex of a
gable molding, the bottom ¢ut of a gable molding
finishing on a horizontal line, the cut of a horizontal
dormer window molding against a pitch roof and
many other like miters.

There are three distinct methods of cutting pat-
terns, or rather, developing the surfaces of solids,
to wit: Parallel line system, radial line system and
triangulating system. The few foregoing problems
were in the category of parallel line problems or
miter cutting. Now, the parallel line system can
be divided into several divisions. One division in
which these problems enter, a simple elevation or
plan of the joint gave the miter line and its relation
to the profile—if no miter was used a series of
measuring lines would be employed.

A considerable number of problems would be
comprehended in another division in which quite
some preliminary work is requisite before cutting
the pattern and a few are to follow.
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Raking Miter

One of the best courses in sheet metal pattern
drafting is that of Gray’s School of Correspon-
dence, and among the one hundred and twenty-five
or more plates are several teaching the cutting of
different cases of raking miters, one of which is that
of Fig. 143a. This is a typical case of such miters
and applies when the normal profile is placed in the
inclined molding, thus raking or changing, or as
some call it, modifying the profile of the horizontal
molding.

Quite a number of problems are in the class of
raking miters; however, the underlying principles
are practically the same in all raking problems.
That is, conditions perforce certain requirements
as, say, the inclination of the gable and whether the
given or normal profile is to be in the gable or hor-
izontal molding, and so forth. Or again, the hor-
izontal molding can miter at other than a right
angle, or there is to be a raked return at the apex of
the gable and so on.

First draw profile and elevation of foot mold and
erect center line. Next draw line C, the angle re-
quired intersecting 8 in modified profile, and con-
tinue line to center line. Place normal profile A on
line C so that point 8 intersects line C. Space profile
A into any convenient number of equal spaces, as
shown by 1 to 16; place T square parallel with line
C; draw lines through all spaces intersecting center
line and foot mold, drawing lines from 8 to 16
indefinitely for modified profile. Next draw plan,
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placing normal profile A on line D, as shown; draw
miter line in plan the angle required, draw lines

F16. 143a.—Developing the Pattern for a Raking Miter.

from spacings in profile 8 to 16 intersecting miter
line; place T square at right angles to line D ; draw



CORNICE PROBLEMS 161

lines from intersections in miter line of plan, also
intersecting lines of corresponding numbers drawn
from normal profile A in elevation. Drawing lines
through the intersecting points will give modified
profile B. Draw stretchout line E and place spac-
ings on same I to 16 from normal profile A. Draw
lines through all spacings in stretchout line at right
angles to line E indefi-
nitely. Place T square
parallel with line E;
draw lines from all
points in modified profile
intersecting lines of cor-
responding numbers in
stretchout B, also draw J
lines from all points in \J | )
miter line F to lines of )
corresponding numbers  Hovizonia Motding Pattera.
in stretchout. Drawing

lines through the intersecting points will give the
patterns B and F, as shown in pattern A, just above
the elevation, Fig. 143A.

To develop the pattern of the horizontal molding,
draw a horizontal line, as in Fig. 1438, and place
thereon spacings of modified profile B, as o to 16.
Draw the vertical lines shown and then taking the
various distances from the line D to the miter line
in the plan of Fig. 1434, place them on the stretch-
out line of Fig. 143B.

From o to 8 of Fig. 1438 is the foot mold pat-
tern ; shown from number o to the dotted line in the
plan, Fig. 143A.

1

P
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Gable Molding on Square Tower

As was stated in the foregoing article, Gray’s
School of Sheet Metal Pattern Drafting teaches by
numerous specimen plates of the highest possible
order that it is possible to make, and in Fig. 144,
herewith, is presented the school’s lesson on an in-
teresting problem in gable molding cases. Note
that the miter at the apex, or rather ridge, bears
out the statement made in connection with the prob-
lem in angle face miters that face miter cutting,
as explained in that problem, would apply to the
miter in this case at the ridge.

First draw elevation the pitch required, placing
profile A on line C, as shown; space the curved
parts of profile A in any convenient number of
equal parts and draw lines through all points
parallel with line C intersecting miter line E, and
extend them indefinitely at D. Next draw profile
B, as shown, spacing the curved part of file the same
as profile A. Extend lines from all points in profile
B intersecting lines of same numbers just drawn
from profile A. Drawing lines through intersect-
ing points will give miter line D. Draw stretchout
line for pattern at right angles to line C and place
spacings on same from profile A. Draw parallel lines
indefinitely through all points in stretchout. Place
T square at right angles to line C; draw lines from
all points in miter lines E and D intersecting lines of
corresponding numbers in stretchout. Drawing
lines through the intersecting points will give pat-
tern required.
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The foregoing explanation had to do with the
molding only for this problem. Should a pattern
be wanted for the lower or tower proper, the pat-

Fie. 144.—Developing the Pattern for a Gable Molding on a
Square Tower.

tern would be a duplication of the part of Fig. 144
marked elevation. The triangular roof part can be
added to the pattern on line g.

-~
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Hip Finials
Only such drawings are used as will make clear

the method of obtaining the patterns. Even though
the design is simple, the patterns should be laid out |

with great care so that the finial will be true and
firm when assembled.

% - Pattern for Face

X 5

3 %
==

/ f"¢:‘ View \\/ Side View

Fi16. 145.—Obtaining Face Pattern.
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The end and side views of the finial are shown |

in Fig. 145, also the pattern of the face. As wil

be noted, the side elevation is stepped off as indi-

cated by the points from 4 to 11. Lines are project
ed from these points to the front elevation, 2
shown, then the lines are run up or down as the
‘case may be to the stretchout, as shown from point
9. From point g up, the side of the finial is straight
The reason for stepping off the side is to get a tru¢
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elevation of the face. The lines are then projected
to the end view, which shows the miter lines at the
corners of the end elevation.

The pattern for the side is developed as shown
in Fig. 146, in which the treatment is reversed from
the foregoing. The points are stepped off on the
end elevation.

Then lines are

projected to the e ey 9 7
side elevation and ——¥6
thence to the -t
stretchout shown . . ;
above the side H
view. i

The pattern for
the rear of the
finial is as shown
in Fig. 147. The
pattern is shown
with laps on the
top and bottom.
The top strip is
developed as
shown at A2 in Fig. 147, and to get the point the
side elevation is stepped off, as shown from 1 to 9,
then projected over to the end elevation and from
there to the stretchout. Only 1, 2 and 3 need be
projected to the face as that is the length of the
flare. The rest is straight and can be struck off
with a pencil and straight edge.

To form up this finial the side pieces can be
nicely shaped by running through rolls set lightly.

End View Side View

Fi6. 146.—Obtaining Side Pattern.
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After the parts are all set together and are tacked
with solder and the finial is found to be true, it can
be more securely soldered and, if of large size, the
finial should be riveted together and bosses the full
length of the inside of the corners should be sol-
dered in. These bosses not only strengthen the

I

te-Pat tern for Top Strip

Pattern for
-+ Rear

Front] View Side Yiew

F16. 147.—Obtaining Rear at Top Strip Pattern.

finial, but if the corner should ever spring a leak,
they would throw the water off on the roof. For
small finials under 18 inch in height, this bracing
and bossing is not necessary, but for larger sizes
" they should be even more heavily braced, as more
surface is exposed to the wind and storm.

Finials are useful for ornamenting ridges, towers
or other such parts of buildings and any number
of designs can be thought of like crosses or other
insignias for religious buildings, weather vanes, etc.
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The Gore Pattern for Balls

The method given in Fig. 148 is the old-time tin-
smith’s procedure. Another method would be by
the parallel system of projecting lines from a gore.

Erect perpendicular line HK equal to one-half
the circumference of the ball; divide this line into
one-half the number of pieces required in full ball;

F1c. 148.—~Pattern. F16. 149.—Elevation.

make the line V O equal to one of these pieces, cut-
ting H K through the center at right angles; then
with H and K as centers, with radius greater than
one-half the distance K S, describe the two arcs
B U; with V and O as centers, arcs R G; draw lines
through these points, as shown by dotted lines.
From points of intersection describe arcs HV K
and HOK,