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PREFACE.

THE matter contained in the following pages is largely the
subject-matter of lectures delivered by the author to students
of the elementary principles of enginecering.

The author does not and could not presume to have pre-
sented much that is new, but rather a collection of such
principles and information as would direct the beginner along
the proper course of study.

In preparing the work free recourse has been had to various
works upon the subjects named, from which much subject-
matter has been used.

It is not intended that the subjects treated should be
regarded by the student as exhausted, but rather as containing
guiding principles for more thorough investigation, either in
the classroom or in practice.

The problems at the end of the different chapters are given
more for the purpose of fixing in the mind of the student the
more important principles contained, than as examples of
practice, though in fact many of them are such.

To Prof. R. H. Whitlock, whose assistance and encourage-
ment are largely responsible for the undertaking of the prepara-
tion of this work, and under whom he has studied for several
years, the author wishes to render thanks.

To Prof. Chas. Puryear thanks are due for assistance in
reading proof.

The author is under obligations to the various manufac-

turers who have loaned clectrotypes.
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v PREFACE.

Figures 34, 35, 36, 37, 41, 42, 73, 74, 76, 78, 89, 9o,
91, 92, g6, 97, from Robinson’s ** Principles of Mechanism,"’
Figures 123, 138, 139, 150, from Kinealy's ‘¢ Steam Engines
and Boilers,’’ Figures 158, 179, 180, 181, from Whitham'’s
** Constructive Steam .Engineering,”’ and Figures 121, 132,
171, 173, 175, 182, 183, 191, 192, 197, 198, from Hutton’s
 Mechanical Engineering of Power Plants,”’ and the clectros
for the same, were used by the permission of the authors of
those works, for which the writer is indebted.

E. W. KERR.

COLLEGE STATION, TEXAs,

Nov. 29, 1901I.
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PART L.
MACHINERY AND MECHANICS.

CHAPTER L
INTRODUCTION.

Engineering is the art of constructing and using machinery;
or the art of executing civil or military works which require
a special knowledge of machinery or of the principles of
mechanics.

Mechanical Engineering is that branch of engineering
which has to do with machinery such as machine-tools,
engines, etc.

Civil Engineering is that branch of engineering which
relates to the making and care of roads, bridges, railroads,
harbors, etc.

Engineer. —This is the term applied to the person who is
skilled in the principles and practice of any branch of engineer-
ing. Engineers may be classed according to their occupa-
tions, as Mechanical, Civil, Military, Naval, Electrical, Mining
Engineers, etc.

Machinist.—This name is given to one who is familiar
with and is able to operate machine-tools.

Before a piece of machinery can be in readiness for use it
must be worked upon by the designer, the draughtsman, the
pattern-maker, the moulder, and finally the machinist. The
engineer should understand the principles involved in the work
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of each of the above men and should have had enough practice
in them to make himself reasonably familiar with them.

Mechanics is that science which treats of the action of
forces on bodies.

A Force is anything that tends to produce or change motion
in a body. A body at rest is put in motion by a force; a
body in motion is stopped or retarded or accelerated by a
force. Or, if the direction of motion of a body be changed,
that change is produced by a force.

The unit of force used by engineers in English-speaking
countries is the pound avoirdupois. For some scientific pur-
poses physicists have adopted a so-called ‘‘absolute unit."’
This unit is that force which, acting on a unit mass during a
unit of time, will produce a unit of velocity. In the English
system it is the force which, acting for one second on a mass
whose weight is one pound at London, will produce a velocity
of one foot per second. It is equal to ! - Ibs., or roughly half
an ounce. As a unit of force it is useless to engineers.

A Machine is a combination of fixed and movable parts
so disposed and connected as to transmit force and motion,
in order to secure some useful result. The fixed parts con-
stitute the frame or support for the moving parts. The moving
parts constitute a train or trains of mechanism. All moving
parts of machines may be classified as follows:

1. Revolving shafts. /fxamples: Line-shafts, spindles, etc.

2. Revolving whecls or cams, with or without teeth.
FExamples: Spur-gears, pulleys, etc.

3. Rods or bars with reciprocating or vibratory motions or
both. Examples: The piston-rod of an engine; the connect-
ing-rod of an engine; links of all kinds.

4. Flexible connectors depending on friction. FExamples:
Belts, ropes, etc.

5. Flexible connectors not depending on friction. /Jaxam-
ple: Link-belt.

6. A column of fluid in a pipe. [framples: Steam, com-
pressed air.
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Simple Machines.—The simple machines* are: (1) the
Lever, (2) the Cord, and (3) the Inclined Plane. The first
includes every body that may be revolved on an axis; the
second includes all machines in which force is transmitted by
means of flexible connectors; the third includes all machines
in which a surface inclined to the direction of motion is intro-
duced.

A lever is a rigid bar, movable about a fixed point called a
fulcrum. The bar may be straight, bent, or curved. Levers
are divided into three classes, according to the relative posi-
tion of the applied force, the weight, and the fulcrum.

In a lever of the first class the fulcrum / is between the
applied force P and the weight ¥, as in Fig. I.

| e Y
F

P w

Fi1G. 1.—Lever of the First Class.

In a lever of the second class the weight is between the
applied force and the fulcrum, as in Fig. 2.

f

L
|G
w

F1G. 2.—Lever of the Second Class.

In a lever of the third class, the applied force is between
the weight and the fulcrum, as in Fig. 3.

The law of the lever is the same in all three cases, viz. :
The applied force multiplied by its distance from the fulcrum

* These simple machines are also called by earlier writers on Me-
chanics the ‘“ Mechanical Powers.” This term is now becoming obsolete.
The use of the word ‘' power " is not in accordance with modern usage, in
which power is given the meaning *‘ rate of doing work.”
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is equal to the weight multiplied by its distance from the
fulcrum,

I Q
F
w
F16. 3.—Lever of the Third Class.

If the direction of the applied force or of the resistance is
not perpendicular to the line of the lever, the ‘¢ lever-arm '’ is
the perpendicular distance from the fulcrum to the line of action
of the applied force or of the load.

If the applied force P, acting through a distance 1), moves
the load W through a distance o, then P/ = Wd.  This
equation may be stated as a law,* applicable to all machines,
viz.: The weight multiplied by the distance through which it is
moved s equal to the applied force multiplicd by the distance
tirough whick it acts.

The weight of the lever itself is sometimes neglected, but
it may be considered as an additional force acting at the centre
of gravity of the lever.

An Inclined Plane is usually supposed in calculations of
machines to be a perfectly hard and smooth surface. In some
cases, however, friction is taken into account. The weight of
a body on an inclined plane is partly supported by the reaction
of the plane. But as this reaction is normal or perpendicular
to the plane, a body on it will slide down, unless restrained

A
. P
C

B

F1G. 4.—Inclined Plane.

by some externally applied force. If this force be applied in
a direction parallel to the plane, the force 7, Fig. 4, will be
to the weight as the height of the plane is to the length of the

* Known as the ‘* Law of Machines.”



INTRODUCTION. 5

plane measured on the incline. Expressed as an equation,

Wx AB*
P-——A—C—.

If the force is applied in a direction parallel to the base of
the plane, then will the applied force be to the weight as the
height is to the base; or

Wx AB
P=—pr—

These equations are in accordance with the general law
stated above. For if the weight was moved the entire height
of the plane the weight would be moved through the height
AB. To move the weight through this height the force would
be required to, act through the whole distance AC or AC,
according to the direction in which the force is applied.

If the force be applied to the weight in any other direction
than the two just stated, the relation of the force to the weight
will be as follows: Let a (Fig. 5) be the angle the plane

Fic. s.—Inclined Plane.

makes with the horizontal, and # the angle the applicd force
makes with the surface of the plane. Then the force will be
to the weight as the sine of a is to the cosine of ¢; or

"% sin a
) — —ee
r= cos

* The equations on this page apply only to a body in equilibrium.
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To solve problems of the inclined plane, use may be made
of the triangle of forces. Thus in Fig. 6, let cd represent the

FiG. 6.— Inclined Plane.

weight of the body at rest on the inclined plane, ¢ being the
centre of gravity of the body. From ¢ draw a line ce perpen-
dicular to the surface of the plane. From & draw a line ¢d
parallel to the surface AC, until it intersects ¢c in ¢. Then in
the triangle ced the force due to gravity, acting on the body, is
represented by cd, the reaction of the plane by ¢, and the
force which holds the body at rest on the plane, by de. If no
external force is being applied to hold the body at rest, de
represents the friction force acting between the plane and body.
Since the triangle ABC, representing the plane, is similar to
the triangle of forces ced, the sides of the plane may be used
to determine the relative magnitude of the forces acting on the
body. Thus

P:W:ied:cd:: AB: AC.

A Wedge is formed by two inclined planes united at their
bases. Force is applied to a wedge at its head, the end
directly opposite the point. The work of a wedge and of an
inclined plane differ in that an inclined plane is generally used
to assist in raising a weight, while a wedge is generally used
to penetrate a resisting body. Example: The use of a wedge
to split a block of wood. If friction be neglected, the force
required to penetrate a resisting body will be to the resistance
as the thickness of the wedge is to the length of the wedge.
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Thus, letting # = thickness, / = length, P the force applied,
and R the resistance, P: R :: ¢: /!,
R: P!
P = —l; = T.

A Screw is formed by wrapping an inclined plane around
a cylinder, so that the height of the plane is parallel to the
axis of the cylinder. A nut is formed by wrapping an inclined
plane on the internal surface of a hollow cylinder. If it is
desired to raise a weight by means of a screw and nut, force
is usually applied to the end of a wrench attached to the screw,
or to the circumference of a wheel whose axis is that of the
screw. Either the screw or nut may remain fixed, the other
being rotated in order to raise the weight.

If » be taken as the lever-arm, or as the radius of the wheel
to which the force P is applied, p the pitch, or distance between
threads, or height of the inclined plane for one revolution of
the screw, and W the weight to be raised, and neglecting fric-
tion, P: W:: p:2ar;

In practical work, however, friction cannot be neglected,
as a large part of the applied force is used up by it, making
the screw a very inefficient machine. The practical applica-
tions of the screw will be treated more fully in Chapter IX.

The Cam is a revolving inclined plane, which may be
wrapped around a cylinder; or it may be curved edgewise and
made to rotate in a plane parallel to the base. Its mathe-
matical treatment is the same as that of the screw. The
various forms of cams as well as some of their applications will
be discussed in Chapter X.

The Pulley or Block consists of a wheel which is able to
rotate freely about an axis, together with a flexible cord
wrapped around a portion of its circumference. The axis of
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the wheel may or may not be stationary; hence, pulleys may
be classified as fixed or movable. A fixed pulley is shown in
Fig. 7. If the system be at rest the tension on the two cords
s equal and the applied force F equals the weight P.

! : 4

Y
F

Fic. 7.—Fixed Pulley.

A movable pulley is shown in Fig. 8. Here one end of
the cord is attached to a fixed support at 4. The weight W
is suspended from the axis C of the pulley. The sum of the
tensions at A and at P is equal to the tension at B, due to the
weight /. As in this case the tension at A is equal to the
tension at P, P = }1IV.

Movable and fixed pulleys may be combined as shown in
Figs. g9 and 10.

Fig. 9 shows one movable and one fixed pulley. The
fixed pulley revolving about C merely serves to change the
direction of the force 2. The relation of P to IV is the same
in this case as in the case of the single movable pulley, viz.,
P =4IV

In Fig. 10 there are three fixed and three movable pulleys.
The weight is suspended from the axis B of the movable
pulleys. Each movable pulley has two plies of the rope
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engaging it, or six in all. These six plies will each be
shortened by the amount the weight is lifted, and the relation
of the applied force to the weight is P = {W. In general the
ratio of I to P is equal to the number of plies that engage the
lower block, and also to the number of plies that are shortened
by the raising of the weight. In practice the pulleys are
seldom arranged as shown in the figure. They are usually
side by side and of the same diameter. If the upper block be

Fic. 8.—Movable Pulley. F1G. 9. FiG. 10,

provided with three sheaves or pulleys and the lower one with
two, the end of the rope will be fastened to a hook at the top
of the lower block. In this case five plies will be shortened
instead of six and P = }W. If the end of the rope to which
force is applied pass over a sheave in a fixed block, the force
may be applied in any direction whatever. If, however, the
end passes over a sheave in the movable block, then will it be
necessary to apply force in a direction parallel to a line joining
the centres of the pulleys. If the force be applied in any other
direction, the pulley will be drawn out of the line joining the
weight and the fixed pulley, and the maximum effect will not
be obtained. The ratio of the effective pull to the actual pull
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will be equal to the cosine of the angle made by the rope with
the vertical.

The Wheel and Axle is a modification of the lever. The
radius of the wheel may be regarded as one arm of the lever
and the radius of the axle as the other. Or a simple arm or
wrench may be fastened to the
end of the axle instead of the
wheel, and the length of the arm
be taken as the length of one
arm of the lever. Another form
of the wheel and axle is shown
in Fig. 11. Two cylinders or
pulleys of different diameters
fastened rigidly together, revolv-
ing on the same axis, are used
to raise a weight. ‘A rope is
wound around the larger cylin-
der, one end being attached to
it. The weight to be raised is attached to a rope fastened to
the smaller cylinder. On unwinding the rope from the larger
cylinder A4, the rope attached to the weight will be wound on
the smaller cylinder B. If D represents the diameter of the
larger cylinder plus the diameter of the rope, & the diameter of
the smaller cylinder plus the diameter of the rope, P the
applied force, and W the weight,

794144
)
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F1G6. 11.—Wheel and Axle.

P.W:d:D, =—I/Vgl—).

All moving parts of machines can be resolved into these simple
«« Elements of Machines.’’ Applications of them will be dis-
cussed in later chapters.

ENERGY, WORK, POWER, ETC.

A Motor is any producer of motion.
Energy is the ability to perform work. It is of two kinds,
known respectively as potential and k:inetic energy. Potential
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energy is the ability which a body possesses to do work, owing
to its pousition. Thus a weight raised to a height, or water
stored in a reservoir, both possess potential energy. Kinetic
energy is the energy possessed by a moving body. Thus if
the raised weight be allowed to fall, or the stored water be
allowed to flow, both the weight and the water while in motion
possess kinetic energy.

Energy manifests itself in various forms, as heat, electricity,
mechanical energy, chemical energy, etc.

These different forms of energy may be converted one to
the other. Thus heat energy is converted into mechanical
energy in the steam-engine. Chemical energy is converted
into electric energy in the primary battery, and mechanical
energy is converted into electricity in the dynamo.

Conservation of Energy.—The facts stated in the preced-
ing paragraph are comprised in the law known as the law of
Conservation of Energy. This law states that ‘* No form of
energy can ever be produced except by the expenditure of
some other form, nor annihilated except by being reproduced
in another form. Consequently the sum total of energy in the
universe, like the sum total of matter, always remains the
same.”’ (S. Newcomb.)

Potential heat energy exists in coal and other fuels.
Potential electric energy exists in a charged storage battery.
Potential chemical energy exists in various forms as in gun-
powder, etc. The measure of these potential energies is the
amount of work that they are able to perform. The actual
energy of a moving body is the amount of work it will do
against a resistance before that resistance brings it to rest.
This energy is equal to the work done on the body in order
to bring it to its actual velocity from a state of rest.

Kinetic energy is mathematically equal to §m?, where m,

weight  weight

the mass of the body, = z = 352 and v is the ve-

locity at the instant of consideration. It is also equal to the
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weight of the body multiplied by the height from which the
body must fall in order to acquire its given velocity. Thus
w?
2

E=imv' = wh =

The three principal sources of energy on the earth are the
muscular energy of men and animals, the energy of wind or of
flowing water, and the energy of fuels. All these sources of
energy are due to_the heat of the sun.

The first-named group is the least important, as the amount
of energy available in either men or animals is limited by the
capacity and endurance of the units. Furthermore there is no
means of storing energy in them. The second group is more
important and has wider application than the first; but still it
is not absolutely under the control of man. Energy may be
derived from flowing water only in certain locations, as where
there is a waterfall or rapidly flowing stream. Then, too, this
energy can only be transported to limited distances, as by
means of electricity. The longest transmission line for a heavy
current of electricity generated by a waterfall exists at present
in California. The line is about 150 miles long. The energy
due to winds is too uncertain to be depended on to perform
any important and continuous work.

Thus it may be easily seen that the third group is the most
important source of energy. Fuels are not subject to the
limitations of water, wind, and man power.

An enormous capacity for doing work is stored up in very
little bulk; it may be liberated from the fuel as gradually as
may be desired and the quantity is not limited. It may be
obtained in nearly all regions and if not found in certain locali-
ties it may be transported there. The most extensive
application of this mode of producing energy is that of the
Steam-engine and Boiler. .

Motive power has different characteristics according to the
nature of the source. It may be constant as with a head of
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water kept at a certain level by a never-failing stream, or it
may vary according to fixed laws, like the action of steam in
an engine-cylinder; it may be irregular as that of the muscular
force of men and animals, or it may be wholly uncertain as in
the case of the wind.

These characteristics are not under our control, so that we
cannot have power as we want it but must take it as we can
get it. In order to make these different sources of power
available, some arrangement must be made for controlling
them and making them serve our purposes. This is done by
means of machinery.

Work is the overcoming of resistance through space. The
unit of work is the fooz-pound, which is the work done in lifting
one pound a distance of one foot. Work is done when a body
is raised in opposition to the force of gravity. This is the
simplest idea of what is meant by work. In general, we say
that work is done in moving a body against a resistance and
the resistance is overcome by the action of force upon the body
moved. From this it is seen that in order that work shall be
done, motion must be produced. )

Mathematically speaking, work is the product of force in
pounds multiplied by the distance through which the force
acts in feet, and this product is generally designated as so
many foot-pounds. Thus, if 10 pounds be lifted through a
height of 5 feet, the work done equals 10 X § = 50 foot-
pounds.

Efficiency.—In any machine the work of resistance may
be divided into two parts, namely: wscful work and lost work.
The former is that which produces desired results and the
latter is that which is due to friction and other causes. Of
course, the latter is much smaller than the former. For
instance, in the arrangement shown in Fig. 7, a force of
20 lbs. applied at F/ in the direction shown by the arrow
should lift an equal weight of 20 lbs. applied at /2. But owing
to the friction in the axle of the pulley and in the cord, a
smaller weight will be lifted; suppose it to be 18 lbs. The
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work done by the applied force in moving through a distance
D is, in this case, 20 X D = 20D.
8D

The useful work is 18 X D. The efficiency then is ;O_D =
18 ¢
5o = 90 per cent.

We are now prepared to define efficiency. Efficiency is
the ratio of the energy utilized by a machine to the energy
supplied to the machine. Or it may be expressed as a frac-
tion, viz.:

Work put into a machine
Work obtained from machine’

Efficiency =

Power is the rate of doing work. Thus the power of a
machine may be spoken of as so many foot-pounds, per
second, per minute, or per hour as the case may be. The unit
of power is the Horse-power, which is equivalent to 33,000
foot-pounds per minute or 550 foot-pounds per second. An
engine of one horse-power will raise one pound 33,000 feet in
one minute or 33,000 pounds one foot in one minute.

PROBLEMS.

1. What horse-power will be required to lift a weight of 40,000
1bs. through a height of 100 feet in one minute?

2. What horse-power will be required to lift a weight of 30,000
Ibs. through a height of 1000 feet in ten minutes ?

3. A pump running at its full capacity lifts 1000 gallons of water
into a stand-pipe 5o feet high in one hour. How many horse-power
does the pump produce, exclusive of friction?

4. A trip-hammer weighing 2000 lbs., operated by steam, makes
8o drops per minute, the drop being one foot. What is the horse-
power of the engine that runs it, supposing that the efficiency is 100
per cent ?

" 5. An elevator rises 200 feet to the top of a building in four
minutes.  What horse-power is required of an electric motor in
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raising it, if the elevator weighs 1000 lbs., supposing the efficiency to
be 8o per cent ? Vel

6. What is the efficiency of an 18-horse-power engine ¥ hich will
lift a weight of 10,000 lbs. through a height of 100 feetin 2z minutes,
when running at its full capacity ?



CHAPTER 1II.
SHAFTING.

SHAFTING is employed in shops for transmitting rotary
motion from the motors to the operative machinery.

A line-shaft is a continuous run of shafting made up of a
number of lengths joined together by couplings, and may or
may not be a main line-shaft.

The main line-shaft is the line of shafting to which the
engine or motor is attached, and which imparts motion to all
the other shafts and machines.

Counter-shafts are separate sections, usually short ones,
placed between the main shaft and a machine, used to increasc
or diminish belt-speed, to alter the direction of belt-motion, to
carry a loose and a fast pulley (so that by shifting the belt to
the loose pulley it may cease to communicate motion to the
machine), or for all these purposes combined.

A spindle is a very small shaft, and is usually found on
machines.

Hollow shafting is used to a large extent where large
quantities of power are to be transmitted; an example of which
may be seen in the propeller-shafts of large steamships. It
has been found that hollow shafting is stronger than solid
shafting for equal quantities of metal.

Flexible shafting is used to transmit rotary motion to any
desired distance from the power source through any number
of curves, thus allowing the power to be carried to the work
instead of the work to the power. It is used extensively for
portable work. An example of its use may be seen in the

drilling of holes for the rivets in locomotive-boilers where the
16
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magnitude of the work prevents taking it to a drill-press of the
ordinary type. A more common example is the instrument
used by dentists, the power being transmitted from the foot of
the operator by means of a small flexible shaft. The con-
struction of this kind of shaft varies with different makes, but it

SN 2 ST

Eas

N
i

F1G. 12.—Flexible Shaft.

is generally made of a series of steel wires wound upon each
other, the alternate layers running in opposite directions. At
the ends fittings are attached, one to receive the tools which
are to be operated and the other to receive the power to be
transmitted.

Shafting is generally made of wrought iron or steel and is
made cylindrically true, either by special rolling processes, as
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in what is'known as cold-rolled or hot-rolled shafting, or else
it is turned in the lathe. Very large shafting, as in the case of
propeller-shafts, is now commonly made up of an ingot forged
to approximate shape and then turned in the lathe to a true
cylinder. Commercial sizes of solid shafting are made from }
inch upwards. The sizes are usually given in odd sixteenths
of an inch, and advance by eighths. Thus 1%, I1{%, I{%
inches, etc. The shafting is rolled or turned accurately to
the dimension given, and then the pulley or bearing is bored
to a nice fit.

The strains to which a line of shafting is subject are, first,
the torsional strain due to the twisting effort of the belt on the
circumference of the pulley; and, second, the fransverse strain
due to the weight of the shaft and pulleys and to the pull of
the belt tending to bend the shaft. In order to keep a shaft
from moving out of its place in the direction of its length, it is
necessary to use a collar or to turn a shoulder on the shaft
itself. A shoulder is usually inconvenient to manufacture, and

A 8

Fi1G. 13.—Collars. A, collar fastened to shaft with a set-screw; B, collar
fastened to shaft by shrinking.

consequently the collar is generally used for this purpose.
The collar is made of wrought iron or steel, and may be
fastened to the shaft either by shrinking it on, or by means of
set-screws. The collar is placed on the shaft against the
bearing, and prevents the shaft from moving in the direction
. of its length. If the set-screw is used to fasten the collar to
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the shaft, the head of the screw should be sunk into the collar
enough to keep it from catching on belts or clothing.

Shafting which operates wood-working machinery must be
run at a higher speed than that used for most metal-working
machinery, and taking this as an example it is seen that the
speed of shafting, in general, depends on the kind of machinery
it is employed to drive. The speed of shafting runs about as
follows in practice: For maclkine-shops 120 to 200 revolutions
per minute; for twood-working 250 to 300 revolutions per
minute; and for cotton-mills 300 to 400 revolutions per minute.

The cost of a plant may be lessened by running the line-
shaft at a high speed, rather than by using large pulleys on it
to increase the belt-velocity. The diameter of the shaft should
be made as small as considerations of durability will allow.
Larger shafts not only increase the weight of the shafting,
bearings, couplings, etc., thus increasing the first cost, but also
cause a greater amount of friction, due to the larger journals.

A given diameter of shaft will transmit more power in pro-
portion as its speed is increased; that is, a shaft capable of
transmitting 10 H.P. when making 100 revolutions per minute
will transmit 20 H.P. when making 200 revolutions per minute.

In very large factories long lines of shafting are often used,
sometimes as much as 1000 feet in length. In such cases the
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F1G6. 14.—Shaft with Different Diameters.

shaft is much larger where it receives the power from the
engine than it is farther away, the size of the shaft gradually
diminishing as the distance from the motor becomes greater.
This consideration suggests another practical rule which should
be followed when it is possible; namely, that in arranging a
machine-plant, those machines requiring the greatest amount
of power should be placed as near as possible to the motor, in
order that the diameter and the weight of the shafting, and the
friction be reduced as much as possible. For the above
reason, in sawmills, the large saws absorbing most power



20 MACHINERY AND MECHANICS.

should be driven as directly as possible by the motor, while the
spaces farther from the motor should be used for setting up the
lighter frame- and circular saws. Economy in the quantity of
shafting may thus be practised, as the twisting effort to be
resisted by the shaft becomes less and less as the end most
distant from the motor is approached, until it becomes almost
zero at the end.

The following rule adopted by William Sellers & Co.
determines the size of the shaft to be used when the horse-
power is given.

RULE.—Divide the horse-power by the revolutions per min-
ute; multiply the quoticnt by 125 and cxtract the cube root
of the product. The result is the diameter of shaft requiredy

3 H.P.
that is, d = \/}ﬁR———.

According to Dr. R. H. Thurston, this coefficient (125)
varies with the class of work done by the shaft, and also with
the character of the shaft. The coefficient here given is for
an iron head-shaft, well supported, and having beirings placed
close to the pulleys. For a cold-rolled shaft the formula
100 H.P.

—

If the shaft under consideration should be a line-shaft, with

hangers well spaced, say seven or eight feet apart, the formula

go H.P

would read for iron, d = : _—Rfl; for cold-rolled shafting,

would read, d = ’

d= 55—21 If the shafting is used only to transmit

power and there are no pulleys on it, the formula reads
d= 62. 5 62.5 H.P. ~ for iron; d = \/35 H.P - for cold-rolled

shafting. Here it is noticeable that the size of the shaft
decreases as the number of revolutions increases, showing that °
it is more economical, as far as shafting is concerned, to carry
high speeds.
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Couplings.-—A line of shafting is usually of considerable
length, and must therefore be composed of several pieces
united, because the difficulties of construction, of transporta-
tion, and of setting up forbid its being made in a single piece.
The ends of the different pieces are united by means of coup-
lings. Couplings for fastening together the ends of the sepa-
rate sections of shafting are of two kinds, viz.: those which
may be used to couple or uncouple at will while the shaft is
revolving, and those which require that the rotation of the shaft
should cease in order to effect a couple or uncoupling. The
former is called a Clutch.

Fig. 15 shows a Bor-coupling, in which the holding power
is due to a key. It consists of a box bored out to fit the ends

Fi1c. 15.—Box-coupling.

of the two shafts which are to be connected. 1Itis best to
make the key in two pieces, as shown in the cut. The first
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F16. 16.—Flange-coupling.

KEY

half is driven in tight with a drift and afterwards the other part
is placed in position. By this method it is not necessary to
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cut the key and keyway so accurately as when the key is in
one piece.

Fig. 16 shows a Cast-iron Flange-coupling. The cast-iron

A

Fi1G. 17.—Cresson Coupiing.

flanges are keyed to the ends of the shafts, and are then bolted
together.
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Fi1G. 18.—Friction-clutch.

In the Cresson compression-coupling, as shown in Fig. 17,
the two arms at 4 and /7 are made to clamp the shaft by
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means of the taper-screws, and the holding effect made still
greater by use of the key.

An example of the Clutch is shown in Fig. 18. Itis called
a friction-clutch. AR is a solid piece of iron of conical shape,
which admits of lateral motion on the shaft P from left to right
by means of a sliding key. (D is a corresponding piece into
which A8 may fit and which is fastened to the shaft Q by
means of a key. As soon as the one slides into contact with
the other, the friction becomes sufficient to engage the two
lines of shafting.

PROBLEMS.

1. A cubic foot of wrought iron weighs 480 lbs. Find the
weight of a wrought-iron shaft 20 feet in length and 2 inches in
diameter.

2. According to the rule adopted by William Sellers & Co., what
is the required diameter of A line-shaft which makes 2oo revolutions
per minute and transmits 12 5 horse-power ?

3. What diameter will be required in the above shaft if it is making
600 revolutions per minute ?

4. What horse-power will a line-shaft transmit which has a diam-
eter of 2 inches and makes 400 revolutions per minute ?

Finding the Work actually transmitted by a Shaft.—
The power transmitted by a shaft is measured by means of
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F1c. 19.—Prony Brake.

Dynamomcters, of which there are two classes: Absorption
Dynamometers and Transmission Dynamometers.
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A simple form of the former is shown in the Prony brake,
Fig. 19. The shaft whose power is to be measured is clamped
by a and 4, two blocks of hard wood. At ¢ the block a presses
down upon platform-scales, which scales measure the pressure.
The load which the shaft may be made to carry is increased
by tightening the hand-screw /.

Let W = work of shaft in foot-pounds per minute.

¢¢ P = pressure in pounds registered by the scales on
the lever-arm of length in feet, L.

*¢ V = velocity in feet per minute of the point ¢ if it were
allowed to rotate with the shaft.

¢« NN = revolutions of shaft per minute.

Then
W=~pPV. . . . . . . . (1

V=2rIN . . . . . . (2)
Combining (1) and (2), W= 2aL.VP.

HP. = 2 hence H.P. = 27ENP
33,000 33,000

The shaft may be the crank-shaft of a steam-engine, gas-
engine, water-motor, or any other shaft.

Dynamometers are used principally in testing motors of
different kinds, as will be shown.

Another form of Prony brake is shown in Fig. 20. A rope
is wound about a pulley; at one end of this rope known
weights are attached; the other end of the rope is fastened
to the spring-balance which is securely attached to the floor.
The length Z in the formula is the radius of the pulley. The
factor 1#"is taken as the difference between the known weights
and the weight registered on the spring-balance. A Prony
brake gr any other absorption dynamometer absorbs all the
work that may be done by the engine or shaft on which
it is used.
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A transmission dynamometer measures the power that is
being transmitted through a shaft, without absorbing any of it.
There are a number of forms of transmission dynamometers,

F1G. 20.—Rope Prony Brake.

but they are but very little used at present. For descriptions
of them see Flather’s book on ‘* Dynamometers’’ and the
Transactions of the American Society of Mechanical Engineers.



CHAPTER III
BEARINGS.

A BEARING is a support in which a shaft revolves.
Generally speaking, the bearing is fixed and the shaft revolves
within it; but sometimes the shaft is rigid and the bearing
revolves around it; or the bearing and shaft both may be
movable as in the case of the connecting-rod end and crank
or cross-head pins of an engine.

On account of the great length of line-shafts they must be
supported by a greater number of bearings than is necessary
for ordinary axles and shafts, for which, as a rule, two bearings
are sufficient.

There are three classes to which all bearings may be
assigned, viz.: The Journal-bearing, the Pivot-bearing, and

FiG. 21.—Journal-bearing.

the Collar- or Thrust-bearing. If the pressure on the bearing
is perpendicular to the axis of the shaft, we have the Journal-
bearing.

If the pressure on the bearing is parallel to the axis of the

shaft, and the end of the shaft rests on the bearing, it is called
26
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a Pivot-bearing. If the pressure on the bearing is parallel to
the axis of the shaft and the shaft passes through the bearing
we have the Collar-bearing.

The journal-bearings for a line-shaft each support thcir
proportional part of the weight of the shaft, and also the pres-

T ——
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FiG. 22.—Pivot-bearing. FiG. 23.—Collar-bearing.

sure caused by the pull of the diffecrent belts leading off to the
machines. In the case of the pivot-bearing the weight of the
whole shaft is supported by thc one bearing, the shaft being
kept in its upright position by other journal-bearings whose

Fi1G. 24.—Bail-bearing.

axes are vertical. The journal-bearing is the class most
generally used and is found in all kinds of machinery.

A notable example of the use of pivot-bearings is found in
water-turbines.
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The collar-bearing has the advantage that it will not
gradually wear and let the shaft drop down, as is the case with
the pivot-bearing, because any number of collars may be used
on the same shaft, thus increasing the bearing surface and
lessening the vertical wear

Fi16. 25.—Ball-bearing.

Another advantage is that by allowing the shaft to pass on
through the bearing, pulleys may be placed beneath it and
machincery connected; also the bearing, in this manner, may
be kept out of the water, which would be desirable in the case
of a water-turbine.
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The ¢¢ball-bearing ’’ is a contrivance for lessening the fric-
tional resistance by doing away with s/iding friction and sub-
stituting rolling friction therefor. It may be used with either
of the three classes named above.

The *‘ roller-bearing ’’ is used for purposes similar to those
for which the ball-bearing is used, with the difference that the
roller-bearing is used for heavier work, as the bearing for a
line-shaft. A machine fitted with ball- or roller-bearings will
run with a saving of from 25 to 75 per cent of the power
required with ordinary bearings, depending upon the nature of
the machine. The best form of bearing for any particular use
is that which has the necessary strength and at the same time
makes the least possible friction.

A ** built-up bearing "’
so arranged that it may be adjusted after it is worn so that it
will fit the shaft. It is not used much except for large shafts,
and generally consists of four pieces, viz.: the bottom, the
top or cap, and the two side pieces. The two side pieces
are so constructed and arranged that they may be pushed
closer to the shaft, after they are worn, by means of wedges
as shown in Fig. 26. A bearing which is suspended from a

is onc made of two or more pieces,

FiG. 26.—Duilt-up Bearing.

beam is called a ‘‘hanger.”” Likewise a ‘‘bracket’ 1is a
bearing which supports a shaft along a wall. The bearing is
made an casy sliding fit on the shaft in order that the shaft



30 MACHINERY AND MECHANICS.

may turn in it. The length of a bearing depends upon the
pressure and speed of the shaft which it supports. Suppose
the pressure upon a certain bearing, caused by the pull on the
shaft, to be 50 Ibs. per square inch of bearing surface; then it
is not likely to heat because there is not enohug friction. If,

F1c. 27.—Hanger with Roller-bearing.

however, the pressure is incrcased to 100 lbs. per square inch
there may be a heating of the bearing; in which case the bear-
ing should be made twice as long, thus doubling the bearing
surface and making the pressure 50 lbs. per square inch again.

Thus it will be seen that the length of the bearing is
increased in order to lessen the pressure per square inch of
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bearing surface by increasing the number of square inches. If
there are 10 square inches in a bearing surface and the total
pressure is 1000 lbs., then the pressure per square inch is
1000 - .

-~ = 100 Ibs. Suppose, however, that the bearing is made
twice as long, then there will be 10 X 2 square inches of
bearing surface, and the pressure per square inch will be

1000

20

By the area of a bearing is meant the area of its projection
on a plane perpendicular to the direction of the pressure. It
is sometimes called the projected area or bearing surface.

For a journal of diameter 2 and length L, the bearing
surface would be DL.

For a pivot-bearing, the bearing surface would be the area
of the cross-section of the shaft, .7854.0%

For a collar-bearing the bearing surface would be the area
of the collar, .7854(D® — I®), D being the diameter of the
collar.

Let R be the total load on a journal-bearing and p the

pressure per square inch of bearing surface. Then p = 1;,
that is, p equals the total load divided by the number of square
inches. Likewise for a pivot-bearing p = _78;}[)3 The

allowable pressure per square inch p varies with different
speeds, becoming less with increasing speeds; but for ordinary
journal-bearings is not more than 200 lbs.; for railway-axles
160 to 300 and for collar-bearings 50 to 70 lbs.

Methods of applying Oil to Bearings.—In order that a
bearing may not heat, it is important to keep it well lubri-
cated. Generally it is best to feed the oil to the bearing by
the use of some arrangement which will deliver it automatic-
ally, and at regular intervals.

Fig. 28 shows what is called a Sig/s-feed oiter. This is
an arrangement by which the oil is fed to the bearing drop by
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drop, and is made adjustable so that the oil may be fed as fast
or slow as may be desired. By this means a thin oil may be
used on large bearings where heavy oil or grease would other-
wise have to be used, it being so arranged that the oil is resup-
plied to the bearing as fast as it is forced out by the heavy
pressure.

Fig. 29 shows what is called the Compression grease-cup,
which is used to feed tallow or other heavy greases to bearings.

F1G. 28.—Sight feed Oiler. F16. 29.—Compression Grease-cup.

The tension in the spring keeps the grease pressed down into
the hole in the cap of the bearing. Nearly all bearings have
grooves cut in them to serve as reservoirs for surplus oil which
is put in, and which would run out if the groove were not there.

PROBLEMS.

1. What is the bearing surface in square inches of a journal-bear-
ing the length of which is 6 inches and diameter 4 inches?

2. What is the bearing surface of a pivot-bearing, the diameter of
the shaft being 6 inches?

3. What is the bearing surface of a._collar-bearing having four
collars, the diameter of the shaft being 6 inches and the diameter of
the collars being 12 inches?

4. What is the pressure per square inch upon the bearing surface
of a journal, the total load being 2400 pounds, the diameter of the
bearing 4 inches, and the length 6 inches?
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5. What load may be carried by a journal-bearing 2 inches in diam-
eter and 8 inches in length, allowing a pressure p per square inch on
the bearing of 200 pounds ?

6. A shaft is 3 inches in diameter and as it runs at a high speed
can run safely with a load of 400 pounds per square inch. What
should be the length of the bearing if the total load is 6oco pounds?

7. Suppose that the tension on the tight side of a belt is 3200
pounds and the tension on the slack side 1600 pounds; what will be
the total transverse force exerted upon the shaft to which it transmits
motion ?



CHAPTER 1V.
FRICTION AND LUBRICATION OF BEARINGS.

Friction is a force which acts between two bodies at their
surface of contact so as to resist their sliding on each other,
and which depends on the force with which they are pressed
together (Rankine). Friction is of three kinds: sliding and
rolling friction, which act with solids, and fluid friction, whict
acts with liquids and gases.

On every surface there exists microscopic irregularities
which offer a resistance to the passage of one surface over
another. A lubricant introduced between the two surfaces
tends to fill the irregular spaces, and causes the surfaces to
approach more nearly to being perfectly smooth. The nearer
a surface approaches to being smooth, the less frictional resist-
ance will it offer to the passage of a body over it.

The Coefficient of Friction of a body is the ratio of the
force required to slide the body along a horizontal plane sur-

Wt
a
b
TAN. § = %

Fi16. 30.

face, to the weight of the body. It is usually designated by
the letter /.

34
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The Angle of Repose of a body is the angle of inclina-
tion to the horizontal of a plane, on which the body will just
overcome its tendency to slide. The angle of repose is
usually denoted by the Greek letter 6. The coefficient of
friction is equal to the tangent of the angle of repose; that is
Jf = tan (.

Morin’s Laws of Friction.—In 1831 Gen. Morin started
a series of experiments which extended over about three years.
His results were embodied in the following laws:

1. The friction between two bodies is directly proportional
to the pressure; that is, the coefficient of friction is constant
for all pressures.

2. The coefficient and amount of friction, pressure being
the same, is independent of the areas in contact.

3. The coefficient of friction is independent of velocity.

For about fifty years these laws were accepted without
question by engineers. Since about 1880, however, experi-
ments by Thurston, Tower, and others have shown that they
are in error: in fact, not even approximately true. The later
experimenters have found that with ordinary machinery,
friction is not directly proportional to the pressure, is not
independent of velocity; and that the coefficients deter-
mined by Morin were about ten times too high for modern
machinery.

Prof. J. k. Denton, in defence of the laws, claims that
Morin made no such special preparations for his tests as are
made to-day; that he did not have his running surfaces so
thoroughly lubricated as in modern tests, by running the bear-
ing in oil, or by means of an oil-pad. He states that the
conditions under which Morin worked were about the same as
exist in a journal lubricated with an ordinary restricted-feed
oil-cup. He also states that there is an additional resistance
in bearings, due to the viscosity of the oil; hence, Morin’s laws
will not apply to very light pressures.

General Morin himself states that the laws did not pretend
to be mathematically exact, but only close approximations
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to the truth. It is probable that the laws may be safely
used for work in connection with ordinary journals, not
specially well lubricated, and running under moderately heavy
pressure.

The experiments of Prof. Thurston showed that the coeffi-
cient of friction varied with different conditions, such as the
nature of the surfaces, the quality of the lubricant, etc. He
has determined the coefficients for a number of different lubri-
cants, surfaces of contact, velocities, etc.

The following table of Prof. Thurston gives the coefficients
of friction for different oils, under varying pressures, at a con-
stant velocity of 720 feet per minute, the journal being of cast
iron and the bearing of bronze:

Pressures, lbs. per square inch...... 8 16 l 32 48

Oils, Coefficients of Friction.

Sperm, lard, neat’s-foot, etc..|.159 to .250.138 to .1921.086 to .14[‘.077 to . 144
Olive, cottonseed, rape, etc..|.160 ‘* .283/.107 ** .245|.101 ** .168.079 *‘ .13I
Cod and menhaden ......... .248 ** .278l.124 ‘' .167|.097 ‘* .102[.081 ‘‘ .122
Mineraloils ceeveiennivnnn.. 154 ‘Y .2610.145 ‘¢ .233).086 ** .178|.094 **.222

The oil was fed intermittently through an oil-hole and at a
temperature of 70° F.

The following laws are derived by Mr. John Goodman,
from the experiments of Thurston, Tower, and others.

1. The coefficient of friction, with the surfaces well lubri-
cated, is from one sixth to one tenth that for dry or scantily
lubricated surfaces.

2. The coefficient of friction for moderate pressures and
speeds varies approximately inversely as the normal pressure;
the frictional resistance varies as the area in contact, the normal
pressurc remaining constant.

3. At very low journal-speeds the coefficient of friction is
abnormally high, but as the speed increases from about 10 to
100 feet per minute, the friction diminishes, and again riscs
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when that speed is exceeded, varying approximately as t/4e
square root of the speed.

4. The coefficient of friction varies approximately, sn-
wversely as the temperature within certain limits; viz., just before
abrasion takes place.

It has been found by experiment that metals of the same
kind running upon each other sometimes cause more friction
than do metals of different kinds; the probable reason being
that there is a difference in microscopic surface structure; the
minute friction points do not so accurately correspond and
engage each other. This is not always true, however. A
hard-steel shaft, running in a hard-steel bearing, properly
polished, has very low friction.

The two following tables, the first by Rankine, the second
by Morin, give the comparative value of different bearing
surfaces.

FricTiON oF MoOTION.

No. Surfaces. 8. /o r + /.
1 Wood on wood, dry....... | 14° to 264° 25 to .5 jto2
2 ¢ soaped.. 114° to 2° 2to .04 5 to 25
3 Metals on oak, dry........ 264° to 31° 5to .6 2 to 1.67
4 O Wetiiiieeon 134°to 14° | .2410.26 | 4.17t0 3.85
5 Y S0apY..... 114° .2 5
6 “ Y elm.dry........ 11§° to 14° 2to .25 5t0 4
7 Hemp on oak, dry....... 28° .53 1.89
8 Y Weleaaaeenn 18¢° .33 3
9 Leather onoak....c...u... 15° to 19}° 27 t0 .38 3.7 to 2.86
10 ‘‘ metals, dry.. 29}° .56 1.79
I . o ‘O wet. 20° .36 2,78
12 o . ‘ greasy. 13° .23 4.35
13 “ . “ oily.... 8}° .15 6.67
14 Metals on metals, dry..... 8}° to 11 15 to .2 6.67to s
15 ‘O wet..... 165° .3 3.33
16 Smooth surfaces, occasion-
ally greased............ 4° to 4}° 07 to .08 14.3t012.5
17 Smooth surfaces, continu-
ously greased........... 3° .c5 20
18 Smooth surfaces, best re-
SUltS v oveernenennennnn 1§° to 2 .03 to .036
19 | Bronze on lignum \na:,
constantly wet........ .. 3° .05?
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COEFFICIENTS OF FRICTION OF JOURNALsS (MORIN).

Lubrication.
Material, Unguent. - -
Intermittent. | Continuous.
. . §|0il, lard, tallow. .07to.08 .03 to .054
Cast iron on cast iron...... 1 |Unctuous and wet. n
. {\ {Oil, lard, tallow. .07to.08 .03 to .054
Cast iron on bronze....... i [Unttuous and wet. 16
Cast iron on lignum vite ....|0Oil, lard. | ........ .09
Wrought iron on cast iron. | _
o « “bronze...| Oil, lard, tallow. .07to.08 | .03 to .054
. . 0il, lard. .11
Iron on lignum vite....... % Unetuous. .19
{ |Olive-oil. .10
Bronze on bronze ......... Lard. ‘09

Cast-iron Bearings arc found to work very smoothly under
light duty provided the lubrication is perfect and the surfaces
can be kept practically free from dust and grit. The reason
for this is that cast iron forms a hard surface-skin when rubbed
under light pressure, and so long as the pressure is not enough
to cut into this skin, it will make a very bright and smooth
wearing surface. Another point in favor of the cast-iron bear-
ing is that it will hold oil better and longer than steel, brass,
or wrought iron. This may be proven by trying to clean
the oil from bearings made of these metals, when it will be
scen that it is almost impossible to clean the cast-iron bear-
ings, while it is comparatively casy to clean the others.

Good examples of the superiority of cast-iron are found in
the use of piston-rings and slide-valves. It has been found
that cast-iron piston-rings work better in a cast-iron cylinder
than those of any other metal. Where the scat of a slide-valve
is of cast iron, a cast-iron valve will cause less wear, cither
to itself or the seat, than one of wrought iron, stecl, or brass.

Babbitt Metal.—This is the name generally given to cer-
tain soft compounds used in bearings. It is an alloy made of
tin, antimony, and copper, mixed in different proportions, de-
pending on the kind of bearing surface desired, whether hard
or soft.

Babbitt is used in bearings, because such a bearing is less
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liable to ‘¢ overheat '’ than a bearing of brass or bronze. A
hearing of Babbitt will also permit of abrasion or crushing with-
out excessive increase of friction. The various kinds of Babbitt
have about the same friction. If the wearing surfaces are kept
in good order, the friction will depend not so much on the
metal as on the lubricant.

In order to use Babbitt metal the body of the bearing must
be made considerably larger than the shaft, and then a bearing
which fits the shaft perfectly is made by pouring the melted
Babbitt around the shaft while it is in the proper position within
the iron part of the bearing.

Qualities of Good Lubricants.—Good lubricants should
have the following qualities: 1. Sufficient body (viscosity) to
keep the surfaces free from contact under the greatest pressure.
2. The greatest fluidity consistent with the foregoing condition.
3. Power to resist oxidation or the action of the atmosphere.
4. Freedom from corrosive action upon the metals with which
they come in contact.

Thus it will be secen that several conditions must be con-
sidered in the selection of the proper kind of lubricant for a
bearing. The main consideration is the amount of pressure.

For a great pressure a heavy viscous oil, and for light
pressure a more fluid oil should be used.

Oil which is suitable for heavy shafting is not suitable for
small spindles such as are used in clocks, watches, etc.

Also light sperm-oil is equally unsuited for heavy pressures
like that in a car-journal. For very heavy bearings such as
those of rolling-mills for rolling iron and stecl, tallow and
other solid lubricants are used. It is said that in the Waltham
Watch Company ninetcen different kinds of oil are used, so
varied is their machinery.

There are three kinds of lubricating oils, viz.: muncral,
vegetable, and animal oils; and besides these, combinations of
two or more of them. Soap is a constituent of railway-grease;
graphite and steatite, or soapstone, are somectimes used for
heavy machinery.
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The following list shows the best purpose to which the
various lubricants may be applied:

For steam-cylinders: Heavy mineral oils.

For ordinary machinery: Lard-oil, tallow-oil, and heavy
mineral or vegetable oils.

For very great pressures with low speed: Graphite, soap-
stone, etc.

For heavy pressures with low speed: Tallow, lard,
grease, etc.

For heavy pressures with high speed: Sperm-oil, castor-
oil, mineral oils.

For light pressures with high speed: Sperm, refined petro-
leum, cottonseed, rape, and olive oils.

For watches, clocks, etc.: Light mineral oils, clarified
sperm, neat’s-foot, olive, and porpoise.

Sperm, lard, olive, and cottonseed oils may be mixed with
minerals oils. Sperm makes the best mixture. The value of
the others in mixtures is in the order given.

It should be stated that in all cases, where possible, a
mineral oil of suitable body should be selected. If fatty
vegetable oils are used in connection with high temperatures,
such as exist in the cylinder of a steam-engine, the oil will be
decomposed, forming fatty acids, which in the presence of the
metal will form metallic soaps, and may cause great damage
to the machinery.

Graphite is a solid lubricant; it is most used in the form
of a powder. It will work well either used alone or in con-
nection with various oils. It is principally used in connection
with heavy pressures, but Thurston states that it may be used
to advantage either for light or heavy pressures, especially
when mixed with certain oils. It is rather difficult to intro-
duce into bearings, being a solid. Mixing it with water or oil
will facilitate its use, however.



CHAPTER V.
FRICTION-WHEELS.

THE use of friction-wheels gives the simplest method of
transmitting motion from one shaft to another by means of
wheels, the belt or chain being made unnecessary in this case.
The transmission of power is often effected by pressing the
two wheels together at their circumferences, but sometimes
the circumference of one wheel presses on the disk of the other.
The transmitting power is due to the friction of the wheels
upon each other. The materials used in their construction
must be such that the coefficients of friction will be as great as
possible, so that the pressure between the two wheels will not
have to be abnormally great. For the above reasons wood is
often made to work with wood, or wood with cast iron.
Sometimes the perimeters of the wheels are covered with
leather. Small friction-wheels are sometimes made of solid
disks of leather, and sometimes of similar disks made of coarse
paper and compressed into the proper form and stability by the
use of hydraulic pressure.

In other cases grooves are cut in the circumference of the
wheels. The projections on one wheel are forced into the
grooves in the other. In this manner a greater bearing-surface
is obtained than ordinarily. A pair of such wheels is shown
in Fig. 31.

The great objection to the use of friction-wheels is that in
order to produce an adcquate transmitting friction at the sur-
face of the wheels an excessive quantity of friction and wear is
produced in the bearings.  Another objection to the use of
friction-wheels is that the bearings of the two wheels cannot

41
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both be fixed, because it is by moving the two wheels closer
together that the pressure can be increased between the two,

Fi1c. 31.—Friction-wheels.

and this can only be done by moving the bearings nearer to
each other. On this account the friction-wheels are used
comparatively little.

It is thought best, however, to discuss them here for the
reason that the principles of mechanism which are shown in

C
Fi16. 32. F16. 33.

their discussion are applicable also to other circular gearings,
especially to toothed gears. In Fig. 32 we have two friction-
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wheels in which the contact is between the axes, and in Fig.

33 two friction-wheels in which the contact is outside of the

axes, the axes being parallel in cach case. Again in Fig. 34
d.

Fi1c. 3s.

we have a case in which the axes meet, the contact being
between the axcs. Fig. 35 shows intersecting axes with the
contact outside the axes.
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The ratio of the rotative speeds to the radii of the wheels
in any of the above cases may be obtained graphically,* and

A an example is here given of each.
\ In Fig. 36 let R represent the
p—IR c radius of the large wheel and ~»
[ N/ the radius of the small wheel, V/

/ 8 the velocity of the large wheel,

Fic. 36. and ¢ the velocity of the small

wheel. The velocities of the two wheels geared with each
-,

o R
Supposc it is desired that the two fixed axes 4 and A be con-
nected by wheels of such radii that their velocitics, or number
of revolutions, shall be to cach other as 2 to 5. As the sum
of the radii equals the distance between the axes, by addition,
we have 54 2=7. Draw any line A5, seven units in
length, which length should be greater than the distance
between the axes. Take the distance AC equal to five units
and CFB equal to two units. Through € draw CD parallel to
the axes. Perpendiculars R and » from any point of the axes
to the line of contact €/ will be the required radii.

Contact outside of the Axes.—In this case the distance

other are to each other inversely as their radii; hence

between the two axes must be equal to A

the difference R — » of the two radii.

In Fig. 37 take 4 and B again for the |r B
axes. It is desired to find the point C Ir N
outside the axes A and . Taking the D c
same velocity ratio, 2 to 5, we have Fic. 37.

5 — 2 = 3. Draw a line A5, in length three units, the differ-
ence (R — r), and greater than the distance between the axes.
Produce this line to (, making AC cqual to two units.
Through ¢, draw CD parallel to the axes. Perpendiculars
from CD to the axes will be the required radii.

These two constructions may be dispensed with, if the dis-

* The constructions given on pages 44 and 45 are taken from Robin-
son’s ‘‘ Principles of Mechanism.”
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tance between the axes is divisible into a convenient dimension
by the sum or difference of the velocity ratio as the case may
be. If the distance is so divisible, the divisions may be made
on the perpendiculars to the axes themselves.

Axes Meeting—Contact between Axes.—In Fig. 34 take
AO and BO, intersecting at O as the axes, which are to be
connected by friction-wheels so that their velocities of rotation
shall be as 2 to 5, as in the previous examples. Lay off on
0OA from O, the distance (Ua = 2, the relative velocity of A4,
and on OBR the relative velocity of 5, which is 06 = 3.

Complete the parallelogram Qacé, thus finding the point c.
Through O and ¢ draw the line ¢0. This line will be the line
of contact of the two wheels. Any number of wheels, varying
in size but with the same velocity ratio, may be constructed
upon it as a line of contact. Thus the diameter #/5m may be
drawn and its mate will be mR/, » and R being the radii.

The same construction may be applied to a case in which
the axes mect, but with contact outside of them. The con-
struction is shown in Fig. 35, the lettering being the same as
for the preceding case. No further explanation is necessary:.

It is noticeable that friction-wheels, as well as all other
gear-wheels, always work in pairs. The one which imparts
motion is called the Driver, and the one which receives motion
is called the Driven wheel, or Follower. As has already been
stated, the ratio of the revolutions of two friction-wheels in
gear is inversely as the ratio of their radii. ILet / = number
of revolutions of the driver, » = revolutions of driven, R =
radius of driver, and » = radius of driven; then the equation,
N X R = n X r, shows the relation of velocity and radii.

PROBLEMS.

1. Two parallel shafts are 18 inches between centres. Find
graphically the radii of the two friction-wheels such that one shaft
will make 4 revolutions to 5 of the other, the contact coming between
the axes.

2. Two parallel shafts are 8 inches between centres. Find
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graphically the radii of two friction-wheels such that one may make s
revolutions to 6 of the other, the contact coming outside the axes.

3. The axes of two shafts meet each other at an angle of 45
degrees. Find graphically the size of the conical friction-wheels such
that one may make 2 revolutions to 3 of the other, the contact being
between the axes.

4. In Fig. 32 let the radius of the wheel 4 = 12 inches and the
radius of B = 3 inches. If 4 makes 100 revolutions per minute, how
many revolutions will B make pér minute ?

5. In Fig. 33 let the radius of the wheel 4 = 16 inches and the
radius of B = 2 inches. If B makes 400 revolutions per minute, how
many will 4 make? N ,os

6. In Fig. 32 Band 4 make IL{;(.)O and 200 revolutions per minute
respectively, and A is 18 inches in diameter. What must be the
diameter of B?

7. In Fig. 33 B and 4 make goo and 100 revolutions per min-
ute respectively, and B is 2z inches in diameter. Find the diameter
of A.



CHAPTER VL
PULLEYS.

PULLEYS for the transmission of power by belts are divided
into two classes: the solid and the split pulley. The solid
pulley may be cast solid, or the hub and arms may be cast and
a rim of wrought iron or steel riveted on. The latter makes
a strong and light pulley.

The split pulley may be made of iron or wood. In either
case the two halves are bolted together tight enough to clamp
the shaft. When the wood pulley is used a bushing, made of
two or more pieces of wood, is put around the shaft and into
the eye or hub of the pulley in order to make a tight fit.
Pulleys are sometimes made without arms, but with a solid
web instead.

Owing to the fact that very large castings sometimes cool
unequally, and consequently cause shrinkage, rendering break-
age liable, it is customary to cast pulleys of larger diameter
than 6 feet in two or more parts. This lessens the liability to
damage by shrinkage, and at the same time makes the pulley
easier to handle.

Pulleys of small diameter, that is, up to 3 feet, are usually
fastened on the shaft by means of set-screws. Pulleys of
larger diameters than 3 feet are usually fastened by keys, and
sometimes by both keys and set-screws. In either of these
cases, if the bore in the hub of the pulley is larger than the
shaft, which is generally the case, in order that the pulley may
be slipped on with ease, the pulley will be out of balance when
the pressure of the set-screw is placed against it.

Especially in the case of pulleys running at high speeds it
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is often necessary to balance the rim by some means, in order
to counteract this objectionable feature. This may be done
by attaching a small iron weight to the inner side of the rim
opposite the heavy side, as in Fig. 38. When the pulley is
unbalanced it causes the shaft to vibrate when rapidly revolv-

FiG. 38.—Split Pulley.

ing, and this causes unequal strains in the belt at different parts
of the revolution, not only injuring the shaft and bearing, but
stretching and wearing the belt.

A pulley which transmits motion to a belt is called a
driver. A pulley which receives motion from a belt is called
a driven pulley. A pulley is said to be crowncd when the face
of the rim is curved, the largest diameter being at the middle.
This is done in order that the belt may be kept from running
off, because the belt tends to run where it is kept tightest.
The amount of convexity, in practice, varies from ;% to ;% inch
per foot of width of pulley-face.

A Fast pulley is one which is fastened to the shaft and
transmits motion from one pulley to another by means of belts
and ropes.

A Loose pulley runs free on the shaft in order to receive the
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belt, and at the same time transmit no motion to the shaft to
which it is attached. It is generally used on countershafts for
throwing machines in or out of gear, and has no convexity,
or crown, on the face, in order that the belt may be moved
aside easily.

A Cone or Stepped pulley has a number of faces or grooves
of different diameters whereby the speed of a machine may be
changed; examples of cone pulleys may be seen on wood- or

Fi1G. 39.—Cone Pulley.

engine-lathes. These cone pulleys always work in pairs, one
on the machine which is operated by the belt and one on the
countershaft. A method of designing cone pulleys is given at
the end of this chapter.

Conical pullcys are used where it is desired that a uniform
speed be changed to a variable speed, or for changing a
variable spced to a uniform speed. They work in pairs like
the cone or stepped pulleys. An example may be found in
cotton-factories where it is necessary to give the bobbins a
gradually increasing speed on account of the unwinding of the
thread from the bobbin.

A modification of belted conical pulleys is shown in Fig.
40, which operates upon the principle of friction-gearing.
Motion being desired, the ring of leather is moved endwise
by a suitable shifting device, and by reason of the ring filling
up the space between the pulleys, motion is imparted from
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the driving pulley to the driven pulley, and so to the
machinery.

In all the cases described above, the pulleys have been
circular in perimeter, but non-circular or cam-shaped pulleys

F1G. yo.—Evans’ Friction Cone Pulley.

are used occasionally for producing special movements in
which it is required that the velocity of the driven should be
variable at different parts of the revolution. See Fig. 41.

DRIVEN

(o) @ DRIVER

F16. 41.—Variable Velocity Pulley.

An example of a pulley in which the axis of the pulley
does not coincide with the axis
of rotation is found in the foot-

@ power lathe-treadle, shown in
Fig. 42, which is self-cxplana-
i tory.
The driving power of a belt
and pulley is increased by mak-
ing the face of the pulley
p_, smoother. The holding power
of a belt does not depend upon

FiG. 42.—Lathe-treadle. the friction between the belt
and the pulley-face but upon the adhesive force between the

F
Q ~_{oL
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two. The adhesion depends on the intimacy of contact, and
as smoothness of the two surfaces produces a contact between
a larger number of particles, it is plain that the above state-
ment is true. A very smooth contact also produces a partial
vacuum between the belt and the pulley which increases the

tractive force of the belt.

Fi6. 43.—Countershaft,

If there is no slip in the belt-connector, the revolutions of
two connected pulleys will vary inversely as their diameters,
and the relation of velocities to the diameters of the driver and
driven is the same as that for friction-wheels.

Let D = diameter of driver;
d = diameter of driven;
R = revolutions of driver;
r = revolutions of driven.

Then the following equations express the relations of the
two pulleys with regard to the number of revolutions and

diameters:
DX R=dxr.

dx r
R=227
p=2%"
_DXR
ryr= d ’
a=PXE

r

Where a system of pulleys is used, the following rule
shortens the calculation:
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RULE.— T/e revolutions of the first driver multiplied by the
continued product of the diameters of the drivers is equal to the
revolutions of the last driven multiplied by the continued product
of the diameters of the driven pulleys.

Design of Cone Pulleys.

The following method of designing cone pulleys is taken
from Kent's ¢‘Mechanical Engineers’ Pocketbook.’’ Let
EF, Fig. 44, be the distance between the centres of the

F1G. 44.—Design of Cone Pulleys.

pulleys. Draw the circles D, and 4,, representing the first
pair of pulleys. The diameters of this first pair can be deter-
mined by given conditions. Draw /X tangent to the circles
D, and d,. At B, the middle point of £F, erect a perpendic-
ular BG. The length of BG should be .314 £F. With G as
a centre draw a tangent circle to /K. The belt-line of any
other pair of pulleys must be tangent to this circle. Take any
line as A7 or LM. The circles about £ and /# drawn tangent
to it will be one of the required pairs.

PROBLEMS.

1. In Fig. 43 A makes 100 revolutions per minute, and the diam-
eters of A, B, C, and D are 16, 8, 20, and 12 inches respectively.
Find the number of revolutions made by D.

2. In the same figure let 4 represent the drive-wheel of an engine
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geared by belts to a dynamo-pulley D, and B and C pulleys on a
counter-shaft.  If the dynamo makes zooo revolztlons pgr minute
and the diameters of 4, B, C, and D are 10 feet, 30 inches, 5 feet, 12
inches, respectively, how many revolutions per minute should the
engine-pulley make ?

3. In the same figure suppose that 4 makes 100 revolutions per
minute, and that D is to make 3000. The diameters of 4, B, and C
are 10 feet, 30 inches, and g feet respectively. What is the diameter
of the pulley to be put on the dynamo ? ,

* The circumferential speed of any revolving wheel is the distance,
in feet, passed through by a point in its circumference per minute,
and is equal to the number of revolutions per minute multiplied by the
circumference of the wheel in feet.

4. What is the circumferential speed of D in Problem 1?

5. What is the circumferential speed of 4 in Problem 1?

6. Suppose that D in Fig. 43 be made the drive-wheel of an
engine making 150 revolutions per minute, and that 4, B, and D are
20, 4, and 2o inches in diameter respectively. What diameter should
be given C in order to give 4 a circumferential speed of 1000 ?

* The circumferential speed of the pulley equals the velocity of its belt,
there being no slip.



CHAPTER VIIL
BELT- AND ROPE-GEARING.

Belt-gearing includes all appliances concerned in trans-
mitting motion in the manner of a belt and pulley; such as
belts, bands, or chains running on pulleys or sprocket-wheels
with continuous motion; or with limited motion, as where a
rope, strap, or chain passes partly, wholly, or several times
around wheels to which the ends are made fast, as in the case
of the windlass. Belt-gearing is very desirable especially where
a uniform velocity of driver and driven wheel is not required,
because of its noiseless running, lightness, and simplicity of
construction as compared with tooth-gearing, link-gearing, etc.
In cases where a mathematical relation must be preserved
betwcen the speed of the driving pulley and the speed of the
driven pulley, the sprocket-wheel, which permits no slipping,
is used. Belts or ropes are apt to slip more or less. The
driving power of a belt depends mainly upon the tightness
with which it is stretched around the pulley; also upon the arc
of contact, and upon the condition of the belt and pulley-face
with regard to smoothness of surface.

Leather and rubber are the two kinds of belting most
generally used, and of the two leather will usually last
longer.

Leather belts may be single or of any number of layers
cemented together.  The object in increasing the thickness is
to increase the strength without increasing the width. The
best lcather belts are made of oak-tanned leather curried with
the use of tallow and cod-oil. Such belts have been known
to continue in use thirty to forty years, when used as

54
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simple driving-belts, transmitting a proper amount of power
and being given suitable care. The hair side of the belt
should be run next to the pulley. It has been found by
experiment that the hair or grain side is the weaker. The
hair side will also crack much easier than the flesh side. If
the grain side is shaved thin and stretched a little a large
number of holes can be seen, showing that the weakness is
probably due to the hair having had root on that side. Again
the hair side is smoother, and will hug the face of the pulley
better, and this is a condition which promotes the tractive
force of a belt. When a belt is bent around a pulley, the side
of the belt farthest away from the pulley is stretched, while
the side next to the pulley is compressed. It is plain, then,
that the flesh or stronger side should be on the outer side,
which is stretched, while the hair or weaker side should be
placed against the pulley, where there is not so much strain.

The safe working tension of a laced belt is 250 to 350 Ibs.
per square inch of cross-section.

When the driving and driven pulleys, Fig. 45, are at rest

DRIVEN

O

DRIVER

O

PR S
FiG. 45.—Sag of Belt.

\

the tensions in the two halves of the belt will be the same; but
when the driver rotates in the direction of the arrow, the
tension on the tight side will be increcased, and the tension on
the slack side will be diminished. Let 7] be the tension on
the tight side, and 7, the tension on the slack side, and 2 the
effective force on the circumference of the pulley; then,
P =17 — 17, Letl) be the velocity of the belt in feet per
minute; then V2 = the number of foot-pounds of work done
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VP
pulley D feet in diameter, that makes N revolutions per
minute, then V' = 3.1416 X D X N. Substituting this value
of V in the above equation, we have,

per minute and H.P. = If the belt passes over a

3.1416 X DX N X P

H.P. =
33000

A short and simple rule for determining the horse-power
that will be transmitted by a belt is, that a single leather belt,
one inch wide, travelling 1000 feet per minute, will transmit
one horse-power. A double belt one inch wide travelling 600
feet per minute will transmit one horse-power. The working
strain in this case is 33 lbs. per inch of width.

Different writers give other figures for the speed of belts
necessary to transmit one horse-power. The rule above given,
however, is a very safe one with which to work.

Mr. F. W. Taylor describes in the Transactions of the
American Society of Mechanical Engineers a series of experi-
ments on belting, extending over nine years. His results give
rise to principles which, if adopted, would entail heavier
expense than is usual in installations of belting. The rules
are on this account not much used. Among other things he
recommends the splicing and cementing of belts in preference
to lacings; the use of narrow, thick belts, even on small
pulleys, in preference to wide, thin belts; and that the thick-
ness of belts should be increased as they are made wider.

A belt running at a very high speed will have its effective
driving tension diminished by the tension due to centrifugal
force. If we let IV be the weight of belt per foot of length,
V' the velocity of the belt in feet per second, and g the
acceleration due to gravity = 32.2, then the centrifugal tension
7¢ may be found as follows:

wy?
s

Te =
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The weight of leather per cubic foot being 56 lbs., the
weight of one square foot one inch thick will be .388 lbs.
Then

Subtracting this centrifugal tension from the tension on the
tight side will give the effective driving tension.

Rubber belting is a combination of rubber and cotton-duck.
There are many qualities manufactured, the difference in
strength depending upon the quality of the cotton-duck used,
as the tensile strength of the belt is in this fabric. The belt
is made up of plies of cotton cemented together with rubber,
and the entire surface covered with rubber.

The advantages claimed for rubber belting are: perfect
uniformity in width and thickness; it is not affected seriously
by excessive degrees of heat or cold; it is especially adapted
for use in wet or damp places, or where it is exposed to the
action of steam; and it is less liable to slip on the pulley.

A comparatively new kind of belt is now made, called the
leather link-belt, which is considerably used for heavy work.
It consists of many small leather links fastened together with
iron rods, as shown in the illustration, Fig. 46. The rods
run through the holes in the links and are as long as the width
of the belt. It is devoid of the usual great stiffness which is
found in ordinary belts and it easily adapts itself to the contour
of the pulley, no matter how heavy and thick it may be. Its
first cost, however, is an objection which keeps it from coming
into more general use.

As a large belt runs on the pulley, a cushion of air is made
between the belt and pulley, which lessens the holding power
to some extent. Some belt manufacturers diminish this
cushioning somewhat by perforating the belt with small holes
or slits, so that the air may pass through and allow the belt
to stick close to the pulley.

Belts will hold better when the pulleys are at long distances
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apart than when at short distances. Belts should never, if
avoidable, connect two shafts one of which is directly over the
other, and, in general, the two pulleys should have a position
such that there may be a sag of the belt. It is desirable that

F16. 46.—Leather Link-belt.

the angle which the belt makes should be not more than 45
degrees with the horizontal.

The tensile strength of the solid leather belting is from
2000 to 5000 lbs. per square inch; but only about 1000 to
1500 lbs. at the lacings. The working strain is taken at not
over one third of the strength of the lacing.

FiG. 47.—Arrangement for Quarter-twist Belt.

Commonly the belt connects pulleys that are on parallel
shafts, but this is not necessarily the case. Fig. 47 shows the
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relative position of the pulleys on two perpendicular shafts
which gives the belt a quarter twist. In this case the belt
must run squarely onto the pulleys. It may run off the pulleys
at any angle. In setting pulleys to give a quarter twist to a
belt, the point where the belt leaves the driven pulley must
be placed exactly over the corresponding point of the driving
pulley. In this arrangement the belt can run in only one
direction. If an attempt is made to run the belt in the reverse
direction it will be thrown from the pulleys. Other twists may
be given by the use of Guide-pulleys.

Methods of Lacing.—The effective strength of a belt, as
well as the smoothness and uniformity of transmission, depends
on the manner of connecting the ends. When possible, the
belt should be endless; that is, it should be joined together in
such a manner that the strength of the joint shall be equal to
the strength of the belt itself, or as nearly so as possible;
also, so that there shall be no extra weight caused by heavy
lacing-leather. The heavy joint causes a vibratory movement
of the belt when running; this causes variations in the arc of
contact and this, in turn, may cause the belt to slip. Where
a uniform motion is required, as for a dynamo, this would not
be admissible.

The two methods most commonly used in fastening belting
together at the ends are the Butt-joint and the Lap-joint.
With the butt-joint and especially with heavy belts, rawhide
lacing is used. With smaller belts, wire lacing made of some
pliable composition is used considerably. This makes a much
less clumsy joint and less waste of strength by the punching
of holes than is necessary when the rawhide lacing is used.
The lap-joint is made by beveling or scarfing the two ends and
then gluing them together, under pressure; by gluing and
riveting; and also by interlapping the different plies, when the
belt is not single, and then gluing. The lap-joint is best
because it makes practically an endless belt.

The joints in rope belting are made similarly by inter-
lapping the strands or fibres and then wrapping them with
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BEST METHOD OF LACING BELTING

F1G. 48.—Butt-joint.

F1G. 49.—Scarf-splice.
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cords, thus making a strong endless rope of uniform
size.

When the distance between the centres of two shafts and
the diameters of the pulleys are given, the length of belting
required may be found approximately as follows:

RULE.—Add the diameters in fect of the two pulleys
together, divide the result by 2 and multiply the result by
3.72416.  Then add this product to twice the distance between
the centres of the two shafts.

ROPE-DRIVING.

When rope is used the pulley contains a groove or grooves
in its face in which the rope runs. Rope belting is commonly
made of cotton, hemp, or manila, but rawhide, flax, and

)
|
?

F1G. 50.—Section of Pulley for Rope-drive.

leather are sometimes used. With small pulleys cotton is best
as it is softer and more pliable, and there is, therefore, less
danger of breaking the fibres.

The principal advantages of rope-driving are quiet running
and convenience in application. One of the greatest fields of
usefulness for rope-driving is in the transmission of power to a
moderate distance, under conditions which are not favorable
to the use of leather belting or shafting. With rope-driving
one is enabled at a comparatively small cost to transmit
power in any direction to a building remotely situated from
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the power, which would otherwise require a long and expen-
sive line-shaft, or an independent engine or motor. The
facility with which a rope-drive may be carried in any direc-
tion, across rivers, canals, and streets, above or under ground,
up or down hill, over houses and into buildings, is a feature
which recommends rope as a means of driving.

The ropes most commonly used are from I to 2 inches in
diameter. The size of a rope is very often given by its cir-
cumference or girth. The tensile strength of ropes for rope-
driving varies greatly, though it is generally from 7000 to
12,000 lbs. per square inch.

The weight of the ropes when dry is given approximately
by the formula W = .30% = .032C?, where IV is the weight
per foot of length and D the diameter and C the circumference
of the rope. The speed of driving ropes varies from 1500 to
7000 feet per minute.

The accepted authority on rope-driving in this country is
Mr. C. W. Hunt. He allows a working-strain on a I:inch
rope of 200 lbs. This makes the working-strain about 4 of
the breaking strength of the rope. This strain is about g% the
strength of the splice. In practice, however, this limit is often
greatly exceeded, on account of vibrations and imperfect ten-
sion-adjusting devices.

In his derivation of a formula for horse-power, he used a
constant driving-strain on a 1-inch rope of 200 lbs., and
velocities varying from 10 to 140 feet per second. The driving-
force will be diminished by the tension due to centrifugal force
of the rope passing over the pulley. Where 7¢ is the tension
due to centrifugal force, I the weight of rope in pounds per
foot, » the velocity of rope in feet per second, and g gravity,

2
Tt‘: W .
r4

The difference between 7¢ and the maximum tension gives the
force available for power transmission. As a certain amount
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of tension is necessary on the slack side of the rope to give it
adhesion to the pulley, all of this force cannot be used. If the
tension on the slack side of the rope is assumed at one half
the driving force, the force available for doing work, 2, is
found as follows:

1)=§(Tl— Tc),

where 7 is the tension on the driving side of the rope and 7¢
is the tension due to centrifugal force.

Also, the tension, 7,, on the slack side will be

T, — T
T,= ‘+1

The tension 7, will increase as the speed is raised, since 7¢
increases as the square of the velocity.

With the foregoing assumptions, the formula for horse-
power may now be stated
20(T, — Tv)

H.P. =
3 X 550

v being the velocity of the rope in feet per second.
The following table gives the horse-power of various ropes
at different speeds.

HORSE-POWER OF TRANSMISSION ROPE AT VARIOUS SPEEDS.
(Computed from formula given above.)

‘5‘ ‘ Speed of the Rope in feet per minute, ;a"‘s ;ﬁ

g8 FLEE

E“ 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 6ooo | 7000 | 8ooo cgﬁ D.;:
4| 1.45( 1.9| 2.3 2.7| 3 32| 3.4 34| 3.1| 2.2/ o 20
#| 23| 3.2| 36| 42]| 46| 50| 53| 53| 4.9 3.4/ O 24
4| 33| 43| 5.2 58| 67| 7.2| 7.7| 77| 7.1| 49| o | 30
%! 45| 59| 70| 82| 91| 98| 10.8|10.8( 9.3]| 6.9 o 36
1 5.8 7.7 9.2|10.7 | 11.9| 12.8|13.6|13.7|12.5| 8.8 o 42
13| 9.2 | 12.1| 14.3 | 16.8 | 18.6 | 20.0 | 21.2 | 21.4 | 19.5 | 13.8] © 54
1} | 13.1 | 17.4 | 20.7 | 23.1 | 26.8 | 28.8 [ 30.6 | 30.8 | 28.2 | 19.8| o 60
13|18 23.7 | 28.2 | 32.8 | 36.4 | 39.2 | 41.5 | 41.8 | 37.4 | 27.6] o 72
2 |23.2 130.8136.8142.8147.6|51.2154.4/54.8'50 35.2l o 84
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For very light work and for guide-pulleys the rope rests
on the bottom of the groove in the pulley (Fig. 50, a), but for
heavy work the rope works in a groove which is V-shaped
(Fig. 50, 4), whereby the holding power is much increased.
Since the power of one rope is limited, and as it is not con-
venient to use very large ropes, it is necessary, in most cases,
to use several ropes. The pulleys have parallel grooves in
which the ropes are placed, sometimes as many as 20 or 25.

PROBLEMS.

1. A leather belt is § inch thick and 16 inches wide. What ten-
sile force will be required to break it if the tensile strength of leather
is 3000 lbs. per square inch?

2. A leather belt running at a velocity of4ooo feet per minute
transmits 40 horse-power. Find the driving tension P on the cir-
cumference of the pulley.

3. If the tension on the tight side of a belt is twice that on the
slack side, find 7, and 7; in Problem 2.

4. If the safe tension per inch of width is go Ibs., find the width
of belt required in Problem 2.

5. A rope-pulley is 20 feet in diameter and makes 500 revolu-
tions per minute ; find the velocity of the rope.

6. A ropeis 1 inch in diameter. What force will be required
to break it if the tensile strength is 8ooo lbs. per square inch ?

7. Find the diameter of each of the 13 ropes which drive 400
horse-power, the velocity of the ropes being 4000 feet per minute.

8. A certain drive has 21 ropes on a pulley 4 feet in diameter
making 500 revolutions per minute. What horse-power may be trans-
mitted if the girth of the ropes is 3.14 inches?

9. What is the weight of a rope which is 2 inches in diameter and
10 feet long ?

1o. A dynamo runs at rozo revolutions per minute and requires
20 horse-power to operate it. The power is furnished by an engine
running at 150 revolutions per minute. The engine drives a counter-
shaft, which in turn drives the dynamo, If the pulley on the dynamo
is 12 inches diameter and the fly-wheel of the engine 54 inches dia-
meter and double belts are used, find the size of the pulleys on the
counter-shaft, and the width of belts necessary.
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11. A Corliss engine runs at 85 revolutions per minute, and de-
velops 186 horse-power. If the main line-shaft which it drives runs
at 235 revolutions per minute, and the pulley which receives the power
is 5 feet in diameter, find the width of double belt used, and the
diameter of the engine fly-wheel,

12. If tne tension on the slack side is one half that on the driving
side of the belt in Problem 11, find 7, and 7,. Also determine the
tension due to centrifugal force, and the effective driving tension.



CHAPTER VIIL
TOOTHED WHEELS.

TRANSMISSION of power between two shafts, by means of
friction-wheels and belt-pulleys, is possible only so long as the
resistance to be overcome does not exceed the friction which
arises at the circumference of the wheels. When the resist-
ance exceeds the friction a slippage will occur. To prevent
this the friction must be made greater, in one case by
pressing the friction-wheels closer together, and in the other
by making the belt tighter. This excessive amount of pressure
causes a corresponding amount of friction of the shafts in their
bearings, so that friction-wheels cannot be employed to ad-
vantage where the resistance is very great, especially in the
case of slow-running shafts.

Neither can they be used where it is necessary that the
speeds of the two shafts have an exact ratio at every instant,
as in screw-cutting machines, clocks, etc., for experience
shows that, even with the greatest pressure, friction-wheels
and belts will sometimes slip. To overcome these difficulties
the toothed wheel is used.

Suppose two friction-wheels running together have spaces
cut in their circumference at regular intervals, and if the
material from these spaces be placed on the top of the remain-
ing solid portion, so that the projections of one wiil fit into the
depressions in the other, an approximate form of gear-wheel

is produced.
65
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The original diameter of the disk is the ¢¢ pitch diameter ',
and the circumference of the disk itself the pitch-circle. The
portion of the tooth above the pitch-circle is known as the
‘“face’’ or addendum of the tooth, the portion below as the

ACE LINE

/
P\'\'CH LINE

F1G. 51.—Section of Gear-wheel.

flank or dedendum. The distance from the front of one tooth
to the front of the next, measured on the pitch-circle, is known
as the ‘‘circular pitch,”’ or simply as the ‘¢ pitch.”” Some-
times the pitch is given as the number of tceth per inch of
pitch diameter. This is called diametral pitch. Thus, in a
wheel of 36 teeth, pitch diameter 12 inches, the diametral
pitch is 3.

Let P, be the diametral pitch of a gcar-whecl of pitch
diameter 72; lct the circular pit‘ch be 2, and the number of
tceth be A, Then

po— N 31416 p— D X 3.1416  3.1416
(/ s T - - o )

=p= P T TN T o,
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In a spur-wheel (Fig. 51) the teeth are cut in the surface
of a cylinder known as a ‘‘blank’’ (Fig. 53). Spur-wheels
transmit motion between two shafts with parallel axes.

Bevel-wheels (Fig. 52) are formed by cutting teeth on the

surface of a cone or frustum of a
cone. Bevel-wheels transmit mo-
tion between shafts whose axes
intersect. ,

Skew-wheels are formed by
cutting teeth on the surface of
hyperboloids of revolution. They
transmit motion between shafts
which do not intersect and which

FiG. 52.—Bevel-gear. are not in the same plane.

If in the elementary gear-wheel, considered earlier in this
chapter, the teeth were made in the form of rectangular prisms,
they would, in running, wear themselves to approximate forms
of either one of two curves, the epicycloid or the involute of a
circle. In the practical construction of gear-wheels the teeth
are cut or cast in the shape of one of these curves, depending
on the use to which the wheel is to be put. The teeth of
spur-gears can be easily cut to the proper form in the milling-
machine. A bevel-gear, however, cannot be perfectly formed
in a milling-machine, as the thickness of the teeth constantly
diminishes toward the point of the cone. It requires a special
machine, called a gear-shaper. These machines plane the
teeth. There are two classes: one generates the tooth itself
as it planes it, such as the Bilgram planer; the second class
uses a former or template which guides the planing-tool, such
as the Fellows gear-shaper.

For rough, heavy work the gears are cast in iron. These
are known as Cast Gears. Gears made in a milling-machine
or gear-shaper are known as Cut Gears. Sometimes in very
heavy work, as in transmitting power from turbine-wheels,
where the noise is intense and disagreeable, one of the gears
is provided with wooden teeth which are locked in place by a
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simple device. These diminish the noise to a great extent.
Spur-gears are also made of rawhide or leather, where it is
desired to diminish noise. The leather or rawhide is com-
pressed between two steel or brass plates and then is cut as
an ordinary iron gear.

To draw all the teeth on a spur-gear would be a very
tedious task in drafting. To save time, thercfore, gears are

CUTTER BLANK
F16. 53.—Fellows Gear-cutter and Partially Developed Gear.

usually represented by their pitch-circles (see Fig. 54). They
are also shown as blanks, in which a few teeth have been cut,
the teeth on each blank being in mesh.

In making gear-wheels, the space is made slightly greater
than the thickness of the tooth. This is necessary in order
that the teeth shall not bind on each other when running.
It is the aim of all designers to make this ‘“backlash ' as
small as possible. The depth of the space is also made a little
greater than is absolutely necessary. The extra distance in
this case is termed the *¢clearance.’’

The width of the gear is termed the ‘‘face. It is
generally made from two to three times the circular pitch.
Grant’s ‘* Gear Book,’’ in a list of stock gears, gives a face of
3 to 4 inches for a gear of 3 diametral pitch, = 1.047 inches
circular pitch, and 4 to & inch for a gear of 20 diametral
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pitch, = 0.157 inch circular pitch. Another manufacturer

gives the face as 1} inches for a circular pitch of # inch, and

Fi1G. s54.

.

various figures up to a circular pitch of 6 inches, where the

face is 20 inches.
In the section of a gear-whecl shown in Fig. 51 the fol-

lowing are the dimensions:
Pitch (circular) = p = arc abc; face = 2.5p; thickness of
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tooth = arc 6c = .47p; space = arc ab = .53p; total height
of tooth = 4 = .7p; addendum = s = .3p; dedendum = 4
In terms of diametral pitch, 7,:

s=0"; d= ]'l,l)d; be = 1.57P,.

An Inside or Annular Gear is a wheel with gear-teeth cut
on the inside of the rim as shown in Fig. 55. It works in

F1G. 55.—Annular Gear.

connection with a pinion (a small spur-gear), and the same
considerations as to form and dimensions apply as in spur-
wheels.

A Rack is a straight rectangular piece of metal in which
teeth have been cut. It is used to convert rotary into recip-
rocating motion or wicc w¢rsa by means of a pinion. The
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teeth may be either of the involute or epicycloidal system.
An illustration of a rack and pinion is given in Fig. 79.

The same relations as regards diameters and revolutions
exist in gear-wheels as in pulleys. But for the diameter of the
wheels the number of teeth may be substituted.

Let V and # be the number of teeth on wheels of diameter
/) and d, making K and r revolutions respectively; then

v ar ) rm_ . rn_ RN RV
/\XA/:I’XII. R::‘\, x\/:fl\,, r_—’2—, Pt

If a system of gear-wheels is used to transmit motion from
a driver to a follower, the intermediate gears may be neglected
in calculating the relative velocities of the driver and followers;
the driver and follower may be considered as if they meshed
directly into one another.

A train of gears and pinions (Fig. 56) is a train in which

(2 e

F1G. 56.—Train of Gears and Pinions.

a gear drives a pinion rigidly fastened to a gear on the same
axis, which gear in turn drives another pinion, which may or
may not be attached to another gear. If the number of teeth
in each of the gears and cach of the pinions is given, together
with the number of revolutions of the first driver, the number
of revolutions of the last follower may be obtained as follows:

Multiply the diameters, or the circumferences, or the number
of teeth of ali the drivers together, and this product by the
number of revolutions of the first wheel; divide this product by
the continued product of the diameters, or the circumferences,
or the number of teeth of all the followers. The quotient is
the number of revolutions of the last follower.



TOOTHED WHEELS 73

In regard to power transmitted by gear-teeth, authorities
vary greatly as to the formule which should be used. All
formule for determining the horse-power transmitted by gear-
ing may be reduced to one of three forms:

H.P. = CVpf or CVp or CVpY,

in which C is a coefficient, p the pitch in inches, 7 the velocity
of the pitch-line in feet per second, and f the face of the tooth
in inches.
The following is a formula of the first style:
Let P = driving force at pitch-line in pounds;
D = diameter of pitch-circle in inches;
V" = velocity of pitch-line in feet per minute;
/N = number of revolutions per minute;
H = horse-power transmitted by wheel;
/f = face of tooth in inches;
2 = pitch of teeth in inches.

Then
Pl
= 33:006' e+ e s e e e (I)
and V= 3-1416 XD_XE.

12
Substituting this value of I”in (1), we have

P X 31416 X DXN

H 33,000 X 12 B ()

An average value of  from different authorities is 280p/.
" Substituting this value of / in (2), we have

_ 2802/ X 3.1416 X D X N

H 33.000 X 12 = .0022 pfDN.,
Prof. Harkness gives H.P. = M -, where V is
Y1 4 0.65V

velocity in feet per second.
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PROBLEMS.

1. In Fig. 56 A has 8o teeth, B has 20, C has 6o, D has 30, £
has 40, and F has 10. If A makes 50 revolutions per minute, how
many does # make per minute? zf ns. 16c9.

2. In the same figure suppose that 4 and # make %200 and 4000
reyolutions respectively per minute, and that B, £, and # have 50,
40, and 3o teeth respectively, what may be the number of teeth on
each of the other wheels?

3. Required the diameter of a spur-wheel which has 100 teethand

a pitch of 1.57 inches. Ans. 50 inches.

4. llow many teeth in a wheel 10inches in diameter, the pitch
being .2618 inches? Ans. 120.

5. Required the pitch of a wheel of 100 teeth, the diameter being
12 inches. Ans. .3770 inches.

6. A certain spur-wheel has 40 teeth and its diameter is 10 inches.
Find the pitch, thickness of teeth, width of space, total height of
tooth, height above pitch-line, and depth below the pitch-line.

7. What is the diameter of the face circle in the above problem?

8. What is the diametral pitch of a spur-wheel of 100 teeth having
a diameter of 10 inches?

9. What is the diameter of the pitch-circle in the above problem,
also the thickness of the teeth?

10. What would be the diameter of a blank to be used in making
a cut gear whose pitch-circle is to be 6 inches in diameter and the
pitch } inch? v

11. What horse-power will be transmitted by a spur-wheel 3 feet
in diameter making 200 revolutions per minute, the pitch of the teeth
being 2 inches? =~ - ' .

12. It is desired that a spur-wheel with a diameter of 24 inches
shall transmit 10 horse-power while making 100 revolutions per
minute. What should be the pitch of the teeth?



CHAPTER IX.
THE SCREW.

THE screw is a combination of the lever and the inclined
plane, and the mechanical advantage depends both on the arm
of the working lever and the inclination of the thead or inclined
plane which supports the weight.

The efficiency of the screw is very low, from 15 to 45 per
cent. A large amount of the force applied is lost in friction
in the nut. If the faces of the threads are inclined, as in a
V thread, the friction is greater than for a square thread. The
efficiency increases if the pitch, or distance between two con-
secutive threads, is increased.

Applications of the screw may be seen in the jack-screw,
the vise, bolts, nuts, etc. The jack-screw, Fig. 57, is a
machine for raising heavy weights. It consists of a screw to
which is attached a lever for applying force, and a heavy base
A, having screw-threads on the inside. When the handle is
turned, the screw moves up or down, according to the direc-
tion of rotation of the handle. The weight is placed on the
head A, which does not turn with the screw, thus allowing the
weight to move up without rotation. The equation

*F X 2 X 3.1416 X R = IV x pitch X (f+ 1)

gives the relation of the weight to the applied force, in which
/" = force applied, 1V = weight, R = radius of handle, and
Jf = coefficient of friction of the screw. This relation is derived
by the application of the Law of Machines, Chapter I.  With
one turn of the handle the applied force moves around the

* The ** Efficiency " = —————— ——

75
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circumference of a circle, the radius of which is the length of
the handle. To find the circumference when the radius is
given, multiply the radius by 2 X 3.1416. If we denote
radius by R, we have 2 X 3.1416 X R as the distance moved
through by the applied force during one turn of the handle.
During this one turn of the handle the weight is lifted through

FiG. 57.—Jack-screw.

a distance equal to the length in the direction of the axis of a
thread plus a space; this length is called pitch.

The cndless screw, or worm, is a combination of the screw
with a worm-wheel. The worm is secured in bearings so that
it cannot move in the direction of its length. The threads of
the screw mesh with the teeth of the worm-wheel, and this in
turn may impart motion to a train of wheel-work.

In Fig. 58 the force is applied by means of a crank,
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though a pulley could be used, instead of a crank, and belted to
an engine or shaft.

F X 2X 3.1416 X R = I/, X pitch

is the equation of work for the screw part of the machine alone.
By solving for I/, we find that the screw will raise a weight

F X 2X 31416 X R
W= 22X Sa
! Pitch

This weight W7, in its turn, acts as a turning force against the
circumference of the worm-wheel at 4, so that we may now

A

O

w

Fi1G. 58.—Endless Screw.

regard it as force to be used in turning the wheel against the
resistance offered by the weight which hangs on the smaller
wheel B. Let R, be the radius of the large wheel 4, and R,
the radius of the small wheel 5. Then, multiplying the force
IV, by its lever-arm R, and the weight by its lever-arm R,,
we have

Fx2X3.1416 X R

Pitch

XR=WxXR

or
o FX2 X 31416 X R X R,
- Pitch X R,

The relation of the angular velocities of the crank R and
the worm-wheel A is shown in the equation R = NV X r, in
which R and » represent the number of revolutions of the crank
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R and the wheel A, respectively, and V the number of tceth
on the worm-wheel.

Serew-threads. —Screw-threads are employed for two pur-
poses, one of which is holding or securing, and the other
transmitting motion. Examples of the former are bolts, nuts,
screws, etc. ; of the latter, endless screws and the screw on the
engine-lathe for moving the tcol-carriage.

Fig. 59 shows the Sellers or United States standard

Fi1G. §9.—United States Standard Thread.

thread, which is used principally in the United States. It will
be noticed that the V-shaped threads are flattened a little at
the top and bottom. The amount of flat is given by the

.12 . . . . .
equation f= - ” 5~, in which f is the width of flat and » is

the number of threads to the inch. This makes a solid
sound thread avoiding the broken edges which are often the
result if the sharp edge is permitted. The sides of the thread
make an angle of 60 degrees with the axis of the thread, as
shown in the figure.

SCREW-THREADS, UNITED STATES STANDARD.

Diam. | Pitch. " Diam. i Pitch. ” Diam. ‘ Pitch. ‘ Diam. | Pitch. | Diam. | Pitch.
} 20 i 3 1o 1} ‘ 7 ‘ 1} 5 l 214 34
Te 18 " 11 o | 1k I 6 ‘ 2 4 | 3 33
1 16 17 9 ' 1p 1 6 | 2¢ 45 3t 7| 3}
16 4, ik 9 | 14 1 6 | 2% ab | 3% 3t

13 ] 1 8 | 1 sy 2 4 o3 3}
18 12 l}‘s 7 ‘ i s ! 2} I} | 3
] 11 ¢t S T ¢ O T 4 4 3
13 I | Ii | I | ‘




THE SCREW. 79

The relation between the pitch 7 and the diameter D of
the U. S. standard thread is given approximately by the
formula

P = .24VD+ .625 — .175.

The Whitworth or English standard thread is shown in
Fig. 60. The sides of the threads make an angle of 55 degrees

F1G6. 60.—Whitworth Screw-thread.

with each other, and the bottom and top of the thread is
rounded. Fig. 61 shows a square thread, a part of which is
right-handed and part left-handed.

RIGHT LEFT

Fi1G. 61.—Square Thread.

The diameter of a thread is the largest diameter measured
perpendicular to the axis of the screw. The depth of thread
is the vertical height of the tooth above the bottom. The pitch
of the thread is the distance taken up by one thread on the
axis. For a square thread the pitch would consist of a thread
and a space. The size of thread is generally designated as so
many threads to the inch. Screw-threads on the outside of a
cylinder, as threads of a bolt, arc called male threads, and the
threads on the inside, as the threads in a nut, are called female
threads.
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Screw-threads are made with zaps, dies, lathcs, and special
screw-cutting maclines.  ‘The tap is used for making inside or
fcmale threads, and the die for making the outside or male
threads, while cither kind of thread may be made in the lathe.
In threading bolts and piping, different sets of taps and dies
must be used, the pipe-thread always being smaller and of
greater number to the inch than those on the bolt or screw.
They also taper toward the end of the pipe. For this reason,
we have what is known as the bolt or standard dies and taps,
and pipe dies and taps. For example, the number of threads
per inch on a 1-inch bolt, U. S. standard, is 8, while the
number of threads per inch on a 1-inch pipe is 11.5. The
reason for making more threads on a pipe is that by making
more of them the depth of each thread is made less, hence
there is less danger of cutting through the thin pipe.

Bolts.—Bolts are made of wrought iron or steel and are
forged out by bolt-making machines, and the threads put on with
dies or with special thread-cutting machines. The mac/kine-
bolt, Fig. 62, may have either a square or a hexagonal head

F1G. 62.—Machine-bolt.

with nut to match. The carriage-bolt, Fig. 63, differs from
the machine-bolt mainly in having a round or oval head and

F1G. 63.—Carriage-bolt.

being square in cross-section for a short distance under the
head, and generally has a square nut. The store-dolt, Fig.
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64, has a countersunk head with a slot sawed in it for the use
of a screw-driver. A cotter-bolt or split pin is split along its

F1G. 64.—Stove-bolt.

axis; the split portions are bent at right angles to the axis,
thus doing away with screw-threads and a nut. The stud-bolt
I

F1G. 65.—Stud.

has no head, but screws directly into the piece which it is to
hold, a nut being used on the end; an example may be seen
on the cylinder-head of an engine. An eye-bolt is one having
an eye instead of a head.

Screws.—Fig. 66 represents a cap-screw. It takes the

FI1G. 66.—Caj.-screw.

place of a bolt, and screws into one of the pieces to be held,
the shoulder or cap on the end of the screw giving it the hold-

EEEE R Rt
;‘ SR

F1G. 67.—Lag-screw.

ing power. The lag-screw, Fig. 67, is used in wood only,
usually for hanging shafting. Fig. 68 represents a drive-screw,
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and Fig. 69 the common wood-screw. The wood-screw may
have a round or a flat head. The set-screw is one in which

Fi16. 69.—Wood-screw.

the holding power is produced by the pressure of the end
against a piece of work. The end is hardened.

PROBLEMS.

1. What weight will be raised by a jack-screw, if its handle is 20
inches long, the pitch of the threads } inch, and the force applied
130 Ibs., neglecting friction ? Ans. 75,398.4 1bs.

2. Design a jack-screw that will raise a weight of 20,000 Ibs.
with an applied force of 100 lbs., the length of the handle being 10
inches, neglecting friction. Ans. Pitch = .31416 inches.

3. What force must be applied .in order to raise a weight of 12,000
Ibs. if the handle is 16 inches in length, and the pitch of the thread
§ inch, neglecting friction ? Ans. 60 1bs. about.

4. Design a jack-screw that will raise a weight of 1600 s, with
an applied force of 100 Ibs., taking the cfficiency to be 30 per cent
on account of friction,

5. What weight can be raised with an endless screw, arranged as
in Fig. 58, if the length of the handle is 20 inches, the pitch of the
threads } inch, the radius of the worm-wheel 4 10 inches, and the
radius of the small wheel B 5 inches, the force applied at the end of
the handle being 100 1bs., the efficiency being 5o per cent ?

6. What must be the length of the handle of an endless screw in
order that a weight of 4000 Ibs. may be raised by a force of 100 Ibs.,
the other dimensions and efficiency being the same as for problem 5?2
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7. Design an endless screw similar to the one shown in Fig. 58
which will raise a weight of 8ooo lbs. with a force of 100 lbs., neg-
lecting friction.

8. In Fig. 58, how many revolutions will 4 make if 4 has 20
teeth and & makes 200 revolutions per minute ?

9. How many revolutions of the crank in the above arrangement
will be required in causing A to make 3 revolutions?

10. What should be the pitch of the threads for a bolt 2 inches in
diameter ?



CHAPTER X.
CAMS.

THE Cam is a revolving inclined plane. It may be either
an inclined plane wrapped around a cylinder, as in Fig. 70, or

~L

¢

4

L

Fi1G. 70.—Cam,

I
|
|
|
I
|
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it may be an inclined plane curved edgewise, as in Fig. 71.
This mechanism is generally used for the purpose of producing
a reciprocating motion in rods and levers by giving the cam a
rotary motion. In Fig. 72, BCD represents the cam turning
on the axis A, and giving a reciprocating rectilinear motion to
the heavy rod £F, which is constrained to move in its recti-
lincar path by the guide-rollers. The rotation of the axis
being in the direction of the arrow, the rod ZF has an upward
motion until the extreme point B of the cam comes in line
with the rod, when the portion BG of the cam allows the rod
84
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to fall by its own weight or by the action of a spring until
the point ¢ comes in line with the rod, and so on; thus one
revolution of the cam here presented will cause the rod to
make three upward and three

F

downward strokes. [
Within certain limits the use '

of cams admits of the certain trans- O O

mission, from a uniformly revolv-
ing shaft, of widely varying veloci-
ties and in an easily determined
manner. For this reason they are

F16. 71.—Cam. Fi1G. 72.—Cam and Follower.

often convenient. By varying the curve of the cam any law
of motion may be given to the rod. The rod F, Fig. 72, is
called the follower, and is generally provided with a roller as
shown in the cut, by means of which the contact between the
cam and the follower is changed from a sliding contact to a
rolling contact, thus lessening, to some extent, the friction and
wear. The use of a cam is accompanied by a very large
amount of friction due to the contact of the follower and the
driver, especially where it is not possible to use a roller on the
follower. This causes a wear of the parts, which in time .
makes a backlash and, with high speeds, much noise. The
cam is the mechanical movement that the designer usually calls
- to his aid as the last resort, after having failed to obtain the
nccessary motion of a piece by other means which would have
made lighter and quieter running parts. The cam is, how-
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ever, a very useful movement, and in certain cases must be
accepted, though it is to be avoided where possible.

The path of the follower may be a straight line, a circle
or any other curve. Fig. 73 illustrates a cam with a swinging
follower. In this case the path of the point D of the follower
will be the arc of the circle £F.

In some cam movements the follower has a flat bearing-
piece, Fig. 74, instead of a point, -
which for the same cam changes the L_[
law of motion of the follower, but
gives a more extended bearing sur-
face to the cam. It is called a flas-
JSooted follower. Cams often have
grooves in their perimeters for the

purpose of confining the follower to ]
its proper path. [_I
F
\

—

A C
Za &
Fi16. 73.—Cam with Swinging F1G. 74.—Cam and Flat-footed
Follower. Follower.

To find the curve jorming the edge of the cam so that the
wclocity ratio of the rod and the axis of the cain may be constant:

In Fig. 75 let 4 be the centre of the cam. From A4 as
a centre with any convenient distance AC as a radius describe
the circle CEDBN. On BA take Ba equal to the length of
the stroke of the rod; divide it into any number of equal parts,
say five, in the points 4, ¢, &, ¢, and divide the semicircle
BDEFG into the same number of equal parts by the radial lines
AD, AE, AF, and AG. From A as a centre with 44, Ac, Ad,
and Ac¢ as radii describe the dotted arcs cutting AD, A,
ctc., at the points s, £, /, m; then through these points draw
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the curve ask/mpn. This curve is the Spiral of Archimedes.
The peculiarity of this curve is that a point following it will
move outward radially equal distances when passing through

0

2.
oo

equal angles. All lines drawn through the centre 4 of this
curve are equal: thus aC equals /2 = sp. Hence if the rod
had two pins placed at 2 and C, the cam would revolve between
them, and would cause the rod to make a downward as well
as an upward stroke.
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The following example ¥ gives a solution of the tam and
follower in which the cam has a variable velocity of revolution
about its axis, and the follower moves through a given desired
curve. In Fig. 76 let D be the follower, a part of which is
left out of the figure. A is to be the centre of rotation of the
cam, and it is desired that the path of the follower-point be a
curve 1 2345. To find the curve
of a cam necessary to fill these con-
ditions, proceed as follows: For
convenicnce cut a templet to the
follower-path 12 345 with the
centre point .1 marked. Then
with the angles 1.12, 243, etc.,

Fic. 76. laid off according to the velocities
during their part of the stroke, the several curves may be struck
by the templet. Now drawing in the arcs from the points 1,
2, 3, etc., of the follower-path, we obtain intersections and
can draw the curve 1 2 3 4, etc. This is called the method of
intersections and is the one usually cmployed in practice.

Cams are often used on engines for giving the proper
movements to valves. Fig. 77 shows a cam movement some-
times used in operating shearing- and punching-machines.
The cam revolves about its axis (), presses against the under
side of the lever /I, thus causing an upward and downward

F1G. 77.—Shear operated by a Cam. Fic. 78.

movement of the shear. The eerse cam 13 a movement in
which are the elements of the grooved cam and follower, but

* Robinson’s ** Principles of Mechanism."”
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where the driver has the pin or roller and where the follower
has a groove. It is sometimes called the pin and slit. An
example is shown in Fig. 78, in which the slotted piece 5 is
the follower and 4 the driver.

The relation of the applied force to the resistance is calcu-
lated for cams in the same manner as in the case of the screw;
that is, by the application of the Law of Machines. In Fig. 72
let the length of the handle be R. Let AC — AH = d = the
distance through which the follower is lifted. The follower
will make three movements for each revolution of the cam;
hence, applying the Law of Machines, we have

FxX2X31416 X R=IWx3Xd

as the equation of work, # being the force applied and IV the
weight of the follower. This of course applies only where
friction is neglected.



CHAPTER XI.

THE LEVER AND SOME OF ITS MODIFICATIONS.

i
AsS has been stated before, the lever and its modifications
make up a large part of the mechanism of much of the
machinery now used, different methods of using it being
employed as may be convenient. A crow-bar is an excellent
example of the lever. Examples are also seen in the rack

|
M

Fi1G. 79.—Rack and Pinion.

and pinion, the pulley, the twheel and axle, cranes, etc., the
action of the lever in these last-named cases being continuous.
Law of the Lever.—7Ve applicd force multiplicd by its
distance from the fulcrum equals the weight multiplicd by its
distance from the fulcrum.
90
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Fig. 7¢ shows the rack and pinion. In this arrangement
the lever-arm of the applied force is the length of the crank
FA, and the lever-arm of the resistance is the radius F.V of
the pitch-circle of the pinion.

The Moving Strut and the Toggle-joint are two applica-
tions of the lever. The moving
strut consists of a bar, Fig. 8o,
which rests against some projec-
tion. The weight I to be moved
rests on a plane, and the extrem-
ity of the bar is placed against it.
If a force P be applied in the direc-
tion of the arrow, the strut will be ,
forced down and the weight will move away from the fixed
point. If the angle between the strut and the plane on
which the weight rests is small, a comparatively small force
will move a very heavy weight. If the angle be denoted
by a, the applied force by 2, and the resistance of the weight
to being moved by R, then

F1G6. 80.—Mobving Strut.

P X cos @ = R ¥ sin a.

If @ be 5°, cos @ = .99619, sin @ = .08716, and R =
11.44F.

The resistance is not always the weight of the body to be
moved; it may be principally the friction of the body on the
plane.

The toggle-joint is a combination of two moving struts.
It is shown in Figs. 81 and 82. It is used where a large
resistance is to be overcome through a short distance. The
two struts have force applied at their jupction; one end of one
strut rests against a fixed point, and the other against the body
to be moved. The force is applied in a direction perpendic-
ular to the direction of motion of the body.

Let a be the angle each strut makes with the line joining
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the points about which the outer ends of the strut rotate, P
the applied force, and R the resistance. Then

2R sin @« = P cos «a.

An cxample of the toggle-joint is found in stone-

crushers.

FiG. S2.

WIHEEL-WORK, CRANES, ETC.

Fig. 83, two whecls of unequal diameters keyed to the
same shaft, illustrates the application of the lever to wheel-

B
E
Al D
~
P
Fic. 83.

work. That is, the radius of one wheel
is the lever-arm of the applicd force, and
the radius of the other the lever-arm of
the wezig/ht, the pivot on which the two
wheels turn being the fulcrum.

This is the principle of the wheel-
work of cranes for raising heavy weights,
as used for loading and unloading ships,
handling ore, etc., in which several pairs
of wheels are used, in connection with
each other, for the purpose of making a
still larger mechanical advantage, but

which gives a corresponding loss of speed. In calculating
such an arrangement, the wheels may be considered by pairs,
applying the law of the lever in each case: if so desired, how-
cver, the work may be abridged considerably by the use of the
following equation, which is deduced from the law of the lever
and which is known as the Law of Wheel-work: Z%c¢ continucd
product of the weight and the radit of the wheels is cqual to the
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continued product of the applicd force and the radii of the
pinions.

If, in Fig. 84, we let R, R, R,, R,, R, R,, R, R., be <he
radii of the wheels A, B, C, D, E, F, G, 1], respectively, then
PXRXRXR XR,=IWIXR XK, XR XR,. These

FiG. $4.—Wheel-work, Ten Wheels.

are spur-whecls which mesh into cach other. The force may
be applied at the first wheel 4 by means of a crank, or it may
be turned by an engine, as in the case of the hoisting-engine.
Sometimes the various pairs of wheels in whecl-work are con-
nected by mecans of belts or sprocket-chains instead of tecth.
In the figure here shown the circles which are tangent are the
pitch-circles of the spur-wheels which mesh
with.ach other and are so drawn to save the
trouble of drawing in the teeth.

The Block or Pulley.—A pulley-block in
a simple form consists of two metal plates
carrying a grooved cylindrical disk or sheave.
The number of sheaves may be increased and
the pulley is then described as a double,
triple, etc., block. The drawing shows a
triple block in perspective. The mathemat-

ical discussion of the pulley will be found in  Fic. 8s.
Triple Pulley-
Chapter I, page 9. block.

The Differential Windlass.—This machine is shown in
Fig. 86a and consists of two drums of unequal diameter, /) and
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«, upon the -opposite sides of which two ropes are fastened and
wound. By this arrangement the rope winds upon one of the
drums, while it winds off the other. A movable pulley hangs
in the loop of the rope, and to this pulley is attached the
weight. The equation of motion is derived from the Law
of Machines. The distance passed through by the applicd

|
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Fi1c. 86c.—Differential Windlass.

force in one turn of the crank is the circumference of the circle
of which R is the radius, that is, 2 X 3.1416 X XK. The dis-
tance passed through by the weight is

3.1416 X D — 3.1416 X d
2 b

since the rope is winding on the large drum and off the small
one, and because the movable pulley will divide the distance
moved through by the weight by 2. Then, multiplying the
applied force and the weight by the distances through which
they move, respectively, we have the following equation of
work:

W (3.1416 X D — 3.1416 X d)

FX2X3.1416 X R= 2
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Dividing through by 3.1416, we
have

D—d
szxR:le—z—

for the desired equation.

The Differential Pullcy, or
ditferential hoist, operates on the
same principle as the differen-
tial windlass. It consists of
two pulleys 4 and B, Fig. 864,
keyed to the same shaft, and
which have pockets in their
circumferences, into which fit
the links of a chain passing
around the pulleys. The chain
is endless and, in one of its
loops, supports a single movable
pulley, C. If R be the radius
of the large pulley 4, and r the
radius of the small pulley 5,
F the applied force, and W the
weight to be raised, then

FXR=WX3§R—7r).

There are other differential
hoists, which depend for their
action on trains of gear-wheels,
which usually have a sun-and-
planet motion.  They are,
however, too complicated to be
discussed here.

/DIRECT
Fic. 866.

H
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PROBLEMS.

1. In Fig. 87 let FAf = 4 feet, FV = 12 inches, and the weight
4000 1bs.  Find the applied force in pounds, by the application of
the law of the lever. Ans. 1000 lbs,

M F N
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Fic. 87.—Lever.

2. In the same figure, let the weight be 2000 lbs., the applied

force 1oo lbs., and F.V 4 inches. How long should #4211 be?
Ans. 6 feet 8 inches.

3. In Fig. 79 let the length of handle be 20 inches and the radius of
pinion 4 inches, and the force applied at the end of the handle 200 Ibs.
What resistance will it overcome, neglecting friction?

. Ans. 1000 lbs.

4. In Fig. 79 let the radius of the pinion be g inches, the re-
sistance 6oo lbs., and the applied force 100 lbs. Find the length of
the handle,* Ans. 2 feet 6 inches.

5. If the resistance in Fig. 79 is 6000 lbs., the length of the handle
30 inches, and the radius of the pinion 2 inches, what force at the end
of the handle is required to overcome it? Ans. goo lbs.

6. Find the radius of the pinion and the length of the handle of
a rack and pinion that will raise a weight of zoo0 Ibs. with an applied
force of 100 1bs.

7. In Fig. 83 let the radius of the larger wheel be 20 inches, and
the radius of the small whecl 4 inches. What weight can be raised with
an applied force of 100 Ibs. ? Ans. 505 lbs.

8. Find the diameters of two wheels, similar to those above, which
will raise a weight of 2000 Ibs. with an applied force of 5o lbs., the
efficiency being 6o per cent.

9. In Fig. 84 let the radii of the wheels 4, C, X, and ¢ be 24
inches, 20 inches, 16 inches and 12 inches, respectively, and the radii
of the pinions B, D, F, and H be 5 inches, 4 inches, 6 inches, and
3 inches, respectively. Find what weight can be raised with an ap-
plied force of 1oo 1bs. Ans. 25,600 lbs.

—_ S O S —

* Friction is not considered in Problems 4, 5, 6, 7, 8, 9, and 10.
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10. Design a set of 4 wheels and 4 pinions which will raise a
weight of 8ooo Ibs. with an applied force of roo lbs.

Here we must have 100 X the product of the radii of the four
"~ wheels = 8oo0o X the product of the radii of the four pinions; or,
letting P and S represent the above products, respectively, we have
the equation, 100 X P = 8000 X §. We may assume S to be
3 X 2 X 4 X 2 = 48, that is, we may assume that the radii of the
pinions are 3 inches, 4 inches, 2 inches, and 2 inches, respectively.
Substituting this in the above equation, we have 100 2 = 8000 X 48
= 384,000 and P = 3840. The product P of the radii of the four
wheels must then be 3840; that is, we may make the radii of the four
wheels of any length so their product is 3840. These radii may be
found by trial. 10 X 8 X 6 X 8 = 3840. Therefore the radii of
the wheels may be 10 inches, 8 inches, 6 inches, and 8 inches, respec-
tively. Where the number of teeth on each wheel is known, number
of teeth may be substituted for radius in the above equation.

11. Find the diameters of the three wheels and three pinions in
a crane which will raise a weight of 20,000 lbs. with an applied force
of 200 1bs., the cfficiency of the machine being 50 per cent.

12. What weight can be raised with an applied force of 100 Ibs.
with a system of pulleys in which the block contains three pulleys as
in Fig. 8s, the efficiency being 5o per cent ?

13. A weight of 1800 Ibs. is to be raised with a system of pulleys
in which the block contains 3 pulleys. Find the force necessary, if
friction is neglected, to lift it.

14. A weight of 2 tons is to be raised with an applied force of
500 Ibs. How many pulleys should be put in the block, friction be-
ing neglected as unimportant ?

15. What weight can be raised with a differential windlass, the
large and small drums being 12 and 8 inches in diameter, respectively;
the force applied 100 Ibs. and the length of the handle 20 inches?

16. What force will be required to raise a weight of 8ooo Ibs. with
a differential windlass, the large and the small drums heing 20 and 12
inches in diameter, respectively, and the length of the handle 16
inches ?

17. Design a differential windlass that will raise a weight of 4000
1bs. with an applied force of 400 1bs., the length of the handle being
20 inches.



CHAPTER XIIL
LINK-WORK.

THE term link-work is applied to such machinery as con-
sists of rods, cranks, levers, bars, etc., either with parallel
axes, intersecting axes, or axes not in the same plane. As
an instance, take 4 and B, Fig. 88, as fixed centres of motion
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Fi1c. 88.

AD as the driving crank, AE as the driven crank, and DE as
the connecting rod, bar, or link. As AJD turns about its
centre A, the rod DE compels BE to turn also. Here DE is
the link. When the point C, where the axis of the link inter-
sects the line of centres, is outside either centre, 4 or 5, the
cranks will turn in the same direction, and in opposite direc-
tions when C is between the centres. The connecting-rod of
an cngine, the pitman for giving motion to the sickle of a
mower, and the valve-rod of a Corliss engine are examples of
link-work.

Link-work is the lightest running mechanism known, the
only resistance being due to the slight friction made by com-
paratively small pins in well-oiled bearings. A pin rarely

98



LINK-WORK. 99

makes more, and usually much less, than one complete turn
in its bearing in a complete movement; while in the corre-
sponding movement with a cam the roller (in the best arrange-
ment) makes from 6 to 12 or more turns on its pin, and even
this is not so prejudicial as regards resistance as the movement
of a roller along the surface of the cam-groove. For the
above reason, link-work is much more durable than other forms
of mechanism; hence it should be adopted, wherever possible,
in preference to toothed gearing, cam-work, belted gearing,
etc. Most link-work belongs to the class in which the axes
are parallel, and some examples will be given in order to
explain their action and use.

Fig. 89 is a diagram of the Corliss valve-gear. The

Fie. 89. .
wrist-plate makes a partial rotation in order to carry the pin
D back and forth from A to /. The valve and the stem at 53
~ are moved by the link BZ as it swings from BE to BG.

As another example * suppose that a point is required to
move from /2 to F, Fig. 9o, and return within the sixth part
of the revolution of the main shaft 4, and then allowed to
remain quiet at £ for the remaining five sixths of the turn.
By the use of a cam this movement can be easily made; but if
there is no particular objection to the additional movement from
£ to & and return, link-work may be employed, as follows:
~ is the main shaft, 4D the crank, D¢ the pitman, and
¢PBG = HBF a bell crank-lever, the arrangement being such
that while the crank-pin moves from ¢ to 4 the required sixth
part of the turn of A, @ moves to A and back, and £ moves
to /7 and back, thus meeting the essential conditions of the
movement.

* Robinson's ** Principles of Mechanism.”
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Paths of Various Points.*—In the study of link-work it is
often desirable to determine the different simultaneous positions
of each of the joints, beginning with the driver. These positions

Fi1c. go.

for uniform motion should be equidistant, as shown in Fig. g1.
The crank-pin /) moves around the circle 12345678

Fi1G. 9r1.

with 4 as a centre. The link £/ moves about 7 as a fixed
centre and about 7 as a movable centre, /2 describing an arc
18273465.

It is required to find the path described by the point /-,

By an examination of the figure it will be seen that the
shortest distance between D and /F, and the shortest distance

* Robinson’s ** Principles of Mechanism.””



LINK-WORK. 101

between £ and F, will not change for the different simultaneous
positions.

Suppose the crank 4D to be at a point 1 on the circle
described by the crank; with a radius equal to D£, and with
1, 2, 3. etc., as centres, describe arcs. Their intersections with
the arc 18273465 will be the various positions of £
Again, with DF as a radius, and 1, 2, 3, etc., of the circle
12345678, as centres, describe arcs. Also with 1, 2, 3,
etc., of the arc 1827 3465, as centres, and with radius /7,
describe other arcs. The corresponding arcs intersect at 1, 2,
3, etc., which are required points of the path of /. Other
points may be found in the same manner and the path more
fully determined.

Equivalents for Link-work.—For every elementary com-
bination in link-work the equivalent motion can be obtained
by wheels in rolling contact, these wheels being non-circular
in form (see Fig. 92).

FiG. g2.

Dead-points. —One of the objections to the use of link-work,
which has to be provided against, is what is known as the
dead point.

A dead-point or a dead-centre is a point or set of points or
positions of the links at which, if a certain one of the links in
combination be made driver, the linkage will be found locked.
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An example often scen is that of the crank and connecting-
rod of an engine. When the crank and connecting-rod are in
line the crank cannot be started by any amount of force applied
to the cross-head. It is evident that in the combination shown
in Fig. 93 the shorter lever is capabie of turning completely

Cc

F1ia. 93.—Dead-point.

around, hence it is called a crank. It is obviously possible for
the system to come into cither of the positions shown in Figs.
93 and 94 in which A/’ and B/ coincide. This pesition in
which the links coincide is called the dead-point.

Fi1c. 93.—Dead-point.

Dead-points are provided against by special attachments
for the purpose. In the steam-engine the fly-wheel serves the
purpose, the momentum of the wheel carrying the crank over
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the dead-centre. Sometimes springs are used. In the single-
acting engine the crank must not stop on the dead-centre. In
locomotives, two sets of cranks are used, being placed nearly
at right angles to each other, so that while one crank is on
the dead-centre the other is acting at its best advantage, thus
entirely obviating the liability of a dead-point. Sometimes
an extra link is added, as in Fig.g5, in order to destroy the
dead-point.

)

FiG. 9s.

The examples and explanations thus far given of link-work
have been of those in which the axes of the driver and follower
were parallel.  Its use may also be extended to work in which
the axes intersect. This is sometimes called conical work or
solid link-work, the principal essential being the bringing of
all the axial lines of shafts and pins to a common point (), as
in Fig. 96. The use of the conical link-work is similar to that

Fi1G. 96.—Conical Link-work.

of beveled and skew-bevel wheels in that it makes connections
for shafts which intersect. Any of the cxamples under axes
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parallel may be carried into conical link-work, even to the
extent of continued trains. As with parallel axes, every
elementary conical link combination may have its equivalent
in non-circular wheels in rolling contact, and will also be
subject to the same conditions in regard to dead-points.

A simple example of this class of link-work may be seen
in the Hooke’s universal joint, which is employed as a shaft-
coupling. The joint is shown in Fig. 97, where 4 and B are

F1G. 97.—Hooke's Universal Joint

the shafts to be connected, 4D and FBE half hoops between
which is a cross with one branch at £F, parallel to the paper,
and the other at D perpendicular to the paper. The branches
of the cross are pivoted at £ and F, and the two points D in
AD.* Sometimes sliding parts are introduced into link-work,
generally for simplifying the mechanism, a notable example
being that of the cross-head of an engine.

* Robinson's ** Principles of Mechanism.”



CHAPTER XIIIL.
PIPE-FITTINGS.

Valves.—The term ** pipe-fittings ’’ is used to designate all
the pieces necessary for the control of liquids and gases such as
water, steam, oil, ammonia, etc., water and steam being the
fluids most generally dealt with. These fittings are exclusive
of the piping itself and may consist of valves and those parts of
which the elbow and the plug are examples.

Valves may be divided into the following classes:

(1) Lifting Valves; as globe-, gate-, ball-, conical-, and
some safety-valves.

(2) Rotary Valves; as cocks, faucets, throttles, etc.

(3) Hinging Valves; as clack or butterfly check-valves.

(4) Spring-valves; in which the valve
is held on its seat by means of a strong
spring, an example of which is the pop
safety-valve.

(5) Sliding Valves,; as the slide-valve
on a locomotive.

The Globe-valee is the most generally
used valve in pipe-work, and is used to
control the passage of fluids through a
straight pipe. It generally consists of a
conical-shaped disk which fits in a simi-
lar conical-shaped opening, the raising or
lowering of which causes the passage to Fic. o8,
be opened or closed. It derives its name jenkins Globe-valve.
from the external appearance, which is
somewhat globular in form. The Jenkins Globe-valve has a

105
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flat disk and seat instead of a conical one. The valve-disk
contains a vulcanized-rubber ring which rests upon the scat

when the valve is closed.

This makes a good valve because

the rubber makes a water- or steam-tight joint. There are
many valves which are similar to the Globe-valve, the differ-
ence being that they change the direction of the passing fluid;
as the Angle-valve, the Cross- or Tee-valve, and the Y-valve.

The Gate- or Straight-way Valve.

By an inspection of the sectional cut which is shown, of

F1G. 99.—Jenkins Gate-valve.

the globe-valve, it will be noted
that the fluid in passing through
the valve does not move in a
straight line but makes a turn of
almost a right angle. This pro-
duces friction and retards the
passage of the fluid to some extent.
The gate-valve shown in section
in Fig. 99 allows a straight
passage.  For the control of
water, this form is especially
desirable.

A Check-valve is used where it
is desired that a fluid may pass in
one direction only and be pre-
vented from going back by the
action of the fluid itself. The
valve is automatic, the backward
pressure of the fluid pushing the
valve against the seat and the
forward pressure pushing it off
the seat. The check-valve may
be a lifting-valve, a butterfly-
valve, or ball-valve.

The Throttle-valre is used on engines for turning the steam
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on or off. The globe-valve is often used for this purposc,
but the throttle-valve has the advantage that it is much
quicker in its action. This is very desirable especially in case
of accident.

F1G6. 100.—Check-valve.

The throttle is found on all locomotives. It may be of
the rotary or sliding type of valves, or a double poppet-valve,
shown at C, Fig. 150.

An example of the Clack-valve may be seen on the
plunger of a suction-pump, Fig. 202.

When a globe-valve leaks it is generally caused by the
wear of the valve-disk or the seat. This may be remedied by
taking the valve apart and scraping the disk and seat until a
good surface is obtained. With the Jenkins valve the leak can
generally be stopped by putting in a new rubber disk. The
Valve-regrinder is a small machine which is used for reseating
valves which are worn. It is really a small lathe, which fits
into the bonnet of the valve, with cutters that may be adjusted
to a valve of any size. It may be used on the globe-valve
with either the conical or flat scat. This is an invention which
makes a great saving, because it makes possible the use of old
valves which would otherwise have to be thrown away, besides
the saving of time, it being used on the valve without taking
it from its position on the line of piping.
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The Slidc-valve as used on steam-engines is shown in Fig.
177.

The Poppet-valve, which is also used in engines, air-com-
pressors, etc., for the control of operating-fluid is shown in
Fig. 232.

For different gases and acids it is necessary to use valves
made of different materials; for instance, a valve used for the
control of ammonia in ice-machinery is generally made of iron,
the common brass valve being subject to destructive chemical
action. Small valves are generally made of brass, but where
large piping is used or where large pressures are to be resisted
Zron-body valves are used.

The Back-pressure valve is similar to the check-valve in
that it allows a fluid to pass in only one direction. It differs
from the check-valve, however, in having its valve held
upon its seat by means of a lever and ball as shown in Fig.
1o1.  With this arrangement, the fluid cannot pass except at

Fi1G. 101.—Jenkins Back-pressure Valve,

or above a pressure which can be fixed at will by moving the
weight further away from or closer to the pivoted end of the
lever.
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A section of a reducing- or regulating-valve is shown in
Fig. 102. This valve is designed
to reduce and maintain even steam-
pressure, regardless of the initial
pressure. It will automatically
reduce boiler or air-receiver pres-
sure in all places when it is desir-
able to use lower pressure than
that of the boiler or receiver. An
example of its use may be noted
with the steam-accumulator, Fig.
210.

The following is its mode of
operation: Steam from the boiler
enters at side *‘steam-inlet '’ and
passing through the auxiliary
valve A", which is held open by
the tension of the spring S, passes
down the port marked ‘¢from
auxiliary to cylinder '’ underneath
the differential piston /. By
raising this piston /), the valve C
is opened against the initial pres- FiG. 102.—Mason Reducing-valve,
sure, since the area of C is only one half of that of D). Steam
is thus admitted to the low-pressure side, and also passes up
the port A.Y" underneath the diaphragm below S. When the
low pressure in the system has risen to a required point, which
is determined by the tension of the spring S, the diaphragm
is forced upward by the steam in the chamber, the valve X
closes, and no more steam is admitted under the piston D.
The valve C is forced to its seat by the initial pressure, thus
shutting off steam from the low-pressure side. This action is
repeated as long as the low pressure drops below the required
amount. The piston /) is fitted with a dash-pot £, which
prevents chattering or pounding. From the description it is
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seen at once that this is both a reducing- and a regulating-
valve.

Piping is generally made of wrought iron, sometimes cast
iron. In all steam-piping wrought iron is used. An example
of the use of cast iron is that of the piping used in water-
mains, the different sections of pipe being put together by
what is known as the ‘¢ sockct-and-spigot’’ joint, or more
commonly called the ébe/l-joint. One end of cach section is
enlarged to a bell shape into which fits the end of the next
section, a joint being made by pouring in molten lead and
filling up the space between the two pieces. With wrought-
iron pipe the joint is made by the use of screw-threads or
flanges and bolts.

There are two kinds of pipe-fittings in use, those which join
to the pipe by means of screw-threads and those which join by
means of flanges. IFor small work the screw-thread joints may
be used, but for heavy work the flange-joints are better.

Fig. 103 is an Elbow which is used for making a right angle
in a line of piping.

Fig. 104 represents a 7cc. Fig. 105 is a Nipple. Fig.
106 represents a Coupling which is used to join the ends of two

F1G. 103.—Elbow. F1G. 104.—Tece. F1G. 105.—Nipple.

Fi1G. 106.—Coupling. FiG. 107.—Plug. FiG. 108.—Flange-coupling.®
pipes. Fig. 107 shows the p/ug which is used for closing the
end of a pipe.

* The above cuts are furnished by the Lunkenheimer Company.
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Fig. 108 shows the Flange-coupling. A flange of cast iron
is screwed to the end of each of the two pieces of pipe and the
flanges are then fastened together by m=zans of bolts. In
order to make a tight joint a gasdct made of rubber or copper
is generally used. When the screw-thread connection is made,
a tight joint may be obtained by putting red lead on the
threads. It should be remembered that the examples given
above are not meant to include all the fittings used in practice
but are mentioned only to give a general idea of what they are
like.

It should also be remembered that any of the above may
be made with either the screw-thread or flange-joint. For
instance, the elbow may be fastened to the pipes by either
screw-threads or flanges. 1In the latter case the elbow is cast
with flanges on it. Other fittings are the Cross, the Union, the
45° Elbow, the Cap, the Right and Left Coupling, the Reduc-
ing Coupling, the Return Bend, and others too numerous to
mention. When the diameter of a pipe is spoken of the inside
diameter is meant.



PART L
STEAM-POWER.

CHAPTER XIV.
STEAM-BOILERS.

STEAM for use in steam-engines is made in a closed vessel,
called a boiler. It is necessary that the vessel should be
closed in order that pressure higher than that of the atmosphere
may be obtained. Steam may be generated in an open vessel,
but it is evident in this case that the pressure of steam is equal
to that of the atmosphere. The apparatus for manufacturing
steam, including the boiler, the furnace, the chimney, the feed-
pump, etc., is called a steam-boiler plant. The manner of
producing steam is as follows : Fuel is burned in a furnace
which is so situated with respect to the boiler that the heat
from the burning fuel comes in contact with the surface of the
boiler, part of the heat being taken up by the water in the
boiler, thereby converting the water into steam. The remain-
ing heat is either taken up the chimney by the force of the
draft or is lost by radiation from the furnace, boiler, and pipes,
or by leakage. The office of the furnace is to generate heat,
that of the chimney to carry off the products of combustion
and create a draft, and that of the boiler to transfer heat into
the water, producing steam, and to confine the steam under

pressure.
112
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CLASSES OF BOILERS.

Steam-boilers may be classed as either Fire-tube boilers or
Water-tube botlcrs, according to whether the heated gases pass
through the tubes which are surrounded by water or around
the tubes which contain water. These two classes may be
further classed as Upright or Horizontal, Marine or Land,
Internally-fired or Externally-fired.

FIRE-TUBE BOILERS.

Fig. 109 shows in elevation a fire-tube boiler, known as the
return-tubular boiler, and Iig. 110 shows the same in section.
The fuel is burned on the grate in the furnace. The heated
gases rise and pass over the bridgc‘-wall to the back end of the
boiler, then return through tubes or flues to the front end;
thence up the chimney which is over the front end of the
furnace. Part of the heat of combustion is given to the under
side of the shell of the boiler, the gases being somewhat cooled
thereby. A further amount of heat is taken up by the water
surrounding the tubes, as the hot gases pass through them.
Thus the heated gases are made to remain in contact with the
surfaces which are in contact with water as long as possible so
as to utilize a large part of the heat. The volume of the
boiler-shell consists of two parts, the water-space and the
stcam-space. The water-space consists of that part in which
the water is contained. All above this is steam-space. The
steam-space should be sufficiently high to separate the particles
of water carried up into the steam by the disturbances caused
by boiling. For the purpose of providing for dry steam, the
steam-dome is often used, but it is now often dispensed with,
as being unnecessary. I‘rom the top of the steam-space a
pipe takes the steam off to the engine, thus drawing off the
dryest steam.

Heating Surface.—That surface of the boiler which comes
in direct contact with the hcat from the furnace is called the
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** heating surface.’’ In the return-tubular boiler it consists of
the surface of the shell in contact with the hot gases (generally
about two thirds of the boiler-shell) plus the inner surface of
the tubes. Let D = diameter of the shell in feet, L the length
in feet, » the number of tubes, / their length in feet, and &
their diameter in inches. Then the heating surface of shell in
square feet = 3.14160D X L X %, the heating surface of tubes
3.1416d X I X n

12 ’
— 3 X 3.1416D X L + 3"4’6‘112X Ixn
type of boiler is made of steel or wrought iron. Its thickness
is usually from % to § inch. The plate is put together with
rivets. One of the greatest causes of trouble with this type of
boiler is due to the expansion and contraction of the tubes,
which is apt to cause leakage where the tube joins the head-
plate. Tubes with diameters less than 6 inches are called
tubes, while those with diameters larger than 6 inches are
generally called fues. The former are fastened to the head-
plates by means of tube-expanders, the latter are riveted
in. The ends of the boiler above the tubes are strengthened
by tying them to the side of the boiler by means of stays (sce
Fig. 110). This type of boiler gives good results when correctly
proportioned and well managed. One objection to it is that
it sometimes is the cause of great loss of life by explosion, by
reason of having the whole steam-pressure in one large vessel.

The fire-tube boiler may be classed as either externally-
fired or internally-fired. The externally-fired boiler has
already been described.

Internally-fired Boilers.—The internally-fired boiler has
its furnace within the shell in a flue which is made large enough
to contain a grate. The gases may pass to the back in this
flue and then return to the front in small tubes above the fire-
flue as in the case of the return-tubular boiler, or they may
pass to the back and then to the front through openings in
the brick setting and then to the back again and out the chiin-

Total heating surface

in square feet =

The shell of this
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ney by another passage under the shell. The latter plan is
illustrated by Fig. 111, showing the Cornish boiler, one of the
earlier forms of boiler, of English origin.

An example of the former is shown in the Cylindrical
Marine, or Scotch, boiler, Fig. 112, in which the combustion
takes place in two large flues, passes to the ‘‘ back connec-
tion '’ and then to the front through small tubes above the

F1G. 111.—Cornish Boiler.

flues and up the stack. The Locomotive boiler, Fig. 113,*is
an internally-fired boiler, in which the heated gases of combus-
tion pass directly from the front to the rear of the boiler through
fire-tubes and then out through the back connection and the
smoke-stack. The fire-box is of a rectangular form as shown
in cut.

Water-tube Boilers.—As before stated, the water-tube
boiler has its tubes filled with water, and surrounded by hot
gases. Fig. 114 shows a side view of the Babcock & Wilcox
boiler, which is an example of this type. The boiler is made up
of a number of vertical sections, standing side by side. Each
scction consists of several tubes connected one above the other,
at each end to a /feader, the headers being connected at the
top to a large steam- and water-drum. Fig. 115 shows one

* Figs. 109, 110, 112, 113 are furnished by Messrs. E. Hodge & Co.
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F1G. 112.—Scotch Boiler.
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of these headers. It is made of cast iron or wrought steel.
The tubes are placed over each other in zigzag fashion in order
to intercept as much as possible the gaseous currents. The
tubes are made of wrought iron or steel, and are fastened to

Fi1G. 114.—Babcock and Wilcox Boiler.*

F1G 115.—Babcock and Wilcox Header.*

the header by means of a tube-expander. Fig. 116 shows a
portion of the end of a tube and a header in section showing
the arrangement for getting at the end of the tubes for the
purpose of inspection and cleaning. By taking off the hand-
holé nut the hand-hole cover may be taken off and an opening
made in the header-wall opposite the wall entered by the tube.
The same figure shows how the feed-water enters near the bottom
of the drum. The tubes slant downwards toward the back in
order to facilitate the circulation of the water. The heated
water tends to rise and the water in the drum above flows down
through the rear headers to take its place. A mud-drum is

* From ** Steam,” by permission of the Babcock and Wilcox Co.
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connected to the lower end of the rear headers, as shown in
the side elevation, Fig. 114. Sometimes the tubes are all
fastened to one header at each end as in the Heine boiler,

F1G. 116.—Babcock and Wilcox Header and Drum.

Fig. 117. The boiler, however, made up of sections, has the
advantage of being more easily handled.

Another type of the water-tube boiler is shown in the
Stirling boiler, Fig. 118, which consists of three large drums
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connected to a fourth drum below them by means of nearly
vertical small tubes. The hot gases come in contact with
these small tubes and part of the drum-surface, being made to
pass in contact at the proper time and in the proper direction
by means of deflecting-plates, as shown in the figure.
Water-tube boilers are ¢ quick steamers’’ because of the
small volume of water in each tube, each tube also being sur-
rounded almost entirely by hot gases. They have an advan-
tage also in that the pressure is confined mainly in small tubes.

FiG. 117.—Heine Boiler.

This makes the resistance to rupture much more perfect, and
for this reason many makers of water-tube boilers call their
boilers ** safety-boilers.”” The heating surface of water-tube
boilers consists of the outside surface of the tubes, headers,
etc., in contact with hot gases.

BOILER-SETTING.

By the term sctting is mcant the general arrangement of
the boiler, furnace, and chimney with regard to each other and
the manner of closing the boiler in. By an inspection of the
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F1:. 118.—Stirling Boiler.

123



124 STEAM-POWER.

different forms and shapes of the boilers already described it is
readily seen that the setting will depend largely upon the make
of the boiler. Fig. 119 and Fig. 120 show two views of the
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F1G. 119.—Boiler-setting.

“setting '’ for a return-tubular boiler. The walls of the fur-
nace are sometimes ‘* battered,’’ that is, the inner surface of
the walls is inclined outward from the vertical. This enlarges
the combustion-chamber.

The line along the side of the boiler at which the brick-
work joins the shell is called the fire-line.  This determines
the amount of shell-surface in direct contact with the heat. It
is generally about two thirds of the boiler-surface. The walls
should be thick enough to prevent radiation. It is best to
have a double wall with an air-space between. This prevents
cracking and consequent leakage of heat of the walls due to
unequal expansion. This double wall is equally important
where there are several boilers side by side (called a ébattery).

The grate-surface is made up of a number of grate-bars
placed side by side. The grate-bar is scldom longer than
4 feet. The total length of grate is seldom more than 7 feet.
Tor this case it is necessary to have two lengths of grate-bars
placed end to end and supported at the middle. The grate
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rests on the dead-plate at the front and on the bridge-wall at
the back end. The grate is inclined slightly from the front
toward the back end, usually about £ inch fall for evéry foot
of length of grate.

The bridge-wall rises from the back end of the grate,
making an angle of about 45° with the horizontal. The object
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FiG. 120.—Boiler-setting.

of this is to deflect the furnace flames in such a manner as to
spread them and cause them to follow along the under surface
of the boiler. On this account the hottest part of the boiler-
furnace is just behind the bridge-wall. Sometimes the top of
the bridge-wall is a straight horizontal line as in Fig. 120.
In other cases it is curved to conform to the shape of the
boiler.

The ask-pit is the space between the grate and the bottom
of the furnace. It is formed by the sides of the furnace and
paved at the bottom, usually in order that water may lie in it.

The flame-bed is that part of the furnace just back of the
bridge-wall and extending to the back end of the furnace. It
inclines downward from near the top of the bridge-wall to the
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level of the boiler-room floor. This inclination causes the soot
and ashes drawn over the bridge-wall by the force of the draft
to fall towards the back. In this way the cleaning is facilitated.
A cleaning-door is made in the back wall through which
ashes, etc., are taken out. The boiler is set a trifle lower at
the back end than at the front end. This is done in order to
drain the boiler toward the blow-off pipe.

Hanging the Boiler.—Supporting the heavy weight of the
boiler itself and its volume of water is effected in two ways:
The boiler is supported at its sides by the furnace-walls, or it
is hung from beams above by means of links and eyes attached
to its upper part. The first plan is carried out by riveting
«“brackets ’’ of steel or cast iron, at least two to each side, to
the boiler as in Fig. 109. These brackets rest on a place
made for them on the walls. The walls of the furnace are apt
to be spread apart by reason of the expansion of the boiler
when heated, if the bracket is fixed movably on the wall.

Rollers are sometimes put between the bracket and its seat
for the purpose of avoiding this trouble. Fig. 121 shows an

Fi1G. 121.—Eye Riveted to Boiler-shell.

eye riveted to the boiler-shell, into which is fitted a hooked link
for supporting the boiler from above. Owing to the different
forms and dimensions of water-tube boilers, no established rule
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can be adopted for setting them. Each
make has its own special setting, which is
usually specified by the maker. Fig. 114
shows the setting of the Babcock & Wilcox
boiler, and Fig. 118 the setting of the Stirl-
ing boiler.

CHIMNEYS.,

The connection of the chimney to the
setting will depend upon the type of the
boiler. For the return-tubular boiler shown
in Figs. 109 and 110, the stack connccts
with the front end. For the locomotive
boiler it is on the end of the boiler opposite
the furnace. With most water-tube boilers
the stack is at the back end.

The material used in building stacks is
usually either steel, wrought iron, or brick.
The brick chimney is of much greater first
cost and it is apt to leak by reason of
cracks. Its great weight makes the con-
struction of the foundation a serious problem.
The brick chimney is usually made with
double walls with an air-space betwcen.
The outer wall is thick, and of ordinary brick,
giving stability to the structure, whilc the
inner wall is thin and made of fire-brick (sec
Fig. 122).

Steel or wrought-iron chimneys are made % {- =
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of scctions riveted together. They may be
made practically air-tight. The higher the
chimney the greater the force of the draft.,
The air on the inside of the chimney, being
heated, expands and becomes lighter and

thercfore lower in pressure than the air) !

F16. 122.—Chimney.
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on the outside, hence the temperature of the gases entering
the bottom of the chimney affect the draft force. The force
of the draft is equivalent to the difference in weight of the
column of heated gases inside of tlie chimney and that of an
equal column of the outside air. The draft is usually spoken
of as ‘“so many inches of water.’' It is determined by means
of the U-tube gauge shown in Fig. 123.

™

Fi1G. 123.—U-tube Draft-gauge.

One end is connected by a rubber connection or otherwise
to the inside of the stack near the base, the other end being
open to the atmosphere. The difference in level in the two
legs measures the draft in inches of water = / in the figure.
It usually ranges from } to § inch.

The following formulas for dimensions of chimneys are
given by Kent:

H.P. = 3.33E VH = 3.33(4 — 0.6 VA) ¥ A.

— 0.3 H.P

0.6V Vi
0.3 H.P.\?
H= (>3
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For round chimneys, diameter of chimney = diameter of
E + 4 inches.

For square chimneys side of chimney in feet = ¥ £ + 4
inches.

In these formulas H.P. = commercial horse-power of
boiler, 1 H.P. taken as equivalent to 5 lbs. of coal burned per
hour; 4 = area of chimney and £ = effective area in square
feet. /A = height in feet.

It is usual in chimney design to assume the height of the
chimney such that the smoke, etc., is carried above the sur-
rounding buildings and then find the corresponding area by
means of the formula.

The passage which connects the different boilers of a
battery to the main chimney is called the *‘breeching.’”’ It
is generally made of sheet iron.

Forced Draft is the term used in designating all means of
draft production other than that of the chimney. In the loco-
motive forced draft is produced by passing the exhaust steam
through the stack in such a manner that a current of air is
induced through the furnace. This method is also frequently
adopted in stationary practice, but it has the objectionable
features of making a disagreeable noise, especially in an iron
stack, and of rusting the metal parts due to the moisture in
the steam. It is also wasteful of steam, on account of its
causing back-pressure on the engine.

The most common method of producing a forced draft is
to produce a current through the furnace and stack by means
of a fan or blower, which is usually run by a small indepen-
dent engine. Here the force of the draft may be controlled
by the speed of the engine. Fig. 124 shows an arrangement
for producing induced draft. The fan is placed at the back
end of the boiler. The fan consists of a number of vanes on
a revolving shaft. It revolves within an iron casing. The
small engine which runs it is shown at the right of the cut.
Fig. 125 shows another method of producing draft in which the
grate is made up of hollow pipes.
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The pipes are perforated and air is forced through them
and the fuel by means of a blower. By having forced draft

FiG. 124.—Sturtevant Blower Plant.

the chimney or stack needs only to be high enough to carry
the smoke above the surrounding buildings.
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FUELS AND COMBUSTION.

Combustion is rapid oxidation accompanied with heat and
light. :

The Rate of Combustion is measured by the number of pounds
of fuel burned on one square foot of grate-surface in one hour.
It depends mainly upon the nature of the fuel and the force of
draft. A maximum rate is generally produced when forced

Fic. 125.—Forced-draft Fan.

draft is used with an inférior fuel, while the minimum rate is
produced with natural draft and the best grades of fuel.

In locomotive practice a rate of combustion as high as
200 lbs. of coal per square foot of grate per hour is sometimes
used. The ordinary rate for stationary boilers generally
ranges between 10 and 25 lbs., and as low as 3 or 4 lbs. is
sometimes found in small boilers used for steam-heating.

The principal elements in fuels are Hydrogen, Carbon,
and Oxygen. Carbon may combine with oxygen and form
two different chemical compounds, carbon monoxide, CO,
and carbon dioxide, CO,; that is, one atom of carbon and one
of oxygen or one atom of carbon with two of oxygen. The
former is produced by limiting the supply of air and the latter
by an abundant air-supply. When it burns to CO, or carbon
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dioxide, 14,600 heat-units are produced per pound of carbon -
When it burns to CO or carbon monoxide, 4450 heat-units per
pound of carbon are produced. Hence 10,150 heat-units per
pound of fuel are lost by improperly ventilating the fuel during
combustion.

Hydrogen combines with oxygen in the proportion of 1 Ib.
of hydrogen to 8 lbs. of oxygen, or 2 atoms of hydrogen to 1
of oxygen. In so doing a pound of hydrogen gives up 62,000
heat-units. The oxygen in the fuel does not burn, but will
neutralize one eighth of its weight of hydrogen. Then if
C, H, and O, represent the proportions of carbon, hydrogden,
and oxygen in the pound of fuel, the number of heat-units,

/= 14,600C + 62,ooo(H — —(3) ... (D)

The proportion of different elements in a pound of fuel is
determined by chemical analysis. Owing to the different
wastes of heat by radiation, by dropping of fuel through the
grate, by incomplete combustion, and by the hot gases escap-
ing through the chimney, much of this heat is not taken up in
producing steam. The amount utilized may range from 50 to
75 per cent of the total heat, depending upon the excellence
of design, and upon the conditions of operation.

The total leat required to be generated in the furnace is
calculated by first finding the weight of steam required per
hour to run the engines or other apparatus. By the use of the
steam-table the number of heat-units required to produce this
weight of steam is found as follows: Let // = the total heat
above 32° of 1 Ib. of steam, as taken from the steam-table for
the given gauge-pressure, and let / be the difference between
the temperature of the feed-water and 32°; then A — / is the
heat required to evaporate 1 1lb. of water from the given feed-
water temperature into steam of the given pressure.

If K = the number of heat-units that may be generated by
the complete combustion of 1 lb. of the coal which is to be
used, and £ the efficiency of the boiler which may be expected
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H—
EK ~

the quantity of coal required to generate each pound of steam.

under running conditions (say from 0.5 to0.7) then

Air Required for Combustion.

The quantity of air supplied to the furnace should be more
than the quantity actually necessary for the combustion of the
fuel. 1t is necessary to supply not less than about 18 lbs. of
air to the furnace for evéry pound of carbon in the coal in order
to obtain complete combustion.

Fucls.

The principal fuels used in boiler-furnaces are wood, coal,
and petroleum. Wood and coal are burned on the ordinary
grate. Petroleum requires a special apparatus for feeding
which will be described later. Coal is used more than any
other fuel. Wood is mostly used where local conditions call
for it, as in a sawmill plant, or in a wooded locality. Wood
burns with a bright flame and rapidly. Its percentage of
carbon is comparatively small and that of the volatile gases
large.

Coal may be divided into two great classes: Anthracite or
hard coal and Bituminous or soft coal. Anthracite burns
slowly with little flame. Its percentage of carbon is large and
hence it is a great producer of heat. The percentage of
volatile gases is small. Bituminous coal breaks easily, burns
more rapidly, and with more flame than the anthracite. Its
percentage of volatile matter is from 20 to 50.

A better classification is the following, taken from Kent's
¢« Steam-boiler Economy."’

it | e | eaung vae |V yate
er cent. t. N tible.
(In the Co mbuesl;.i%el:.) Combustible. Se:)l?h't’.s; x:o.
Anthracite ........... 97 to 92.5 3to 7.5 14,600 to 14,800 93
Semi-anthracite ...... 92.5 ** 87.5| 7.5 ‘* 12.5; 14,700 *' 15,000 94
Semi-bituminous...... 87.5 * 75 ir2.5 *“ 25 | 15,500 ** 16,000 100
Bituminous, Eastern..| 75 * 60 25 ‘‘ 40 | 14,800 ** 15,200 95

' Western.| 65 ‘‘ 50 35 ‘‘ 50 |13,500 ‘‘ 14,800 90
Lignite ceeeiveenn... under 50 | over 50 |11,000 ‘‘ 13,500 77
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The anthracite and semi-anthracite coals are found in
eastern Pennsylvania; the semi-bituminous in a very narrow
stretch of territory from central Pennsylvania to the southern
boundary of Virginia; the eastern bituminous coals in the
remainder of the Appalachian coal-field from northern Penn-
sylvania and Ohio to Alabama. The western bituminous coals
and the lignites are found west of the State of Ohio. They
are characterized by being high in moisture as well as in
volatile matter.

The figures in the above table refer to the combustible
portion of the coal, that is, the carbon and the volatile matter,
not including the ash and thc moisture. The percentage of
ash varies greatly in all the several classes. It may be as low
as § per cent and as high as 30 per cent.

Coke is made from bituminous coal in a manner corre-
sponding to that of producing charcoal from wood. It pro-
duces little smoke and is an efficient heat-giving fuel.

Petroleum has a heating value of about 50 per cent greater
than average good coal per pound. It is burned with less
cost of labor in feeding it.

Firing.—The term firing is used to designate the process
of burning the fuel on the grate. It consists of keeping the
firc in a clean condition, regulating the draft-supply, etc.
There are systems of firing, among which is the spreading
system, in which the fuel is spread all over the grate-area in
thin layers at frequent intervals of time. Thick layers always
choke the draft and consequently cool the furnace.

The alternating system requires a wide grate. A charge
is first put on one side and allowed to burn a while, when
another charge is placed on the other side. This keeps one
side of the furnace hot all the time and the volatile gases from
the new charge pass over the hot part of the furnace and are
burned.

The coking system consists of placing the charge upon the
dead-plate in front of the grate and gradually pushing it back
toward the bridge-wall. This makes the hottest part of the
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furnace toward the back, and the volatile gases, being driven
off soon after the charge is placed in the front of the furnace,
pass over this heated part at the back and are burned. This
process of firing is usually carried out by means of a mechanical
arrangement called a Mechanical Stoker. The fuel is placed
in a hopper and is taken thence to a moving grate, either end-
less or reciprocating, which causes the fuel to move gradually
to the back end, burning in the meantime. Fig. 126 shows
the Roney stoker. The crank-disk which receives its motion
direct from the engine gives motion to the whole stoker. The
coal is placed in the hopper. It is pushed over the dead-plate
to the grate-bars by means of the pusher and the feed-plate.
The grate consists of bars arranged in steps which take an
inclined and then a stepped position, which causes a movement
of the fuel toward the back end. Motion is transmitted to the
grate-bars through the connecting-rod and rocker-bar. The
quantity of fuel fed out of the hopper is regulated by the feed-
wheel. ’

Petroleum Fuel.—The usual method is to supply the oil
to the furnace in the shape of finely divided particles, which
are forced into the furnace by a steam- or air-injector. Steam
or compressed air is made to pass through annular openings
drawing the oil up. This makes a finely divided mixture of
air and oil, or steam and oil, which is sprayed into the ordinary
furnace and burned. Using steam for this purpose has the
advantage of being the cheaper arrangement, but it has the
objectionable feature of introducing moisture from the steam
into the furnace. When compressed air is usced an air-com-
pressor supplies air to a large reservoir, which holds the air
nccessary to start again after the steam-pressure in the boiler
is down. Fig. 127 shows the arrangement of a plant for
burning petroleum by means of compressed air. Fig. 128 is
a sectional view of an oil-feeder. |
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* F1G. 127.—Plant for Burning Petroleum Fuel. 7/ = oil-tank; J = pipe
leading from 7 to the burner 4 ; GG = air-compressor which keeps
a supply of air in the tank just by its side.

* F1G. 128.—Section of Burner. (¢ = air-entrance; B = oil-entrance;
F = air-valve ; 4 = pipe leading to combustion-chamber under
boiler.

* From ** A Treatise on Fuel,” by Arthur V. Abbott.



138 STEAM-POWER.

BOILER ACCESSORIES.

The articles named and described under this head are
usually necessary for any boiler no matter what the make or
type.

Steam-gauge.—This is an instrument connected by a small
pipe to the steam-space of the boiler for indicating at a glance
the condition of the steam-pressure in the boiler. Fig. 129

Fic. lzg.—Ashcr‘ift Steam-gauge.

shows the internal mechanism of a steam-pressure gauge.
The steam-pressure enters it at the bottom and enters the flat
curved tube, which is connected at one end to the needle.
When the pressure is increased the ends of the spring spread
apart and the needle is turned around the dial accordingly.
The Water-gauge.—This consists of a glass tube, generally
about 12 inches long, one end of which is on a level with the
water-space and the other on a level with the steam-space.
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The water always stands at the same level in the glass as in
the boiler, and the gauge thus shows at a glance the height of
the water in the boiler. For the same purpose gauge-cocks,
generally three, are placed in connection with the boiler, one
with the steam-space, one with the water-space, and one at
about the level of the water-line. By opening these the height
of the water may be determined. They are used for the pur-
pose of having a reliable source of information even if the
gauge-glass should get out of order.

The Water-column.—The gauge-glass, pressure-gauge,
and gauge-cocks are all usually connected
to the water-column as shown in Fig.
130. The water-column is usually made
of cast iron. In order to keep the tube
in the gauge, to which the needle is
attached, from becoming too hot and
thus making an inaccurate reading, water
is kept in it by means of a loop in the
pipe-connection of the gauge, which loop
is called a siphon.

Safety-valve. — All boilers are de-
signed of such strength that they will = 130 —Water-
confine the steam at a given pressure, and column.*
if this pressure is exceeded the boiler is liable to burst. Some
method must be used for keeping the steam-pressure from rising
above this given pressure. The safety-valve is used for the
purpose. It consists of a valve so arranged that it will open
and let the steam escape when the pressure for which it was
set is reached. There are two kinds: the weight-and-lever
safety-valve and the pop safety-valve. In the former a lever
of the third class is used in connection with a heavy weight for
retaining the steam. The pressure at which the steam blows
off will depend on the distance of the weight from the fulcrum.
Fig. 131 shows this safety-valve in elevation. The lever is
pivoted at C. The pressure of steam is exerted upon the lever

* 4 = water-column, é = siphoun; ¢ = gauge-cocks; d = guuge-glass.
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at 5. Then applying the law of levers or moments we have,
taking moments about B,

PXs=WxXmtwxnt+w Xs
or

pm W

in which P = total upward pressure on the valve, W the
weight of the ball, 2 the weight of the lever, w, the weight

i mumuumm i

F1G. 131.—Safety-valve.

of the valve and spindle, s the distance from the centre of the
fulcrum to the centre of the valve-spindle, » the distance from
the fulcrum to the centre of the ball, and = the average lever-
arm of the weight of the lever = the total length divided
by 2.

The pop safety-valve gets its power to hold steam-pressure
by means of a strong spring above the valve, which takes the
place of the lever and weight of the other type. Different
pressures are held by increasing or decreasing the tension in
the spring by means of a nut. Fig. 132 is an example of this
type.

Feed-water.—The water out of which steam is made is
forced into the boiler against the steam-pressure therein by two
distinct means; viz., the feed-pump and the injector. The
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F1G. 132.—Pop Safety-valve.

FiG. 133.—Feed-pump.
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feed-pump puts water into the boiler cold or at the temperature
at which it receives it, while the injector warms it in putting
it in. The feed-pump is used principally in stationary practice.
The injector may be used on any boiler; but is always found
on the locomotive. The feed-pump is generally considered
more reliable than the injector, but it takes up more room and
is of greater first cost, besides a greater cost for repairs. Fig.
133 shows a sectional cut of the Deane boiler feed-pump.
The water-piston is actuated by a steam-piston. The steam
is controlled by a common D-valve. The valve-motion is
produced by a vibrating arm.

The Injector.—The water is drawn through the injector
and fed into the boiler by means of an induced current pro-
duced by .the flow of steam from
the boiler through the injector.
Fig. 134 is a very simple example
of the injector. Steam from the
boiler enters at }” and passes
through R into the space surround-
ing R and S, where it is partially
condensed. = The condensation
makes a vacuum, and besides this
the velocity of the steam and water

AlddNS YILVA

3 assing through R and S causes
p g g

. .

E the water to be drawn toward it

» and through S, ¥, and O to the
boiler. The opening marked

F1G. 134.—Penberthy Injector. ¢ gverflow ’’ is brought into use

only while starting the injector, that is, when the water is to
be lifted and put into the boiler, the entering stream will be
blown to waste through the overflow during a few seconds
necessary to exhaust the air in the water-supply pipe. As
soon as the steam which is passing out of the overflow turns to
water it shows that the lifting of the water has begun. The
above makes plain the fact that for pumping water by this
process there must be a condensation as well as a very high
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velocity of steam. The first requires that to be injected the
water must be cold, otherwise the injector will not work. The
high velocity of steam is produced by the rapidity with which
it is condensed by the cold water. The injector cannot be
used between the feed-water heater and the boiler because of
the high temperature of the feed-water taken from the former.
Fig. 135 shows another injector of more complicated design,

N
o e g e
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F1G. 135.—Monitor Injector.

the Monitor Injector. S is the steam-valve, I} the water-
valve, and O the overflow. To start, first open the steam-
valve S a little to let the condensed water in tlie steam-pipe
out through the overflow, and shut again as soon as clear
steam appears. Next open the water-valve I#] after which
open the steam-valve slowly and the injector is at work. The
maximum temperature of water at which this injector will ccase
to feed is about 130<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>