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INTRODUCTORX NOTICE.

TuE absence of any purely practical work
on American locomotives has induced the
preparation of the following pages devoted
to that subject. It is believed the book will
afford to the student a clear idea of the
nature and mode of application of steam
power, while to those engaged in the manu-
facture and operation of engines it will
afford much useful matter connected with
their construction and management.

Much care has been bestowed to render
plain and distinct those parts of the book
which are devoted to the principles of

]



4 INTRODUCTORY NOTICE.

locomotive science; and the rules and-
illustrations have been adapted to the
wants of those who have but little time
or taste for the pursuit of abstract in-
vestigations. While this feature will con-
stitute a chief merit of the work in the
hands of such persons, it will make it
none the less definite and exact for the
purposes of the designer and engineer.

The particulars of many recent engines,
and improvements connected therewith, have
been presented, embracing the patterns of
a majority of all the Inilders in the United
States. For many of these we are indebted
to the manufacturers of engines, while
others have been procured for the purpose
from the engines themselves—those ma-
chines being selected which presented some
new or favourable feature in the proportions
of their parts or in the arrangement of their
machinery.

It is therefore hoped that the book may
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impart some benefit to those who read it,
and that it may serve to this purpose until
the appearance of a better one from those
whose opportunities for inforination would
enable them to treat the subject in a man-
ner more suited to the various requirements
of its nature,
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LOCOMOTIVE ENGINE,

SECTION L

THE PROPERTIES OF STEAM AND THE PHENOMENA
CONNECTED WITH ITS GENERATION.

THE most prominent of the. properties pos-
sessed by steam are its high expansive force,
its property of condensation by an abstraction
of its temperature, its concealed or undeveloped
heat, and the inverted ratio of its pressure to
the space which it occupies.

Steam is the result of a combination of water
with & certain amount of heat; and the expan-
sive force of steam arises from the absence of
cohesion between and among the particles of
water. Heat universally expands all matter

9



10 THR LOCOMOTIVE ENGINE.

within its influence, whether solid or fluid; but
in a solid body it has the cohesion of the par-
ticles to overcome, and this so circumscribes its
effects that in cast-iron, for instance, a rate of
temperature above the freezing point sufficient
to melt it, causes an extension of only about
" one-eighth of an inch in a foot. With water,
however, a temperature of 212°, or 180° above
the freezing point, (and which is far from a red-
heat,) converts it into steam of 1700 times its
original bulk or velume. )

All bodies may exist in either one or all of
three different states, viz. the solid state, the
liquid state, and the -aeriform state, or state of
vapour. Water} for example, may exist as ice,
liquid, and steam; and the condition which it
assumes depends on its pervading temperature.

Steam cannot mix with air while its pressure
exceeds that of the atmosphere, and it is this
property, with that which makes the condition
of a body dependent on its temperature, that
explains the condensing property of steam. In
a cylinder once filled with steam of a pressure
of 15 lbs. or more to the square inch, all air is
excluded. Now as the existence of the-steam
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depends on its temperature, by abstracting that
temperature (which may be done by immersing
the cylinder in cold water or in cold air) the
contained steam assumes the state due to the
reduced temperature, and this state will be
water. And, as the water cannot occupy the
volume which it did under its former tempera~
ture, it follows that its reduction in volume
must remain a vacuum. A cylinder, therefore,
filled with hot steam, may be condensed by an
abstraction of its heat, and a vacuum will be
produced in the cylinder with a few drops of
water at the bottom, which may be pumped out
by an air-tight pump, leaving the vacuum per-
fect.

When this principle is employed in removing
the atmospheric pressure opposed to the back
of the piston in a steam engine, such an engine
is termed a condcnsing engine: and in such
engines more work may be done with the same
pressure of steam than by a non-condensing
engine, as the absence of the weight of the air,
or the negative pressure on the back of the
piston is equivalent to a positive pressure on the
other side, and contributes by so much to the
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useful effect of the engine. Locomotive engines,
however, and most American stationary engines,
discharge their steam without condensing, and to
overcome the atmospheric resistance they carry
higher steam; they are therefore called high-
pressure engines.

The next property of steam which we have
mentioned is that of its latent or concealed
heat. An unknown amount of latent heat exists
in every element in nature: thus, iron becomes
hot by merely hammering it on an anvil; air
gives off heat enough to light fire by being com-
pressed into a syringe, and so on. The beating
of the iron does not create the heat which it
excites, neither does the compressing of the air;
they both merely develop the heat, which must
have a previous existence. In these examples,
the heat which is excited is freed by the motion
communicated,—and we have no means of know-
ing its amount; but the latent heat of steam,
though showing no effects on the thermometer,
may be as easily known as the sensible or per-
ccivable heat. To show this property of steam
by experiment, place an indefinite amount of
water in a closed vessel, and let a pipe, proceed-
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ing from its upper part, communicate with
another vessel, which should be .open, and, for
convenience of illustration, shall contain just
5% 1bs. of water at 32°, or just freezing. The
pipe from the closed vessel must reach nearly to
the bottom of the open one. By boiling the
water contained in the first vessel until steam
enough has passed- through the- pipe to raise the
water in the open vessel to the boiling point,
(212°)) we shall find- the weight of -the water
contained by the latter to'be -6} lbs. Now thia
addition of -one pound. to-its weight has resulted
" solely from the admission of steam to it; and
this-pound of steam, therefore, retaining its own
temperature of 212°, has raised 5} lbs. of water
180°, or an equivalent to 990°; and including
its ' own temperature, - we have -1202°, which it
must have possessed at first. - el
- The sum of the latent and sensible heat of
steam is in all cases nearly constant, and does
not vary much from 1200°, It is from this
property of steam that it becomes of such essen-.
tigl service in  heating buildings; - one square
foot of superficial surface of cast-iron steam:

pipe will keep 200 cubic feet of air. at .a con-
2

~
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genial summer heat; but a square foot of the
surface of a bar of iron, of the same perceivable
temperature, would scarcely start the frost on
the windows in a cold morning.

If a known volume of steam of a certain
pressure be made to occupy but one-half that
volume, its elastic force will be doubled; or, in
other words, the same pressure is exerted within
one-half the original capacity. By pressure we
mean the initial elastic force of the steam, which
is always the same in equal weights of steam,
and which can only act with greater intensity
of pressure by restricting the area exposed to its
action. In fact, it is an established law of steam,
and of all elastic fluids generally, that the press-
ure which they exert is inversely as the space
occupied; or, to be more precise, it is very

nearly so. At the end of the present section we.

shall give a table of the temperature and elastic
force of steam, which will show the exact in-
crease of pressure corresponding with any dimi-
nution in bulk.

The elasticity of steam increases with an in.
crease in the temperature applied, but not in the
same ratio. If steam is generating from water
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at a temperature which gives it the same pressure
as the atmosphere, an additional temperature of
38° will give it the pressure of two atmospheres;
& still further addition of 42° gives it the tension
of four atmospheres; and with each successive
addition of temperature, of between 40° and 50°,
the pressure becomes doubled. It is well for the
student of the steam engine to know the reason
of this effect, and we will endeavour to explain it.
We have already said that there is no cohesion
among the particles of fluids, but thére is, how-
ever, an attraction between all matter in nature.
The action of heat in generating steam has to
overcome this attraction among the particles of
the water, and likewise the gravity of the water
itself. As the water becomes rarefied by heat,
and, either in its natural state or as steam, oceu-
pies a greater volume, this attraction is di-
minished, and also the weight or gravity of the
water ; hence an additional rate of temperature
does not have to contend with the same resistance
as the temperature which preceded it, and is,
therefore, enabled to produce greater effects in
the generation of steam.

Among a variety of facts and notes relative



16 THE LOCOMOTIVE ENGINE.

to the nature.of steam, we select the follow-
ing:— o

If water be boiled in an open vessel, no tem-
perature greater than that for the boiling pcint
(which for fresh water is 212°) can be. produced
in it.. All the sni-plus heat which may be applied
passes off in the steam..

If the vessel be closed, and the steam as it is
formed be retained within it, the temperature
may be raised, and retained in the steam.

- If the steam, as it is formed, is allowed to
accumulate in the boiler, its pressure on the
water-level makes an increased temperature ne-
cessary to continue its production.

Steam, in itself, is invisible, and becomes
visible only upon condensation, as when a jet is
discharged into the open air; its loss of tem-
perature causes it to condense, and we see it in
the form of a vapory cloud. :

In treating of steam, the term Aeat is un-
derstood as expressing its sensible heat, while
the term caloréie provides for the expression of
every conceivable existence of temperature.

To explain the theory of ebullition, or boiling
liquids, we will observe that in metals, heat is
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communicated by the conducting property they
possess; but in liquids it is communicated by a
-circulation of particles. If heat be applied to
the bottom and sides of a vessel containing
. water, that portion of the water in contact with
_the heated metal becomes heated and rarefied,
and consequently lighter than the rest, whereby
it ascends to the surface, gives off its vapour,
becomes cooled, and in consequence becoming
-heavier, descends, again to become heated, rise,
and descend as before, and to maintain these
operations in a constant succession so long as
the heat is applied. This action is performed in
-vertical planes, and if the heat be applied above
the bottom of the vessel, the water below that
_point will receive but little heat, and can never
be made to boil.

An established relation must exist between the
temperature and elasticity of steam ; in other
words, water at 212° must be under the pressuro
of the steam naturally resulting from that tem-
perature, and so at any other temperature.

If this natural pressure on the surface of the
water be removed without a corresponding reduc-

tion in the temperature, a violent ebullition at
2¢
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the water-level is. the immediate. result.: Thus,
suppose the entire stcam-room in a boiler to be
six cubic feet, and the contents. of the cylinder
which it supplies to be twe. cubie feet;-at each
stroke of the piston one-third of all the steam in
the boiler is discharged, and the surface of the
water is comsequently relieved from one-third -of
the pressure upon it before -that -stroke. - The
temperature remains the same, but as-it-does not
bear the natural relation to this diminished press-
ure, it causes the water to boil violently, and
produces foaming. Foaming is a cause of which
priming (or working water along with the steam
into the cylinders) is the effect. Provision must
therefore be made in all boilers, that they may
have a large extent of steam-room compared
with the cylinders which they supply.

" Another result attending the formation of steam
is, that when an engine is in operation and work-
ing off a proper supply of steam, the water-level
in the boiler artificially rises, and shows by the
gauge-cocks a supply greater than that which
really exists. This is owing to the steam forming
in the water and rising in bubbles to the surface,
and displacing by its bulk the amount of water
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indicated by the rise at the gauge-cocks. As the
production of steam under the same temperature
cannot continue under-an ipcreased pressure, it
follows' that when the discharge of steam is stop-
ped, and its entire pressure is'thrown on the sur-
face of the water, steam is no. longer generated,
and the water takes its natural level.

At whatever point in a boiler steam be taken,
there is a determination of water to that point,
which is occasioned by the sudden reduction in
the pressure, owing to the withdrawal of the steam.
This is the case with all boilers having steam-
domes with throttles in the same; and it was for
this reason that, on a new engine lately constructed
at the Eastern Railroad Shop, at East Boston, the
steam-dome was omitted, and in its stead a steam-
pipe, perforated on its upper side, was extended
the whole length of the boiler, occupying the po-
sition usually given to the steam-pipe in ordinary
locomotives, The object of this was to take the
steam alike from all parts of the stcam-room of
the boiler, so that no rise of water should result
at any one point.
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Notes.—One cubic foot of atmospheric air weighs 527-04
Troy grains, while an equal bulk of steam at 212° weighs
-258 8 grains, the specific gravity, therefore, of steam at the
pressure of the atmosphere, and taking that of the atmo-
sphere at 1, is -490.

The force of steam is the same at the boiling point of every
fluid.

27°104 cubic feet of steam at the pressure of the atmo-
sphere, equal 1 1b. avoirdupois.

TABLE OF THE TEMPERATURE AND ELASTIC FORCE OF STEAM :
ALSO THE VOLUME OF STEAM GENERATED, COMPARED WITH
THE QUANTITY OF WATER FROM WHICH IT 18 RAISED AT
DIFFERENT PRESSURES.

[Note.—Steam, raised from water at 212°, has no pressure
above that of the atmosphere, and can produce no userw
effest except in obtaining a vacuum in a condensing engine.
If admitted to one end of a oylinder, it would expel the air,
and would there remain without producing any motion, un-
less the pressure of the atmosphere on the back of the piston
was removed. In this table we have therefore given the
temperature corresponding with the steam at pressures above
that of the atmosphere. We would also here remark that
the pressure in a locomotive or other boiler, as indicated by
the safety-valve, is the real pressure above the atmosphere,
as the air presses upon the top of the valve with the same
.force as & corresponding pressure of steam within. In a
boiler showing 50 lbs. pressure per square inch, by the safety-
valve, there is a pressure of 65 lbs.,—156 1bs. of which are
expended in overcoming the pressure of the air on the top of
the valve. Therefore, the remaining 50 lbs., indicated by
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the valve, is the effective pressure for a non-condensing en-
gine, although a condensing engine would realize nearly the
full effect of 65 1bs.] :

Pressure in 1bs. above ©  Temperat Yol f steam P

the atmosphere, and al- in deg. with that of the wate

o0 including the same. Fahrenheit. from which it is raise
80 lbs. 45 Ibs. ...... 2764 ' 610
40 ¢ HH ¢
50 ¢ 65 <«
80 % 75 ¢
70 ¢ 8b ¢
80 ¢« 95 ¢«
90 ¢« 105 <«
100 ¢« 115 «
110 « 125 ¢«
120 ¢« 185 « .....
180 ¢ 145 ¢ ieecieeveiones 860°T covencese conenenee 211
140 “ 166 - ...... 866-2 198




SECTION IL

A GENERAL DESCRIPTION OF THE CONSTRUCTION
OF THE LOCOMOTIVE ENGINE.

Havine illustrated the prominent properties of
steam, it remains to show in what manner its use-
ful effect may be realized in the production of
power for locomotive purposes. Any reader
would be aware that a locomotive must combine
within itself the means for the generation of
steam, its application to produce motion within
the machine itself, and also the propulsion of the
whole upon the road. A complete locomotive
steam engine, therefore, combines three distinct
arrangements for realizing these conditions. The
source of power lies in the boiler and fire-box;
the cylinders, valves, piston, and the connections
are the means by which it is applied to produce
motion within the machine; and the wheels, by
their tractive force or adhesion to the rails, secure
the locomotion of the machinery which impels

them, and also, from their surplus power above
29
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what is necessary to move the engine alone, the
_draught of a great load upon the rails. It is
therefore necessary to understand the construc-
tion of each of these parts, and also the general
arrangement by which they are combined in the
production of power.
- A reference to the figure on the opposite page
will serve to show the construction of an ordinary-
éight-wheeled engine, as divided in the direction’
of the length of the boiler, so as to show the en-
tire machinery for generating and applying the
power. ‘ o
The boiler A in which the steam is first pro-
duced, is of a cylindrical form, having a furnace
or fire-box B at one end, surrounded by a water
casing a @ communicating with the boiler, and
which is to prevent the destruction of the plates
of which the fire-box is formed by the intense
heat of the fire. The plates which form the out-
side of this water casing are united to the cylin-
drical part of the boiler, and form what is called
the outside fire-box. This outside fire-box sup-
ports the furnace or fire-box proper by a number
of stay bolts, seen at b, b; these bolts being

screwed at their ends into the sides of both fire-
s
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boxes. C is the grate, the bottom of the fire-box
being open to admit the air necessary for the
combustion of the fuel, and D is the door through
which the fuel is admitted. At ¢ ¢ are shown a
number of small copper tubes, their purpose being
to convey the heated air through the boiler, from
the fire-box to the smoke-box E. The arrange-
ment of these tubes may be better understood by
an inspection of fig. 2, which shows the fire-box
and boiler divided transversely across its diame-
ter. They are very small, and are placed so as
to be but § of an inch apart in any direction.
They are also very thin, so as to communicate
the heat passing through them to the water which
surrounds them, and which generally stands four -
or five inches above their upper or top row. It
is the surface of the fire-box and the exterior sur-
faces of these tubes that constitute the heating
surface of the boiler. That portion of the boiler,
above the water-level (which is shown by the
dotted line) is the steam-room of the boiler, and
is occupied by the steam generated from the
water above and among the tubes and in the
water space around the fire-box. The forward
sompartment of the boiler, or smoke-box, at E,
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receives the surplus of heated air not communi-
cated to the water, and the gaseous products
of the combustion of the fuel in the fire-box;
snd the chimney F provides for their ocscape
into the open air. The draught of the fire

Fig. 2.
through the tubes is excited artificially by the
escape of the steam from the cylinders of the en-
gine, the arrangement and operation of which we
shall explain hereafter. This, then, is the ar-
rangement by which the power applied to pro-
duce locomotion is first generated. The peculiar
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form given to the boiler, the contact of water
with the sides and top of the fire-box, and the
great extent of heating surface afforded by the
disposition of the tubes, secure the rapid produc-
tion of a vast volume of steam within very re-
stricted limits. In future pages we shall explain
numerous details and appendages belonging to
the boiler, and shall give its best proportions, as,
likewise, of every other part connected with the
engine. !

The second division of the entire arrangement
of the engine is that in which the power already
generated is applied to produce motion within
the machine. Upon the top of the boiler a
cylindrical chamber or dome G is formed, and
the pipe which conveys the steam from the
boiler penetrates it as seen at H. The object
of elevating the mouth of the steam feed-pipe is
to prevent the motion of the engine from throw-
ing particles of water into it, to be carried into
the cylinders and to oppose a load to the motion
of the engine. The mouth of this pipe is covered
by a valve, provided with ports or openings to
admit steam within it, and the admission of
steam is governed by the motion communicated
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to the valve through its lever g, rcd A, and
starting lever 4, without the boiler and accessible
from the footboard, where the engineer or driver
stands. In the figure this valve is represented
open, and the steam is descending through the
pipe, in which it passes along through the parti-
tion between the boiler and smoke-box and down
through the branch-pipe I into the steam-chest J.
This steam-chest communicates with each end of
the cylinder M, by the passages seen in the
figure, and steam is admitted through these pas-
sages* alternatoly to each end of the cylinder
by a sliding valve, seen at K. Within the cylin-
der is a piston L, against which the pressure of
the steam is exerted to produce motion. In the
position given to the valve K in the figure, the
left-hand passage is open and is admitting steam
to that end of the cylinder, to press the piston
in the direction of the arrow. There is also a
quantity of steam on the right hand of the
piston, which was employed in the preceding
stroke to force the piston to the left hand of the
eylinder; and its work being now done, it is

* Described as induction ports.
se
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escaping through the right-hand passage, and
turning in a cavity in the under- side of the
valve into a third passage on the face of the
cylinder, and which is situated between the two
induction passages already mentioned. The ex-
haust steam is carried in this last passage a short
distance around the cylinder, and passes through
an opening on the side of the same, into the bot-
tom of a vertical pipe, part of which is seen at N.
~ The mouth of this pipe is considerably contracted,
as seen in the figure, and the resistance given by
this contraction to the exit of the steam makes it
discharge in a very forcible blast. This powerful
draught at the mouth of the tubes exeites the
passage of the heated air through them, and
causes a great intensity in the fire. Without
this artificial draught the boiler could not, from
its proportions of fire surface, generate sufficient
steam to supply the cylinders.

We have seen the steam entering by the left-
hand passage within the cylinder, and impelling
_ the piston toward the opposite end of the same.
As the piston approaches the right-hand ter-
mination of its stroke, the valve K is made to
shift its position in the stcam-chest, and to close
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the left-hand passage, and likewise, by the same
motion, to open the opposite or right-hand one.
The left-hand passage is fully closed when the
piston is within three or four inches of the end
of the cylinder, and the right-hand passage
almost at the same instant begins to open, so that
the full pressure of steam is exerted against the
right-hand side of the piston before it actually
has completed its stroke in that direction. This
advance of the valve on the piston is termed the
lead of the valve, and when confined within cer-
tain limits is found to increase the speed of the
engine, as it allows the steam to act with a con-
cussive force, like that of a spring, at the ends
of the strokes, so as to lose no time in changing
the motion- of the piston. When the piston has
commenced on its return stroke, and while it is in
its motion, the valve moves likewise in the same
direction, uncovering the right-hand passage
more and more, until, when the piston has
returned to the position shown in the figure, or to
the middle of the stroke, this passage is fully
open ; the same as the left-hand passage shown
in the figure to admit steam for the preceding
stroke.
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The notion of the valve has transferred the
cavity on its under side to the left-hand pas-
sage, and the steam, which during the preceding
stroke was admitted through that passage, will
now discharge through it, and pass into the ex-
haust port and up the exhaust pipe N, as already
described. By the time the piston has reached
the middle of its stroke the valve will have
reached the end of its motion on the face of the
cylinder, and will begin to move the contrary
way, 8o that during the last half of the stroke
of the piston, the piston and valve move in oppo-
site directions.

The cavity on the under side of the valve, in
which the steam turns from the induction into the
eduction port, must receive such a width of open-
ing as to allow the exhaust steam to commence its
escape from one end of the cylinder before steam
is admitted to the opposite end; so that if, for
instance, the lead of the valve on the induction
side be % of an inch, the exhaust must have a
lead of about } inch. In other words, when one
steam port is taking steam through } of an inch
the other port must be discharging steam through
¢ of an inch. This is necessary for the free
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escape of the steam, that it may oppose no load
to the progress of the engines.

We are now to show how the motion of the
piston is communicated -to the wheels, and in
what manner the sliding valve K is moved within
the steam-chest, so as to regulate the admission
of steam to the cylinder; and to guard against
any misconception on the part of the reader, we
will say here that there are two steam-chests and
two valves and cylinders, together with two entire
but similar arrangements for communicating the
power exerted against the pistons to the wheels.
The figure will admit of the representation of
but one engine, (the cylinder and its valve and
piston being the engine,) the other being behind
the one we have shown. The steam-pipe H, after
passing through the partition between the boiler
and smoke-box, is divided into two smaller pipes,
one of which conveys the steam to each cylinder.

Within the centre of the body of the piston is
keyed the rod P, which passes through a stuffing
box in the cover of the cylinder, and is attached
at its other end to a cross-head having a pin or
bearing for a connecting rod. This cross-head is
also attached to guides, to insure the motion of
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the piston-rod in the line of the axis of the cylin-
der. The connecting rod r takes hold of this pin
at one end, and at the other to a wrist or bearing
of the crank axle s, upon the extremities of which
axle are keyed the driving wheels of the engine.
As there are two cylinders and connecting rods,
there are necessarily two cranks in this axle, and
they are placed at right angles one with the other,
8o that one piston may be exerting its entire force
against it, while the other is changing the direc-
tion of its motion, and is exerting but compara--
tively little power.

The alternate motion of the pistons is thus con-
verted into a continuous circular motion, and it is
from this motion that the movement for operating
the valves is derived in the following manner:—
Four eccentric pulleys, the action of which is the
same a8 that of short cranks, are affixed to the
axle between the two cranks. There are two
eccentrics for each cylinder, one being set at
such an angle with the crank for that cylinder as
to give the proper motion to the valve for a for-
ward motion of the engine, and the other to pro-
duce a backward or retrograde motion. These
eccentrics are encircled each with a brass strap,
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to which is attached a rod ¢, having a hook at its
remote end. At u is a rocker shaft provided with
arms on its upper and lower sides. If the hook
of the forward eccentric rod be dropped on a pin
in the lower arm, the motion of the forward ec-
centric will be communicated to the valve through
the rocker shaft « and its upper arm, and the
valve stem v. And so of the hook in the back-
ward eccentric rod. Another shaft mounted with
arms or cams, and governed by a lever within
reach of the engineer, is made o throw out either
the forward or backward or all the hooks in the
eccentric rods. This shaft is laid immediately
beneath the hooks, and traverses in the same
direction as the rocker shaft u.

It will now be easy to trace the operation of
the steam, and of the machinery put in motion by
~ its action on the piston. The throttle valve at
the mouth of the steam-pipe H being open by the
lever 1, the steam will be admitted to within the
pipe, and will descend through it and through the
branch-pipe I into the steam-chest J. From here
it will find its way into the cylinder through
whichever passage that may be open ; and as that
is here the left-hand one it will be admitted to
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press against the left-hand side of the piston,
"~ and to move it toward the opposite end of the
cylinder, by which time the right-hand passage
will have been open to admit steam to force
the piston back again. The motion of the piston
will be communicated to the axle of the driving
wheels, through the piston rod p, connecting
rod r, and crank s; and the motion 8o trans-
mitted will cause the eccentrics to turn, and
by their motion to operate the valve through
the eccentric rod.¢, rocker shaft and arms u,
and valve stem v, 80 a8 to maintain the ad-
mission of steam to the cylinder in the manner
described. The driving wheels as they are
turned will, by their adhesion to the rails, move
along the engine and its load; and the constant
recurrence of these motions in the piston, valve,
and their subordinate connections, will maintain
the action necessary to produce this required
progressive motion of the machine.

Of the remaining parts of the engine, O shows
an additional pair of driving-wheels, connected
with those fixed to the crank axle, and turning
with them. The object of this second pair of
wheels is to obtain a greater adhesion to the rails
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than with only one pair, and also to relieve the
principal pair of drivers from the great weight
of the engine, which would otherwise come upon
them—at least, all that portion not supported by
the truck wheels, T. The drivers on the crank
axle generally have plain rims, while those on
the hind axle have flanges on their inner sides, as
likewise the forward or truck wheels, in order to
keep the engine on the rails. The four forward
wheels are combined in a separate frame which
turns around a pintal secured to the body of the
engine, and is to facilitate the passage of the
engine around curves. There are springs over
the bearings of the wheels to relieve the engine
from shocks arising from inequalities passed over
on the rails. There are pumps, which are not
shown in the figure, for supplying the boiler with
water, a8 it is evaporated in the production of
steam. These are of the forcing kind and are
attached to the cross-head or to a pin on the
outside of the driving-wheels.

The boiler is provided with a pair of safety
valves to provide for the escape of steam when it
attains an unnecessary pressure, and the engine

has also a whistle and bell for alarms and signals.
4
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Many recent engines have expansion or cut-off
valves, the use of which we shall hereafter ex-
plain.

From what we have said we believe any one
may acquaint himself with the general arrange-
ment and operation of the locomotive engine.
Our remarks on future pages will explain various
details which would embarrass the reader on a .
first introduction to the machine, but which will
serve to extend his acquaintance after he has
‘mastered the leading principles of its action.
The principal features of the engine, including
the construction of the boiler and the operation
of the steam in the cylinders, are universally the
same, but there are various modifications in the
arrangement of the subsidiary machinery, which
distinguish the engines of different builders, with-
out affecting, however, the purposes for which
they are employed. -




SECTION III.

DETAILS OF THE LOCOMOTIVE ENGINE.—THE
BOILER AND ITS APPENDAGES.

THERE are several essential requisites which
locomotive boilers must possess, among which are
strength, lightness, and efficient qualities for the
production of steam; and these requisites can
only be obtained by giving very particular atten-
tion to the material of which a boiler is made,
and of the manner in which it is manufactured.

Owing to the diminished strength of large boil-
ers compared with small ones, the diameter is
very rarely made greater than 4 feet outside of
the iron. The plates of which the cylindrical
part of the boiler and the fire-box are formed, are
from 3 inch to § inch thick. Lowmoor iron is
generally preferred; and the quality of the iron
is determined by its general appearance and its
established reputation among builders and others.
We have, however, much American iron of a very

excellent quality, which comes to the boiler-maker
89
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entirely warranted by responsible dealers. Angle
1ron is often used to connect the cylindrical part
of the boiler to the outside fire-box, and to the
smoke-box. The selection of this iron requires
some skill and experience, as much of it is liable
to be reedy in its structure; and for this reason
some builders obtain the proper flanges for joining:
the boiler to the fire and smoke-boxes by turning
over the edge of the boiler plate of which the
shell is formed. The rivets about locomotive
boilers are from § inch to § inch in diameter, and
have a pitch of 1} inches, more or less. The
stay-bolts to secure the inside fire-box are for the
most part § inch in diameter, and 4% inches apart.
These stay-bolts are tapped into the inside and
outside fire-boxes and are then riveted at each
end. Their diameter and number should depend
somewhat on the width of the water space around
the fire-box; for if this be pretty wide, they must
necessarily be long in proportion to their diame-
ter. The usual number of stay-rods in a boiler is
6 or T for a 40-inch boiler, and a greater number
as the diameter of the boiler is increased. These
rods are § inch to an inch in diameter, and are
tapped through the back sheet or sheet next to
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the foot-board of the fire-box, and through the
back sheet also of the smoke-box, and then have
a large nut screwed tightly up at the smoke-box
end, (there being a head at the fire-box end,)
and having a little red-lead putty interposed be-
tween the nut and the boiler-plate to insure
tight joint. Some makers employ right and left
nuts in these rods, to draw them up to a proper
strain, but these are hardly necessary. The bars
to stay the crown of the fire-box are generally 5
or 6 in number, and are 2 inches thick, and from
2% to 8 inches deep. These bars must rest upon
the top of the fire-box only at their ends, a space
.of } to § inch being left all along their under
edges, to prevent the crown sheet of the fire-box
from becoming burnt through, owing to an ab-
sence of water at those points. At the points,
however, where they are riveted to the crown
sheet, washers or thimbles must be placed in this
_space for the rivets to pass through, in order that
they may have a bearing and not spring up the
crown sheet.

In all ordinary boilers where wood is used as
fuel, all parts of the boiler, with the exception of

the tube plate at the fire-box end, are formed of
ey
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iron. These tube plates, by many makers, are
made of copper. Hinkley’s tube plates are § inca
thick. In Winans’ Coal Engines, however, the
fire-box is made of § inch copper, and the tube
sheet of } inch iron. The tubes are also of
wrought iron.

The tubes in wood engines are made mostly of
No. 14 copper, their outside diameter being usually
14 inch. Wrought iron thimbles for tubes are
used by most builders, generally at the fire-box
end, but in some cases at both ends of the tubes.
We could point to some engines having no thimbles
at either end of the tubes, and which show as
tight joints as many engines having thimbles.
Much, indeed, depends upon the management of
a boiler. If an engineman is in the habit of put-
ting out his fire by throwing two or three buckets
of water into the fire-box on every slight emer-
gency, or running with the door open to regulate
the fire, the contraction produced in such cases
by the sudden cooling of the flue sheets often
works nearly every tube loose.

A method of tightening tubes has been used
by the Lowell Machine Shop, which has given
good results. It is to take a short piece, say 2
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incnes in length, of No. 14 copper tube, and of
such diameter as to allow of its just sliding into
the mouth of the boiler tube; it is firmly united
to the latter by a brazed joint an inch long.
What remains of the short tube projecting out is
passed through the tube sheet, which is drilled t»
receive it, and the portion projecting beyond the
tube sheet is then turned over and headed in the
usual manner. This brings the end of the boiler
tube up to a tight bearing with the inside of the
tube sheet.

With long copper tubes it is sometimes deemed
advisable to give them a middle bearing, for
which purpose a sheet is placed midway of their
length and passing up high enough to support the
top row. Our opinion, however, is, that these
intermediate flue-sheets intercept the circulation
of the water, and in some cases occasion priming.
We have observed this to be the case in some
of Norris’s engines, which, having tubes 10 ft.
8 in. long, were provided with these extra sup-
ports.

The braces which support the boiler and serve
to connect it to the frame are made either round
or flat. When made round, they are made about
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2} .nches in diameter, and are turned, which adds
much to their appearance.

The angle-iron which secures the fire-box to
the frame should extend the whole length of the
fire-box, if there is nothing in the way to prevent
it. It should be screwed tightly to the frame,
and the screws to fasten it to the fire-box should
pass through the water space, being tapped
through both sheets. The heads of these screws
should project outward considerably, as they are
difficult to unscrew when it becomes necessary to
remove them. There should be two rows of
screws passing into the fire-box, one above the
other; and the distance between the screws should
be just sufficient to enable a wrench to be readily
introduced to turn them.

The grates are always of cast iron, and are
generally 4 inches deep at the centre. Their
thickness is about § of an inch on their upper
edge, and § inch at the bottom. The space be-
tween them is § inch. We know of one or two
engines which were found to make steam much
better by placing a piece of plate iron, six or
eight inches wide, across the fire-box at that end
of the grates next the tube sheet. By admitting
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air through the whole extent of grate surface, a
large quantity of cold air naturally passes up
close to the side of the fire-box, below the tubes,
the draft being strongest there, and, from not
passing directly through the fire, escapes into the
tubes before it is properly heated. As this cools
the tubes, it consequently checks the formation
of steam ; therefore, by not admitting the air be-
neath the ends of the tubes, but causing all the
air to pass directly through the fire, it was found
that more steam could be produced with the same
fuel.

The grate should be a very few inches above
the bottom of the water space around the fire-box,
in order that the water below it may remain qui-
escent and collect any sediment that may deposit
itself there.

The junction of the inner and outer fire-box at
the bottom of the water space is made with a bar
of wrought iron 1} inches thick, having rivets
passed through it and headed on the outside of
the fire-box sheets. Some, however, bend the
sheet of the inner fire-box outward, until it meets
that of the outer fire-box, and then rivet them
together. This method, though cheaper, does not
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allow the water spaces to be so readily cleared of
mud and deposite.

Norris and some other southern builders con-
struct their boilers with the top of the fire-box
worked into a hemispherical form, and having a
small cast iron dome placed upon the top. This
makes a very high dome, and gives a large amount
of steam room; but this form of fire-box has seve-
ral disadvantages, among which is the extra ex-
pense of a boiler constructed in this way, there
being work about the fire-box which can be done
only by very skilful workmen, and requiring much
more riveting. Again; the height of the dome
is liable to make the engine top-heavy, which, in
engines having large wheels, and having the boiler
set pretty well up, is quite a serious objection.
The dome, also, from exposing so large an extent
of heated surface, makes the interior of the
¢«cab,” over the footboard, insufferably hot, which
is by no means a trifling matter to a man who
has to stand in its heat for several hours together.
With all this the size of the dome obstructs the
lookout of the engineman, and the diagonal brace
necessary to steady it lies directly in his way.
With all these objections against it, this form of
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dome can hardly be said to possess any advane
tages over the old-fashioned wagon-top fire-box,
having a low cylindrical dome; although it is
generally considered that drier steam can be
worked from a «dome boiler,” as these boilers
are termed. :

Hinkley forms a cylindrical dome, about 22
inches in diameter and 18 inches in height, about
midway on the boiler between the fire-box and
smoke-box. This dome has a cast iron cover of
sufficient thickness to withstand the pressure of
the steam, and of such size that the aperture
which it closes may admit a man to the interior
of the boiler. The steam-pipe and throttle are
- placed on one side of the dome, so as not to
obstruct the passage. The dome is made of the
game iron as the shell of the boiler, is lagged, and
covered with sheet iron in the same manner, and
has a thin cast iron base and cap.

It is believed by many that a point near the
smoke-box end of the boiler is the most favourable
place from which to take the steam, as it is con-
sidered that the water is not in so violent a state
of ebullition at that point as at the fire-box end.

Locomotives generally have two safety-valves;
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one of 2} inches in diameter, next the footboard,
and one of 8} inches diameter, at the forward end
of the boiler. We see no reason for this differ-
ence of size, unless the safety-valve next the foot~
board cannot have a lever long enough for a
larger valve without it projects out in the way of
the engineman. The lever could be turned to
one side, and thus admit the use of a larger
valve. Large valves of 8} inches or 4 inches in
diameter are less liable to stick, as their bearing
surfaces increase only directly as their diameters,
while the pressures upon them increase directly
a8 their squares. Thus a four-inch valve has but
twice the bearing surface or circumference of a
two-inch valve, while the pressure on it would be
Jour times greater. A mitre bevel, which is the
bevel usually given to the safety-valves, seems
too sharp. Were the bevel an angle of about
30°, that is to say having } inch depth to } inch
width of valve seat, there would be no difficulty
with the valves as to sticking.

The whistles used on many locomotives are of
very heavy tone, and are 6 inches in diameter.
 These whistles have a valve stem passing down
through the centre and operated by a bent lever
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outside. The exit passage of the steam from the
lower cup should be about 4% inch in width, while
the bottom of the upper cup should be chamfered
on the inside so as to bring it nearly to a sharp
edge. This sharp edge of the upper cup should
be placed directly over the annular opening in the
lower cup, that the steam from the latter may im-
pinge directly upon it. A whistle 4} inches in
diameter, and of the composition of which clock-
bells are made, gives a very clear and sonorous
sound. ‘The upper cup, however; is most com-
monly made of sheet brass or copper.

The spark arresters in general use on New
England locomotives are the common bonnet
sparker, the patent sparker of French and Baird
of Philadelphia, and Cutting’s sparker. The
bonnet sparker is tlie most common. A chimney
of sheet iron, about 4 feet in height, is placed
over the opening in the smoke-box, and a curved
cast iron disc is placed immediately over this
chimney. The cinders and sparks projected by
the blast pipes against this disc receive from tlie
form given to it a change in their motion, which
throws them down between the bottom of the

chimney and the outer casing surrounding it.
5
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rhe smoke and steam also receive this motion,
but readily rise, and, passing around the disc,
come out through a wire netting at the top.
This wire netting is to throw down such sparks as
might have been carried with the steam and
would otherwise have been thrown out upon the
track, becoming a source of danger to bridges
and buildings along the line. A pipe sometimes
Jeads from the bottom of the outer casing of the
sparker to a spark-box on the front or sides of
the smoke-box. This box, we believe, is termed
the ¢« Sub-Treasury.”

French and Baird’s sparker and Cutting’s
sparker are not in so general use as the bonnet
sparker, and could not be readily understood
without the aid of engravings showing their
structure.

The opening made for the chimney in the top
of the smoke-box is about the same size as the
- diameter of the cylinder of the engine. The
following rule, however, will be found to apply
in all wood engines:—Divide the number of
square inches in the grate by 7-5, and the quo-
tient expresses the area of the chimney in square
" inches.
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Ezample.—What should be the diameter of a
chimrey for a boiler having a grate 34 inches by
85 inches ?

84
85

—

7-56)1190(158-6, Area of chimney.

And by calculation we find the nearest cor-
responding diameter to this area to be 14}
inches. ~

The ash pan of a boiler is a plate iron tray,
suspended by hooks or latches to the bottom of
the fire-box, and should have a clear depth of 9
inches—the front side being left open to admit
the air to the grates. The mouth or open side
of the ash pan should be provided with a wire
netting, and a damper of plate iron turning on a
hinge should be fixed to draw up at pleasure by a
small chain passing up to the footboard.

The gauge-cocks are three in number, and are
on the hind sheet of the fire-box, within reach of
the engineman. They must communicate with
the boiler at such a point that should the water
chance to fall a trifle below the lower cock the
upper row -of tubes shall not be uncovered. In
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ascending a grade of 80 feet per mile, the water
at the fire-box end would stand two inches higher
above the tubes than at the smoke-box end; the
gauge-cocks should therefore communicate with
the boiler at 8o high a point that neither end of
the tubes could become uncovered -under any
ordinary circumstances without their giving warn-
ing of it.

The English have always used gla.ss gauge-
tubes in addition to the three gauge-cocks, but
one tried on an engine on the Maine read broke
in the first trial. To stand the action of the
steam, the interior of the tube should be round,
not formed like a thermometer tube, and the bore
of the tube should not exceed % inch; the glass
should be thick and well annealed, and there
should be an expansion joint at the upper end
of it. If these conditions are observed, glass
gauge-tubes can be used here as well as in
England.

The blow-off cocks of locomotives should be
on the back side of the fire-box, to prevent
the steam and water escaping by them from
blowing up sand into the bearmgs of the en-
gine.
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The mud-hole plugs are of brass, and are
about 1§ inches in diameter, and are tapped into
the outer fire-box at the bottom of the water
space. They should have stout square heads,
a8 it is very difficult to turn them out when they
have been a short time in use.

Having thus explained the details and uses
of the boiler and its appendages, we will pro-
ceed to give the proportions adopted by different
makers.

The table of dimensions given on the next
page includes two of Hinkley’s patterns, two
of the Lowell Machine Shop engines, and also
of Souther’s 15 in. cylinder pattern.



THE LOCOMOTIVZ ENGINE.

-opreut L maﬂ opwsumr | +gropur(£) Jo uomsoy
fixis » 15X 01 »w Hix o/ *8)104 38N8YXY JO OzIg
1x¥s | wmirxor “uy L1 x Loy *+8310J WLLIF JO QzIY
sesmeorees | %88 ¥ . 1003 01qRO ‘WO0Y WENF
990 969 eseseees 23007 OTQEO WOOY JOM
89-6 9z-8 ¥L-6 *+++++399] oxsnbs ‘e38ap jJo BOIY
8-09 L9-29 *++++++909} oavubs ‘xoq-oary
T¥-6%9 829 +*%j003 aaenbs ‘eovymg equy,
» 89 » ¥8p *+++ex0q-0a1y Jo qidoQ
» §L8 » 98 23810 JO TIPIM
» L8 » ¥8 e e 983p Jo [Suery
‘ot §1 i 4 ‘mp  |rorrseomy L0 I9j9WEIP APISINQ
et $19¢ 184 *eceegoquy, Jo Jequuny
1095 f01 3997 01 o eseeccegaquy], Jo [uey
Ut b eiilis *Ioriog JO opisur Jojewsi(q
95 fg | 1099 *SIBAR(] JO I0WBIQ
» 03 | » 8I ” 8T » 03 03 **:u0yslg JO ejong
‘soqout g | seyour H | Seyout for | seyowy §g1 | segourgp |cccctccrIepuNAD jo Jejewrsiq
e B| a3 oo1 Somo “sopred

*SINIDNE HAILOWOJ0T 40 SNYILLVd INIYIAAIA FAIL 40 SNOISNAWIA TVIIONIHd



THE LOCOMOTIVE ENGINE. 55

» The-15-inch cylinder machines built at Taunton
have 726 sq.ft. of tube surface, 11.23 sq. ft. of
grate, and steam ports 14 by 1 in. The per-
formance of these engines (with blast pipes 2§ in.
at the mouth) is very superior. The Taunton
Company give the largest. propertion of- heating
surface to a given capacity of cylinder of any
of the engine builders in New England.

. In giving the fire-box surface, we have reck-
oned every inch of surface above the grate,
deducting only for the tubes and the door. It
i8 of course plain that all this surface is in con-
tact with the water in the boiler, although it is
customary among engineers not to include any
portion of that side of the fire-box next the
tubes as heating surface.

It will be seen from the table that Hinkley's
15-inch cylinder engine has the greatest extent
of heating surface, compared. with its capacity
of cylinder, of the five engines given; and as
the proportions adopted appear to answer very
well, we will give the multipliers which will
give the same proportions for any other size of
cylinder. ‘

Multiply the square of the diameter of the
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cylinder by 8.159, to get the heating surface
of the tubes; by 252, to get the heating surface
in the fire-box; by -0438, to get the area of
grate; by -309, to get the cubic feet of water
room in the boiler; by -182, to get the cubic
feet of steam room in the boiler.

All the engines of which proportions are
given in the preceding table, have four driving
wheels and truck, with the exception of the
engine by Hinkley & Drury, having 133-inch
cylinders; this engine has four driving wheels,
upon which the whole weight of the engine
rests. .
" An engine lately constructed by Robert Ste-
phenson & Co., Newcastle-upon-Tyne, England,
may be taken in comparison with the foregoing.

This engine had two pair of 5-feet drivers
and one pair of leading wheels :

14-inch cylinder: '
21-inch stroke :
50 square feet fire surface in fire-box :

991 « «  « ongrate:

640 « ¢«  « in tubes: -

76.86 cubic feet water in boiler and around fire-
box.
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438 cubic feet steam in boiler and dome :

7.5 « <« gteam used at one rev. of drivers.

As a further illustration of English locomo-
tives, we will give the dimensions of an engine
* built by Bury, Curtis and Kennedy, of Liver-
pool, for the Birmingham and Shrewsbury (nar-
row gauge) railway.

-15-inch cylinder; 20-inch stroke; ome pair
of 5 ft. T in. driving wheels; one pair 4 ft.1 in.
leading, and one pair 38 ft. 7 in. trailing wheels.

. Boiler shell 47 inches, smallest inside diameter,
and containing 172 1f-inch tubes, 11 ft. 6 in.
long. Grate, 50% in. long, by 42 in. wide, and
55 inches from crown sheet.

- Induction ports, 12 by 145 in. Exhaust port,
8% in. wide. Single blast pipe, 4} in. at mouth.
Cylinders, 23} in. between centres. Bearings of
driving axle, 8 in.long and 7 in. in diameter.

The heating surface of locomotive boilers has
of late years been considerably increased, not
only having been extended with the enlargement
of the cylinders but in a much higher ratio. In
some recent 17-inch cylinder engines, constructed
at Taunton for the New York and Erie railroad,
the fire-box surface included about 90 square feet,
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while the tube surface fell but little short of 1000
superficial feet.

We will add a few particulars of an engine for
burning bituminous coal, which was constructed
for the Baltimore and Ohio railroad by Thacher.
Perkins, master of machinery on that road. The
performance of this engine during the year 1849
was upward of 23,000 miles, and was higher than
that of any other first-class engine on that road -
for the same time.

The diameter of the cylinder was 17 inches;
stroke of piston 22 inches; four pairs of driving-
wheels having chilled ¢ires 43 inches in diameter.
The diameter of the boiler was 44 inches, and
there were 125 wrought iron tubes, 12 feet 6
inches long, and 2} diameter at the fire-box end,
and 2§ diameter at the smoke-box ends of same.
The grate was 374 inches long, by 41} inches
wide, and the inside depth from crown sheet to
grate was 50 inches. Attached to the boiler of.
this engine was the patent apparatus for heating
the feed water by the surplus exhaust steam of:
the engine, which was invented by Mr. Perkins.
The exhaust steam from both cylinders enters a
square box in the centre of the smoke-box. In
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this box is a movable valve by which the steam
can be discharged through the ordinary blast-
pipes, or turned into a pipe leading to a steam
casing surrounding the smoke-box. This pipe
also continues along beneath the boiler, and is
united to a steam belt surrounding the same at
the fire-box end, and from which the steam finally
escapes through a pipe for that purpose. The
feed water can be admitted directly to the boiler,
near the fire-box end of this pipe, or, which is
intended in running, it can be pumped into a
casing surrounding this pipe, from whence it
passes into a water casing surrounding the smoke-
box, and within the steam casing already men-
tioned. From here it passes into the boiler a
little below the water level, at the smoke-box end.
In this arrangement the movable valve in the
steam-box can be regulated to discharge steam
enough through the blast-pipes for all ordinary
purposes of draught, and also to maintain a flow
of steam through the pipe beneath the boiler.
The feed water receives a large portion of the
heat of this steam, from its contact with it in the
casing surrounding the pipe, and, retaining the
heat so obtained, it passes into the water casing
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in the smoke-box, where it is exposed to the heat
of the waste steam on the outside, and to the
temperature of the smoke-box within. It thus,
when finally admitted to the boiler, has become.
heated quite to the boiling point, as the heat
within the smoke-box of a coal engine is very
great, even with long tubes. This arrangement
operates as a variable exhaust by allowing any
portion of the waste steam to be turned off from
the blast-pipes; it effects a econsiderable eco-
nomy in fuel by giving the water to the boiler
already heated very hot; and the water casing
surrounding the smoke-box prevents the destruc-
tion of the latter by the heat emitted from the
tubes.

In the details of this engine the expansion valve
was worked from the backing eccentric, and one
lever sufficed for reversing the engine and throw-
ing on the cut-off. This was effected by making
the cut-off rocker arm work as a shell on the
main valve rocker shaft, the cams for throwing
out all the hooks being on the same cam shaft,
and that for the forward hook being only a quar-
ter cam, so as to allow that hook to be on its
pin in the rocker arm in two positions of the re-
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versing lever ; that is to say, going forward with
the cut-off on, and forward with it off.

The patent for the heating apparatus described is owned
by L. B. Tyng, of Lowell, who has drawings and models
showing fhe application of the same to coal and to wood en-
.gines. For coal engines some arrangement of this nature
_seems obviously necessary, while for wood engines haying a
large extent of tube surface, with moderate length of tubes,
the application of this invention appears to promise a con-
_siderable economy in fuel. The apparatus may be simplified
in wood engines by pumping the water directly into a single
-casing about the smoke-box, and withdrawing the contact
of the exhaust steam by suffering it to pass entirely up the
_chimney.



SECTION IV.

DETAILS OF THE LOCOMOTIVE ENGINE CONTINUED.
OF THE CYLINDERS, STEAM CHESTS, VALVES,
AND STEAM PIPES.

THE casting for a cylinder must be perfectly
sound; and this, indeed, is requisite for all the
castings of a locomotive. The thickness of a
cylinder, after boring, is from { to § inch, and
about #; inch are taken off all around by the cut-
ter of the boring bar. No cylinder can be truly
and accurately bored in a boring lathe, unless the
latter be strong. and steady. The thickness of
the flange of the cylinder is 1} inch or more.
The flange by which it is secured to the frame is
1} inches thick, and as long as the distance be-
tween the flanges to which the cylinder heads are
bolted. Four or five one-inch bolts are sufficient
to secure this flange to the frame. The cylinders
are generally cast separately, and are united by
a bar of iron 4 by 1} inches, bolted to a project-

ing flange on each. In one or two instances we
62
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have seen them cast together, but this method
makes rather an awkward casting to mould, to
bore, and to fit, yet it removes the artificial con-
nection which is otherwise necessary.

The faces of the cylinder and valve require to
be ground perfectly smooth and flat, which is
done by closing the ports with blocks of wood, as
also the cavity in the valve; they are then ground
together with fine sharp sand and water, finishing
off with emery.and oil. The stuffing boxes for
the piston rods and valve stems require a brass
lining filled with Babbitt metal. The valves are
generally of cast iron, but sometimes of brass.

The valve stem in Hinkley’s engines is laid in
a deep recess in the upper side of the valve, and
has nuts and check nuts screwed against each
side of same. The valve is sometimes encircled
by a wrought iron hoop or spectacle } inch in
thickness, but increased to 1} inches on one side,
and has the valve stem tapped into it.

The expansion valve is often worked directly
on the top of the port valve. When no expansion
is sought, the cut-off valve rod is placed in con-
nection with the port valve rod, and, acquiring
the motion of the latter, is relatively at rest with
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it. Other makers have the cut-off valve over the
port valve, and in the same chest with it, but
interpose a plate with valve ports between the
two valves. It is, however, difficult to get at the
valves where they are so placed, unless the engine
has outside cylinders, or has its steam chest
covers taken off from the outside. Hinkley’s
latest engines have covers on the side of the valve
chest, which are removed from the outside of the
smoke-box. But the opening on the side of the
chest is no larger than to allow of taking out the
valve, not being large enough to allow of setting
the valves when it becomes necessary to do so,
except by taking off the entire chest. In Hink-
ley’s engines, the cut-off valve, when not required
to be used, is thrown entirely off the ports, to
prevent any obstruction to the passage of the
steam. This is effected by an arm on the revers-
ing cam shaft, which, when the cut-off hooks are
thrown out, throws the lower rocker arm, which
works the cut-off valve, entirely over, and carries
the valve off its ports.

The valve seat reqmres to be shghtly ralsed
above the face of the casting on which it is
formed, that any foreign substance received by
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the steam pipe may be pushed off by the valve
without scratching the valve face.

Steam chests are generally of a square or ob-
long form, and in inside cylinder engines aro
enclosed within the smoke-box. In Souther’s en-
gines, however, the steam chest is round, and
projects outward, so that the valve face is inclined
at an angle of about 45°,—the smoke-box being
made round, as a continuation of the boiler. By
this arrangement he secures the advantage of a
ground joint for the steam chest cover, and ready
access to the valves of the engine. A ground
Jjoint is cheaper than a filed joint, and better than
a putty joint. The cylinders and chests, however,
from not being enclosed in the smoke-box, are
exposed to the cold air, which not unfrequently,
especially in winter, operates to condense the
steam to an inconvenient degree. The steam
chests, however, have a jacket or casing over
them, and the cylinders might be lagged so as to
make this a trifling objection.

The steam pipe is made of thick copper, united
at one end to the vertical cast iron pipe entering
the dome, and at the other end to a pipe casting
formed to make a tight joint with the smoke-box

(1]
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shect. The steam passes through this tee piece,
and then branches off to each cylinder. All the
joints about the steam pipe should be: ground
turning joints. Hangers of wrought iron must be
made to support the steam pipe in its place.
The area of the steam pipe should equal the area
of two of the induction ports to the cylinder, and
each branch pipe should have half this area. The
exhaust pipes should have nearly the same area
a8 the exhaust ports, until we come to the copper.
pipe attached as a mouth or blast pipe. This
pipe at its largest place should be considerably
smaller than the eduction port, and at its mouth
requires to be reduced to about two inches in-
diameter. Most of Hinkley’s 15-inch eylinder
engines are running with their exhaust pipes con-
tracted to 1j-inch diameter at the mouth. For
16-inch cylinders, the blast pipe is 2 in. to 2/; in.
English engineers are of opinion that the fire sur-
face of an engine should be very much increased,*
in order that a proper natural draft may exist
without requiring so great a reduction in the blast

* Dimensions of engine, by Bury, Curtis, and Kennedy, on
page 67.
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pipe. The resistance offered to the progress of
the piston at high speeds, arising from the con-
traction of the blast pipes, has been stated by
Stephenson, of Newecastle, to absorb one-half the
power of an engine. It appears to us that a large
extent of heating surface, with the use of some
simple expedient for regulating the draft, would
produce very favourable results in the perform-
ances of locomotives. It has been proposed,
instead of varying the mouth of the blast pipe, to
establish a communication between the exhaust
steam and the feed water of the boiler, by which -
means the draft could be regulated by turning off
any part of the exhaust to heat the water. This
plan, however, involves considerable complication,
and cannot be regarded as eminently practical.
We have no doubt, however, that some simple ex-
pedient will be devised for accomphshmg so de-
sirable an object.



SECTION V.

DETAILS OF THE LOCOMOTIVE ENGINE CONTINUED.
—OF TRE FRAMING, JAWS, WHEELS, SPRINGS,
&o.

TaE framing of all the engines now built in
this country is between the wheels, and rests on
the bearings of the axles of the same, through
the intervention of steel springs. The frames
of the most recent descriptions of locomotives
are solid, and have the jaws for the bearings
either forged with them, or forged separately
and secured to the frame by bolts. Many of
these solid frames are extremely light. The
most usual kind of frame, however, is the riveted
frame. Two plates of flat iron, say 5 by § inch,
with a bar 2 inches square riveted between them
so that one of its sides is flush with the upper
edges of the plates. In Hinkley’s engines, and
in most others, the frame passes over the bear-
ings, and is dropped down immediately in front

of the forward driving axle, to the level of the
(1
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centres of the cylinders, and continues at that
level to the forward end of the engine. This
mode of reducing the height of the frame at the
forward end, gives a ready access to the work
of the machine. The jaws to this frame ‘are
of cast iron, and are secured by bolts passing
up through a stout rib on the upper side of the
jaw, and the 2-inch bar which is riveted in the
frame. Cast-iron jaws, to stand, require to be
very heavy. On the «Baldwin” and « Whis-
tler,” (engines on the Lowell road, built at
Lowell,) the want of strength in their jaws,
which were of cast iron, and were continually
breaking, made it necessary to replace them
with a set of wrought iron jaws. A stout cast
iron thimble is placed between the back and
foward jaws; also short thimbles between the
two cheeks of each jaw, and a 1}-inch bolt is
then passed through the whole, and has stout
nuts at each end to secure it. Diagonal braces
also pass from the ends of this bolt up to the
frame, thus forming a complete truss.

Engine wheels with rims cast in sand have
solid hubs. Winans’s wheels with chilled rims
have the hubs cast with core prints, leaving



70 THE LOCOMOTIVE ENGINE.

three open slots throughout their thickness.
After the rim has cooled, these are filled tight
with blocks of wrought iron, and the whole
hub is then encircled with a strong wrought
iron band. In the rims of his chilled wheels
he casts a ring of wrought iron, to assist the
strength of the rim; both to keep it from
breaking, and to hold the rim from flying apart
in case it should erack. Wrought iron tires
have been exclusively used for drivers until
the introduction of Winans’s chilled rims, and
the later method of using chilled cast iron tires,
which were first used, we believe, by Thacher
Perkins, now master of machinery on the Balti-
more and Ohio Railroad. To put on a wrought
tire, it is first evenly heated to a moderate heat,
then dropped on the rim of the wheel and
quickly cooled by throwing on cold water.
Seven or eight bolts with riveted heads are
then passed through the tire and rim, to secure
the tire from working off. To remove a tire, the
bolts through the rim must be taken out, or, if
rivets are used, they must be drilled out: the
wheel is then laid on a circular mound of earth,
a few inches high and nearly as large as the
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wheel; a steady but moderate heat is applied
directly to the tire, the body of the wheel being
covered with earth, and in a few minutes the
wheel may be lifted out of the tire, by means
of a crane. In this manner the tires are taken
from a pair of wheels without removing them
from the axle, by turning the axle up on one
end so as to bring one wheel on its side.

The chilled tires, when properly cast, are
better for some reasons than chilled rims; but
it has not yet been satisfactorily ascertained
whether either can take the place of wrought
iron tires. The main difficulty anticipated in
their use is an insufficient adhesion to the rails,
especially in winter, when the rails are frosty or
damp. The milder climate of the Southern
States has prevented this from becoming so
serious an objection to their adoption there.
The chilled tires are three inches thick, and are
bolted to the rim of the wheel. The merits of
these tires above those of chilled rims or chilled
wheels are, that if a tire breaks it can be re-
placed without throwing away the wheel, and
they are also readily renewed when worn out;
whereas, with a chilled wheel, it is useless when
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the rim becomes much worn, though the rest of
the wheel is perfectly sound and whole.

Chilled wheels are used almost entirely for
trucks, tenders, and cars. Engine trucks are
generally 80 inches in diameter, and car wheels
38 inches. Some of the roads running out of
Boston have imported sets of wrought iron
wheels from England, and placed them -under
their cars for trial. On the Boston and Provi-
dence road we have seen a pattern of cast
wheel with wrought tire, and having a ring of
hard wood, two inches thick, between the tire
and rim of the wheel. On the above road they
are placing these wheels generally under their
passenger cars. :

Engine trucks and car wheels are usually
secured to their axles by one stout spline, and
the driving wheels by two one-inch square keys.

The cranked axle is forged from a bar which
is kinked or upset by doubling or bending, so as
to form the blocks for the. cranks on one side of
the axle. The axle is then twisted between the
cranks till they are at right angles with each
other. The crank wrist is formed by drilling
out a sufficient portion of the block, left in
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the manufacture of the axle, and then finished
by turning.

The cases for the bearings of Hinkley’'s en-
gines have dowels of a composition of equal
parts of copper and tin, inserted in the case in
the direction of the length of the bearing. The
space between these dowels is filled with Babbitt
metal. The dripper or cup has flanges to hold
it in the case, and is kept in position by a screw
pressing against its under side.

There is a stout spring over each driver, hav-
ing one end attached by a loop to the frame, and
the other to a bar between the drivers, which
turns on a pin beneath the frame. The object
of this bar is to equalize any effects arising
from inequalities on the rail, by transmitting a
portion of the shock to the wheel which is re-
moved from this inequality. The lower end of
the loop-ended rod attached to the spring should
be secured in the end of the equalizing bar by a
pin, as the rod is apt to break off close to the
nuts where these are used. The equalizing bar
is of wrought iron, and for strength must be
made deeper in the centre than at the ends.

The springs are generally from 27 to 34

L4
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inches in length, and are formed of plates of },
¥, or & inch steel, and sometimes plates of each
size. A spring of the proper form, 80 inches
long, and having 14 plates of 3, and two plates
at the back of § inch steel, and 3 inches wide,
makes a good spring for a driver. A tit or pro-
jection is made in the end of each leaf, to fit in.
a punched opening in the leaf below. . This is to
prevent any side motion' or displacement among
the leaves of the spring. The end of the upper
leaf is turned up to prevent the loop which
passes over the end of the spring from slipping
off.

Rogers, Ketchum and Grosvenor have used
$-inch iron plates, six or eight inches long, in-
terposed between the leaves at the middle of the
spring. The leaves of the spring, when not
under pressure, are in contact only at their ends;
but on the application of any weight acting upon
them, are brought into contact for several inches
of their length. This spring, adapted to any
load, is an English idea.

India-rubber springs have been applied to
the driving wheels of light engines, and in many
cases to the truck and tender wheels. They
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make, at least, a very cheap spring, and have
proved well.

The iron truck frames in general use have in.
side bearings. They are formed of f-inch plates,
with wrought-iron bars or thimbles riveted be-
tween them. The side bars are made to clasp
the brass boxes enclosing the bearing of the axle.
A large inverted spring at each side has one end
resting over the bearing of each axle, and sup-
ports the frame on its upper side. The under
gide of the frame is faced with a plate of steel,
where it rests upon the spring. The construction
of this truck does not admit of any one of the
wheels rising without raising the whole frame.
Norris, and some other makers, however, make
the action of the truck wheels independent of
each other, by making what is called a live truck
frame. In this frame the spring, instead of rest-
ing directly on the frame, rests on the bearing by
a pintal passing through the frame. Any shock
of the forward wheel is thus divided, and partly
transmitted through the spring to the hind wheel.
The Lowell Machine Shop use a truck frame, with
outside bearings, on one of their patterns.

The bearings of the truck axles are from 8} to
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8§ inches in diameter, and 5} inches long. The
bearings of the driving axle are from 6 to 7 inches
in diameter and 6 inches long. The crank wrists
are of the same diameter as the bearings, and
are 8} to 4 inches wide. The cheeks of the
cranks are 5 inches thick.

The pintal bushing for the truck is of cast
iron, and is riveted between the plates forming
the truck frame. The pintal is secured to the
toiler behind the cylinders, or is made fast to
the cylinders themselves, by being passed through
the flanges connecting them together, and se-
cured by a shoulder below and a nut above. The
pintal is about 5 inches in diameter.

There should be a slide and wedge between the
footboard and tender, to prevent jarring and jolt-
ing. This wedge is drawn up in the slide by a
screw and nut. '

There is generally a rail, or outside frame, as
it is sometimes termed, outside of the wheels.
This outside frame makes a convenient support
for the pump, and serves to make a walk or bal-
cony by which to go to the forward end of the
engine when it is running. This outside frame,
if mounted with jaws and springs, might give
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additional support for the driving axle, and would
assist the strength of the inside frame. The
eccentrics could be placed outside the wheels,
and wrought iron cranks would be keyed to the
axle outside of the frame, to connect the drivers.
There is no great practical difficulty, in our
opinion, in keeping four bearings in line on the
same axle.

It appears to us that a very light and strong
tender frame could be made of flat bars 3} by 1} .
inches, and which would cost no more than our
present heavily timbered wooden ones.



SECTION VI.

DETAILS OF THE LOCOMOTIVE ENGINE CONTINUED.
—OF THE PISTONS, JLIDES, CONNECTING RODS,
VALVE MOTION, AND PUMPS.

TaE pistons generally have two outside rings,
while some makers, as Norris and others, use
three. These rings are sometimes of cast iron,
and sometimes of composition. The piston rings
used on the Boston and Maine road are made
from a composition of 80 parts copper and 20
parts tin. The outside rings are sometimes cut
in four pieces, and are sometimes cut open only
on one side. Cast iron rings, if not set out too
tight against the Inside «f the cylinder, may be
regarded as not only cheaper, but better than
compdsition rings. And rings simply cut open,
are better, for most reasons, than those which
are cut in three or four pieces. The cover is
usually secured to the body of the piston by four
screws. The following are the dimensions of
Hinkley’s 15-inch pistons on the Maine road, and

78
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having the kind of packing-rings described as
used by that road. Diam. of follower or cover,
141} in.; diam. of outside rings, before cutting
open, 154 in.; thickness of piston, 4§ in.; thick-
ness of follower, # in.; thickness of outside rings,
$ in; depth of do., 1% in.; inside ring of cast
iron, § thick. Four screws to secure cover, each
one inch in diameter, 3 in. under head, and
having heads 1} in. square. Each screw is 5§ in.
from centre of piston. Four springs to set out
packing, each 6 in. long, 8 in. wide, 4 in. thick
at thickest part, and having a bend or deflection
of § in. Screws to set out packing, § in. diam.
Key to secure piston rod, 1§ by {3. Thickness
of iron around rod, 1§ in.; diam. of hody of iron
penetrated by screws to secure cover, is 2 in., and
is connected to the hub of the piston head by a
bridge of iron  in. thick.

Winans’s 17-inch piston has six screws to secure
the cover, and each spring which is set out by the
packing screws, presses at each end against the
centre of a smaller spring, thus making 24 bear-
ings against the packing rings.

All this is unnecessary, and makes the springs
liable to derangement. Norris’s springs are 9
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inches long, there being three in his 14-inch
piston.

The best slides are undoubtedly the flat slides
first used in the old Locks and Canals Co.’s en-
gines. These are now used by Rogers and others.
The simplest and cheapest form of slide is the
round slide used by Norris, and until recently by
Hinkley. The length of cross-head bearing on
the slides is generally 10 or 12 inches. The
diameter of the round slides is 2} inches. One
end of the slides is attached to lugs on the cylin-
der cover, the other to a wrought iron loop sup-
ported by a cross girt under the boiler.

The connecting rods have oval or octagonal
boxes on the outward sides of the bearings, and
square boxes on the inner sides, or where they
abut against the end of the rod. The straps are
generally 1 in. to 1} in. thick, and in width 2} in.
at the crank end, and 2} in. at the cross-head
end. The straps are secured by two § in. bolts
to each, and the boxes are set up by a key gene-
rally 1§ and # inch wide and § thick at the crank
end, and by a somewhat smaller key at the cross-
head end. The most recent method of securing
the key in its place is to have its smaller end
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pass through a piece of iron, on the outside of
the strap, and an inch thick; this piece being
secured to the strap by one of the bolts already
noticed. A set screw in this piece pinches the
end of the key, while another screw at the centre
of the flat face of the rod is turned against the
key at that point. The rod is generally not far
from six feet between the centres, and is nearly
or quite 3 inches in diameter at the centre. The
cross-head bearing, when of cast iron, is 2§ inches
in diameter,

As the boxes in the connecting rod become
worn, the setting them up by the keys tends to
lengthen the rod, as the outside boxes retain
their places, while the inside boxes are moved
outward. In the main connecting rod this is no
great evil, as there is generally sufficient allow-
ance at the end of the cylinder for the piston to
work up a little without hitting the head; and for
this purpose there should be more clearance given
at the forward end of the cylinder than at the
hind end; say, on a new engine, } in. allowance
at the hind end, and nearly % inch on the forward
end. On the rods, however, to connect the
drivers together, it is essential that the ¢riginal
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length of the rod be constantly preserved; and
to do this, the key at one end of the rod presses
the inner box outward, while the other key, being:
outside the box at that end of the rod, presses the
outer box inward. On Winans’s and on Perkins’s
engines, having four pairs of wheels to connect,
the bearing is bored out of the end of the rod, a
tight bushing inserted, and no keys used.

The valve motion generally used is the indirect
attachment of the eccentric, through the rocker
shaft. In ordinary inside cylinder engines, a
shaft 14 inches in diameter is secured by stands
to the cross girt supporting the slides. On this
shaft there are two wrought iron tubes or shells,
one for receiving and communicating the motion
for each valve. The thickness of these tubes is
$ inch. The rocker arms which support the
hooks are 6% inches between the centres, their
hubs § to # inch thick, and the arms are # inch
thick. The pins or bolts which support the hooks
have thimbles 1} in. diameter, and % in. thick,
The rocker shaft, tubes, arms, and thimbles, are
all of wrought iron. (In some instances cast iron
tubes, with the arms cast therewith, have been
used, and when working on a wrought iron shaft,
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have less friction than the wrought iron tubes.
The Taunton Co. have used cast iron rocker tubes
on upwards of sixty engines, without breakage.) .
The pin for the valve stem is turned with a shoul-
der, and is passed through the end of the upper
arm, and secured by a nut on the back side of
same. The thickness of the upper arm is 1} to
to 1} inches, and is of the same length as the
lower arm. The arms on the rocker shaft, which
receive the motion of the hand hooks, are 10
inches between the centres. The object of the
hand hooks is to catch the eccentric hooks when
the engine is reversed, and also to assist in start-
ing in difficult situations, as in a drift of snow.
The inside of the eccentric hooks, where they
wear on the thimbles of the rocker arms, are
faced with a wedge or dowel of hardened steel.
The eccentric rods are 1} to 13 inches in diame-
ter, and have right and left nuts to adjust their
length. The end of the rod is secured to the
‘brass hoop or eccentric band by bolts, or by be-
ing passed through a hub formed on same, with
nuts and check nuts on each side. The eccentric
band is 1} inches thick, and is lined with Babbitt
metal. The eccentrics generally have three inches
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throw, and, in inside cylinder engines, must be
cast in two pieces to allow of their being placed
between the cranks. The eccentrics are secured
to the axle by set screws turned at their ends to
a blunt point, and entering the axle. This is to
give a chance for altering the lead of the valve
when required, which could not be so readily done
were the eccentrics keyed to the axle. It is for
this reason, also, that the eccentrics are gene-
rally cast separately, although some engines have
the four eccentrics for forward and backward
motion for each valve cast in ome piece, or at
least in two pieces, to put together around the
axle. The strap under the hook is } to § thick,
and long enough that the hook may traverse,
when thrown out, in either direction, without
striking the thimble in the rocker arms. The
cams for raising the hooks are of cast iron, and
have a throw of two inches or more. These cams
are secured to a wrought iron shaft 1} to 1§
inches in diameter, having a pinion of 12 or 14
teeth on one end and turned by a segment, which
is worked by the reversing lever on the footboard.

The expansion valve is worked through the
medium of a separate rocker shaft, having also a




THE . LOCOMOTIVE ENGINE. ‘85

cam shaft, with reversing rod to work the same.
As this cam shaft requires to be turned but one
quarter around, a simple arm attached to it is all
that is necessary. »

The hooks are sometimes formed with V-shaped
openings, in order that they may readily catch
the pins when reversed. '

This general arrangement of operating the
valve has been recently superseded in a measure
by the introduction of Stephenson’s link motion,
although the old establishments still adhere to
the use of the rocker shaft. An open curved
link is attached at one extremity to the forward
rod, and at the other to the backing rod from the
eccentrics. A block attached to the valve stem
is made to fit this link, while the link can be
raised or lowered so as to bring this block within
_the action of either rod. By this method, when-
ever the engine is reversed, the ports are ready
to take steam, as the act of raising or lowering
the link moves the valve to its proper position on
the face of the cylinder. As this method of
working the valve admits of giving it a variable
throw, advantage is sometimes taken of this cir-

cumstance to work expansively. Indeed, it was
8
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for this purpose that Stephenson first secured a
patent (in England) for its use. The valve, how-
ever, should generally have a determinate throw,
depending on the size of the ports which it co-
vers; and any increase or diminution of this
throw is attended with a choking of the induction
and eduction of the steam. This result may be .
made evident by making a section of the steam
ports on the side of a small piece of board having
its edges straight, and making a section of the
valve on another straight piece of wood. If the
edges of these boards are applied to each other,
it will be seen that any other travel than between
2} and 3% inches, would not readily allow of the
proper passage of the steam. The travel of the
valve, for this reason, is generally fixed at 8
inches.

A modification of the link motion, without alter-
ing, however, its essential features, was devised
by Sharp, Brothers & Co., of Manchester, Eng-
land, and applied to the goods engines constructed
by them for the Great Western Line. The link
was curved the opposite way to Stephenson’s, his
link being described from the centre of the axle,
and was suspended by a straight link to the boiler
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or frame. The eccentric rods thus retaining one
position, the block was attached to the valve stem
by a jointed arm, and was raised or lowered by a
lever for that purpose. There are more joints
about this arrangement than in Stephenson’s, and
its only merit above Stephenson’s is, that the
jointed valve stem may be raised with less power
than the whole weight of the eccentric rods and
links. The use of this motion for obtaining a
variable expansion is of course liable to the same
objections as Stephenson’s.

A form of variable cut-off, introduced by Horace
Gray, Esq., of Boston, upon the Fitchburg, New
York and Erie, and other roads, consists in an
open curved link formed as an arm on the upper
side of the cut-off rocker shaft. The cut-off valve
rod being jointed near the stuffing-box, and at-
tached to a block in this link, can be raised or
lowered to acquire any throw within the limits
of motion of the block. By this method a va-
riable expansion is obtained without affecting the
induction or eduction of steam in the cylinder.

To set the valves of a locomotive, the piston is
brought to the end of its stroke, the valve is
placed over the ports so as to have the desired
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Jead or advance on the piston; the eccentric rods
are then adjusted to such a-length as to allow
the hooks to catch the pins, the valve retaining
the ‘position previously given. The engine is
now moved either forward or backward, as may
be convenient, until the piston is brought to the
-other extreme of its stroke; and if the valve has
the same -advance on the second port as on the
first, it is properly set. If, however, the lead is
.more or less than that given to the first- port to
which the valve was set, the eccentrics require to
be turned in the proper direction on the axle,
and to such an extent as to give the desired lead.
Before turning the eccentrics, the eccentric rod
must be lengthened or shortened, as the case may
require, so as to divide the difference of lead on
the two ports, in order that it may be equal on
each. A proper adjustment of the length of the
rods makes the lead equal on each extreme of the
stroke, while the position given to the eccentrics
determines the amount of lead.

The eccentrics may be properly fixed to tne
crank axle, when it is detached from the wheels
and from the engine. :

Find the point a on the side of the axle, and in

4
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Oylinder side.

the horizontal line A B, connecting the centres
of the crank. Then take a piece of tin or sheet
iron and describe on it the circle @ m n p, of the
size of the axle; from the same centre describe
a circle equal to the throw of the valve. Then,
if the valve has an indirect attachment, as in
case of the rocker shaft, lay off on the cylinder
side of the axle, the crank being turned that way,
a distance k ! equal to the sum of the lap and

lead at one end of the valve; draw ¢ d through
8®
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the point %, and perpendicular to the line 4 B.
Through the points e and f, where this line inter-
sects the circle described by the throw of the
eccentric, draw the diagonal lines I ¢ and [ s,
passing through the points ¢ and f and the centre
of the axle. The points ¢’ and f7, at which these
diagonals intersect the circumference of the axle,
may be transferred by the compasses to the axle
from the point a, already found on its side. The
extremity of the line dividing the forward eccen-
_tric in two equal parts, will fall on ¢/, and the
line dividing the backward eccentric will fall on
S, as will be seen by the diagram.

In setting valves with direct attachment, the
-distance k [ is applied to the other side of the
centre of the axle, and the diagonal lines tend
the other way.

We have already explained the nature of lead,
and we should perhaps have explained the term
lap before entering upon the foregoing instruc-
tions for setting valves. When the valve is in
the middle of its travel or motion on the face of
the cylinder, the distance which it laps at each
end over the induction ports, is called the lap of
the valve. The effect of this lap is to shut off.
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the steam before the piston has completed its
stroke, and the lap valve thus acts as an expan-
gion valve, to a greater or less extent as the lap
is more or less considerable. Indeed, the main
difficulty in the use of a lap valve for a cut-off is
that of starting, especially with a heavy load or
cn a bad grade. Engines having no separate
cut-off valves usually have as much lap to the
valves as will admit the steam to the cylinders
without serious difficulty in starting. The effect
of combined lead and lap, when restricted within
proper limits, is to augment the speed of the
engine; the lead, by assisting the change in the
motion of the piston so as to lose no time, and
the lap to act as a cut-off valve, to derive the
benefits resulting from an expansion of the steam.
These benefits, as we shall hereafter demonstrate,
consist in being able to do more work with the
same steam, from which result a considerable
economy in fuel, and a diminution in the water
carried in the boiler.

The pumps of an engine are either attached
directly to the cross-head, and have the same
stroke as the piston, or they are worked by the
same through a lever proportioned sc as to give
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the pump plunger one-half or one-third the stroke
of the piston. Many recent engines, however,
including Hinkley’s patterns, have an arm at-
tached to the outside crank pin, which communi-
cates motion to the hind pair of drivers, the end
of this arm being brought up to within 8 inches
from the centre of the wheel, and working the
pump plunger, giving it a stroke of T} inches.
The pumps, when this connection is used, are
placed at the hind end of the outside framing,
and beneath the footboard. The feed water en-
ters the boiler on the side of the fire-box at a
point about as high as the lower row of tubes
Some contend that the feed water should be
injected at the bottom of the water space about
the fire-box, or at the smoke-box end of the
boiler, in order that the cooling effects of the
water may not act directly upon the tube sheets,
and, by alternately contracting and expanding
them, cause the tubes to leak.

Pumps having one-half or one-third stroke are
generally better for engines running quick, than
full stroke pumps, as the barrel of the pump is
more sure to fill, while the wear of the valves is
not so perceptible.
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The pumps on all recent engines are provided
with air vessels of iron or brass. The form of
cup valve working in a brass cage, used by
Souther, appears to us the simplest form of
valve which can be devised. It requires much
less fitting than any other form of valve which
we remember to have seen.

The joints between the pump and the suction
and air chambers, and the joint in the check
valve chamber, are usually ground joints of cast
iron. These, however, when long in use, fre-
quently become leaky, as a cast iron joint about
a pump, or in any place where the water has
access to it, is found not to hold its face well:
If a composition ring be placed inside the valve
chamber, to make a joint upon, the iron with
which it is in contact becomes subject to a pecu-
liar oxidation, arising from a kind of galvanic
action with the composition ring. The iron about
this ring often becomes eat full of small holes:
To remedy this evil, the pumps of Souther’s en-
gines have rings of a composition cast inside the
valve chambers, and in every situation about the
pump where a ground joint is required. These
rings are first cast by themselves, and their com-
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position 18 so proportioned that when placed in
the mould of the valve chambers, and having the
‘melted iron poured around them, the iron just
melts the surface of the ring, and thereby be-
comes firmly cast with it, so that water, which is
necessary for the galvanic action described, can-
not enter between them. We regard this as a
very excellent plan, as it saves much expense in
keeping the pumps in order, and makes no mate-
rial difference in the first cost of the pump.

The keys to tighten the bearings about an en-
gine should not have too much taper, as there is
danger of their becoming set so tight as to cause
the melting of the Babbitt lining of the boxes.
When much tapered, they are also liable to work
out, but this does not prevent them from being
set 80 tight as to create the mischief referred to.
All the bolts should be turned and fitted, and for
such as pass through the straps of the connecting
rods, and other parts in motion, check nuts are
required. The thread of the screws should not
- be too coarse, as in that case the nuts are apt to
work off; while if too fine, the thread is liable to
strip. A thread of eleven to the inch appears to
answer very well for the medium-sized bolts.
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Such rubbing surfaces about an engine as are
liable to become rapidly worn, require a lining
of the composition usually named Babbitt metal,
from the inventor, Mr. Isaac Babbitt, of Boston.
A space is left around the inside of the shell of
the bearing, which is filled with this composition,
there being ledges around the sides of the shell
to keep the soft metal from coming out. A com-
mon proportion for the ingredients of this compo-
sition is twenty parts tin, two of antimony, and
one of copper.

There should always be oil cups on the cross-
heads, and means must be found to oil every rub-
bing surface about the engine.

There should be a little chance for end play on
the pins for the conmnecting rod to connect the
drivers, and also on the pins for the pump rod.
This play on the connecting rod may amount to }
inch, and is necessary to allow the wheels to ride
freely around a curve.

We shall have occasion to mention two or three
particular patterns of engines, and in so doing
shall notice some peculiar arrangements in the
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various parts of their moving machinery, differing
from what we have described. A disposition is
constantly shown among makers for improve-
ments, and new applications possessing their
peculiar advantages and disadvantages are con-
stantly appearing. Our most recent engines pos-
sess many decided improvements over those con-
structed but a very few years ago.



SECTION VIL
REMARKS ON THE MANAGEMENT OF ENGINES.

A WELL-BUILT engine, having its parts easily
accessible, and possessing good qualities for the
production of steam, may, with careful manage-
ment, be made to run for a long time with but
little expense for repairs. The points to which
the careful engineman directs his attention are
the manner of firing, the supply of feed water,
the proper adaptation of the production of steam
to the features of the road, and various other
particulars of a like nature, which are necessary
for the proper performance of a locomotive. It
is, of course, necessary to fire up oftener when
the engine is performing hard work than when
the load is light. The fire should be maintained
at a proper point to make sufficient steam, and
should not be suffered to get so low as to affect
the pressure in the boiler. It is an object, how-

over, in approaching a terminal station, to have
0 o7
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barely sufficient fire to reach the engine house.
The supply of feed water to the boiler is regu-
lated very much by local circumstances on the
‘road. In ascending grades, the injection of cold
water would check the formation of steam, and it
is' therefore necessary to have a good supply of
water in the boiler before reaching the foot of an
unfavourable grade. On long levels and on de-
scending grades, one pump may be kept working
to nearly its full extent. It is seldom that both
pumps require to be at work at the same time.
There should also be plenty of water in the boiler
before reaching either roadside or terminal sta-
tions. The fire door should be kept open as
little as possible, as the entrance of the cold air
through it contracts the tube sheets, and is some-
times the cause of their leaking.

If an engine has a variable exhaust, it is a
good plan to open it to nearly its full extent,
when firing, and to immediately contract it very
much, so as to recover the fire quickly. The
cylinders and valves require to be oiled at every
fifteen or twenty miles of the journey. Melted
tallow is used for this purpose. If the ports of
the throttle valve are of the same area as the
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steam pipe, it is found best to keep the throttle
partly closed, as when the pressure in the steam
is rather less than in the boilers the engine is not
so liable to prime. The proper opening for the
throttle of any engine- can soon be determined
from observation.

In going through covered bridges and station
houses, enginemen are generally cautioned to
shut their dampers, and to otherwise check the
draft of their engines, so as to guard against
fire.

The boiler requires to be blown off at intervals
of a week or more. The times at which this
operation should be performed will depend very
much on the purity of the water used. When a
scale deposits on the tubes, and on the internal
shell of the boiler, a double handful of mahogany
sawdust thrown in at the safety valve will tend
%o remove it.

There should be as few putty joints about an
tngine as possible; but where there are any
joints requiring packing, putty seems to answer
better than India-rubber. It should be mixed to
have a very firm and even consistency, which end
‘s best attained by mixing the red and white
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lead of which it is composed by beating with a
heavy hand-hammer.

The hemp for packing the piston rods, valve
stems, and pump plungers, should be soaked in
warm water before using. Some engineers soak
it in melted tallow, but this appears to rot it.
Hemp simply soaked in warm water will be found

" strong after two months’ use. Good hemp is to
be preferred to India-rubber for stuffing boxes.

The frequent use of the sand-box on freight
engines has the effect of rapidly wearing out the
tires of the wheels. Its use should therefore
be restricted to cases where it cannot be dis-
pensed with. )

In repainting the wood work about an engine,
the best way of cleaning the work from grease
and dirt is to wet it with spirits of turpentine on
a handful of waste. The steam chimneys are
best polished with rotten-stone, used with oil on
a woollen cloth. :

Every engineman should know whether the
spring balances of his safety valves are correctly
marked. To test the balances themselves, they
can be attached to a balance known to be correct,
and if the weight indicated on each balance is the
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some, the spring of your engine balance is cor-
rect. If you wish to find whether the spring
balanoe is correctly marked,—say, for instance,
to a pressure of 90 lbs. to the inch,—find in the
first place the diameter of the valve seat, or
smallest diameter of the valve, and find its cor-
responding area in square inches. Multiply this
area by 90, and you have the entire pressure
against the whole valve. Now from this pressure
deduct the weight of the safety-valve lever, with
the spring balance attached and disconnected
from the boiler, the lever being weighed at a
point directly over the centre of the safety valve.
What remains is the pressure against the valve,
which is to be overcome by the tension of the
spring balance, unaided by its weight. Multiply
this pressure by the distance in inches from the
centre of the joint pin or fulcrum to the centre
of the valve pin, and divide the product by the
distance from the joint pin to the centre of the
spring balance. This quotient shows the tension
of the spring balance requisite to overcome a
pressure of 90 lbs. per square inch against the
valve. Suppose this quotient to be 81, for in-
itance ; then, in re-marking the spring balance,
9e
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the point showing 90 1bs. per inch should be at
81, as originally marked by the maker of the
spring balance on his scale. If the original
marks of the spring balance have been covered
or destroyed, then attach a weight equal to the
quotient found in the above calculation, and the
point to which it draws down the gauge or pointer
may be marked, and calculated from as though it
were the original mark.

If the balance be screwed down to any point
supposed to show a certain pressure in the boiler,
a pair of steelyards can be applied to the end of
the safety-valve lever, when the spring balance is
screwed to that pressure and is attached to the
boiler, and the resistance or tension of the ba-
lance, or the weight sufficient to just raise it,
may be noted. This weight may be multiplied
by the distance from the joint pin to the balance,
and the product divided by the distance from the
joint pin to the centre of the valve; the quotient
will be the pressure against the valve, which if
divided by the number of square inches in the
area of the valve, will show the pressure per
inch. This method, it will be seen, gives the
true result also without deducting the weight of
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the lever in the calculation, as its weight is in-
cluded in getting the temsion of the spring
balance.

No careful engineman puts out his fires by
throwing water in the fire-box, except in cases
demanding the immediate withdrawal of the fire.
It is even then better to pull out the grate bars
by a dart, which can be done if the fire-box be
not full of wood, as the injury caused by contract-
ing the tube sheets is irreparable. To reverse
the steam also when the engine is in motion
brings a very powerful strain upon its bearings.
It should never be done, except to prevent col-
lision or running off the track. When, to pre-
vent a collision, it sometimes becomes necessary,
however, to reverse full steam ahead to full steam
back, a difficulty is sometimes found in catching
the hooks. The hand hooks, too, when dropped
on the pins, do not immediately catch, until they
will suddenly become engaged and put the hand
levers in rapid motion, so a8 to become a source
of danger to the engineman. It is best, there-
fore, in reversing in such cases, to place the re-
versing lever first midway, with all the eccentrie
hooks out, when the hand hooks may be at once
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caught and the back hooks immediately thrown
in. We know old engineers who say they always
do this in cases of the most imminent danger;
and on the whole it generally takes less time.
Where an engine has V-hooks, or links, there is
never any difficulty in reversing at once.

In removing and replacing the steam-chest and
cylinder covers, care should be taken that no one
screw which secures them shall be up to a tight
bearing when the others are loose. In putting
them on, the nuts should be turned loosely up all
around, and then gradually tightened. Unless
these precautions are observed there is danger
of cracking the covers.

There are very few roads where any account is
kept of the work performed by their locomotives,
so as to show the comparative power of each
engine on the road. Every new engine is, to a
certain extent, an experiment, and its perform-
ance will very much depend on some of the
details observed in its construction. An engine-
man knowing the features of the road over which
he runs—as the radii of the curves, length and
height of grades, &c.—may keep a very useful
and interesting abstract of the load drawn, or
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speed attained, together with the consumption
of fuel, oil, &c., on some of the trips performed
by the machine in his charge. These particulars
are practically useful, inasmuch as they show
what may be expected of a locomotive under
ordinary circumstances; and they also facilitate
comparisons of the different patterns of engines.
Some of the roads running out of Boston keep a
monthly list posted in their engine houses, of the
number of miles run by each of their engines,
together with the amount of oil and waste used
for the same time. '

The following is an estimate which has been
furnished us of the expenses for running a first-
class passenger engine, 100 miles a day for one
year :—

Wages of Engineman . $720.00
66 ¢ FiremaN.ccceceee cececsanncocses 860.00
Wood; 4 cords per day, 280 days,

112 conds @ $4.00 per oord } ................. . 5,040.00
0Oil; 280 gallons, @ .80.....cce0eeee s00sesass anesnsssass . 224.00
Waste; 840 1bs. ¢ .02.....cc0ueeee seseee sosesenesssnsn e 16.80
Repairs; 28,000 miles, @ .08....cccceeveernee sosesssnne
Water in Boston........cceueee sennececs voeens sonves o
Water and pumping on road....cccevereeeanees .

Interest on first cost of engine.....cceeeeee sesacserne .

Total.ccressesaessessmessssrssnsassessssasasssse ssasonsas $8:770.80
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This, though but an approximation, serves to
show pretty nearly the general expense of loco-
motive power. ‘

In our railroad reports generally, no mention
is made of the details of the expenditures on
account of the locomotive department; and while
the entire success of the road depends upon the
condition of this branch of its fixture, the sub-
ject is passed without the least notice. = Those
interested in railroad matters may regard the
locomotive of the present day as practically
perfect ; this, however, would be a serious error,
and would very much retard the introduction
of beneficial improvements. On some of the
Southern roads—the Baltimore and Ohio, for
instance—a detailed account is appended to the
superintendent’s yearly report, containing the
number, names, rank, classes, and builders of
all the engines on the road; their performances
for the preceding year in miles run, expense
for repairs on each engine, together with
details of the charges for fuel, wages, oil,
waste, and incidental expenses connected there-
with.
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The Baltimore and Ohio Railroad* is omne of
the largest enterprises of the kind in the country.
Its entire length from Baltimore to Cumberland,
including the branch to the City of Washington,
is 220 miles; and there are by the last returns
sixty-three locomotives on the road. The careful
attention paid to the minutie of the running de-
partment on that road presents a model which
our engineers might well follow.

* This Company are now extending their road to Wheeling,
making the entire road, when finished, 481 miles long. The
difficult passage over the Alleghany Mountains will present
some of the boldest and most striking works of art to be seen
in this country. The new tunnel to pass through the moun-
tain fidge will be one mile and one quarter long. Several
iron bridges of 180 feet span; also stone masonry bridges of
that span will be erected to oarry the line across the nume-
rous mountain streams. This extension will greatly increase
the already immense traffic now finding its channel in the
Baltimore and Ohio Road.



SECTION VIIL
VARIOUS PATTERNS OF LOCOMOTIVES.

THE most recent patterns of passenger engines
bave 15-inch inside cylinders, four 5-feet or 5
3-feet drivers, and a truck frame. This general
arrangement is seldom modified to any material
extent, although the diameter of cylinder is made
by Norris 13 inches, and in some instances, by
other makers, 16 inches. The use of two pairs
‘of drivers is necessary to obtain sufficient adhe-
sion to the rails, although an engine having but
one pair of drivers runs much easier, and is to be
preferred for special trains of a few cars, and
running only for short distances over a nearly
level track.

For freight transportation the cylinder is gene-
rally 16 to 18 inches in diameter, and the driving
wheels from 42 to 54 inches in diameter. Hink-
ley and Norris have each patterns of ten-wheel
engines, with six drivers connected, and Winans’s
freight engines have eight wheels connected and

supporting the entire weight of the engine.
108
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Within a year or two there have been con-
structed several engines in various parts of the
country, of novel and peculiar design. The
chief feature, however, in these engines has been
an increase in the size of the driving wheels.
Among these engines was one built by Edward S.
Norris, of Schenectady, N. Y., for the Utica
and Schenectady Railroad, of the following di-
mensions :

Sixteen-inch cylinder, 22-inch stroke; boiler
42 inches in diameter ; 116 two-inch tubes, 10 ft.
8 in. long; grate about 14 square feet; one pair
of wrought iron driving wheels behind the fire-
box, and 7 feet in diameter; one pair of wrought
iron bearing wheels just forward of the fire-box,
and 4 feet in diameter, and a truck frame be-
neath the smoke-box of four 8i-feet wrought iron
wheels. The cylinders are outside, and are
placed in a horizontal position midway between
the fire and smoke boxes. A large dome, at a
corresponding point on the top of the boiler,
supplies steam to the cylinders through pipes
running down outside the boiler to the steam
chests. The valve motion is the modified form

of Stephenson’s link motion, on which we have
10
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rcmarked on a preceding page. The frame of
the engine is below the axle of the driving
wheels, and above that of the 4-feet bearing
wheels, the jaws for the bearings of the driving
axle being formed on the upper side of the
frame. There is also an outside frame having
a floating bearing for the end of the driving
axle, the crank and eccentrics being between this
bearing and the wheel.

The performance of this engine is represented
as being remarkably good."

The coal-burning engine built by Ross Winans,
of Baltimore, and placed by him for trial on the
Boston and Maine Railroad, had 17-inch outside
cylinders laid horizontally, 22-inch stroke, and
eight drivers, having chilled rims 43 inches in
diameter, all the drivers being placed between
the fire and smoke boxes. The connecting rod
is applied to the third pair of wheels from the
smoke-box. The distance between the centres
of the extreme axle is 11 ft. 3 in.; between the
centres of the cylinders, 6 ft. 5 in. The boiler
shell is made of % iron, and measures, in its
smallest inside diameter, 41 inches. There are
101 two-and-one-half-inch, and 2 two-inch wrought
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iron tubes, 13 feet in length. The upper row of
tubes is nearly up to the top of the cylinder part
of the boiler, the water-level being in the dome
above the waist of the boiler. The dome is
formed a little forward of the middle point of
the boiler, having the same diameter, and rising
51 inches above it. There is a step on the back
side of the fire-box, making the length of the
grate 14 inches more than the length of the
crown sheet. The fire box is of §-inch copper,
with the exception of the tube sheet, which is of
3-inch iron. Length of grate, 56} in.; at crown
sheet, 42} in.; mean breadth of grate, 42} in.;
at centre of boiler or middle row of tubes, 39}
in. ; all inside measures. The whole depth from
the crown sheet to grate is 51} inches. The
grate bars are very heavy, and are cast but two
together. Their ends come through the bottom
of the fire-box, on the back side, and have round
holes through which to put a bar to stir them
occasionally, in order to loosen the cinders and
melted coal. The exhaust from both cylinders
comes through a cast iron box or blast pipe
having movable sides, so that the aperture at its
mouth may be varied from 3} to 10 square
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inches. There is a pipe about 9 inches in di-
ameter, passing up through the smoke-box, from
the bottom to the top, and entering the chimney,
leaving a few inches all around it for the smoke
to rise through. The exhaust enters this pipe at
its bottom, and the partial vacuum created by its
action supplies the blast, as in ordinary locomo-
tives. The tube surface of this engine is 860
square feet ; of heating surface in fire-box, 66
square feet; and the area of grate is 16§ square
feet.

Messrs. Slade and Currier, civil engineers,
were commissioned to make experiments with
this engine, in order to institute a comparison
between it and a first-class wood engine, but
more particularly to test its actual value as a
coal-burning engine. The results of their ex-
periments have been published, but they neglect
to state that the ¢« New Hampshire” (the wood
engine) was of a materially different pattern
from the «coaler,” inasmuch as it had six
driving wheels and a truck frame, thereby
losing a considerable per cent. of the adhesion
due to its weight, as compared with the ¢« coaler.”
The dimensions of the «New Hampshire” were
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as follows :—16-inch cylinder, 20-inch stroke;
diameter of drivers, 46 inches; length of tubes,
10 ft. 6 in.; diameter of boiler, 45 inches. This
engine was built by Hinkley & Drury.

The experimental trips were made in the
latter part of January and in the beginning
of February, 1850. The entire distance from
Boston to Great Falls .is given as T4 miles.
There was more or less snow on the track
during the time in which the experiments were
made. The ‘highest grades were about 47 feet
per mile. One point unfavourable for the
«coaler” was the fact that from there being
but about 26 miles of double track, the freight
trains were subject to frequent and protracted
delays, in waiting for passenger trains to pass.
In waiting, the fire in the wood engine could be
suffered to go nearly down, the fire-box being
filled with wood when the train came in sight.
In the coal engine, however, it was necessary
to keep the furnace filled with coal, as, if suffered
to get down, it would take considerable time to
recover the fire.

With the ¢« coaler,” the average of ten trips

showed a consumption of 4786 lbs. anthracite
10%
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coal to evaporate 8512 gallons in going T4
miles; this being 10.31 lbs. coal required to
evaporate one cubic foot of water.

With the wood engine, 3 cords and % of a
foot of wood of various qualities and prices
were used to evaporate 3734 gallons of water.

The cost of carrying 15000 tons one mile with
wood was found tobe . . . . . . $14.04

Witheoal . . . . « « . . . 1270

Favourof coal. . . . . . . $184

The wood engine had a sand-box, and wrought
iron tires; the ¢coaler’” had a sand-box also,
but had chilled wheels.

The ¢«coaler’” took T6 cars, weighing, with
freight, 433 tons, up Ward Hill, in Bradford,
where there is a grade of 47 feet per mile, and
also a very bad reversed curve. In going up the
hill no sand was used, nor did the wheels slip,
except, as the report states, some threé or four
turns where some track repairers had taken off
a hand car and left a little snow on the rails.

The wood engine took 61 cars up the same
hill, weighing, with freight, 391 tons. Sand was
constantly running from the sand-box, except
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when, to ascertain whether the engine was work-
ing up to its full power, the sand was turned off,
when the wheels were found to slip very much.

. The average cost of wood used on the through
trips was $3.63 per cord.

The cost of anthracite coal, per ton of 2240
pounds, was $5.25; § of a ton of coal was found
to be equal in effect for evaporation to one cord
of wood, or $3.28 worth of coal equal to $3.63
worth of wood.

The average speed of the ¢« coaler,” although
having a smaller wheel and a longer stroke, was
found to be {% of a mile per hour greater than
that of the wood engine; their average speeds
being 14 and 147 miles per hour, respectively.
This was probably owing to a loss on the wood
engine by slipping the wheels.

In conclusion, the commissioners express their
opinion that, for running heavy trains, which are
not obliged to wait for any considerable length of
time along the line for other trains to pass, they
believe coal to be every way more economi:al
than wood. They also say that in their re-
marks they would not wish to be considered as
in any way disparaging the «New Hamp-
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?

shire,’
engine.

Winans has an express engine on the Worces-
ter road, having T-feet drivers. In this engine,
however, the proportions of the boiler, &c. are
very much the same as in the freight engine we
have noticed. These seven-feet drivers were
cast with chilled rims, and were of an extremely
light pattern; in fact, they became broken before
they had been used two months. There were two
small steam cylinders placed on the sides of the
boiler over the bearings of the driving axle, by
which the weight on the drivers could be varied
from three to twelve and a half tons. But when
under their utmost adhesion, the drivers were
found to slip very much.

Many attempts have been made to burn an-
thracite coal effectually and economically. Wi-
nans’s engines appear the best adapted for the
use of this kind of fuel of any yet constructed.
We regard, however, a very large extent of grate
with a moderate depth of coal as still more likely
to attain to superior results. For a 1T-inch
cylinder, let the grate be 6 feet by 3} feet, the
depth of fire-box being 3 feet, and having two or

‘a8 they consider that a first-class wood
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three water bridges 4 inches in thickness tra-
versing its entire length. We are of opinion
that anthracite might be burned in such a fire-
box with increased effect in the production of
steam, and with a diminished waste in the metal
of the fire-box and grate bars. With such a
furnace, a pair of small wheels would be neces-
sary to support the hind end of it.

The difficulties encountered in the use of hard
coal arise chiefly from the intense and concen-
trated heat involved in its combustion, thereby
destroying the grate bars and scaling the inside
of the fire-box. This rapid burning out of the
grate has led to leaving off the ash pan on the
coal engines on some of the Pennsylvania roads,
which appears to remove to some extent the
destructive results attending the use of the coal.
The ashes and cinders falling upon the track,
if they do not tmmediately cause a fire,—which
must be guarded against,—soon form an im-
penetrable crust along the entire line, which
removes all further danger from that source.
This, though it may appear somewhat improbable
at the first view, accords with the experience of
the roads where it has been tried. Much diff
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culty has been met in the use of copper tubes,
a8 the action of the coal, from being projected in
small pieces by the blast, was found to cut them
away near their mouths. This difficulty sug-
gested the use of wrought iron tubes, which,
however, require much caution in setting them,
as the increased force necessary to head up
their ends is apt to spring or bend the tube
sheet. A method has been practised with much
success on the Pennsylvania roads, which is to
turn off an inch or more of the end of the
wrought iron tube in the form of the frustum
of a cone, thereby reducing its thickness one
half at its extreme end. The tube is then placed
through the tube sheet, and a thin thimble of
copper, an inch in length, and previously turned
off in the same manner as the tubes, is driven
into the mouth of the tube, with its sharpest
edge foremost. After being driven as far as it
will go, the thick edge projecting outward is
turned over and headed in the usual manner.

The creation of sufficient blast by the action
of the exhaust steam has also been attended
with some difficulty. Anthracite requires for
its proper combustion a very steady and quite
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powerful blast, which the intermittent and fitful
action of the blast pipe of a locomotive fails of
producing. It has been attempted by many ar-
rangements, however, to render this kind of blast
regular, and capable of giving the required in-
tensity to the fire.- '

The pipe described as passing up through the
smoke-box of Winans’s engine, has this result
for its object. Although the steam enters the
bottom of this pipe by sudden and violent im-
pulses, the pipe must be filled with steam, which
will issue in a very regular manner from the top
of it, where its action is first employed in causing
8 draft through the tubes. It has also been tried
to obtain a regular blast by letting the exhaust
steam into a receiver or box a foot in diameter
and a foot high, this box being in the middle of
the smoke-box. Eighteen one-inch tubes in the
top of this box afforded exit for the steam. This
plan, however, from the resistance caused by the
steam on the reverse side of the piston (being
solicited to escape through so difficult a passage)
has rendered its operation inefficient.

If future experience determines the exhaust
steam to be insufficient to give a proper blast
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for burning anthracite, it will become necessary
to adopt some of the varieties of bituminous
coals, or a mixture of anthracite and bituminous
coal. We think, however, the exhaust steam will
be found sufficient for burning the former, under
ordinary circumstances, with a large extent of
fire-box surface. ‘

We will now notice a few other patterns of en-
gines from which our remarks on burning coal
have arrested our attention.

The «John Stevens,” by Norris, Brothers, of
Philadelphia, had 18-inch cylinders, 34-inch
stroke, and one pair of eight-feet drivers. This
engine was intended to burn coal. Its operation,
however, was not attended with the anticipated
results.

. 0. W, Bayley, of the Amoskeag Machine Shop,
at Manchester, N. H., has lately built an engine
with 15-inch cylinders, 24-inch stroke, and two
pairs of seven-feet drivers. There were two stout
shafts, resting in bearings beneath the frame, and
between the cylinders and driving axle. Each
of these shafts had two stout arms keyed to it,
the one in a line with the piston rod, to which its
upper extremity was attached by a link; the
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other outside the frame, and which, by the con-
necting rod attached to it, communicated motion

- to the driving wheels. The use of this arrange-

ment was to obtain the supposed advantages of
inside cylinders with an outside connection. If
the proposed object was to reduce the height of
the boiler from the rails by avoiding the use of-
the crank axle, we think it might have been
better attained through the use of outside.
cylinders, placed midway on the boiler, and
connected to the hind pair of drivers. It could
not be supposed that the use of inside cylinders
would contribute to give the engine a steady
motion on the road, so long as the power was
applied outside the wheels. Had the cylinders
been placed as near as they could set to the
forward pair of wheels and clear them, it would
have been merely necessary to let the valve
stems enter the steam chests on the front side.

G. S. Griggs has lately finished an engine for
the Providence road, of the following general
particulars :—14§-inch cylinders; 18-inch stroke; .
about a 44-inch boiler ; 9}-feet tubes; six driving
wheels, supporting the entire weight of the en-

gmne, and being 48 inches in diameter. These
1
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wheels had chilled rims, and were all cast with
flanges. One pair of wheels was behind the
fire-box, and the connecting rod was applied
to the middle pair of wheels. KFrom the centre
of the hind pair of wheels to the centre of the
middle pair, was 5 feet 8 inches; from. the
centre of the middle pair to the centre of the
front pair, was 6 feet 9 inches; making the
entire distance between the extreme axles 12
feet. There was perhaps }inch end play on
the axle of the back pair of wheels, none to
the middle, or crank axle, and about } inch
in the front axle. The engine had inside
cylinders, “inclined so as to allow the cross-
heads to clear the forward axle. There was
an equalizing bar between the middle and hind
pairs of wheels, and an independent spring over
the forward pair.

The performance of this engine in the trans-
portation of freight is mentioned as extremely
good; and it is stated that the engine travels
through a curve with all the facility of an engine
of the usual pattern.

One of Hinkley’s ten wheelers on the Northern
road was altered by taking out the truck frame
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and putting in another pair of drivers. This
could be done only’ by setting the new drivers
- very far forward, and by springing up the
smoke-box end of the engine, as the cylinders
in this pattern, though somewhat inclined, were
not intended to admit another pair of driving
wheels. The distance between the extreme axles
of this engine is 15 ft. 6 in.; the two middle
pairs of wheels have mo flanges, and no end
play was allowed in any of the boxes. The
engine is said to draw a much greater load than
when running with the truck frame, and is also
said to ride as freely around a curve as before
the alteration was made.

We have never believed the use of extra large
wheels on our narrow gauge roads would afford
proper grounds for their gemeral introduction.
The high poiizt at which the power of the steam
must be applied to work a seven or eight feet
wheel, gives the engine greater leverage in its
action on the rails, and consequently involves an
increased expenditure for repairs, both on the
road and on the machine. The use of large
wheels presents a choice of two bad arrange-
ments: the boiler, to get an inside connection,
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must set very high, so as to clear the cranks;
while the only means of reducing the height of
the boiler is to carry the cylinders outside, and.
to subject the whole engine to an injurious and
sometimes dangerous oscillating motion, owing
to the comparatively wide distance between the
points at which the power is applied. Which-
ever plan may be adopted is found to possess
its disadvantages. True, a pair of large drivers
may be placed dehind the fire-box, but ome pair
of wheels, and at that point also, does not give
the engine sufficient adhesion to the rails. -
On the whole, we do not believe the proposed
advantages supposed to result from the use of a
3-feet stroke will ever compensate for the inju-
rious effects of outside cylinders, with large
wheels. The present speed of railroad travelling
is as great as can be economically maintained,
and any attempt to increase it increases in a
higher ratio the expense of repairs and renewals.
In support of our opinion, we can confidently
assert that no instance can be adduced of a
narrow-gauge engine, in this country, having
a wheel larger than six feet, where it has been
thoroughly tested and its use approved of. The
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high speeds attained by 53-feet wheels, with the
express trains on the Worcester road, prove
that a very rapid rate of travelling may be
reached with an ordinary-sized wheel.

Although we regard the only sure means of
running quick to be found in perfecting and
smoothing our roads, reducing the grades,
easing the curves, and laying the road with
more care for smoothness and stability, still
we do not deny that a large wheel would be
better for light express trains, running chiefly
to transmit important despatches; we do not,
however, think the use of such engines would
be advisable in running our regular and heavy
trains. ) '

There are many roads where trains of two
or three cars are run by twenty-two-ton engines.
The injury sustained by the permanent way,
from the continued passage of such unneces-
sarily heavy machines, has drawn a considerable
degree of attention to the subject by practical
railroad men, both in this country and in Europe.
On the Eastern Counties line, in England, a
steam carriage, having engine, tank, and car

on one frame,—the engine having 8 inch cylin-
1 :
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der, 12 inch stroke, 5 feet wheel, and 255
feet heating surface, and the car capable of
seating 84 passengers,—was placed upon a
branch road, and was found to require but
11% 1bs. of coke per mile, against 31} lbs., the
average amount consumed by the heavy engines
before used. The whole carriage, in working
trim, weighed 15 tons 7 cwt.; and with an
additional car,—making accommodation in all
for 150 passengers,—ran at an average rate
of 87 miles per hour. The use of this mode
of traffic, where admissible, is attended with a
great diminution in the working expenses, and
in the repairs of the line where it is employed.

To carry 120 passengers on the present sys-
tem, the weight of engine, 22 tons, tender, wood
and water, 15 tons, baggage car, 8 tons, and 2
passenger cars, 20 tons, must be included. This
gives upward of 1200 lbs. dead weight to each
passenger carried, or a train of 75 tons, at an
average speed of 30 miles per hour.



SECTION IX.

TABLES AND CALCULATIONS RELATIVE IO THE
LOCOMOTIVE.

It is a very useful and interesting mental
exercise to calculate the power, capacity, and
other particulars of a locomotive. By an ac-
quaintance with the expressed values of engines,
deduced from natural principles, or being per-
- haps the results of experimental research, our
minds become habituated to a better conception
of their properties. At the same time, we re-
quire to have the means of knowing the capa-
bilities of any machine in order to direct or
suggest any improvements in its arrangement;
and likewise to know that we are in possession
of all the capabilities in the engine which science
can point out.

We therefore commence this section with a
table which we have computed for the lengths of
stroke and diameters of wheels of our American

engines, and which is intended to express the
127
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speed of the piston compared with that of the
circumference of the driving wheel, the speed
of the latter being taken as 1. The use of this
table we shall immediately proceed to show.

i
=£. Diameter of Drivers.

<
in.
|

16/|-2425
181-2728

ki

j4am. 66 in. | 72 In. mm'sun.

431n.|461n. |48 in. uln.looln.

-2369|-2214|-2122|-1886/-1697(-1548(-1415 -1306/-1213
+2665|-2491|-2387|-2122/-1910{-1736 -159l|’1469 1364
20||-3081|-2961(-2768|-2652-2358|-2122|-1929-1768 -1682/-15616
22|[-8335/-8257|-3045(-2918|-2594|-2834|-2122-1945!-1795|-1668
24 ~3639l -8664(-8821|-83183|-2829|-2646|-2816(-2122,°1969|-1819

Now to calculate the tractive force of a loco-
motive, multiply the sum of the areas of the two
pistons by the effective pressure per square inch,
the effective pressure being understood as the
pressure in the boiler minus the pressure of
steam barely sufficient to keep the engine and
tender by themselves just in motion ;—having
the product so obtained, multiply it still further
by the decimal coefficient corresponding to its
length of stroke and diameter of wheel, as
found in the preceding table: this last product
expresses the tractive force of the engine, in
pounds.
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.To illustrate the meaning of traction, we will
suppose a deep pit to be sunk in the middle of a
level track; let a weight in the bottom of the
pit have a rope attached to it, the rop® passing
over a pulley at .the mouth of the pit, and being
secured at its other end to the draw iron of a
locomotive. The weight which the engine could
raise in this manner, entirely through the ad-
hesion of its drivers, is equal to the tractive
force of the engine.

Ezample.—What is the tractive power of a
locomotive having 17-inch cylinders, 22-inch
stroke, 43-inch wheels, and effective pressure
80 Ibs. per square inch ?

The area of a 17-inch piston is 226-98 square
mches.

The area of two cylinders, therefore, 453-96
square inches. :

And 453.96
80

36316-80 :
-8257 the coefficient of the given wheel
and stroke.
11828.38 lbs., the product, which is the
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traction of the engine. The traction varies,
however, according to the weight of the engine,
for which this calculation does not provide.

The resistance offered by the friction of one
ton on a level railroad is the same as that of
drawing up through the pit a weight of 10
pounds.* That is, 10 lbs. weight attached to
a load of one ton, and passing over a pulley
8o as to act with it full weight on the load,
would keep it in motion. Hence, to find how
many tons the above engine would draw on a
level, divide the traction already found by 10,
the amount of traction necessary to overcome
the friction of one ton on a level, and the
quotient is the desired answer. _

Thus: 10)11828(1182¢ tons drawn by the
17-inch cylinder engine on a level.

Another rule for obtaining the traction of an
engine, and deduced from the above, is to
multiply the effective pressure per square inch
by the square of the diameter of the cylinder,
that product by the length of stroke, and divide

#* On a smooth road, with cars in good condition, the frie-
tion is 8, and sometimes as low as 7 pounds per ton.
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the whole by the diameter of the wheel in inches.
Thus, the above example would become—

289 square of 17-inch cylinder.
80 1lbs. pressure of steam.

23120
- 22 length of stroke.

48)508640(11828 1bs., as before.

The application of this rule, it will be seen,
flues not require the use of the table of decimal
coefficients. '

In going up a grade there is a certain ten-
dency to roll down the hill, occasioned by the
force of gravity. A portion of the tractive
power of the engine is to be expended in over-
coming this tendency of grawity, as well as the
Jfriction of the load.

. To obtain the gravity, in pounds, of one ton
on any grade, multiply 2240, the number of .
pounds in a ton, by the height of the grade,
and divide the product by the length of the
grade. To obtain the gravity of one ton on
a 47-feet grade, (the grade of Ward Hill, in
Bradford, Mass.,) we multiply 2240 by 47, the
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height of the grade, and divide the product by
5280, the number of feet in one mile, or the
length of the grade; the quotient is 19-9 Ibs.,
which is the gravity of one ton on a grade of
that pitch. To this must be added the friction
of one ton, already given as 10 lbs., and the
whole tractive power of the engine is to be
divided by their amount, thus:

29.9)11832(395-7 tons, answer.

A simpler rule, deduced from the above, is to
multiply the height of the grade per mile in
feet, by the decimal 4242, which gives precisely
the same answer. Thus: ' '

47 X 4242 = 199 + Ibs

- N.B.—The weight of the engine and tender
is not included in the above answers.

The friction of the engine and tender absorbs
from 4 to 6 lbs. per square inch on the piston,
and if the engine is not in good order it will take
more.

To find the quantity of water evaporated by an
engine in going a certain distance, we can-multi-
ply the area of the piston by the length of the
stroke, or by that part of the stroke into which
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dense steam is admitted, where a cut-off is vsed ;
this gives the capacity of one cylinder, wiich,
multiplied by four, gives the amount of stvam
used at one revolution. Then divide the dis-
tance of your journey by the circumference of
the wheel, and make a discretionary allowance
for slipping; this gives the number of reve-
lutions made by the drivers in going the given
distance, which, multiplied by the amount of
steam used at one revolution, gives the entire
quantity of steam used in going the entire dis-
tance. The question now arises, what part of
this steam is water; or rather, what amount
of water was required to generate this amount
or volume of steam at the given pressure? We
can ascertain this by reference to the table on
page 21. Suppose the given pressure of steam
was 110 lbs. per square inch; opposite this
pressure in the table is 241, the number of
cubic inches of steam generated under a press-
ure of 110 Ibs. per inch from one cubic inch
of water. Divide, therefore, the whole amount
of steam of 110 Ibs. used in the journey by 241,
and you have the amount of water evaporated to

gencrate that steam.
12
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Ezample.—How many gallons of water would
an engine evaporate in running the distance
from Boston to Lowell, 26 miles, the engine
being of the following dimensions:—15-inch
cylinder, 18-inch stroke, 5-feet wheel, pressure
100 1bs. per inch, and cutting off at half stroke?

176.71 area of 15-inch piston in square inches.
9 = inches of stroke into which dense

———  steam is admitted.
1590-39 amount of steam used by one cyl. at one
4  stroke.

O— ~a——

6361.56 amount of steam used at one revolution.,

Now get the distance in 26 miles by mul-
tiplying by 5280, the number of feet in a mile,
thus :—

5280
26

15-708)137280(8789 revolutions in go-

ing 26 miles, the divisor, 15-708, being the

circumference of the driver in feet and deci-
mals. ' ’

The number of revolutions, 8739, being mul-

tiplied by the quantity of steam used at one
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revolution, 6361.5 cubic inches, the product is
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within the boiler. We will then suppose the
amount of work done or load raised by that
engine to be represented by the number 3
Take then the same cylinder, place the piston at
the end of the stroke, and admit steam by the
valve until the piston has gone through one-third
the distance of the stroke. Now the load raised
by the engine is either the same load as when
full steam was used, but to only onme-third the
distance, or one-third of the former load to the
same distance. In either case, the work done is
represented by one-third the number used to
represent the former load; and that number
being 3, the work done when the piston has gone
through one-third of its stroke is 1. But when
the piston is at that point of its stroke, one-thira
of the length of the cylinder is filled with steam
of the same pressure as in the boiler ; this steam
therefore acts upon the piston, at first with its
full pressure, but as the piston moves along,
thereby increasing the capacity of that end of
the cylinder, the steam expands and presses
with a diminished force, until the piston has
arrived at the extreme of its stroke; when the
steam which was admitted until the piston was at
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one-third stroke has now become expanded into
three times its original volume, and thereby has
only one-third of its original pressure remaining.
But it has pressed upon the piston with a cons
stantly diminishing force during the last two-
thirds of the stroke, and has thereby contributed
to the useful effect of the engine. The steam
originally admitted, after performing an amount
of work represented by the number 1, has per-
formed during the last two-thirds of the stroke a
still further amount of work, which in reality
should be represented by a number a trifle over
1, making the entire useful effect derived from
one-third of a cylinder full of steam, a trifle
more than two-thirds of what it was when a full
cylinder of steam was used. It is evident that
none of this additional useful effect, derived
from the expansive property of steam, could
have been obtained had steam of full pressure
been constantly admitted upon the piston
throughout its whole stroke. Were there suffi-
cient steam in a boiler to fill a given cylinder
12 times full, the pressure in the cylinder
being the same as in the boiler, and the work

performed by using this steam through the whole
12+
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stroke of the piston to be represented by 12, is
follows that by filling only one-third of the
length of the cylinder at each stroke, there
would be sufficient steam for 36 strokes, the
the effect of each being represented by §, and
of the whole, 24, or twice the effect obtained by
using the steam at full stroke. And thus it
appears that although you can never obtain the
full effect of the engine except with full steam,
still, more work can be done by expansion,
when compared with the amount of steam
used. Hence, there is a very great economy
in employing full steam through but a portion
of the stroke, letting the stroke be completed
by the expansion of the steam already in the
cylinder.

Again, this principle of expanding the steam
in the cylinder, while it reduces the quantity
of steam used, has no effect on the production
of steam in the boiler, other than what results
from throwing a surplus pressure, as it accu-
mulates, upon the water-level. By tracing the
practical applications of this advantage, we find
a given boiler may supply a larger cylinder, or a
given cylinder may be supplied by a smaller
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boiler, and do more work than with the original
proportions before expansion. With expansion,
therefore, the same work may be performed with
a reduction in the weight of the engine, which
is a very important advantage. The less the
resistance of the load, the greater may be the
extent to which expansion is - carried in the
cylinder, and for this reason expedients are
sometimes resorted to for adapting the expansion
to the resistance of the train.

‘ Having thus explained the philosophy which
dictates the use of expansion or cut-off valves,
we will give a table by which the effect of the
engine may be estimated for any amount of
expansion. This table is called a table of hyper-
bolic logarithms; and as an explanation of the
manner in which the table is prepared would
encroach upon our limits, and at the same time
be foreign to the character of our work, we will
confine ourselves to the manner of employing
this table for the purpose of calculating the
effect due to the expansion of steam. We will
first present the table.
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TABLE OF HYPERBOLIC LOGARITEMS.
Hyp. Hyp. Hyp. Hyp.
No. Log No. Log. No- | 1o g No. Log.
1-05 | -049 ||2-056]| -718 {|305|1-115 || 4-06| 1-399
11 095 |[2-1 | -742 |81 |1-181 [4-1 | 1-411
1-16 | -140 {|2-16| -7656 |/ 3-156|1-147 ||4-16| 1-423
1-2 ‘182 ||2-2 | -788 |32 |1-163 [[4-2 | 1-43b
126 | -228 ||2-26| -811 || 8-25|1-179 ((4-256| 1-447
1-8 262 || 2-3 833 ||3-8 | 1-194 || 48 | 1-469
1-35 | -800 |(2-85| -854 |/3-35|1-209 ((4-85] 1-470
1-4 386 ||2-4 | -875 (34 |1-224 ||4-4 | 1-482
145 | -872 |(2-45| -896 ||3-45|1-238 |(4-45| 1-498
16 406 || 2:6 | -916 |[8-6 |1-268 ||4-6 | 1-504
1-566 | -488 || 2:66| -986 ({3-66|1-267 ||4-66| 1-:5616
1-6 470 |12-6 | -956 ||3-6 |1-281 ||4-6 | 1-526
166 | -500 || 2:66| -975 |[8-656|1-295 |(4-65| 1-637
1.7 +681 |12-7 | -998 ||8-7 [1-308 ||4-7 | 1-548
176 | -660 ||2-76(1-012 ({8-76|1-822 |(4-75 | 1-668
1-8 -588 (| 2-8 (1-080 |38 [1-335 ||4-8 | 1-569
1-85 | 616 || 2-85|1-047 ({3-85|1-348 [{4-85| 1-679
19 642 (12-9 (1-066 |39 [1-361 ||4-9 | 1-589
1-95 | -668 || 2-95|1-082 || 3-956 | 1-374 || 4-956 | 1.599
2 698 || 3 1-099 || 4 1-886 || 6 1.609

To use this table in estimating the gain by ex-
pansive force :—Divide the whole length of the

stroke by the distance through which the piston

travels before the closing of the cut-off valve;
find in the table the hyperbolic logarithm of the

quotient, add 1 to it, and the amount is the ratio
of uniform and expansive force.
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Ezample.—Let the stroke of a locomotive be
18 inches, and the steam cut off at 12 inches;
what is the ratio of the gain? 18 divided by 12
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the water section in the lower half of the boiler,
gives the entire water section. Now, multiply
this by the length of the cylindrical part of the
boiler ; multiply the width, depth, and thickness
of the water spaces together; make the proper
deduction in the contents of the back water
space for the door, and in the front water space
for the tubes, which pass through it; multiply
the area of the crown sheet by the depth of
water on its surface, and make the proper deduc-
tion for the stay bars ; and the entire contents in
cubic inches, divided by 1728 for cubic feet, or
by 231 for wine gallons, will give a pretty accu-
rate result for the capacity of the boiler.

The steam room of the boiler is calculated
very much in the same way. The steam section
in the cylindrical part of the boiler is obtained
by deducting the water section and tube section
from the boiler’s sectional area, this being mul-
tiplied by the length of the cylindrical part of
the boiler, as for the water content. As the
circle of the outside fire-box is generally a little
larger than that of the boiler, a separate calcu-
lation should be made for this part. The content
of the dome must also be found, and a deduction
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made for the steam pipe. In getting the extent
of heating surface on the tubes, we must calcu-
late it from the outer circumference of the
tubes; for, although the fire is only in contact
with their inner circumferences, the whole thick-
ness of the tube becomes heated, so that the
outer circumference has the same temperature to
heat the water as the inner circumference re-
ceives from the fire. The English engineers
reckon the tube surface of a locomotive as but
one-third as effective as the fire-box surface ; so
that an engine with 54 square feet of fire-box
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back, sides, and top of the fire-box as heating
surface, but we should suppose that a man having
woodland, pasturage, and mowing land, might
with as much propriety give the size of his
mowing fields for the size of his farm.

The surface of the grate is of course simply
the length and breadth multiplied together.

We have already given the manner of cal-
culating the ratios of the safety-valve levers,
on page 101.

There can properly be no such expression as
the horse power of a locomotive. The difference
between a stationary and a locomotive engine is
such that while the former raises a load, or over-
comes any directly opposing resistance, with an
effect due to its capacity of cylinder, the load
of the locomotive is drawn, and its resistance
must be adapted to the simple adhesion of the
engine, and which may be varied even as the
rims of the wheels are of wrought or cast irom,
a8 the rails are in good or bad order, as the
grades of the track, the speed of the engine,
and various unsettled circumstances which cannot
well be resolved so as to give an expression of the
power of the locomotive in the term horses’ power
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Stationary steam engines are applied to a vast
variety of purposes, but locomotives are only
required for one kind of work. A cotton manu-
facturer negotiating for a steam engine, would
not care to know how many feet of lumber were
sawed, nor how many bushels of grain were
ground by a certain sized engine; nor would a
miller wish to know the power of an engine for
spinning cotton or weaving cloth. "The standard
of a horse power serves as a standard of com-
parison, and its utility as a unit of reference is
not impaired whether it represent the actual
power of one horse or three, so long as the
standard is universal. But as the work of &
Jocomotive is ‘all of one character, it becomes
an object to know the actual power of an engine
in drawing freight or passengers, in preference to
referring it to any doubtful standard, not ex-
vressing its capdbilities. - This we have illus-
trated at the commencement of this section; but
for the assistance of such as may have occasion
to estimate the horses’ power of a stationary, or
even a locomotive engine, we will give the usual
rule. It.is as follows:—Multiply the area of

the piston, the pressure of steam per square
13
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inch, the number of revolutions per minute, and
the length of stroke together, divide the product
by 88,000, and take 1 of the quotient for the
effective horses’ power of the engine.

It is a received law in mechanical science, that
the effect of a machine is to be estimated from its
weight or elemental power multiplied into the
space through which the power acts. Our read-
ers will detect that in the above rule we have
directions to employ but one-kalf the speed of
the piston to get the power of the engine. For
instance, a 16-inch cylinder engine is usually
rated as a 50-horse engine; but if in calculating
its power we employ the actual speed of the
piston in feet per minute, we shall find our
engine to have 100 horses’ power.

If a horse raise 150 lbs. through 220 feet in a
minute, or, through the application of wheels and
axles, levers, &c., he raises 83,000 Ibs. one foot
high in a minute, then what is usually termed a
one-horse engine will raise 66,000 lbs. through
the same distance and in the same time. We
have always supposed that the reason for taking
but one-half of the speed of the piston in es-
timating the power of an cngine, arose from the
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fact that the steam engine was employed or. its
first introduction in pumping water from mines,
and for raising water for towns, where only one
stroke of the engine was effectual. A horse
may raise a constant load of 83,000 Ibs. one foot
per minute, but in pumping he could raise but
half that sum, for one-half of his time would be
expended in driving the piston of the pump
downward. Hence, though our present allow-
ance for a horse’s power answers every purpose
for a standard of reference to determine merely
the comparative power of engines, still we shall
contend that our usual manner of getting the
power of an engine gives us but one-half the
proper amount of its capabilities.

We will give an example illustrating the rule
we have given for estimating the horses’ power of
a steam engine. '

What is the horses’ power of an engine having
a 14-inch cylinder, 42-inch stroke, the pressure
of steam being 71 1bs. per square inch, and the
fly-wheel making 87 revolutions per minute?
N. B.—The speed of the piston to be obtained in
the usual manner, by multiplying the number of
revolutions into the length of stroke.
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'153-94 sq. in. area of a 14-inch mston.
71 1bs. per square inch.

" 10929.74 1bs. entire pressure on the piston’,
Now we wish to ascertain the number of feet
the piston travels per minute, or rather, half the
actual number :— »
37 number of rev. per min.
33 length of stroke in feet,

129.5 speed of piston in foet per min,

10929-74 pressure on piston.
129-5 speed of piston.

© 83000)1415401 (429 horse power.
And %5 of this quotient is 80 horses’ power, the
power of the engine. '

To get the capacity of a tender tank, we must
first obtain the extent of surface on the bottom
of the tank, which, multiplied by its height or
depth, and reduced to gallons, gives its capacity.
To illustrate this calculation, we will give a
diagram of Hinkley’s tank for a six-wheeled
tender.
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85 x 66 5610 area of part A.
66 X 24 x 2 8168 -« .« wings B, B, .1
452 « « ferminations J, b,

. e——

9280 sq. in. surface of. tanks
35 dep_th_ of ‘tgnl‘;. —

828050 cub. inches in tank.

This last produet, expressing the eontents of
the tank in cubic inches, may be divided by 231,
and we shall have the capacity of the tank in
gallons. This we find to be 1398} gallons.

The young machinist will readily perceive
there is no difficulty in making any of these
calculations, as they involve only the simplest
rutes of arithmetic, while their solution forms a
very useful and interesting mental exercise. It
18 an excellent idea for any one wishing to get.
thoroughly acquainted with the steam engine,
to measure and preserve the proportions of every
engme that may come in his way; these dimen-
- sions, sooner or later, assume a high value to the
possessor, inasmuch as he finds them convenient
for reference in comparison, estimation, or in
designing new work. They also serve to bring
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him in. closer acquaintance with the principles
of the mechanical Bc;ence involved in the theory
and the practical construction of the steam
engine.

To get. the araa qf a cm'le,—-Squa.re its dl-
ameter; that is to say, multiply the diameter
into itself, and multiply this product by the deci-
mal number 7854 ; the last product will be the
area of the circle.

Ezample 1.—What is the area of a 17-inch
piston ?

17
17

289
1854

226-98 square inches area, answer.
Ezample 2.—What is the sectional ares of a
steam pipe 4} inches inside diameter ?
4.5
4.5

20-25
7854

15-904 square inches area, answer.
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N. B.—In multiplying with decimal numbers,
we must recolleot to point off as many places
from the right hand of the product for deci-
mals as there are places of decimals in the
multiplier and multiplicand taken together.

To get the circumference of a circle, multiply
the diameter by 8.1416; the product is the
circumference.

Another method is to multiply the diameter by
855, and to divide the product by 118. To those
accustomed to proportion, this rule might be
presented thus :— _

118 : 855 : : diameter : circumference.

These two numbers may be readily carried
in the mind from a slight peculiarity in the
order of their arrangement. By setting the
two numbers down in the following manner, it
will be seen there are two ones, two threes, and
two fives, thus: 113355.

Ezamples.—What is the circumference of a
copper tube 2 inches in diameter ?

3.1416
2

6.2832 inches, answer.
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What is the circumference of a driviné wheel
66} inches in diameter?
665
355

' 118)28607- 5(208-9 in., ‘answer. -

N. B—In dlvulmg with decimal numbers, we
must point off as many places for declma.ls in the
quotient as, taken with those in the dmsor, if
any, will equal the number of decimal places in
the dividend. Division is the reverse of mul-
tiplication, and the divisor and quotient are
factors, of which the dividend is the product.

What is the circumference of a 5-feet d-iving
wheel? Kive feet reduced to inches becomes 60
inches. ,

855
- 60

11321200188 494 inches, snswer.
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TABLE OF THE AREAS OF PISTONS.

Diam. Area. Diam. Area.
10 in. 78:640 14} in. 165-130
104 86-690 *14 170-873
11 95-038 16 176-716
11§ 103-869 164 188-692
12 118-097 16 201-062
124 122718 16} 218826
18 182-782 17 226-980
18§ 148-189 17§ 240-528
14 158-938 18 254-469

TABLE OF THE CIRCUMFERENCES OF DRIVERS.

Diam. Ciroum. Diam. Circum.
42 in. 131-94 in. 60 in. 18850 in.
48 « 135-08 ¢« 66 ¢ 20734 ¢«
46 <« 14461 « 72 ¢ 226-19 ¢
48 ¢ 160-80 < 78 « 245-04 ¢
54 « 169-64 « 84 « 263-89 ¢

# Bize of Grigg’s cylinders on the Providence road.



SECTION X.
MISCELLANEOUS NOTES AND OBSERVATIONS.

THE principal locomotive concerns in this coun-
try at the present time, are the following :—

—_— * has
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Taunton Locomotive Manufacturing Company,

Taunton, Mass.—W. W. Fairbanks, Agent.
Mattewan Machine Works, Fishkill Landing, New

York—W. B. Leonard, Agent.

Norris Locomotive Works, Schenectady, N. Y.—

Edward S. Norris, Proprietor.

Rogers, Ketchum & Grosvenor, Paterson, N. J.
Swinburn and Smith, Paterson, N. J.

Ross Winans, Baltimore, Md.

Baldwin and Whitney, Philadelphia, Pa.
Norris, Brothers, Philadelphia, Pa.

Denmead, at Baltimore, a shop at Richmond,
Va., and an establishment at Cleveland, Ohlo,
also advertise to build locomotives. -

" In Boston, the Mame, ‘the Provxdence, and the
Worcester railroads have built many eugmes for
themselves. -

The Springfield Car and Engme Co., and ‘the
Ballardvale Machine Shop at Andover, Mass.,
have been nearly closed; and the manufacture of
locomotives at those places has been entlrely sus-
pended. - .

Jabez Coney, of South Boston, ‘built st his
shop, in' 1847, two locomotives for: the  Old
Colony road. I




THE LOCOMOTIVE ENGINE. 157

The price of a first class 21-ton passenger
engine, varies, according to the style, from 6800
to 8000 dollars. Freight engines, from being
.built from heavier patterns, generally cost more.

Below we give estimates of the weights of
some of the principal parts about a locomotive,
and about the average prices usually charged for
such items.

42-inch boiler, 7500 1bs., @ 14e. ....ceevueueverrennanen. $1070.00
135 1§-inch copper flues, 10} feet long, 2600 lbs.,

[ S 750.00
Turning and driving thimbles, setting do., &e....... 30.00
Solid engine frame, 25600 1bs., @ 6¢...ccceuuveereene 150.00
Jaws of wrought iron, 1000 lbs., @ 10e............. 100.00
Finishing frame.......ccccceiiiiinneiennene sesesenne conne 150.00
4 driving wheels, for 63 ft. di., 6000 1bs., 180.00

1 crank axle, 6} in. finish, 1600 1bs., @ 18c......... 270.00

1 straight axle, 650 Ibs., @ 10c......ccceceererrnirnnenns 65.00
2 truck axles, 3} in. journals, 480 1bs., @ 6o 28.80
4 truck wheels, 30 in. diameter......... cocoeuuee . . 70.00
4 Lowmoor tires, 5} ft., 2850 lbs., @ 18¢............  870.50
Finishing wheels, cranks, and axles..........cccee s 200.00
2 cylinder castings, 16 inches in diameter, 1600 1bs.,

@ BC.eererrererenrrnnnnnineneeenee s nneneane sones crvennnen 48.00
Boring cylinders......cccveeeuuciisiierees seseeenns sossnenns 60.00
2 rough connecting rods, 360 lbs., @ 8c ............ 28.80

The prices given are perhaps a fair average,

and the whole table may serve to show about
14



158 THE LOCOMOTIVE ENGINE.

the usual weight of the heavier and more im-
portant parts of a locomotive.

In regard to explosions, we do not believe any
well made boiler ever gave way to do any serious
damage, except through a want of water in it.
If the water is suffered to get below the upper
row of tubes, the fire generally burns them out,
the water rushes into the fire-box and extin-
guishes the fire, thus preventing all danger;
but enginemen have sometimes found their water
entirely run down, and the flues entirely spoilt
by the fire, but not burnt out. We recollect—
and perhaps others who may read this will recol-
lect also—of an instance on the Lowell and Law-
rence road where an officer of the road undertook
the management of an engine, and succeeded in
boiling every drop of water away, burning the
wooden lagging off the boiler, and burning the
tubes 80 as to make it necessary to replace every
one of them, though they were not burnt through.
When the water is boiled entirely away, and the
internal shell of the boiler becomes heated red
hot, the admission of cold water generally pro-
duces an explosion.. Some attribute this to the
immediate decomposition of the nitrogen, one of




THE LOCOMOTIVE ENGINE. 159

the principal gases which enter into the compo-
sition of water, and leaving the hydrogen to ex-
plode by the intense heat. But the presence of
oxygen is necessary for the explosion of hydrogen
gas; and a very distinguished chemist has averred
that there can be no oxygen in a boiler filled with
steam. A recent theory is that of the sphe-
roidal state of water when thrown upon a red hot
plate. The water, it is stated, when thrown upon
a plate heated to a very high rate of temperature,
assumes the spheroidal state, rolling over the
plate in smooth globules, like a mass of melted
lead; while in this state, no steam can be pro-
duced from the water ; but when the temperature
of the plate falls to a certain extent, the water
becomes almost instantaneously converted into
steam of intense and overwhelming elasticity,
and the consequence is, the boiler gives way in
the weakest part. _ '

We would not wish to revive in this place the
question of the explosion on the Providence road,
about which there was so- much diversity of
opinion; but we must say, that in that instance,
the report of the commission, notwithstand-
ing its high authority, hardly succeeded in
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satisfying the minds of a large porticn of the
public.

A recent act of the Massachusetts Legislature
requires that the boiler of every stationary,
locomotive, or marine engine, running within the
State, shall have a fusible plug in the crown
sheet of the furnace. To answer this require-
ment, a lead plug 4 inch in diameter is tapped
into the crown sheet of a locomotive furnace, so
that when the top of the fire-box becomes un-
covered with water, this plug may melt, and by
letting the steam escape into the fire-box, give
notice of the danger.

At the introduction of railroads, engines were
built with cylinders no larger than 8 inches in
diameter. In 1840, we think there were no en-
gines with cylinders larger than 12 inches. In
1844, we had 13}-inch cylinders; by 1847, 15
inches; and now, Perkins, on the Baltimore and
Ohio road, is building an engine with a 20-inch
cylinder. The gauge of our roads remains the
same now as it was a dozen or fifteen years ago—
four feet eight and one-half inches inside the
rails. In those days, two trains per day, drawn
by the light engines, were all which the busincss
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of a road would warrant. Now, we have twenty
to thirty trains drawn over our principal roads
daily, by engines averaging from twenty to
twenty-five -tons in weight. These facts are
sufficient to show a vast increase of business
wherever vailroads are extended. This constantly
growing traffic must, at no distant period, demand
the adoption of a wider gauge for our tracks.
Railroad men prefer engiﬁes with inside cylinders
to those having the cylinders outside. Every
engine requires apparatus for reversing and for
working expansively ; and no better means, we
think, have yet been found to effect these objects
than the use of six eccentrics. Here the in-
sufficiency of the width of the track becomes
evident ; it is only by economizing every inch of
room-that sufficient space can be found to arrange
the work of an inside cylinder engine. It would
be a matter of very great convenience were the
track wider than at present; and we believe that
the experience of a dozen years, at most, will de-
termine it to be a matter of absolute necessity.
The gauge of the Atlantic and St. Lawrence,
and the Androscoggin and Kennebec roads, in

Maine, is five feet six inches inside the rails, and
14*
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that of the New York and Erie railroad is sixz
feet. Wherever a break of gauge is made, it
would seem of importance that the addition in
width should be uniform on all roads, as a
difference in tracks disturbs the traffic, inas-
much as no means exist of forwarding goods
by such roads, except by changing cars.

Every railroad doing any considerable amount
of business, should have sufficient and capacious
repair shops of its own. The increased facility
and convenience with which they can do their
own repairs, and the saving in the profits which
outside shops charge them, make it a matter of
economy to repair their own work. For a rail-
road having fifteen to twenty locomotives, a shop
120 by 60 feet, and one story high, if properly
laid out, makes a very convenient repair shop.
For such a shop there would probably be required
for tools, &c.,

One stationary steam engine, (25 horse,) say............ $1500
¢ locomotive boiler with wrought iron flues............ 1800
¢ large engine lathe to swing six feet........cccceueene. 1500
¢ 14 feet planing machine..............cceueeerrerecerenrenn 800
¢ 12 feet engine lathe, with screw feed........cccceeeeee 350
“ 12 ¢« s ¢ without screw feed ........... . 800

Carried forward eecssecenrneessannese $6250
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Brought forward............ cresarassesessaneeeans sennen ceeene $6250
One 10 feet engine lathe, without screw feed.......... e 200
¢  hand lathe for iron....cccceeueeeececcencceercccccnnenenes . 176
6 w6 66 66 wood..ieiiinnenenessiseinnas ereseessaneene 126
¢ bolt-cutting machine........ceeeeeeeevuenne. . . 260
¢ wall drill........... seesces sssassees sussssve ceeeeresenncennenes 120
¢ suspended drill for tires . ceeee 126
¢ machine for drawing on wheels......c.cccocavecrenannae 50
¢ Dblower for blacksmith’s 8hop ....ceeeveeerierrennnancnne 60
¢ forge hammer w400
Total ...cceaueeen . ceeene $7800

We merely give the above estimate to show
with how few tools and at how little expense the
repairing department of a railroad may be con-
ducted. In arranging such a shop, however, the
fancy or belief of many would lead them to have
many additional tools, such as one 16-feet engine
lathe, a compound planer, (the expense of these

two

be g about $1000;) and for an increased

busine: s, some would think a spliner ($500) and

18 C

*er tools necessary. We know, however,
ds having twenty locomotives, and
Ar repairs with a list of tools such as

in our original estimate.
velow the particulars of the weight
nance of some of the heaviest engines
iburg road, from the Director’s Report
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for 1849. The whole number of engines on the
road on the 31st of December, 1849, was twenty-
five.

N. B.—The following engines were built by
Hinkley, with the exception of the ¢«Boston,”
which was built by Lyman and Souther, of
South Boston. .

§ .

Names. g :.g E

Athol..........| 16 in.| 20 in.|four 4} ft.|Truck outside cylind'r
Concord ......[ 16 20 “ 4 (L ¢ “

Shirley........ 14 18 “ b «  jnside «
Lincoln....... 16 20 “ 43 “ “ ]
Cambridge...| 16 18 “ § “ «“ «
Littleton...... 16 18 «“ 5 “ . “
Boston. ........ 16 20 “ b} “ « «
Fitchburg....| 16 20 “« b “ « «

Ontario.......| 16 20 gix 46 in. I « “
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degrees Fahrenheit, when the iron was found to
have attained its maximum strength. Above this
point, the sgrength of the iron was diminished ;
at 720° it had the same cohesive strength as at
82°, or } below its maximum ; at 1050°, one-half
its greatest strength; at 1240°, one-third; and
at 1317°, nearly one-seventh. Copper follows a
different law, as every addition of temperature
above the freezing point appears to weaken it.
At 529°, it has but three-fourths its greatest
strength; at 812°, but one-half; while a tem-
perature of 1300° entirely destroys its cohesive
force.

The adhesion of the wheels of an engine is
about one-fifth the weight when the rails are
clean, and either perfectly wet or perfectly dry,
but only from one-tenth to one-twelfth the weight
when the rails are damp or greasy. Thus, for a
rough calculation, a 25-ton engine will have 5
tons adhesion ; and as the resistance of a train
on a level is about ;}5 such an engine should
draw, including its own weight and that of its
tender, 1000 tons on a level. This would be its
maximum load at a slow speed.

We recollect the published report of the per-
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formance of one of Baldwin's six-driver engines
—the ¢« Ontario”—in 1845, on the Philadelphia
and Reading road. The train consisted of 15Q
cars fully loaded with coal, the weight of the coal
being 759 tons, and of the coal and cars 1180
tons. The engine, it was stated, moved along
alone with this extraordinary train at a rapid
rate. A four-wheel engine, having its entire
weight on the drivers, drew from Lowell to
Boston, in July, 1849, a train of one hundred
“and twenty-nine cars, mostly loaded. This en-
gine had 18}-inch cylinders.

pes HaviNe completed the original design of
our little work, we here give some particulars of
the present state of the railway system, which
must prove interesting to all.

According to the Railroad Journal, there
were, at the commencement of 1849, 18,656
miles of finished railroad in the world, costing
£368,567,000, or about 1800 millions of dollars;
also 7829 miles of unfinished road, which at the
estimate of £146,750,000, would give, in all,
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26,485 miles of railroad, costing 2400 millions of
dollars; all of which has been invested since
1830!

In July, 1850, there were 7742 miles of rail-
road in the United States, 2423 miles of which
are in New England. Whole amount expended
on roads in operation since 1834, $300,000,000.

At the end of 1848, there were in Great
Britain and Ireland 5127 miles opened, 2111
miles in progress, and 4795 miles authorized,
but not commenced. On 4253 miles opened, in
the United Kingdom, on May 1, 1848, there
were 52,688 operatives. On 7388 miles of un-
opened road, there were 188,177 operatives.
The total amount of money and securities paid
into railroad treasuries on these lines to the
commencement of 1849, was one thousand mil-
lions of dollars, while the companies retained
power to raise by existing shares, new shares,
and loans, the further sum of £143,717,773.

In 1850, there were 24 roads in France, of
1722 miles, and including portions constructing,
but not finished, 2996 miles. Average cost per
mile, $128,240.

In 1849 there were 2294 miles of road
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opened in Austria, Prussia, and the German
States.

In Belgium, 847 miles, owned by government.

In Holland, about 110 miles.

In the north of Italy, there is a line, partly
finished, from Venice to TFurin and Alexandria.
" When the proposed tunnel beneath the Alps shall
be completed, this road will form a main link in
the great direct railroad line from London to the
Adriatic.

There are short roads in nearly all the States
of continental Europe, except in the States of the
Church, where the Pope has opposed their intro-
duction. And Russia, aided by American energy
and skill, is opening a vast road between her two
great capitals, Moscow and St. Petersburg.






A GLOSSARY

OF TERMS APPLIED TG THE MACHINERY, AND TO
THE OPERATION OF THE LOCOMOTIVE ENGINE.

“N. B.—Many of the names and terms here used are ex-
plained at greater length in the body of the book.]

Adhesion.—The measure of the friction between the tires
ot the driving wheels and the surfaces of the rails. The
adhesion varies with the weight on the drivers and the
state of the rails, but with a good rail is generally from
one-fifth to one-seventh of the weight on the drivers.
The load drawn is no measure of the adhesion, except
the resistance of friction and gravity of the load be
given.

Air Chamber.—A tight vessel attached to the pump.
The feed water, entering it at the bottom, is subjected
to the pressure of air within 1t. which forces out the water
in a steady stream. Recent engines have two air cham-
bers tc each pump—one un the suction, and one on the
forcing side of the same. The capacity of air chamber
should equal that of the barrel of the pump.

Angle of Friction.—That pitch of grade at which a
loaded car would just stand without descending, being
kept at rest by the friction of its bearings. Allowing the

171
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friction to be 7 Ibs. per ton, this grade would be 16} feet
per mile; for 10 lbs. friction per ton, 23} feet per mile.

Ash Pan.—A box or tray beneath the furnace, to catch
the falling ashes and cinders.

Axle—~The revolving shaft to which the wheels are
secured.

Blast Pipes.—Two pipes, contracted at their mouths,
to discharge the waste steam from the cylinders. Their
action excites an artificial draft or blast in the fur-
nace.

Blow-off Cock.—A cock at the bottom of the fire-box,
through which to empty the boiler.

Boiler —The source of power; the vessel in which the
steam is generated.

Bonnet.—A wire cap or netting, surmounting the chim-
ney, to keep down the sparks and cinders.

Box.—A bearing, enclosing the journal of a revolving
shaft. When made in two parts, the lighter is called the
cap. When made as a single piece, and supporting the
end of an upright shaft, a step; and when turned outside
and fitted into a frame, or stand, a bushing. To reduce
friction, boxes are lined with soft metal.

Brake.—A block or strap applied to the rim of a wheel,
to check its. motion and bring it to a stop.

Bunters.—Guards projecting from the ends of tenders
d cars, and connected with springs, to prevent shocks
om enllisions,

Cam.—A plate or pulley, turning on a shaft out of its
ntre. 'When made round and encircled by a strap, and
nployed to work the valves of a steam engine, and for
milar purposes, it is called an eccentric.
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Case.—A casting sliding in the jaw, and to hold the
hrass box of an axle.- For drivers, the case is lined with
Babbitt metal, and forms the bearing for the axle. -

Check Valve.—See Valve.

Counterbalance.—A large block sccured between two
arms of each driving wheel, to balance the momentum
of the moving machinery connected with the axle.

Connecting Rod.—Rod to communicate the pressure on
the piston to the crank.

Crank.—In inside cylinder engines is forged in the axle,
and for outside cylinders is supplied by a pin in the wheel.
The crank converts the rectilineal motion of the piston to
the rotary motion of the wheels.

Cross Head.—A block moving in guides; having the
end of the piston rod secured within it at one side, and a
pin to attach the connecting rod at the other.

Cut-off Valve.—An additional valve, not indispensable,
to shut off the admission of steam to the cylinder, when
the piston has only completed a part of its stroke.

Cylinder—A cylindrical vessel, closed at its ends by
covers. Steam is admitted alternately at each end, to
press upon a block called the piston. The piston is made
to fit, steam tight, to the inner circumference of the cylin-
der, and the action of the steam keeps it in motion, from
one end of the cylinder to the other.

Damper.—A. door, to exclude the air from the furna.ce

Dome.—An elevated chamber on the top of the boiler,
from which the steam is taken to the cylinders.

Draw Iron—A rigid bar, connecting the engi
tonder, and secured to each by a pin.

Drivers, or Driving Whedsi;Those wheels @
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rectly by the moving machinery of the engine, and
which, by their adhesion to the rails, propel the engine
along.

Eccentrics.—See Cam.

Eduction Port.—A passage on side of cylinder to lead
away the waste steam from same, to the blast pipes.

Equalizing Lever.—A bar suspended by its centre, be-
neath the frame, and connected at each end to the springs
of the drivers, to distribute any shock or jolt between both
pairs of wheels.

Ezpansion Valve.—See Cut-off.

Fire-box.—The furnace of the boiler.

Foaming.—An artificial excitement, or too great ebulli-
tion on the water-level, observed when the boiler has
hecome greasy, or otherwise foul. Generally productive
of priming. ’

Footboard.—A plate iron floor, behind the boiler, for the
engineman and fireman to stand upon.

Frame.—Made to attach to the boiler, cylinders, axles,
and all cross shafts, and binds the whole fabric together.

Friction, of Trains.—The friction of the bearings of the
carriages, and for every ton drawn, offers a direct resist-
ance of from seven to ten pounds.

Frost Cocks.—Cocks to admit steam to the feed pipes
lending from the tender to the pump; used when the
water becomes frozen.

Gauge Cocks.—Cocks at different levels on the side of
the fire-hox, and to ascertain the height of water in the
boiler. When opened, water or steam will escape, accord~
ing as the level of the water is above or below them.
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Gland.—A bushing to secure the packing in a stuffing-
box.

Grade.—The inclination of a road; expressed either by
the number of feet rise per mile, or by naming the dis-
tance passed in rising one foot; thus, a grade of 1 in 330,
which is 16 feet per mile.

Gravity.—The tendency which all bodies have to find
the lowest level. The resistance in pounds, occasioned by
the gravity of one ton on any grade, may be found by mul-
tipiying the grade, in feet per mile, by the decimal number
4212,

Grate—The parallel bars supporting the fuel in the
fire-box.

Guides.—Rods, or bars, lying in the direction of the
axis of the cylinder, and guiding the cross head, to insure
a perfectly parallel motion in the piston rod.

Hand Levers.—Levers to work the main valves by
hand.

Housing.—See Jaw.

Induction Ports.—Two passages on side of cylinder, to
admit steam within it,—one port communicating with
each end.

Jaw.—A stand secured to the frame, to hold the box of
an axle, The jaw must allow the box to slide up and
down within it.

Journal.—The part of a shaft or axle resting in the
box.

Lagging.—A wooden sheathing around a boiler or
eylinder.

Lap.—The distance which the valve overlaps on each
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end over the induction ports, when in the middle of its
travel.

Lead —Distance to which the induction port is opened,
when the piston commences its stroke.

Link Motion.—An arrangement for working the valves,
described in the body of the book.

Manometer—An instrument for determining accurately
the pressure on a given surface—as a square inch—within
the boiler.

Man Hole.—A hole to admit a man within the boiler.

Mud Hole.—A small opening at bottom of water space
around fire-box, to clear out deposites of dirt, and other
wmatter introduced with the water.

Packing.—Any substance used to ma.ke a joint steam o
water tight.

Pet Cock.—A small cock between the check valve and
pump, to see if the latter is working.

Pintal.—An upright pin. There is a pintal secured
beneath the forward end of the engine, to connect it with
the truck frame, and to allow of the turning of the truck,
independent of the engine.

Piston.—8ee Cylinder. .

Piston Rod—Rod secured at one end within the body
of the piston, and at the other to the cross head. This rod
tasses through the cylinder cover, and is made steam tight
by packing secured in a necking, or recess, outside of
cover, and called a stuffing-box.

Plug, Fusible.—A lea] plug tapped in top sheet of
furnace, to melt and give warning wher the water falls
below it.
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Plunger.—-The solid piston of a pump, and pressing only
by one end against the water.

Ports.—Openings, or passages.

Priming.—The passage of water, along with the stcam,
into the cylinders, when the engine is working.

Rocker Shaft.—A shaft rocking in its bearings.

Reversing Lever.—A lever in reach of the engineman,
acting upon the valve motion, and to change the direction
of the progress of the engine.

Safety Valve.—A valve on the boiler, to discharge the
surplus steam generated, above what is required for the
engine, and which by accumulating would endanger the
safety of the machine. ‘

Slide.—See Guide.

Smoke-box.—A chamber at forward end of boiler, where
the smoke and sparks from the tubes are received and dis-
charged through the sparker.

Sparker, or' Chimney.—A pipe to discharge the smoke
and waste steam, and surrounded by a casing to retain the
sparks.

Springs.—These are required over each wheel to reduce
shocks and jolts. .

Steam Chest.—Box on top, or side of cylinder, and cons
taining the valve to admit steam on the piston.

Steam Pipe—Pipe entering the dome, and communi-
eating with the steam chests through two branch steam
pipes in the smoke-box.

Stuffing-box.—See Piston Rod.—Used in all situations
where a rod or spindle, having any end motion, requizes
to be made steam or water tight around same.

Sub-Treasury.—A receptacle for sparks, Slightly dif:
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ferent from those at the custom-house. but quite as bene
ficial. '

Stroke.—The distance travelled by the piston at each
period of its motion.

Tender.—A separate carriage, to carry wood and water.
Thimble.—A tube of iron or steel.

Throttle Valve—A valve in the dome, and closing the
mouth of the steam pipe.

Trailing Wheels.—A pair of small wheels, placed behind
the drivers, when but one pair of the latter is used.

Traction.—Differing from adhesion in this: The adhe-
sion is the power of the engine derived from the weight on
its driving wheels and their friction on the rails ; while
the traction is also the power of the engine, but derived
from the pressure of the piston applied through the crank
and radius of the wheel. These two elements may not
always be the same. ’

Truck Frame.—A separate frame, supporting four or six
wheels, and turning on a pintal, independent of the body
of the engine or car.

Tubes.—These are used to conduct the heat from the
fire-box, through the waste of the boiler, to the smoke-box.
‘When a tube is so large as to require to be made of plates,
riveted together, it is called a flue.

Valve.—Any gate or fixture, other than a cock, to close a
steam or water passage about an engine. The main, or
port valve, which admits steam directly to the cylinders,
is a block with a recess or cavity on its under side. The
steam passes by the ends of the valve into the ports, and
the motion of the valve, derived from the eccentrics, admits
the stean at the proper time.
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The uses of the cut-off and safety valves have been de-
scribed.

The pump valves are either what are called ball valves,
spindle valves, or cup valves. The check valve is an addi-
tional valve on the forcing side of the pump, and is to pre-
vent all danger of forcing back the water from the boiler
into the pump by the action of the steam.

Variable Cut-off.—An arrangement to alter the travel of
either the main, or cut-off valve, to use full steam through
a greater or less distance of the stroke.

Variable Exhaust.—An arrangement to enlarge or con-
tract the blast pipes.

V-Hooks.—So called from their form of opening ;—much
better than the common kind, as they are sure to catch the
pins, and for this reason (though an old idea) are coming
into general use. .

Whistle—A. hollow cup made to allow the steam to
strike its lower edge, by which a shrill sound is obtained
for signals,
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BOOTH and MORFIT.—The Encyclopazdia of Chemistry,

Practical and Theoretical : :

Embracing its application to the Arts, Metallurgy, Mineralogy,
Geology, Medicine and Pharmacy. By James C. BooTH, Melter

_ and Refiner in the United States Mint, Professor of Applied Chem-
istry in the Franklin Institute, etc., assisted by CAMPBELL MORFIT,
author of “ Chemical Manipulations,” etc. Seventh Edition. Com-
plete in one volume, royal 8vo., 978 pages, with numerous wood-cuts
and other illustrations . . . e . . . $5.00

BRAMWELL.—The Wool Carder’s Vade-Mecum:
A Complete Manual of the Art of Carding Textile Fabrics,. By W.
C. BRaMwiLL. Third Edition, revised and enlarged. Illustrated.
Pp. 400. 12mo. . . . . . . . . $2.50

BRANNT.—A Practical Treatise on Animal and Vegetable

Fats and Oils:

Comprising hoth Fixed and Volatile Oils, their Physical and Chemi-
cal Properties and Uses, the Manner of Extracting and Refining
them, and Practical Rules for Testing them; as well as the Manu-
facture of Artificial Butter, Lubricants, including Mineral Lubricatin,
Oils, etc., and on Ozokerite. Edited chiefly from the German o
DRs. KARL SCHAEDLER, G. W, ASKINSON, and RICHARD BRUNNER,
with Additions and Lists of American Patents relating to the Extrac-
tion, Rendering, Refining, Decomposing, and Bleaching of Fats and
Oils. By WiLLiaAM T. BRANNT. Illustrated by 244 engravings.
739 pages. 8vo. . . . . . . . . $7.50

BRANNT.—A Practical Treatise on the Manufacture of Soap

and Candles:

Based upon the most Recent Experiences in the Practice and Science;
comprising the Chemistry, Raw Materials, Machinery, and Utensils
and Various Processes of Manufacture, including a great variety of
formulas. Edited chiefly from the German of Dr. C. Deite, A.
Engelhardt, Dr. C. Schaedler and others; with additions and lists
of American Patents relating to these subjects. By Wu. T. BRANNT.
Illustrated by 163 engravings, 677 pages. 8vo. . . $7.50

BRANNT.—A Practical Treatise on the Raw Materials and the
Distillation and Rectification of Alcohol, and the Prepara-
tion of Alcoholic Liquors, Liqueurs, Cordials, Bitters, etc.:

Edited chiefly from the German of Dr. K. Stammer, Dir. F. Elsner,
and E. Schnbert. By WM. T. BRANNT. Illustrated by thirty-one
engravings. 120, . . . . . . . $2.50
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BRANNT—-WAHL.—The Techno-Chemical Receipt Book:
Containing several thousand Receipts covering the latest, most :m-
portant, and most useful discoveries in Chemical Technology, and
their Practical Application in the Arts and the Industries. Edited
caiefly from the German of Drs. Winckler, Elsner, Heintze, Mier-
zinsk1, Jacohsen, Koller, and Heinzerling, with addmons by Ww. 1.
BRANNT and W, H. WaHL, PH. D. Illustrated by 78 engravings.
I2Mo. 495 pages . . £200

EROWN.—Five Hundred and Seven Mechanical Movements:
Embracing all those which are most important in Dynamics, Hy-
draulics, Hydrostatics, Pneumatics, Steam-Engines, Mill and othet
Gearing, Presses, Horology and Miscellaneous Machinery; and in-
cluding many movements never before published, and several of
which have only recently come into use. By HENRY T. BROWN.
12mo. . . $1.00

BUCKMASTER —The Elements of Mechamcal Physxcs :

By J. C. BUCKMASTER. Illustrated with numerous engravings.
12mo. . . $1.50

BULLOCK.—The American Cottage Builder :

A Series of Designs, Plans and Specitications, from $200 to $20,000,
for Homes for the People; together with Warming, Ventilation,
Drainage, Painting and Landscape Gardening. By JoHN BuLLock,
Architect and Editor of ¢ The Rudiments of Architectare and
Building,” etc., etc. Illustrated by 75 engravings. 8vo. $3.50

BULLOCK.—The Rudiments of Architecture and Building :
For the use of Architects, Builders, Draughtsmen, Machinists, En-
gineers and Mechanics. Edited by Joun BuLLoCK, author of ¢ The
American Cottage Builder.” Illustrated by 250 Engravings. 8vo. $3.50

BURGH.—Practical Rules for the Proportions of Modern

Engines and Boilers for Land and Marine Purpom
By N. P. BURGH, Engineer. 12mo. . . $1.50
BYLES.—Sophisms of Free Trade and’ Popular Political
Economy Examined.
By a BARRISTER (SIR JOHN BARNARD BYLEs, Judge of Common
Pleas). From the Ninth English Edition, as published by the
Manchester Reciprocity Association. 12mo. . $1.25
BOWMAN.—The Structure of the Wool Fibre in its Relation
to the Use of Wool for Technical Purposes:
Being the substance, with additions, of Five Lectures, delivered at
the request of the Council, to the members of the Bradford Technical
College, and the Society of Dyers and Colorists. By F. H. Bow-
MAN, D.Sc., F.R.S.E., F.L.S. Illustrated by 32 engravings.
8vo. . $6.50

BYRNE.—-Hand-Book for the Arunn. Mechamc, nnd Engi-

neer:
Comprising the Grinding and Sharpening of Cutting Tools, Abrasive
Processes, Lapidary Work, Gem and Glass Engraving, Varnishin
and Lackering, Apparatus, "Materials and Processes for Grinding an§
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Polishing, etc. By OLIVER BYRNE. Illustrated by 185 wood en-
gravings. 8vo. . $5.00
BYRNE. —Pocket-Book for Railroad and Civil Engmeers :
Containing New, Exact and Concise Methods for Laying out Railroad
Curves, Switches, Frog Angles and Crossings; the Staking out of
work ; Levelling; the Calculation of Cuttings; Embankments Earth-
work etc. By OLIVER BYRNE. 18mo., full bound, pocket-book
form . L7
BYRNE. —The Practical Metal-Worker s Assistant:
Comprising Metallurgic Chemistry; the Arts of Working all Metals
and Alloys; Forging of Iron and Steel; Hardening and Tempering;
Melting and Mixing; Casting and Founding ; Works in Sheet Metal;
the Processes Dependent on the Ductility of the Metals; Soldering;
and the most Improved Processes and Tools employed by Metal-
Workers. With the Application of the Art of Electro-Metallurgy to
Manufacturing Processes; collected from Original Sources, and from
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier,
Scoffern, Clay, Fairbairn and others, By OLIVER BYRNE. A new,
revised and improved edition, to which is added an Appendix, con-
taining The Manufacture of Russian Sheet-Iron. By JoHN Pzrcy,
M. D, F.R.S. The Manufacture of Malleable Iron Castings, and
Imprevements in Bessemer Steel. By A. A. FESQUET, Chemist and
Engineer. With over Six Hundred Engravmgs, Illustratmg every
Branch of the Subject. 8vo. . . $7.00
BYRNE.—The Practical Model Calculator:
For the Engineer, Mechanic, Manufacturer of Engine Work, Naval
Archltect. Miner and Millwright. By OLIVER BYRNE. 8vo., nearly

$4.50
CA.BINET MAKER’S ALBUM OF FURNITURE: 5
Comprising a Collection of Designs for various Styles of Furniture.
Illustrated by Forty-eight Large and Beautifully Engraved Plates.
Oblong, 8vo. . . . . . . $3.50
CALLINGHAM. —Slgn Wntmg and Glass Embossing :
A Complete Practical Illustrated Manual of the Art By JAMEs
CALLINGHAM. I2mo. . $1.50
CAMPIN.—A Practical Treatise on Mechanical Engmemng
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Worke
shop Machinery, Mechanical Manipulation, Manufacture of Steame
Engines, etc. With an Appendix on the Analysis of Iron and Iron
Ores. By FraNcis CAMPIN, C. E. To which are added, Observations
on the Construction of Steam Boilers, and Remarks upon Furnaces
used for Smoke Prevention; with a Chapter on Explosions. By R.
ARMSTRONG, C. E.,, and JOHN BoUurNE. Rules for Calculating the
Change Wheels for Screws on a Turning Lathe, and for a Wheel.
cutting Machine. By J. LA NiccA. Management of Steel, Includ-
ing Forging, Hardening, Tempering, Annealing, Shnnkmg and
Expansi n; and the Case-hardening of Iron. By G. EDE. 8vo.
Illustrated with twenty-nine plates and 100 wood engravings  $5.00
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DAVIES.—A Treatise on Metalliferous Minerals and Minings
By D. C. Daviss, F. G. S., Mining Engineer, Examiner of Min
guarrics and Collieries. Illustrated by 148 engravings of Geologi

ormations, Mining Operations and Machinery, drawn from the
practice of all parts of the world. 2d Edition, 12mo., 450 pages $5.08

DAVIES.—A Treatise on Slate and Slate Qu :

Scientific, Practical and Commercial. By D. C. Daviss, F. G. S.,
Mining Engineer, etc. With numerous illustrations and folding
plates. 12mo. . . . . . . . . $2.03

DAVIS.—A Treatise on Steam-Boiler Incrustation and Meth-
ods for Preventing Corrosion and the Formation of Scale :
By CHARLES T. Davis. Illustrated by 65 engravings. 8vo. $1.50
DAVIS.—The Manufacture of Paper:
Being a Description of the various Processe for the Fabrication,
Coloring and Finishing of every kind of Paper, Including the Dif-
ferent Raw Materials and the Methods for Determining their Values,
the Tools, Machines and Practical Details connected with an intelli-
gent and a profitable prosecution of the art, with special reference to
the best American Practice. To which are added a History of Pa-
r, complete Lists of Paper-Making Materials, List of American
achines, Tools and Processes used in treating the Raw Materials,
and in Making, Coloring and Finishing Paper. By CHArLEs T.
Davis. Illustrated by 156 engravings. 608 pages, 8vo. $6.00
DAVIS.—The Manufacture of Leather:
Being a description of all of the Processes for the Tanning, Tawing,
Currying, Finishing and Dyeing of every kind of Leather; including
the various Raw Materials and the Methods for Determining their
Values; the Tools, Machines, and all Details of Importance con-
neoted with an Intelligent and Profitable Prosecution of the Art, with
Special Reference to the Best American Practice. To which are
added Complete Lists of all American Patents for Materials, Pro-
cesses, Tools, and Machines for Tanning, Currying, etc. By CHARLES
THoMAS Davis. Illustrated by 302 engravings and 12 Samples of
Dyed Leathers. One vol,, 8vo., 824 pages . . . $10.00
DAWIDOWSKY—BRANNT.—A Practical Treatise on the
Raw Materials and Fabrication of Glue, Gelatine, Gelatine
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages,
etc.:
Based upon Actual Experience. By F. DAwiDowsky, Technical
Chemist. Translated from the German, with extensive additions,
including a description of the most Recent American Processes, by
WiLLIAM T. BRANNT, Graduate of the Royal Agricultural College,
of Eldena, Prussia. 35 Engravings. 12mo. . . . $2.50
DE GRAFF.—The Geometrical Stair-Builders’ Guide:
Being a Plain Practical System of Hand-Railing, embracing all its
necessary Details, and Geometrically Illustrated by twenty-two Steel
Engravings; together with the use of the most approved principleg
of Practical Geometry. By SiMON DE GRAFF, Architect, 41;.3.
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DE KONINCK—DIETZ.—A Practical Manual of Chemical
Analysis and Assaying:
Asapplied to the Manufacture of Iron from its Ores, and to Cast Iron,
Wrought Iron, and Steel, as found in Commerce. By L. L. De
KONINCK, Dr. Sc., and E. DiETZ, Engineer. Edited with Notes, by
ROBERT MALLE‘I‘, F. R.S, F. S.G,M. I.C. E,, etc. American
Edition, Edited with Notes and an Appendixon Iror Ores, by A. A.
FESQUET, Chemist and Engineer. 12mo. . . . $2.50
DUNCAN.—Practical Surveyor’s Guide:
Containing the necessary information to make any person of com-
mon capacity, a finished land surveyor without the aid of a teacher.
By ANDREW DuUNcAN. Illustrated. 12mo. . $1.2§
DUPLAIS.—A Treatise on the Manufacture md stullauon
of Alcoholic Liquors:
Comprising Accurate and Complete Details in Regard to Alcohol
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho-
del, Fruits, etc.; with the Distillation and Rectification of Brandy,
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro.
matic Waters, Volatile Oils or Essences, Sugars, Syrups, Aromatie
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., the
Ageing of Brandy and the improvement of Spirits, with Copxou
Directions and Tables for Testing and Reducing Spirituous Liquors,
etc., etc. Translated and Edited from the French of MM. DupLAIS,
Ainé et Jeune. By M. MCKENNIE, M. D. To which are added the
United States Internal Revenue Regulations for the Assessment and
Collection of Taxes on Distilled Spirits. Illustrated by fourteem
folding plates and several wood engravings. 743 pp. 8vo.  $10 0o
BUSSA UCE.—Practical Treatise on the Fabricationof Matches,
Gun Cotton, and Fulminating Powder.
By Professor H. DUSSAUCE. 12mo. . £3 o0
DYER AND COLOR-MAKER'’S COMPANION:
Containing upwards of two hundred Receipts for making Colors, on
the most approved principles, for all the various stylesand fabrics now
in existence; with the Scouring Process, and plain Directions for
Preparing, Washing-oﬁ', and Finishing the Goods. 12mo. $1 25
EDWARDS.—A Catechism of the Marine Steam-Engine,
For the use of Engineers, Firemen, and Mechanics. A Practical
Work for Practical Men. By EMORY EDWARDS, Mechanical Engi-
neer. Illustrated by sixty-three Engravings, including examples of
the most modern Engines. Third edition, thoroughly revised, with
much additional matter. I2mo. 414 pages . . $2 oo
EDWARDS.—Modern American Locomotive Engineo,
Their Design, Construction and Management. By EMORY EDWARDS,
Illustrated 12mo. . . . . . . . . $2.00

EDWARDS.—The American Steam Engineer:

Theoretical and Practical, with examples of the latest and most ap-
roved American practice in the design and construction of Steam
rigines and Boilers. For the use of engineers, machinists, boiler-

makers, and engineering students. By EMory Epwarbps. Fully

allustrated, 419 pages. 12mo, . e s+ .+ $250
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EDWARDS.—Modern American Marine Engines, Boilers, and
Screw Propellers,
Their Design and Construction. Showing the Present Practice of
the most Eminent Engineers and Marine Engine Builders in the
United States. 1llustrated by 30 large and elaborate plates. 4te. $5.0a
EDWARDS.—The Practical Steam Enginesr’s Guide
In the Design, Construction, and Management of American Stationary,
Portable, and Steam Fire-Engines, Steam Pumps, Boilers, injectors,
Governors, Indicators, Pistons and Rings, Safety Valves and Steam
Gauges. For the use of Engineers, Firemen, and Steam Users. By
Emory Epwarbps. Illustrated by 119 engravings. 420 pages.
12mo. . . . . . . . . . $2 50
EISSLER.—The Metallurgy of Gold:
A Practical Treatise on the Metallurgical Treatment of Gold-Bear-
ing Ores, including the Processes of Concentration and Chlorination,
and the Assaying, Melting, and Refining of Gold. By M. EISSLER.
With 132 Illustrations. 12mo. . . . . . $3.50
EISSLER.—The Metallurgy of Silver:
A Practical Treatise on the Amalgamation, Roasting, and Lixiviation
of Silver Ores, including the Assaying, Melting, and Refining of
Silver Bullion. By M. EissLEr. 124 Illustrations. 336 pp.
12zmo. . . . . . . . . . . $4.25
ELDER.—Conversations on the Principal Subjects of Political
Economy.
By DR. WiLLIAM ELDER. 8v0. . . . . . $250

ELDER.—Questions of the Day,
Economic and Social. By Dr. WiLLIAM ELDER. 8vo. . $3.00
ERNI.—Mineralogy Simplified.
Easy Methods of Determining and Classifying Minerals, including
Ores, by means of the Blowpipe, and by Humid Chemical Analysis,
based on Professor von Kobell’s Tables for the Determination of
Minerals, with an Introduction to Modern Chemistry. By HENRY
ERrNI, A.M., M.D,, Professor of Chemistry. Second Edition, rewritten,
enlarged and improved. 12mo. | . . . . . $3.0C
FAIRBAIRN.—The Principles of Mechanism and Machinery
of Transmission *
Comprising the Principles of Mechanism, Wheels, and Pullevs.
Strength and Proportions of Shafts, Coupling of Shafts, and Engag-
ing and Disengaging Gear. B{ SiR WILLIAM FAIRBAIRN, Bart.
C. E. Beautifully fllustrated by over 150 wood-cuts. In one
volume, 12mo. . . . . . . . . . $2.5¢
FLEMING.—Narrow Gauge Railways in America.
A Sketch of their Rise, Progress, and Success. Valuable Statistics
as to Grades, Curves, Weight of Rail, Locomotives, Cars, etc. By
HowarD FLEMING. Illustrated, 8vo. . . . . $1 oo
FORSYTH.—Book of Designs for Headstones, Mural, and
other Monuments:
Containing 78 Designs. By JAMES ForsyTH. With an Introduction
by CHARLES BouteLL, M. A. 4to,cloth . ._ - §$500
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FRANKEL—HUTTER.—A Practical Treatise on the Manu.
facture of Starch, Glucose, Starch-Sugar, and Dextrine:
Based on the German of LADISLAUS VON WAGNER, Professor in the
Royal Technical High School, Buda-Pest, Hungary, and other
authorities. By JuLlUs FRANKEL, Graduate of the Polytechnic
School of Hanover. Edited by ROBERT HUTTER, Chemist, Practical
Manufacturer of Starch-Sugar. Iliustrated by 58 engravings, cover-
ing every branch of the subject,.including examples of the most
Recent and Best American Machinery. 8vo., 344 pp. . $3.50

GARDNER.—The Painter’s Encyclopaedia:
Containing Definitions of all Important Words in the Art of Plain
and Artistic Painting, with Details of Practice in Coach, Carriage,
Railway Car, House, Sign, and Ornamental Painting, including
Graining, Marbling, Staining, Varnishing, Polishing, Lettering,
Stenciling, Gilding, Bronzing, etc. By FRANKLIN B. GARDNER.
158 Illustrations. 12mo. 427 pp. . . . . . $2.00
GARDNER.—Everybody’'s Paint Book:
A Complete Guide to the Art of Outdoor and Indoor Painting, De-
signed for the Special Use of those who wish to do their own work,
and consisting of Practical Lessons in Plain Painting, Varnishing,
Polishing, Staining, Peancr Hanging, Kalsomining, etc., as well as
Directions for Renovating Furniture, and Hints on Artistic Work for
Home Decoration. 38 Illustrations. 12mo., 183 pp. . $1.00
GEE.—The Goldsmith’s Handbook :
Containing full instructions for the Alloying and Working of Gold,
including the Art of Alloying, Melting, Reducing, Coloring, Col-
lecting, and Refining; the Processes of Manipulation, Recovery of
Waste; Chemical and Physical Properties of Gold; with a New
System of Mixing its Alloys; Solders, Enamels, and other Useful
Rules and Recipes. By GEORGE E. GEE. 12mo. . . $1.75
GEE.—The Silversmith’s Handbook :
Containing full instructions for the Alloying and Working of Silver,
including the different modes of Refinin~ 2nd Melting the Metal; its
Solders ; the Preparation of Imitation Alloys; Methods of Manipula-
tion ; Prevention of Waste ; Instructions for Improving and Finishing
the Surface of the Work ; together with other Useful Information and
Memoranda. By GEORGE E. GEE. Illustrated. 12mo. $1.75
GOTHIC ALBUM FOR CABINET-MAKERS:
Designs for Gothic Furniture. Twenty-three plates. Oblong $2.00
GRANT.—A Handbook on the Teeth of Gears:
Their Curves, Properties, and Practical Construction. By GEORGE
B. GRANT. Illustrated. Third Edition, enlarged. 8vo. $1.00
GREENWOOD.—Steel and Iron:
Comprising the Practice and Theory of the Several Methods Pur-
sued in their Manufacture, and of their Treatment in the Rolling-
Mills, the Forge, and the Foundry. By WiLLiAM HENRY GREEN-
woop, F. C.S. With g7 Diagrams, 536 pages. 12mo. $2.00



t4 HENRY CAREY BAIRD & CO’S CATALOGUE.

GREGORY.—Mathematics for Practical Men:
Adapted to the Pursuits of Surveyors, Architects, Mechanics, and
Civil Engineers. By OLINTHUS GREGORY. 8vo., plates $3.00
GRIMSHAW.—Saws:
The History, Development, Action, Classification, and Comparison
of Saws of all kinds.  With Copious Appendices. Giving the details
of Manufacture, Filing, Setting, Gumming, etc. Care and Use of
Saws; Tables of Gauges; Capacities of Saw-Mills; List of Saw-
Patents, and other valuable information. By ROBERT GRIMSHAW.
Second and greatly eunlarged edition, with Supplement, and 354
Illustrations. Quarto . . . . . . . $4.00
GRISWOLD.—Railroad Engineer’s Pocket Oompar{ion for the
Field:
Comprising Rules for Calculating Deflection Distances and Angles,
Tangential Distances and Angles, and all Necessary Tables for En.
gineers; also the Art of Levelling from Preliminary Survey to the
Construction of Railroads, intended Expressly for the Young En.
gineer, together with Numerous Valuable Rules and Examples, By
W. GRISWOLD. 12mo., tucks . . . . . $1.75
GRUNER.—Studies of Blast Furnace Phenomena:
By M. L. GRUNER, President of the General Council of Mines of
France, and lately Professor of Metallurgy at the Ecole des Mines.
Translated, with the author’s sanction, with an Appendix, by L. D.
B. GorpoN, F. R.S. E,,F.G. S. 8vo. . . . $2.5¢
Hand-Book of Useful Tables for the Lumberman, Farmer and
Mechanic:
Containing Accurate Tables of Logs Reduced to Inch Board Meas~
ure, Plank, Scantling and Timber Measure; Wages and Rent, by
Week or Month; Capacity of Granaries, Bins and Cisterns; Land
" Measure, Interest Tables, with Directions for Finding the Interest on
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables.
32 mo., boards. 186 pages . . . . . . .25
HASERICK.—The Secrets of the Art of Dyeing Wool, Cotto:
and Linen,
Including Bleaching and Coloring Wool and Cotton Hosiery and
Random Yarns. A Treatise based on Economy and Practice. By
E. C. HASERICK. [ilustrated by 323 Dyed Patterns of the Yarns
or Fabrics. 8vo. . . . . . . . . Brz2.50
HATS AND FELTING:
A Practical Treatise on their Manufacture. By a Practical Hatter.
Illustrated by Drawings of Machinery, etc. 8vo. . . $1.28
HOFFER.—A Practical Treatise on Caoutchouc and Gutta
Percha,
Comprising the 1’mperties of the Raw Materials, and the manner of
Mixing and Working them; with the Fabrication of Vulcanized and
Hard Rubbers, Caoutchouc and Gutta Percha Compositions, Water.
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F'oof Substances, Elastic Tissues, the Utilization of Waste, etc., etc.
rom the German of RaiMUND HoFFEr. By W. T. ERANNT.
Illustrated 12mo. . . . . . . . . $2.50
HOFMANN.—A Practical Treatisc on the Manufacture of
Paper in all its Branches:
By CARL HOFMANN, Late Superintendent of Paper-Mills in Germany
and the United States; recently Manager of the *Public Ledger”
Paper-Mills, near Elkton, Maryland. Illustrated by 110 wood en-
gravings, and five large Folding Plates. 4to., cloth; about 400
es . . . . . . . . . . $35.00
HUGHES.—American Miller and Millwright’s Assistant:
By WiLLiAM CARTER HUGHES. 12mo. . . . . $1.50
HULME.—Worked Examination Questions in Plane Geomet-
rical Drawing :
For the Use of Candidates for the Royal Military Academy, Wool-
wich; the Royal Military College, Sandhurst ; the Indian Civil En-
gineering College, Cooper’s Hiﬁ; Indian Public Works and Tele-
graph Departments; Royal Marine Light Infantry; the Oxford and
Cambridge Local Examinations, etc. By F. EDWARD HULME, F. L.
8., F. S. A,, Art-Master Marlborough College. Illustrated Ly 300
examples, Small quarto . . . . . . $2.50
RVIS.—Railroad Property:
A Treatise on the Construction and Management of Railways;
designed to afford useful knowledge, in the popular style, to the
holders of this class of property ; as well as Railway Managers, Offi-
cers, and Agents. By JoHN B. JERvis, late Civil Engineer of the
Hudson River Railroad, Croton Aqueduct, etc. 12mo.,cloth  $2.00
KEENE.—A Hand-Book of Practical Gauging:
For the Use of Beginners, to which is added a Chapter on Distilla.
tion, describing the process in operation at the Custom-House for
ascertaining the Strength of Wines. By JAMES B. KEENE, of H. M.
Customs. 8vo. . . . . . . . . $1.25
KELLEY.—Speeches, Addresses, and Letters on Industrial and
Financial Questions:
By HoN. WiLL1aM D. KELLEY, M. C. 544 pages, 8vo. .  $3.00
KELLOGG.—A New Monetary System :
The only means of Securing the respective Rights of Labor and
Property, and of Protecting the Public from Financial Revulsions.
By EDWARD KELLOGG. Revised from his work on ¢ Labor and
other Capital.” With numerous additions from his m-nuseript.
Edited by MARY KELLOGG PUuTNAM. Fifth edition. To which ie
added a Biographical Sketch of the Author. One volume, 12mo.
Paper cover . . . . . . . . . $1.00
Bound in cloth . . . . . . . . 1.50
KEMLO.—Watch-Repairer’s Hand-Book: .
Being a Complete Guide to the Young Beginner, in Taking Apart,
Putting Together, and Thoroughly Cleaning the English Lever and
other ¥oreign Watches, and all American Watches. By F. KEMLo,
Rractical Watchmaker. With Illustrations. I12mo. . $1.2§
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KENTISH.—A Treatise on a Box of Instruments,
And the Slide Rule; with the Theory of Trigonometry and Loga
rithms, including Practical Geometry, Surveying, Measuring of .
ber, Cask and Malt Gauging, Heights, and Distances. By THOMAS
KEeNTISH. In one volume. 12mo. . . . . $1.24
KERL.—The Assayer’s Mariual:
An Abridged Treatise on the Docimastic Examination of Ores, and
Furnace and other Artificial Products. By BRUNO KERL, Professor
in the Royal School of Mines. Translated from the German by
WIiLLIAM T. BRANNT. Second American edition, edited with Ex-
tensive Additions by F. LYNWooD GARRISON, Member of the
American Institute of Mining Engineers, etc. Illustrated by 87 en-
gravings. 8vo. . . . . . . . . $3.00
KJCK.—Flour Manufacture.
A Treatise on Milling Science and Practice. By FREDERICK KICK,
Tmperial Regierungsrath, Prcfessor of Mechanical Technology in the
Jmperial German Polytechnic Institute, Prague. Translated from
the second enlarged and revised edition with supplement by H. H.
P. POWLES, Assoc. Memb. Institution of Civil Engineers. Illustrated
with 28 Plates, and 167 Wood-cuts. 367 pages. 8vo. . $10.00
KINGZETT.—The History, Products, and Processes of the
Alkali Trade:
Including the most Recent Improvements. By CHARLES THOMAS
KINGZETT, Consulting Chemist. With 23 illustrations. 8vo. $2.50
KINSLEY.—Self-Instructor on Lumber Surveying:
For the Use of Lumber Manufacturers, Surveyors, and Teachers.
By CHARLES KINSLEY, Practical Surveyor and Teacher of Surveying.
12mo. . . . . . . . . . .
KIRK.—The Founding of Metals:
A Practical Treatise on the Melting of Iron, with a Description of the
Founding of Alloys; also, of all the Metals and Mineral Substances
used in the Art of Founding. Collected from original sources. By
EpwarD KIRK, Practical Foundryman and Chemist. Illustrated.
Third edition. 8vo. . . . o . . . $2.50
LANDRIN.—A Treatise on Steel:
Comprising its Theory, Metallurgy, Properties, Practical Working,
and Use. By M. H. C. LANDRIN, JRr., Civil Engineer. Translated
from the French, with Notes, by A. A. FESQUET, Chemist and En-
gineer. With an Appendix on the Bessemer and the Martin Pro-
eesses for Manufacturing Steel, from the Report of Abram S. Hewitt
United States Commissioner to the Universal Exposition, Paris, 1867,
1amo. . . . . . . . . . . $3.00
LARDEN.—A School Course on Heat:
By W. LARDEN, M. A. 321 pp. I12mo. . . . . $2.00
LARDNER .—The Steam-Engine:
For the Use »f Beginners. By L'g. LARDNER. Illustrated. 12mo.
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LARKIN.—The Practical Brass and Iron Founder’s Guide: )
A Concise Treatise on Brass Founding, Moulding, the Metals and
t..  Alloys, etc.; to which are added Recent Improvements in the
Manufacture of Iron, Steel by the Bessemer Process, etc., etc. By
JamEs LARKIN, late Conductor of the Brass Foundry Department i
Reany, Neafie & Co.’s Penn Werks, Philadelphia. Fifth edition,
revised, with extensive additions. 12mo. . . . $2.2§

LEROUX.—A Practical Treatise on the Manufacture of

Worsteds and Carded Yarns:
Comprising Practical Mechanics, with Rules and Calculations applied
to Spinning; Sorting, Cleaning, and Scouring Wools; the English
and French Methods of Combing, Drawing, and Spinning Worsteds,
and Manufacturing Carded Yarns. Translated from the French of
CHARLES LEROUX, Mechanical Engineer and Superintendent of a
Spinning-Mill, by HorATiO PAINE, M. D., and A. A. FESQUET,
Chemist and Engineer. Illustrated by twelve large Plates. To which
is added an Appendix, containing Extracts from the Reports of the
International Jury, and of the Artisans selected by the Committee
appointed by the Council of the Society of Arts, London, on Woolen
and Worsted Machinery and Fabrics, as exhibited in the Paris Unie
versal Exposition, 186y. 8vo. . . . . . . $5.00
LEFFEL.—The Constructicn of Mill-Dams:
Cemprising also the Building of Race and Reservoir Embankments
and Head-Gates, the Measurement of Streams, Gauging of Water
Supply, etc. By JAmes LEFFEL & Co. Illustrated by 58 engravings.
8vo. . . . . . . . N . . $2.50

LESLIE.—Complete Cookery:
Directions for Cookery in its Various Branches. By Miss LesLie.
Sixtieth thowsand. Thoroughly revised, with the addition of New
Receipts. 12mo. . . . . . . . . $Ls0

LE VAN.—The Steam Engine and the Indicator:

Their Origin and Progressive Development; including the Most
Recent Examples of Steam and Gas Motors, together with the Indi-
cator, its Principles, its Utility, and its Application. By WiLLIAM
BARNET LE VaN. lllustrated by 205 Engravings, chiefly of Indi-
cator-Cards. 469 pp. 8vo. . . . . . . $400

L.IEBER.—Assayer’s Guide : =
Or, Practical Directions to Assayers, Miners, and Smelters, for the
Tests and Assays, by Heat and by Wet Processes, for the Ores of all
the principal Metals, of Gold and Silver Coins and Alloys, and of
Coal, etc. By OscAR M. LIEBER. - I2mo. . . . $1.25

Lockwood’s Dictionary of Terms:

Used in the Practice of Mechanical Engineering, embracing those
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Tum-
ing, Smith’s and Boiler Shops, etc., etc., comprising upwayds cf Six
Thousand Definitions. Edited by a Foreman Pattern Maker, author
of « Pattern Making.” 417 pp. 12mo. . . . $3.00
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LUKIN.—Amongst Machines:
Embracing Descriptions of the various Mechanical Appliances used
in the Mznnfaanre of Wood, Metal, and other Substances. 32mo.

$1.75
ALUKIN.—The Boy Engineers:
What They Did, and How Thcy Did It. With 30 plates. ¢8mo.

$1.7
LUKIN.—The Young Mechanic: .
Practical Carpentry. Comntaining Directions for the Use of all kinds
of Tools, and for Construction of Steam-Engines and Mechanical
Models, including the Art of Turning in Wood and Metal. By JoHN
Luxm, Author of “The Lathe and Its Uses,” etc. Illustrated.
. B 75
HAIN and BROWN.—Qnesnons on Sub)ecu Connected with
the Marine Steam-Engine:
And Examination Papers; with Hints for their Solution. By
THOMAS J. MAIN, Professor of Mathematics, Royal Naval College,
and THoMAs BROWN, Chief Engineer, R. N. 12mo., cluth.  $1.50
MAIN and BROWN.—The Indicator and Dynxmomem:
With their Practical Applications to the Steam-Engine. By THOMAS
. MAIN, M. A. F. R, Ass’t S. Professor Royal Naval College,
rtsmouth, and THoMAs BROWN, Assoc. Inst. C. E., Chief Engineer
R. N, attached to the R. N. College. Illustrated. 8vo. . $1.50
MAIN and BROWN.—The Marine Steam-Engine.
By THoMAs J. MAIN, F. R. Ass’t S. Mathematical Professor at the
Royal Naval College, Portsmouth, and THOMAs BROWN, Assoc.
Inst. C. E., Chief Engineer R. N. Attached to the Reyal Naval
College. With numerous illustrations. 8vo. . .« $500
MAKINS.—A Manual of Metallurgy:
By GEORGE HOGARTH MAKINS. 100 engravings. Second edition
rewritten and much enlarged. 12mo., 592 pages . . $3.00

MARTIN.—Screw-Cutting Tables, for the Use of Mechanical
Engineers :
Showing the Proper Arrangement of Wheels for Cutting the Threads
of Screws of any Required Pitch; with a Table for Making the Uni-
versal Gas-Pipe Thread and Taps. By W. A, MARTIN, Engineer.

8vo. . . . 5c
UICHELL —Mine Dumage
Being a Complete and Practical Treatise on Direct-Acting Under-
ground Steam Pumping Machinery. With a Description of a large
number of the best known Engines, their General Utility and the
Special Sphere of their Action, the Mode of their Application, and
their Ments compared with other Pumping Machinery. By STEPHEN
MicHELL. Iflustrated by 137 engravings. 8vo., 277 pages .  $6.00
MOLESWORTH.—Pocket-Book of Useful Formule and
Memoranda for Civil and Mechanical Engineers.
By GUILFORD L. MOLESWORTH, Member of the Institution of Civil
Engincers, Chief Resident Engmeer of the Ceylon Railway. Full-
beund in Pocket-book form . . . o . $1.08

Y N
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MOORE.—The Universal Assistant and the Complets Mo
chanic:
Containing over one million Industrial Facts, Calculations, Receipts,
Pl'ocesses, Trades Secrets, Rules, Business Forms, Legal Items, Etc.,
in every occupation, from the Household to the Manufactory. By
R. MooRrE. Illustrated by 500 E;fnvings. 12mo. . $2.50

MORRIS,—Easy Rules for the Measurement of Earthworks :

* By means of the Prismoidal Formula. Illustrated with Numeroug
‘Wood-Cuts, Problems, and Exn.mples, and concluded by an Exten.
sive Table for finding the Solidity in cubic yards from Mean Areas,
The whole being adapted for convenient use by Engineers, Surveyors,
Contractors, and others needing Correct Measurements of Earthwork,
By ELwooD Morris, C. E.  8vo. . . $1.50

MORTON.—The System of Cnlculntmg Dumeter, Circumfere

ence, Area, and Squaring the Circle:
Together with Interest and Miscellaneous Tables, and other informa.
tion. By JamMEs MoRrTON. Second Edition, enlarged, with the
Metric System. IZmo. . . . . . $1.00

NAPIER.—Manual of Electro-Metall
Including the Application of the Art to Manufacturing Processes,
By JAmes NAPIER. Fourth American, from the Fourth London
edition, revised and enlarged. Illustrated by engravings. 8vo.

NAPIER.—A System of Chemistry Applied to Dyeing.

By JAMES NAPIER, F. C. S, A New and Thoroughly Revised Edi-
tion. Completely brought to the present state of the Science,
ncluding the Chemistry of (E.oal Tar Colors, by A. A. FESQUET,
Chemist and Engineer. With an Appendix on Dyeing and Calice
Printing, as shown at the Universal Exposition, Paris, 1867. Illus-
trated. 8vo. 422 pages $3.50

NEVILLE.—Hydraulic Tables. COeﬁclents, md Formula for

finding the Discharge of Water from Orifices, Notcheo.

Weirs, Pipes, and Rivers:
Third Edition, with Additions, consisting of New Formulz for the
Discharge from Tidal and Flood Sluices and Siphons; general infor-
mation on Rainfall, Catchment-Basins, Drainage, Sewerage, Watez
Supply for Towns and Mill Power. By JoHN NEeviLLg, C. EE M. R,
I A Fellow of the Royal Geological Society of Ireland. Thick
$5.50

NEWBERY —Gleanmgs from Omamental Art of evusy

style:
Drawn from Examples in the British, South Kensington, Indian,
Crystal Palace, and other Museums, the Exhibitions of 1851 and
1862, and the best English and Foreign works. In a series of 100
exquisitely drawn Plates, containing many hundred examples. By
ROBERT NEWBERY. 4to. . . . . $12.50
{NICHOLLS. —The Theoretical and Puctical Boiler-Maker and
Engineer’s Reference Book:
Containing a variety of Useful Information for Employers of Labor,
Faremen and Working Boiler-Makers, Iron, Copper, and Tinsmiths
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Draughtsmen, Engineers, the General Steam-using Public, and for the
Use of Science Schools and Classes. By SAMUEL N:icHoLis. lus.
trated by sixteen plates, 12mo. . . . . . %250
NICHOLSON.—A Manual of the Art of Bookbinding :
Containing full instructions in the different Branches of Forwarding,
Gilding, and Finishing. Also, the Art of Marbling Book-edges and
Paper. By James B. NicHoLsON. Illustrated. 12mo., cloth $2.2§
NICOLLS.—The Railway Builder:
A Hand-Book for Estimating the Probable Cost of American Raile .
way Construction and Equipment. By WiLLIAM ]. NicoLLs, Civil
Engineer. Illustrated, full bound, pocket-book form . $2.00
NORMANDY.—The Commercial Handbook of Chemical An~
alysis:
Or l;,r;ctiml Instructions for the Determination of the Intrinsic oe
Commercial Value of Substances used in Manufactures, in Trades,
and in the Arts. By A. NorMANDY. New Edition, Enlarged, and
to a great extent rewritten. By HENRY M. Noap, Ph.D., F.R.S,,
thick 12mo. . . . . . . . . . $5.00¢
NORRIS.—A Handbook fcr Locomotive Engineers and Ma-
chinists:
Comprising the Proportions and Calculations for Constructing Loco.
motives ; Manner of Setting Valves; Tables cf Squares, Cubes, Areas,
etc., etc. By SEPTIMUS NORRIS, M. E., New edition. Illustrated,
12mo. . . . . . . . . . . $L50
NYSTROM.—A New Treatise on Elements of Mechanics :
Establishing Strict Precision in the Meaning of Dynamical Terms:
accompanied with an Appendix on Duodenal Arithmetic and Me-
trology. By JoHN W. NysTrRoM, C. E. Illustrated. 8vo.  $2.00
NYSTROM.—On Technological Education and the Construc-
tion of Ships and Screw Propellers:
For Naval and Marine Engineers. By JouN W. NYsTRoM, late
Acting Chief Engineer, U.S. N. Second edition, revised, with addi-
tional matter. Illustrated by seven engravings. I12mo. . $1.50
O’'NEILL.—A Dictionary of Dyeing and Calico Printing:
Containing a brief account of all the Substances and Processes in
use in the Art of Dyeing and Printing Textile Fabrics ; with Practical
Receipts and Scientific Information. By CHARLES O’NEILL, Analy-
tical Chemist. To which is added an Essay on Coal Tar Colors and
their application to Dyeing and Calico Printing. By A. A. FFSQUET,
Chemist and Engineer. With an appendix on Dyeing and Calico
Frinting, as shown at the Universal Exposition, Paris, 1867. 8vo.,
491 pages . . . . . . « e« .« $350
ORTON.—Underground Treasures:
How and Where to Find Them. A Key for the Ready Determination
of all the Useful Minerals within the United States. By JAMEs
ORTON, A.M., Late Professor of Natural History in Vassar College,
N. Y,; Cor. Mem. of the Academy of Natural Sciences, Philadelphia,
and of the Lyceum of Natural History, New York; author of the
¢ Andes and the Amazon,” etc. A New Edition, with Additions.
Hlusirated . . . . . . . . . $i.50



———

'

- HENRY CAREY BAIRD & CO.S CATALOGUE. 21

OSBORN.—The Metallurgy of Iron and Steel:

Theoretical and Practical in all its Branches; with special rerersnce
to American Materials and Processes. By H. S. O.sokN, LL. D.,
Professor of Mining and Metallurgy in Lafayette College, Easlon,
Pennsylvania. Hlustrated by numerous large folding plates and
wond-engravings. 8vo. . $25.00

OSBORN .—A Practical Manual of Mmenls, Mmes and Mm~

ing:
Comprising the Physical Properties, Geologic Positions, L.ocal Occur-
rence and Associations of the Useful Minerals; their Methods of
Chemical Analysis and Assay : together with Various Systems of
Excavating and Timbering, Brick and Masonry Work, during Driv-
ing, Lining, Dracing and other Operati ns, etc. By Prof. H. S.
OsBorN, LL. D., Author of the ¢ Metallu of Iron and Steel.”
Tllustrated by 171 engravings from original drawings. 8vo. $4.50

OVERMAN.—The Manufacture of Steel:

Containing the Practice and Principies of Working and Making Steel.
A Handbook for Blacksmiths and Workers in Steel and Iron, Wagon
Makers, Die Sinkers, Cutlers, and Manufacturers of Files and Hard-
ware, of Steel and Iron, and for Men of Science and Art. By
FREDERICK OVERMAN, Mining Engineer, Author of the ¢ Manu-
facture of Iron,” etc. A new, enlarged, and revised Edition. By
A. A. FEsQUET, Chemist and Engineer. 12mo. $1.50

OVERMAN.—The Moulder’s and Founder’s Pocket Gulde

A Treatise on Moulding and Founding in Green-sand, Dry-sand, Loam,
and Cement; the Moulding of Machine Frames, Mill-gear, Hollow-
ware, Ornaments, Trinkets, Bells, and Statues; Description of Moulds
for Iron, Bronze, Brass, and other Metals; Plaster of Paris, Sulphur,
‘Wax, etc.; the Construction of Melting Furnaces, the Melting and
Founding of Metals; the Composition of Alloys and their Nature,
etc., etc. By FREDERICK OVERMAN, M. E. A new Edition, to
which is added a Supplement on Statuary and Ornamental Moulding,
Ordnance, Malleable Iron Castings, etc. By A. A, FEsQUET, Chem-
ist and Engineer. lllustrated by 44 engravings. 12mo. . $2.00

PAINTER, GILDER, AND VARNISHER'S COMPANION:

Containing Rules and Regulations in everything relating to the Ang
of Painting, Gilding, Varnishing, Glass-Staining, Graining, Marbling,
Sign-Writing, Gilding on Glass, and Coach Painting and nmishmg;
Tests for the Detection of Adulteraiions in Qils, Colors, etc.; and a
Stat t of the Di to which Painters are peculiarly liable, with
the Simplest and Best Remedies. Sixteenth Edition. Revised, with
an Appendix. Containing Colors and Coloring—Theoretical and
Practical. Comprising descriptibns of a great variety of Additional
Pigments, their Qualities and Uses, to which are added, Dryers, and
Modes and Operations of Painting, etc. Together with Chevreul's
Principles of Harmony and Contrast of Colors. 12mo. Cloth $1.50

PALLETT.—The Miller’s, Millwright's, and Engineer’s Guide.
$2.00

By HeNRY PALLETT. lllustrated. 12mo. . . .
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PERCY.—The Manufacture of Russian Sheet-Iron.
By Joun PErcy, M.D., F.R.S., Lecturer on Metallurgy at the
Royal School of Mines, and to The Advance Class of Artillery
Officers at the Royal Artillery Institution, Woolwich; Author of
“ Metallurgy.” With Illustrations. 8vo., paper . . 50 cts.

PERKINS.—Gas and Ventilation :
Practical Treatise on Gas and Ventilation. With Special Relaiion
to Illuminating, Heating, and Cooking by Gas. Including Scientific
Helps to Engineer-students and others. With Illustrated Diagrams,
By E. E. PERKINS. 12mo., cloth . .. R %1

PERKINS AND STOWE.—A New Guide to the Sheet-iron

and Boiler Plate Roller: <

Containing a Series of Tables showing the Weight of Slabs and Piles
to Produce Boiler Plates, and of the Weight of Piles and the Sizes of
Bars to produce Sheet-iron; the Thickness of the Bar Gauge
in decimaﬂ; the Weight per foot, and the Thickness on the Bar or
Wire Gauge of the fractional parts of an inch; the Weight per
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various
dimensions to weigh 112 lbs. per bundle; and the conversion of
Short Weight into Long Weight, and Long Weight into Short.
Estimated and collected by G. H. PERKINs and J. G. STOWE. $2.5a

POWELL—CHANCE—HARRIS.—The Principles of Glass
Making.
By HARRY J. POWELL, B. A. Together with Treatises on Crown and
Sheet Glass; by HENRY CHANCE, M. A. And Plate Glass, by H.
G. HARRIs, Asso. M. Inst. C. E. Illustrated 18mo. . $1.50
PROCTOR.—A Pocket-Book of Useful Tables and Formulze
for Marine Engineers:
By FrRANK PRroOCTOR. Second Edition, Revised and Enlarged.
Full-bound pocket-book form . . . . . . $1.5a
REGNAULT.—Elements of Chemistry:
By M. V. REGNAULT. Translated from the French by T. FORREST
BeTTON, M. D., and edited, with Notes, by James C. BooTH, Melter
and Refiner U. S. Mint, and WiLLIAM L. FABER, Metallurgist and
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com-
prising nearly 1,500 pages. In two volumes, 8vo., cloth . $7.50
RICHARDS.—Aluminium : .
Its History, Occurrence, Properties, Metallurgy and Applications,
including its Alloys. By JosepH W. RIcHARDs, A. C., Chemist and
Practical Metallurgist, Member of the Deutsche Chemische Gesell-
schaft. Illustrated . . . . . . . . $#5.00
RIFFAULT, VERGNAUD, and TOUSSAINT.—A Practical
Treatise on the Manufacture of Colors for Painting:
Comprising the Origin, Definition, and Classification of Colors; the
Treatment of the Raw Materials; the best Formule and the Newest
Processes for the Preparation of every description of Pigment, and
the Necessary Apparatus and Directions for its Use; Dryers; the
Testing, Application, and Qualities of Paints, etc., etc. By MM.
RIFFAULT, VERGNAUD, and TOUSSAINT. Revised and Edited by
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F. MALEPEYRE. Translated from the French, by A. A. FESQUET,
Chemist and Engineer. Illustrated by Elghty engravmgs In one
vol., 8vo., 659 pages . $7.50
ROPER.—A Catechism of ngh-Ptueure, or Non-Condensmg
Steam-Engines :
Including the Modelling, Constructing, and Management of Steam-
Engines and Steam Boilers. With valuable illustrations. By STE-
PHEN RoOPER, Engineer. Sixteenth edition, revised and enlarged.
18mo., tucks, gilt edge . . . . . $2.00
ROPER.—Engineer’s Handy -Book
Containing a full Explanation of the Steam-Engine Indicator, and its
Use and Advantages to Engineers and Steam Users. With Formulae
for Estimating the Power of all Classes of Steam-Engines; also,
Facts, Figures, Questions, and Tables for Engineers who wish to
qunhfy themselves for the United States Navy, the Revenue Service,
the Mercantile Marine, or to take charge of the Better Class of Sta-
tionary Steam-Engm&s Sixth edition. 16mo., 690 pages, tucks,
gilt edge . . . $3.50
ROPER. —Hand-Book of Lmd nnd Manne Engmee :
Including the Modelling, Construction, Running, and Management
of Land and Marine Engines and Boilers. With il'ustrations. By
STEPHEN ROPER, Engineer. Sixth edition. 12mo., ti'cks, gilt edge.
$3.50
ROPER.—Hand-Book of the Locomotive :
Including the Construction of Engines and Boilers, and the Construc-
tion, Management, and Running of Locomotives. By STEPHEN
RopPER. Eleventh edition. 18mo., tucks, gilt edge . $2.50
ROPER.—Hand-Book of Modern Steam Fire-Engines.
With illustrations. By STEPHEN ROPER, Engineer. Fourth edition,
12mo., tucks, gilt edge . . $3.50
ROPER. —Questlons and Answers for Engmeers
This little book contains all the Questions that Engineers will be
asked when undergoing an Examination for the purpose of procuring
Licenses, and they are so plain that any Engineer or Fireman of or-
dinary intelligence may commit them to memory in a short time. By
. STEPHEN ROPER, Engineer. Third edition . . . $3.00
ROPER.—Use and Abuse of the Steam Boiler.
By STEPHEN ROPER, Engineer. Eighth edition, with illustrations.
18mo., tucks, gilt edge . . . $2.00
ROSE. —The Complete Practical Machmut
Embracing Lathe Work, Vise Work, Drills and Drilling, Taps and
Dies, Hardening and Tempenng, the Making and Use of Tools,
Tool Grinding, Marking out Work, etc. By JosHUuA Rose. Illus-
trated by 356 engravings. Thirteenth edition, thoroughly revised
and in great part rewritten. In one vol., 12mo., 439 pages  $2.5a
ROSE.—Mechanical Drawing Self-Taught:
Comprising Instructions in the Selection and Preparation of Drawmg
Instruments, Elementary Instructian in Practical Mechanical Drawe



24 HENRY CAREY BAIRD & CO.’S CATALOGUE.

N

ing, together with Examples in Simple Geometry and Elementary
Mechamsm, including Screw Threads, Gear Wheels, Mechanical
Motions, Engines and Boilers. By JosHUA Rosg, M.E. Illustrated
by 330 engravings. 8vo, 313 pages . . . . $4.00
ROSE.—The Slide- Valve Practically Explained :
Embracing simple and complete Practical Demonstrations of the
operation of each element in a Slide-valve Movement, and illustrat-
ing the effects of Variations in their Proportions by exnmples care-
fully selected fram the mast recent and successful practice. By
Josuua Rése, M. E. Illustrated by 35 engravings . $1.00
‘ROSS.—The Blowpipe in Chemistry, Mineralogy and Geology :
Containing all Known Methods of Anhydrous Analysis, many Work-
ing Examples, and Instractions for Making Apparatus. By LIEUT.-
CoLoNEL W. A. Ross, R. A, F.G.S. With 120 Illustrations.
12mo. . . . . . . . $2.00
SHAW.—Civil Archntectute :
Being a Complete Theoretical and Practical System of Building, con-
taining the Fundamental Principles of the Art. By EDWARD SHAW,
Architect. To which is added a Treatise on Goshig Architecture, etc.
By THoMAs W. SiLLowAY and GEORGE M. HARDING, Architects.
The whole illustrated by 102 quarto plates ﬁne]y engravcd on copper.
Eleventh edition. 4to. . . . . . $10.00

S8HUNK.—A Practical Treatise on Rallway Curves and Loca-
tion, for Young Engineers.

By W. F. Suunk, C.E.  12mo. Full bound pocket-book form $2.00
SLATER.—The Manual of Colors and Dye Wares.

By J. W. SLATER. I2mo. . . . . . . $3.75
SLOAN.—American Houses:

A variety of - Original Designs for Rural Buildings. Ilustrated by

26 colored engravings, with descnptwe references. By SAMUEL

SLOAN, Architect. ~ 8vo. . . . . $1.50
SLOAN.—Homestead Archntecture

Containing Forty Designs for Villas, Cottages, and Farm-houses, with

Essays on Style, Construction, Landscape Gardening, Furniture, etc.,

etc. IMNustrated by upwards of 200 engravings. By SAMUEL SLOAN,

Architect. 8vo. . . . . . . . . $3.50
SLOANE.—Home Experiments in Science.

By T. O’'CoNOR SLOANE, E.M., A, M., Ph.D. Illustrated by 91

engravings. 12mo. . . . . . $1.50
SMEATON.—Builder's Pocket-Compnmon :

Containing the Elements of Building, Surveying, and Architecture;

with Practical Rules and Instructions connected with the sulject.

By A. C. SMEATON, Civil Engineer, etc. 12mo. . . $1.50
SMITH.—A Manual of Political Economy.

By E. PEsHINE SMiTH. A New Edition, to which is added a full

Index. 12mo. . . . . . . . . $1 25
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SMITH.—Parks and Pleasure-Grounds:
Or Practical Notes on Country Residences, Villas, Public Parks, and
Gardens. By CHArLES H. J. SmiTH, Landscape Gardener and
Garden Architect, etc., etc. 12mo. . . . . $2.00

SMITH.—The Dyer’s Instructor:
Comprising Practical Instructions in the Art of Dyeing Silk, Cotton,
Wool, and Worsted, and Woolen Goods; containing nearly 8on
Receipts. To which is added a Treatise on the Art of Padding; and
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the
various Mordants and Colors for the different styles of such work,
By DaviD SMiTH, Pattern Dyer. 12mo. $2.00

SMYTH.—A Rudimentary Treatise on Coal ‘and Coal-Mmmg
By WaARrRINGTON W. SmyTH, M. A, F. R. G., President R. G. S,
of Cornwall. Fifth edition, revised a.nd corrected With numer-

ous illustrations. 12mo. . . $1.7%
SNIVELY.—Tables for Systematic Qunhtative Chemical Anal.
ysis.

By Joun H. SN1veLy, Phr. D.  8vo. . . $1.00

SNIVELY.—The Elements of Systematic Qunlitative Chemical
Analysis :

A Ha.nd-book for Beginners. By JouN H. SNIVELY, Phr. D. 16mo.

$2.00

STEWART.—The American System :
Speeches on the Tariff Question, and on Internal Improvements,
principally delivered in the House of Representatives of the United
States. By ANDREW STEWART, late M. C. from Pennsylvania.
With a Portrait, and a Biographical Sketch. 8vo. . . $3.00

STOKES.—The Cabinet-Maker and Upholsterer’s Companion :
Comprising the Art of Drawing, as applicable to Cabinet Work;
Veneering, Inlaying, and Buhl-Work ; the Art of Dyeing and Stain-
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker-
ing, Japanning, and Virnishing; to make French Polish, Glues,
Cements, and Composiar as; with numerous Receipts, useful to work
men generally Bv  Stokes. Illustrated. A New Edition, with
an Appendix upor .ench Polishlng, Stammg, lmltatmg, Varnishing,
etc., etc. I12mo . . . $1.25

STRENGTH AND OTHER PROPERTIES OF METALS:
Reports of Experiments on the Strength and other Properties of
Metals for Cannon. With a Description of the Machines for Testing
Metals, and of the Classification of Cannon in service. By Officers
of the Ordnance Department, U. S. Army. By authority of the Secre-
tary of War. Illustrated by 25 large steel plates. Quarto .  $10.00

S8ULLIVAN.—Protection to Native Industry.

By Sir EDWARD SULLIVAN, Baronet, author of *“Ten Chapters on
Social Reforms.””  8vo. . . . . . $1.5v

SULZ.—A Treatise on Beveragee :

Or the Complete Practical Bottler. Full instructions for Laboratory
Work, with Original Practical Recipes for all kinds of Carhonated
Drinks, Mineral Waters, Flavorings, Extracts, Syrups, etc. By
CHAs. HErRMAN Surz, Technical Chemist and Practical Bottler
Illustrated by 428 Engravings. 818 pp. 8vo. . . $10.
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S8YME.—Outlines of an Industrial Science.

By DAviD SYME. 12mo. . . $2.00
TABLES SHOWING THE WEIGHT OF ROUND,
SQUARE, AND FLAT BAR IRON, STEEL, ETC,,

By Measurement. Cloth . . . . . 63
TAYLOR.—Statistics of Coal:
Including Mineral Bituminous Substances employed in Arts and
Manufactures; with their Geographical, Geological, and Commercial
Distribution and Amount of Production and Consumption on the
American Continent. With Incidental Statistics of the Iron Manu-
facture. By R. C. TAYLOR. Second edition, revised by S. S. HALDE-
MAN. Illustrated by five Maps and many wood engravings. 8vo.,
cloth . . $10.00
TEMPLETON —The Practical Examinator on Steam and the
Steam-Engine:
With Instructive References relative thereto, arranged for the Use of
Engmeers, Students, and others. By WiLLIAM TEMPLETON, En-
gincer. 12mo. . $1.2§
THAUSING.—The Theoxy and Practice of the Prepanuon of
Malt and the Fabrication of Beer:
With especial reference to the Vienna Process of Brewing. Elab-
orated from personal experience by JuLius E. THAUSING, Professor
at the School for Brewers, and at the Agricultural Institute, Madling,
near Vienna. Translated from the German by WiLLiAM T, BRANNT,
Thoroughly and elaborately edited, with much American matter, and
according to the latest and most Scientific Practice, by A. ScCHWARz
and DRr. A. H. BAuer. Illustrated by 140 Engravings. 8vo., 815
. slo.oo

THOMAS —The Modern Practice of Photography
By R. W. THomas, F. C. S. 8vo. 75
THOMPSON.—Political Economy. With Especml Reference
to the Industrial History of Nations:
By RogerT E. THOMPSON, M. A., Professor of Social Science in the
Unmiversity of Pennsylvmla. 12mo. . . $1.50
THOMSON.—Freight Charges Calculator :
By ANDREW THOMSON, Freight Agent. 2gmo. .. $1.25
URNER'S (THE) COMPANION:
Containing Instructions in Concentric, Elliptic, and Eccentric Turn.
ing; also various Plates of Chucks, Tools, and Instruments; and
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and
Circular Rest; with Patterns and Instructions for working them
12mo. . . $1.25
TURNING: Specnmens of chy Turmng Executed on the
Hand or Foot-Lathe:
With Geometric, Oval, and Eccentric Chucks, and Elhpucal Cutting
Frame. By an Amateur. Illustrated by 30 exquisite Photographs.

4to $3.00
URBIN—BRULL —A Practical Guide for Puddlmg ‘Iron and
Steel.
By Ep. UrBIN, Engineer of Arts and Manufactures. A Prize Essay,
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read before the Association of Engineers, Graduate of the School of
Mines, of Liege, Belgium, at the Meeting of 1865-6. To which is
added A COMPARISON OF THE RESISTING PROPERTIES OF IRON AND
STEEL. By A. BRULL. Translated from the French by A. A. FEs-
QUET, Chemist and Engineer. 8vo. . . . $1.00

VAILE.—Galvanized-Iron Cornice-Worker’s Manual :
Containing Instructions in Laying out the Different Mitres, and
Making Patterns for all kinds of Plain and Circular Work. Also,
Tables of Weights, Areas and Circumferences of Circles, and other
Matter calculated to Benefit the Trade. By CHARLES A. VAILE,
Illustrated by twenty-one plates. 4to. . . . . $5.00

YILLE.—On Artificial Manures :
Their Chemical Selection and Scientific Application to Agriculture,
A series of Lectures given at the Experimental Farm at Vincennes,
during 1867 and 1874-75. By M. GEORGEs VILLE. Translated and
Edited by WiLLiaM CROOKES, F. R. S, Illustrated by thirty-one
engravings. 8vo., 450 pages . . .« . $6.00

VILLE.—The School of Chemical Manures :
Or, Elementary Principles in the Use of Fertilizing Agents. From
the French of M. Geo. VILLE, by A. A. FEsQUET, Chemist and En-
gineer. With Illustrations. 12mo. . . . . $1.25

VOGDES.—The Architect’s and Builder’s Pocket-Companion

and Price-Book:

Consisting of a Short but Comprehensive Epitome of Decimals, Duo-
decimals, Geometry and Mensuration; with Tables of United States
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone,
Brick, Cement and Concretes, Quantities of Materials in given Sizes
and Dimensions of Wood, Brick and Stone; and full and complete
Bills of Prices for Carpenter’s Work and Painting; also, Rules for
Computing and Valuing Brick and Brick Work, Stone Work, Paint-
ing, Plastering, with a Vocabulary of Technical Terms, etc. By
FrRANK W. VOGDEs, Architect, Indianapolis, Ind. Enlarged, revised,
and corrected. In pne volume, 368 pages, full-bound, pocket-book
form, gilt edges . . . . . . . . 3
Cloth

WAHL.—Galvanoplastic Manipulations :
A Practical Guide for the Gold and Silver Electroplater and the Ga
vanoplastic Operator. Comprising the Electro-Deposition of ¢
Metals by means of the Battery and the Dynamo-Electric Machin
as well as the most approved Processes of Deposition by Simple Ir
mersion, with Descriptions of Apparatus, Chemical Products employe
in the Art, etc. Based largely on the ¢ Manipulations Hydropla
tiques” of ALFRED ROSELEUR. By WiLLiaM H. WaHL, Ph. 1
( Heid ), Secretary of the Franklin Institute. Illustrated by 189 ex
gravings. 8vo., 656 pages . . . . .

WALTON.—Coal-Mining Described and Illustrated :
By THoMas H. WALTON, Mining Engineer. Illustrated by 24 lar
and elaborate Plates, after Actual Workings and Apparatus. $5.¢

.
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WARE.—The Sugar Beet.

\ Including a History of the Beet Sugar Industry in Europe, Varieties
of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing,
Yield and Cost of Cultivation, Harvesting, Trangportation, Conserva.
tion, Feeding Qualities of the Beet and of the Pulp, etc. By Lewiy
" S. WARE, C. E,, M. E. Illustrated by ninety engravings. 8vo.

$4.00
WARN.—The Sheet-Metal Worker’s Instructor:

For Zing, Sheet-Iron, Copper, and Tin-Plate Workers, etc. Contain-
ing a selection of Geometrical Problems; also, Practical and Simple
Rules for Describing the various Patterns required in the different
branches of the above Trades. By REUBEN H. WARN, Practicai
Tin-Plate Worker. To which is added an Appendix, containing
Instructions for Boiler-Making, Mensuration of Surfaces and Solids,
Rules for Calcutating the Weights of different Figures of Iron and
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty-
two Plates and thirty-seven Wood Engravings. 8vo. . $3.00

WARNER.—New Theorems, Tables, and Diagnms, for the
Computation of Earth-work:

Designed for the use of Engineers in Preliminary and Final Estimates,
of Students in Engineering, and of Contractors and other non-profes.
sional Computers. In two parts, with an Appendix. Part I. A Prac-
tical Treatise; Part II. A Theoretical Treatise, and the Appendix,
Containing Notes to the Rules and Examples of Part I.; Explana-
tions of the Construction of Scales, Tables, and Dlagrams, and a
Treatise upon Equivalent Square Bases and Equivalent Level Heights.
The whole illustrated by numerous original engravings, comprising
explanatory cuts for Definitions and Problems, Stereometric Scaleg
and Diagrams, and a series of Lithographic Drawings from Models:
Showing all the Combinations of Solid Forms which occur in Railrcad
Excavations and Embankments. By JoHN WARNER, A. M., Mini
and Mechanical Engineer. Illustrated by l4 Plates. A new, revi
and improved edition. 8vo. . . .+« $400

WATSON.—A Manual of the Hand-Lathe :
Comprising Concise Directions for Working Metals of all kinds,
ivory, Bone and Precious Woods; Dyeing, Coloring, and French
Polishing; Inlaying by Veneers, and various methods practised to
produce Elaborate work with Dispatch, and at Small Expense. By
EGBERT P. WATSON, Author of “ The Modern Practice of American
Machinists and Engineers.” Illustrated by 78 engravings. $1.50

WATSON.—The Modemn Practice of American Machinists and
Engineers :
Including the Construction, Application, and Use of Drills, Lathe
Tools, Cutters for Boring Cylinders, and Hollow-work generally, with
the most Economical Speed for the same; the Results verified by
Actual Practice at the Lathe, the Vise, and on the Floor. Together
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with Workshop Management, Economy of Manufacture, the Steam.
Engiue, Boilers, Gears, Beliing, etc., etc. By EGBERT P. WATSON,
Ulustrated by cighty-six engravings. I12mo. . $2.50
WATSON.—The Theory and Practice of the Art of Weavmg
by Hand and Power :
With Calculations and Tables for the Use of those connected with the
Trade. By JouN WaTsoN, Manufacturer and Practical Machine-
Maker. Illuslrated by Ia.rge Drawmks of the best Power Looms.
8vo. . e« « . #7150
WATT.—The Art of Soap Makmg
A Practical Hand-book of the Manufacture of Hard and Soft Soaps,
Toilet Soaps, etc., including many New Processes, and a Chapter on
the Recovery of Glycerine from Wuste Leys. By ALEXANDER
Watr. Ill. 12mo. . . . . . . . $3.00

WEATHERLY.—Treatise on the Art of Boiling Sugar, Crys.
tallizing, Lozenge-making, Comfits, Guai Goods,
And other processes for Confectionery, etc., in which are expiained,
in an easy and familiar manner, the various Methods of Manufactur.
img every Description of Raw and Refined Sugar Goods, as sold by
Confectioners and others. I12mo. . .« . S50
WIGHTWICK.—Hints to Young Archltects :
Comprising Advice to those who, while yet at school, are destined
to the Profession; to such as, having passed their pupilage, are about
to travel; and to those who, having completed their education, are
about to.practise. Together with a Model Specification involvirg a
grleat variety of instructive and suggestive matter. By GEORGR
IGHTWICK, Architect. A new edition, revised and considerably
enlarged; comprising Treatises on the Principles of Construction
and Design. By G. HuskissoN GUILLAUME, Architect. Numerous
SUustrations. One vol. 12mo. . . . $2.00
WILL.—Tables of Qualitative Chemlcal Annlysls.
With an Introductory Chapter on the Course of Analysis. By Pro.
kssor IIEINRICH WILL, of Giessen, Germany. Third American,
from the eleventh German edition. Edited by CHARLES F. HiMes,
Ph. D., Professor of Natural Science, Dickinson College, Carlisle, Pa.
8vo. . . . . $1.50
WILLIAMS.—On Heat and Steam:
Embracing New Views of Vaporization, Condensation, and Exglo-
sion. By CHARLES WYE WILLIAMS, A. I. C. E. Illustrated 8vo.

$3 50
WILSON.—A Treatise on Steam Boilers : 33
Their Strength, Construction, and Economical Working. By ROBERT
WiLsoN. Illustrated 12mo. . . $2.00
WILSON.—First Principles of Political Economy :
With Reference to Statesmanship and the Progress of Civilization.
By Professor W. D. WILsON, of the Cornell University. A new and
revised edition. 12mo. . . . . . . . $1.50
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WOHLER.—A Hand-Book of Mineral Analysis:

By F. WBHLER, Professor of Chemistry in the University of Gattin-
gen. Edited by HENRY B. Nason, Professor of Chemistry in the
Renssalaer Polytechmc Instltute, Troy, New York. Illustrated.
12mo. . . . . . . o $3.00

WORSSAM —On Mechamcal Saws:

From the Transactions of the Society of Engineers, 1869. By S. W.
WorssaM, Jr. lllustrated by eighteen large plates. 8vo. $2.50

RECENT ADDITIONS.

ANDERSON.—The Prospector’s Hand-Book :

A Guide for the Prospector and Traveler in Search of Metal Bearing
or other Valuable Minerals. By] W. ANDERSON. 52 Illustrations.
12mo. . . . . . . $1.50

BEAUMONT —Woollen and Worsted Cloth Manufacture:

Being a Practical Treatise for the use of all persons employed in the
manipulation of Textile Fabrics. By RoBERT BEAUMONT, M. S. A,
With over 200 illustrations, including Sketches of Machinery,
Designs, Cloths, etc. 391 pp. I12mo. . . . . $2.50

BRANNT.—The Metallic Alloys:

A Practical Guide for the Manufacture of all kinds of Alloys, Amal-
gams and Solders used by Metal Workers, especially by Bell Founders,
Bronze Workers, Tinsmiths, Gold and Silver Workers, Dentists, etc.,
etc., as well as their Chemical and Physical Properties. Edited
chleﬁy from the German of A. Krupp and Andreas Wildberger, with
additions by WM. T. BRANNT. Illustrated. 12mo. $2.50 .

BRANNT.—A Practical Treatise on the Manufacture of Vine=

gar and Acetates, Cider, and Fruit-Wines:

Preservation of Fruits and Vegetables by Canning and Evaporation ;
Preparation of Fruit-Butters, Jellies, Marmalades, Catchups, Pickles,
Mustards, etc. Edited from various sources. By WiLLiam T,
BRANNT. Illustrated by 79 Engravings. 479 pp. 8vo.  $5.00

BRANNT.—The Metal Worker’s Handy-Book of Receipts
and Processes:
Being a Collection of Chemical Formulas and Practical Manipula-
tions for the working of all Metals; including the Decoration and
Beautifying of Articles Manufactured therefrom, as well as their
Preservation. Edited from various sources. By WiLLiam T.
BRANNT. Illustrated. -12mo. (In preparation.)
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DAVIS.—A Practical Treatise on the Manufacture of Bricks,
Tiles, Terra-Cotta, etc.: -
Including Hand-Made, Dry Clay, Tempered Clay, Soft-Mud, and
Stiff-Clay Bricks, also Front, Hand-Pressed, Steam-Pressed, Re-
pressed, Ornamentally Shaped and Enamelled Bricks, Drain Tiles,
Straight and Curved Sewer and Water-Pipes, Fire-Clays, Fire-Bricks,
Glass Pots, Terra-Cotta, Roofing Tiles, Flooring Tiles, Art Tiles,
Mosaic Plates, and Imitation of Intarsia or Inlaid Surfaces, com-
prising every Important Product of Clay Employed in Architecture,
Engineering, the Blast Furnace, for Retorts, etc., with a History and
the Actual Processes in Handling, Disintegrating, Tempering and.
Moulding the Clay into the Shape, Drying Naturally and Artificially,
Setting, Burning with Coal, Natural Gas and Crude Oil Fuels, En-
amelling in Polychromic Colors, Composition and Application of
Glazes, etc., including Full Detailed Descriptions of the Most Mod-
ern Machines, Tools, Kilns and Kiln Roofs used. By CHARLES
THoMas Davis. Second Edition. Thoroughly Revised. Illus-
trated by 217 Engravings. so1 pp. 8vo. . . . $5.00

POSSELT.—Technology of Textile Design:
Being a Practical Treatise on the Construction and Application of
Weaves for all Textile Fabrics, with minute reference to the latest
Inventions for Weaving. Containing also an Appendix, showing
the Analysis and giving the Calculations necessary for the Manufac-
ture of the various Textile Fabrics. By E. A. PosseLt, Head
Master Textile Department, Pennsylvania Museum and School of
Industrial Art, Philadelphia, with over 1000 illustrations. 292
pages. 4to. . . . . . . . . . $5.00

POSSELT.—The Jacquard Machine Analysed and Explained:
With an Appendix on the Preparation of Jacquard Cards, and
Practical Hints to Learners of Jacquard Designing. By E. A.
PosseLtT. With 230 illustrations and numerous diagrams. 127 pp.
4to. . . . . . . . . . . $3.00

RICH.—Artistic Horse-Shoeing :
A Practical and Scientific Treatise, giving Improved Methods of
Shoeing, with Special Directions for Shaping Shoes to Cure Different
Diseases of the Foot, and for the Correction of Faulty Action in
Trotters. By GEORGE E. RIcH. 62 Illustrations. 153 pages.
1zmo. . . . . . . . . . $1.00

RICHARDSON.—Practical Blacksmithing :
A Collection of Articles Contributed at Different Times by Skilled
Workmen to the columns of ¢ The Blacksmith and Wheelwright,”
and Covering nearly the Whole Range of Blacksmithing, from the
Simplest Job of Work to some of the Most Complex Forgings.
Compiled and Edited by M. T. RICHARDSON.
Vol. 1. 210 Illustrations. 224 pp. 12mo. . . . $1.00
Vol. II. 230 Illustrations. 262 pages. 12mo. . . $1.00
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RICHARDSON —The Practical Horseshoer:
Being a Collection of Articles on Horseshoeing in all its Branches
which have appeared from time to time in the columns of ¢ The
Blacksmith and Wheelwright,” etc. Compiled and edited by M. T.
RICHARDSON. 174 illustrations. . . . . . $1.00
ROPER.—Instructions and Suggestions for Engineers and
Firemen:
By STEPHEN ROPER, Engineer. 18mo. Morocco . $2.00
ROPER.—The Steam Boiler: Its Care and Management:
By STEPHEN ROPER, Engineer. 12mo., tuck, gilt edges. $2.00

ROPER.—The Young Engineer’s Own Book:

Containing an Explanation of the Principle and Theories on which
the Steam Engine as a Prime Mover is Based. By STEPHEN ROPER,
Engineer. 169 illustrations, 363 pages. 18mo., tuck . $3.00
ROSE.—Modern Steam-Engines:
An Elementary Treatise upon the Steam-Engine, written in Plain
language; for Use in the Workshop as well as in the Drawing Office.
Giving Full Explanations of the Construction of Modern Steam.
Engines: Including Diagrams showing their Actual operation. To-
gether with Complete but Simple Explanations of the operations of
Various Kinds ot Valves, Valve Motions, and Link Motions, etc.,
thereby Enabling the Ordinary Engineer to clearly Understand the
Principles Involved in their Construction and Use, and to Plot out
their Movements upon the Drawing Board. By JosHUA Rosg, M. E.
Illustrated by 422 engravings. 4to., 320 pages . .  $6.00
ROSE.—Steam Boilers: )
A Practical Treatise on Boiler Construction and Examination, for the
Use of Practical Boiler Makers, Boiler Users, and Inspectors; and
embracing in plain figures all the calculations necessary in Designing
or Classifying Steam Boilers. By JosHUA Rosg, M. E. Illustrated
by 73 engravings. - 250 pages. 8vo. . . . . $2.50
SCHRIBER.—The Complete Carriage and Wagon Painter:
A Concise Compendium of the Art of Painting Carriages, Wagons,
and Sleighs, embracing Full Directior.s in all the Various Branches,
including Lettering, Scrolling, Ornamenting, Striping, Varnishing,
and Coloring, with numerous Recipes for Mixing Colors. 73 Illus-
trations. 177 pp. 12mo. . . . . . . $1.00
VAN CLEVE.—The English and American Mechanic:
Comprising a Collection of Over Three Thousand Receipts, Rules,
and Tables, designed for the Use of every Mechanic and Manufac-
turer. By B. FRANK VAN CLEVE. Illustrated. 283 pp. 12mo. $1.50
WAHNSCHAFFE.—Guide for the Scientific Examination of
the Soil :
By Dr. FELIX WAHNSCHAFFE. Translated from the German by
WiLLiAM T. BRANNT. Illustrated by numerous Engravings. 8vo.
(In preparation.)









