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Foreword

HE widespread need for a more scientific knowledge of

I the principles of Sanitation on the part of thousands

of practical men of limited education, calls for an

authoritative work of general reference embodying the results

of modern experience and the latest approved practice. The

Cyclopedia of Heating, Plumbing, and Sanitation is designed
to fill this acknowledged need.

Q. The Cyclopedia of Heating, Plumbing, and Sanitation is
based upon the method which the American School of Corre-
spondence has developed and successfully used for many years
in teaching the principles and practice of engineering in its
different branches. It is a cbmpilation of representative In-
struction Books of the School, and forms a simple, practical,
concise, and convenient reference work for the shop, the
library, the school, and the home.

@ The success which the American School of Correspondence
has attained as a factor in the machinery of modern technical
and scientific education, is in itself the best possible guarantee
for the present work. Therefore, while these volumes are a
marked innovation in technical literature—representing, as they
do, the best ideas and methods of a large number of different
authors, each an acknowledged authority in his work—they are
by no means an experiment, but are in fact based on what has



proved itself to be the most successful method yet devised for
the education of the busy workingman. They have been pre-
pared only after the most careful study of modern needs as
developed under the conditions of actual practice.

Q€ Neither pains nor expense have been spared to make the
present work the most comprehensive and authoritative in its
field. The aim has been, not merely to create a work which will
appeal to the trained expert, but one that will commend itself
also to the beginner and the self-taught, practical man by giv-
ing him a working knowledge of the principles and methods,
not only of his own particular trade, but of all allied branches
of it as well. The various sections have been prepared espe-
cially for home study, each written by an acknowledged author-
ity on the subject. The arrangement of matter is such as to
carry the student forward by easy stages. Series of review
questions are inserted in each volume, enabling the reader to
test his knowledge and make it a permanent possession. The
illustrations have been selected with unusual care to elucidate
the text.

Q Grateful acknowledgment is due the corps of authors and
collaborators—men of wide practical experience, and teachers
of well-recognized ability —without whose hearty co-operation
this work would have been impossible.
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HEAT.

Until the time of Count Rumford and Sir Humphry Davy
the most widely accepted notion of the nature of heat was that it
was an elastic fluid, penetrating the pores of all matter and filling
the spaces between molecules. To this fluid the name caloric was
given. In order to explain the various manifestations of heat, it
was necessary to ascribe various properties to the caloric fluid,
such as indestructibility, absence of weight, differences in the
intensity of its affinity for different kinds of matter, and so on.
But these exp]é.nations were not borne out by experiment ; and in
1798 Count Rumford showed, by a series of experiments with a
blunt boring bar and a brass cannon, that the heat developed in
boring the cannon had no relation to anything but the friction
of the apparatus. He thus proved that heat could not be a material
substance, for it was produced without limit from a limited quan-
tity of matter, provided only that the motion were maintained ;
and he announced his conviction that heat was in reality a form of
motion.

Sir Humphry Davy showed that two pieces of ice might be
melted by rubbing them together. He thus proved that heat can
be produced by the expenditure of work only. This leads to the
important conclusion that heat must be a form of energy, since it
can be produced from energy, and (as we know in the case of the
steam engine) can itself be converted into well-recognized forms
of energy.

Heat-energy is now understood to lie in the rapid irregular
vibrations of the molecules of which all matter is composed. We
shall see that the idea of rapidly-moving molecules affords a rcady
explanation of many of the phenomena of heas.

This motion may be communicated from one body to another;
or, in other words, heat may flow from one body to another. The
condition that determines which way the flow will take place is
called temperature.

1



4 HEAT

Temperature, then, has nothing to do with quanuty of heat.
If a spoonful of water be dipped from a full pail, it is clear that
the quantities of heat in the two masses of water are very unequal,
yet there is no tendency for heat to travel from eithur to the other.

Our study of the phenomena and laws of heat thus naturally
divides itself as follows:

1. The measurement of temperature, or thermometry.

2. The measurement of quantities of heat, or calorimetry.

3. The relation between heat and mechanical work, or ther-
modynamics.

Equality of temperature may be estimated quite accurately
simply by touching two bodies with the hand, provided they
are of a similar nature and neither very hot nor very cold.
The power which enables us to do this is called the temperature
sense. It does not help us much, however, if the bodies are of
very different nature, nor does it tell us whether they are actually
hot or cold The sensation really depends on the rate at which
heat is communicated to (or taken from) the hand, and this
depends on the temperature of the hand as well as on the nature
of the material tested.

A simple experiment will illustrate this. Place the right
hand in ice-water and the left hand in hot water ; after a minute
withdraw them and place them simultaneously in water just drawn
from the faucet. It will seem warm to the right hand and cold to
the left hand, because in the first case heat passes from the water
to the hand, and in the second case from the hand to the water.
Again, a stone in winter feels colder to the hand than a piece of
fur or woolen cloth. The stone conducts the heat away from the
hand faster than the fur does, and thus gives the sensation of a
lower temperature.

THERMOMETERS.

Instruments for the measurement of temperature are called
thermometers. In designing a thermometer we may use any
substance one of whose properties varies continuously with the
temperature. Among the properties most convenient for use are:

1. Expansion; used for ordinary temperatures.
$. Change of electrical resistance; used for very low temperatures.
8. Thermo-electric effects; used for very high temperatures.

12



HEAT 5

The first of these is discussed in this paper; the principles
on which the others depend will be explained in the Instruction
Papers on Electricity.

Besides these, many other properties of substances that
depend on temperature are useful in special cases. For exampie,
when a piece of polished steel is heated its surface changes color,
each color corresponding to a certain definite temperature. The
process of tempering consists in heating the previously hardened
articles until they assume the proper temperature, as shown by
their color, and then plunging them again into cold water or oil.
In this way each piece is made to indicate its own temperature
without possibility of mistake.

Liquid Thermometers. In the most common form of ther-
mometer, temperature is measured by the expansion of mercury in
glass. On the end of a glass tube of very fine bore,
a bulb is blown (see Fig. 1), and the bulb and part
of the tube are filled with mercury. The whole is then
heated until the mercury completely fills the tube,
after which it is sealed and allowed to cool. The
space in the tube above the mercury is thus entirely
freed from air. Changes in temperature cause the
mercury to expand or contract, and the liquid in the
tube will rise or fall accordingly.

But the thermometer thus made is not yet ready
for use. It must have its divisions properly spaced and
in the right places on the tube. All thermometers for
accurate work should have their scales engraved on the
tube itself, and not on a plate attached to it. Before we
can engrave the scale we must know at least two Fig. 1.
points on the stem that correspond to known temper-
atures. The two points commonly taken are known as the
freezing point and the boiling point.

The freezing point can easily be found by putting the ther-
mometer into a mixture of clean pounded ice (or snow) and water.
The boiling point is found by immersing the whole thermometer in
steam from boiling water. The freezing point is always the same
under ordinary conditions, but the temperature of the boiling point
rises or falls slightly as atmospheric pressure increases or decreases.

13



6 HEAT

Thermometer Scales. Two scales of temperature are in
use. On the Fahrenheit scale, devised about 1714, the boiling
point is marked 212°, and the freezing point 32° there being thus
180 degrees between them. The Centigrade scale, which is more
convenient for scientific work, has its boiling point marked 100°
and its freezing point mevked 0°.

We may convert Centigrade to Fahrenheit temperatures in
the following way :

- Since 100 Centigrade degrees cover the same temperature
interval as 180 Fahrenheit degrees, one Centigrade degree is 1§¢
or 2 as long as one Fahrenheit degree. Hence a temperature of
m degrees Centigrade is equal to § m Fahrenheit degrecs above
the Centigrade zero. DBut this point is marked 32° on the Fahren-
heit scale, consequently the total reading on the Fahrenheit ther-
mometer will be

A 32
5m+ .

The formula for changing a temperature C° Centigrade to its
Fahrenheit equivalent F°, therefore, is

9
°=—C°432;
F R +
and by transposing we obtain the corresponding formula,
C° = —g(F —22).

EXAMPLES FOR PRACTICE.

1. To what temperature F does 58° C correspond ?

Ans. 136.4°F.
2. To what temperature C does 149° F correspond ?

Ans. 65°C.
3. The difference between the temperatures of two bodies is

45° F. What is it in Centigrade degrees? '
Ans. 26°C.
4. Lead melts at 327°C.  What. is its melting point o» the
Fahrenheit scale ? Aus. 620 °F.

14



HEAT 7

Temperatures below the zero point can be dealt with by call-
g them negative and using them with a minus sign.
g g

Erample. To what temperature F does — 20° C correspond ?
9
Solution. F° = (g of — 20 ) + 32

=—36+482=—4° Ans.

EXAMPLES FOR PRACTICE.
1. To what temperature F does — 18° C correspond ?
Ans.-—04°F.
2. To what temperature C does — 40° F correspond ?
Ans. —40°C.
The temperature Ty of steam in Centigrade degrees is given
by the following formula:

T,=100° + 56 (H — 1760,

where H is the barometric pressure in millimeters.

In Fahrenheit degrees the temperature Ty is
Ty =212° L 1.T1(H"” —29.92),
where I1” is the barometric pressure in inches.

When the barometer stands at exactly 760 millimeters or
29.92 inches, the temperature of steam is therefore 100°C or
212°F. The Centigrade scale is used in almost all scientific
work, while the Fuhrenheit scale is more common in daily life.

EXAMPLES FOR PRACTICE.

1. What is the temperature of steam when the barometer

reads 772.8 millimeters ?
Ans. 100.4%°C.

2. What is the temperature of steam when the barometer

on a mountain stands at 27.44 inches?
Ans. 207.76°F,

EXPANSION OF SOLIDS.

When the temperature of a body rises, as a rule we find an
increase in'its dimersion2.  This is called expansion. It depends

15



8 HEAT

on the rise of temperature and ru the nature of the body itself.
A rod whose length is unity at 3° C will have at any other tem-
perature ¢ the length

1+4at,
where a is a small constant called the coefficient of linear expan-
sion. If ¢t=1°, then the length at 1° would be simply

l14+aX1=1+a,
and the increasc in length would be
(l+a)—l=a

We may therefore define the coefficient of linear expansion
as the increase in length per Centigrade degree of a rod whose
length is unity at 0° C. It varies a little at different temperatures
and is usually larger at higher temperatures.

The following table gives the average value of the coefficient
of linear expansion for various solids, between 0° and 100°C
(82° to 212°F). Different specimens of the same substance
sometimes give different results, and the figures do not hold for
temperatures much beyond the given limits. They may, however,

be used for all ordinary purposes.

COEFFICIENTS OF LINEAR EXPANSION.

PER DEGREE CENTIGRADE. PER DEGREE PAHRENHEIT.
Porcelain 0.00000806 0.00000448
Gas carbon 0.0000066 0.0000031
Glass 0.0000067 to 0.00000883 | 0.0000032 to 0.00000491
Pine wood, along grain 0.00000608 0.00000338
Cast iron 0.00001075 0.000005972
Platinum 0.00000907 0.000005039
Steel 0.000010%8 to 0.00001098 | 0.000000044 to 0.00000610
Wrought iron 0.00001228 . 0.000006822
Copper 0.00001666 to 0.00001718 | 0.00000925 to 0.00000954
Brass 0.00001840 t0 0.00001906 | 0.00001022 to 0.00001059
Silver 0.00001943 0.00001079
Zinc 0.00002076 0.00001653
Ice (—12°t00°),0.0001050 | (10°to 32°), 0.0000583

The coefficient of surface expansion may be found by multi-
plying the above figures by two; and the coeflicient of cubical or
volume expansion, by multiplying by three.

16



HEAT 8

It is clear from the table that different substances expand
very unequally ; zine, for example, expanding over three times as
much as platinum and more than twice as much as iron. If then

A m—— A
]
Cc (%

Fig. 2.

we make a bar like A of Fig. 2, by riveting together a strip of
zinc and one of iron, and heat it, the bar will not only leugthen
but become curved, the zinc being on the convex side. If cooled
. below its original temperature, the bar curves the opposite way ;
and by fixing one end of the bar the other end may be made to
show a considerable motion for small changes of temperature.

Fig. 3.

This principle is employed in some forms of metallic thermometer
(see Fig. 3). The metal spring FGH is fastened at F, the
remaining part being free to expand or contract. To this spring,
at H, is fustened a finer spring T T, clamped at P to the arm A,

17



. 10 HEAxL

which is pivoted at O. The segment C D of a gear on the arm
A operates the pinion to which the hand Z Z is attached. An
additional spring SS tends to move the hand in the opposite
direction. Heat causes expansion of the spring F G H, and the
hand 2z Z moves in a direction opposite to that of the hands of
a clock. The same principle is also used in thermostats. In
these instruments the free end of the bar is sometimes made to -
move between stops connected with electric circuits ; and in this
way the temperature of a furnace or a room can be easily
controlled. A

With the help of the table we can calculate the expansion of
a rod of any length. Let [, represent the length of a rod at 0°C,
and [, its length at the temperature ¢°; and let us find the relation
between I, and ;.

Since a rod of unit length at 0° will have at ¢° the length
1 4 at, the length of a rod [, times as long will be [, times as
much, or /, (14 at). That is,

li=1,(1+4at). )
By transposing, we may put this into the form
L
= . 2
b 1+4at @

Ezample. A copper wire is 65 inches long at 30° C. How
long is itat 0°C?
" Solution. From equation 2 we have:

. 65
Length at 0° = 4= 50001666 x 30
65 ,
= 10008 = 64.967 inches. Ans.

Erample. A sheet of zinc twenty inches by thirty is heated
from 32° F to 100° F. What is its increase in area ?

Solution. The surface expansion of zincis 2 X 0.00001653
or 0.06003306 per degree F.

The surface of the sheet is 20 X 30 =600 sq. in.

The sheet is heated through 100° — 32°.= 68 degrees F.

Therefore the area of the heated sheet will be

600 (1 4 0.00003306 X 68) = 600 (1 4 0.002248) = 601.35.

The increase in area is therefore 1.35 sq. in.  Ans.
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EXAMPLES FOR PRACTICE.

1. A brass disk has a diameter of four inches at 82°F.
What is iis diameter at 72° F' .,
Ans. 4.00164 inches.

2. A copper tank holds ten gallons of ice water. How many
gallons of boiling water will it hold ?
Ans. 10.05 gallons.

Suppose the length of a rod to be given at a certain tempera
ture ¢°, and we wish to find the length at some other temperature
¢'°. Inspection of equation 2 shows that we may write

ly =10, A+ at!).
We also have directly
L, =1, (1 + at).

Dividing one equation by the other, we have

or,

4
lv P~ IC l._—'___:_t_ (3)

A more convenient form of this equation, which will give
approximately correct results, is as follows :

Wy =L[14a@'—1))]. “

Equation 4 may be used to determine the length of a bar
which has been heated through a known temperature, when the
original length and the coefficient of expansion are known.

EXATMPLES FOR PRACTICE.

1. A rod of copper is 10 feet long at 25°C. What will be
its length at 85°7
Auns. 10.01 feet, nearly.
2. A bar of wrought iron is 200 inches long at 40°F. .
What will be its length at 148° F?
Ans. 200.i47 inches.
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8. If the extreme differcnce between summer and winter
temperatures is 100 degrees F, what will be the change in length
of an iron bridge which is 250 feet long in summer?

Ans. 0.1705 foot shorter.

EXPANSION OF LIQUIDS.

In the case of liquids and gases we have to deal only with
cubical expansion, since fluids have no definite form. The expan-
sion of liquids is much greater than that of solids. For mercury
the average coefficient between 0°C and 100°C is 0.0001825 per
degree. For other liquids the expansion increases rapidly with
the temperature and is very great at high temperatures. The fol-
lowing table gives some values for three common liguids .

TEMP. WATER, ALCOHOL. ETHER.
0° 1. 1. 1
10° 1.0001 1.01056 1.0152
20° 1.0016 1.0213 1.0312
30° 1.0041 1.0324 1.0483
40° 1.0076 1.0440 1.0665

Water presents a partial exception to the increase of volume
by rise of temperature. As its temperature rises from 0° (ice
just melted) to 4°C, it contracts instead of expanding, the amount
of contraction being 129 parts in a million. Above 4° it expands
like any other liquid.

This curious fact is of immense importance in nature. As the
water of rivers and lakes cools, it becomes denser and sinks, the
coldest water thus going to the bottom until 4° is reached. Below
this temperature, however, the water becomes lighter as it cools,
and stays at the surface. Ice thus forms first at the surface and
the life beneath is protected, as ice is a poor conductor of heat.
If the water contracted down to the freezing point, ice would form
from the bottom up, and a pond would become a solid mass which
would probably never thaw completely.

An interesting application of the expansion of liquids is in
the mercurial pendulum used in large clocks (Fig. 4). The pen-
dulum rod carries at its end & 3ar of glass or iron holding a quan-
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tity of mercury. A rise in temperature lengthens the rod and
lowers the center of gravity of the pendulum; but the mercury alsc

expands and rises in the jar, producing the opposite effect.
In this way, by using the proper amount of mercury, it is
possible to make a pendulum whose vibrations are unaffected
by changes in temperature.

EXPANSION OF GASES.

If we partially fill a bladder with air and place it
near a fire, it will become distended, showing that the
air has expanded. This expansion is practically the same
for all gases, and, for each aegree, is 15 or 0.00366 of
their volume at 0°C; for each degree F a gas will expand
% as much, or g} of its volume at 32°F. These figures
assume that the pressure on the gas remains constant.

If then we have a quantity of gas V at 0°C, at 1°
it will have the volume gi}gv, at 2° it will have the
volume 272 v, and so on. We may express the general
law as follows:

Fig.4.

If V, be the volume at 0°C, then the volume V, at any

other temperature ¢ will be

t

V.= Vo(l+ 573

)- ()

Or, in decimal form,

V, = V, (1 + 0.00366t).  (6)

If t is below zero, we subtract the second term instead of

adding it.

With this formula we may work exactly as with the formulas

for the expansion of solids on page 11.

Erample.  Find the volume at 150°C of a gas measuring 10

cubic centimeters at 15°,
Solution.  Applyirg forranla 6 twice, we obtain

Vo = Vo (1 4 0.00366X150) = 1.549 V3
Vis = Vo (1 -} 0.00866X15) = 1.0549V,,
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Therefore
1.549 1.549
— V — v
Viso= Vis 106D = 10 x'—lmi) = 14.68 cub. em., nearly.

EXAMPLES FOR PRACTICE.

1. What will be the volume of 400 cubic inches of oxygen
at 0°C, when heated to 30°?
Ans. 444 cubic inches, nearly.
2. 1f 160 cubic centimeters of hydrogen be measured at
50° C, what will be the volume of the gas at —50°?
Ans. 110.49 cub. cm., nearly.
8. If 1,750 cubic feet of coal gas at 20°C are cooled to 0°,

what will be the volume ? .
Ans. 1,630.6 cubic feet.

If the temperatures are expressed on the Fahrenheit scale,
formula 6 becomes
Vy = Vg [1 4 0.002035 (¢'—32) ], ©)
where t' is the temperature F.

'EXAMPLES FOR PRACTICE.

1. 1,000 cubic feet of air are heated from 82°F to 90° F.
What is the increase in volume?

Ans. 118 cub. ft.

2. 860 cubic feet of nitrogen at 70° F are cooled to 10°F.
What is the volume after cooling ?

Ans. 319.2 cub. ft.

When a quantity of gas confined in a given space is heated

its pressure rises, and if the volume of the gas is kept constant

the increase of pressure is very nearly the same as the above-

- described increase of volume at constant pressure. We may

therefore deal with pressure changes due to temperature just as

with changes of volume, employing formulas 6 and 7 as

before.
EXAMNPLE FOR PRACTICE.

A closed iron tank contains air at 50 lbs. pressure at 82°F,
What will the pressure be if the temperature rises to 68°F,
neglecting the effect of the expansion of the tank?

‘Ans.  53.66 lbs.
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Since a reduction of temperature from 0°C to—1°C is
accompanied by a loss of g}y of the pressure of a gas, it would
appear that by lowering the temperature to—273°C (=—459°*
F) all the gas pressure would disappear, and the molecules would
come completely to rest. But this means, from our definition of heat,
the total absence of heat energy. This point, therefore,’is called
the absolute zero of temperature. Of course it can never be
reached experimentally, but recent researches have carried the
range of available temperatures far down toward it. By the
evaporation of liquid and solid air and hydrogen, a temperature of
—260°C has been attained.

Thus we see that to reduce ordinary temperatures to absolute
temperature we add 273 if we are using Centigrade units, or 461
for Fahrenheit units. ‘

LIQUEFACTION.

When heat is applied to an amorphous substance like glass or
pitch, it changes gradually from a solid to a liquid, and there is no
definite point at which melting occurs; but for most crystalline
substances the change from solid to liquid is well marked. For
such substances, melting (also called fusion) takes place according
to the following laws:

1. Every substance melts at a certain temperature, which is
always the same if the pressure on the substance is the same.

2. After fusion begins, the temperature of the mass remains
at the melting point until the solid is completely melted.

3. In cooling, the substance solidifies at the temperature of
melting. .

TABLE OF MELTING POINTS.

Centi- “ Centi-

grade, grade.
Ether, i —117° Zinc, 418°
Mercury, —39.4 || Silver, 908
Ice, 0 Gold, 1072
Paraffin, ’ 46 Copper, 1082
Wood's metal, 65 to 70 Cast iron, 1100 to 1200
Sulphur, 114 Wrought iron, 1600
Tin, 232 Platinum, 1775
Lead, 327 Iridium, 1960

* NoTte. Some authorities quote —461° F.
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Most substances increase in volume on melting, but some
conttact. The reverse change takes place on solidifying. Good
castings can be made only from those metals or alloys which
expand on solidifying, like cast iron and type-metal. Gold,
aluminum, lead and silver must be stamped to get sharp impres-
sions.

VAPORIZATION.

Since heat is the rapid, irregular vibratory motion of the mole-
cules, it follows that if we add heat to a body we increase this
motion. At a certain stage the vibration is so vigorous that the
molecules (if the body is a solid) can no longer hold fast to one an-
other, and the solid literally falls to picces, that is, it melts. By
applying more heat to the liquid and still further raising its tem-
perature, we may finally reach a point at which some of the mole-
cules are moving so violently as to escape into the air, altogether
free from one another’s influence.  We then have a vapor, and the
change into this acriform condition is called vaporization.

If vaporization takes place slowly, and only at the surface of
a liquid, it is called evaporation. Evaporation will be hastened
by anything that facilitates the escape of molecules from the
liquid surface, as by increasing the temperature of the liquid,
lowering the pressure on it, or causing a breeze to play over the
surface.

The fact that heat is due to molecular motion explains why
evaporation is a cooling process. Naturally those molccules will
escape first whose motion is most violent, that is, whose tempera-
ture is highest. The more sluggish (and therefore colder) mole-
cules stay behind. Thus, as the liquid evaporates, the departing
molecules take with them more than their proportionate share of
heat, and the remaining liquid grows colder.

Cooling by evaporation may be illustrated by a simple experi-
ment. Drop about a teaspoonful of water on a table or smooth
board, and set a small tin dish on the water. Pour three or four
tablespoonfuls of ether into the dish, and blow upon it with a pair
of bellows. After two or threce minutes of vigorous blowing, the
dish will be found frozen fust to the board. (Caution.— Keep
ether away from lights. Ether vapor is highly inflammable.)
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When water is heated over a flame, the air (or any other gas)
present is first driven off in tiny bubbles which rise to the surface
and escape without noise. When the water nearest the flame is
raised to the boiling point, bubbles of vapor are formed, which also
rise through the water, but are condensed by the cooler layers
before getting to the surface. This formation and condensation
of steam bubbles produces the sound known as singing or simmer-
ing. The “water hammer " in steam pipes is of a somewhat simi-
lar nature but on a larger scale. When the entire mass is heatea
to the boiling point, the steam bubbles rise to the surface and
break, discharging their contents into the air with a characteristic
noise. This stage is called ebullition or boiling.

Like air, steam is colorless, transparent and invisible. What
is commonly called “a cloud of steam” is really a cloud of fine
water particles condensed from steam. Observe any steam jet, and
notice that at the end of the pipe nothing whatever can be seen,
the jet becoming visible only after it has gone far enough from
the pipe to be cooled and condensed.

The increase of volume by vaporization is usually very great.
For example, a cubic inch of water will make 1,661 cubic inches
of steam at atmospheric pressure.

By increasing the pressure on the surface of a boiling liquid,
we make it more difficult for the molecules to escape; they cannot
escape unless given more moétion, that is, unless they have a
higher temperature than before. In other words, an increase of
pressure raises the boiling point. The following table gives the
boiling point of water under different pressures, as measured by.a-
steam gage :

BOILING POINT OF WATER.

GAGE PRESSURE. TEMPERATURE, FAHR.
0 (atmosphere) 212°
50 1bs. 297.4

100 ¢« 337.6

150 ¢ 365.7

2w [ 387n8

* The laws of vaporization are similar to the laws of fusion
given on page 15. The following table gives the boiling points in
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degrees Centigrade of some liquids, under a pressure of vne atmos-
phere:

BOILING POINTS,

Liquid air, —183%° || Chloroform, 61.2°

Ammonia, — 385 Alcohol, 8.4

Sulphurous anhydride, — 101 Mercury, 367.

Ether, 34.9 Sulphur, 444.5
DISTILLATION.

The difference in the boiling points of substances has an im-
portant application in the arts, in the separation of liquids from

Fig. 6.

solids, or of liquids from each other. The simple removal of a
liquid from a solid, as in evaporating brine to recover the salt,
"needs no special appliances; but when the evaporated liquid is to
be saved, an apparatus called a still i used, and the process is
called distillation.

A still consists essentially of two parts: a retort in which
the liquid is vaporized, and a condenser in which it is reduced to
liquid again. Fig. 5 shows a form of the apparatus for separat-
ing a liquid from a solid, or one lijuid from another of different
boiling point, such as alcchol and water. The mixture is pcured
into the retort B, and then heated to about 90° C, which is above
the boiling point of alcohol but below that of water. The vapor-
ized alcohol escapes through A to the worm D. This is a simple
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helical coil of pipe surrounded by cold water, and serving to con-
dense the vapor, which runs out as a liquid at the bottom. The
cocling water is constantly changed by supplying fresh cold water
at the bottom and drawing off the heated water from the top.
This process is called fractional distillation, and is carried out
on an enormous scale in the refining of petroleum. When the dis-
tillate is to be very pure, it is necessary to repeat the operation one
or more times. When practicable, especially with inflammable
liquids, the heating is done by steam pipes supplied from a
distant boiler.

THE NMEASUREMENT OF HEAT. Heat Units.

There are two units of measurement for determining quantities
of heat. The British thermal unit (often abbreviated B.T. U.)
is the amount of heat required to raise one pound of water from
59° to 60° Fahrenheit. The French unit, or calorie, is the amount
of heat required to raise the temperature of one gram of water
from 15° to 16° Centigrade. The former is much used in engi-
neering calculations involving stean: and fuels, and the latter in ail
other scientific work. -

LATENT HEAT.

If we put a block of very cold ice into a vessel over a flame
and insert a thermometer into the ice, we shall observe the ther-
mometer rise to 0°C, at which point the ice begins to melt. The
temperature of the ice and water then shows no further change
until all the ice has melted, though the heat is applied continu-
ously. Only after the melting is complete will the temperature of
the water begin to rise. It will then increase until 100° C is
reached, when ebullition begins, the temperature not rising above
100° until all the water has boiled away.

We thus see that in changing from ice to water and from
water to steam there is absorbed a considerable quantity of heat
which does not show on the thermometer. The quantities of heat
absorbed in the processes of fusion and vaporization are called
the latent heat of fusion and the latent heat of vaporization respect-

ively.

7
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The following example shows how the latent heat of fusion
of ice may be measured. If we mix a gram of water at 80°C
with a gram at 0° we get, as we should expect, two grams at
40°. But if we mix a gram of water at 80° with a gram of ice
at 0° we get two grams of water as before, but the temperature
is 0° instead of 40°. The heat which in the first case raised the
temperature of the water has in the second case been needed
merely to melt the ice. The calculation of the latent heat is
made in the following way:

One gram of water falling through 80 degrees of tempera-
ture will give out 1 X 80, or 80 calories. This quantity of heat is
required to change one gram of ice at 0° into water at 0°.
Therefore the latent heat of fusion of ice is 80; in other words,
the heat which will just melt a quantity of ice will raise 80 times
as much water one degree C.

By a somewhat simiiar method it is found that the latent
heat of vaporization of water at atmospheric pressure is 536.5.
That is, to evaporate one gram of water (already at the boiling
point) will require as much heat as would raise the temperature
of 636.5 grams one degree, or 5.365 grams from freezing to
boiling (0° to 100° C).

Expressed in terms of the Fahrenheit degree and the British
thermal unit, the latent heats of fusion and vaporization are 144
and 966 respectively.

The large values of these quantities are of the greatest im-
portance both in nature and in the arts. The great amount of heat
necessary to melt the ice of winter makes the melting a slow
process, and Jessens the danger of destructive floods in the spring.
In the autumn the water in freezing gives out again the heat
absorbed in melting, and the transition to winter is thus rendered
less abrupt.

Since a pound of steam in condensing will give out as much
heat as 53.65 pounds of water cooling from 100° C to 90°C, or
from 90° to 80°, it follows that steam pipes for heating may be
made smaller than water pipes for the same service. It also
shows the value of steam as a carrier of heat; and in the arts
advantage of this is taken in innumerable ways. (See also page
19,
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SPECIFIC HEAT.

When equal quantities of different substances are raised
equally in temperature, different amounts of heat are required;
and in cooling through equal temperature intervals different sub-
stances give out different amounts of heat.

For example, if we mix a pound of water at R0°C with a
pound at 0°C, we get two pounds at 40°; but if we pour a
pound of lead shnt at 80° into a pound ot water at 0°, the result-
ing temperature will be only 2.83°0 A pound ot lead, therefore,
falling through 77.7 degrees of temperature, is able to raise a
pound of water only 2.3 degrees. The fall ot temperature of the
hot body is nearly twice as great as in the first case, and the heat
given out in the fall only about one-seventeenth as much. The
heat capacity of the lead is therefore much less than that of the
water. .

If we know how much heat will raise the temperature of a
given substance a certain amount, and how much is required to
raise the temperature of an equal quantity of water by the same
amount, then the ratio of these two quantities is calied the spe-
cific heat of the substance. In other words, if we take the
specific heat of water as our standard (as we practically do in
defining the units of heat), the specific heat of a substance is ex-
pressed by the number of heat units required to raise the unit
quantity of the substance one degree in temperature.

One of the simplest methods of determining specific heat is by
mixing the substance with water. Suppose that 6 pounds of mer-
cury at 100°C are poured into 2 pounds of water at 0°C, and
that the resulting temperature of the «“mixture ” is 9°. The spe-
cific heat S of the mercury can then be found as follows:

In falling from 100° to 9° the 6 pounds of mercury give out
6 X (100 —9) X S, or 546 S heat units. These have gone to heat
2 pounds of water from 0° to 9°, which requires 2 X 9, or 18 heat
unitss. Hence we may write

546 S = 18
Therefore S = 0.033.
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EXATMPLE FOR PRACTICE.

Half a pound of a metal at 212° F is dropped into one pound
of water at 63°F. The temperature of the mixture is then
observed to be 76°F. What is the specific heat of the metal ?

Aus. 0.117.

TABLE OF SPECIFIC HEATS.

Hydrogen, 8.4090 || Wrought iron, 0.1124
Alcobol, 0.602

Amrmonia (gas), 0.5084 || Copper, - 0949
Ice, .5040

Air, 2875 || Zine, .0935
Aluminum, 2122 || Tin, .0662
Glass, 193 to .108 Mercury, .0330
Cast iron, .1298 || Lead, 0314
Steel, .1181

With the foregoing principles and the help of suitable tables,
many problems can be solved. For example, let us find how many
calories will be required to convert 10 grams of ice at —12° C
into steam at 100° C.

Solution. Required to raise the ice from — 12° to 0°,

10 X 12 X 0.504 = 60.48 calories.

Required to melt the ice,

10 X 80 = 800 calories.
Required to raise the water from 0° to 100°,

10 X 100 = 1,000 caicries.
Required to vaporize the water,

10 X 536.5 = 5,365 calories,

Total number of calories required,

60.48 + 800 4 1,000 4 5,365 = 7,225.5 {unoariy>.

1 i
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EXAMPLES FOR PRACTICE.

1. What weight of water at 75° C will just melt 15 pounds
of ice at 0°?
Ans. 16 pounds.
2. One kilogram of water at 40°, 2 kilograms at 30°, 3 kilo-
grams at 20°, and 4 kilograms at 10° are mixed. Find the tem-
perature of the mixture.
Ans, 20°,
3. How many heat units will be required to melt 5 grams
of ice at —20°C? How many grams of water at 50°C would
doit? ‘
Ans. 450.4 heat units ; 9.01 grams.

If we wish to use Fahrenheit degrees and British thermal
units in our calculations, it is necessary to remember that the
numbers representing the heats of fusion and of vaporization are
different, but that the specific he-t, which is a mere ratio, is the
same in both systems.

For example, let us find how many B. T. U. are required to
convert 12 lbs. of ice at 10° I into steam at 212° F.

Solution. Required to raise the ice from 10°F to 32°F,

12 x 22 X 0.504 = 133.056 B. T. U.
Required to melt the ice,
12 X 144 = 1,728 B. T. U.
Required to raise the water from 32° to 2127,
12 x 180 = 2,160 B. T. U.
Required to vaporize the water,
12 x 966 = 11,592 B. T. U.

Total number of B. T. U. required,

133.056 4+ 1,728 + 2,160 4 11,592 = 15613 (approx.).
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EXAMPLE FOR PRACTICE.

How many B. T. U. are required to convert 10 lbs. of ice at
15°F into steam at 212°F ?
Ans. 12985 B. T. U.

For ordinary purposes we may proceed as above; but as the
specific heat and latent heat of water vary for different tempera-
tures, we must, where great accuracy is necessary, employ a table
of the properties of steam and water.

THE PROPERTIES OF STEAM.

The relation between the external pressure and the boiling
point of water is a perfectly definite one, but cannot be exactly
expressed by any mathematical equation. In dealing with this
and other properties of steam and water, it is therefore customary
to refer to suitable tables where the values are given, as deter
mined by experiment. Such tables are called steam tables, and
are much used in engineering calculations.

In the following table are given (1) the pressure above abso-
lute vacuum, (2) the corresponding temperature, (8) the amount
of heat in B. T. U. required to raise a pound of water from 82°F
to the given temperature, (4) the amount of heat in B. T. U.
required to vaporize a pound of water at the given temperature;
(5) equals the sum of (3) and (4).

A steam gage measures pressures above the atmospheric pres-
sure; hence, when readings are taken from a steam gage, the baro-
metric pressure (averaging 14.7 lbs. per sq. in., or in round numbers
15 1bs.) must be added to obtain the ¢ absolute ” pressure.

With a steam table we can extend considerably the range of
problems like those on page 23. For example, let us find how
many pounds of steam at 65 lbs. gage pressure will be needed to
raise the temperature of 60 pounds of water from 50° F to 100° F.

Solution. To raise one pound of water from 50° to 100°
requires 50 B. T. U. ; and for 60 pounds we need 50 X 60, or 3,000
B. T. U. At 65 lbs. gage pressure (80 lbs. absolute) the total
heat of one pound of steam is 1,177 B. T. U., and this amount
would all be available if we cooled it down to 32° F. But since
the cooling i8 not carried he.ow 100° F, we cannot use 100—32,
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TABLE OF PROPERTIES OF SATURATED STEAM.

Total
Heat
Preseure! mempera-| FM | D orisa- | heat in
pounds | 4o ees liquid tion, or anits
perbl;;.in. Fahren- 8';'0:: l!::efi" from
v:cnuv:l. heit. anits. |heatunits '“8‘;.': at
1 101.99 70.0 1043.0 1113.1
2 126.27 94.4 1026.1 1120.6
8 141.62 109.8 1016.3 1126.1
4 163.00 121.4 1007.2 1128.6
) 162.34 130.7 1000.8 1131.5
6 170.14 138.6 995.2 11338.8
7 176.90 145.4 990.56 11356.9
8 182.92 161.5 986.2 1137.7
9 188.33 166.9 982.5 1139.4
10 193.25 161.9 979.0 1140.9
14.7( 212.00 180.9 9656.7 1146.6
15 213.03 181.8 965.1 1146.9
20 227.96 196.9 964.6 1161.56
26 240 04 209.1 946.0 1156.1
30 260.27 219.4 938.9 1168 8
8b 259.19 228.4 932.6 1161 0
40 267.13 286.4 927.0 1163 .4
46 274.29 243.6 922.0 1165 6
650 280.85 250.2 917.4 1167 6
66 286.89 266.3 013.1 1169.4
60 2902.51 261.9 909.3 1171.2
66 297.77 267.2 905.6 1172.7
70 802.71 272.2 902.1 1174.3
76 307.38 276.9 898.8 1175.7
80 511.80 281.4 896 6 117°.0
86 316.02 286.8 892.6 1178.3
90 820.04 290.0 889.¢ 1179.6
96 328.80 294.0 886.7 1180.7
100 827.58 297.9 884.0 1181.9
106 831.13 301.6 881.3 1182.9
110 334.66 806.2 878.8 1184.0
116 337.86 308.7 876.3 1185.0
120 841.05 312.0 874.0 1186.0
126 344.13 816.2 871.7 1186.9
130 347.12 318.4 869.4 1187 .8
140 862.86 324.4 865.1 1189.5
150 358.20 330.0 861.2 1191 2
160 363.40 835.4 8567.4 1192 8
170 368.29 840.5 863.8 1194.3
180 372.97 315.4 850.3 1195.7
190 377.44 850.1 847.0 1197.1
200 381,73 354.6 843.8 1198.4
225 391.79 865.1 836.3 1201.4
250 400 99 374.7 820.56 1204.2
276 409.50 383.6 823.2 1206.8
300 417.42 301.9 817.4 1209.3
325 424.82 399.6 811.9 1211.5
850 431.40 406.9 800.8 1213.7
!76 438.40 414.2 801.5 1215.7
400 415.15 421.4 796.3 1217.7
600 466.57 444.3 779.9 1221 2

Density or
weight
of cubic ft.
in pounds.

0.00209
0.00576
0.00844
0.01107
001366
0.01622
0.01874
0.02126
0.02374
0.02621
0.03794
0.03826
0.06023
0.06199
0.07360
0.08508
0 09644
0.1077
0.1188
0.1299
0 1409
0.1619
0.1628
0.1736
0.1843
0.1951
0 2058
0 2165
0.2271
0.2378
0.2484
0.2589
0.2695
0.2800
0.2004
0.3113
0.3321
0.3530
03737
0 3015
0 4153
0 4359
0 4876
0 53903
0.6913
0 644

0 696
0.748
0.800
0.853
1.065

V%I'ulme Total
ssur
Pouada™ | Pabove
teet. vacuum,

834.6 1
173.6 2
. 118.6 3
90.31 4
73.21 b
61.67 (]
63.37 7
47.06 8
42.12 9
38.156 10

26.36 14.7
26.14 16
19.01 20
16.13 26
13.569 30
11.76 36
10.37 40
9 287 46
8414 50
7.690 b5
7.097 60
6.583 65
6.143 70
5.762 76
5.426 80
b 126 86
4.869 90
4.619 05
4.403 100
4.205 105
4.026 110
3 862 116
3711 120
3.571 125
3.444 130
3212 140
3011 160
2 833 160
2.676 170
2 b3 180
2.408 100
2.294 200
2.051 226
1.854 260
1.691 275
1.553 300
1.437 326
1.337 350
1.250 376
1.172 400
939 (V]
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or 68 B. T. U,, and the ambunt available is therefore 1,177 — 6~
= 1,109 B. T. U.

The quantity of steam therefore needed is

3.000 __ ,
1109 = .705 4- pounds.
Ans. 2.705 4 pounds,

The small quantity of steam in this example well illustrates
the great heating power of steam.

EXAMPLES FOR PRACTICE.

1. How many pounds of steam at 100 1bs. absolute pressure
will raise 250 pounds of water from 50° F to 150° F ? .
Ans. 23.5 pounds.

2. Iow many pounds of steam at 35 pounds gage pressure
will just melt 1,000 pounds of snow at 32° I ? 4
Ans. 123.8 pounds.

It will be seen that the values of the total heat column in the
table increase but slowly, while the pressure and temperature
increase rapidly. A pound of high-pressure steam thus contains
but little more heat than a pound of low-pressure steam, and con-
sequently requires but little more fuel to produce it. Since high-
pressure steam is more effective in steam engines, there is therefore
a decided thermodynamic advantage in using steam of the highest
practicable pressure.

Superheated Steam. From the table we see that there is a
perfectly definite temperature for steam at any given pressure.
Steam or other vapors in this condition are said to be saturated,
for if the temperature is lowered some of the vapor will condense
immediately into liquid. If, however, we pass steam through a
separately heated pipe or chamber it is easily possible to raise its
temperature by auny desired amount above the given values.
Steam in this condition is called superheated. For stcam engines
it has certain advantages over saturated steam, wliel: are discussed
i the Instruction Papers on the Steam Engine.
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TRANSFER OF HEAT.

Heat may be transferred from one body to another by con-
duction, convection or radiatiow.

Conduction. When one end of a metal bar is heated in the
fire the other end gradually becomes warmer. The heated mole-
cules communicate their motion to their immediate neighbors ; and
the heat thus travels along the bar, and may be removed Ly a
cold body at the distant end. This process is called conduction.
In this way the heat of a boiler furnace is communicated to the
water in the boiler.

A brass pin held in a gas flame will burn ‘he fingers almost in-

Fig. 6.

stantly, while a bit of glass may be melted at one end before the
other becomes hot, and a match may be burned to the finger-tips
without discomfort. It is thus clear that substances differ greatly
in conductivity. There are great differences even among metals;
a copper rod will conduct heat much more rapidly than an iron
rod.

If a piece of wire gauze is held over an unlighted guas jet, the
gas may be lighted on either side (Fig. 6), but the flame will not
pass through the meshes. The wires conduct the heat away so
rapidly that the gas on the other side does not get hot enough to
ignita This is the principle of the safety lamp, used in coal
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mines where inflammable gases collect. The lamp flame is sur-
rounded by a wire gauze, and thus kept from igniting the dan-
gerous gases outside.

The following table gives the relative conductivity of several
substances. The table well shows the great value of a layer of
" snow as a protective blanket on the earth:

RELATIVE THERMAL CONDUCTIVITIES.

Silver, 100 H Lead, 7

Copper, 66 to 74! Marble, 0.0074
Brass, 18 to 23 || Ice, 0.0052
Iron, 15 || Snow, 0.000463

Convection. Excepting mercury, liquids and gases are poor
conductors of heat; but when such bodies are heated from below,
the heated portion expands and rises through the mass, and is
replaced below by a colder portion, which is heated and rises in its-
turn.  In this way what are called convection currents arise, and
the heat is distributed throughout the fluid by actual motion
within the mass itself. The heating of houses by hot water is an
application of this principle.

Convection also takes place in gases ; the winds of the atmos-
phere illustrate it on a large scale.

Radiation. We have seen that the molecules of a hot body
are in very rapid vibration. Some of the energy of this vibration
is communicated in the form of waves to the space surrounding
the Lody. If the motion happens to lic within certain limits, the
waves affect our eyes and we call them light-waves.  But all such
waves, visible or otherwise, represent energy which is sent out by
the hot body. When they fall upon any other body, they are
either reflected or absorbed and transformed into heat. Dolished
silver reflects over 90 per cent of the waves falling on it ; charcoal
absorbs nearly all, and hence rises in temperature when exposed
to the radiations of a hot Lody.

Energy in this form is called radiant energy. By it the heat
of the sun is transmitted to the carth. Since it is in the form of
ether-waves, many of the experiments ordinarily performed with
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light-waves may be repeated with the radiations from a hot body,
whether visible or not. The common burning-glass shows the
result of bringing such rays to a focus by refraction. If a pair of
concave mirrors be set facing each other, as shown in Fig. 7, and
a source of heat be placed in the focus of one, a thermometer in
the focus of the other will quickly show a rise in temperature '
though the mirrors are many feet apart.

It does not follow, however, that bodies transparent to light
are equally transparent to other radiations. Glass, for example, is
quite opaque to the invisible radiations that are most effective in

I,

TN

Fig. 7.

producing heat. Also, a solution of alum in water will cut off
most of these radiations, while allowing the light-waves to pass
freely ; and a glass tank of alum water is often used in stereopti-
cons to keep the heat of the lamp from the rest of the apparatus.

It is important to note that though the radiation from a hot
body is often called radiant heat, yet in the process of transmission
it is not heat at all, but a wnve motion in the ether, which is
encrgy of a very different kind. A somewhat analogous case is
present in the ineandescent lamp; the heat which appears at the
lamp does not come along the wires as heat, but as electrical
energy, which is altogether different. It is indeed transformed
into heat in the lamp, but is not itself heat. In like manner,
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radiaut energy is transformed into heat only by falling on some
body which absorbs it. It is thus possible to make a good burn-
ing-glass by shaping a piece of clear ice into the form of a lens,
a thing which would clearly be impessible if the energy passing
through the ice lens were in the form of heat.

THERMODYNATICS.

This is the science which deals with the relations between
heat and mechanical energy. It rests on two fundamental propo-
sitions called the first and second laws of thermodynamics.

The first law states that when heat is transformed into

Fig. 8.

mechanical energy, or the reverse, the quantity of heat is always
exactly equivalent to the quantity of mechanical energy.

The production of heat by friction is familiar to every one;
but it is not so clear that there is an exact equivalence between
the energy lost by friction and the heat produced. Joule was the
first to establish the relation accurately. The principle of his
apparatus is shown in Fig. 8. The falling weights EE turned a
paddle-wheel stirrer inside the eylindrical vessel G, which was filled
with water and was much like the common ice-cream freezer.

"he friction of the stirrer heated the water; and when the distance
was measared through which the weights fell, it was possible to
calculate the relation between the work done by the falling weights
and the heat developed in the water.
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Later experiments on a larger scale have given results which
are more accurate than was possible with this apparatus. The
values now accepted are the following :

427.3 kilogrammeters of work or energy are required to raise
the temperature of one kilogram of water from 15°to 16°C at
sea-level, in latitude 45°.

In English units, 778.8 foot-pounds of work are required to
raise the temperature of one pound of water from 59° to 60° Fal-
renheit at sea-level, in latitude 45°,

These values vary slightly for different places, because the
weight of a pound depends on the pull of gravity, and this varies
in different places; but for most engineering purposes 779 foot-
pounds would be near enough.

“This law states in effect that we cannot get energy for noth-
ing. 'Whenever we get work from heat, a definite quantity of heat
disappears ; and whenever we convert mechanical energy into heat,
we must expend 779 foot-pounds for e¢very British thermal unit

produced.
The second law of thermodynamics asserts that heat cannot of

itself pass from a cold to a hot body. Since a hot body in cooling
gives out heat which, in part at least, may be converted into work,
it might seem that by cooling it indefinitely we could get an infi-
nite amount of work from it But the second law declares that
the process stops as soon as the hot body has cooled to the tem-
perature of its surroundings; and if we wish to cool it further we
must expend energy in so doing. It follows from this that no
heat engine can convert into work all the heat which it receives.
As soon as the steam (or other working fluid) has fallen to the
temperature of the exhaust, the remaining heat in it is no longer
available for doing useful work. If the heat is supplied at the
absolute temperature Ty and the exhaust is at the temperature T,

the efficiency of the engine cannot be greater than I,—-T %, no

1
matter what is used as the working fluid of the engine.

THERMODYNATICS OF PERFECT GASES.

The subject of thermodynamics cannot be fully treated by
elementary methods of analysis ; in the following brief discussion,
however, no advanced methods are used.
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The thermodynamics of steam will be more readily under-
stood by first taking up the simpler case of a perfect gas. Air,
oxygen, nitrogen, hydrogen and some others, behave very nearly
as perfect gases; others, as ammonia, carbon dioxide and sulphur
dioxide, do not.

Boyle’s Law. The product of the pressure P and the volume
V of a perfect gas is constant if the temperature is constant ; that
is, if at a pressure P; a body of gas has the volume V, and at
some other pressure I’, has the volume V,, then

P,V, = P,V, = constant.

Example. 1f 12 cubic feet of air at 135 pounds absolute
pressure expand to 27 cubic feet at the same temperature, what
will be the pressure?  What pressure would a gage indicate ?

S()luti()ll- P135V135 = P27v21
185 X 12= P, X 27

Therefore P o = 60 pounds, absolute.
Gage pressure = absolute pressure — atmospheric pressure.

Pgage =60 — 14.7 = 45.3 pounds. Ans.

EXAMPLE FOR PRACTICE.

Ten cubic feet of air at 2.3 1bs. gage are compressed until the
gage pressure is 7.3 lbs, Find the volume.
Aus. 7.727 cub. ft.
Since one pound of air at 32° F occupies 12.387 cubic feet,
we may calculate the product PV of a pound of air as follows:

V =12.387
P =147 X 144 = 2,117 (nearly).
Hence PV = 2,117 X 12.387 = 26,223. .
Law of Boyle and Charles, For a perfect gas the product

PV is proportional to tke absolute temperature T. In the form
T

of an equation, this becomes o= constart, or PV =constant X T.
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This is usually written PV == RT. For aic we may easily calcu-
late R as follows: We have just seen that at 32°F, PV = 26,223,
and T =32 -} 461, or 493° absolute temperature. Tberefore,

26,223
193

=R =53.2.

Ezample. What volume will be occupied by a pound of air
at 50° F and 40 pounds pressure (absolute) per sq. in.?
Solution. P =40 X 144 = 5,760 lbs. per sq. ft.

T = 50 4 461 = 511° absolute temperature,
Therefore 5,760 X V =53.2 x 511.

53.2 X 511
V=""%m0
V = 4.72 cub. ft. (nearly).

Ezample. A quantity of air at 75 1bs. gage pressure and 60°
F is heated to 90° F.  What is the pressure?

Solution. Since the volume is unaltered, the pressure is pro-
portional to the absolute temperature. We have

60°F = 60 4- 461 = 521° absolute.
90° F = 90 -}-461 = 551° absolute

Therefore Pi:Py::Ty: T,
T,
551
P, = Eo X (75 +14.7) = 94.86 1bs.  Ans.

EXATPLES FOR PRACTICE.
1. What is the weight of 6 cubic feet of air at 60° I and

25 pounds absolute pressure per square inch ?
' Ans. .T81bs.

SuaaesTION. First find the volume of one pound under the given
conditions.
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2. A reservoir containing 4 culic feet of air at a tempera-
ture of 40° F and a pressure of 100 pounds per square inch abs.,
is heated to 80°F. What will the pressure be, and how much
does the air weigh?

Ans. 107.98 +-1bs.

| 2.1641bs.

Isothermal and Adiabatic Expansion. When a gas expands

Pl A and does work, as by pushing a piston

in a cylinder, we see from the first law
of thermodynamics that the equivalent
in the form of heat must be supplied
from somewhere. If the temperature of
the gas is to be kept constant, heat must
be supplied to it from the outside, in
exact equivalert to the work done. In
such cases the expansion is said to be
isothermal, and the relation between
! pressure and volume is as shown by
‘\\,the dotted curve I of Fig. 9. This
curve is an eguilateral hyperbola. But
if no heat be allowed to enter the gas,
as would be the case if the cylinder and piston were perfect
non-conductors of heat, the work done in expansion will be at the
expense of the heat energy in the gas itself, and its temperature
will therefore fall during the expansion. We have seen that the
pressure is less as the temperature falls, other things being equal ;
hence under the conditions the pressure p
will fall faster than if the temperature
were kept up by the addition of heat from
outside. This 1s shown by the curve A c
of Fig.9. Curves of this kind, represent-
ing expansion or compression without

communication of heat to or from the gas, "NBa

are called adiabatics. It is evident that

adiabatic expansion along A from v,tov,0 ¢ ba [V
is accompanied by a greater fall of pressure Fig. 10.

than isothermal expansion along I.
Both isothermal and adiabatic curves are of great importance
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in thermodynamic studies, but they represent conditions that are
only imperfectly realized in practice. The general .expression for
an adiabatic curve is PV? = constant. For air, n = 1.405.
Most problems involving adiabatic and isothermal curves cannot
be solved without the aid of higher mathematical processes than
are used in this Paper.

Work Done in Expansion, Suppose we have a piston whose

1

P IR2R720724

8"
] 1% 0nsemne |
‘ 4
cold hot

Fig. 11.

area is A square inches, which is acted upon by a pressure of p
pounds per square inch, and which moves through a distance of
m feet in consequence. Then the total pressure is pA pounds,
and the work done is pA X m foot-pounds. But A X m is the
volume of the cylinder swept out by the piston in its stroke ; and
calling this V, we have:

Work done = pressure X volume = PV,

This can be conveniently shown on the pressure-volume dia-
gram. Suppose B (Fig. 10) represents the pressure and volume
of a gas, which then expands a little to the coadition A. Then
the average pressure during the expansion will be } (Bb +- Aa),
and the work done will be } (Bb -} Aa) X ab = the area BAao.
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Since we may regard the whole change from C to A as made
up of portions like that from B to -A, it follows that in changing
from C to A along the path CBA the expanding gas will do the
work represented by the area CAac.

“The Carnot Cycle. This principle can be applied to the
operation of heat engines. Let the working substance of a heat
engine be a gas A, enclosed in a cylinder (Fig. 11) with non-
conducting walls and piston and a perfectly conducting bottom.
Let B be a hot body kept at the temperature ¢, and D a cold one
kept at the temperature ¢'; and let C be a nonconducting stand.
P Then we may imagine the gas

to undergo the following cycle
of operations :

G 1. Set the cylinder on the
stand C, with the gas at the
temperature ¢/, and compress

H the gas adiabatically until its

temperature rises to t.  On the

-V pressure-volume diagram (Fig.

12), this stage will be repre-

sented by the line EF, starting
at E. The work done in compressing will be represented by the
arca EFfe. '

2. Transfer the cylinder to the hot body B (Fig. 11), and
allow the piston to rise by the expansion of the compressed gas.
To maintain the temperature ¢ during expansion, a certain quan-
tity Q of heat must be supplied from B. This stage will be rep-
resented by the isothermal line FG (Fig. 12), and the work done
by the expanding gas by the area FGgf.

3. Set the cylinder on the stand C (Fig. 11), and allow the
gas to expand still further, until it cools to the temperature ¢’
This change is shown by the adiabatic line GI (Fig. 12),and the
work done in the expansion by the area GHIy.

4. Place the cylinder on D and push the piston down to its
first position. The heat Q' developed by the compression will be
removed by the cold body D, and the temperature of the gas will
remain unchanged. The clunge is shown by the isothermal line

HE (Fig. 12), and the work done on the gas by the area HEek.
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The gas has now reached its initial condition. It hias done an
amount of work represented by the area FGIIAf, and has had done
on it the work represented by HEEfh. The difference EFGH is
the net work done in the cycle; and to do it, it has been necessary
to take a quantity of heat Q from the hot body, and to discharge a
quantity Q' into the cold body. The efticiency of the operation is

Heat utilized _ Q — Q'
Heatreccived ~ =~ Q

The above cycle of operations is called the Carnot cycle,
because Carnot first applied it as a method of reasoning. The
efficicney of a steam engine working on the above cycle can be
shown as follows :

an Y. A
T
S m
o a b
& -C
Fig. 13.

Instead of drawing a pressure-volume diagram whose vertical
distances are pressures and whose areas represent work, let us draw
one whose vertical distances are temperatures and whose areas repre-
sent the quantities of heat added during any change in the working
fluid. A diagram of this kind is called a temperature-entropy dia-
gram. Starting with a pound of water at T, (Fig. 13), let us con-
vert it completely into steam at that temperature. This will be
represented in our diagram by the line pk, and the heat added to
preduce the change will be shown by the areas C 4+ D. Then let
the steam expand adiabatically until it reaches the temperature T,.
This is represented by the line km, which is vertical and repre-
sents no additional area. because no heat is added to or withdrawn
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from the steam from outside. Suppose, during the return stroke of
the piston, the steam is cooled within the cylinder itself, until it
arrives at the point 8. In this operation we shall reject from the
cylinder a quantity of heat represented by the area D.  Finally, let
us compress adiabatically the mixture of steam and water in the
cylinder until we have once more a pound of water at the higher
temperature T,. This gives the line sp, ending where the cycle
began.
We have thus supplied during the cycle the heat represented
by the areas C +4 D), and the heat rejected is represented by D.
Therefore the efficiency is . < , and from the diagram it will
C+D

T, —T,
Il\l_o

In the actual engine the last step is very imperfectly per-
formed, because only a small amount of steam remaining in the
cylinder is compressed 5 the remainder, exhausted from the cylin-
der at the lower temperature Ty, must be heated to the tempera-
ture T'; by heat from the boiler, or replaced by an equal amount
thus heated.

We thus have the important conclusion that the efficiency of
a steam engine depends entirely on the ratio of the temperatures
between which it operates ; it follows that the efficiency is always
small. For example, suppose an engine takes steam at 300°F
and exhausts at 212° F. Its efficiency cannot be greater than

be seen that this is equal to

(300 + 461) — (212 4 461) __
(300 +461) =11.6 pgr cent.

EXAMPLE FOR PRACTICE,

Using the steam table on page 25, find the maximum possible
efficiency of an engine taking steam at 150 lbs. absolute pressure
and exhausting at 5 lbs. absolute pressure.

Ans. 23.9 per cent.

THE STEAM ENGINE.

Without entering into a detailed description of the mechan-
ism, it will be sufficient here to say that in the steam engine, steamn
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is admitted under pressure from a boiler into a metal cylinder
behind a piston, as represented in Fig. 14. Its pressure drives
the piston forward, doing useful work. When the piston has
moved through a part of its stroke the steam supply is cut off,
and the stroke is completed by the expansion of the steam con-
fined in the cylinder. By the
first l]aw of thermodynamics this
expansion cools the steam, since
work is done in the process; but
the expansion is not adiabatic,
since the cylinder and piston
give up some heat to the steam
within. At the end of the stroke
the exhaust valve opens and the
cooled steam escapes into the Srveas A
atmosphere or condenser through
the exhaust pipe A. The oper-
ation is then repeated on the
other side of the piston.

The pressure-volume dia-
gram in Fig. 13 shows the pro-
cess graphically, and can be
instructively compared with the
temperature-entropy diagram of
the same figure. For purposes
of analysis it is immaterial whether we consider the steam to be
supplied from outside, or whether we consider the whole operation
of heating to take place inside the cylinder. The line pk,
representing the conversion of water into steam at constant
pressure, will appear on the préssure-volume diagram as the
“admission-line ” ab. The adiabatic line Zm is shown by the
falling «expansion-line”” be, which shows the relation between
pressure and volume after the steam is cut off. The line ms
becomes the ¢ exhaust-line ” ed on our new diagram, representing
the steam pressure while the steam is being pushed out of the
cylinder. Near the end of the return stroke of the piston, the
exhaust valve closes and the steam remaining in the cylinder is
compressed by the piston. This process, nearly adiabatic, is

Fig. 14.
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shown by the line da, corresponding to the line sp on the other
diagram, :

A pressure-volume diagram like the above is called an indi-
cutor card. It is very valuable in determining the power and
performance of engines.

Compound Engines. Since the efficiency of a heat engine
is evidently much improved by extending the range of tempera-
ture through which it works, and since we have also seen that it
takes but little more fuel to produce a pound of high-pressure
steam than a pound of low-pressure steam, it should now be clear
that it is economical of fuel to use the highest pressures practica-
ble, and to expand the steam as much as possible. But for cer-
tain reasons, discussed fully in the Instruction Papers on the
Steam Engine, it is advisable to divide the expansion among two,
three or even four cylinders, according to the initial steam pres-
sure. Such engines are called compound, triple or quadruple-
expansion, and are usually worked with a condenser. In such
cases, while the first or high-pressure cylinder is intensely hot, the
last or low-pressure cylinder is scarcely more than uncomfortably
warm to the hand. The difference represents the heat spent in
expansion, a part of which has gone to produce the useful work
done by the engine, and a part of which is wasted.

The Hot-Air Engine. There are many forms of these
machines, but their general principle varies little. A quantity
of air is heated in an iron chamber over a fire, and then is
allowed to expand behind a piston, doing work. At the end of
the stroke the air is transferred, either by a pump or an auxiliary
piston, to a cold chamber, kept cool by air or running water. On
the next stroke the air, reduced in volume by its cooling, is forced
by the pump into the hot chamber, where it is again heated and
the cycle repeated. .

Hot-air engines are economical in operation, but necessarily
bulky for the amount of power produced. An examination of
Fig. 13 will show why this must be so. The heat which must be
supplied to the cylinder for every stroke of the piston is repre-
sented by the areas C 4 D), no matter what substance is used as
a carrier.  But since the heat capacity of air is very small coms
pared with that of steam, the cylinder of tho hot-air engine must
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necessarily be much larger than that of the ‘steam engine for
equal power.” For this reason hot-air engines are used only in
comparatively small powers. The hot-air engine may indeed work
between wider temperature limits, but this is not enough to offset
the difference between steam and air as carriers of heat.

The Gas Engine. In the gas engine, so called, the energy is
derived from the rapid combustion or explosion of a mixture of
gas or gasoline vapor and air. In one form of engine the cycle
of operations is a8 follows: A forward stroke of the piston draws
into the cylinder a mixture of gas and air in such proportions as
to make an explosive mixture. On the return stroke the ¢ charge ”
is compressed. At or near the end of the stroke, the mixture is
exploded, usually by a properly-timed electric spark, and the pres-
sure within the cylinder rises to a high value. The piston is
driven forward by the expansion of the hot gases, doing useful
work at the expense of the heat-energy in them. At the end of
the stroke the exhaust valve opens, and on the second return
stroke the burnt gases arc pushed out of the cylinder.

The above cycle is often called the Otto cycle. For engines
working in this way there is thus only one working stroke in every
four, and they' must be provided with a very heavy fly wheel.
Some engines are arranged to have every alternate stroke a work-
ing stroke. These are commonly called two-cycle engines, and
are much used in propelling boats.

The gas engine has the thermodynamic advantage of working
between very wide temperature Limits, but is nevertheless subject
to serious losses. It is not practicable to expand the exploded
charge down to the atmospheric pressure ; the gases are discharged
while still “possessing much available energy. This may be
noticed in the sharp, barking exhaust from a gas engine unprovided
with a muffler. But the most serious loss is in the transmission
of heat to the cylinder walls. This loss is also present in the
steam engine, but to a small extent may be recovered. In the gas
engine, however, it is practically all wasted.

.REFRIGERATlN(i MACHINES.

The cooling produced by the evaporation of a volatile liquid
has a very important application in refrigerating machinery.
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Ammonia is generally used as the working substance, because it is
cheap and satisfactory.

Fig. 15 shows the essential parts of a compression machine.
The compressor A, kept cool by a jacket of running water, draws
ammonia vapor through the valve , compresses it highly and
sends it through the valve b to the condenser B. This is a coil of
pipe, also kept cool by running water ; and it serves to condense
the ammonia, which collects in the bottom coils. The valve D
admits the liquid ammonia to the vaporizer C, which is also made

=
-

=

Fig. 15.
of pipe coils. In these it vaporizes and falls much below the
freezing point of water. (It is well here to refer back to the ex-
periment described on page 16.)

Many gases can be liquefied and used in this way; ammonia,
carbonic acid and sulphurous anhydride (sometimes called sul-
phurous acid) in the liquid state, are regular articles of commerce.

In ice making, the vaporizer coils are immersed in a tank of
strong brine. The water to be frozen is put into thin metal cans,
which are then set into the cold brine, as represented in the figure,

In this way the heat liberated from the water in freezing is
carried away by the ammonia vapor, and finally discharged into
the cooling water circulating around the compressor and con-
denser. But since this is at a higher temperature than the source
of the heat, the machine is not self-ucting. It requires power to
operate it, which is expended in compressing the vapor in A.
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Instead of drawing the vaporized ammonia back into the
pump cylinder, it may be absorbed by cold water, for which it has
a strong affinity. Such a machine is called an absorption machine,
and Fig. 16 shows the principle of a continuously operating ab-
sorption machine. The generator B contains a concentrated solu-
tion of ammonia in water, from which the ammonia is expelled by
heat. The condenser C is a pipe coil, kept cool by running water,
in which the ammonia condenses to the liquid state as soon as its
pressure rises to the necessary value. The regulating valve V

Fig. 16.

allows the condensed ammonia to escape to the refrigerator I,
which corresponds to the vaporizer C of the compression appa-
ratus. The absorber A is a tank of cold water in which the gaseous
ammonia from I is absorbed. The pipes connecting A and B are
arranged to take the most concentrated solution from A to B, and
to return to A the water from which the ammonia has been
driven. This is effected by the pump P.

In practice the generator B is placed over a furnace, and ar-
rangements are also made fer transferring heat from the hot
liquid flowing from B to A into the cold liquid flowing from A
to B.

LIQUEFACTION OF AIR.

That work done in compressing a gas heats the gas, is a fact
familiar to every one who uses a bicycle pump. Similarly, the
expansion of a gas against atmospheric or other pressure is accom:
panied by as decided a cooling. This may readily be observed by
bolding the finger in the jet of air escaping from a bicycle tire
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valve. By suitable applications of this principle, it is possible to
produce the most intense cold.

One of the simplest methods of liquefying air is shown in
principle in Fig. 17. After thorough drying, the air to be lique-
fied enters through the pipe a, and in the compressor C is com-
pressed to about 200 atmospheres (1 atmosphere = 14.7 pounds
per square inch). R is a water cooler, to remove the heat of com-
pression. The air thus cooled and strongly compressed passes

Fig. 17,

down through the inner tube of the Tielical coil H to a valve
below.

Through this valve it escapes into the reservoir 3, the expan-
sion producing a considerable fall in temperature. The cold air
then passes from the reservoir up through the outside tube of the
helical coil, which surrounds the tube down which the air comes,
thus cooling the compressed air in the inner tube. This cooled
air is allowed to escape in its turn, becoming still colder by its
expansion. As the process continucs the temperature falls until
liquid air begins to collect in the bottom of G, from which it may
be drawn off.

With & 3-horse-power engine the yield is about a quart of
liquid air per hour. -
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MECHANICAL DRAWING

PART I

The subject of mechanical drawing is of great intcrest and
importance to all mechanics and engincers. Drawing is the
method used to show graphically the small details of machinery;
it is the language by which the designer speaks to the workman;
it is the most graphical way to place ideas and calculations on
record. Working drawings take the place of lengthy explana-
tions, cither written or verbal. A brief inspection of an accurate,
well-exccuted drawing gives a better idca of a machine than a
large amount of verbal description. The better and more clearly
a drawing is made, the more intelligently the workman can com-
prehend the ideas of the designer. A thorough training in this
important subject is necessary to the success of everyone engaged
in mechanical work. The success of a draftsman depends to some
extent upon the quality of his instruments and materials.  Begin-
ners frequently purchase a cheap grade of instruments. After
they have become expert and have learned to take care of their
instruments they discard them for those of better construction and
finish. This plan has its advantages, but to do the best work,
strong, well-made and finely finished instruments are necessary.

INSTRUMENTS AND MATERIALS.

Drawing Paper. In selecting drawing paper, the first thing
to be considered is the kind of paper most suitable for the pro-
posed work. For shop drawings, a manilla paper is frequently
used, on account of its toughness and strength, because the draw-
ing is likely to be subjected to considerable hard usage. If a
finished drawing is to be made, the best white drawing paper
should be obtained, so that the drawing will not fade or become
discolored with age. A good drawing paper should be strong,
have uniform thickness and surface, should stretch evenly, and
should neither repel nor absorb liquids. It should also allow con-
siderable erasing without spoiling the surface, and it should lie
«nooth when stretched or when ink or colors are used. It is, of

Copyright, 1905, by American School of Correspondence.
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4 MECHANICAL DRAWING

course, impossible to find all of these qualities in any onc paper,
as for instance great strength cannot be combined with fine
surface.

In selecting a drawing paper the kind should be chosen
which combines the greatest number of these qualitics for the
given work.  Of the better class Whatman’s are considered by
far the best. This paper is made in three grades; the ho!
pressed has a smooth surface and’is especially adapted for pencil
and very fine line drawing, the cold pressed is rougher than
the hot pressed, has a finely grained surface and is more suit-
able for water color drawing; the rough is used for tinting. The
cold pressed does not take ink as well as the hot pressed, but
erasures do not show as much on it, and it is better for general
work. There is but little difference in the two sides of Whatman’s
paper, and either can be used. This paper comes in sheets of
standard sizes as follows:— '

Cap, 13 X 17 inches.  Elephant, 23 X 28 inches
Demy, . 15X 20 ¢ Columbia, 23X 3+«
Medium, 17 x 22« Atlas, 26 X 34 ¢
Royal, 19X 24 - Double Elephant, 27 x 40
Super-Royal, 19 % 27 ¢ Antiquarian, 31 X 53 «
Imperial, 2% 30 ¢ Emperor, 48 X 68 ¢

The usual method of fastening paper to a drawing board is by
mcans of thumb tacks or small one-ounce copper or iron tacks.
In fastening the paper by this method first fasten the upper left
hand corner and then the lower right pulling the paper taut. The
other two cornérs are then fastened, and sufficient numbet of tacks
are placed along the edges to make the paper lie smoothly. For
very fine work the paper is usually stretched and glued to the
board. To do this the edges of the paper are first turned up all
the way round, the margin being at least one inch. The whole
surface of the paper included between these turned up edges is
then moistened by means of a sponge or soft cloth and paste or
glue is spread on the turned up edges. After removing all the
surplus water on the paper, the edges are pressed down on the
board, commencing at one corner. During this process of laying
down the cdges, the paper should be stretched slightly by pulling
the edges towards the edges of the drawing board. The drawing
board is then placed horizontally and left to dry. After the paper
has become dry it will be found to be as s.moth and tight as a
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drum head. 1If, in stretching, the paper is stretched too much it
is likely to split in drying. A slight stretch is sufficient.

Drawing Board. The size of the drawing board depends
upon the size of paper. Many draftsmen, however, have several
boards of various sizes, as they are very convenient. The draw-
ing board is usually made of soft pine, which should be well sea-
soned and straight grained. The grain should run lengthwise of
the board, and at the two ends there should be pieces about 1} or
2 inches wide fastened to the board by nails or screws. These
end pieces should be perfectly straight for accuracy in using the
T-square. Frequently the end pieces are fastened by a glued

matched joint, nails and screws being also used. Two cleats on
the bottom extending the whole width of the board, will reduce
the tendency to warp, and make the board easier to move as they
raise it from the table.

Thumb Tacks. Thumb tacks are used for fastening the
paper to the drawing board. They are usually made of steel
cither pressed into shape, as in the cheaper grades, or made with a
head of German silver with the point screwed and riveted to it.
They are made in various sizes and are very convenient as they
ean be easily removed from the board. For most work however,
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6 MECHANICAL DRAWING

draftsmen use small one-ounce copper or iron tacks, as they can be
forced flush with the drawing paper, thus offering no obstruction
to the T-square. They also possess the advantage of cheapness.

Pencils. In pencilling a drawing the lines should be very
fine and light. To obtain these light lines a hard lead pencil must
be used. Icad pencils are graded according to their hardness,
and are numbered by using the letter H. In general a lead pencil
of 5II (or HHHHI) or 6H should be used. A softer pencil, 4H,
is better for making letters, figures and
points. A hard lead pencil should be
sharpened as shown in Fig. 1. The wood
is cut away so that about } or } inch
of lead projects. The lead can then be
sharpened to a chisel edge by rubbing it
against a bit of sand paper or a fine file.
It should be ground to a chisel edge and
the corners slightly rounded. In making
the straight lines the chisel edge should
be used by placing it against the T-square
or triangle, and because of the chisel edge
the lead will remain sharp much longer than if sharpened to a point.
This chisel edge enables the draftsman to draw a fine line exactly
through a given point. If the drawing is not to be inked, but is
made for tracing or for rough usage in the shop, a softer pencil,
3H or 4H, may be used, as the lines will then be somewhat thicker
and heavier. The lead for compasses may also be sharpened to a
point although some draftsmen prefer to use a chisel edge in the
compasses as well as for the pencil.

In using a very hard lead pencil, the chisel edge will make a
deep depression in the paper if much pressure is put on the pencil.
As this depression cannot be erased it is much better to press
lightly on the pencil.

Erasers. In making drawings, but little erasing should be
necessary.  However, in case this is necessary, a soft rubber
should be used. In erasing a line or letter, great care must be
exercised or the surrounding work will also become erased. To
prevent this, some draftsmen cut a slit about 3 inches long and
} to {1 inch wide in a card as shown in Fig. 2. The card is then

Fig. 1.
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placed over the work and the line erased without erasing the rest
of the drawing. An erasing shield of a form similar to that shown
in Fig. 3 is very convenient, especially in erasing letters. It is
made of thin sheet metal and is clean and durable.

For cleaning drawings, a sponge rubber may be used. DBread
crumbs are also used for this purpose. To clean the drawing

S o o
f . Ooo

| ———

Yig. 4 Fig. 3.

scatter dry bread crumbs over it and rub them on the surface
with the hand.

T-Square. The T-square consists of a thin straight edge
called the blade, fastened to a head at right angles to it. It gets

Fig. 4.

its name from the general shape. T-squares are made of various
materials, wood being the most commonly used. Fig. 4 shows an
ordinary form of ‘L-square which is adapted to most work. In
Fig. 5 is shown a T-square with edges made of ebony or mahogany,
as these woods are much harder than pear wood or maple, which
is generaily used. The head is formed so as to fit against the left-
hand edge of the drawing board, while the blade extends over the
surface. It is desirable to have the blade of the T-square form a
right angle with the head, so that the lines drawn with the T-
square will be at right angles to the left-hand edge of the board.
This, however, is not absolutely necessary, because the lines drawn
with the T-square are always with reference to one edge of the
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board only, and if this edge of the board is straight, the lines
drawn with the T-square will be parallel to each other. The T-
square should never be used except with the left-hand edge of the
board, as it is almost impossible to find & drawing broad with the
edges parallel or at right angles to each other.

The Tsquare with an adjustable head is frequently very con-
venient, as it is sometimes necessary to draw lines parallel to each

Fig. 5.

other which are not at right angles to the left-hand edge of the
board. This form of T-square is similar to the ordinary T-square
already described, but the head is swiveled so that it may be
clamped at any desired angle. The ordinary T-square as shown
in Figs. 4 and 5 is, how
ever, adapted to almost
any class of drawing.
(] — Fig. 6 shows the
e method of drawing parallel
- horizontal lines with the
- T-square. With the head
o o | of the T-square in contact
with the left-hand edge of
the board, the lines may be
drawn by moving the T-square to the desired position. In using the
T-square the upper edge should always be used for drawing as the
two edges may not be exactly parallel and straight, and also it is
more convenient to use this edge with the triangles. If itis neces-
sary to use a straight edge for trimming drawings or cutting the
paper from the board, the lower edge of the T-square should be
ased so that the upper edge may not be marred.

For accurate work it is absolutely necessary that the working
edge of the T-square should be exactly straight. To test the

9 Of

Fig. ¢.
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straightness of the edge of the T-square, two T-squares may be
placed together as shown in Fig. 7. This figure shows plainly
that the edge of one of the T-squares is crooked. This fact, how-
ever, does not prove that either one is straight, and for this deter-
mination a third blade must be
used and tried with the two
given T-squares successively.
Triangles. Triangles are
made of various substances such }
as wood, rubber, celluloid and Fig. 7.
stcel.  Wooden triangles are
cheap but are likely to warp and get out of shape: The rubber tri-
angles are frequently used, and are in general satisfactory. The
transparent celluloid triangle is, however, extensively used on ac-
count of its transparency, which enables the draftsmen to sec the
work already done even when covered with the triangle. In using
a rubber or celluloid triangle take care that it lies perfectly flat or

et

o

s,
teeeda..

> B

TRIANGLES.

is hung up when not in use ; when allowed to lie on the drawing
board with a pencil or an eraser under one corner it will become
warped in a short time, especially if the room is hot or the sun
happens to strike the triangle.

Triangles are made in various sizes, and many draftsmen
have several constantly on hand. A triangle from 6 to 8 inches
on a side will be found convenient for most work, although there
are many cases where a small triangle measuring about 4 inches
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on a side will be found useful. Two triangles are necessary for
every draftsman, one having two angles of 45 degrees each and
one i right angle ; and the other having one angle of 60 degrees,
one of 30 degrees and one of 90 degrees.

The value of the triangle depends upon the accuracy of the
angles and the straightness of the edges. To test the accuracy of
- the right angle of a tri-

o

¢ angle, place the triangle
.. with the lower edge rest-
e ing on the edge of the
fes T-square, as shown in
O D ~— | Fig. 8. Now draw the
line C D, which should be
o perpendicular to the edge
of the T-square. The
same triangle should then
be placed in the position shown at B. If the right angle of the
triangle is exactly 90 degrees the left-hand edge of the triangle

should exactly coincide with the line C D.

To test the accuracy of the 45-degree triangles, first test the
right angle then place the
trianglé with the lower N 7 9
edge resting on the work-
ing edge of the T-square,

Fig. 8.

and draw the line E F as
shown in Fig. 9. Now

E

4

o

°
°

©

without moving the T-
square place the triangle
so that the other 45-degree
angle is in  the position
occupied by the first. If the two 45-degree angles coincide they
arc accurate.

Triangles are very convenient in drawing lines at right
angles to the T-square. The method of doing this is shown in
Fig. 10. Triangles are also used in drawing lines at an angle
with the horizontal, by placing them on the board as shown in
Fig. 11. Suppose the line E I (Fig. 12) is drawn at any angle,
and we wish to draw a line through the point P varallel to i

! d

Fig. 9.
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First place one of the triangles as shown at A, having one edge
coinciding with the given line. Now take the other triangle and
place one of .its edges in contact with the bottom edge of triangle
A. Tolding the triangle B firmly with the left hand the triangle
A may be slipped along to the right or to the left until the edge
of the triangle reaches the

point P. The line M N
may then be drawn along
the edge of the triangle H“l B
passing through the point
(-]

P. In place of the tri- [ ..
angle B any straight edge L
such as a T-square may be

used. Fig. 10.

A line can be drawn

perpendicular to another by means of the triangles as follows.
Let EF (Fig. 13) be the given line, and suppose we wish tc
draw a line perpendicular to E F through the point D. Place
the longest side of one of the triangles so that it coincides
with the line E F, as the
triangle is shown in posi-

///A N |

(] edge) in the position of
" o || the triangle as shown at
B, one edge resting against

© o [ the edge of the triangle A.

Then holding B with the
.left hand, place the tr-
angle A in the position shown at C, so that. the longest side
passes through the point D. A line can then be drawn through
the point D perpendicular to E F. -

In previous figures we have seen how lines may be drawn
making angles of 80, 45, 60 and 90 degrees with the horizontal.
If it is desired to draw lines forming angles of 15 and 75 degrees
the triangles may be placed as shown in Fig. 14.

In using the triangles and T-square almost any line may be
drawn. Suppose we wish to draw a rectangle having one side

Fig. 11.
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12 MECIHTANICAL DRAWING.

horizontal.  Fimst place the T-square as shown in Fig. 15. By
moving the T-square up or down, the sides A B and D C may be
drawn, because they are horizontal and parallel. Now place one
of the triangles resting on the T-square as shown at E, and hav-
ing the left-hand edge passing through the poirt ). The vertical

—

/l

Fig. 12. Fig. 13.

line D A may be drawn, and by sliding the triangle along the edge
of the T-square to the position I the line B C may be drawn hy
using the same edge.  These positions are shown dotted in Fig. 15.

If the rectangle is to be placed in some other position on the
drawing board, as shown in Fig. 16, place the 45<legree triangle
F so that one edge is
parallel to or coincides
with the side D C. Now
holding the triangle F in
position place the triangle
H so that its upper edge
coincides with the lower
lo d edge of the triangle F.
By holding H in position
and sliding the triangle F
along its upper edge, the sides A B and D C may be drawn.
To draw the sides A D and B C the triangle should be used as
shown at E.

Compasses. Compasses are used for drawing circles and
ares of circles. They are made of various materials and in various
sizes. The cheaper class of instruments are made of brass, but
they are unsatisfactory on account of the odor and the tendenc
to tarnish  The best material 18 German silver. Tt does not soi

(] [e)

Fig. 14,
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MECHANICAL DRAWING. 18

readily, it has no odor, and is easy to keep clean. Aluminum in-
struments possess the advantage of lightness, but on account of
the soft metal they do not wear well.

The compasses are made in the form shown in Figs. 17 and
18. Pencil and pen points are provided, as shown in Fig. 1T.
Either pen or pencil may be inserted in one leg by means of a
shank and sockei. The
other leg is fitted with a
needle point which is AR .
placed at the center of the N . 'r\}\
circlee. In most instru- [-_ : .
ments the needle point is - o
separate, and is made of a
piece of round steel wire o
having a square shoulder - Fig. 15.
at one or both ends. Be-
low this shoulder the needle point projects. The needle 1s
made in this form so that the hole in the paper may be very
minute.

In some instruments lock nuts are used to hold the joint
firmly in position. These lock nuts are thin discs of steel, with
notches for using a wrench or

forked key. Fig. 19 shows the

N

; A detail of the joint of high grade

! ; instruments. Both legs are alike

H : at the joint, and two pivoted
<

screws are inserted in the yoke.
This permits ample movement
of the legs, and at the same
Fig. 16. time gives the proper stiff-
ness. The flat surface of one of
the legs is faced with steel, the other being of German silver,
in order that the rubbing parts may be of different metals.  Small
set screws are used to prevent the pivoted screws from turning
in the yoke. The contact surfaces of this joint are made cir-
cular to exclude dust and dirt and to prevent rusting of the
steel face.
Figs. 20, 21 and 22 show the detail of the socket; in some
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instruments the shank and socket are pentagonal, as shown in
Fig. 20.  The shank enters the socket loosely, and is held in place
by means of the screw. Unless used very carefully this arrange-
ment is not durable because the sharp corners soon wear, and the
pressure on the set screw is not sufficient to hold the shank firmly
in place.

In Fig. 21 is shown another form of shank. This is round,
baving a flat top. A set screw is also used to hold this in posi-
tion. A still better form of socket is shown in Fig. 22; the hole

%

5 |f

Fig. 17. Fig. 18.

S

is made tapered and is circriar. The shank fits accurately, and
18 held in perfect alignment by a small steel key. The clamping
screw is placed upon the side, and keeps the two portions of the
split socket together.

Figs. 17 and 18 show that both legs of the compasses are
jointed in order that the lower part of the legs may be perpen-
dicnlar to the paper while drawing circles.  In this way the
needle point makes but a small liole in the paper, and both nibs of
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the pen will press equally on the paper. In pencilling circles iv
i8 not as necessary that the pencil should be kept vertical; it is a
_good plan, however, to learn to use them in this way both in pen-
cilling and inking. The com-
passes should be held loosely be-
tween the thumb and forefinger.
If the needle point is sharp, as
it should be, only a slight pres-
sure will be required to keep it
in place. While drawing the
circle, incline the compasses
slightly in the direction of
revolution and press lightly on
the pencil or pen.

In removing the pencil or .
pen, it should be pulled out Fig. 19.
* straight. If bent from side to side the socket will become en.
larged and the shank wornj this will render the instrument inac-
curate. For drawing large circles the lengthening bar shown in
Fig. 17 should be used. When using the lengthening bar the

Feue— @ = &

Fig. 20. Fig. 21.

needle point should be steadied with one hand and the circle
described with the other.

Dividers. Dividers, shown in Fig. 23, are made similar to the
compasses. They are used for laying off. distances on the draw-
ing, either from scales or from other parts of the drawing. They

may also be used for dividing a line

m into equal parts. When dividing a
Fig. 22. line into equal parts the dividers

should be turned in the opposite direc-

tion each time, so that the moving point passes alternately te
the right and to the left. The instrument can then be operated
readily with cne hand.  The points of the dividers should be
very sharp so that the holes made in the paper will be small
(t large holes are made in the paper, and the distances betweer
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the points are not exact, accurate spacing cannot be done
Sometimes the compasses are furnished with steel divider points
in addition to the pen and pencil points. The compasses may
then be used either as dividers or as compasses. Many drafts-
men use a needle point in place of dividers for making measure-
ments from a scale. The eye end of a needle is first broken off
and the needle then forced into a small handle made of a round
piece of soft pine. This instrument is very convenient
for indicating the-intersection of lines and marking off
distances.

Bow Pen and Bow Pencil. Ordinary large compasses
are too heavy to use in making small circles, fillets, ete.
The leverage of the long leg is so great that it is very
TY difficult to draw small circles accurately. "For this reason
the bow compasses shown in Figs. 24 and 25 should be
used on all arcs and circles having a radius of less than
Mf|  three-quarters inch. The bow compusses are also con-

I venient for duplicating small circles such as those which
Ch represent boiler tubes, bolt holes, ete., since there is no
LM tendency to slip.

The needle point must be adjusted to the same
length as the pen or pencil point if very small circles are
to be drawn. The adjustment for altering the radius of
the circle can be made by turning the nut. If the change
in radins is considerable the points should be pressed to-
gether to remove the pressure from the nut which can
then be turned in either direction with but little wear on
the threads.

Fig. 26 shows another bow instrumeunt which is fl:l&(llleﬂtly
ased in small work in place of the dividers. It has the advantage
of retaining the adjustment. '

Drawing Pen. For drawing straight lines and curves that
are not arcs of circles, the line pen (sometimes called the ruling
pen) is used. - It consists of two blades of steel fastened to a
handle as shown in Fig. 27. The distance between the pen points
can be adjusted by the thumb screw, thus regulating the width of
line to be drawn. The blades are given a slight curvature so that
there will be a cavity for ink when the points are close together.

Fig. 23.
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The pen may be filled by means of a common steel pen or
with the quill which is provided with some liquid inks. The pen
should not be dipped in the ink because it will then be necessary
to wipe the outside of the blades before use. 'The ink should
fill the pen to a height of about } or § inch; if too much ink is
placed in the pen it is likely to drop out and spoil the drawing.
Upon finishing the work the pen should be curefully wiped with

Fig. 24. Fig. 25. . Fig. 26.

chamois or a soft cloth, because most liquid inks corrode the steel.

In using the pen, care should be taken that both blades bear
equally on the paper. If the points do not bear equally the line
will be ragged. If both points touch, and the pen is in good
condition the line will be smooth. The pen is usually inclined
slightly in the direction in which the line is drawn. The pen

Fig. 27.

should touch the triangle or T-square which serve as guides, but
it should not be pressed against them because the lines will then
be uneven. The points of the pen should be close to the edge of
the trangle or T-square, but should not touch it.

Te Sharpen the Drawing Pen.  After the pen has been
ased for some time the points become worn, and it i3 impossible
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to make smooth lines. This is especially true if rough paper is
used. The pen can be put in proper condition by sharpening it.
To do this take a small, flat, close-grained oilstone. The blades
should first be screwed together, and the points of the pen can be
given the proper shape by drawing the pen back and forth over
the stone changing the inclination so that the shape of the ends
will be parabolic. This process dulls the points but gives them
the proper shape, and makes them of the same length.

To sharpen the pen, separate the points slightly and rub one
of them on the oil-stone. While doing this keep the pen at an
angle of from 10 to 15 degrees with the face of the stone, and
give it a slight twisting movement. This part of the operation
requires great care as the shape of the ends must not be altered.
After the pen point has become fairly sharp the other point
should be ground in the same manner. All the grinding should
be done on the outside of the blades. The burr should be
removed from the inside of the blades by using a piece of leather
or a piece of pine wood.

Ink should now be placed between the blades and the pen
tried. The pen should make a smooth line whether fine or
heavy, but if it does not the grinding must be continued and the
pen tried frequently.

Ink. India ink is always used for drawing as it makes a
permanent black line. It may be purchased in solid stick form
or as a liquid. The liquid form is very convenient as much time
is saved, and all the lines will be of the same color; the acid in
the ink, however, corrodes steel and makes it necessary to keep
the pen perfectly clean.

Some draftsmen prefer to use the India ink which comes in
stick form. To prepare it for use, a little water should be placed
in a saucer and one end of the stick placed in it. The ink is
ground by giving it a twisting movement. When the water has
become black and slightly thickened, it should be tried. A
heavy line should be made on a sheet of paper and allowed to
dry. If the line has a grayish appearance, more grinding is
necessary. After the ink is thick enough to make a good black
line, the grinding should cease, because very thick ink will not
flow freely from the pen. If, however, the ink has become too
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thick, it may be diluted with water. After using, the stick
should be wiped dry to prevent crumbling. It is well to grind
the ink in small quantities as it does not dissolve readily if it has
once become dry. If the ink is kept covered it will keep for two
or three days. '

Scales. Scales are used for obtaining the various measure-
ments on drawings. They are made in several forms, the most
convenient being the flat with beveled edges and the triangular.
The scale is usualiy a little over 12 inches long and is graduated
for a distance of 12 inches. The triangular scale shown in Fig.
28 has six surfaces for graduations, thus allowing many gradua
tions on the same scate.

The graduations on the scales are arranged so that the
drawings may be made in any proportion to the actual size. Kor
mechanical work, the common divisions are multiples of two.

Thus we make drawings full size, half size, {, }, Ta g1 g% eto.
If a drawing is } size. 3 inches equals 1 foot. hence 3 inches is
divided into 12 equal parts and each division represents one inch.
If the smallest division on a scale represents 7% inch, the scale is
said to read to 4 inch. ‘

Scales are often divided into 4, 3% ¥ 7% etc., for archi-
tects, civil engineers, and for measuring on indicator cards.

The scale should never be used for drawing lines in place of
triangles or T-square.

Protractor. The protractor is an instrument used for laying
off and measuring angles. It is made of steel, brass, horn and
paper. If made of metal the central portion is cut out as shown
in Fig. 29, so that the draftsman can see the drawing. The
outer edge is divided into degrees and tenths of degrees. Some-
times the graduations are very fine. In using a protractor a very
sharp hard pencil should be used so that the lines will be fine
and accurate.

The protractor should be placed so that the given line ( pro-

71



» MECHANICAL DRAWING.

duced if necessary ) coincides with the two O marks. The
center of the circle being placed at the point through which the
desired line is to be drawn. The division can then be marked
with the pencil point or needle point.

frregular Curve. One of the conveniences of a draftsman’s

Fig. 20.

outfit is the Krench or irregular curve. It is made of wood,
hard rubber or celluloid, the last named material being the best.
It is made in various shapes, two of the most common being

0

P

Fig. 30.

shown m Fig. 80. This instrument is used for drawing curves
other than arcs of circles, and both pencil and line pen can be
used. . ~
To diaw the curve, a series of points is first located and
then the curve drawn passing through them by using the part of
the irregular curve that passes through several of them. The
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MECHANICAL DRAWING. 21

curve is shifted for this work from one position to another. It
frequently facilitates the work and improves its appearance to
draw a free hand pencil curve through the points and then use the
irregular curve, taking care that it always fits at least three points.

In inking the curve, the blades of the pen must be kept

0@0

@

Fig. 31.

tangent to the curve, thus necessitating a continual change of
direction.

Beam Compasses. The ordinary compasses are not large
enough to draw circles having a diameter greater than about 8 or
10 inches. A convenient instrument for larger circles is found
in the beam compasses shown in Fig. 31. The two parts called
channels carrying the pen or pencil and the needle point are
clamped to a wooden beam; the distance between them being
equal to the radius of the circle. Accurate adjustment is obtained
by means of a thumb nut underneath one of the channel pieces.

PLATES.

Plates I, T and ITI are provided to give practice in the use
of the drawing instruments. Drawing paper at least 11 inches by
15 inches should be used to allow border lines 10 inches by 14
inches. First, draw carefully in pencil and then ink in. Especial
care should be taken as to quality and width of line, intersections,
and the joining of curved and straight lines.

These are followed by examples for lettering. Plate IV should
be drawn first in pencil and then in ink.
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MECHANICAL DRAWING,

PART 1I.

PROJECTIONS.

Orthographic Projection is the art of representing an object
apon two planes, at right angles to each other, by lines drawn
from all points on the edges or contour perpendicular to these
planes. The intersections of the perpendiculars with the planes
give figures which are called projections of the object.

The two planes are called planes of projection, or cosrdinate
planes, one being vertical and the other horizontal, as shown in
Fig. 1. These planes are sometimes designated V and H respec-
tively. The intersection of Vand H is known as the ground line,
orGL. If ain Fig.1 :
is a point in space, and v T
a perpendicularis drawn
to the vertical plane, the
point av will be the pro-
jection of the point on e
the vertical plane, and 2

!
]
3

\

\
D R, > 1

in a similar way ah will

be the projection of a

on the horizontal plane. ’

The line B has its ver- }&;,

tical projection at BY,

and its horizontal pro- Fig. 1.

jection at B, Instead

of horizontal projection and wvertical projection, the terms plan

and elevation are commonly used. It will be seen from the

figure that the plan of a point or line is directly underneath on

the H plane, and the elevation directly behind on the V plane.
Suppose in Fig. 2 a cube one inch on a side be placed with

the top horizontal and the front face parallel to the vertical plane,

Then the plan will be a one-inch square, and the elevation also a

one-inch square. In general the plin is a representution of the

top of the object, and the elevation a view of the front. The plan

then is a top view, and the elevation a front view. Since the
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plan is direcily below the object, and the elevation directly be-
hind, it follows that in actual drawing the plan must be vertically
below the elevation, point for point. This is one of the funda-
mental principles of projection, and should be thoroughly under-
stood.

The projection of a point can never be anything but a point.
By referring to Fig. 1 it is clear that the height of a above the
borizontal plane is equal to the distance of a» above the ground

/—
Vv ELEVATION
t’ ”
'O' ’l
,’I ”o
7’
| '
| ’l/ : /r/ ‘.
T . ’ '
4 1
i R
s { 1
s |
A h !
< 1) :
G 1 v i L
) 1 ‘1 /
| P ’
H | : ’ i
: | |,’ : /
] ! A I /
! : g |,’
: A ,
)
' PLAN
H )
—
Fig. 2.

line, and the distance of @ in front of the vertical plane is equal
to the distance of ah in front of -the ground line. Applying this
principle to Fig. 3, the point represented by av and a* must be a
point inch'above H and 1 inch in front of V.

All points on an object at the same height must appear in
elevation at the same distance above the ground line. If num-
bers 1, 2, 3 and 4 on the plan indicate the top corners of the cube,
then these four points, being at the same height, must be shown

in elevation at the same height and at the top, : and g The top
of the cube, 1, 2, 3, 4, is shown in elevation as the straight line
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MECHANICAL DRAWING. 6

4__3
1 2°
to either plane of projection, its projection on that plane is simply a
line; a straiyht line if the surface i8 plane, a curved line if the
surface 18 curved. From the same figure it is seen that the top
adge of the cube, 1 4, has for its projection on the vertical plane

This illustrates the fact that if a surface is perpendicular

o ELEVATION 4 3
! 2
BV

3

»
-

S
4

—— |”—-.‘ ——L—l -

of-
H
W

-
- o

remoaenocde o e
@
>

I S

PLAN
Fig. 3.
the point :, the principle of which is stated in this way: If a

straight line is perpendicular to either V or II, its projection on
that plane is a point, and on the other plane is a line equal in
length to the line itself, and perpendicular to the ground line.

O

O

]
]

[

| TEERT T P

Fig. 4.

Fig. 4 is given as an exercise to help to show ciearly the
idea of plan and elevation. The student should answer the fol-
lowing question for himself: What does each of these projections
represent ? *
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6 MECHANICAL DRAWING.

Suppose in Fig. 5, that it is desired to construct the pro
jections of a prism 11 in. square, and 2 in. long, standing on one
end on the horizontal plane, two of its faces being parallel to the
vertical plane. In the first place, as the top end of the prism is s
square, the top view or plan will be a square of the same size,
that is, 1} in. Then since the prism is placed parallel to and in
front of the vertical plane the plan, 1} in. square, will have two
edges parallel to the ground line. As the front face of the prism

ELEVAT ION
OR
FRONT VIEW

ELEVATION

e — — 2 — — ]

"
L}

b ——1 L' — —
PLAN

OR
TOP VIEW

PLAN

Fig. 5.

is parallel to the vertical plane its projection on V will be a rect-
angle, equal in length and width to the length and width respec-
tively of the prism, and as the prism stands with its base on H,
the elevation, showing height above H, must have its base on the
ground line. Observe carefully that points in elevation are verti.
cally over corresponding points in plan.

The second drawing in Fig.  represents a prism of the same
size lying cn one side on the horizontal plane, and with the ends
parallel to V.

The principles which have been used thus far may be stated
as follows, — °
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MECHANTCAL DRAWING. 7

1. If a line or point is on either plane, its other projection
must be in the ground line.

2. Height above I is shown in elevation as height above
the ground line, and distance in front of the vertical plane is shown
in plan as distance from the ground line.

3. lfaline is parallel to either plane, its actual length is
shown on that plane, and its other projection is parallel to the
ground line. A line oblique to either plane has its projection on
that plane shorter than the line itself, and its other projection
oblique to the ground line. No projection can be longer than the
line itself.

4. A plane surface if parallel to either plane, is shown on

8h ,

Mg. 6 Mg. 7.

that plane in its true size and shape; if oblique it is shown
smaller than the true size, and if perpendicular it is shown as a
straight line. Lines parallel in space must have their V projec
tions parallel to each other and also their H projections.

If two lines intersect, their projections must cross, since the
point of intersection of the lines is a point on both lines, and
therefore the projections of this point must be on the projections
of both lines, or at their intersection. In order that intersecting
lines may be represented, the vertical projections must intersect
in a point vertically above the intersection of the horizontal pre
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8 MECHANICAL DRAWING.

jections. Thus Fig. 6 represents two lines which do intersect as
C* crosses D¥at a point vertically above the intersection of C* and
D, In Fig. T, however, the lines o not intersect since the inter-
sections of their projections do not lie in the same vertical line.
In Fig. 8 is given the plan and elevation of a square pyramid
standing on the horizontal plane. The height of the pyramid is
the distance A B. The slanting edges of the pyramid, A C, A D,
etc., must be all of the same length, since A is directly above the
center of the base. What this length
is, however, does not appear in either
projection, as these edges are not
parallel to either V or H.
Suppose that the pyramid be
turned around into the dotted posi-
Vo tion C, D, E F, where the horizontal

S

Il . .
e’ 8 \ o projections of two of the slanting
— ' edges, A C,and A E, are parallel to
L HE .
. ’,;{. : ' the ground line. These two edges,
L P HL. ch1 Taving their horizontal projections
E X E X \‘E parallel to the ground line, are now
e ' L\“: parallel to V, and therefore their new
€€-1-----> > ---1-9C vertical projections will show their
‘\ H 4 '
. ' B} true l.eugt'hs. The base of the pyra-
N mid is still on H, and therefore is
Y \‘ib" Dt projected on V in the ground line.
Mo 8 The apex is in the same place as be-
g. 8.

fore, hence the vertical projection of
the pyramid in its new position is shown by the dotted lines. The
vertical projection A C,°is the true length of edge A C. Now if
we wish to find simply the true length of A C, it is unnecessary to
turn the whole pyramid around, as the one line A C will be sufficient,

The principle of finding the true length of lines is this, anu
can be applied to any case : Swing one projection of the line pa
allel to the ground line, using one end as center. On the othe.
projection the moving end remains at the same distance from the
ground line, and of course vertically above or below the same end
in its parallel position. This new projection of the line shows its
true length. See the three Figures at the top of next page.
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MECHANICAL DRAWING. 9

Third plane of projection or profile plane. A plane perpen-
dicular to both co-ordinate planes; and hence to the ground line, is

8
< ‘-_§--—

called a profile plane.

PROFILE PLANE

This plane is vertical in position, and may
be used as a plane of projection. A projection on the profile plane
is called a profile view, or end view, or sometimes edge view, and
is often required in machine or other drawing when the plan and
elevation do not sufficiently give the shape and dimensions.

A projection on this plane is found in the same way as on the

m—mecebvocdissvoscscwce

' 2
(]
' 2 END
' <
' >
H u VIEW
' w
1
[)
t
] / ]
\ ! —__/, "
[}
[4
’l
PLAN
. ’/
-_-_—""

Fig. 9.

V plane, that is, by perpendiculars drawn from points on the

ooject.

Since, however, the profile plane is perpendicular to the
ground line. it will be seen from the front and top simply as a
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10 ' MECHANICAL DRAWING.

straight line; in order that the size and shape of the profile view
may be shown, the profile plane is revolved into V using its inter
section with the vertical plane as the axis.

Given in Fig. 9, the line A B by its two projections A® B? and
A B* and given also the profile plane. Now by projecting the
line on the profile by perpendiculars, the points A\® B,* and B» A*
are found. Revolving the profile plane like a door on its hinges, all
points in the plane will move in horizontal circles, so the horizontal
projections A* and B* will move in arcs of circles with O as center -
to the ground line, and the vertical projections B,” and A ,° will move
in lines parallel to the ground line to positions directly above the
revolved points in the ground line, giving. the profile view of the
line AP B?. Heights, it will be seen, are the same in profile view
Al as in elevation. By referring to
! the rectangular prism in the same
! figure, we see that the elevation
H gives vertical dimensions and those
:
t

parallel to V, while the end view
shows vertical dimensions and
those perpendicular to V. The
profile view of any object may be
found as shown for the line A B
by taking one point at a time.

In Fig. 10 there is repre-
sented a rectangular prism or
block, whose length is twice the

Fig. 10. width. The elevation shows its

height. As the prism is placed at

an angle, three of the vertical edges will be visible, the fourth
one being invisible.

In mechanical drawing lines or edges which are invisible are
drawn dotted. The edges which in projection form a part of the
outline or contour of the figure must always be visible, hence
always full lines. The plan shows what lines are visible in eleva-
tion, and the elevation determines what are visible in plan. 1In
Fig. 10, the plan shows that the dotted edge A B is the back edge,
and in Fig. 11, the dotted edge C D is found, by looking at the
elevation, to be the lower edge of the triangular prism. In general,

8
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if in elevation an edge projected within the figure is a back edge,
it must be dotted, and in plan if an edge projected within the
outline is a lower edge it is dotted.

Fig. 12 is a circular cylinder with the length vertical and

f 1"
i !
1
(]
h :
' nialat ek el ]
I ; '
| | [l / ]
| []
: JC ‘__ _// ’
T ]
] ’
[} ]
i /
| /
] /
] 'l
]
H ’
! P
[} Prd
] -’
1D - F___"
Fig. 11,

with a hole part way tirough as shown in elevation. Fig. 18 is
plan, elevation and end view of a triangular prism with a square
hole from end to end. The plan and elevation alone would be
insufficient to determine positively the shape of the hole, but the
end view shows at a glance that it is square.

In Fig. 14 is shown plan and elevation of the frustum of a
square pyramid, placed with its basc on the horizontal plane. If the
frustum is turned through 350°, as shown in the plan of Fig. 15,
the top view or plan must still be the same shape and size, and as
tle frustum has not been raised or lowered, the heights of all
points must appear the same in elevation as before in Fig. 14.
The elevation is easily found by projecting points up from the
plan, and projecting the height of the top horizontally across from
the first elevation, because the height does not change.

The same principle is further illustrated in Figs. 16 and 17.
The elevation of Fig. 16 shows a square prism resting on one edge,
and raised up at an angle of 30° on the right-hand side. The
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) plan gives the width or thickness, § in. Notice that the length of
the plan is greater than 2 in. and that varying the angle at

T A B - A S
¢ |
I I SR I A
H .
TS I R T -_-_)Z !
Fv E o v by )
T T 4 Il 4 'I 1 'I 'l
] [ [ [}
; : Gb 7 / ,‘ ] '
! ! S} [
¥ S —— -2 )
A/’ .~ ,/ 4
. - 4
/[ TTTTssssssessssse- - 3 "’
Fh - L e
Fig. 12. Fig. 18.

which the prism is slanted would change the length of the plan.
Now if the prism be turned around through any angle with the
vertical plane, the lower edge still being on H, and the inclination

Fig. 14.

of 80° with H remaining the same, the plan must remain the same

size and shape.
If the angle through which the prism be turned is 45°, we
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MECHANICAL DRAWING. 13

have the second plan, exactly the same shape and size as the first.
The elevation is found by projecting the corners of the prism ver
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Fig. 16.

tically up to the heights of the same points in the first elevation.

All the other points are found in the same way as point No. 1.
A .

]
eedaa
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H | !
! 1
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N

Fig. 17.

Three positions of a rectangular prism are shown in Fig. 17.
In the first view, the prism stands on its base, its axis therefore
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is parallel to the vertical plane. In the second position, the axis is
still parallel to V and one corner of .the base is on the horizontal
plane. The prism has been turned asif on the line 1* 1° as an
axis, so that the inclination of all the faces of the prism to the
vertical plane remains the same as before. That is, if in the first
figure the side A B C D makes an angle of 80° with the verticai,
the same side in the second position still makes 30° with the ver

[/

] [
]
i i
/i
g /]
HE 13
lll ) 1
Pl AL
0.} ]
i &
B :
¢ '
N
:’Ql,
Il“
J’ls\/
”4

Fig. 18.

tical plane. Hence the elevation of No. 2 is the same shape and size
as in the first case. The plan is found by projecting the corners
down from the elevation to meet horizontal lines projected across
from the corresponding points in the first plan. The third posi-
tion shows the prism with all its faces and edges making the same
angles with the horizontal as in the second position, but with' the
plan at a different angle with the ground line. The plan then is
the same shape and size as in No. 2, and the elevation is found by
projecting up to the same heights as shown in the preceedifig
rlevation. This principle may be applied to any solid, whether
bounded by plane surfaces or curved.

This principle as far as it relates to heights, is the same that
was used for profile views. An end view is sometimes necessary
before the plan or elevation of an object can be drawn. Suppose
that in Fig. 18 we wish to draw the plan and elevation of a tri-
angular prism 3" long, the end of which is an equilateral triangle
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MECHANICAL DRAWING. w

1}” on each side. The prism is lying on one of its three faces on
H, and inclined toward the vertical plane at an angle of 30°. We
are able to draw the plan st
once, because the width will be
1} inches, and the top edge will
be projected half way between
the other two. The length of
the prism will also be shown.

T-_------_

S AT Before we candraw the elevation,
ald-de we must find the height of the

top edge. This height, however,
must be equal to the altitude of
the triangle forming the end of
Fig. 19. the prism. All that is necessary,
then, is to construct an equilat-

eral triangle 1}” on each side, and measure its altitude.

A very convenient way to do this is shown in the ﬁgnreby
laying one end of the prism down on H. A similar constructlon
is shown in Fig. 19, but with one face of the prism on V instead
of on H.

In all the work thus far the plan has been drawn below and
the elevation above. This order is sometimes inverted and the
plan put above the elevation.

PLATES.
PLATE V.

‘The plates of this paper should be laid out the same size as
the plates in Part I. The center lines and border lines should also
be drawn as shown.

First draw two ground lines across the sheet, 3 inches below
the upper border line and 3 inches above the lower border line.
The first problem on each ground line is to be placed 1 inch from
the left border line and spaces of about 1 inch should be left
between the figures.

Isolated points are indicated by a small cross x, and projec-
tions of lines are to be drawn full unless invisible. All construe.
tion lines should be fine dotted lines. Given and required linee
shov'd be drawn full.

<
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16 MECHANICAL DRAWING.

Problems on upper ground line;

PROBLEM 1. Locate both projections of a point on the
hotizontal plane 1 inch from the vertical plane.

PROBLEM 2. Draw the projections of a line 2 inches
long which is parallel to the vertical plane and makes an angle of
45 degrees with the horizontal and slants upward to the right.

The line should be 1 inch from the vertical plane and the
lower end } inch above the horizontal.

PROBLEM 8. Draw the projections of a line 11 inches
long, which is parallel to both planes 1 inch above the horizontal
and } inch from the vertical.

PROBLEM 4. Draw the plan and elevation of a line 2

-inches long which is parallel to H and makes an angle of 30
degrees with V. Let the right-hand end of the line ke the end
nearer V, 1 inch from V, The line to be 1 inch above H.

PROBLEM 5. Draw the plan and elevation of a line 1}
inches long which is perpendicular to the horizontal plane and 1
inch from the vertical. The lower end of line is § inch above H.

PROBLEM 6. Draw the projections of a line 1 inch long
which is perpendicular to the vertical plane and 1} inch above the
horizontal. The end of the line nearer V, or the back end, is
§ inch from V.

PROBLEM 7. Draw two projections which shall represent
@ line oblique to both planes.

NotTEe: Leave 1 inch between this figure and the right-hand
border line. :

Problems on lower ground line.

PROBLEM 8. Draw the projections of two parallel lines
each 1} inches long. The lines are to be parallel to the vertical
plane and make angles of 60 degrees with the horizontal. The
lower end of each line is } inch above H. The right-hand end of
the right-hand line is to be 2§ inches from the left-hand margin.

PROBLEM 9. Draw the projections of two parallel lines
each 2 inches long. Both lines to be parallel to the horizontal
and make an angle of 80 degrees with the vertical. The lower
line to be § inchi-above H and one end of onc line tc be against V.

PROBLEM 10. Draw the projections of two intersecting
lines. One 2 inches long to be parallel 0 both planes 1 inch

22
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MECHANICAL DRAWING 1

ebove H and § inch from the vertical, and the other to be oblique
to both planes and of any desired length.

PROBLEM 11. Draw plan and elevation of a prism 1 inch
square and 11 inches long. The prism to have onc side on the
horizontal plane and the long edges perpendicular to’ V. The
back end of the prism is } inch from the vertical plane.

PROBLEM 12. Draw plan and elevation of a prism the
same size as given above, but with the long edges parallel to both
planes, the lower face of prism parallel to H and § inch above it.
The back face to be } inch from V.

PLATE VI.

The ground line is to be in the middle of the sheet, and the
tocation and dimensions of the figures are to be as given. The
first figure shows a rectangular block with a rectangular hole cut
through from front to back. The other two figures represent the
same block in different positions. The second figure is the end or
profile projection of the block. The same face is on H in all
three positions. Be careful not to cmi: the shade lines, and try
to see why each one is put on

PLATE VIL

Three ground lines are to be used on this plate, two at the
left, 4] " long and 3” from top and bottomn margin lines, and one
at the right, half way between the top and bottom margins, 9}*
long.

The figures 1, 2, 8 and 4 are examples for finding the true
lengths of the lines. Begin No.1 §” from the border, the vertical
projection 13" long, one end on the ground line, and inclined at
30°. The horizontal projection has one end }” from V and the
other 11" from V. Find the true length of the line by complet-
ing the construction commenced by swinging the arc, as shown in
the figure.’

Locate the left-hand end of No. 2 8” from the border, 1*
above H and §" from V. Extend the vertical projection to the
ground line at an angle of 45°, and make the horizontal projection
at 30°. Complete the construction for true length as ccmmenced
ia the figure.

25



18 MECHANICAL DRAWING.

- —— - -

In figures 8 and 4 the true lengths are to be found by com-
oleting the revolutions indicated. The left-hand end of Fig. 8 iy
§" from the margin, 11" from V and 13" above H. The horizon
lal projection makes an angle of 60° and extends to the ground
line, and the vertical projection is inclined at 45°.

The fourth figure is 8" from the border and represeris a line
in a profile plane connecting points ¢ and 3. a is 1}” above U
and §” from V, and 3 is " above H and 1}” from V. ’

The figures for the middle ground line represent & pentagonal
pyramid in three positions. The first position is the pyramid with
the axis vertical and base §” above the horizontal. Tle hcight
of pyramid is 2}" and the diameter of the circle circumscribed
about the base is 2}". The center of the circle is 6” from the
left margin and 14" from V. Spaces between figures to be §".

In the second figure the pyramid has been revolved about the
right-hand corner of the base as an axis through an angle of 15°.
The axis of the pyramid, shown dotted, is therefore at 75°. The
method of obtaining 75° and 15° with the triangles was shown in
Part I. From the way in which the pyramid has been revolved,
. all angles with V must remain the same as in the first position,
hence the vertical projection will be the same shape and size as
before. The points on the plan are found on T-square lines
through the corners of the first plan and directly beneath tke
points in elevation. In the third position the pyramid has been
swung around about a vertical line through the apex as axis ,
through 30°. The angle with the horizontal plane remains the
same, consequently the plan is the same sizc and shape as in the
second position, but at a different angle with the ground line.
Heights of all points of the pyramid have not changed this time,
and hence are projected across from the second elevation.
Shade lines are to be put on between the light and dark surfaces
a8 determined by the 45° triangle.
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MECHANICAL DRAWING.

PART IIIL

WORKING DRAWINGS.

In Mechanical Drawing Parts I and II, instruments and
materials are described and some hints given regarding the use of
compasses, line pen, triangles, T-square, etc. In addition, the gen-
eral principles upon which all Mechanical Drawing depends, are
explained. After completing this work the student should be able
to draw neatly and accurately and apply the fundamental principles.

Let us now take up the subject of working drawings and see
how the principles of orthographic projection are made of practical
use. We shall see, as we go on, that to a great extent the theoreti.
cal principles already learned in the study of projections are used
in practical working shop drawings. Nevertheless, there are cer.
tain instances in which actual practice differs slightly from the
theory.

‘We shall also find that all draftsmen do not follow the same
customs in the matter of minor details, but that in many cases
there are several ways of representing objects, all of which may be
equally correct, one draftsman using one method either because he
prefers it or because it best serves the purpose for which his par-
ticular work is being done, while another draftsman uses a differ.
ent method. The more important principles and customs, however,
are pretty well established.

A study of the subject of working drawings should, first,
teach as the methods of the best drafting rooms; second, should
train our judgment to decide how beat to represent the particular
object which we have to draw; third, should train our hand and

eye to make a clear, neat and well-executed drawing, without

annecessary expenditure of time.

Definition of Working Drawing. A working drawing of any
object is a drawing which completely desctibes the object in every
particular, showing its form, size, material, finish, and all other
details, so that a workman may take the drawing and without any
further instructions make the object exactly as the draftsman in.
tended it to be made. The drawing is, therefore, a sort of lan-
guage, by which the man who designs the object describes it to the
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3 MECHANICAL DRAWING

man who is to make it. Fig. 1 shows the working drawing of a
bell crank lever. The drawing itself sbows the shape and the
dimensions show the size.

Aside from drawvings of buildings, etc., that is Architectural
drawings, the greater p.n't of the “orkm«r drawings which are
made are for machines, and we will conmdw chiefly the latter, or,
as they are called, machine drawings. These drawings are almost
always orthographic projections, ns this is by far the easiest and
best way to represent a machine or a part of a machine. Some

| .
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Fig. 1.

times, when it is desired to give a sort of bird’s-eye view of a
machine, an isometric or an oblique projection is made, but this
method involves so much labor that it is seldom used.

Lines. In order to make a drawing perfectly clear, and to
avoid confusing one line with another, different kinds of lines are
used for different purposes. Fig. 2 shows the six most common
kinds used. The ordinary full lines are used to represent visible
lines of the object which is being drawn.
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MECHANICAL DRAWING. b

The #nvisible lines are used to represent lines of the object
which would be hidden from sight if a person looked in the direc
tion in which he imagines himself to be looking while he is
drawing it.

The use of the shade lines will be explained later.

Center lines are used to connect different views of an object,
the line being drawn through the center of the piece and extend-
ing through both views. Locations of holes are nsually shown by
having two center lines drawn at right angles to each other
through their centers, and the position of these center lines located.
Wherever a dimension is to be given to the center of a piece a
center line is drawn through the piece and the dimension given .
to this line.

FULL LINES

oo - - - - - INVISIELE LINES

SHADE LINES

- - - - CENTER LINES

DIMENSION LINES

—— ——— e e e e e e e e e e e e e —  EXTENSION LINES

Exztension lines are sometimes used to connect two views of a
piece, but, wherever it is possible to use a center line, instead, the
latter is preferable. The principal use of extension lines is, as the
name implies, to extend the lines of the object so as to give
dimensions between them.

Dimension lines are used in giving dimensions from one line
or point to another.

The ordinary lines and the invisible lines should be made of
the same width; the shade lines should bLe made considerably
heavier, and the center lines, extension lines and di{nension lines
should be lighter.

Location of Views. In our preceding study of projections
we imagined our object to be held in the angle formed by two
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6 MECHANICAL DRAWING.

planes which intersect at right angles, the planes and the sbject
being supposed to be in the position represented in Fig. 3, the
horizontal plane H being
below the object, and the
vertical plane V being be-
side the object. We then
projected down to the
horizontal plane and repre-
sented there the object as
it would appear if seen
squarely in the direction
indicated by arrow A. We
next projected into the
Fig. 3. . vertical plane, and repre-
sented the object as it
would appear if the line of vision took the direction of the arrow
B. Our planes, with the horizontal and vertical projections of the
object on them, when laid out flat, as a sheet of paper is when we
actually draw on it, would appear
as in Fig. 4, the horizontal projec- v
tion, or top view, being underneath
the vertical projection, or side I-—l
view. This is the practice fol-
lowed by some draftsmen in mak-
ing working drawings. Many of
the best draftsmen, however, think 6
that it is not as clear and conven-
ient to have the top view of the
object underneath the side view,
but that it is better to have the
view of the top above the other
view. Consequently, it is becom-
ing more and more a general cus- Fig. L.
tom to suppose the planes to be
transparent and to be located with respect to the piece which is
being drawn as shown in Fig. 5, the H plane being above the
object and the V plane in front of the object. They then draw
on the II plane the object as it appears when looking at i:

————d ey = - =

104



MECHANICAL DRAWING. 7

(Y

through the transparent plane in the direction indicated by arrow
C, and on the V plane the object as it appears when looking in
direction of arrow D. Now, when the two planes are laid out
flat, the top view is above
the side view, as in Fig. 6.

Another way of show-
ing this is to suppose the
object to be located in a
transparent box, and that
we look at it from the top
and the various sides of
the box, and draw on these
sides the object as it ap-
pears from thatside. Then,
if the sides of the box are
laid out flat, the side view
" will come in the middle, with the top view above, the view of
the bottom underneath, the view of the right-hand side on the
right, and the view of the left-hand
H side on the left.

From now on, in our work on
drawing, we shall follow this
rule.

Cross-sections. Very often
it occurs thata piece is hollow and

L the inside construction is more or
less complicated, so that if in the
drawing the outside view is shown,
with the invisible interior drawn
in" dotted lines, the latter are so
confused that the drawing is not
easily understood. For this reason

Fig. 6. it is often convenient to imagine
the piece to be cut open, and to
draw it as if we were looking directly at the inside. Such

a drawing of a piece is called a cross-section of the piece. The

material which must be cut if the object were actually split
open is then crosshatched, différent kinds of crosshatching being

Fig. 5.

—_———f

ju
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. 8 - MECHANICAL DRAWING.

used for different materials. Fig. 7 shows the kinds of cross-
hatching in ordinary use.

Fig. 8 'shows a plan and elevation of a simple piece with a
“hole through it, the hole being shown in the elevation by dotted
lines. Fig. 9 shows a plan and a cross-section of the same piece,
the cross-section being drawn as if we were looking in the same
direction as in the elevation of Fig. 8, butin Fig. 9 the front
half is supposed to be cut away and we are looking at the inside
of the back half. It will be observed that even on a piece as

Fig. 7.

simple as the one here shown, the shape of  the interior is much
clearer from the cross-section than from the elevation, and on a
more complicated piece the same will Le true to a greater extent.

It should be borne in mind that ordinarily in making a cross-
section we show not only those parts of the object which lie in
the plane in which it is supposed to be cut, but also all which lie
back of that plane.

Sometimes it is desirable to show the inside and the outside
of a piece on the same view. Fig. 10 shows the same piece as in
Fig. 8, butin Fig 10 the left-hand half of the lower view is an
elevation and the right-hand half is a cross-section, the section and
the elevation each extending to the center and being separated by
- a center line. This is as if one-quarter of it were cut away, the
cuts being made along the lines C A and C B of the plan view.

Of course this combination of an elevation and cross-section

-
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MECHANICAL DRAWING. 9

can be used only when the right-hand and left-hand halves of the
piece are alike.

Shade Lines. In order to make drawings easier to read, and
to make the parts of the object stand ont more clearly, shade lines
are often put on the drawing. The general principle which
determines what lines shall be shade lines is the same as that
which governs shade lines already studied under the subject of
projections. If, however, this theoretical principle were to be
followed out exactly on drawings of machines, and other compli-
cated drawings, it would involve a great deal of time and labor.

Consequently, most draftsmen place shade lines on all lines which
represent lower and right-hand edges if these edges are sharp.

The contour lines of cylinders, cones and other rounded sur-
faces should not be shade lines, although some draftsmen shade them.
If the cylinder is drawn in cross-section, however, the edge shouid
be shaded, as the intersection of the plane and cylindrical surface
18 a sharp edge.

All views are shaded alike, and both are shaded as though
they were elevations. The ray of light is supposed to come over

.



10 MECHANICAL DRAWING.

the left shoulder of the draftsman, as he faces the paper, at such
an angle that the projection of the ray of light on the drawing
paper is in the direction of the arrow in Fig. 11.

-

=

Fig. 11.

Figs. 11 to 18 show some of the most common shapes met
with in drawings, and illustrate how the shade lines are placed on
each. Fig. 11 is an elevation, plan, and side view of a rectangular

eveee

Fig 12.

prism with a smaller one resting on top of it. Fig. 12 is a plan
and side view of a rectangular prism with a rectangular  hole
through it. It is to be noticed that the shade lines come on the
upper and left-hand sides of the hole, since these lines are the
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MECHANICAL DRAWING. 11

lower and right-hand edges of the material which surrounds
the hole. Fig. 13 is a plan and side view of a rectangular prism
with one corner rounded, and with a cylinder resting on it. Here
the lines A B and CD are not shaded, since they are the contour
lines of curved surfaces. In the plan
view, the lower right-hand part of the
circle, between X and Y, is shaded.
To find these points X and Y, draw two
lines tangent to the circle and making
an angle of 45° with the T-square line
as shown by the arrows; X and Y are
the points where the arrows are tangent
to the circle. Fig. 14 is a plan, eleva-
tion and cross-section of a cylinder.
Ilere, in the plan, the larger circle is shaded on the lower side,
and the circle which represents the hole is shaded on the upper
side. The points where the shade begins are determined as ex-
plained for Fig. 13. The lines M N and O P are shaded since,

oo~
cove

Fig. 14.

{
2\

Fig. 15. Fig. 16.

as the cylinder is supposed to be cut open, these lines now repre-
sent sharp edges. Fig. 15 is a plan, elevation and side view of a
hexagonal prism with its long diameter parallel to the bottom of
the paper. Fig. 16 is the same except that here the short diameter
of the prism is parallel to the bottom of the paper. Fig.17 isa
plan and eénd view of a rectangular block with a wide slot of the
shape HIJ KML ON, cut through it lengthwise. The main
point to which attention should be called here is that the line
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12 MECHANICAL DRAWING.

C D is shaded, although the slot might be so decp that the light
might not strike in there because of the shadow of the projecting
lip marked in the side view G I I.  Fig. 18 is a cross-section and
end view of a circular cylinder with a large hole extending ‘part
way through and a smaller hole extending the rest of the way.
The small circle in the end view is shaded, although it is so far in
that no light could strike it.

The student should study these figures carefully, and before

G
A B |
C D J K
L M
N—o0
€ F P

Fig. 17.

leaving them should understand what each figure means and how
the shade lines are dcetermined, so that when he meets similar
forms in machine drawings he may know where the shade liner
should be placed.

Dimensions. In giving the distance from one line to another,
a dimension line is drawn between the two lines and arrowheads

Fig. 18.

are placed at each end of the dimension line; the points of the
arrowheads being exactly on the lines to which the measurement
is being given. At a convenient place between the arrowheads a
space is left in the dimension line for the figure.

Fig 19 is a plan and elevation of a 1ectangular piece with a
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MECHANICAL DRAWING. 13

eylinder on the center of its upper surface, and with four holes
through it; the holes being symmetrically located with respect to
the center line of the picce; that is, the holes A and B are just as
far above the center line E F as C and D are below it, and the
holes B and D are just as far to the right of the center line G H
as A and C are to the left of it. The fact that the cylinder is on
the center of the rectangular piece is shown by the lines E F
and G H being drawn
through the center of
the circle in the plan
view, these lines being
the center lines both of . ' ‘[
the cylinder and of the ‘
rectangular piece. If (XA o 4

the cylinder were not % N |
on the center, two other g ‘ i l__ F
center lines would be ' _f
drawn through the circle

and the dimensions _63(;—- b

e
T
given from each of l‘

these lines to the center
lines of the rectangular
piece, or to the edges of

the piece. The fact ro-ee-———- S %

that the holes are sym- ‘Il' t—%ﬁ——’ Rl
metrically locatedis ™o T T '*

shown by the dimen- l i‘.%”., . E i ey
sions being given be- * . 1 . ~
tween the center lines Fig'| 19.

of the holes and no :
dimensions being given from these center lines to the center lines
of the piece.

Fig. 20 shows how the piece might be dimensioned if the
cylinder were not on the center of the rectangular piece and the
holes were not symmetrically located with respect to the center
of the rectangular piece.

If the centers of a set of holes are so located that a circle can
be drawn through them, we always locate the holes by drawing a

1



14 MECHANICAL DRAWING,

center line circle through their centers and giving the diameter of
this circle, and if no other dimension than this is_given for the
location of the holes, it is understood that they are equally spaced
around this circle. Fig. 21 illustrates this. If the holes are not
equally spaced around the circle, they may be located as shown in
Fig. 22.

Diameters of circles, and of ares of cireles which are greater
than semicircles, should be given rather than radii, but if the are
of the circle is less than a semicirele, its radius should be given.

—— %_______“ Fig. 23 shows how this
should be done when

the radius is large

--]n enough to permit; but

if the radius is small,

or the dimensions would

l interfere with other
e parts of the drawing, it

) - - ~ .
l may be done. as in
: I Fig. 24.

| In Fig. 23 a small
| circlie is drawn (tree
l

hand’; around the center
about wiiich the arc is
arawn, and a dimension

{ID.
7

[ I
1
e e

. " ,
ol g ’ line carried from the
R g i edge of this circle to the
? “3 ko arc; an arrowhead being
} —e— - 1 . ¥

L LA 171 placed on the are, and

: 3 o H 3 .
i ' re P -iN the figures placed in the
I e dimension line in the
Fig. 20. usual way. In this case

it is not necessary to put

the letter R (abbreviation for radius) after the dimension. In

the two methods shown in Fig. 24 the R should be placed after
the figures.

In putting dimensions on a drawing, the figures should be

placed to read from only two sides of the paper, usnally from the

bottom for dimension lines which are horizontal, as the 217 dimen
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MECHANICAL DRAWING. 15

sion in Fig. 20, and from the right hand for dimension lines which
are vertical, as the 2}” dimension in the same figure. Dimensions
should never be placed on center lines if it can bLe avoided.

If a dimension is given in one view of an object, the same
dimension need not be repeated in the other views.

in putting on fractions it is better to bave the line which

DN~
Fig. 21. \ /N

Fig. 22,
divides the numcrator and denominator of the fraction extend in
the same direction as the dimension line rather than at an angle:
that is, the fraction would appear thus, 1, rather than 1 /,.
Finished Surfaces. -Since a working drawing is not only ta

&
e

Fig. 23. Fig. 24.
show the shape and size of the object which it represents, but is
to deseribe it completely, it is essential that there should be some
means of distinguishing between the surfaces of the object which
are to be left rough as they come from the forge or from the
foundry, and the surfaces which are to be finished. Any surface
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16 MECHANICAL DRAWING

- - B —— e ——

«hich bas been smoothed off in a lathe, planer, or any mackice
tocl, or has been filed or scraped, is called a finished surface, and
1s indicated on a drawing by a letter placed on the edge vicw of
this surface. In Fig. 19 the whole of the cylindrical part is
finished, also the top of the rectangular part. The holee are also
finished. The student should notice carefully how the finish
marks are used to indicate this fact,

If a piece is to be finished all over, it should be marked «f
all over.” If it is desired to specify what kind of finish is to be
put on a surface, that is, whether rough turned, smooth turned,
filed, scraped, etc., a note may be made to that effect.

On some conspicuous place on the drawing the words «f
means finish” should be printed, so that there may be no mis.
understanding on the part of a person examining the drawing.

Material. The material of which the piece is to be made
should be indicated plainly. If any part of the drawing is a
cross-section, the crosshatching might show the material, provided
that in some conspicuous part of the drawing a sample of the
_crosshatching is shown and the material which it represents is
stated. It is better, however, to mark on or near each piece, in
plain letters, the material of whick it is to be made.

Conventional Methods. In drafting, as in many other kinds
of work, all unnecessary labor should be avoided. The drawing
should give the instructions clearly, but need not be so elaborate
as to require unnecessary time in the execution. It frequently
happens that if an exact drawing were made representing every
line of the object, a great deal of time would be required. Accord.-
ingly, if there is any way of representing an object by a few lines
only, without sacrificing clearness, it should be used. There are
many details such as screw threads, springs, bolts, etc., which occur
so frequently on nearly all drawings that easy methods of repre-
sentation have heen universally adopted. In some cases, these
ways of representing objects are approximations of the exact draw.
ings and in other cases they are not. Such methods are called
conventional methods, or conventions. For some details there ie
more than one convention, but the same convention should not be
used for two different things, nor should several objects of the
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MECHANICAL DRAWING 17

same kind on the same drawing be represented conventionally by
two different methods,

Screw Threads. Theexactdrawing of screw threads isa diffi-
cult part of mechanical drawing, but enough attention will be given
it here to enable the student to make a simple working drawing
which includes threads. The common conventional way of draw-
ing a thread is shown in Figs. 25, 26 and 27, Fig. 25 being a
single right-hand thread, and Fig. 26 a double right-hand thread.

A FEB FE B
] ;;N

D HKC H G
Fig. 25. Fig. 26,

First, the plain cylindrical piece ABCD is drawn as if there were
no threads upon it. The thread is then indicated by the lines EC,
FH, etc., with the shorter and heavier lines between. The lighter
lines are all parallel and the same distance apart. This distance is
not necessarily the same as the actual pitch of the thread on the
screw itself, but is usually .% inch or { inch on drawings of com-
mon sizes of bolts. The heavy lines are parallel to the lighter
ones and midway between them. The angle
which the lines make with the center line of
the screw depends on the distance apart of
the lines, the slant being such that for a
single thread, Fig. 25, a line perpendicular
to the center line through one end of one of
the lighter lines, as E, will strike the oppo- T
site contour of the screw DG, at a point K, Fig. 27.

which is half way between C and II. To draw the lines so that
they will have this slant, choose the distance FE, which is to rep-
resent the pitch, and space it off on either of the contour lines,
ag AD, starting anywhere (in the figure the starting point I is

one-half of the distance FE away from B). Next, draw EK per-
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18 MECHANICAL DRAWING

pendicular to the center line, thus finding point K, and start the
spacing on the contour CD st a distance either side of K equal
to § FE.

The lighter lines can thus be drawn and the heavy lines put
in parallel and half way between. The heavy lines should be a
little shorter than the others, and, for the sake of neatness, all
should be of the same length. The double thread, Fig. 26, is
drawn similarly to the single thread, except that the slant is such
that the perpendicular through E will pass through H.

After a little practice the student can draw the threads in this
way with his triangles, getting the proper slant and the angle
spacing by eye, without the necessity of measuring; he should
practice with this end in view, for threads occur so frequently on
drawings that the draftsman must be able to draw them rapidly.

Fig. 28.

Notice should be taken of the fact that if the page bo held so
that the center lines of the screws in Figs. 25 and 26 are vertical,
tho lines which represent tho threads slant downward from right
to left. If the thread is left-handed the lines slant from left to
right, as in Fig. 27,

In case of a long screw a few threads may be represented at
each end and dotted lines carried the rest of the way, as in Fig. 28,

On any drawing of a screw which is intended for a working
drawing, the pitch of the thread, or more commonly the number
of threads for an inch of length should be specified; when the
thread be standard, it is not always necessary to specify. Even in
that case it is well to state the fact that the thread is standard. In
giving the number of threads per inch it may be abbreviated, thus
12 THDS, or 12 TII. Examples of this will occur in what follows.

Threaded Holes and Invisible Threads. Fig. 29 shows a
piece with a threaded hole in it. The hole is represented in the
side view by the four parallel dotted lines. The distance apart of
the two outer lines is equal to the diameter of the picce which is
to be screwed into the hole.  The inner lines are at a distance from
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MECHANICAL DRAWING 19

the outer approximately equal to the depth of the thread.  In the
plan view of the piece (that is. the view looking at the end of the
hole) the hole is shown by a full
circle of a diameter equal to the
distance apart of the inner dotted

hl
lines of the other view, and around m

“this full circle a dotted circle whose }—- .t ¢ \'i - .
diameter is equal to the diameter \k /,/

of the bolt; or, in other words, hEE ol

cqual to the distance apart of the L. :

outer dotted straight lines. The
dimension might be given on either

viow. In the figure it is given on v T
" M
the side view. In giving the ; 3 -
diameter of a threaded hole, the IR B
diameter of the piece which is to Fig. 29.

be screwed into the hole is always
given. 1n Fig. 29, the number of threads per inch is not stated,
and in this case it would he understood to be standard. Fig. 30
shows another way of dimensioning a tapped hole, which is satis-
factory and convenient.

Fig. 31 shows the side view
of the same piece as Fig. 29,
with a part of the screw inserted
in the hole. Attention is called
{- to the fact that where the screw
is hidden as it goes through the
hole the thread is not shown,
the parallel dotted lines repre-
senting the thread in the same
manner as when the hole had no
screw in it. Another point to
be noted is that the cross-hatch-
\ P ing of the broken ends for

Fig. 30. wrought iron is similar to the

representation  of the screw

thread and one must learn to judge when the light and heavy
lines mean a thread and when they are cross-hatching,

—r— - o— &

R ——
R —
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20 MECHANICAL DRAWING

Threads in Sectional Pieces. Figs. 32, 83 and 34 illustrate
the common method of representing threads when they occur on
pieces which are drawn in cross-section. Fig. 32 is the same
piece as Fig. 29, shown cross-sectioned. The front half of the
piece is supposed to be removed
and we are looking at the back
half. Now the thread on the’
back side of a screw slants the
opposite way from what it does

\ on the front side, and of course
— the same is true of the thread in

\\ a tapped hole. Consequently,
= T since it is the back side of the

hole which is seen, the slant of
the lines which represent the

thread is opposite to the direc-
tion they would have were we
looking at the front side of the
screw which goes into the hole. We have just learned that for a
right-handed thread on a screw the lines slant downward from
right to left, and therefore for a right-handed thread seen on the
back side of a tapped hole, the lines will slant downward from
left to right. In other words, for a right-handed thread in a hole
which comes in a cross-section, the lines slant the same as they
would on the front of aleft-hand
thread on a bolt; and for a left-
hand thread in a sectioned hole,

Fig. 8L

he slant is the same as for a ——
right-hand thread on a bolt. —
¥ig. 33 is a piece which has
a smooth hole through it and a Fig. 32,

thread on the outside. Ilere the entire thread is invisible, except
at the contour of the cylinder, and must be indicated by the
notches. These are drawn by spacing off the distance which is
used for the pitch and from the peints thus founu drawing lines
with the triangle which make an angle of 60 degrees with the axis
of the eylinder. I'or a single thread the notches on one side have
their outer points opposite the inner points of the notches on the
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MECHANICAL DRAWING 21

other side. For a double thread the notches are directly opposite
each other.

Fig. 34 shows two ways of quarter-sectioning a threaded
piece, the only difference being that on one the contour of the
sectional part is drawn a straight line, while on the other the
contour. is notched. Either one may be used. The straight
contour can, of course, be drawn much more quickly and in places
where there is no danger of sacrificing clearness it snould be used
for that reason. If the drawing is somewhat complicated, so that
without the notches it might not be quite clear that the piece was
threaded, the notches should be used.

N

A
[t

PV

Fig. 33. Fig. 31.

As has already been suggested, the student will doubtless
find many other customs in the matter of drawing threads which
are quite as good as the above. These have been given as ones
which are common, and easily drawn. As a matter of convenience
the following tables are given, which show the number of threads
per inch on some of the most common sizes of bolts, according to
the standard adopted by the United States Government, and the
Whitworth or English standard.

UNITED STATES STANDARD SCREW THREADS.

Diameter | Threads Diameter | Threads Diameter | Threads
of Bolt. | per Inch. of Bolt. per Inch. of Bolt. per Inch.
P 20 5 11 12 6
Ts 18 % 10 1% 6
4 16 8 9 13 b}

s 14 1 8 1% b
3 13 1} 7 17 b
s 12 1} 7 2 - 4}
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WHITWORTH STANDARD SCREW THREADS.
—i);l;;;(‘l' 'i’I;o‘:;d: } l)mmn-tor 'I‘hro:ul.-. Dlamotor Throadsi
of Bolt. | per Inch. || of Bolt. per Inch. of Bolt. per Inch.
3 20 5 11 12 6
e 18 3 10 1} 6
! 16 : 9 13 5
18 14 1 8 11 5
) 12 | 1} 7 17 4%
P 12 | 1% 7 2 4%

Bolts and Nuts. Amonyg the most common lmus of ma
chinery are bolts and nuts, and the draftsman has frequent occasion
to draw them. Fig. 335 is a conventional drawing of a }.inch bol:
with a hexagonal head and nut. This figure shows the dimensions
necessary to be given in order that a workman shall be able t.
make the bolt from the drawing.

;‘%‘1‘—'5 | | %_'i
! | e— 2 [ !
T AN S
- _\H“\H J L
e ( VALY = ) :@
4. I3 TH. i
Fig. 35.

Beginning with the head of the bolt, let us study the various
parts of this drawing in detail. The head is a hexagonal prism the
end of which has been chamfered. We might expect that two
views of the head would be necessary to completely define its shape,
but the letters IIEX printed after the dimension for the diameter
of the head indicates that it is hexagonal. In like manner, if the
head were square the letters SQ would be placed after the dimen.
sion. If two views were drawn, they would appear as in Fig. 36
The head is drawn as if the tool which cut the chamfer, cut off just
the corners of the top, s0 as to make the top a circle tangent to the
sides of the hexagon at B, E, G, etc.; the parts BCE, EFG, ete..
being portions of a cone or sphere according to the manner of
chamfering. The curves ABC and CEF are tangent to the line
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GK in the side view, and the lines AJ, CD, and FH are all equal
in length. The curves ABC and CEF are properly the lines
of intersection of a cone or sphere, as the case may be, with the
hexagonal prism, but a convenient and sufficiently accurate way of
drawing them is by arcs of circles with the center on the line HJ,
half way between HD and

DJ, as indicated. Thecham. H

fer is represented in the end

view by a circle inscribed in —

the hexagon. o
It will be noticed that in ]

Fig. 35 that view of the head

is given which shows two J

faces of the prism, so that
the shortest dimension of the i
hexagon is given. That is, Fig. 36.
the view is taken in the direction of the arrow L, Fig. 36, instead
of in the direction of the arrow M.

This rule should be followed on all detail drawings. The case
when it is desirable to give a view in the direction of the arrow M
will be discussed later.

Sometimes it is desired
to represent the chamfer as
being greater, as in Fig. 37,
To do this,draw the end view
of the hexagon and inside
it, of a diameter as much
smaller as desired, draw the
circle PNLO. Next draw
the side view of the hexa.
gonal prism as if there were
no chamfer, as shown at the right (partly in dotted lines). Then
from P and L, the upper and lower points of the circle in the
other view, draw lines perpendicular to RS and meeting it at P
and L. From P and L draw PG and LK, either at an angle of
45 degrees or 30 degrees (the latter being preferable) with RS,
and meeting the lines RH and 8J at G and K. Join G and K
by a construction line GK (shown dotted but not to be left in the

G F RGF H
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finished drawing). Draw the arcs ABC and CEF with center or
line 1IJ as shown, and tangent to GK.

Fig. 38 shows the proper way of representing the head which
was shown in Fig. 36 if the view is taken in the direction of the
arrow M. The dotted construction lines show how the widths are
obtained. Fig. 89 shows the corresponding view of the head
shown in Fig. 37. The radius with which the middle arc repre-

senting the chamfer is drawn in
<e————— - | these two figures is apparent.
Various rules are given for find-
ing a radius for small arcs, but
they can be found near enough
by trial, after a little experience.
The line TV, Fig. 39, to which
the tops of the arcs are tangent,
is drawn parallel to RS and at a
Iiig. 38. distance fromitequal to RG in

Fig. 37.

The nut, Fig. 85, is drawn in exactly the same way as the
head, so that what has just been said will apply equally well to
the nut. The hole in the nut is indicated by the four parallel
dotted lines as explained for Fig. 29.

The shank of the bolt is represented with the thread upon it

as explained above for conventional tkreads. The point is drawn
chamfered a little in the figure,

TeT

so that it appears as the frustum =T m————
of a cone. Bolts often have 7 —=<><-——-
round points, in which case they I ,” \\\ T-
would be shown as in Fig. 40. : " \ l
The lines which represent the : \ 11

. /7 |
thread should not cross the line RN S
which is drawn square across N> —elZ—
the bolt to indicate where the Sl
chamfer or the rounding of the Fig. 39
point begins. &

Fig. 41 shows three views of a square head or nut with cham-
_fer corresponding to that on the hexagonal head in F ig. 36: and
Fig. 42 shows the square head or nut chamfered to correspond to
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Fig. 87. Referriny first to Fig. 41 the arc on the side view which
shows the short diameter of the nut is drawn with a radius A,
equal to two and one-quarter times the diameter of the bolt on
which the head or nut belongs. The arcs on the other side view
are drawn with a radius B, equal to one-half of A. The lines EF
are drawn from points E tangent to the arcs, and

it will be found that the points of tangency will

come almost at the points where the arcs cut the

lines CD. Points E are found by projecting from ]

the plan view as indicated by the dotted lines. In Fig. 40

Fig. 42, the construction is similar. The points N are first found
by projecting from the top and bottom of the circle in the plan
view; then the lines NL are drawn making angles of 30 degrees
with line NN. (The proportions for the radii which are given,
hold good only when the angle of 30 degrees is used). Next draw
the construction line LL and draw the arc tangent to it with «

Y
N/

A=2} xDIA.OF BOLT '~
B=kA

Fig. 4.

radius A equal to two and one-quarter times the diameter of the
bolt, the samme as 1n ¥ig. 41. To draw the chamfer in the other
side view, draw tne construction line parallel to and at a distance
from CC equs’ to wne distance LL from NN and draw the ares
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tangent to this line with radius B equal to one-half of A. The
lines EF are then drawn as explained for Fig. 41.

Referring again to Fig. 85, the dimension which shows the
length of the bolt under the head should be given to the extreme
point of the bolt, as should also the dimension which shows how
much of the bolt is threaded.

Most of the bolts in common use are made of standard sizes,
that is, for a certain diameter of bolt there is a corresponding
standard diameter and thickness for the head and the nut, and a
standard number of threads per inch, so that if the bolt which the

Fig. 42.

draftsman wishes to use has these standard dimensions they may
be omitted from the drawing and a note made that the bolt is
standard. Then the only dimensions necessary to be given are the
diameter, the length under the head, and the length of the threaded
part.

The following tables give the United States standard sizes of
square and hexagonal heads and nuts for bolts. The columns
headed «“Width of Nut” and “Width of llead” give the shortest
dimension of the square or hexagon,' that is, the diameter of the
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inseribed circle. The standard number of threads per inch can be
found from the table already given.

SQUARE BOLT HEADS. U.S.STANDARD (Franklin Institute).

Dia. of Width of | Thickness Dia of Width of | Thickness
Bolt. Head. of Head. Bolt. Head. af Head.
‘3« 3 ] 1 13 18
H i 13 113 T
8 H 1 13 2 1
TS 31 i 13 2% 14%
3 3 T 13 2 1%
™ 13 5 13 2% 1+
! 1 47 1 23 - 13
1 & 12 als 133
3 1'11! ’g g’ 2 35 1 |gﬁ
HEXAGON BOLT HEADS. U.S. STANDARD (Franklin Institute).
Dia. of Width of | Thickness-|| Dia. of Width of | T*ickness
Bolt. Head. of Head. Bolt. Head. of Head.
,.k' 3 1 1 13 1%
3 33 13 113 3]
‘g' H 14 1% 2 1
11 i 13 2% 1%
+ 3 T 1} 23 1:%
s 3 {1 1% 27 1
8 14 3 13 23 8
1 13 8 13 213 135
3 1% 13 2 83 1%

SQUARE AND HEXAGON NUTS.
(Franklin Institute).

U. S. STANDARD

Dia.of | Widthot | Thickness || Dia.of | Width of | Thickness
. Bolt. of Nut. of Nut. Bolt. Nut. of Nut.
¥ 1 15 1
2 N I A A O
S b
3 3 h 1} 2" 1
s IH s } 5 g;’o }3
g 1?’ § 13 212 13
3 I 3 |2 3 2
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Pipes and Pipe Threads. The various kinds of pipe in com
mon use are made to standard sizes, and as the draftsman very
often comes in contact with piping we will consider it briefly.
The kinds most often used are wrought-iron or steel pipe, brase
pipe made to the size of wrought-iron pipe, and cast-iron pipe,
The cast-iron pipe is made of different weights and form, accord.
ing to the purpose for which it is to be used. Standard weight
iron pipe is rated by its nominal inside diameter, although the
actual diameter does not in most cases quite agree with the nomn.
inal diameter. A 4-inch pipe is a

@ pipe, the hole in which is sup-
posed to be } inch in diameter,
but if carefully measured it will
be found to be a few hundredths
of an inch larger.

The threads on pipes and pipe
fittings are also made to standard;
taps and dies are made for various
sizes of pipe. These taps and dies
are spoken of or described by stat-
ing the size of the pipe for which
they are intended For example,

- a }-inch pipe-tap is a tap of the
proper size, shape, and number of
Fig. 43. threads per inch to cut the thread
in a hole to receive a }-inch pipe.
Threaded holes are mado tapering for pipes, the standard tape.
being i inch per foot, that is, the diameter of the hole decreases
at the rate of & inch per foot. In representing a hole which is
threaded with a pipe tap, the hole is drawn of a diameter at its
larger end about equal to the outside diameter of the pipe which
is to be screwed into it,and is drawn tapering. It is well to make
the taper considerably greater than the actual taper, so that the
person looking at the drawing may see at a glance that the hole is
for a pipe. .

The thread is indicated in one of the conventional ways
previously explained, but the number of threads per inch and the
diameter of the hole need not be given; instead, a note is made
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that the hole is tapped for a certain size pipe. Fig. 43 illustrates
this.

The following tables of standards for wrought-iron pipe may
Ye found convenient:

STANDARD SIZES OF WROUGHT IRON PIPE.

YERNEEEYEYE

Actual Inside
Diameter. 27 | 364 494 .623] .824| 1.048| 1.38 |1.610| 2.067

Qutside 405 54| 675 .84 |1.05 |1.3151.66 | 1.90 | 2.375

Diameter.

Nominal Size. | i

@i

Nominal Size. | 2} 3 3t | 4 43 5 6 7 8
Actual Inside | 9 46g) 3067| 3.548] 4.026 4.508| 5.045| 6.065| 7.023| 7.982

Diameter.

Outside 2.875| 3.50 | 4.00 | 4.50 | 5.00 | 5.563| 6.625| 7.625| 8.625

Diameter.

STANDARD THREADS FOR WROUGHT IRON PIPE.

goominel ol |2 @l |y |1 |2

Tlnrleadsper 27 | 18 | 18 | 14 | 14 | 11} | 11} | 11} | 11}

nch,

—_— = —

Nominal
Sizg of Pipe. 2} 3 3} 4 41 b 6 1 8

Threadsper | g | g | g |8 |8 |8 |8 |8 |8

Scale Drawings. When the object which is to be drewn is
not so large but that it can be easily actual size, or full size a4 it
is called, on a sheet of paper which is of convenient dimensions,
it is well, usually, to draw the piece full size. In most cases,
however, the machine, or the building, or whatever is to be drawn
is 8o large that it would be impossible to draw it full size. Then
the drawing is made to some reduced scale, that is, all the di-
mensions are drawn smaller than the actuai dimensions of the
object itself; all dimensions being reduced in the same proportion.
For example, if a piece is to be drawn half size, the distance from
one point to another on the drawing would be one-half what it is
on the piece itself; if the drawing is one-fourth size, the distanc
on the drawing would be one-fourth what it is on the piece itself,
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and 80 on. In dimensioning such a drawing the dimension which
is written on tho drawing is the actual dimension of the piece,
and not the distance which is measured on the drawing. This
tact must be very clearly understood by the student.

The common method of
reducing all the dimen.
gions in the same propor-
tion is to choose a certain
distance and Jet that dis-

Z

A \| CAST tance represent one foot,

Z '] IRON . 3 . .

£ ) this distance is then di-

4 {: vided into twelve parts
R ? 5 | and each one of these parts

2 I ; represents an inch; then

g _ ! ! _i_ . if half and quarter inches

2 “ i are required these twelfths

, .

7 5% +———+ e ey 2

Z i ' are subdivided into halves,

7 H .

% | 3 e quarters, etc., until the

4 ! subdivisions become 8o

7 ; 11 that th tb
4 _b small that they cannot be

used. We now have a
scale which represents the
common foot rule with its
subdivisions into inches
and fractions; but our new
foot is smaller than the
ordinary distance which
we call a foot, and of
course its subdivisions are
proportionately smaller.
‘When we make a measure.
ment on the drawing we
make it with our reduced
foot rule and when we make a measurement on the machine itself
we make it with the common foot rule.

Draftsmen’s scales can be bought which have different dis-
tances thus divided, so that if the draftsman wishes to draw a
piece one-fourth size he looks over his scale until he finds a dis-

Fig. 44.
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tance of three inches (which is of course one-fourth of a foot)
divided as explained above, and he uses this to measure with on
his drawing, His drawing would then be made to a scale of
three inches to the foot. In the same way, if he wishes to make
his drawing one-twelfth size he finds on his scale one inch divided
into twelfths and fractions of twelfths and uses this as his standard
of measurement; if he wishes to make his drawing one forty.
eighth size he uses a quarter inch with its subdivisions. Somse.
times if the piece to be drawn is very small, the drawing is made
at an enlarged scale, such as twice size, three times size, etc.

The mistake of choosing the wrong distance to use on a scale
is oiten made. For example, if he wishes to draw a piece  size,
he will look over his scale for a place marked }, and use this for
his standard for } size, which is wrong. The figure oa the scale
indicates the distance which is divided up to represent one foot, so

Ly

Fig. 45. Fig. 46.

that the part of the scale which has  marked on it means that ]
of an inch is divided up into twelfths, or in other words, if a draw-
ing is made according to that scale it will be ;th size.

Every drawing which is made at any other scale than full
size should have the scale marked on it plainly.

Fig. 44 shows a piece drawn to a scale of 3 inches per foot,
that is, } size. .

Long Pieces. A piece which is very long in proportion to its
diameter or width is often difficult to draw complete, especially if
there is much detail to any part of it, for if the scale is made so
‘small that the length will go on a sheet of paper of convenient size
the small part is so reduced that it is very small. If such a piece
is plain the whole or part of its length, a portion of the plain part
may be broken out on the drawing thus shortening the drawing of
the piece so that a larger scale may be used. Of course in giving
the dimension for the length, the actu«l length must be given.
Fig. 45 shows & round piece thus broken out and JYig. 46 a rec-
wangular piece
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It is a good idea to connect by dotted lines the two parts thus
broken, although this is notessential.

«Turning Up” a Section. Sometimes a second view of a piece
may be avoided by drawing on the first view a partial view show.
ing the shape of the cross-section at the place where drawn. This
partial view or « turned.-up section ” may be drawn in either full or
dotted lines and should be cross hatched. If it comes where there
are other lines of the original view, as is usually the case, the
original lines would be drawn in regardless of the fact that they
conflicted with the auxiliary view. Fig. 47 is an illustration.

In General. A working drawing will usually belong to one
of :he three following classes: first, a design of an entirely new
machine; second, a drawing of a machine which is already built;
third, a drawing of a new part to fit a machine which is already
built, or a drawing of an old machine remodelled.

In order to design a new machine
or a part of a machine, the draftsman
must understand the principles of
drawing and must also have a clear

Fig. 47, understanding of the work which the
machine is to perform, and must know something of the principles
of machine design and the strength of materials. A study of the
general manner of proceeding with the drawing, when these things
are known, will come later in this course. The draftsman may
make a drawing of a machine which is already built, even if he
bas no understanding of the working of the machine, although
under such conditions he works at a great disadvantage. In any
case, he must know the principles of drawing.

If the student has learned thoroughly what has preceded in
this course, he should be ready to take up the drawing from a
machine, and we will now consider the general system to be fol.
lowed in making such a drawing.

Sketches. In most cases it would be inconvenient for the
draftsman to take his drawing board and instruments to the
machine and make his careful drawing with the machine close at
hand; preferably, he makes what are called sketches, carries his
sketches to the drafting room and makes his drawing from them.
in making tho skotches, each piece of the machine should be
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taken separately and a compln.t'e working drawing made of it, the
only difference between these sketches and the finished drawing
being that they are made largely without the use of instruments,
triangles, etc.; that is, they are made free hand. The experienced
draftsman will draw some lines and circles free hand, and use his
instruments on some, according as he may think that he will save
time by doing the one or the other; but it is well for the beginner
to gain practice by making the sketches, almost wholly free
hand, except large circles, and long lines.

The sketches should be neat and perfectly clear, so that if
they are laid aside for a long time they can be clearly understood
without depending at all upon memory. There is a strong
tendency for the beginner to make his sketches hurriedly, think.
ing that when he comes to finish his drawing he can supply the
details from memory. This is a bad plan and will lead to many
mistakes. The sketches must be.so clear and complete that any-.
one can read them who has never seen the machine. No attempt
need be made to draw them to scale, but all dimensions, carefully
measured from the machine, should be placed on the sketch.

After every piece of the machine has been thus sketched sep-
arately, it is well to make a rough, general sketch of the whole
machine, to show how the various pieces fit together, a few of the
most important over-all dimensions, distances between centers, etc.

All sketching shotld be done as rapidly as possible without
sacrificing clearness. Before starting to sketch a piece, the drafts.
man must decide what views are necessary to describe the piece
clearly. All sketches should be made large to avoid confusion.

. Detail Drawing. After the sketches are made, the next step
is the making of the pencil drawing from the sketches, accurately
to scale. The size of the plate on which the drawing is to be
made is usually fixed by some standard. 'Where many drawings
are made and kept in an office, it is desirable to keep the plates of
aniform size, as far as possible. It is good practice tc have two
or three standard sizes of plates, one for small drawings, one for
ordinary-sized work, and one for large drawings; then, whenever a
drawing is made, make it on one of these standard plates.

Assuming, then, that we have our paper stretched on the
arawing board and the plate laid out, the next step will be to
arrange the drawings of the various pieces on the plate o that
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there will be room for all and so that they may be properly placed
with relation to each other. It may happen that there will nct be
room on one plate for all the pieces, but that two or more plates
will be required. When the parts must be thus arranged on
different plates, an effort should be made to keep on the same
plate those parts which belong together. For example, if we were
drawing a lathe, the details of the parts of the head stock might
form one plate, the apron another, and so on.

In locating the various pieces on a plate, they should be
placed as nearly as possible in the same relative position to each
other that they bear in the machine, except that they are sepa-
rated. For example: if a nut belongs on the end of a screw, it is
desirable to draw it on the same center line with the screw and at
the end where it belongs, If a piece is vertical in the machine
it should be vertical on the plate, and if horizontal in the machine,
it should be horizontal on the plate.

The approximate location of the pieces on the plate may be
sasily devided by taking & small sheot of paper of about the same
proportion as the plate, but perhaps one-fourth or one-half size,
and sketching on it roughly the outline of the various pieces. The
arranging of the plate should not be allowed to take much time,
but should be done as rapidly as possible, After the location of
each viow of each piece is determined, the pencil drawing should
begin (to scale) with one of the principal pieces. In alinost all
cases a center line is first drawn. It is better to carry along all
the views of a piece at once, instead of completing one view at a
time. The piece started should have all its views finished and
completely dimensioned before another piece is begun; exceptions
to this are sometimes necessary for special reasons. The lines
should be drawn accurately, but no attempt need be made to obtain
finish; that is, in order to save time, the lines may be run past the
puint where they should properly stop, ete. Nothing shoulc be
omitted, Lowever.

Each plate of details should have a title, stating of what
machine it is a drawing, and, if there are several plates, it ‘e well
to state also of what part of the machine the plate in question it
e drawing. It is also a good idea to print its name beside each of
the In‘incipa] pieces.
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" Tracing. Having finished the pencil drawing, the next step
isthe inking. In some offices the pencil drawing is made on a thin.
tough paper, called board paper, and the inking is done over the
pencil drawing, in the manner with which the student is already
familiar. It is more common to do the inking on thin, trans.
parent cloth, called tracing cloth, which is nrepared for the pur.
pose. This tracing cloth is made of various kinds, the kind in
ordinary use being what is known as ¢“dull back,” that is, one
side is finished and the other side is left dull. Either side may
be used to draw upon, but most draftsmen prefer the dull side.
If a drawing is to be traced it is a good plan to use a 3H or 4H
pencil, so that the lines may be easily seen through the cloth.

The tracing cloth is stretched smoothly over the pencil draw.
ing and a little powdered chalk rubbed over it with a dry cloth,
to remove the slight amount of grease or oil from the surface and
make it take the ink better. The dust must be carefully brushed
or wiped off with a soft cloth, after the rubbing, or it will inter-
fere with the inking.

The drawing is then made in ink on the tracing cloth, after
the same general rules as for inking the paper, but care must be
taken to draw the ink lines exactly over the pencil lines which
are on the paper underneath, and which should be just heavy
enough to be easily seen through the tracing cloth. The ink lines
should be firm and fully as heavy as for ordinary work. In tracing,
it is better to complete one view at a time, because if parts of
several views are traced and the drawing left for a day or two, the
cloth is liable to stretch and warp so that it will be difficult to
complete the views and make the new lines fit those already
drawn and at the same time conform to the pencil lines under-
neath. For this reason it is well, when possible, to complete a
view before leaving the drawing for any length of time, although
of course on views in which there is a good deal of work this
cannot always be done. In this case the draftsman must manipu-
late his tracing cloth and instruments to make the lines fit as best
he can. A skillful draftsman will have no trouble from this
source, but the beginner may at first find difficulty.

Inking on tracing cloth will be found by the beginner to be
quite different from inking on the paper to which he has been

accustowed, and he will doubtless make wany blots and think at
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first that it is hard to make a tracing. After a little practice,
however, he will find that the tracing cloth is very satisfactory
and that a good drawing can be mado on it quite as easily as on
paper.

The necessity for making erasures should be avoided, as far
as possible, but when an erasure must be made a good ink rubber
or typewriter eraser may be used. If the erased line is to have
ink placed on it, such as a line crossing, it is better to use a soft
rubber eraser.  All moisture should be kept from the cioth.

Blue Printing. The tracing, of course, cannot be sent into
the shop for the workmen to use, as it would soon become soiled
and in time destroyed, so that it is necessary to have some cheap
and rapid means of making copies from it. These copies are
made by the process of blue printing in which the tracing is used
in a manner similar to the use made of a negative in photography.

Almost all drafting rooms have a frame for the purpose of
making blue prints. These frames are made in many styles, some
simple, some elaborate. A simple and efficient form is a flat sur.
face usually of wood, covered with padding of soft material, such
as felting. To this is hinged the cover, which consists of a frame
similar to a picture frame, in which is sct a piece of clear glass.
The whole is either mounted on a track or on some sort of a
swinging arm, so that it may readily be run in and out of a
window.

The print is made on paper prepared for the purpose by
having one of its surfaces coated with chemicals which are sensi-
tive to sunlight. This coated paper, or blue-print paper, as it is
called, is laid on the padded surface of the frame with its coated
side uppermost; the tracing laid over it right side up, and the
glass pressed down firmly and fastened in place. Springs are
frequently used to keep the paper, tracing, etc., against the glass.
With some frames it is more convenient to turn them over and
remove the backs. In such cases the tracing is laid against the
glass, face down; the coated paper is then placed on it with the
coated side against the tracing cloth.

The sun is allowed to shine upon the drawing for a few
minutes, then the blue-print paper is taken out and thoroughly
washed in clean water for several minutes and hung up to dry.
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If the paper has been recently prepared and the exposure properly
timed, the coated surface of the paper will now be of a clear, deep
blue color, except where it was covered by the ink lines, where it
will be perfectly white.

The action has been this: Before the paper was exposed to
the ligﬁt the coating was of a pale yellow color, and if it had then
been put in water the coating would have all washed off, leaving
the paper white. In other words, before being exposed: to the
sunlight the coating was soluble. The light penetrated the trans-
parent tracing cloth and acted upon the chemicals of the coating,
changing their nature so that they became insoluble; that is, when
put in water, the coating, instead of being washed off, merely
turned blue. The light covld not penetrate the ink with which
the lines, figures, etc., were drawn, consequently the coating under
these was not acted upon and it washed off when put in water,
leaving a white copy of the ink drawing on a blue background.
If running water cannot be used, the paper must be washed in a
suflicient number of changes until the water is clear. It is a good
plan to arrange a tank having an overflow, so that the water may
remain at a depth of about 6 or 8 inches.

The length of time to which a print should be exposed to the
light depends upon tho quality and freshness of the paper, the
chemicals used and the brightness of the light. Some paper is
prepared so that an exposure of one minute, or even less, in bright
sunlight, will give a good print and the time ranges from this to
twenty minutes or more, according to the proportions of the
various chemicals in the coating. If the full strength of the sun-
light does not strike the paper, as, for instance, if clouds partly
cover the sun, tho time of exposure must be lengthened.

Assembdly Drawing. We have followed through the process
of making a detail drawing from the sketches to the blue print
ready for the workmen. Such a detail drawing or set of drawings
shows the form and :ize of cach piece, but does not show how the
picces go together and gives no idea of the machine as a whole.
Consequently, a general drawing or assembly drawing must be
made, which will show these things. Usually two or more views
are necessary, the number depending upon the complexity of the

D
wachine. Very often a cross-section through some part of the
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38 MECITANICAL DRAWING

machine, chosen so as to give the best general idea with the least
amount of work, will make the drawing clearer.

The number of dimensions required on an assembly drawing
depends largely upon the kind of machine. It is usually best to
give the important over-all dimensions and the distance between
the principal center lines. Care must be taken that the over-all
dimensions agree with the sum of the dimensions of the various
details. For example, suppose three pieces are bolted together,
tke thickness of the pieces according to the detail drawing, being
one inch, two inches, and five and one-half inches respectively; the
sum of these three dimensions is eight and one-half inches and
the dimensions from outside on the assembly drawing, if given at
all, must agree with this. It is a good plan to add these over-all
dimensions, as it scrves as a check and relieves the mechanic of the
necessity of adding fractions.

FORMULA FOR BLUE-PRINT SOLUTION.
Dissolve thoroughly and filter.

Red Prussiate of potash.......cocee0eennn. 214 ounces,
A WAL ettt eeeeeeeneenee veanaes 1 pint.

Ammonio-Citrato of iron.. .....c..ve0eeuvee. 4 ounces,
B Water......oeveierenninnnnn ereerreneae 1 pint.

Use equal parts of A and B.

FORTULA FOR BLACK PRINTS.

Negatives. White lines on blue ground; prepare the paper
with
Ammonio-Citrate of iron.............. PN 40 grains,
Waater . ieiiiieeiiennieeneensnscossonccnns .. 1 ounce.
After printing wash in water.

Positives. Black lines on white ground; prepare the paper
with:

Iron perchloride.... ...... teeteteseaannanon 616 grains,
OxalicAcid ....oooiviiiiiniiiiiniennennnn, 308 grains,

Water.. .ot iiiiiiiiieiiieter i ereeieenaens 14 ounces.

Gallic Acid....ovviiriiiier viiinnnnns 1 ounce,

Develop in< Citric Acid.....ovvveerreereinnnneennens 1 ounce,
Alum.......cc00n.. seevssesessanes teveses 8 ounces.

Use 1} ounces ot developer to one gallon of water. Paper ig
fully exposed when it has changed from yellow to white,
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MECHANICAL DRAWING 8%

" PLATES.
PLATE VIl

- Pipe Coupling. The drawing represents one of a pair of
cast-iron couplings used for connecting two lengths of pipe. It is
threaded for a right-handed thread, but appears left-handed because
the back part of the thread is visible in the section.

The vertical center line of the coupling is in the center of
the plate; the center of the plan is 3% inches from the lower
border and the bottom of the elevation 1% inches from the top
border line. The elevation is made in half section, that is, the
right-hand half. It is made by imagining that the front right
quarter of the coupling is cut away by vertical planes. If the
cutting plane passes through a hole or opening the cross-hatching
is omitted. The dotted lines at the left of the hole show that it
is threaded. The distance between these lines is 4% inch, the
depth of the thread. The threaded or tapped portion is shown in
plan by the two circles, the dotted circle representing the outside
and the full circle the inside or root of the thread.

The boss or hub adds to the strength and allows more threads.
The shade lines should be placed on the drawing following the
custom for shop drawings. The title ¢« Pipe Coupling” should
be placed as shown and made with letters 4 inch high. The
letters may be either vertical or inclined Gothic capitals.

PLATE IX,

Pillow Block. The drawings for this plate are three views—
gide, plan and end—of a 4 inch-pillow block. Each view is half
in section. -The drawing should be one-half size. Make the ver-
tical center line of the side and plan views 43 inches from the
left-hand border. The horizontdl center line of the side view
should be 28 inches from the top border line and the horizontal
center line of the plan 2} inches from the bottom border line.
Locate the vertical center line of the end view 2} inches from the
right-hand border line; the horizontal center line will of course be
a continuation of that of the side view. Note that the left-hand
half of the plan represents what is seen by looking up from
below. The cutting plane for the right-hand half passes hori.
zontally th.ough the center of tho shaft.
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€0 MECHANICAL DRAWING

The student should put on shade lines and finish marks; also
the notes and dimensions. Make the letters of the title vertical
Gothic capitals § inch high.

- - -

Fig. 48,

PLATE X.

Overhung Crank. The two drawings on this plate are to be
made full size from the free-hand sketches Figs. 48 and 49. These
are such as would be given the draftsman or such he would make
for his own work. Place the two views so that they will look
well on the plate. Put on shade lines and dimensions.

PLATE XI.

Cylinder Head. ‘This plate consists of a plan view and a
cross-section of the cylinder head of a small engine. The center
line for the two views is drawn half way between the upper and
lower border lines. Always allow sufficient space for dimensions.

The shade lines should be placed on the drawing, following
the methods described for machine drawing. Locate the title and
explanatory notes to make the plate appear well balanced.

PLATE XI A.

Blue Print. Make a tracing on tracing cloth and (optional)
a blue print of one of these plates.
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MECHANICAL DRAWING.

PART IV.

WORKING SHOP DRAWINGS.

In Parts I toIll, inclusive, the fundamental principles of
Mechanical Drawing were explained and illustrated. The pro-
duction of working drawings has also been discussed to some
extent, and the usual characters and symbols explained and
applied. The elementary work already outlined has been treated
chiefly from the standpoint of correctness of line representation
considered by itself, without a detailed study of the use to which
the drawings so produced are to be applied.

Evidently this is the proper method, for the student should
gain a thorough understanding of the principles which underlie
line representation before attempting to apply them to any ex-
tended practical use. In all of this preceding work it is intended
that the theoretical principles shall overshadow any incidental
references made to practical application, however true and perti-
nent the latter may be for purposes of illustration. Hence, before
taking up any advanced work, the student should fully realize the
importance, in fact, the absolute necessity, of thoroughly under-
standing the fundamental principles which have been outlined in
the books which have preceded Part IV.

At this point the student must realize that a lack of proper
elementary and fundamental training will make him “go lame” at
every point of his course, and probably prevent the attainment of
proficiency which otherwise would naturally and almost instine-
tively come with advanced study. It is the thorough and ready
knowledge, always at his fingers’ ends, of all the principles of
Mechanical Drawing, which makes the expert draftsman.

Plan and Scope of Advanced Work. It is now intended to
throw an entirely different light on the matter, and view the
subject of Mechanical Drawing from a purely practical stand-
point; viz., that of Utility. It is assumed that the student
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4 MECHANICAL DRAWING.

understands and can use the principles which have been pre
viously discussed.

If in a working shop drawing we choose to modify any of
these theoretical principles, it will be because of increased value
in Utility of the drawing. For example, we may desire to omit
some portions of an elevation or plan or side view of a compli-
cated casting, because certain details will thus be more clearly
brought out. We may make a ¢“zigzag” section to show con-
struction which, by absolute fidelity to theoretical principle,
would be confused, or hidden in a maze of dotted lines. We may
find it convenient to place in some unoccupied corner of a drawing
a layont which could not be in the least justified by any rule of
projection. A multitude of transgressions like these occur on
good drawings, and they are certainly justifiable from the stand-
point of Utility, which is the true ultimate end sought for in a
practical shop drawing.

These variations from the theoretical are not strictly conven-
tionalities, because they are not classified or established, so far
as we know, but are the spontaneous outgrowth, as the occasion
demands, of the draftsman’s purpose to make his drawing one
of greatest Utility. He can, however, safely transgress a prin-
ciple only when he thoroughly knows the principle; otherwise
a blind deviation from the theoretical path will inevitably lead
to difficulty.

All of the above is intended to impress the student with the
idea that theoretical principles are his best, in fact, his only tools
to work with; but they are not «self-hardening,” like « mushet ”
steel ; they are like the finest grade of tool steel, which must be
tempered and ground and used with the best judgment of the
operator, to secure the most satisfactory results.

Student Drawings. A student’s early drawings ave usually
unsatisfactory, even to himself. Somehow they do not look like
those seen in shops, and as a rule he is unable to see why this is
so. Of course the difference is to some extent duc to the experi-
ence of the professional draftsman. However, the superior results
of the latter’s work are attained largely through his systematic
and workmanlike habits of execution. It should encourage the
student in his early attempts to know that these essentials to
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MECHANICAL DRAWING. 8

the infusion of life and shop spirit into a drawing can be analyzed,
outlined and grasped at the outset by earnest, intelligent effort,
and really good workmanlike results obtained. To discuss, and if
possible to impart these essentials of a working shop drawing to
the student, is the purpose of the present book.

Essentials. The two chief essentials of a shop drawing,
under which general heads a multitude of detail requirements
can be summed up, are:

(1.) Absolutely complete and definite instructions from de-
signer to workman. _

(2) Least possible cost in dollars and cents of production
of the drawing measured by the draftsman’s time.

It makes no difference how much we may attempt to disguise
these two elements, the fact will still be apparent that «complete
instructions furnished for the least money” is what the manufac-
turing shop is after, and what will be assumed as a basis for
judgment as to highest commercial utility.

Completeness of Drawings. As to the first point, that of
completeness and definiteness of instruction, there must be no
question of degree. If the information which the drawing fur-
nishes is positive and complete, the drawing is good. 1f doubt
arises in the workman’s mind as to what the designer intended by
a certain line or dimension, or if the dimension be omitted, the
drawing is bad. There is no middle ground. The instructions
are either present or absent, and the drawing good or bad accord-
ingly.

The workman of to-day is not permitted to assume dimen-
sions or shape. It is his business to execute the draftsman’s
orders; it is, however, often his privilege to choose his own way
of doing it, but further than this modern practice does not allow
him to go. Ile is held as rigidly to the orders specified by the
drawing as the locomotive engineer is held to his bit of tissue
telegraphic order to proceed, without which he dare not enter the
next block. The drawing is supreme ; it is official; it musv oe
plain, direct and all-sufficient. It is the draftsman’s business to
make it thus, and he is not a draftsman until he does.

This idea of positiveness must be thoroughly absorbed by the
student. Positive action must be a habit which controly his every
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move, which marks every dimension he prints, which directs every
line he draws. Every line must mean something, must have a
definite reason for existence, must be necessary to illustrate the
idea which he wishes to convey to the workman, and every line
must be a definite measurable distance from every other line, so
that its location is fixed beyond a doubt. Lines which mean
nothing, and cannot be measured, have no place on the drawing;
they only confuse it.

A good picture of a machine could scarcely be called to the
same service as a good drawing of it. The picture might give us
an excellent idea of the machine, but for the purpose of the actual
construction the picture is useless, while the drawing is of posiiive
value. This value exists simply because of, and in proportion to,
the completeness of detail which it shows. Hence in making a
shop drawing the picture idea is entirgly subordinate to the idea
of Utility, the latter in fact being the measure of its value.

There are certain classes of drawings—of which the Patent
Office drawing is a good example—in the making of which the
picture idea is predominant. Here the purpose is to illustrate
mechanisms, not construct them ; hence the function of the draw- .
ing is in no wise that of the working shop drawing, and as such
does not fall within our discussion.

Cost of Producing Drawings. The second general element
involved in producing shop drawings is their cost, as measured
by the draftsman’s time. It is somewhat subordinate to the first
element, for the drawing must be a good one, judged by an abso-
lute standard, whatever the time or cost necessary to produce it.
Cost, however, is an important item, and cannot well be over-
looked. It is inevitable that in any enterprise economy will
ultimately be sought, whatever extravagance an imperative orig-
inal demand may have permitted. This is as true in the produc-
tion of drawings as in the case of manufactured articles of trade.
Drafting-room labor is a relatively high-priced service, and the
salary list easily assumes considerable proportions, so that wasteful
excesses count up rapidly. One of the qualifications of proficiency
invariably required for this department of shop organization is
rapidity of execution. This is not as dependent upon personal traits
as at first might be supposed. A man may 8o husband his time and
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MECHANICAL DRAWING. 7

direct his efforts that he will easily distance his neighbor of more
rapid motion. The latter may have less ability to make his ener-
gies count, and lack of judgment as to when just enough, and no
more than enough, energy has been expended on his drawings.
From the standpoint of Utility, the function of a drawing is ful-
filled when it has reached the stage that it completely instructs;
more time spent in elaboration is wasted, and is an unnecessary
and therefore extravagant expenditure. The student must fully
realize this. In his earnestness to produce finished and complete
work he must constantly strive to accomplish results in the least
possible time. This does not mean careless haste; far from it. A
complete shop drawing cannot be made by short cuts, bat through
a systematic building of line on line, dimension on dimension.
This is in sharp contrast to a haphazard habit of developing a
drawing, first a line here and then a figure there, with no definite
purpose in mind, and no hint as to when the drawing is actually
completed.

The one method constitutes the efficient draftsman who
works easily, receives a high salary, and is worth it, because he
wastes no time in unnecessary labor. The other marks his unfor-
tunate brother, plodding laboriously far behind, receiving a small
pittancé per hour, and worth less, because he does uncalled-for
labor, and loses his definiteness of purpose in a maze of unexplam-
able lines and figures.

A working shop drawing, commercially considered, may well
be defined as being « Complete instruction from designer to workman
issued at minimum ezpense.” .

This definition should be memorized by the student, and con-
stantly kept in mind while making a drawing. The preceding
pages should be re-read with thie in view until the full spirit is
appreciated.

The maxim as given above, if faithfully adhered to without
modification, answers nearly every question that can be raised as
to the excellence of a drawing. It can be used as a standard of
judgment, whatever system of lines or symbols may be in vogue.
It permits a draftsman to adjust himself to the rules of any shop
or drawing-room, and yet produce a good drawing and satisfy
his employer.
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8 MECHANICAL DRAWING.

A drawing which is cheaply produced and at the same time
does perfectly that for which it was made, that is, convey complete
instruction, is beyond commercial criticism.

Method of Procedure. As the general objects to be attained
in & working shop drawing have now been presented, it is neces-
sary to indicate in detail how the work may be properly accom-
plished. In order to do this, it is proposed to produce systematically
a full set of working drawings of a familiar and comparatiyely
simple machine. The methods used will be those of a designing
detail draftsman, producing commercial work fit for shop use.
In the progress of the work, from its beginning in the rough,
though accurate, pencil layout, to the completion of the tracings
and the order sheets, the same bold style, clearness, directness and
businesslike spirit which the shop atmosphere and surroundings
would naturally supply, will be emphasized, and so far as possible
imparted to the student. It is expected that the student will fol-
low the text closely and study the plates carefully, endeavoring
to familiarize himself with every detail illustrated. The more
clbsely he is able to apply himself in this respect the more will
he be able to partake of the life and spirit which is intended to be
conveyed, and without which the true character of the work can
be but poorly déveloped.

Incidentally, several purposes will be fulfilled by this treat-
ment.

Ability to read drawings quickly and intelligently is almost
as important as making. them, and it is expected that the study
of the plates, with a view to thoroughly understanding every line,
will develop proficiency in the art of reading drawings.

The discussion in the text, of not only the form of the
machine parts themselves, but also the tools und shop processes
to produce them, affords considerable insight into the influences
affecting good machine design. Without introducing any mathe-
matical analysis or investigation, which is beyond the province
of this book, much practical consideration as to the restrictions
imposed by existing shop methods upon theoretical construction
will be suggested, and the student encouraged to use his judgment
thereon.

In the preliminary layouts the actual “sketchy ” appearance
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of the pencil drawing will be imitated as far as possible, so that
the student himself may imitate and catch the bold dash, yet fine
accuracy, of the line-work, which is characteristic of the expert

draftsman.
The completeness of a set of drawings is as important a lesson

as the completeness of each drawing itself. In this is involved
the proper arrangement and classification of details, the foundation
layout, and the system of order sheets for getting work into and
through the shops. This is a feature which very strongly affects
some of the finishing touches to a drawing, for it is so easy to omit
a “few last things” and turn in an uncompleted sheet. Every
draftsman knows how many little things come up toward the close
of a job involving complete drawings of a machine, and how
strong the tendency is to omit them, and relieve himself of some-
what tedious details, The result is irritation and delay when the
drawings get into the shop, and they return to the drawing room
to be fixed up at a time probably inconvenient for all parties con-
cerned. A good draftsman will turn in a complete set of complete
drawings. It is highly important that the student grasp this idea,
and study his work accordingly.

DUPLEX PUMP PLATES.

The typical set of plates chosen for this book in fulfillment of
the above purposes, takes up the study of a simple, duplex steam
pump. This particular type of machine represents the simplest
and most elementary form of the steam engine in modern use in
respect to valve gear and controlling devices. It ic not an eco-
nomical machine, yet its principles lie at the foundation of the
economical high-speed engine, the latter being produced through
a modification of the uneconomical valve gear such as is found on
a pump of the type chosen, rather than through any radical change
of construction as to the body of the machine. Hence the study
of a steam pump may well precede that of higher forms of the
steam engine. It is hoped that the study will so interset the stu-
dent that he will be led to further investigation and development
not only of the steam engine itself, but of that highly important
division of modern engineering,—pumping machinery.

Thus we note another point of advantage in the study as out-
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lined. The power end of the machine introduces us to the steam
engine; the load end is the beginning of the engineering of pump-
ing machinery.

Rating of Pump. A steam pump is rated by the bore of its
cylinders and length of stroke, all being given in inches. A
“16 X 8} X 12 pump” means that the steam cylinder is 16 incbes
in diameter, the water plunger 8} inches in diameter, and the
nominal length of stroke 12 inches. These sizes are always given
in the same order, beginning with the diameter of the smallest
cylinder (in case there is more than one), then the diameter of
water plunger, the common stroke of both being placed last.
This expresses to the mechanic the rating of the pump in the
clearest style and briefest language.

The pump illustrated here is designed for standard service,
operating under a steam pressure not to exceed 100 pounds per
square inch, water pressure not to exceed 150 pounds per square
inch, and the rated capacity based on an average piston speed of 100
feet per minute being about 550 gallons. This requires that each
side of the pump shall handle 275 gallons, and being double act-
ing, shall make 100 ‘reversals or 50 double strokes per minute.

Plate A. Steam End Layout. This plate illustrates, as
nearly .as reproduction can accomplish, the pencil layout of the
seeam end. It is the first work of the designing draftsman.
The drawing as shown is exactly the type of layout which he
would turn over to a detail draftsman, wnose duty it would be to
work up detail shop drawings therefrom.

The character of this drawing should be carefully studied.
Remember that it is a layout, nothing more; also bear in mind
that it is an exact, measurable working sketch. Attention is called
to the sharpness of the lines, especially to the clean-cut intersec-
tions. Note the boldness, dash and businesslike style, the free-
hand cross-section lines roughly put in. There is no hesitation or
worry as to where the end of a line shall be, or whether it crosses
other lines which it theoretically should not. The intersections
are allowed to indicate the termination of lines, and the rough
section lines pick out the parts and separate them clearly to the
eye. There is the spirit in this layout of confident, definite and
rapid action, with no thought for absolute finish in line-work, but
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12 MECHANICAL DRAWING.

with every thought for absolute results as to measurable dimen-
sions.

The data for the production of Plate A by the student are
rather more complete than he would usually find in practice.
Plates E, F and G show many details fully.

The steam cylinder and head, however, as shown in Plate G,
are not dimensioned, and the student’s problem is to produce this
plate complete, with finish marks, dimensions and necessary data
for a working drawing. In order to do this it is first necessary
to work up Plate A with exactness, in pencil, and see that all
parts go together properly. Then the detail of cylinder and head
may be made separately by measurement of the layout drawing,
and Plate G produced.

For this work the ordinary brown detail paper is very satis-
factory. A hard lead pencil is necessary, as-hard as 6H, and the
point must be kept well sharpened.

There are two general rules of action in producing a drawing
which give the answer to the question which oftenest confronts
the beginner: ¢« What is to be done first?” or « What is to be
done next?” These rules are:

1. Draw everything that is positively known.

2. Work from the inside to the outside.

Every problem has some positive data, assumed or calcuiaved,
to start with. The first thing to do in every case is to get this
data represented by lines on the paper. An expert designer has
been heard to say that until he had spoiled the blankness of his
sheet of paper by some lines, he could not design. There is some-
thing in this: and almost invariably the first line to draw is a hori-
zontal center line somewhere near the middle of the sheet; draw
it! Draw it at once without hesitation, and the layout is begun.
We now have something about which to build.

In this case the designer would first calculate the size of the
piston rod, and determine the fastening to the piston. He would
then draw the rod and build a hub around it. He would next
calculate the width or thickness of piston and size of packing
rings, and draw the two vertical lines 5 inches apart, to indicate
the piston faces. These lines would be limited by the cylinder
bore, which he knows to be 16 inches; hence horizoptal lines 16
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inches apart, parallel to and symmetrical with the center line, are
the next to be drawn. Short vertical lines indicate the location
of the packing rings. As the nominal travel of the piston is
to be 12 inches, the location of the piston and rings can be
shown on both sides of the central vertical line at the limits of
travel. A clearance must exist between the heads and the piston
(in this case } inch is allowed), hence the lines of the heads can
be drawn, and the general inside outline of the cylinder barrel is
complete.

This is all in direct application of the foregoing rules, and is
so simple, natural and direct that it hardly requires such explicit
statement. We have simply taken such data as we had and put
it on paper, placing it where it can be seen from all sides, and
where the mind is relieved of the labor of carrying it.

If the student will only appreciate this one rule and draw all
he knows about the problem, he is well on his way to its solution.
Draw everything you know, and work for what you don’t know, is
what these two rules say, and the first question to arise should be:
“ Have I drawn everything that is known about the problem?”
before he asks himself or any one else: « What shall T do next?”

One other rule might be added to these two: Keep dimensions
in even figures, if posgible. This means that small fractions should
‘be avoided. It is just as easy to bear this point in mind, and
save the workman much annoyance and chance of error, as it
is to disregard this matter. Even figures constitute one of the
trade-marks of an expert draftsman. Of course a few small frac-
tions, and sometimes decimals, will be necessary. Remember,
however, that fractions must in every case be according to the
common scale; that is, in sixteenths, thirty-secconds, sixty-fourths,
etc.; never in thirds, fifths, sevenths, or such as do not occur on
the common machinist’s scale.

A systematic, definite mode of treatment on these lines must
become a habit, so that all problems, however complicated, can be
approached with confidence in the same way. Itis the drawing of
one line which makes clear the drawing of the next and sub-
sequent lines; and the most serious obstacle which the student is
likely to set for himself is trying to see the whole problem through
from the beginning. Even an expert cannot do this, but allows

the layout to develop results as he proceeds.
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11 MECHANICAL DRAWING.

The details of the pistm{ and rod being given in Plate E, the
foregoing work is very easy for the student. The thickness of
the barrel and heads being determined (] inch in this case), the
exterior outline may be partially druwn. The fixed head at the
yoke end must be thicker than this, in order to receive the yoke
and stuffing-box bolts without breuking through. The recesses
or counterhores at either end of the cylinder shoild be so located
that the packing rings run over the edge a little at the end of the
stroke, thus preventing the wearing of a shoulder by the piston
stopping in the same place every time. The counterbore should
be deep enough to allow reboring tlie eylinder without the counter-
bore being touched by the tool. In this way the couunterbore is
retained to center the cylinder at its original location.

The size of steam ports having been ealeulated, they may be
drawn in, the turns being made easy and as direct as possible.
The height to valve seat must be kept at the lowest limit consist-
ent with suflicient inetal between and outside of the ports. As the
detail of the ports might be somewhat troublesome, it is shown in
an enlarged sketeh for the student’s benefit.  Chipping or filing
strips } inch high are left on the port edges, which must be true,
in order to finish them up euasily. ,

The three inner ports are for exhaust, the outer ones for
admission of steam. This five-ported cylinder is peculiar to the
direct acting steam pump, it being a device to effect the cushion-
ing of the piston at the end of the stroke, thus preventing the
piston from striking the heads. This is necessary, since no posi-
tive limit of motion exists, as is the case in machines with crank
and connecting rod.

When the edge of the piston has passed the outer edge of the
exhaust port, as shown in Fig. 1, the steam, which has been exhaust-
ing through port A, is confined in space B and port C, and, being
compressed by the piston, acts like a spring to retard its motion.
If the point P is properly determined for a given speed, the piston
will always compress the steam just enough to cause it to stop at
the end of the nominal stroke; in this case, } inch from the head.
It is evident, however, that at different speeds the piston will have
more or less power to compress the steam, and will not stop at the
point desired. This causes the trouble of «short stroke,” and
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consequent inability to make the pump work to its full capacity.
Now if we connect ports A and C by a small opening shown
dotted at D, and control this opening by a plug valve operated by
hand from the outside, we can let a little steam leak by into port
A, thus reducing the cushion and allowing full stroke.

In order to avoid complicating the drawing, no cushion valves
are shown or required to be put on by the student. They are not
customary in small pumps, but might advantageously be put on
the present illustration.

7 7
¢ I
/ i
A
(— A 7
® )
Er—

Fig. 1.

The valve seat must be a scraped surface, while the chest
face need not be; hence the latter is finished ! inch lower: <This
also gives a ledge against which the steam chest fits, thus securing
positive location.

The bolting of the heads and the steam chest should allow a
width of packing inside of the bolts of } to § inch, otherwise there
is danger of the steam blowing out the packing and causing leak-
age around the bolts. The bolts do not fill the holes, the latter
being drilled large, from %z to § inch. The spacing, if wider thap
§ or 6 inches, is likely to permit springing of the flanges hetween
the bolts, and consequent leakage. Bolts less than & inch diame-
ter are not desirable, us they can be easily twisted off with an
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ordinary wrench. Iu this case the cylinder head takes J-inch
bolts, the yoke, stuffing-box and gland, §-inch. '

The flanges of heads and cylinders are usually from 25 per
cent to 50 per cent thicker than the body of the casting.

Drips, !-inch pipe tap, to be fitted with cocks, are necessary
at both ends of the cylinder to readily drain the cylinder of water.

Moiling of Steam Cylinder. The design is often influenced
by the way in which the picce is to be cast. It often takes but a
slight change of design to save many dollars in pattern making and
foundry work. Hence the habit should be formed of always judg-
ing the design of a piece from the foundry standpoint. In this
cise it is evident that the ports and cylinder bore must be cored
out, and the most obvious position of moldiug is to lay the cylinder
on its side, the parting line of the flask being along a vertical
plane running lengthwise through the middle of the cylinder.
This permits the chest flanges to draw nicely, likewise the ribs on
the foot, and allows the thin curving port cores to stand edgewise
in the mold. '

Another method of molding would be with the »alve seat
down. This would involve loose picces for the chest flanges, and
sctting of cores for the cylinder foot. It would, however, assure
sound metal beyond question at the valve seat. Spongy metal at
the important wearing surfaces, the valve seat and cylinder bore,
is not permissible in any case, and care in molding, and good
design, is necessary for good results.

All corners must be carefully filleted, and chunks of metal
must be avoided, especially where scveral walls or ribs join.
The metal must be kept of average uniform thickness, so that the
whole casting will cool uniformly. ‘

Machining of Steam Cylinder. The boring may be done on
a vertical boring mill, the heavy arm carrying the tool being
thrust down unsupported into the cylinder, the latter being rotated
by the table to which it is clamped. If the horizontal boring
machine be used, the hole through the inside head for the stuffing
box must be large enough to permit a stiff boring bar to be passed
through.  This allows o support at each end of the bar, to take the
strain of the cut.

The plane surfaces may be finished on a reciprocating planer
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or a rotary planer. In the latter case it is desirable to keep all
lugs or projections back from finished surfaces, to permit the large
round head which carries the cutters to pass over them without
interference. '

The drilling of standard machine parts of this character is
usually done through jigs, or plates carrying hardened steel bush-
ings laid out to correspond with the holes required, and through
which the drill is guided. . These plates are located by some fixed
line or lug on the casting, and then clamped fast, thus assuring
exact duplication and rapid drilling, and avoiding the tedious
laying out of the holes. In order to save changing the drill it is
desirable, if possible, to maintain the same size of hole on any
given surface. Of course it is not always admissible to do this.

Plate G. Steam Cylinder. After the exact and complete
development of the steam-end layout, the student should be
pretty thoroughly acquainted with the details of the cylinder.
All the work thus far has been entirely for Ais own information,
to get his ideas in visible shape, so that he himself can have a per-
manent record of them. This layout, however, is not in suitable
form to finish up into a detail drawing. Its sketchy nature and
the confusion of parts, especially if attempt were made to add
dimensions, would render it somewhat difficult to be read by a
workman taking it up as an unfamiliar subject. Hence it is now
necessary to separately detail the parts, with the object in view of
transferring, in the simplest and most direct manner, specific infor-
mation to the workman which will enable him to construct the
several parts. It is not enough now that the drawing be clear to
the man who makes it; it must be clear, absolutely clear, to the
shop mechanic, who has no means of knowing the.designer’s plans
except through the information which the drawing gives on its
face.

This requires that the draftsman should put himself in the
workman’s place, and forestall, by the explicit nature of his draw-
ing, all possible questions which may arise in the shop. In this
way only can he hope to avoid errors of construction and the con-
tinual annoyance of endless explanation of his orders.

Plate G is to be a finished drawing, and the first thing to do
is to lay out the sheet. The standard sheet for details which has
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MECHANICAL DRAWING. 19

been adopted is 18 X 24 inches trimming size, with } inch margin
all round, so that the working space is 17 X 23 inches. The rec-
tangle for the title is to be laid off.2} X 4 inches in the lower
right-hand corner, and must never be altered, either in size or
position.  This does not mean that other sizes are wrong, but
once a standard system is adopted it must be strictly adhercd
to, both for artistic and commercial reasons. The scale to which
the drawing is to be made is indicated in the title corner on every
plate.

The scales permissible for shop drawings in the United States
are those readily derived from the common foot rule, such as
full size, 6 inches = 1 foot, 3 inches =1 foot, 1} inches =
1 foot. These are the most common, most easily read from an
ordinary scale, and one of these can usually be adopted. The
student should learn to read these from an ordinary scale without
being confined to a special graduation. To do this it is not
necessary to divide each dimension by 2, 4 and 8 to get half size,
quartel' size, or eighth size, and then lay down the result. For
half size, or 6 inches = 1 foot, 1 inch on an ordinary rule repre-
sents 1 inch. lHence, each half mch may be read as 1 inch, and

its subdivisions accordingly, thus: For 3 inches

!ll ll ‘ lJ lll‘

=1 foot, or quarter size, } inch represents 1 inch, and looks

thus: | l lL_LI_‘ For l inches = 1 foot, or eichth size,
. . o 2 4 6
§ inch represents 1inch, and looks thus : I L ’ | J

is very easy to get accustomed to this, and it saves much time
and trouble hunting up a special scale every time.

The other allowable scales, less commmon, but sometimes
necessary on large work, are 1 inch = 1 foot, } inch = 1 foot, }
inch = 1 foot, § inch = 1 foot, } inch == 1 foot, and } inch =
1 foot. To use these scales conveniently, speecial graduation iy
desirable.

The general arrangement of the sheet, nwmber of views ana

approximate space occupied, should be blocked out first.  This can
easily be done from the original layout. 1n general, several cross-
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20 MECHANICAL DRAWING.

sections are preferable to a single view, which involves many
dotted lines. Dotted linesare very convenient for showing invisible
parts of an object, but they are often abused, and the drawing
of a complicated piece made indefinite and confused thereby. As
already stated, a working shop drawing is solely to convey infor-
mation to the workman at the least possible cost. A careful
consideration of this will settle the question of the number of
views necessary, their character, and the amount of dotted line
work desirable.

Never let the drawing become the master ; always be master
of the drawing. Do not draw an extra view if no use can be
seen for it. Do not put in dotted lines if the detail is completely
shown without them. Kull lines, or lines which show visible por-
tions must, of course, be shown completely.

The nature of the pencil work on P’late G should be the
same as on the original layout; viz., sharp, definite lines and posi-
tive intersections. Above all things learn the habit of accurate
workmanship, for it will save many errors and a vast amount of
time. The draftsman must check himself at every line he draws.
Slight errors in scaling will often throw parts out of proper rela-
tion to each other, and interferences, which the drawing does
not show, will become apparent only when the parts get into the
machinist’s hands.

It is dungerous practice to project across from one view to
the other. It only takes a slight irregularity or spring in the T-
square to vary the location of lines very perceptibly from where
they should be, and once out of scale from this reason it is almost
impossible to work a view with any certainty.  Rather than pro-
ject across from view to view, the principal lines, at least, should
be scaled off on each view, and it will be found that in the end
time will be saved and greater accuracy secured.

It is not economical of time to finish one view before begin-
ning another. It is better to take some single detail of the draw-
ing and develop it in all views, in order to study it from all
sides.  What is completed in one view may be found to ve totally
wrong when developed from another side, and the time spent on
the first view will be wholly wasted.  For example, in the present

“case the steam ports should be drawn in side elevation, end eleva-
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MECHANICAL DRAWING. | 21

tion and plan, and when thus completed the mind can leave them
and in a similar fashion take up the study of the flanges, then the
cylinder foot, and so on. Thus again the draftsman is master of
his drawing, for he is continually making it tell him whether he
is right or wrong. If, on the contrary, he allows himself to look
at but one side at a time, and works from that standpoint alone,
it may lead him into many difficulties from which he cannot
readily extricate himself.

Do not be afraid to use the eraser. The draftsman who
lesitates to draw until he is positive that no change will be neces-
sary, is likely to spend the greater portion of his time in unprofit-
able dreams, for he is attempting the impossible. A drawing is a
means, not an end ; and, as has been already pointed out, it greatly
assists the draftsman in clearing up many doubtful questions which
the imagination alone cannot do.

A bold attack of a problem shows the quickest path to its
solution, even if lines must be erased again and again. It isa
sign of serious lack of ability to hesitate in the use of pencil and
eraser.

Attention is called to the simple, straightforward character
of Plate G. Notice the almost entire absence of dotted lines; the
enlarged section through the ports, giving ample opportunity for
dimensions without confusion; the use of a half end elevation and
a half cross-section,— the one to make clear the flange and bolt
layout; the other to show the exhaust opening, the small auxiliary
views (drawn at convenient points) of the exhaust flange layout,
the cylinder foot and the drip boss.

A steam cylinder is a fairly complicated casting ; and it would
be an casy matter, by the use of elaborate views, the dotting in of
parts already completely shown, and careless line work, to rob
this drawing almost entirely of its clearncss and directness of
illustration. Just what is necessary (for clearness’ sake) and no
more (for cheapness’ sake), is the whole matter in a nutshell, and
is what determines its shop and commercial value.

Dimensions and Letters. A good line drawing can be
spoiled by poorly arranged dimensions and hasty lettering. The
five principal points to be kept in mind to develop excellence in
this respect are:
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22 MECHANICAL DRAWING.

(1) System.

(2) Accuracy.

(3) Clearness.

(4) Completeness.
(5) Character.

System. The habit of system in placing figures and letters
on a drawing is the one element which, to a large extent, controls
all the others. If the systematic habit is established early, the
other requirements will be fulfilled more easily. A haphazard
method will, on the contrary, just as.surely prevent the successful
cultivation of the ability to figure a drawing. In fact, if the hap-
hazard habit is continued it will itself, by the dissatisfaction which
it causes, soon compel the draftsman to change his occupation.

In the first place, whatever part of a machine detail is to be
dimensioned, that particular part should receive attention until it
has been completely figured. Do not jump from one point to an-
other, putting in a figure here and another there. Stick to one
thing until it is done.

For example, take Plate F and the simple detail of the steam
pipe. Suppose we start with one of the square flanges. The first
question is: « Where is this flange located?” This is answered
by the dimensions 5 inches and 21-inch centers, which refer the
face of the flange to the center of the pipe and the flanges to each
other. The next question is: ¢« What are the three dimensions of
the flunge,— length, breadth and thickness?” This is readily
answered as shown on the drawing. The next question is: « What
further description is necessary to completely specify the shape of
the flange?” This is answered by the radius of the corners, }
inch R. Next, « What drilling or special feature exists in the
flange?” This is answered by 1l-inch drill, 3}-inch centers, and
the letter f to denote that the face is to be finished.

The round flange of this pipe is approached and figured in
the same way, except that the location of the face is preferably
referred to the face of the square flange by the figure 8} inches.
instead of to the center of the pipe, because the planer hand will
more naturally use this figure.

These flanges are now to be connected by a pipe involving
two sizes. The main pipe is 3 inches diameter inside, 4 inches
outside, and } inch thick, running into the two branches by fillets
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and radii, as figured. The two branches are really one pipe, 21
inches inside, 8} inches outside, } inch thick, and sweeping down
into the square flanges by 4-inch radius.

This systematic method takes longer to explain than to
actually execute, but it is typical of the train of thought which
must be followed on all pieces, simple or complicated, in order
to properly place dimensions.

In general, it may be stated that all parts of a piece must be
referred either to cach other, or to some common reference line, or
to both. Each part so referred must then be figured as a piece by
itself, and then its connections to the principal structure. Thus,
figuring a machine detail involves three things:

(1) Relative location of its parts.
(2) Proportions of these parts.
(3) Proportions of connecting members.

As in the original design of a piece so in the figuring of it,
the draftsman must as far as possible put himself in the place of
the workman, judging the methods and processes of construction
and available tools. This will largely influence the arrangement
of the dimensions. Of course it implies considerable experience
in shop work, which some students do not possess. He can begin
noune too early, however, to learn to look at his work from the
shop standpoint, and surely make it some better on that account.

Pieces must not only be systematically dimensioned, but
regularly specified and called for by suitable titles.

A title should specify at least three things:
(1) Name of piece.
(2) Number wanted for one machine.
(3) Material.

To these might be added a fourth; viz., pattern or piece
number. The latter is not specified on the drawings under dis-
cussion, because systems of pattern and piece numbering are so
varied that little would be guained by developing one for this
special study.

These titles shonld always be put on in the same way, as the
workmen become used to a certain system and are likely to mis-
understand directions if w regular plan is not followed. A good
way to arrange titles is suggested on the plates, although there
are others which might be used. '
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Bolts are usually specified by diameter and length under the
head, the length of thread being to some standard system in use
by the shop, unless otherwise called for. Bolts are specified on
the sheet containing the piece into which they are tapped. In the
case of through bolts, tapped into neither piece, they are preferably
called for in connection with_ the principal member.

Aeccuracy.  Of course the dimensions on a drawing must be
accurate. It is, however, a very easy matter to make errors.
To insure accuracy a figure must never be put down carelessly,
and a constant watch must be kept that scaled figures add up to
over-all dimensions. It will not do to rely on scaling alone, as a
very slight variation from exact scale may throw two dimensions
out with each other. In spite of all the care that can be exer-
cised errors will creep in, and a final thorough checking must be
given a drawing before it is pronounced complete. A good rule
to follow in checking up is to “assume everything wrong until it
is proved to be right.”

Clearness. As in the line drawing itself, there must be abso-
lute clearness of instruction by the dimensions. Any doubt as to
what a figure is, or what it means, rules out that figure as part of
the drawing. If a piece is made wrong because doubt of this
character is transmitted to the workman, the draftsman is always
held responsible for the error.

Figures should, in all cases, be placed where they can be
most clearly read. They should be bunched on a single view as
far as possible, but not when greater clearness demands that
another view be used. It hinders the reading of a drawing
materially if the eye is forced to jump over large spaces of the
sheet from view to view, to catch the several dimensions of a small
detail.  Usually it is easy to so group figures as to avoid this.

It is a good plan to keep dimensions oft the body of the draw-.
ing, when it can be done so conveniently. It is not worth while,
however, to go out of one’s way to do this, as figures in the open
spaces of a detail do not at all destroy its clearness.

Extended notes on a drawing to make it clear should not be
required, but they should be used without hesitation if any doubt
exists. An explicit note of instruction is the final resource for
clearness when the art of drawing fails of its purpose, as it some-
times does.
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Completeness. A detail is completely dimensioned when it
shows all the figures necessary for the workman. Anything short
of this is incompleteness. As modern shops hold ‘the draftsman
solely responsible for the design, the mechanic is not allowed to
modify it by filling in any omitted dimensions. The only way to
be sure that all the dimensions are on is to systematically go all
round a piece inside and out, according to the method suggested
under the paragraph on ¢ System.” '

It is a good plan to always bear in mind that not only the
machinist is to use the drawing, but also the pattern maker. For
the benefit of the latter, special attention is desirable in figuring
the cores. This saves him some addition and subtraction. In
gencral, it has been found that less chance of error exists if mathe-
matical work is not required of the shepman, all necessary data
being furnished on the face of the drawing.

Character. By character in figures and letters is meant uni-
form style, height and slope, and a certain boldness peculiar to
the work of the expert draftsman. The last is difticult for the
novice to acquire. The student should not be discouraged he-
cause his efforts do not look like impressions from printers’ type.
Artistic excellence is the result of long experience, but is based on
character. If the student can once get character into his work,
the artistic feature will, with careful and constant practice, gradu-
ally develop. It is safe to say that there is no one element of a
drawing which more positively stamps it as the work of an amateur
than the character of the lettering, and every attention should be
paid to getting out of the apprenticeship stage in this respect.
Freehand lettering only is permitted in the drawings illustrated
herewith. Ruled letters are seldom found on any working draw-
ings, as the clement of time involved is so great that few shops
are willing to pay for it.

Uniform style requires that if capitals only are used in titles,
they only must be used in notes and clsewhere on the drawing. If
lower-case letters are used, they must be uscd in every part of the
drawing. One style should not be mixed with another. The height
of the letters should be limited by two horizontal lines, and though
practice may render the upper line unnecessary, it takes but an
instant to draw it, and uniform height is then assured. A good
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height for titles of details such as are illustrated is % inch. The
height once chosen should be adhered to throughout the whole set.
A medium, not a hard, grade of pencil (3H) will give the hand
greater freedom. A great temptation exists to omit titles from the
pencil drawing, simply inking them on the tracing. This is false
economy of time, for in the end it will be found that enough time
will be saved by the certainty with which the tracing can be made
to more than pay for the labor on the pencil drawing. Again, it
permits the tracing, in regular shop practice, to be made by cheaper
labor than that which produced the pencil drawing.

Uniform slope is most easily acquired by the use of guide
lines put in at frequent intervals. A small wooden triangle can
be made, giving the required angle. The angle of the lctters
shown on the plates is 9 degrees, or about 1 inch slope in 6 inches.
The question as to whether letters should incline backwards, for-
wards, or stand vertical, does not enter this discussion. Character
is not affected by the slope. The student may choose whatever
comes most natural to him, but having chosen, the character of
his work will be spoiled if he varies it. The most difficult of the
three is the vertical style; hence must draftsmen incline their
letters. The backward slope is used on the plates of this ehop
drawing paper, ‘thus giving the student opportunity to compare
with plates in the earlier books, and follow his preference.

The effect of change of style, height and slope is shown in
Figs. 2,8 and 4, respectively. Attention is called to Fig. 5, which
is a sample title, in which these points are corrected.

Principal Titles. The principal title of a drawing should
contain at least seven items:

(1) Name of principal details shown.
(2) Name of machine.
(3) Firm name and location.
(4) Scale of drawing.
(8) Date of completion.
(6) Draftsman’s signature.
) (7) Filing number.

To these are often added others, but for purposes of filing and
reference the above at least must be put on. The #Rling number
may or may not be put in the title frame, but it is really a part of
it. It is often put in the margin below the title.
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An arrangement of title should be established and then fol-
fowed exactly, without variation either as to location on sheet or
detail make-up. Abbreviated words are always permissible in

titles, provided the mean-
ing is clear. Special care
must be taken in punctua-
tion, however, as. a title,
whether abbreviated or not,
has an unfinished appear
ance if the periods, commas
and other necessary punc-
tuation marks are not in-
cluded.

The sample title
illustrated in Fig. 5 indi-
cates the arrangement
chosen for the drawings of

C ﬂR‘\

Fig. 4.

Part IV. Note that it is necessary in this special case to add an
extra subject to the seven given above; viz., the residence of the

student draftsman,

This style of title must be put with care on every drawing,
even on the rough pencil layouts. In the latter case it may of
course be left in pencil, as the rough layouts are not to be inked.

§ ——

HH ﬁ'ﬁﬁ F“f 1’7

fe—2

Inking and Tracing.

Fig. 5.

Joth bond paper and tracing cloth are

used in business practice for finished drawings. It is desirable to
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keep a stock of both in any drwing oflice, so that either may
be used as occasion requires.  Bond paper stretched on the
board gives a beautiful surface to take the ink, and very handsome
and effective detail or assembled drawings can thus be produced.

Changes are not quite as readily made on bond paper as on
tracing cloth, and it takes a little longer to make the blue print.
In other ways the bond paper is not quite as flexible to use as
the tracing cloth. However, one must be guided entirely by shop
conditions to settle the question of preference. As the tracing
cloth is generally used, and suits the purpose of the student
better, it will be required in this work.

The inking should be done on the rough side of the cloth.
One reuason for choosing this side is that as the cloth tends to curl
under toward the glazed side, the drawing as it lies right side up
will tend to straighten itself. This seems to be a small point, but
it i8 a very important advantage for filing and for the convenience
of those who are to handle the drawings.  Also the rough side
takes colors and inks hetter than the glazed side. To trace on the
glazed side is not wrong, for it is often done, but it possesses no
advantages of its own, and has the disadvantage mentioned above.

Chalk dust scattered over the surface of the cloth after it is
tacked down wili remove the slightly greasy coating which pre-
vents the ink from flowing well from the pen. This is always
necessary if the glazed side be used, and usually for the rough
side. The chalk must be carefully removed from the cloth before
inking.

The first step in inking is to draw the center lines. Remem-
ber that accurate intersections are of the utmost importance. No
circle is complete without two intersecting lines, preferably at 99
degrees, to determine its center, and these lines should be inked
before the circle.  When this is done a definite point exists for
the needle point of the compasses.  If the cirele is drawn first the
needle point may not be placed accurately at the center on the
pencil drawing beneath, and the location be thrown out.

Likewise the principal center lines of pieces, the lines around
which the pencil drawing was built up, should be at once put in.

The main body of the drawing, the full lines, should be taken
next. In general, cireles and ares should be inked first, but there

170






“ydjopuvy woye] Y jo Asepno) .
‘[I8A J8DPTwS 93810U00 PSYXIR 0Y3 9]
PpunoIseso) uj :8JOquIeyd aujqn] oyl 03 Sujpse| MMpuod oYl Suj10a03d SUSAIDE YIlM ‘£8qalo) oY) 8] 1] JO JU0d) Uj : punoaSHioeq uj eeNOH Jomod

SIONITTI ‘LHOJN00T LV TVNVO IDVNIVHYA ODVOIHO NO ASNOH YAMOd



MECHANICAL DRAWING. 29

arc cases where it is easier to run the arcs into the straight lines
than to match the straight lines to the arcs. They ure exceptions.
however, and can be judged only as the case arises.

Straight lines, horizontal and vertical, should be inked with
the T-square and triangle in position. It is a common practice to
dispense with the use of the T-square entirely in inking in, using
the triangle to match the lines to the arcs already drawn. A
necessity for this implies very poor work on the arcs, for witn
any reasonable care true horizontal and vertical lines will match
the arcs all right. With regard to time required, the accuracy
with which the T-square may be brought up to a line, or the tri-
angle set on the T-square, more than makes up for the time
gained in even an approximate setting of the triangle without a
guide. It is just as easy to cultivate the habit of holding the T-
square and triangle with the left hand and the pen with the right,
and draw an exact line, as to lapse into the other method, which
is not workmanlike.

The lines of the body of the drawing depend for their width
upon the size of the detail. For a large piece they may be 45 inch
wide, and the shade lines J; inch. For a small detail such widths
would be too great. Remember that contrast is the prineipal aim,
and to produce it is the only reason why we use different kinds of
lines on a drawing. Hence the greatest care must be exercised to
prevent body lines from becoming confused with center or dimen-
sion lines, and vice versa. Also thick lines are desirable for the
production of a bold blue-print.

Shade lines are shown on Plates I, K and N only. They are
put on according to principles already explained. They certainly
improve the drawing from an artistic standpoint, and the student
should know how to put them on when desired.  Whether or not
it is desirable to adopt them on all working drawings is not the
purpose of this book to decide, or even discuss. Almost always
drawings can be made perfectly clear without them, and are so
made and satisfactorily used in probably the majority of shops.
Some shops are willing to pay for the extra time necessary to put
on shade lines; this, however, is purely their own investment.

Cross-section lines are usually drawn at an angle of 45
degrees with the horizontal, and on sections which are adjacent
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to each other the slope should be in different directions. If three
or more sections come together the width between section lines
can be so changed as to indicate clearly the different parts. An
example of this is shown in Fig. 6.

The spacing of section lines must not be too fine, rarely
closer than 4z inch, more often from 4% to } inch, else the labor
involved is too great and uniformity practically impossible. It is a
waste of time to rule in section lines on the pencil drawing; they
may be sketched in freehand, as shown on the original layout of
the steam cylinder. Even spacing concerns the tracing alone,
and the student should train his eye to regularity as he traces
Tke thickness of section lines may be intermediate between that
of center lines and body lines of the drawing.

Inking Dimensions and Letters. Extension lines may be
dotted. as explained in Part I1I,
or they may be fine, full lines,
the latter method being illus-
trated in the series of pump
plates in this paper. Dimen.
sion lines are also often made
fine, full lines. 1f these lines are
made full they should be made
as fine as it is possible to draw
them and still have them firm,
clear lines. = The same width
should be used as for center lines.

Character in inked figures
and letters is more difficult to
attain than in pencil work. In Fig. 6.
the first place a pen suitable to
the style of drawing is necessary. A civil engineer’s fine map-
ping pen, which gives character to his drawing, is not desirable in
producing the bold character of a machine drawing. For the
latter choose a rather stiff, blunt pen which is not “scratchy,
but runs smoothly, making a line of uniform width. A pen with
a round, or ball-shaped nib, recently put on the market, answers
the purpose well for ordinary details. A bold, free stroke should
be made with the idea of producing a smooth, even line, finished
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at the first trial. The hesitating uncertainty of the beginner’s
hand produces a «“shaky ” letter, and going over a letter or figure
twice or more to smooth it up usually makes it worse.

Figures and letters which are broad in proportion to height
are easier to make, and have more character. It should never for
a moment be forgotten that uniform height and slope carefully
followed will develop character and quickly lead to artistic
excellence.

Foot and inch marks are often put after figures according to
the common usage. In cases where feet and inches are expressed,
thus: 8’ —6”, or 4’ — 0*, they are, of course, absolutely necessary,
and the dash between the figures must be very positively indi-
cated. TIn cases of inch dimensions alone the warks may be put
on if desired, but where there can be no doubt that inches, and
not feet, are meant, the inch marks are not necessary. This prac-
tice is followed on the plates of this paper.

Abbreviations. A list of the most common abbreviations in
use on working drawings follows. This list has been adopted for
the plates in Part IV:

F.A.O.. «« ¢s « « « « « - finished all over.

f. @ + o 0 o o 00 o o o e o o finished surface.
R. o . e 0o o o o o o o o o radlu!.

D ¢t ceco co 0o e diameter.

RH. .... o s o 8 0 0 o o ﬂght hando

L H..o..0¢e¢e0o 00 . lefthand.
PR oo ... e ¢ « « o o piston rod.
PTAP.. « v . . ... « « « pipe tap.

CTRS, . ¢ ¢ ¢« ¢ o0 00 4. centers.

C.I. ¢¢ . ¢ oe¢ oo es . .castiron.
8.C. . .0 v« oe ... .steelcasting.
Bz, . ¢ ¢ o6 v vt « .« . bronze.

C.R.8. ¢ e ¢ e o0 «s «ocoldrolled steel
T.S. v ¢ o e v o oo o o.0 o toolsteel.
OH.8. ¢« o v oo v v vv o open hearth steels
2 OO wrought iron.

Plate E. Piston Rod and Valve Stem. The piston is ot
the one-piece box type, with sprung-in rings. The width is re-
duced to 4] inches at the outside, so that if the piston strikes the
cylinder heads it will not tend to spring and break off the narrow
ridge of metal outside of the packing ring. The piston rod is
(astened to the piston on a taper drawn in by a nui, and the
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MECHANICAL DRAWING 33

nut is checked by a }-inch split pin. The packing rings are pre-
vented from slipping round the piston by lugs idtting loosely in
chipped recesses in the groove. These being at opposite sides for
each groove, the leakage of steam through the split in the ring is
minimized, for it must pass half way round the piston before it can
pass through the split in the other ring. This is a simple, but
fairly effective, device.

The packing rings are usually cast in the form of a cylinder
of some length, turned to a diameter a little larger than the cylin-
der bore, cut off, to the required width, and sufficient space cut
out to permit being sprung in to the size of cylinder bore.

The location of the spool on the piston rod is not positively
kunown, as the setting of the valve bracket may be slightly differ-
ent from what the drawing calls for. Hence, instead of a dimen-
sion, the words ¢ measure for” are put on, to indicate that the
spool be located during the erection of the pump. The hexagonal
flanges of the spool are convenient to hold the rod from turning
while screwing on the piston and plunger nuts.

Molding and Machining. There are no special features con-
nected with the molding and machining of parts on Plate E. The
holes in the piston side walls are necessary to give supports for
the core, the piston being cast on its side. These holes, after the
core is cleaned out through them, are plugged as indicated.

Plate F. Steam Chest and Valve. The steam chest in
this instance is located on the cylinder by fitting down over the
ledge made by the valve seat. The side flanges also serve the
purpose of guiding the valve. It will be noticed that the steam
chest cover is 15} inches X 11% inches, while the steam chest is
15 inches X 11 inches. This allows a ledge of } inch, all around
which the cover overhangs the walls of the chest. The steam
cylinder flange in order to correspond must likewise be 15] inches
X 11} inches. The reason this is done is because of the difficulty
of making good matched joints between the cylinder flange, chest
and cover. The practice of thus leaving a little ledge all round
is by no means universal, and often the irregularity in the joints
is smoothed off by chipping. This is the case with the other
flanges on this pump. The steam chest, however, was thought
less likely to match properly, and the slight overhang gives the
finished appearance of a sort of beaded edge.
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MECHANICAL DRAWING. 85

The valve is what is known as a “square ” slide valve. This
means that when the valve is placed central on the ports its work-
ing edges are “square ” with the ports ; that is, in exact line with
them. If the valve be moved either way from this position, the
slightest travel will admit steam to one end of the cylinder and
exhaust it from the other. (See Plate A.) Another way of stating
this is to say that a “square ” slide valve is a slide valve without
“lap.”

The valve is driven from the valve stem by the striking of
the .iuts against the lug on its top. Since the valve is already
guided on its edges by the steam-chest flange, the valve stem, to
avoid springing, must be perfectly free in the slot cast for it, as is
shown by the §-inch radius of the bottom, the stem being 1 inch
in diameter.

The steam-pipe flange is made square to keep the height of
_ the chest as low as possible. The radius of the bend should be
ample ; in this case 4 inches is considered sufficient.

The exhaust tee must have its upper flange high enough so
that the chest cover can be lifted and slipped off the studs without
interfering with it. The lower flanges should be made wide
enough to permit the tap bolts to be put in without striking the
4-inch vertical pipe, 5-inch centers being necessary. The i-inch
drip-cock, as located, readily drains the steam chest and exhaust
passage of both cylinders, as well as the exhaust tee.

Molding. It is evident that the steam chest will he molded
in the position shown on the drawing. The puarting line of the
mold will be through the centers of the steam-pipe opening and
the stufting-box. These holes must be cored out. The main body
of the chest could be made to leave its own core, but it may
not be made in this way. It may be cheaper to fashion the pattern
solid, and make one large core-box for the inside. In this way
the pattern will probably hold its shape better and require less
repairs, than if it were made in green sand. The core-hox will be
an extra piece to make, but it probably will cost no more than to
carve out the inside of the pattern, and is a rather more substantial
job when done. The molding can be satisfactorily done by either
method, shop conditions being the controlling element. As far as
the labor of molding alone is concerned, the first method is prob-
ably easier, as it saves baudling large cores.
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The otner parts in Plate F are very simple in their molding,
and require no special attention.

Machining. Most of the surface work on this plate is adapted
to the planer. The slide valve may, perhaps, if finished in lots of
considerable number, be more satisfactorily handled on the milling
machine. The final finish of the face of the valve must be a scraped
fit to its seat.

The drilling of the cover and pipe flanges is to actual layout
on the casting, or preferably, through jig plates. A templet for
laying out is at least desirable, even though the expense of a jig
plate be not decmed necessary.

Plates C and D. Valve Motion Layout. These plates rep-
resent the layout of the valve motion, and are necessary in
order to find the length of the levers and rocker arms. It
will be noticed in Plate D that the valve stem of one side of
the pump is controlled by the movement of the piston-rod of the
other side, the proper direction of motion being given to the valve
by placing the rocker shaft above or below the valve stem as
required. By reference to Plate A it will be further noticed
that the nuts on the valve stem inside the chest, which abut
against the faces of the lug on the valve, do not rest against the
faces of the lug in the position shown, but have considerable
lost motion. This lost motion is one of the essential features
of the valve motion of a duplex pump, and permits the valve to
remain at rest for a short period at the end of the stroke, though
the valve stem may have reversed its motion and begun its
return stroke. When this lost motion is taken up by the move-
ment of the stem and the nuts abut against the lug on the
valve, the valve will move, and from this point to the end
of the stroke be positively controlled by the motion of the stem.
At the end of the stroke the stem will reverse, when the lost
motion will again permit the valve to rest for the same period
as at the other end, and then move on as before. The time of
rest of the valve, and consequently the pistons and plungers, is
approximately one-third the period of the stroke. This means
that the piston on one side travels one-third of its stroke before
it picks up, through the valve levers, the valve on the other
side. During the second third of its travel it is bringing the

179



T e

OO
AR

A
NN

'S

PPN

AT

-

o

T

/)
Y




MECHANICAL DRAWING. 89

valve to the point of opening. During the last third of its travel
it is opening the port, wider and wider, to steam. Thus the
opposite piston will start when the first piston has covered two-
thirds of its stroke, and there will be only one-third of the stroke
when both pistons are moving at the same time.

This relative period of rest to motion is not always made
in this exact ratio, but is at least approximate to it. The
period of rest at the end of the stroke is to allow the water end
to adjust itself quietly to the reversal of motion about to take
place at the end of the stroke. When the plunger stops, the
water valves must be given time to seat themselves, and the flow
of water through the passages checked. It is much easier to start
the flow in the opposite direction if the reversal of .plunger motion
is not instantaneous. Hence for handling long columns of water,
which, once in motion, tend by considerable energy to remain in
motion, the duplex pump by this peculiar delayed action has been
found to be well suited.

It will be found that for complete uncovering of port, and
motion divisible into thirds as described, the travel of the valve
stem should be three times the width of port, or 3 X I inch =2}
inches. A little more than this is allowed, and the travel made
2% inches in this case. Referring to Plate C, this distance is laid
off as shown by the two limiting vertical lines across the line of the
valve stemn, the central vertical line of mid-position being drawn.
The problem then is to find spch centers for the rocker arms that
the travel of the piston-rod spool will, through proper leverage,
produce travel of the valve stem between these two vertical lines.
This can readily be done by a few trials, the only requirement
for this case being that the extremes of the arc of swing of both
piston-rod lever and rocker arm shall be equally above and below
the center of piston rod and valve stem respectively. The greatest
possible travel of the piston-rod spool, 12} inches, is usually laid
out in this case, not the nominal 12 inches.

From this layout the lengths of the levers and arms may be
scaled off for the detail drawing, also the location of the rocker-
arm centers. The student has the former given him on Plate K,
but the latter, which is necessary for the development of Plate L,
must be determincd by his own layout. Plate D must also be
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MECHANICAL DRAWING. 41

laid out before developing the cross-section of the valve bracket.

The design of stutling boxes for both steam and water ends,
and the length of the yoke, should be determined next. A safe
method of assuming clearance between the spool and the gland
studs at the end of the stroke, is to imagine that the gland stud
nuts have accidentally worked off the studs, so that they are about
to drop. They are thus shown by dotted lines on I’late C. A
good clearance, say } inch to 4 inch, is then allowed, and the gland
drawn in. The length of the gland is determined by the number
of rings of packing necessary in the stufling box; it is usually pro-
vided that the gland may compress the packing to about one-half
its original depth before bringing up against the face of the box.
Packing 3 inch square will do for this size of piston rod, hence
the faces of the yoke are easily determined, and its detail, with
the stufting boxes, proceeded with as on Plate L. The length of
yoke may be brought to an even figure; and proceeding on the
above plan the length can be conveniently made in even inches
without any fractions; viz., 28 inches.

It will be noticed that the stuffing-box flanges serve to center
the yoke in line with the steam and water cylinders. This is a
desirable feature of construction, and forms a simple and easy
method for lining up the steam and water ends.

Plate K. Valve Motion Details. The piston-rod levers on
this plate are specified to be steel forgings. Forgings of this kind
are expensive, but are light, neat and reliable for the important
service which they have to perform. Castings, whether steel or
iron, are much cheaper, and perhaps more commonly used for this
detail. When sound they are equally serviceable, though of more
clumsy proportions ; but the danger in castings of this form is the -
existence of hidden flaws or pockets, which frequently occur at
the points where the hub or the fork joins the arm. These flaws
cannot be readily detected from the outside, and breakage may
occur at some critical time, when the disability of the pump may
be a serious matter.

The use of shade lines is illustrated on this plate. The
increased artistic effect is noticeable, but it would seem tha:
absolute clearness would still exist, even if shade lines were not
nsed.
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MECHANICAL DRAWING. 43

It will be noticed that on the detail of the «link pin ” two of
the dimensions have a short *“wavy” line beneath the figures.
This is one of the several ways of indicating that the dimension
is “out of scale.” Sowe draftsmen use a straight dash beneath
the figurc; some draw a circle about it; some print after the
figure, « out of scale.” Although workmen are not allowed to
scale drawings, but are required to « work to figures only,” yet
for general safety’s sake, and for the sake of the draftsmen who
consult the drawings frequently, attention must be called to any
variation of the figure from the measured distance on the drawing.
Nothing makes a workman, or any. one else who reads a shop
drawing, lose confidence in it more quickly than to discover that
it does not “scale ”; but when no indication exists that the drafts-
man himself is aware of it, then every dimension is viewed with
doubt and hesitation, and the drawing becomes practically worth-
less.

Dimensions seldom should be out of scale; but if they are,
through error or necessary change, a carefully worded note should
be added. '

Molding and Machining. No special features of molding or
machining are noteworthy on Plate K.

Plate L. Yoke, Stuffing-boxes, Bracket, etc. Having worked
up the layouts of Plates C and D, the student has enough informa-
tion to proceed with Plate I.. This, like Plate G, is without
dimensions, the student’s work being to make the drawing and fill
in the necessary shop data.

The valve-lever bracket is bolted down to its lug on the yoke
through holes larger than the bolt, thus permitting slight adjust-
ment. When the proper location is determined, the bracket is
positively fixed in position by two dowels, 1 inch in diameter.
The holes in both bracket and yoke are drilled through both pieces
at the same operation. This very common method of fixing bolted
parts of machirery in absolute position not only assures firmness,
but also in case of removal, permits the part to be readily and
positively replaced in its exact original position.

If possible, the steam cylinder cricket should be of such
beight that the stone or brick work upon which it reets shall be at
the same level as that beneath the water cylinder. The tapped
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44 MECIIANICAL DRAWING.

holes in the top surface receive bolts from the cylinder foot.
These bolts are often used only for shipping purposcs, the eylinder
foot when the pump is set up being allowed to slide freely on the
cricket, thus permitting free expansion and contraction. In such
cases the water end is rigidly fastened to the foundation by hold-
ing down bolts.

Molding and Machining. The valve lever-bracket would
most naturally be molded with the axes of the shafts vertical, the
parting line of the mold being the center line of the middle web.
This makes quite a long “draw” for the shaft bosses, but the
ample taper on the outside overcomes this difliculty. The space
between the side webs leaves its own core. The shaft cores stand
on end in the mold, which is the best position for strength and
stability.

Another method is to have the parting line of the mold on
the vertical center line of the bracket, as shown in the end view.
In this case the bracket would be cast on its side, and cores must
be set for each side of the middle web. The shaft cores are set
as easily as before, but in this case lie flat. As with the steam
chest, each method has its advantages, which depend largely
upon existing conditions. As cored work is generally avoided
whenever possible, the first method would probably be chosen.

The shaft bosses are “chamber-cored,” to save labor in bor-
ing, the bearing surface for the shaft being only a short distance
at the ends. The chamber-core diameter shkould be enough larger
than the shaft so that by no possibility can the cutter run into the
rough scale, even if the hole be bored slightly out of line. Tf it
should do this, the labor of caring for the cutters more than offsets
the attempted saving of labor.

The yoke is simply a barrel open at each end, and with a
piece cut out of its side. The inside evidently must be cored out,
and the core is satisfactorily supported at the ends on its horizontal
axis. The parting line of the mold may be either the vertical or
horizontal axis of the end view, the only difference being that in
one case the ledge for the valve bracket will «draw,” and in the
other case it must be loose on the pattern and ‘ pulled in” after
the main pattern is drawn.

The cricket and stufling boxes present no difficulties. The
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MECHANICAL DRAWING. 45

bore of the stuffing boxes and glands should be from 5 inch to 7
inch larger than the rod, to allow the fit to be entirely between the
rod and the packing.

The horizontal boring machine with a double facing head is
adapted to boring and facing the yoke flanges. The drilling is
accomplished as before by templet or jig.

Attention is called to the tapped holes for oil or grease cups
on the valve-lever bracket. The holes on the lower boss cannot
be drilled strictly as shown, because the drill shank will not clear
the upper boss. They should be swung around the boss at such
an angle as will allow the drill to clear. This is a good instance
of the common error of drawing details which cannot be made, and
constant watch must be kept to avoid such mistakes.

Plate B. Water End Layout. As in the preceding work,
Plates H and I being given in full detail offer a good start for
the develcpment of the water cylinder, which is the purpose of
Plate B. As before, work should begin at the inside and progress
outwards. Thus the piston rod with its nut should be drawn first,
the hub of the plunger built around it, then the plunger barrel,
the bushing, and ring to clamp the bushing. The limits of the
plunger travel should be sketched in. and the valve outline shown
in order to determine clearances. The progress of Plate B is on
exactly the same basis as that stated in detail for the steam cylin-
der layout ; hence it need not be repeated.

The points controlling the design of the water end must,
however, be studied to enable the student to work intelligently.
The fit of the rod into the plunger hub is loose,  l:-inch play
being allowed, in order to permit the plunger to be guided solely
by its bushing, and thus be indepedent of any change of align-
ment of the piston rod.

The relative length of plunger and bushing should allow the
end of the plunger to overrun the edge of the bushing at the ter-
mination of the stroke, to prevent the formation of a shoulder.
Tiie bushing is made of brass because of the better bearing of
the two dissimilar metals, brass and iron. Of course there is no
lubrication except the water, and the dissimilar metals tend to
“cut " less than if both were alike.  The brass bushing also pre-
vents the plunger from * rusting in” in case of long periods of
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disuse. The bushing being of expensive material is made as light
as possible, hence it has no stiffness of its own. Therefore it is
reinforced by a deep cast-iron ring, which also takes the bolts and
clamps the bushing tightly to its ground seat. These stud bolts
are usually made of «tobin bronze,” a rust-proof material, possess-
ing strength almost as great as that of steel. This arrangement
permits ready removal of the bushing when necessary.

As the parts of the common pump valve illustrated in detail
on Plate H must be often replaced during service of the pump,
provision must be made for unscrewing the stem and substituting
» new one. This must be done through the hand holes provided
on the cylinder. The lower valve deck must be located so that the
inner valves when unscrewed will not strike the clamp ring. As
shown in Plate B the clearance is pretty small, almost too small,
but as it affects only two valves, it will probably cause no. incon-
venience. No hand holes are necessary for the end chambers, as
access to the valves is had by removing the outer heads. The
upper deck may be placed at a height giving sufficient clearance
to allow the upper nuts of the clamp ring to be unscrewed with a
socket wrench from the end of the pump. These decks are sub-
jected to a severe pounding from the pulsations of the pump, and
should be amply strong; 1} inches is deemed thick enough for
this case.

The middle transverse wall may be 1} inches thick and the
middle longitudinal wall a little thinner, about 1} inches. With
high pressures these walls, being flat surfaces and the valve
decks likewise, are likely to fracture under the heavy pounding.
To avoid making them excessively heavy they are often strongly
ribbed, either on the inside or outside, usually the former.

The curving side walls are of better form to withstand pres-
sure, and need not be as thick, 1 inch being sufficient. This can
be decreased to $ inch in the suction passage below the deck,
where little pressure exists.

The outer head is also considered strong enough at 1 inch
thickness, on account of its curved shape. It requires §-inch studs.
Studs are preferred to tap bolts in this case, as in all other similar
cases, on account of the frequent unscrewing of the nuts for pur-
pose of removal. One or two unscrewings of a tap bolt in cast
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iron will destroy the tightuess of the thread, while the stud, being
steel, stands the wear better.

The valve seats are taper screwed into the deck; they are
sometimes forced in on a plain taper fit. They are located as
closely as strength of the deck between the holes will permit. It
is not well to place the edge of the valve closer than ! inch from
the eylinder walls. The valve holes in the lower deck should be
in line, or nearly so, with the holes in the upper deck, in order to
allow the shank of the mill to pass through when milling the lower
holes. .

The suction opening is T inches in diameter, 12}-inch flange,
10}-inch bolt circle, -inch tapped holes.

By means of the hand hole at the end of the suction passage,
any dirt which may have been brought in through the suction
pipe may be removed.

The water cylinder cap, discharge ell and air chamber may
be laid out from the detail Plate I, and the student must do this
to see that the parts actually go together properly.

With the foregoing discussion the student should be able to
produce Plate B, which is the preliminary step to the detail draw-
ing of the water cylinder as shown on Plate J.

Plate J. Water Cylinder. The water cylinder is, perhaps
the most complicated detail that 'he student will meet in this set
of plates. Fundamentally, it is simply a box with curved sides,
divided by the several walls into five compartments, each of which
communicates with the outside by a round nozzle or flange. If
this basic idea be kept constantly in mind, the student will have
no trouble in building up the detailed design.

This fundamental conception of a complicated piece is a very
important idea, and should be developed carefully by the student.
It is one of the great secrets of good design, both from an artistic
and a commercial standpoint. We often see a machine which
seems to begin anywhere and end nowhere; it appears to be a
miscellaneous collection of bosses, lugs, ribs and flanges. There
is no general prevailing shape to the structure, no harmony of the
lines. This is because the designer, if he may be so called, did
not have the fundamental notion of shape, to which all minor
details should have been subordinated. He simply grouped
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56 MECHANICAL DRAWING.

parts together, without considering the fundamental structure.

In this water cylinder the box is the basic part of the struc-
ture, and its lines must be first developed ; they should be designed
to convey a smooth, regular and counsistent surface to the eye.
Then the nozzles and flanges may be added as subordinate parts;
they wil} merely interrupt, but not destroy, the prevailing outline
of the box. The dotted lines in the cross-section views of Plate J.
show the general shape behind and beneath the nozzles.

The hand holes are the same as on Plate I, and the detail of
the cover should specify the number required for both places.

Provision for draining the four chambers of the water cylin-
der is made by the §-inch pipe tap holes at the lower deck, and
the cap, likewise, by the single hole at the upper deck. Drip
cocks are screwed into these holes.

The hokling-down bolts should not be less than 1 inch diam-
~eter; 1} inch would perhaps be better; and the holes in the foot
should be drilled at least } inch large.

Dimensions. It will be noticed that this plate has dimension
lines, but no figures. This is because the cylinder is rather diffi-
cult to figure, and it is desired to guide the student in arrangement
of the figures without lessening the benefit of his study of them.
Special attention should be paid to this feature of the plate.
Notice that although space for dimensions is restricted, a clear
opening is always found for the figures; and when one view seems
to offer no space for a figure, another view gives the desired
opportunity.

No finish marks or titles are shown on this plate these being
left entirely to the student for insertion.

Molding. The centers of the curves for the sides being on
the main horizontal axis of the nozzles, the cylinder, if molded to
be cast vertically as shown, will draw readily both ways from this
line. The exceptions to this easy draw are the foot, suction noz-
zle and flange, and hand-hole boss. On account of the inside of
the cylinder being cored, these pieces if made loose on the pattern
have ample space to be “pulled in” after the main pattern is
withdrawn. :

The suction passage below the deck communicates with the
main core through the valve holes, hence it may be supported
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from the main core. This involves some difficulty, however. If
a three-part flask be used, and another parting established at the
center of the suction flange, in addition to the previous one, *he
problem becomes much simplified.

It is desirable to make the four chambers of the cylinder alike
in general proportions. It is then possible to make a single core-
box, and by the use of louse pieces change the length of the noz-
zle cores and transpose from right to left, thus saving labor on
the pattern. This, however, multiplies the loose pieces on the
pattern. The many pieces are likely to become lost and make
frequent repair necessary. Hence it is not always wise to use a
single core box too much, and good judgment is required to fix
the limit. '

Machining. Special double horizontal boring machines are
now :n common use for such cases as this water cylinder. The
centers are made adjustable, so that within limits any distance
between piston-rod centers can be met. The advantages of double
boring are, of course, most obvious for a considerable number oi
duplicate cylinders.

It will be noticed that the face of the suction flange is carried
out flush with the cylinder head face. This affords opportunity
for finishing all the end surfaces at a single setting of the tool,
whether the work be done on the rotary or reciprocating planer.
This same point might have been observed on the small hand-hole
boss at the other end of the cylinder, but the advantage gained
did not seem to warrant extending the “ reach ” through the hand

hole.
Plate . Water Cylinder, Cap and Air Chamber. For a

water cylinder cap of this size, the most difficult problem is to find
room for the hand-hole bosses. A hand hole 4 inches X 6 inches
is about as small as can be used, and this calls for a flange at least
7 inches X 9 inches. These are the proportions shown on the
plate, and since the boss overhangs the bolts in the main-cap
fange, it must be cut away underneath to clear the nuts. If three
stud bolts are used on each side, this overhang also requires that
the nut be « fed on” ; that is, screwed on little by little as the end
of the stud protrudes above the flange when the cap is being low-
ered into place. This is an awkward .process, but is sometimes
hecessary.
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"MECHANICAL DRAWING. 53

The discharge ell should have an easy bend; usually the radius
is somewhat more than the outside diameter of the pipe, in this
case DO per cent greater. It is customary on this piece to provide
an opening for the attachment of a relief valve as shown, 11.
inch pipe tap. This valve can be set to open at a desired pres-
sure, 8o that tne water end may be relieved in case of accidental
excessive pressure.

The air chamber provides an air cushion for the water to
make the delivery more constant, and take the shock which would
otherwise come with hammer-like force and full intensity upon
the cylinder. Being placed at the highest point of the water end,
air will naturally tend to collect in the air chamber and keep it
charged. In some cases, however, a special charging device is
necessary. ]

Molding and Machining. The hand holes being at an angle
will not « draw.” Heuce cores must be set for these openings at
least, and it may be desirable to core out the whole inside of the
cap for the sake of keeping the pattern in good shape by making
it solid. Otherwise it is easy to let it leave its own core.

The overhang of the hand-hole bosses requires loose pieces
for the overhanging part.  They are «pulled ” in after the pattern

is drawn.
The molding and machining which are further required on

details of Plate I are simple, and require no special discussion.

Plate H. Plunger and Valve Details. This plate is notice-
able for illustrating a method of drawing details not used else-
where in this set of plates. On the other plates each piece is
separately detailed. On Plate I the details of the valve, cover,
scat, stem and spring are shown assembled, and dimensioned with-
out separation. This is an allowable method when clearness is
not sacrificed, but it is usually found desirable only with simple
construction. It concentrates parts on the drawing, and probably
saves some time, besides showing the workman just how the parts
go together. The only test which the student need to apply iu
this, as in any method of detailing, is the test for absolute clear

ness.
It is believed in the case of the valve as shown that the

details are completely illustrated without sacrificing clearness.
Special care in putting in dimensions is of necessity required.

195



\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\s
7
= L

P27,
T~ ]

T

%%
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\s =

ale




MECHANICAL DRAWING. 65

The valve stem can be unscrewed either with a socket
wrench on the inside or an ordinary fork wrench on the outside.

The seat, after being screwed to position in the deck, is
often faced off, to true up any distortion caused by screwing in.

The valve itself, of rubber, ean be bought of any desired grade
of hardness. The specification for any given set of valves de-
pend upon the quality of the water, the pressure and the general
service of the pump. :

Molding and Machining. By reason of the simple nature of
the parts on this plate, the molding and machining is left entirely
to the original consideration of the student.

Plate M. Foundation. Pumps are often set directly upon
a foundation of brick, but it makes a better job to bed stones, with
surfaces dressed plane and true, into the main foundation, and
rest the pump feet upon these stones. The simplest form of
holding down bolts are shown on Plate M, a plain hook at the
lower end, pulling up against a flat cast-iron plate, to distribute
the pressure into the brickwork. These plates are of course
bedded, and the bolts set as the foundation is built up. As
the subsequent courses are laid some little space is left around
the bolts, which may be afterwards filled with cement, thus
making the bolts rigid with the foundation.

The water end of the foundation has no batter, because the
suction pipe often drops vertically down from the end of the
pump, and clearance is thercfore necessary.

The floor line is placed 4 inches above the brickwork, to
allow for the usual 1-inch top floor and 2-inch plank beneath, and
still have a space left for shimns to level the floor.

Plate N. QGeneral Drawing. This is an example of a plain,
everyday shop drawing, to show the relation of parts and the
extreme space occupied by the pump. A great deal of time can
be needlessly wasted in producing a drawing of this character, by
trying to make too faithful a picture. For example: If all the
bolt heads were put in, it is safe to say that several hours’ extra
time would be required for this one item alone. But the draw-
ing would be no better for shop use. Ilence all bolt heads and
nuts have been left out, except when necessary to show clearance.

Shade lines have been put on for no special reason except
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MECHANICAL DRAWING. 67

that if they are desirable on any drawing they are especially
desirable on a general drawing, where one part overlaps another,
as they make it easier to pick out and separate one surface from
another. Some lines are shaded in this drawing which are not
strictly sharp edges. It is held, however, that the rounding of a
corner ought not to destroy its character as an edge’ casting
a shadow, and such lines are treated accordingly.

An assembled or general drawing of this character should be
laid out strictly from the dimensions shown by the details. It
thus serves a valuable purpose in checking up figures, and show-
ing whether or not the parts will go together. The method or
character of the work in no respect differs from that suggested
for the detail drawings.

If a scale of 3 inches = 1 foot be used, the size of sheet must
be 24 inches X 86 inches. The student, however, will perhaps find
it easier to use a scale of 1} inches =1 foot, in which case the
ordinary size, 18 inches X 24 inches, will suffice. For such a
small scale it will be found undesirable to attempt to put in any
very small fillets and corners, although those that can be readily
handled by the ordinary bow pen ought not to be omitted. Asa
matter of fact, the expert draftsman either leaves the corners
sharp, as suggested, or puts in the smallest curves freehand.

Order Sheets. Any set of drawings is incomplete unless in
connection with it a statement is made in tabular form of the
complete make-up of the machine. An infinite variety of ways
exists for making the specifications. Sometimes the tabulated
data are placed on the general drawing. Most often, however,
printed blanks are provided, usually of bond paper, arranged with
special reference to the individual shop system and methods of
handling work; these blanks are filled in by the draftsman,
indexed and filed as a part of the set of drawings. They can be
blue printed for use in the shops the same as a drawing. From
these sheets stock is ordered, checked off, and watched in its
process of manufacture.

Order sheets are indispensable in any well-ordered shop.
Hence they are illustrated on pages 59, 60, 61 and 62 as the final
step in the set of pump drawings. They are made as simple as
possibl® and are not irtended to fit any special shop system. As
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previously stated, the exact form and method of classification can
be determined only when the shop conditions are known.

The student, having carefully followed through the preced.
ing pages, must not think that he is master of pump construction,
for even the type illustrated has been but touched upon. The
object of the detailed discussion is to get the student in close
touch with the spirit of construction, to make his drawings real
serious work. It is hoped that the student will work just as
though a machine were to be built from his drawings, and built to
sell at a profit. Only in this way can advanced work in mechani-
cal drawing be of benefit to him, for after becoming expert in
the use of the instruments, no other advance is possible except
advance in thought.
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SHOSHONE FALLS OF THE SNAKE RIVER, IDAHO

Height 810 feet. The bed of the Snake river canyon lies at a general level of 700 feet below the
valley which its waters irrigate through the Twin Falls project. The Shoshone Falls, Twin Falls (187
feet), and Augur Falls (140 feet)—three of the six large falls in the canyon—all lie within five miles of
the town of Twin Falls, center of an area of 350,000 acres of rich soil to be reclaimed. The waters are
impounded by means of a dam at Milner, at the head of the canyon, 85 miles upstream from Twin Falls.
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DATE,

MAY 20, 1907

........... .

LIST OF CASTINGS

CHICAGO, ILL,

FOR

16—81—12 DUPLEX PUMP,

AMERICAN SCHOOL OF CORRESPONDENCE

TYPE.
INSIDE PLUNGER.

.........................

¥ RN
g Name, _%" 8§ 3: Remarks,
s s | 28| 3
7z a | &% b
2 | Steam Cylinder G C. 1. R. & L.
2 | Steamn Cylinder Head x C. L
2 | Steam Chest F C. L.
p Steam Chest Cover ¥ C. L
2 | Slide Valve i F [ CL
1_| Steam Pipe ¥ L
1 | Exhaust Tee F C 1
2 | Valve Steam Gland F C. 1.
2 Piston E C. I
8 | Piston Pipe Plug, 14" E | C. 1
4 | Piston Packing Ring E C. L
2 | Spool | E C. L
"1 _|Steam Cylinder Cricket | L | crL
2 | Steam Cylinder Stufting Box | L C. I. .
2 | Water Cylinder Stufting Box 1, C. L
4 | Piston Rod Gland VIR N Y OR A
1 | Valve Lever Brackst L ¢ L
2 | Yoke | L C.I. | R &L
1 | Short Rocker Arm K | L
"1 | Long Rocker Arm K ! oL
2 | Valve Stem Link S
1 | Water Cylinder I C. L
2 | Water Cylinder Head “J_‘ G L —
T3 | Hand Hole Cover J C. 1
1 | Water Cylinder Cap 1 C. I
1 | Air Chamber 1 C. 1.
1 | Discharge Ell |1 ‘ i C. I
2 | Plunger | C. I
2 | Plunger Bushing I | ' Brass
2 | Clamp Ring 1] oI —
32 | Valve Stem u P Brass
82 | Valve Cover | . Brass
82 | Valve Seat ‘ H | | Brass
6 | Foundation Plate M| | C. 1L
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DATE. AMERICAN ScHOOL OF CORRESPONDENCE TYPE.
MAY 20, 1907, INSIDE PLUNGER.

.........................

CHiCcAGO, ILL.

LIST OF STEEL AND MISCELLANEOUS PARTS

FOR

16—84—12 DUPLEX PUMP.

3 S
s .

g Name. _.éo Sg E Remarks

o- P gt | 3

P & | £= | .

2 | Valve Steam Iead E | St. Drop Forging.

2 | Piston Rod [ E C.R.S.
2 Valve Stem U E St.

1 | Long P. R. Lever K | St. Forging

1 | Short P. R. Lever K | St. Forging

1 Upper Rocker Shaft 1_1{— St

1 | Lower Rocker Shaift K St.
"2 | Rocker Arm Pin K ‘ St.

2 | Link Pin K | St.

1 | Long P. R. Lever Key . K ‘ St. Drop Forging
I Short P. R. Lever Key I K ( St. Drop Forging

2 | Rocker Arm Key K | St. Drop Forging
32 | Valve Spring | H ‘__‘ Brass wire| Spring Temper
32 | Valve | H l Rubber | Medium

I
| !
—
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DATE, AMERICAN ScHOOL OF CORRESPONDENCE TYPE.
MAY 20, 1307 INSIDE PLUNGER,
CHICAGO, ILL.
LIST OF BOLTS, NUTS AND PINS
FOR
16-84—12 DUPLEX PUMP.
3 3 P
E Name. _%" '5% g Remarks,
: AFE
2 & | &% | 2
24 | Cylinder Head Stud {x3} | G St.
20 | Steam Chest Stud § x 8 G St.
4 | Valve Stem Gland Studjx43 | F | | st
8| Piston Rod Gland Stud3x4 | L | St.
24 | Water Cylinder Head Stud 3 x38 J St.
12_| Clamp Ring Stud§x4} | J " Tobin bz,
24 | Water Cylinder Cap Stud 1 x3} | J St.
18 | Hand Hole Cover Stud§x2} | J St.
12 | Hand Hole Cover Stud §x <f | 1 St.
8 | Exhaust Tee TapBolt§x13 | G St.
16 | Yoke TapBolt§x% | G St.
8 | Steam Cyl. Stf. Box Tap Bolt3x1{) G St.
8 | Steam Pipe TapBolt§x1§ | F St.
4 | Valve Lever Bracket Tap Bolt§x13 ) F St.
4 | Steam Cyl.Cricket TapBolt1x24| F St.
16 | Yoke Tap Bolt 2 x 2 J St.
8 | Water Cyl. Stf. Box TapBoltix1]| J St.
8 | Discharge Ell Tap Bolt § x2 T St.
4 | Air Chamber Tap Bolt 3 x 2 1 St.
2 | Hook Bolt (special) 1x3—11"! M St.
4 | Hook Bolt (special) _ 13x3 —11" | M St.
1 | Eye Bolt Standard1” | 1 St.
34 | Standard Nut 3 St.
44 | Standard Nut 3 St.
36 | Standard Nut 2 . St.
26 | Standard Nut 1 | St.
4 | Standard Nut 1} St.
4 | Standard Nut 2 St.
8 | 8pecial Valve Stem Nut 1 St. § Thick
4 | Piston Rod Split Pin ix2| E St.
2 | Spool Taper Pin No. 10 Morse Taper | E St. 4" long
4 L St.

Valve Bracket Dowel Pin jx2
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DATE, AMERICAN SCHoOOL OF CORRESPONDENCE TYPE.
MAY 20, 1907 INSIDE PLUNGER,

sescececcccencncreeee . j4eesescasssasssesassaces

CHIcAGO, ILL.

LIST OF SPECIAL FITTINGS, WRENCHES, ETc,

....................................................................................
FOR

16—81—12 DUPLEX PUMP,

i 1. .
g Name. ,E Eg g Remarks

g E a8 4

4 Drip Cock 1’ G

1 Drip Cock 3 F

2 Drip Cock 1’ L

4 | Oil Cup 3 L

6 | Drip Cock 3" J

1 Relief Valve 14" I 175 1bs. pressur
1 Standard Fork Wrench ¢~ o

1 Standard Fork Wrench  %*

1 Standard Fork Wrench l"—

1 Standard Fork Wrench 17 o

1 Socket Wrench 44 12”7 handle

1 Valve Stem Fork Wrench

1 ValveStem Socket Wranch




ELBOW PATTERNS *

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

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

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

* The illustration referred to will be found on the back of this page.
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SHEET-METAL WORK.

PART 1.

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

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

CONSTRUCTION.

In constructing the various articles made from sheet metal,
various gauges or thicknesses of metal are used. For all gauges
from No. 20 to No. 30 inclusive, we assume in the development
of the pattern, that we are dealing with no thickness, and we make
no allowance for bending or rolling in the machine. But where
the metal is of heavier gauge than No. 20, allowance must be made
for shrinkage of the metal in the bending and rolling operations,
which will be explained in connection with development in heavy
. sheet-metal work. What has been said about wiring, seaming,
and transferring patterns in the Tinsmith’s Course is applicable to
this course also. It is sometimes the case that the capacity of a
vessel or article must be determined, when the rules given in
Mensuration should be followed. When figuring on sheet-metal
work, the specifications sometimes call for various metals, such as
galvanized sheet iron or steel, planished iron, heavy boiler plate,
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4 SHEET-METAL WORK

band iron, square or round rods for bracing, etc., zinc, copper, or
brass; and the weight of the metal must often be calculated together
with that of stiffening rods, braces, etc. On this account it is
necessary to have tables which can be consulted for the various
weights.

TABLES.

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

Fig. L.

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

SHOP TOOLS.

In allowing edges for seaming and wiring, we must bear in
mind that when a scam is to be grooved by hand or machine the
allowance to be made to the pattern should conform to the rolls in
the machine or the hand tools in use. The edges of the pattern
are usually bent on the shect-iron folder, or brake, while the seam
can be seamed or grooved with the hand groover or giant grooving
machine. Where round pipe work is done in lengths up to 3 feet,
the slip roll former is uscd, while square or rectangular pipes are
bent up on the brake in 8-foet lengths. Where pipes, elbows,
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SHEET-METAL WORK b

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

PATTERNS OBTAINED BY VARIOUS METHODS.

In this course will be explained the four methods used in
developing patterns for sheet-metal work, namely, parallel line,
radial line, triangulation, and approximate developments. What
was said on parallel and radial line developments in the Tinsmith’s
Course is applicable to this course also. '

INTERSECTIONS AND DEVELOPMENTS.

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

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

which draw horizontal lines intersecting the section Fat a’,a’, a’,
and a’. Take a tracing of the section F with its various inter-
sections, and place it in its proper position as shown by F?, in the

w 'N CYLINDER ,
T =

|
T >
| |
b o
Hll
L
|l
L K

Fig. 2.

center of the cylinder B C D E, allowing the section to make a
quarter turn, and bringing the points 4’ )’ at the top and bottom
on a vertical line, while in the section F, 4’ }’ are on a horizontal
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SHEET-METAL WORK 7

line. From the various :intersections in F?, draw horizontal lines
intersecting vertical lines drawn from similarly numbered inter-
sections in the plan A, as shown in elevation. A line drawn
through these points will represent the joint between the cylinder
and prism.

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

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

these intersections draw vertical lines, which intersect by lines
drawn parallel to 4" 4 from corners having similar numbers in F,
thus obtaining the points of intersection 1v 2¥ 3v and 4. Dropping
vertical lines from the intersections on the plane 1’ 4’ in elevation,
and intersecting similarly numbered lines in plan, will give the
horizontal section of 1’ 4’, as shown by 1° 2° 3’ and 4°.

Fig. 3.

For the development of the hexagonal prism, extend the line
4* 17 as shown by H J, upon which place the stretchout of twice
the number of spaces contained in the half section F, as shown by
similar figures on the stretchout line HJ. From these points, at
right angles to H J, draw lines as shown, which interscct by lines
drawn at right angles to the line of the prism from intersections
1¥ to 4v, thus obtaining ¢+ points of intersection 1* to 4. Lines
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SHEET-METAL WORK 9

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

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

The following suggestions are given to avoid confusion in
numbering the points or corners of irregular or round sections in
plan and elevation. If the half section E were bent on the line 1-1
and turned upward toward the reader, and we should view this
section from the front, the point 3 would be at the top, or, if bent
downward, would be at the bottom; therefore the points 3 and 3 in
elevation are placed at top and bottom. Now if the section E! in
elevation were bent on the line 3-3 either toward or away from the
reader, the point 1 when looking down would show on both sides as
shown in plan, which proves both operations. No matter whether
the form is simple, as here shown, or complicated as that which
will follow, the student should use his imaginative power. Study
the problem well; close your eyes and imagine you see the finished
article before you, or, failing in this, make a rough model in the
shop or a cardboard model at home, which will be of service. Now
from the intersections in E,draw horizontal lines intersecting the
circle A at 1’,2’ and 3’ on both sides. From these points erect
perpendicular lines and intersect them with horizontal lines drawn
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SHEET-METAL WORK 11

from similarly numbered intersections in E!.  Lines traced through
these points 3" 2" 17 and 1" 2" 3" will be straight because both
branches are of equal diameters.

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

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

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

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

Fig. 5.

pipe is placed as shown in plan or at one side of the center line.
For the development of the small cylinder extend the line 5-1
in elevation as shown by F E, upon which place the stretchout
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of the circle D! in plan, or twice the amount of D in elevation,
as shown by similar figures on the stretchout line F E, At right
angles to F E and through these small figures, draw lines which
intersect with lines drawn at right angles to the lines of the
small oylinder from similarly numbered intersections in the
miter line in elevation. Trace a line through the points thus
obtained; E F G will be the development for the cylinder C.

To obtain the opening in the large
cylinder extend the lines of the large
cylinder in elevation as shown at the base
by H J, upon which place the stretchout
of the intersections contained in the circle
A, being careful to transfer each space
separately (as they are unequal) to the
stretchout line HJ. Through these points
and at right angles to H J erect lines which
intersect with horizontal lines drawn from
similar points in the miter line in elevation
A line traced through the points thus
obtained, as shown by K L M N, will be
the desired development. )

Fig, 6 shows the intersection between
& quadrangular prism and sphere, the center
of the prism to come directly over the center
of the sphere. Make the diameter of
the iphere 2% inchos, the sides of the ELEVATION
prism 1} inches, and the height from f
toc’ 2§ inches. Draw the elevation of the
sphere A which is struck from the center Fig. 6.
a, from which erect the perpendicular ¢ 5. With any point, as ¢,
as a center and using the same radius as that used for A, describe the
plan B, Through ¢ draw the two diagonals at an angle of 45°, and
draw tho plan of the prism according to the measurements given.
Now draw the elevation of the prism ¢’ and f” ¢, the sides of the
prism intersecting the sphere at cand ¢’ From either of these points
draw a harizontal line intersecting the center line @ b at d. Then
using @ as a center and a d as the radius, describe the arc e e’
intersecting the sides of the prism extended at e and ¢’; fee’ f'
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will be the development for one of the sides of the prlsm In
practice the four sides are joined in one.

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

Having drawn the elevation and plan of
the sphere, construct the plan of the prism
PLAN as shown by A B C I}, Parallel to the
A center line # y project the prism in eleva-
tion intersecting the sphere at @ and ec.
Now since the center of the sphere is on
one of the diagonals of the prism in plan,
cither two of the sides meeting at one end
of that diagonal, as B-C and C D, will be
alike, and both will be different from the
other two sides A B and A D, meeting at
the opposite end of the diagonal. There-
fore the line F « in elevation will be used
in obtaining the development of D C in
plan, while the line E ¢ will be used in
obtaining the development for the two
sides D A and A B in plan.

Now from @ draw a horizontal line
intersecting the center line 2 y at &;
and using y as a center and y b as the
radius, describe the arc G H intersecting

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

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

Developments by Triangulation. In developing sheet-metal

work of irregular forms, patterns are required which cannot be
developed by either the parallel or radial-line methods. These
irregular shapes are so formed that although straight lines can be
drawn upon them the lines would not run parallel to one another,
nor would they all incline to a common center. In the methods
previously described, the lines in parallel developments run parallel
to one another, while in radial-line developments all the lines meet
at a common center. Hence in the development of any irregular
article, it becomes necessary to drop all previous methods, and
simply proceed to measure up the surface of the irregular form,
part by part, and then add one to another until the entire surface
is developed. To accomplish this, one of the simplest of all
geometrical problems is made use of and shown in Part II of
Mechanical Drawing, Plate V, Problem 11, entitled “To construct
a triangle having given the three sides.” To carry out this method
it is necessary only to divide the surface of the plan or elevation
of any irregular article into a number of equal parts. Use the
distances in plan as the bases of the triangles, and the distances in
elevation as the altitudes or heights of the triangles, or vice versa;
and then find the hypothenuse by connecting the two given lengths.

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

While this may look very simple, it is all that there is to
triangulation, and if the student thoroughly understands the simple
principle and studies the problems which will follow, he will have
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16 SHEET-METAL WORK

no trouble in applying this pr'inciple in complicated work, To
make it still clearer we will prove the longth of the line B! DY,
Take the distance of A! B, place it in plan as shown by A B? and
complete the rectangle A B? C? D. Draw the diagonal B? D, being
the length songht, which will be found to equal B! D! in elevation..
When drawing this problem in practice, make the plan 4 by 6 inches
and the vertical height in elevation 5 inches.

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

[N Bl _ @t follow in this part and in the Prac.
//////'/ | tical Workshop Problems. It

////// { should be understood that tri-

= o | angulation is not given as an
PLAN -=-<¢" alternative method, but is used

Fig. 8. when no other method can be

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

In Fig. 9 is shown an irregular solic whose base and top are
triangles crossing each other. and in which the principle just
explained will be put to practical test Inscribe the triangles
shown in plan in a circle whose radius is equal to a 1, or 1} inches,
and make the height of the article in elevation 2 inches. The
dotted triangles 1 2 3 in plan represent the section of the article on
the line 2-3 in elevation: and the solid triangle 1! 2! 8! in plan, the
section on the line 2! 3! in elevation. Now conneot the two soctions
in plan by drawing lines from 1 to 2! and to 31, from & to 2! and to
1%, and from 3 to 1* and to 8'. In a similar manner conneot the
points in clevation as shown., It now becomes necessary to obtain
a triangle giving the true length of the lines connocting the
corners of the triangle in plan, and as all of these lines are equal
only one triangle is necessary Thereofore take the distance from
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1to 2! in plan and place it on the line 3-2 extended in elevation,
as shown from 2 to 1°, and draw a line from 1° to 2!, which is the
desired length.

For the pattern, proceed as is shown in Fig. 10. Take the
distance of any one of the sides in the triangle, as 1-2 in Fig. 9,
and place it on the horizontal line 3t ELEVATION o
1-2 in Fig. 10. Then using 1 and
2 as centers, with 1° 2! in elevation
in Fig. 9 as radius, describe the
arcs in Fig. 10 intersecting each
other in 2!, Then 1 2 2! will be
the pattern for one of the sides
shown in plan in Fig. 9 by 1 2 21,
Proceed in this manner in Fig. 10
as shown by the small arcs; or a
tracing may be taken of the one
side 1 2 2! and traced as shown
until six sides are obtained, which
will be the full pattern and which
is numbered to correspond to the
numbers in plan. Fig. 9.

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

——_—— J—
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. —_—

~
3 =~

~.3
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] i 2> - "1

e ——

Fig. 10.

~ ————

lation It is well to remember that any scction of a scalene cone
drawn parallel to its base will have the same shape (differing of
course in size) as the buse. This is equally true of articles whose
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bases are in the shape of a square, rectangle, hexagon, octagon, or
any other polygon. What has just been explained will be proven
in connection with Fig. 11, in which A B C represents a side
clevation of a scalene cone, whose plan is shown by 1 4! 74 C.
Draw any horizontal line, as A D, on which set off the distances

L\ [6)

e 7

Fig. 12,

4

DIAGRAMS OF TRIANGLES

12 3

Fig. 11.

A B equal to 3 inches and B D equal to 2§ inches, and the
_vertical height D C equal to 4} inches. Draw lines from B and
A to C, which completes the elevation. In its proper position
below the line A B, draw the plan of A B as 14 7 4! struck from
the center C. Through C draw the horizontdl line C C', and
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intersect it by a vertical line drawn from the apex C in elevation,
thus obtaining the apex C'in plan. Draw lines from 4 and 4! to C!,
which completes the plan.

As both halves of the scalene cone are symmetrical, it is
necessary only to divide the half ‘plan 1 4 T into a number of equal
spaces as shown by the small figures 1 to 7, and from points
thus obtained draw radial lines to the apex C!. Then these lines
in plan will represent the bases of triangles which will be con-
structed, whose altitudes are all equal to D C in elevation. There-
fore in Fig. 12 draw any horizontal line, as A B, and from any
point, as C, erect the perpen-
dicular line C C! equal in
height to D C in Fig. 11.
Now from C'in plan take the
various lengths of the lines 1

line A B in Fig. 12, measur- 4
ing in every instance from
the point C, thus obtaining
the intersections 1 to 7, from
which lines are drawn to the
apex CL Then these lines will
represent the true lengths of
similarly numbered lines in
plan in Fig. 11. Fig. 13.

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

Now to prove that any scction of an oblique or scalene cone
cut parallel to its base, has a similar shape to its base (differing in
size), draw any linc as ¢ b in Fig. 11 parallel to A B. From C in
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plan erect a vertical line intersecting the base line A B at d, from
which draw a line to the apex C, cutting the line @ b at e. Then
the distances e @ and ¢ b will be equal; and using e as a center and
e b as radius, describe the circle ¢ 75 ¢, which is the true section
onab. Thenad BA
will be the frustum of
ascalene cone. Extend
the line a b parallel to
A D, cutting thediagram
of triangles in Fig. 12
from @ tod. Then with
radii equal to the dis-
tances from C! to the
various intersections on
\ the line @ J, and using
K Cin Fig. 13 as center,
interseet similarly num-
bered radial lines drawn
B from Tto1 to 7 to the
‘apex C. A line traced
as shown from 7' to1’
to 7’ will be the desired
cut, and 7-7-7'-7" will
be the pattern for the
N frustum. The practical
use of this method is
shown in diagram V in
Fig. 11; a’ is the frus-
tum of the oblique cone,
on the ends of which are
connected round pipes
c
Fig. 14. b’ and ¢'.

It is shown in Fig. 14 how in an irregular solid whose base is
square and top is round, both top and bottom on horizontal planes
are developed.  The corners in plan FB G, GCH, HD E and
E A F should be considered as sectious of scalene cones.  Proceed
by drawing the plan ABCD 33 inches square, which represents the




SHAEET-METAL WORK 21

plan of the basu of the article; and the circle E F G H 2} inches
in diameter, which shows the plan of the top of the article; the
vertical height to be 3 inches, shown from @ to 8. As the circleis in
the center of the square, making the four corners symmetrical, it is
necessary only to divide the one-quarter circle into a number of
equal parts as shown by the small figures 1, 2, 2, 3, from which draw
lines to the apex B. Complete the elevation as shown by IJ K L.
Now using B as center, and radii equal to B 1 and B 2 in plan,
describe arcs intersecting A B at 1’ and 2’ as shown. From these
points ereot perpendiculars interseoting the top of the artiole I J

L Y e meaos

K
Fig. 16,

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

For the half pattern proceed as follows: In Fig. 15 draw any
horizontal line, a8 A B, equal in length to A B in plan in Fig. 14.
Now with K 1” as radius and A and B in Fig. 15 as centers, describe
arcs intersecting cach other at 1 From 1 drop a vertical line
intersecting A B at K. Then 1 K should equal J K in elevation
in Fig. 14, which represents the true length through G N in plan.

.
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Now with radii equal to K 1" and K 2’ in elevation, and with B in
Fig. 15 as center, describe the arcs 1-1’ and 2-2’. Now set the
dividers equal to one of the spaces in G F in plan in Fig. 14; and
starting at 1 in Fig. 15, step off arcs having similar numbers as
shown by 1, 2, 2’,1’. Now using 1 B as radius, and 1’ as center,
describe the arc B C, and intersect it by an arc struck from B as
center and with B A as radius, as shown at C. Take a tracing of 1
B 1’ and place it as shown by 1’ C1’. Now connect the various
intersections by drawing lines from 1 to A to B to C to
1’ to1’ to 1, which completes the half pattern. The triangu.
lar pieces 1 A B or 1’ B C will represent the flat sides of the
article shown in plan by 1 A B or 3 B C respectively in Fig. 14;
and the cone patterns 1-1’ B and 1'-1* C in Fig. 15, the sections of
the scalene cones 1-3-B and H-G-C respectively in plan in Fig. 14.
This same rule is applicable whether the top opening of the article
is placed exactly in the center of the base or at one side or corner.
Various problems of this nature will arise in Practical Workshop
Problems; and if the principles of this last problem are thoroughly
understood, these will be easily mastered.

Approximate Developments. In developing the blanks or
patterns for sheet-metal work which requires that the metal be
hammered or raised by hand, or passcd between male and female
dies in foot or power presses, circular rolls, or hammering machines,
the blanks or patterns are developed by the approximate method,
because no accurate pattern can be obtained. In all raised or
pressed work in sheet metal, more depends upon the skill that the
workman has with the hammer, than on the patterns, which are but
approximate at their best. While this is true, it is equally true
that if the workman understands the scientific rule for obtaining
these approximate patterns a vast amount of time and labor can be
saved in bringing the metal to its proper profile. If the true rule
for averaging the various shapes and profiles in circular work is not
understood, the result is that the blank has either too little or too
great a flare and will not form to its proper profile and curve.
Before proceeding to describe the approximate development
methods, attention is called to the governing principle underlying
all such operations. We have previously shown how the patterns
are developed for simple flaring ware; in other words, how to
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develop the frustum of a cone. The patterns for curved or any
other form of circular or hammered work- are produced upon the
same principle. The first illustration of that principle is shown in
Fig. 16, in which A B C D represents a sphere 3 inches in diameter
composed of six horizontal sections, struck from the center a.

=%

cocnoveno-
-
o"'
o“‘
-

P -

Fig.16.

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

Fig. 17.

thoroughly in the Practica]l Workshop Problems which will
shortly follow.

In Fig. 17 is shown another elevation of a sphere composed of
iwelve vertical sections as shown in plan view. While the method
used for obtaining the pattern is by means of parallel lines, and:
would be strictly accurate if the scctions in plan remained straight
as from 4 to 4, the pattern becomes approximute us soon as we start
to raise it by means of machine or hammer to conform to the profile
B in elevation, because the distance along the curve @ from 4’ to 4’
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in plan is greater than a straight distance from 4 to 4. The pattern
by this method is obtained as follows: Let B represent the elevation
of the sphere, and A the plan of the same, which is divided into as
many sides as the sphere is to have vertical sections, in this case
12, being careful that the two opposite sides 44 and 4’ 4’ in plac
run parallel to the center line as shown. Make the diameter of the
sphere4—4" 8 inches.
Divide the half ele-
vation into an equal
number of spaces as
shown from 1 to 4 to
1, and from these
points drop lines at
right angles to 44"
intersecting the mi-
ter lines 14 in plan
asshown. Nowdraw
any horizontal line,
as 1'-1',upon which
place the stretchout
of 1-4-1 in elevation
as shown by 1'4'-
1’ on the line 1'-1/
in C. Through these
points draw lines at
right angles to 1'-
1’, which intersect
by lines drawn from
similarly numbered
intersections on the

Fig. 18. ' miter lines 14 in
plan, at right dngles to 4—4. A line traced through points thus
obtained as shown by .C will bo the desired pattern.

In Fig. 18 is shown the principle used in obtaining the radii
with which to develop the blank for a curved or circular mould
when it is to be hammered by hand. In this connection, only the
principle employed will be shown, leaving the full development and
also the development for patterns which are to be raised by hand
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and hammered by machine, to be explained in problems which will
follow in Practical Workshop Problems. Draw this problem double
the size shown. First draw the elevation A B C D, and through
the elevation draw the center line F G. Then using G as a center,
draw the circles A! B! and C! D! representing respectively the
horizontal projections of A B and C D in elevation. Now draw a
line from A to E in elevation, connecting the corners of the cove
as shown. Bisect A E and obtain the point H, from which at right
angles to A E draw a line intersecting the cove at J. Through J
parallel to A E draw a line intersecting the center line F G at M.
Take the stretchout from J to A and from J to E and place it on
the line J M as shown respectively from J to L and from J to K.
Then will ML and M K be the radii with which to strike the
pattern or blank for the cove. From J drop a vertical line intersect-
ing the line D! G in plan at N. Then with G as center strike the
quarter circle N O. Now using M as center and M J as radius,
strike the arc J P. Then on this arc, starting from J, lay off 4 times
the stretchout of N O in plan for the full pattern. It should be
understood that when stretching the cove A E, the point J remains
stationary and the metal from J to L and from J to K is hammered
respectively toward J A and J E. For this reason is the stretchout
obtained from the point J.

PRACTICAL WORKSHOP PROBLEMS,

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

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

Our first problem is shown in Fig. 19, and is known as a sink

- drainer, It is often the case that the trap under the kitchen sink
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is choked or blocked, owing to a collection of refuse matter. To
avoid this a sink drainer is used, and is fastened in position through
the wire loops @, b and ¢. The refuse matter is poured into the
drainer, from which it is easily removed after the fluid has passed
through the perforations. These drainers may be made of tin or of
black or galvanized iron, but where a good job is wanted 16-ounce
copper should be used. To obtain the pattern for any sized drainer,
F proceed as follows: First draw the
plan of the drainer A B C in Fig. 20,
making A B and B C each two inches
and forming a right angle. Then
using B as center and A B as radius,
draw thearc A C. In its proper posi-
| tion above the plan construct the side
: elevation, making E D 2 inches high,
: and draw the line F D. Then will
! ID F E D be the side elevation. Divide
: the arc A Cinto equal spaces as shown
|

la

SIDE
ELEVATION

by the small figures 1 to 5. For the
pattern use F' D as radius, and with
D in Fig. 21 as center strike the arc
PLAN 15. From 1 draw a line to D ana
step off on 1-5 the same number of
2 spaces as contained in A C in plan in
Fig. 20, as shown by similar figures

: in Fig. 21. Draw a line from 6 to D.
3 Then will 1-5-D be the pattern for

the front of the strainer, in which per-
4 4c forations should be punched as shown.
Fig. 20. To join the sides of this pattern,

use 1 and 5 as centers, and with either F E or A B in Fig. 20 as
radius, describe the arcs E and E! in Fig. 21. Now using D as
center and D E in Fig. 20 as radius, intersect the arcs E and E! as
shown in Fig. 21. Draw lines from 1 to E! to D to E to 5, which
completes the pattern, to which edges must be allowed for wiring
at the top and seaming at the back.

When joining a faucet or stop cock to a sheet-metal tank it is
usual to strengthen the joint by means of a conical “boss,” which
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is- indicated by A in Fig, 22. In this problem the cone method is
employed, using principles similar to those used in developing a
frustum of a cone intersected by any line. Therefore in Fig. 23 let

3

Fig. 21

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

A

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

In Fig. 24 is shown what is known as a hip bath. In drawing
out the problem for practice the student should remember that it is
similar to the preceding one, the only difference being in the outline
of the cone. Make the top of the cone I B in Fig. 25 equal to 3}
inches, the bottom C D 1§ inches, the vertical height from K to 5’
2} inches, the diameter of the foot E F 2} inches, and the vertical
height 5'-5" 1-inch. Through the center of the cone draw the
center line K L, and at pleasure
draw the outline of the bath as
shown by A J B. It is imma-
terial of what outline this may be,
the principles that follow being
applicable to any case. Thus, in
the side elevation, extend the
lines B C and A D until they
intersect the center line at L. In

Fig. 24. similar manner extend the sides
of the foot picce ED and F C until they intersect the center
line at R. Now with 5’ as center and with radius equal to 5’ D
or 5’ C, describe the half scction C H D, which divide into equal
spaces as shown by the small figures 1to 9. From the points of
division erect vertical lines meeting the base line of the bath D C
at points 1, 2/, 3/, etc.,, to 9. From the apex L and through these
points draw radial lines intersecting the outline B J A, from which
horizontal lines are drawn intersecting the side of the bath B C
as shown from 1to 9. For the pattern for the body use L as center,
and with L C as radius draw the arc F L!. Now starting at any
point, as 1, set off on F L! twice the stretchout of D H C as shown
by similar numbers on the arc FL!. From the apex L and through
the small figures draw radial lines, which intersect by arcs
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struck from L as center with radii equal to similarly numbered
intersections on B C. Trace a line through points thus obtained, -
and L! M N P F will be the pattern for the body of the bath,
to which laps should be added at the bottom and sides for seaming.

Fig. 2.

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

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

Fig. 26. tion. In drawing this problem
for practice (Fig.27). first draw the centerline W 8 in plan; and using
@ as center with a radius equal to 14 inches draw the semicircle
C-12 D. Now make the distance @ to b 4 inches; and using b as
center with a radius of 1§ inches draw the semicircle E-7-H.
Draw lines from E to D and from Cto H. DE TH C12 D will
be the plan of the bottom of the bath. In this case we assume
that the flare between the top and bottom of the narrow end of the
bath should be equal; therefore using @ as center and with a radius
equal to 1§ inches draw the semicircle A W B. At the upper end
of the bath the flare will be unequal; therefore from b measure a
distance on line W 8 of 1 inch and obtain ¢, which use as center,
and with a radius equal to 2 inches describe the arc F 8 G. Draw
lines from F to A and from Bto G; and AF8 G B W A will be
the plan of the top of the bath. Now project the side elevation
from the plan as shown by the dotted lines, making the slant
height from I to R 24 inches and from J to K 34 inches; draw a line
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from K to R, and J KR I will be the side elevation of the bath tub.
In constructing the bath in practice, seams are located at HG, FE,

el g
DIAGRAM OF
TRIANGLES

Fig.m'
A D, and C B in plan, thus making the tub in four pieces
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The lower end of the bath will be developed by the cone
method as in the last two problems. From the center @ drop a line
indefinitely as shown. Extend the side R I of the side elevation
until it meets the center line @ d at d. Now divide the quarter
circle 12-9 in plan into equal spaces as shown by the small figures
9, 10, 11, and 12, from which drop vertical lines (not shown)
intersecting the bottom of the bath tub in elevation from 9’ to 12°.
Then through these points from & draw lines intersecting the top
line of the bath R K as shown, from which draw horizontal lines
intersecting the side I-R extended as I X at points 9’ to 12”.
Then using d as center and d I as radius, describe the arc I M,
upon which place the stretchout of D 12 C in plan, as shown
by similarly numbered points on Ll M. Through these points from
d draw radial lines, which intersect by arcs drawn from similarly
numbered intersections on I R extended, using d as center. Trace
a line as shown,and L M N P will be the pattern for the lower
end of the tub ABCD in plan. Laps should be allowed for

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

by triangulation, diagrams of triangles must first be obtained, for
which proceed as follows: Divide both of the quarter circles H 7
and G 8 in plan into the same number of spaces as shown respec-
tively from 1 to 7 and from 2 to 8. Connect these numbers by
dotted lines as shown from 1 to 2, 2 to 3, 8 to 4, etc. From the
various points 2, 4, 6, and 8 representing the top of the bath, drop
lines meeting the base line J f in elevation at 2x, 4x, 6x, and 8x,
and cutting the top line of the bath at 2’,4’,6’,and 8’. Then
will the dotted lines in plan represent the bases of the triangles,
which will be constructed, whose altitudes are equal to the various
heights in elevation. Take the various distances 1 to 2, 2 to 3,
3 to 4, 4 to 5, etc., in plan up to 8, and place them on the vertical
line 1’8’ in (B) as shown from 1’ to 2", 2" to 3", 3" to4",4" to 5°,
etc., up to 8’. For example, to obtain the true length of the line
6-7 in plan, remembering that the points having even numbers
represent the top line of the bath and those having uncven
numbers the base line, draw at right angles to 1’-8” in (B), from
6, a live cqual in height to 66" in clevation, and draw a line
from 6" to 7’ in (B), which is the length desired. For the true

240



SHEET-METAL WORK 35

length of 6-5 in plan it is necessary only to take this distance
place it from 6" to 5* in (B) and draw a line from 6" to 5". In this
way each altitude answers for two triangles. In plan draw a line
from 1t0 0. Then will two more triangles be necessary, one on the
line 1-0, and the other on B G or 0-2. From 2’ in elevation draw
a horizontal line, as 2’ ¢, intersecting the vertical line dropped
from 0 at e. Now take the distances 0 1 and 0 2, and place them
in (A) as shown by the horizontal lines 0”-1”" and 0=2x respectively.
At right angles to both lines at either end draw the vertical lines
0"-0"" and 0=0" equal in height respectively to C! 0’ and ¢ 0’
in elevation. Draw in (A) lines from 2= to 0vand from 1’ to 0",
which are the desired lengths. Before proceeding with the pattern,
a true section must be obtained on 2°-8’ in side elevation. Take
the various distances 2’ to 8’ and place them on the line 2’-8’ in
Fig. 28. At right angles to 2'-8’ g

and through the small figures draw

lines as shown. Now measuring in

each and every instance from the ¢ ¢
center line in plan in Fig. 27, take the Z L 1
various distances to points 2, 4, and 2

6 and place them on similarly num- Fig. 28.

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

For the pattern for the upper end of the tub proceed as follows:
Take the distance of 7"-87 in (B) and place it on the vertical line
7-8 in Fig. 29. Then using 8 as center and with a radius equal
to 8’6 in Fig. 28, describe the arc 6 in Fig. 29, which intersect by
an arc struck from 7 as center and with 7"-6v in (B) in Fig. 27
as radius. Then using 7-5 in plan as radius, and T in Fig. 29 as
center, describe the arc 5, which intersect by an are struck from 6
as center and with 6v-5" in (B) in Fig. 27 as radius. Procced in
this manner, using alternately as radii first the divisions in Fig. 28,
then the length of the slant lines in (B) in Fig. 27, the divisions
on 7 H in plan, then again the slant lines in B, until the line 12
in Fig. 29 is obtained. Trace a line through points thus obtained,
as shown by 2-8-7-1. Trace this oppositc the line 8-7, as shown
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by 2’ 1’. Then will 2-8-2’~1’-7-1 be the desired pattern, to
which laps must be allowed.

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

———————

- -~

- -~
~o

~

PATTERN FOR
EFGH IN PLAN

Fig. 29,

to 9-P in the pattern X and with 9 in Fig. 30 as a center, describe
the arc 0, which intersect by an arc struck from 1 as center and
with 1°-0"" in (A) in Fig. 27 as radius. Now taking a radius equal
to 0v-2= in (A) with O in Fig. 30 as center, describe the arc 2, which
intersect by an aro
struck from 1 as center,
and with 1-2 in Fig. 29
a8 radius. Draw lines
from corner to corner in
Fig. 80, which gives
the desired pattern, to
which laps are added

Fig. 30, for seaming and wiring.
In Fig. 31 is shown a perspective view of a funnel strainer
pail. These pails are usually made from IX bright tin, and the
same principles as are used in the development of the pattern are
applicable to similar forms, such as buckets, coal hods, chutes, ete.
This problem presents an interesting study in triangulation, the
principles of which have been explained in previous problems.
First draw tho center line C I in Fig. 32, at right angles to which

—————

< PATTERN FOR
~ CHGB INPLAN

O -——--——-—J0
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draw H E and H F each equal to 1§ inches. Make the vertical
height H C 3} inches and C D 2 inches. Now make the vertical
heights measuring from C G, to A, and to B respectively 1%
inches, and 14 inches. Make the horizontal distance from C to G
21 inches, the diameter from G to A 1§ inches, and from A to B
4-inch, and draw a line from B to C. Connect points by lines;
then willA B C D E F G be the side elevation of the pail. In its
proper position below F E, with J as center, draw the plan KLMN.
Also in its proper position draw the section on A GasOPR S
Now draw the rear elevation making G! U and G! V each equal to
HE, and 1" T and 1"-1" each equal to C D. Project a line from
B in side, intersecting the center line in rear at4’. Then through
the three points 1’ 4’ T draw the curve at pleasure, which in this
case is struck from the center . W'Y X Z represents the opening
on G A in side obtained as shown by the dotted lines but having
no bearing on the patterns. Pails
of this kind are usually made
from two pieces, with seams at
the sides, as in Fig. 31. The
pattern then for the back shown
by C D E H in side elevation in
Fig. 32 will be obtained by the
cone¢ method, struck from the
center I, the stretchout on E! E2
in the pattern being obtained
from the half plan. The pattern
for CD E H is shown with lap Fig. 3L
and wire allowances by D! D? E? E! and needs no further explavnation.
The front part of the pail shown by ABCHF G will be
developed by triangulation, but before this can be done a true
section must be obtained on B C, and a set of sections developed
as follows: Divide one-half of 1’ 4" T in rear elevation into cqual
parts as shown from 1’ to 4’, from which draw horizontal lines
intersecting the line B C as shown. From these intersections
lines are drawn at right angles to B C equal in length to similarly
numbered lines in rear as 3'-37, 2’-2", and 1’-1". Trace a line
as shown, so that C 1’7 2" 3" 4" will be the true half scction
on 