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PREFACE.
The following pages have been compiled at the earn-

est solicitation of a number of correspondents residing

in different sections of the country, who have read the

previous works of the writer's on steam engineering,

evidently with both interest and profit. Many have

asked :
" Why not get up a book on the locomotive,

and complete the series ?" and this book is the result

of those suggestions. There necessarily comes a time

in the life of every locomotive engineer, particularly

when old age and its attendant infirmities begin to

make themselves felt, that he fain would resign the

throttle valve, and leave the foot-board to younger

and stronger men.

To do this and find employment suited to his taste

and experience, he turns, naturally, to the shops. To
prepare himself for a responsible position, with a sal-

ary at least equal to that received while running on the

road, he should devote his leisure hours to study, to

observation of each and every advance made in the

construction of locomotives; and by every other

means come-at-able to keep himself "posted," and

abreast of the times. The means of so doing are

within the reach of every man who desires to improve

himself Good books and newspapers on steam en-

gineering abound, and can be had for a mere trifle

Cv)



VI PREFACE.

compared with their value. Every engineer should

have a library—every live, intelligent, progressive one

has one—and that library can be filled with valuable

books and papers without their owner denying himself

any of the necessaries of life. Colburn, Norris, Forney,

Roper, Reynolds, Hoxie, Smith, and other eminent

men have given their time and talents " to make the

rough way smooth" for their less fortunate fellow-

craftsmen, and be it said to their credit, they have

not lived nor labored in vain.

To those worthy seekers after " more light," who,

after perusing these pages, wish to continue their stud-

ies, he would recommend, in addition to the works of

the engineers above mentioned, for a theory of the

steam engine, "A Text Book on the Steam Engine,"

by T. M. Goodeve ; and for a history of the steam en-

gine from the time of Hero, 200 B. C, to the present

day, " The Growth of the Steam Engine," by Prof. R.

H. Thurston. As regards newspapers, " The Aineri-

can Machinist" " The Mechanical Engineer^' and the

Scientific American Supplement,'' are worthy of all

praise and support.

In conclusion, the writer will add that he claims no

originality for this work ; original books on this sub-

ject are scarce and hard to find ; it is, on the contrary,

a compilation of valuable papers on locomotive engin-

eering, by some of the most advanced, most talented,

and most scientific engineers that the country has yet

produced, and hence all the more valuable.

It requires no argument to prove that the combined
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ideas, skill and experience of such eminent men in the

profession as Frank C. Smith, Lewis F. Lyne, Chas.

A. Hague, Wm. H. Hoffman, W. Barnet Le Van, Wm.
J. Williams, Melville Clemens, John W. Hill, F. B.

Allen, Angus Sinclair, and others, are of far more

value than that of any one man, be his skill and ex-

perience what it may, and the writer is indebted to

them and the newspapers mentioned, and particularly

" The American Machinist" for the valuable informa-

tion found in these pages.

Should the perusal of this volume assist one worthy

man or boy to better his condition in life, the only

object of the writer will be fully accomplished.

Emory Edwards.

Baltimore, Md.

309 Carrollton Avenue,

(Lafayette Square),

August 10, 1883.
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INTRODUCTION,

STEAM.

The most prominent of the properties possessed hy

steam are its high expansive force, its property of con-

densation by an abstraction of its temperature, its con-

cealed 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 a certain

amount of heat; and the expansive force of steam

arises from the absence of cohesion between and

among the particles of water. Heat universally ex-

pands all matter within its influence, whether solid or

fluid ; but in a solid body it has the cohesion of the

particles to overcome, and this so circumscribes its

eflects that in cast-iron, for instance, a rate of temper-

ature 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 1 80° above the freezing point, and which

is far from red-heat, converts it into steam of 1700

times its original bulk or volume.

All bodies may exist in either one or all of three

diflerent states, namely, the solid state, the liquid state,

and the aeriform state, or state of vapor. Water, for

2 (25)
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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 1 5 pounds or more

to the square inch, all air is excluded. Now, as the

existence of the steam depends on its temperature, by

abstracting that temperature, which may be done by

immersing the cylinder in cold water or 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 temperature, it follows that its reduction in

volume must remain a vacuum. A cylinder, there-

fore, 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 bot-

tom, which may be pumped out by an air-tight pump,

leaving the vacuum perfect. When this principle is

employed in removing the atmospheric pressure op-

posed to the back of a piston in a steam engine, such

an engine is termed a condensing engine : and in such

engines more work may be done with the same pres-

sure of steam than by a non-condensing engine, as the

absence of the weight of the air on the negative pres-

sure on the back of the piston is equivalent to a posi-

tive pressure on the other side, and contributes by so
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much to the useful effect of the engine. Locomotive

engines, however, and most American stationary en-

gines, 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 hammer-

ing it on an anvil ; air gives off heat enough to light

a fire by being compressed 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

existed is freed by the motion communicated, and we
have no means of knowing its amount ; but the latent

heat of steam, though showing no effects on the ther

mometer, may be as easily known as the sensible oi

perceivable heat. To show this property of steam by

experiment, place an indefinite amount of water in a

closed vessel, and let a pipe, proceeding from its upper

part, communicate with another vessel, which should

be open, and, for convenience of illustration, shall con-

tain just 5^ lbs. 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
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weight of the water contained by the latter to be 6^
lbs. Now this 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 tem-

perature of 212°, has raised 5^ lbs. of water 180°, or

an equivalent of 990° ; and including its own tem-

perature, we have 1202°, which it must have possessed

at first. 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 essential service in heat-

ing buildings ; one square foot of superficial surface of

cast-iron steam pipe will keep 200 cubic feet of air at

a 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 on 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 ori-

ginal 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 pressure which

they exert is inversely as the space occupied ; or, to

be more precise, it is very nearly so. The elasticity

of steam increases with an increase in the temperature

applied, but not in the same ratio. If steam is gen-
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erating from water at a temperature which gives it the

same pressure as the atmosphere, an additional tem-

perature of 38° will give it the pressure of two atmos-

pheres ; a 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 endeavor to explain it. We have already

said that there is no cohesion among the particles of

fluids, but there is, however, an attraction between all

matter in nature. The action of heat in generating

steam has to overcome this attraction among the par-

ticles 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, occupies a

greater volume, this attraction is diminished, 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 to the nature of steam, we select the

following : If water be boiled in an open vessel, no

temperature greater than that for the boiling point,

which for fresh water is 212°, can be produced in it.

All surplus 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
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it is formed, is allowed to accumulate in the boiler, its

pressure on the water-level makes an increased tem-

perature necess ry to continue its production. Steam

in itself is invisible, and becomes visible only upon

condensation, as when a jet is discharged in the open

air; its loss of temperature causes it to condense, and

we see it in the form of a vapory cloud. In treating

of steam, the term heat is understood as expressing its

sensible heat, while the term caloric provides for the

expression of every conceivable existence of temper-

ature. To explain the theory of ebullition, or boiling

liquids, we will observe that in metals, heat is com-

municated 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, where-

by it ascends to the surface, gives off its vapor, be-

comes cooled, and in consequence of 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

pressure of the steam naturally resulting from that
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temperature; and so at any other temperature. If this

natural pressure on the surface of the water be re-

moved without a corresponding reduction in the tem-

perature, a violent ebullition at the water-level is the

immediate result. Thus, suppose the entire steam-

room in a boiler to be six cubic feet, and the contents

of the cylinder which it supplies to be two cubic 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 consequently 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 pressure, it causes the

water to boil violently, and produces foaming. Foam-

ing is the 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 com-

pared with the cylinders which they supply. Another

result attending the formation of steam is, that when

an engine is in operation and working off a proper

supply of steam, the water-level in the boiler artifi-

cially 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 indicated by the rise at the gauge-

cocks. As the production of steam under the same

temperature cannot continue under an increased press-

ure, it follows that when the discharge of steam is
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stopped, 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 throttle in the same ; and it was for

this reason that, on certain new engines lately con-

structed, the steam-dome was omitted, and in its stead

a steampipe, perforated on its upper side, was extended

the whole length of the boiler, occupying the position

usually given to the steam-pipe in ordinary locomo-

tives. The object of this was to take the steam alike

from all parts of the steam-room of the boiler, so that

no rise of water should result at any one point.



CHAPTER 1.

STEAM ENGINEERING.

The observation and experience of the writer* have

confirmed him in the opinion that there exists among

so-called " practical men," a great need of " scientific

education" on subjects directly pertaining to the busi-

ness they may be engaged in.

The very foundation of science is the facult}' of

calling things by their right riames ; for by such a

method only, can one be perfectly understood and

answered accordingly.

These lines are written in the exacting light of

Webster's dictionar}^, and it is suggested to all who
may read them with the view of knowing just what

they mean, to read with a dictionary,' close at hand,

and if its occasional use will start readers in a habit of

thoroughly comprehending whatever they give their

attention to, an important step towards a scientific

education will have been taken.

Science is simply "a positive statement of truth,

established by observation and experiments," and can

as well be applied to the operations of every-day work,

as to the most intricate branches of human inquiry;

in other words, there is one best way to perform every

* Hague.
2*

{.ZZ)
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operation in the different trades, varying, of course,

with surrounding circumstances ; and a comprehension

of these best ways constitutes the science of the trade.

Art, on the other hand, is " the power of performing

certain actions ;" so it would seem then, for a man to

be successful at his calling, he must acquire both

science and art, or the knowledge of " how to do a

thing," and the skill to " do it."

Some of the deductions in this chapter are based

upon the theory of the " Mechanical Equivalent" of

heat ; a theory that has probably been established as

firmly as any natural law, although some controversy

was indulged in but a short time ago.

According to the above theory, heat is simply " a

mode of motion," that is, an influence by which motion

is produced among the atoms of substances; this

motion, however, is imperceptible, the heat only being

detected by the sense of feeling.

A comprehensive idea of heat would be, that it is

a means employed by a natural force to produce

motion; why the force should operate in the manner

in which it does, is beyond the bounds of the present

writing ; indeed the " physical constitution of heat" is

one of the mysteries not yet solved by science.

When a piece of iron is heated, then (scientifically

speaking) the minute atoms of which it is composed

are set in motion to a degree corresponding to the

intensity of the force influencing them. If the motion

is sufficiently increased, the iron passes from solid tc

liquid, or melts. The motion may be still further
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increased until the substance of the iron combines

with the oxygen of the air, combustion takes place, the

heat is set free, the iron is destroyed, and there remain

gases and cinders.

For convenience of comparison and measurement

heat is divided into " units," in the same manner that

distance is divided into inches.

Careful experiments by different men and at diff-

erent times, have resulted in a standard of value for

each unit of heat; this standard is "772 foot pounds,"

that is, the dynamic energy inherent in one unit of

heat is equivalent to the dynamic energy required to

lift 772 pounds one foot high, or one pound 772 feet

high, friction not considered ; this amount of work is

considered to be the "mechanical equivalent" of one

unit of heat.

Before proceeding further, a few definitions will be

in order:

Force: Is any action that can be measured by

weight alone.

Dynamics : Is a positive statement of truth, estab-

lished by observation and experiment, in relation to

forces in motion.

Dynamic energy : Is the mechanical power or work

produced by forces in motion.

And now we come directly to our subject:

Steam engineering is a branch of the science and art

oi developing dynamic energyfrom heat.

The subject might be divided into several distinct

branches, but the extent of this chapter is necessarily

limited to a eeneral treatment.
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Heat having been produced by combustion of fuel,

the first step is to provide some means for conveying it

(heat) to where it can be placed under conditions fav-

orable to the development of dynamic energy, or

power.

The means employed in this case is water, and the

instrument by which the power is made available for

practical use is the Steam Engine ; in these lines the

well-known reciprocating engine, only, will be consid-

ered.

Water having absorbed heat, assumes the gaseous

form, or becomes steam, and in this state acts as the

vehicle by which the heat is transported from boiler to

engine; but it must be borne in mind that it is not the

steam but heat that does the work.

Before proceeding further, it will be well to observe

that " dry saturated steam," is steam in which just

sufficient heat has been absorbed to evaporate all moist-

ure ; its temperature and density (quantity of water,

are elements which bear a proportion to each other,

corresponding to the pressure.

When an excess of heat has been absorbed, the

steam is said to be "superheated," and when a defi-

ciency of heat exists, the steam is termed " wet."

Steam parts with heat, to be converted into effect by

the operation of expansion ; for if it (steam) were con-

fined in a tight vessel and perfectly protected from

loss of heat by radiation, and not allowed to expand,

it would possess no other forces than that of its pres-

sure on sides of vessel, and its weight; its weight
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tvould of course be the weight of the water which,

having absorbed heat, became steam.

Without regard to loss by friction, radiation, and

conduction, the utmost quantity of steam that could

be consumed in the production of a certain power,

would be when no expansion took place within the

cylinder of the engine ; in which case the steam would

exert only its " force of displacement."

For example: The pressure in boiler is lOO lbs.

per inch : induction valves of engine are " set " to

admit steam during the whole stroke of piston ; then

steam will flow into the cylinder in a manner similar

to that of water entering a pump ; that is, the heat

being supplied by fire under the boiler as fast as it

passes into the cylinder in the form of steam.

In the above case the heat exerts only its external

force, or that action measurable by weight alone ; and

it does so because heat generated in the furnace or

boiler, having free communication with the cylinder

through the medium of the steam, maintains the full

pressure of lOO lbs. per inch throughout, and thus

prevents expansion. The force of heat operating in

this manner is similar to the force of so much weight

acting through space.

An engine under such circumstances would be prac-

tically "pumping" the heat from the boiler, without

utilizing any of its (heat's) mechanical equivalent.

On the other hand, an extreme towards economy in

the use of steam would be, to admit the steam to the

cylinder at the boiler pressure and then close the in-
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duction valve at a point in the stroke that would

cause the steam to expand in a non-condensing engine

just down to the pressure of the atmosphere, and in a

condensing engine down to the pressure due to the

vacuum on exhaust side of piston.

Theoretically, and without regard to certain counter-

acting effects that will be discussed further on, the

greater the difference between the pressure at the point

of cut-off, and the pressure at the end of the stroke,

the greater will be the quantity of heat converted into

dynamic energy.

It is the province of the steam engineer to take into

consideration the action of all natural laws pertaining

to his vocation, and arrange his ideas in such a man-

ner that his theory of construction will be adjusted to

meet the demands of every influence that is exerted

during the operation of producing heat, and convert-

ing its forces into mechanical effect.

The average economic results of the best modern

practice are probably not far from 20 per cent, of totai

*' heat value" of fuel ; the average of ordinary perform-

ance, however, is far short of the above, and some

specimens of the engineer's art in daily operation are

doubtless so far in the rear, that they are very expen-

sive property to own.

However well designed and constructed a steam en-

gine may be, the full advantage of its merits cannot be

realized unless the boiler is of a character and capacity

to correspond. There are some boilers made in con-

formity to principles that render them capable of %&n-
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crating dry saturated steam, and in some cases super-

heated steam, but even with such boilers there is a

very considerable waste of heat by radiation, absorp-

tion, etc. ; there is also a comparatively large percent-

age of the heat of combustion, it will be observed,

escapes up the chimney, for the reason that boilers

giving off dry or superheated steam are so constructed,

that some of the parts forming heating surface come

m contact with steam, and of course the heat from the

furnace must be considerably higher than that of con-

tained steam, and continue so all the way to uptake,

where the remaining heat enters the chimney and is

lost; and so it would seem that with the present meth-

ods of generating steam, even in the best practice, a

large proportion of the heat produced is not utilized:

in other words, before the water is evaporated and

steam is ready to enter the pipe for conveyance to

the engine, the heat value of the fire is practically very

materially reduced.

There is also a class of boilers, and doubtless the

largest class in daily use, that are so arranged and

operated that it is impossible to obtain dry steam from

them ; the heating surface is badly distributed, and, as

a consequence, very little steam is generated at some

points, while at others the water absorbs heat so

rapidly that the resulting steam, in endeavoring to es-

cape to the surface of the water, finds such crooked or

narrow passages, that in forcing its way through them

a portion of the water is carried along, and the result

is, the steam never gets rid of the water with which it
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(steam) becomes over -saturated ; this result is assisted

by loss of heat, with which the steam unavoidably

meets ; to add to the general shortcomings, there is,

generally, in such boilers, no opportunity for heat in

the flues to come in contact with surface situated con-

veniently for the absorption of such heat by the over-

saturated steam.

A steam boiler, to produce economical results,

should be constructed and set so as to permit a free

combustion of the fuel, and give sufficient volume of

space for the hot gases to combine, in a manner calcu-

lated to effect the utmost production of heat due to

the fuel consumed.

Combustion of fuel is the chemical combination of the

substance of the fuel with the oxygen of the air; and

now, before progressing any further with our subject,

it will be desirable to present a few facts in Natural

Philosophy.

A mechanical mixture : Is a composition in which

the ingredients retain their natural properties; steam

is a mechanical mixture of heat and water; atmos-

pheric air is an invisible gas, produced by the mechan-

ical mixture of two other gases, viz., oxygen and

nitrogen.

A chemical combination : is an action, during which

certain elements and substances are absorbed and de-

stroyed, in the production of some other element or

substance. Heat is a product of the chemical combi-

nation of the element oxygen with a combustible sub-

stance; and to produce the maximum volume of heat
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from a given weight of fuel, it is necessary that a pro-

per quantity of oxygen, and under correct conditions,

be admitted to the furnace and combustion chamber.

The maximum rate of heat having been provided

for, the surface of the boiler exposed for its operation

should be of sufficient extent to allow the necessary

time for transmission of heat to the contained water;

when the heating surface is insufficient, the heat is

certain to be carried through the flues or tubes and

into the up-take, before it (heat) can be absorbed to an

economical extent.

There must be, also, ample room for the escape of

steam to the surface of the water, and after it has passed

above the water, it would seem as though it was neces-

sary to bring it (steam) again in contact with some

heating surface, to thoroughly complete the evapora

tion, and even superheat the steam slightly, before it

is finally allowed to pass to the engine.

Cases have been known in which the steam was ap-

parently superheated to a considerable degree at the

point where it entered the pipe leading to the engine,

but. on reaching the steam chest, had relapsed to the

temperature due to the pressure, although the pipe was

protected from radiation in a manner that would forbid

the supposition that heat enough had escaped to make
the difference ; the facts of the case were most proba-

bly, that the extent of heating surface in the boiler was

excessive in proportion to the quantity of water, and

also very effectively situated, so that the steam, having

an exceedingly favorable opportunity for escape to
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and above the surface of the water, was generated and

passed into the pipe so rapidly that the evaporation

was incomplete, although heat in excess of that due to

the pressure was carried by the steam, and during the

passage through the steam pipe to the engine, suffi-

cient time elapsed to allow the apparent surplus heat

to be absorbed by the excess of moisture. With the

ordinary horizontal tubular boiler, the production of

dry steam is a very difficult task, unless some consid-

erable heat is wasted ; for the reason that it would be

necessary to operate the boiler as near its capacity as

possible, without causing it to prime, and to do this,

comparatively " hard firing" would be unadvoidable.

If the steam is not a trifle superheated when leav-

ing the boiler, it is hardly possible for it to be dry at

the engine.

Engine cylinders without steam-jackets, when work-

ing steam expansively, must necessarily indicate some

symptoms of moisture, even when dry or superheated

steam is used, because there is no opportunity for

additional heat to enter the cylinder after the cut-off

valve has closed, and the loss of heat by the iron, re-

sulting from the peculiar effects of expansion of the

steam, must be made good from somewhere, and that

source is eventually the condensation of a portion of

initial steam at the next stroke of the piston.

We may calculate, theoretically, the gross dynamic

energy that should be developed from a certain weight

of fuel, but the actual operation of the best-known

practice must necessarily fall far short of the estima-
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tion, unless the boiler and furnaces can be so con

structed that there will be absolutely no escape of heat,

and the boiler-room and all the appliances thereof,

under such conditions, would indicate a temperature

corresponding to that due to the weather; there must

not, of course, be any heat escaping from the chimney.

If we could thus burn fuel and produce steam without

the slightest loss of heat whatever, it would only remain

to convert it into dynamic energy, until the temperature

of the steam was reduced to that of the coolest feed

water used during the operation: assuming the feed-

water to be at a temperature of 60° Fahr. the steam

must be expanded down to that degree, and it (steam)

would then indicate a pressure of considerably less

than one pound per inch above an absolute vacuum,

or about 14.5 pounds per inch below the zero on the

ordinary steam pressure gauge.

In order to comprehend the nature of a vacuum, it

will be necessary to become thoroughly acquainted

with a few facts concerning the air we breathe, and

establish such facts so firmly in the mind that they

may be referred to as readily as to the letters and

figures that form the basis of every-day information.

In the first place, the fact must be clearly understood

that the air in which we move is simply an invisible

gas ; the height or depth of this gas or air, reckoned

from sea level, has been variously estimated, but it

will serve our present purpose to assume it to be 50

miles in a vertical direction from the surface of the sea

to the upper surface of this stratum of air.
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Now the pressure of water is just its weight bearing

upon the surface which supports it : this pressure is in

proportion to the depth or height of the water above

the supporting surface; water being a fluid, presses in

every direction, but the vertical downward pressure is

the greatest.

The weight or pressure of the air is of the same na-

ture as that of water, differing from it only in intensity

of force. A column of water 2 or 3 feet high exerts a

pressure or weight of I pound per square inch ; a col-

umn of air the full height of the atmosphere (50 miles),

exerts a pressure or weight, on the earth's surface,

varying from about 14 pounds per square inch to over

15 pounds, but the average is assumed to be 147
pounds per inch. If we take a hollow air-tight globe,

and expel the air from it, the globe will be subjected to

a crushing strain of 147 pounds per square inch of

exterior surface, and the interior space will be in a con-

dition of "vacuum." An absolute vacuum would be

produced if all the air could be forced out of the hol-

low globe.

The pressure gauge, by which the force of steam is

mdicated, exhibits only the pressure in excess of that

due to the air; the completeness with which the air or

other gas or vapor is removed from the interior of a

vessel or chamber, or, in other words, the quality of

the vacuum, is measured by a "vacuum gauge;" the

" zero " of the steam guage and " zero " of the vacuum

guage exactly coincide, the steam gauge indicating

pressure above the air or atmospheric line, while the
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vacuum gauge exhibits the pressure below that Hne

when the steam gauge attached to a boiler indicates a

pressure of lOO pounds per inch, the pressure within

boiler is actually about 1 14,7 pounds per inch, but 14.7

pounds of the pressure is balanced by the air outside

of the boiler, and the straining pressure is only 100

pounds. In calculating expansion of steam, the pres-

sure required to balance that of the air must be added

to the indication of the steam gauge, the same being

the total pressure of steam above an absolute vacuum.

In continuing our subject we have to deal not only

with the economical expenditure of heat, but quite as

much with the ways and means of producing, preserv-

ing, and conveying it to the place where it is to do its

work. The direct object in view, in this particular

branch of the general operation, is to consume the

least value of fuel on the grates, and let the least num-

ber of heat units escape.

When a man has accepted any certain thing as a fact,

it is a law of his nature to endeavor to strain every-

thing of similar nature to it, and to be astonished if

the second thing does not strain without breaking.

For years it was reasoned that steam, like air and sim-

ilar gases, was a very bad radiator and absorber of heat,

and every experiment in cylinder operation that argued

to the contrary was set aside as doubtful, or was most

thoroughly gone over and examined to find the " error."

But about ten years ago. Prof Tyndall, after a series

of careful and thorough experiments, gave to the world

the fact that the vapor of water would absorb and



46 LOCOMOTIVE ENGINES.

radiate heat several thousand times more rapidly than

dry air would do so. And yet, for years men had

known that steam would rush into a condenser and

give up its heat so nearly instantly, that a sensitive

vacuum gauge in full communication with the con-

denser would give but slight evidence of the transmis-

sion of hundreds of heat units through the chamber.

Before reaching a conclusion in regard to the ex-

pansion of steam, the engineer is confined to several

important questions, and these questions require differ-

ent answers under different conditions. An investiga-

tion to determine the number of volumes to which

steam can be profitably expanded, gives rise to sub-in-

vestigations to determine the quality of the steam ; the

nature of the valve gear, proportions of steam ports,

and other particulars concerning the construction of

the intended engine, claim a share of attention. The

items of piston speed, rate of reciprocation, weight of

the moving parts, etc., etc., enter into the consideration.

The conversion of heat into work during expansion

is accompanied by some very curious and interesting

incidents, and, like all good things, reacts in a disad-

vantageous manner when carried too far. The de-

traction does not come from any cessation of the

primary benefit for which expansion is instituted, but

from the increase in the power of the evil genius,

" condensation," with which the operation is associated,

even in its lowest grades. But the two are insep-

arable, unless certain precautions are taken before

expansion begins. The very thing from w^iich the
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benefit is derived is the root of the evil referred to,

viz., the loss sustained by the expanding steam, of the

heat that is converted into work. The mean tempera-

ture of the cylinder under ordinary conditions is never

up to that of the initial steam, and the higher the ratio

of expansion to do a certain value of work (and, con-

sequently, the higher the initial pressure and tempera-

ture, and also the shorter the cut-off), the lower the

temperature of the cylinder is in proportion.

The obvious reason for this fall in temperature, inci-

dental to the shortening of the cut-off, is, that the

expansion curve falls from the point of cut-off nearer

vertical at short than at long cuts, and there is pro-

portionately very much more surface exposed to a

comparatively "cooler" body of steam in the high

than in the low grades. For expansion of ten vol-

umes, the latter half of the curve does not depart very

much from a parallel to the atmospheric line, while for

four volumes a totally different appearance presents

itself, showing that during the former (ten) the cyl-

inder was exposed to a much lower temperature, and

for a longer time, than during the latter.

Hence the economy of expansion, and, therefore,

the extent to which it is desirable to carry it, depend

chiefly upon the success with which the loss of the

heat converted is made good. The abstraction of

heat, re-evaporation of water set free, and subsequent

condensation of initial steam during one cycle, is com-

paratively insignificant; and if each revolution made

good its own losses, no serious harm would follow
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But the quantity of moisture accumulates until there

is insufficient time during one stroke to evaporate it

all. At very short cut-offs the condensation, at the

early part of the stroke, is sometimes indicated after

the induction valve has closed.

To prevent this cylinder condensation, the most

expeditious and perhaps the only methods, are, to

either provide means for supplying the cylinder with

the heat it loses during the re-evaporation after cut-

off (and so keep the iron up to initial temperature), or

to furnish the initial steam itself with sufficient extra

heat above its saturated temperature to meet the de-

mands made by the cooled cylinder.

Both of the agents pointed out are often used to-

gether, and the application is known in technical lan-

guage as steam jacketing and using superheated steam.

The importance of superheated steam has been long

known, but the difficulties surrounding the practice of

conveying the heat to the steam, and at the same time

controlling the degree of extra temperature, have pre-

vented a very general adoption of the system ; but de-

vices are now coming into use aiming to satisfactorily

answer all demands. Superheating is now at about

the same stage of progress that automatic engines were

twenty years ago ; and there is very little doubt of its

final success with the steam-using public, when its

manipulation is made sufficiently practicable to ensure

the benefit promised by its advocates. The super-

heating apparatus must be of a character that can be

easily understood and managed by the class of help
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that it pays to employ, as attendants for engines and

boilers.

Developments are being made which indicate the

necessity of the degree of super-heat bearing a specific

relation to the grade of expansion, and these develop-

ments plainly tell us why the practice of superheating

has been unsuccessful by not acquiring a sufficiently

high temperature, and hence of not much benefit in

some cases; and also why, in other cases, it has failed

by indulgence to excess, and thereby burned out the

packing and injured the cylinder and valves.

It would seem that the degree of super-heat must be

as closely looked after as the pressure of steam in the

boiler; and its relation to the grade of expansion sug-

gests the idea of regulating the super-heater automati-

cally, to correspond to the automatic control of the

cut-off

As has been previously intimated, steam economy

exclusively is' not the only desideratum to be looked

for in steam engines. The extent to which it is carried

must depend upon the relative expense incurred in

effecting the expansion, and also upon the means which

must be employed in utilizing it under the conditions

which accompany the undertaking in hand.

Assuming that we can manage to expand the steam

and avoid loss of heat to the utmost extent compatible

with the laws of radiation, absorption, etc., and the use

of iron cylinders, one of the first obstacles to be en-

countered is the fact that the energy expended by the

steam is very far from being uniform. At the begin-

3
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ning of the stroke the impulse is greatly in excess of

all demands, while during the latter part of the stroke

the pressure on the piston falls far short of that re-

quired to drive the load. J fence, if we must use ex-

pansion, a suitable reservou must be furnished to receive

this excess of energy, and be so related to the general

mechanism that the effect will be uniform throughout

the stroke. This reservoir may consist either of the

ponderous moving parts of the engine, such as the

balance wheel, cross head, connecting rod, etc., etc.

—

the inertia of these parts absorbing the surplus energy

during the early part of the stroke, and giving it out

again gradually as the pressure falls during the latter

portion—or, by the use of compound engines, the pres-

sure may be distributed by the use of a receiver of some

magnitude between the cylinders, working steam in

conjunction with each other, in which case the inertia

of moving parts is of little or no importance in the

matter of distribution.



CHAPTER II.

THE PROPERTIES OF WATER.*

Water was supposed to be an element until Priest-

ley, late in the eighteenth century, discovered that

when hydrogen was burned in a close vessel water was

deposited on its sides. (It has been shown that the

combustion of hydrogen requires eight parts, by

weight, of oxygen, and vapor of water is the result.)

It was not, however, until Cavendish and Lavoisier

investigated water that its chemical composition was

determined.

The several conditions of water are usually stated as

the solid, the liquid, and the gaseous. Two conditions

are covered by the last term, and water should be un-

derstood as capable of existing in four different condi-

tions—the solid, the liquid, the vaporous, and the gas-

eous. At and below 32° Fahr. water exists in the

solid state, and is known as ice. According to Prof

Rankine, ice at 32° has a specific gravity of .92. Thus

a cubic foot of ice weighs 57.45 lbs.

When water passes from the solid to the liquid state,

heat is required for liquefaction sufficient to elevate the

temperature of one pound of water 143° Fahr. This

is termed the latent heat of liquefaction. According

to M. Person, the specific heat of ice is .504, and the

latent heat of liquefaction 142.65.

* Hill.

(51)
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From 32° to 39° the density of water increases:

above the latter temperature the density diminishes.

Water is said to be at its maximum density at 39°.

and under pressure of one atmosphere weighs, accord-

ing to Berzelius, 62.382 lbs. per cubic foot. The fol-

lowing formulae may be used to estimate the weight

of water at any other temperature

:

D=
T-f46i , 500

500 T+461

where D=weight of cubic foot of water at temperature

T', and D^=weight of cubic foot of water at maximum
density. Desired the weight of a cubic foot of water

at a temperature of 60°.

62.381X2 124.762

604-461 , 500 2.0016
=62.331

500 60461

Water is said to vaporize at 212° Fahr., and pres-

sure of one atmosphere (14.7 lbs.), but Faraday has

shown that vaporization occurs at all temperatures

from absolute zero, and that the limit to vaporization

is the disappearance of heat. Dalton obtained the fol-

lowing experimental results on evaporation below the

boiling temperature

:

Temp. Rate of Evaporation, Barometer.

212 1.00 29.92
180 .50 15.27

164 .33 IO-59

152 .25 7.93

144 .20 6.488

138 .17 5.56s
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From this, the general law is deduced that the rate of

surface evaporation is proportioned to the elastic force

of the vapor.

Thus, suppose two tanks of similar surface dimen-

sions and open to the atmosphere, one containing water

maintained constantly at 212° Fahr., and the other con-

taining water at 144° Fahr.

Then for each pound of water evaporated in the last

tank, five pounds will be evaporated in the first tank.

It should be understood that the law of Dalton holds

good only for dry air, and when the air contains a

vapor having an elastic force equal to that of the vapor

of the water, the evaporation ceases.

The boiling point of water depends upon the pres-

sure. Thus at one atmosphere (14.7 lbs. 29.92'' bar-

ometer) the temperature of ebullition is 212°. With

a partial vacuum, or absolute pressure of one pound

(2.037'' of mercury) the boiling point is 101.4° Fahr.

Upon the other hand, if the pressure be 74.7 lbs.

absolute (60 lbs. by the gauge), the temperature of

evaporation becomes 307° Fahr.

The relations of temperatures and pressure have

been made the subject of special investigation from the

time of Watt, down to the celebrated experiments of

Regnault, which have been accepted as conclusive so

far as they extended.

The relations of pressure and density, however, have

not been determined by experiment. Messrs. Fair-

bairn and Tate have investigated this problem and

deduced a formula, but late experience has shown that
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while the Fairbairn and Tate formula is perhaps the

best of its kind, it cannot be accepted as correctly

stating the relations of pressure and density. (Van

Nostrand's Magazine, June, 1878.)

The vaporous condition of water is limited to satu-

ration. That is to say, when water has been con-

verted by heat into vapor (steam), and when this vapor

has been furnished with latent heat sufficient to render

it anhydrous, the vaporous condition ends, and the

gaseous state begins. Superheated steam is water in

the gaseous state.

The temperature of the gaseous state of water, like

that of the vaporous, depends upon the imposed press-

ure. Under pressure of one atmosphere, water exists

in the solid state at and below 32° Fahr.; from 32° to

212° it exists in the liquid state; at and above 212° in

the vaporous state ; and above saturation in the gas-

eous state.

It has been stated that water boils at 212°, but MM.
Magnus and Donney have shown that, when water is

freed of air, it may be elevated in temperature to 270^

before evaporation takes place.

The specific heat of water under the several con-

ditions is as follows

;

Solid .504

Liquid i.ooo

Vaporous 475 to i.ooo

Gaseous c .475



CHAPTER III.

ECONOMY OF FUEL.*

The perfect combustion of fuel is a matter of great

interest, and any means tending to that end will have

a national value. While the steam engine of the pres-

ent exceeds in economy that of the past, and while

steam boilers are made in our day which will evapor-

ate more water per pound of coal than was thought

possible a generation ago, neither result can be attrib-

uted to the superior manner in which the coal itself is

burned. Whether we go into a steam boiler fire-room

that was constructed twenty years ago, or one where

the whole plant is only a few weeks old, precisely the

same means for burning the coal will be found. Once

in a while some one who claims that he has solved the

problem of how to produce perfect combustion makes

his appearance, and claims that a trial only is necessary

to convince the most skeptical. The economizing of

fuel has been a problem which some of the most in-

telligent men of the world have grappled with in the

most earnest manner during the last fifty years, and

with varying success. The chemistry of combustion,

received and accepted as a truth, seems a very simple

matter, but when reduced to practice, is found to be

Williams.

(ss)
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one of the most difficult of problems. Perfect com-

bustion in furnaces used in the arts, or for mechanical

purposes, accordin[^ to the vi'^ws of those of known
intelligence and recognized as authorities the world

over, has never yet been accomplished ; nor, for various

causes, can we avail ourselves of the whole of the heat

produced from a given quantity of any kind of fuel.

Coals from different localities vary in their compon-

ent parts. Taking, for the convenience of illustration,

anthracite coal : the average quantity of fixed carbon

from ten collieries in Schuylkill county, Pennsylvania,

is 85 per cent., and that of sulphur one-fourth of one

per cent, hydrogen not being present in any of them.

If it be assumed that 100 pounds of anthracite coal

contain 85 pounds of fixed carbon, it would require

332.88 pounds of oxygen for its conversion into car-

bonic acid, thereby effecting perfect combustion. Now
332.88 pounds of oxygen equal 2943.11 cubic feet, to

furnish which 1027.70 pounds, or 13424.5 cubic feet, of

atmospheric air will be required. Sulphur being pres-

ent, demands its equivalent of oxygen ; and small as

the quantity is, it requires a further supply of air, if

only to become sulphurous acid, and if it remains only

as such, is an extinguisher of combustion, while its

presence in any form tends to help defeat the object

aimed at. Omitting the sulphur from the calculation,

the product will be 2943.11 cubic feet carbonic gas,

and 10481.39 cubic feet of uncombined nitrogen; that

is, if we had an absolutely pure, unadulterated, dry at-

mosphere— something which never exists; conse-
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quently, some idea of the magnitude of the task of ac-

comphshmg perfect combustion may be arrived at

We thus see that each pound of coal requires 138

cubic feet of air for its perfect combustion ; that is, to

convert the carbon into carbonic acid. Just in propor-

tion as the quantity is deficient is combustion imper-

fect, while a surplus quantity is a change of evils, since

all the air, which passes through a fire without giving

up its oxyen to the fuel, will abstract heat and give

nothing in return. In all likelihood, in practice, twice

the quantity passes through the fuel which chemistry

tells us is needed for combustion. Could we isolate

each piece of fuel in such a manner that the whole of

its surface would be surrounded by the incoming air

through the grate, we might be able to come nearer

the law of chemical affinity, but there are practical dif-

ficulties in the way of this ; nevertheless, there is room

for improvement over what might be called the rule of

thumb practice universally in use.

The question resolves itself into this : Hoiv, zvhere,

and zvhen, shall air be admitted to the fuel to get the

best possible results ?

Since the advent of the steam engine hundreds of

devices have been used for the more perfect combus-

tion of fuel, and there probably never was one of them

that was of general application. To burn fuel a grate

is necessary, and it must possess, first : the greatest

possible amount of open space per square foot for the

ingress of air to the fuel ; second, it must have lasting

qualities ; third, and not least, it shall require as little



^8 LOCOMOTIVE ENGINES.

manual labor as possible to clean and make a fresh fire

as often as necessary. It is here that combustion is

made to begin, by placing on the grate the kindling

wood or other like matter, the carbon of which unites

at a comparatively low heat with the oxygen of the

air, and creates sufficient heat to cause the carbon of

the coal to unite, also, with the oxygen of the air. The

ability to pass air through the fire depends on the tem-

perature and height of the column of air in the chim-

ney; but from the time that the coal begins to burn,

leaving its ash on the grate, the passage of the air

through the fuel is being obstructed, until, finally, a

sufficient quantity cannot enter to the coal or carbon

to convert it into heat fast enough, when the removal

of the obstruction (the ash) becomes an imperative

necessity. But, is not this the place to admit and con-

trol the air, according to requirement ? It is here that

the new condition of the fuel begins. What other

place seems so propitious to admit at will an equiva-

lent of oxygen to its affinitive (carbon) as here ? But

to control the supply it is evident that some other

means than the chimney must be resorted to. Its

power to draw air through the grate depends on the

intensity of the heat which can be created or made to

pass into it.

Aside from the expense consequent upon such an

operation, were it practicable to do so at pleasure,

there are other considerations over which there is no

control. Barometric changes of the atmosphere are

often of sufficient account to baffle the best efforts to



ECONOMY OF FUEL. 59

maintain even the ordinary conditions of the burning

fuel. To supply air at will, mechanical means must

evidently be resorted to.

So far as I am aware, no systematic attempt has ever

been made to use compressed air under the steam

boiler, except for the purpose of burning low-class

fuels. Where employed for this purpose, its use is ac-

companied by an extra amount of heat, when heat is

not wanted or desirable, and to the attendant dirt and

discomfort. In a successful application of compressed

ail through the fuel, the chimney would become merely

a means to convey away the spent products of com-

bustion. Whatever the mechanical means adopted,

they should be under perfect control as to quantity of

air to be furnished.

Personal experience has taught me that an evenly

thick fire all over the grate produces the best results.

Whether there shall be much or little fuel on the grate

at a time, or, in other words, a thick or a thin fire, de-

pends on circumstances. If there is to be a short,

sharp draught of steam required of the boiler, then a

sufficient quantity of fuel should be placed on the

grate, if possible, to last during the requirement, and

should be placed there previous to the demand, and

held in readiness. But if the demand be a continuous

one, nearly or quite up to the boiler's capacity, then

the thickness of the fire must be regulated according

to the size of the coal used, whether it is hard or com-

paratively soft, and the strength of the draught of the

chimney, and its ability for furnishing air to the fuel.
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the less often the furnace doors are opened the

mnt regular will be the supply of steam. If the fire

is replenished with fuel oftener than can be avoided,

net only does the fresh fuel lower the temperature in

the furnace, but the ingoing air through the open

doors passes rapidly along and into the flues, lowering

the temperature still further as it goes.

Theoretical firing says, a small quantity of fuel at a

time; practice says, as large a quantity as kind and

size of fuel and draught of chimney will admit.

A small quantity of fuel makes a small quantity of

heat, and, per contra, a greater quantity of fuel will

make a larger quantity of heat. When a boiler has to

supply a quantity of steam which is much less than its

capability, then theoretical firing becomes practical.

Under such conditions it is possible to supply a small

quantity of fuel, applied at the right lime, and to main-

tain a given pressure of steam without moving the

damper, for hours. Less fuel will be consumed than

if it were supplied in a quantity necessitating the

whole opening of the damper to get the larger quan-

tity of fuel in a brisk state of combustion as soon as

possible, thereby preventing a lowering of the steam

pressure, caused by the larger quantity of fuel cooling

off the furnace on its introduction more than the small

quantity did. The increased quantity of air, much in

excess of chemical requirement for perfect combustion,

carries with it much of the heat previously existing

and remaining in the flues when light firing is being

done.
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To admit air above the fuel at ordinary tempera

tures, and in excess of absolute requirem-ents, is, then,

the opposite of what is desirable.

Admission of air without regulation must fail in

general adaptation. Success may, to a certain extent,

follow in some cases; but, as a general principle, add-

ing to the supply of atmospheric air above or beyond

the fire, without some definite knowledge of absolute

requirement, is just as likely to defeat the object as to

assist it.

The ability to regulate implies a knowledge of the

condition of the escaping gases from the burning fuel.

Beyond the bridge wall little can be known as to the

condition of the gases. If an instrument were devised

to show the quality of gases passing underneath the

boiler, we should then have some definite knowledge

on the subject. Of the fuel on the grate, a practised

eye can tell whether it is getting a sufficient supply of

air. We have the authority of Mr. John Bourne for

the statement :
" In all trials it has been proven that

the best results have been always attained when all the

air has passed through the fire bars." Under the fire

bars, then, seems to be the place to admit and regulate

the supply of air to the fuel.

If the supply be heated previous to its admission,

every degree it is so heated is one degree saved from

the fuel in heating it to the combustion point of oxy-

gen with the carbon of the fuel. As to what extent

it may be heated, before it would have a destructive

effect on the grate, experiment must determine, since
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it would not be desirable to increase expenses for re-

pairs. Whatever is done to promote combustion will

be a net gain.

Where large or long boilers are in use, rapid com-

bustion is unnecessary; but when short and compact

forms are adopted (as, for instance, any of the various

forms of tubulars now in use and coming into use),

rapid combustion becomes a necessity. To create this,

a swift supply of air through the fuel must be pro-

vided. The present mode of doing this, is by sucking

this supply through the fuel, the power of doing it

being dependent on the lightness of the column of

gases in the chimney. The ability to stimulate the

draft depends on the rate of combustion in the furnace.

This is never fully controllable, without independent

means of quickening combustion when most needed.

At no time is quickened combustion more needed than

after putting on a new supply of coal, when the energy

languishes from the very cause which rendered a stim-

ulus desirable.

This lack of sufficiently rapid or stimulated com-

bustion is particularly noticeable and exceedingly un-

desirable when boilers are worked quite up to or near

their capacity. After a fresh addition of fuel on a grate

that already contains so large a quantity of ash as to

materially affect the passage of air through it, cleaning

the grate to facilitate the free passage of air is impiac-

ticable. Practical observation points very strongly to-

wards some means of forcing air through the obstruc-

tion, thereby promoting combustion until a feasible

time arrives for making fresh fires.
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Writers on combustion are a unit in regard to the

ouble quantity of air, which, it is believed, actually

passes through a fuel, resulting only in imperfect com-

bustion after all. Accepting their statements as a fact,

does it seem strange that most of those who attempt

to improve combustion by special devices, begin, if

they do not end, by admitting more air, the additional

quantity admitted remaining unknown ? It is quite

possible that, instead of having admitted through the

grate a quantity double the amount required to con-

vert all the carboniferous part of the fuel into carbonic

acid gas, quadruple the quantity passes through the

flues. The excess of oxygen can have no other effect

than to absorb heat, pass into the chimney, and escape

into the air. As to the nitrogen which entered with it,

its neutrality is open to doubt, since it enters into a

place where one of the conditions needed to effect a

chemical change is present, viz., heat. Nitrogen is a

diluter of oxygen, and, possibly, is capable of extract-

ing and taking with it a certain amount of caloric.

The writer had some experience with a device for

more perfect combustion, which did not require an ad-

ditional supply of air. It consisted of an arch of fire-

brick, built over the grate. One end of the arch was

joined to what would have been the bridge wall, the

other end resting against the front. Through the arch

were a number of orifices, through which the carbonic

acid gas escaped underneath the boiler. By this ar-

rangement the whole of the carboniferous portion of

the fuel was supposed to be converted into the afore-
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said gas within the oven-like arrangement. The heat

that could be generated within was intense, being

almost a white heat. No experiment was ever tried to

ascertain whether there was a gain or not. The plan

had its drawbacks, and may have had its advantages,

as a promoter of combustion. Until the arch was

heated to almost a white heat, there was little effect on

the boiler, and it required considerable fuel and time

to bring it to that state from starting a fire. Every

time fresh fuel was placed on the grate, aided by the

flow of air through it, the temperature would be con-

siderably lowered, forming a very good exponent of

what takes place in the flues of a steam boiler every

time the fires are replenished with fuel.

However complete any arrangement may be for the

attainment of perfect combustion, unless judicious

means are employed for applying the heat, the best

efforts may be made nugatory. The proper setting of

a boiler is as important as the boiler itself Co-opera-

tion between owners and builders of steam boilers

would do much towards attaining the best possible

results, as there is little reliable information of every-

day practice and results in regard to the steam boiler

and its fuel. There is one point that should not be

forgotten by those who attempt to improve combustion

by means of any system, and that is, the fireman pos-

sesses more control over the action of the fire than any

additional apparatus that was ever devised.



CHAPTER IV.

THE QUALITY OF STEAM.*

Experience shows that steam always carries a cer-

taia percentage of water in suspension as it rises from

the body of water of which it is formed. This per-

centage will vary as between different forms of boiler,

and the same boiler operated under different conditions.

The water so suspended in the steam is known as water

entrained or as primage. The rising of the water in a

boiler by induction, when a large steam pipe is sud-

denly opened, is entirely independent of the water en-

trained, and is not meant by any allusion to primage

in this chapter. I believe it is a fact observed in chem-

istry that anhydrous gases cannot be obtained by direct

vaporization, and that a special drying process is neces-

sary to saturate or remove the liquid always entrained

in the gas upon its first formation. Saturated steam

(that is, steam charged with such an amount of heat

that any reduction thereof would produre condensa-

tion, and any increase thereof would produce super-

heat) is substantially a perfect gas, and is usually so

considered in all formulae upon its action in a steam

engine.

Our best information upon the temperature (heat)

*Hill.

(65)
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of saturated steam at various pressures is from the ex-

periments of Regnault, Comptes Rendus, 1847, with

which all steam engineers are sufficiently familiar to

avoid the description of his apparatus or the circum-

stances under which his experiments were made, at

this time. It is proper to state, however, that the ex-

periments of Regnault were to ascertain the relations

of temperature, pressure, and density of steam ; and as

a corollary to determine the specific heat of steam and

water at various boiling points. The determination of

the relation of density and pressure was never made by

Regnault, the only recorded experiments upon which

were by Messrs. Fairbairn and Tate, several years

later.

It is now well kown that the steam engine is a heat

engine, that the water which is vaporized to form steam

is simply a vehicle in which we store up the heat of

the fuel, and which parts with a portion of this heat in

transit through the engine, partly by conversion of

heat into work, partly by conduction and radiation

through the walls of the cylinder, and partly by the

cooling effect of the atmosphere on the piston rod.

No steam is expended in operating an engine; for the

same weight of water as vapor which enters the cylin-

der by the steam pipe also leaves the cylinder by the

exhaust pipe. If we deliver 1,000 pounds of steam at

a given temperature to an engine through the steam

ports, we shall draw off through the exhaust ports

precisely the same weight of steam at a lower temper-

ature. But during the passage of this steam through
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the engine a certain reduction of temperature has oc-

curred, and the efficiency of the engine is a function

of the Hmits of temperature between which the steam

enters and leaves the cyHnder, as enunciated by the

junior Carnot more than fifty years ago.

To illustrate the efficiency upon the heat basis, let

us suppose an engine condensing—consuming

—

i6j4

pounds of steam per hour, connected with a battery of

boilers furnishing lo pounds of steam per pound of

coal from the temperature of the feed. Let the ther-

mal value of the coal be taken at 15,000 units, and es-

timate 75 per cent, of this, or 1 1,250 units, as contained

in the steam above the temperature of feed water.

Then the efficiency of such an engine would be

11,250 X 1-65x772
100 X =13*82

33,000 X 60

per cent., or of every 100 horse-power resident in the

heat expended in working the engine, less than 14 are

utilized, the remaining 86 horse-power going out in

the exhaust. It is well known that the best economy

we have any record of has been obtained from pump-

ing engines, and that a duty of 100,000,000 foot-pounds

per 100 pounds of coal is seldom attained. Now, our

condensing engine, working upon i6}4 pounds of steam,

or one and sixty-five hundredths pounds of coal per

hour, represents a duty of

33,000 X 60 X 100
r=t 19,988,000,

1-65

nearly 120,000,000 foot-pounds. From which it ap-
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pears that about 14 per cent, is about a maximum
efficiency with our present knowledge of construction.

The object of this chapter is, however, not to discuss the

economy of steam machinery, but to show the neces-

sity for an exact knowledge of the thermal value of

steam, in estimating the economy of engine and boiler

performance.

To illustrate the effect of a lack of knowledge of the

quality of steam furnished by boilers, let us suppose

a temperature of feed of 212° Fahr., an expenditure of

coal of 1,000 pounds, a consumption of feed-water of

12,000 pounds, and a boiler pressure by gauge of 125

pounds. The apparent evaporation from the tempera-

ture of feed in this instance is twelve pounds of steam

to one of coal. Without information to the contrary,

and in accordance with the usual practice, we would

accept this as the evaporation, and pronounce the re-

sult as extremely satisfactory. Suppose, however, the

temperature of the steam, instead of being at satu-

ration (1,221.53 units), contained as a mean per pound

only 1,135 units; then the actual evaporation, instead

of being twelve to one, would be ten and eight-tenths

to one, and this instance supposes an efficiency of

furnace and boiler of nearly 75 per cent, and a thermal

value of 15,000 units per pound of coal; in brief, sup-

poses a quantity of coal and efficiency of furnace rarely

obtained. None of the usual devices appli d to steam

boilers are capable of measuring the thermal value of

steam, and recourse is had to special apparatus for this

purpose. Two distinct forms of calorimeter have been
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used; one the continuous calorimeter, in which the

condensation of a certain small percentage of the

steam is maintained during the entire trial of a steam

engine or boiler, and the other the intermittent calori-

meter, with which at stated intervals known weights

of steam are drawn from the boiler or steam pipe and

condensed in known weights of water.

The continuous calorimeter consists usually of a coil

of brass pipe or copper of J^ to ^ inch diameter of

bore, containing 30 to 50 lineal feet. This coil is

placed within a tin can, through which the circulating

water passes from below upward. The upper end of

the worm is connected with the steam pipe or steam

drum of the boiler, and the lower end terminates in a

neck which delivers the condensed steam into a re-

ceptacle mounted upon a carefully-balanced scale, with

which the condensation is weighed from time to time,

and dumped. The circulating or condensing water is

measured by tanks of known capacity, or through a

Worthington meter, the error of which is known by

test. Standing thermometers are located as follows

:

One in the injection pipe, by which the circulating

water enters the apparatus ; one in the overflow noz-

zle, by which the circulating water leaves the appa-

ratus ; and one in the neck of the worm from which

the water of condensation flows. Should there be an

indication from the calorimeter data of superheat in the

steam, an additional thermometer should be inserted

in the head of the worm or in the steam pipe leading

to it, to measure the superheat independently and
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check the record of the calorimeter. Steam flows

through the worm and is condensed, the heat being

transferred through the walls of the coil to the cir-

culating water. The temperature of the circulating

water is elevated through a range represented by the

difference of temperature of the inflow and outflow.

The temperature of the condensation as it leaves the

calorimeter is read from the thermometer in the neck

of the worm. The temperature of the steam is the

unknown quantity which we seek. To illustrate the

action of the continuous calorimeter, assume a weight

of steam condensed of lOO pounds, a weight of cir-

culating water expended in condensing it of 2,000

pounds, a temperature of inflow of 50° Fahr.; a tem-

perature of outflow of 105° Fahr., and a temperature

of condensation of 60°; then the temperature of steam,

neglecting small effect ofvariation in the specific heat, is

2,000X55
60

-I
= 1,160° F.

100

Assume the steam as it entered the calorimeter, at a

pressure of 135 pounds by gauge or 150 pounds abso-

lute, at which pressure the temperature of saturation

is, according to Regnault, 1,223*15 Fahr. Then differ-

ence of temperature is 63.18 units, indicating that a

portion of the water was entrained in the steam.

To estimate the percentage of primage we must bear

in mind that the water in the boiler is first heated to a

temperature of 362*56° Fahr. (corresponding to a pres-

sure by gauge of 135 pounds), before vaporization takes
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1

place ; and that additional temperature of 86o*2 units

is necessary to vaporize the water so heated ; and that

the discrepancy in the thermal value of the steam ap-

plies to the temperature of vaporization, whence the

water entrained as primage becomes

63-18

100 X = 7'35 per cent.

86o-2

The intermittent calorimeter consists of a water-tight

vessel (preferably of wood, to avoid transfer of heat

to or from the contents thereof by conduction and

radiation) mounted upon a sensitive scale, into which

a known weight of water is drawn. A small steam

pipe, usually three-quarters of an inch in diameter,

closely connected with the main steam pipe or steam

drum of the boiler, dips into the vessel on the scale,

and is provided with a cock or open-way valve to regu-

late the delivery of steam into the weighed quantity of

water. The temperatures are taken with a hand ther-

mometer. As suggested, a known weight of water is

first weighed into the tank on the scale, usually some

convenient quantity to estimate from, as 100 or 200

pounds, of which the probable condensation in the

small steam pipe usually forms a part. The amount

of condensation which will collect in the steam pipe

between observations will vary with the quality of

steam, and must be blown out to clear the pipe before

the weighed quantity of steam to be condensed is blown

in. The weight of water and condensation blown out

of the pipe having been justified, the temperature of
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the contents of the tank is carefully taken with a re-

liable thermometer, and 5 or 10 pounds of steam blown

in and condensed. (The weight of steam condensed

should be as large as consistent with a limited temper-

ature of the contents of the tank on the scale, to ob-

tain a high range of temperature; since errors of

weight are less liable to occur than errors of tempera-

ture, and the greater the range of the mercury the

smaller the effect of errors of observation.) The de-

sired weight of steam having been condensed, the flow

through the pipe is promptly suppressed and a second

temperature of the contents of the tank is taken. The

first temperature from the second temperature repre-

sents the range of the contents of the tank. To illus-

trate the principle of the intermittent calorimeter, let

the following data be assumed

:

Weight of condensing water 100 pounds.

Weight of steam condensed 5 "

Initial temperature condensing water ... 60 F.

Final temperature condensing water . . . I15 F.

Range 55 F.

and the temperature of steam is

100 X 55
1 15 -I

=1,228 F.

5

Supposing steam, as before, at a pressure absolute

of 150 pounds, the difference between the quality in

the illustration and saturated steam is 4*82 units, cor-

responding to a superheat of

4-82

=10-15 K
0-475
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We shall refer only to a few experiments to show

the value of investigations of this class. The first

results we will examine are from a series of four

experiments upon boilers set with smoke-preventmg

furnaces for the Cincinnati Industrial Exposition for

1879.

The first case was a return tubular containing 963.64

superficial feet of heating surface, and worked at a

capacity equivalent to 2.77 pounds of steam per foot

of heating surface per hour, which gave a temperature

of steam of 960.46 units, indicating, with a pressure by

gauge of 38.75 pounds, a primage of 26.26 per cent.

The apparent evaporation from the temperature of feed

(70.02° F.) per pound of coal was 7.59 but the actual

evaporation from same temperature was only 5.6 to

one.

The second case was a return flue boiler containing

519.45 superficial feet of heating surface, and worked

at a capacity equivalent to 1.73 pounds of steam per

foot of heating surface per hour, which gave a temper-

ature of steam of 864.73 units, indicating with a pres-

sure by gauge of 80.29 pounds, a primage of 29.13 per

cent. The apparent evaporation per pound of coal

from the temperature of feed (166.01 F.) was 5.84, but

the actual evaporation from same temperature was 4.14

to one.

The third case was a battery of 2 return tubular

boilers containing 880.16 superficial feet of heating

surface, and worked at a capacity equivalent to 3.20

pounds of steam per foot of heating surface per hour,

4
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which gave a temperature of steam of 1,005.93 units,

mdicating with a pressure by gauge of 76.18 pounds,

a primage of 23.19 per cent. The apparent evapor-

ation per pound of coal from the temperature of feed

(169.11° Fahr.) was 9.69, but the actual evaporation

was 7.45 to one.

The fourth case was a direct tubular boiler con-

taining 327.79 superficial feet of heating surface, and

worked at a capacity equivalent to 2.96 pounds of

steam per foot of heating surface per hour, which gave

a temperature of steam of 1,441.35 units, indicating,

with a pressure by gauge of 81.60 pounds, a superheat

of 18.83 per cent. The apparent evaporation per

pound of coal from the temperature of feed (74.55°

Fahr.) was 8.80, but the actual evaporation upon the

basis of saturated steam was 10.66 to one. This boiler

was set and worked simply for test purposes, and was

furnished with superheating surface. The continuous

calorimeter was used in these experiments. The next

results to which I shall refer are the calorimeter tests

for quality of steam during the trials of steam engines

at the Millers' Exhibition, Cincinnatti, 1880. In this

instance the experiments were all made with the same

boilers, operated under approximately the same con-

ditions from day to day. The boilers, two return

tubular, contained 137.24 superficial feet of heating

surface, and were worked at the following capacities

in pounds of steam per foot of heating surface per

hour, for six different trials: 2.53, 2.42, 2.32, 2.41,

2.42, and 2.63—with corresponding temperature of
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Steam of 1,243.84 units, 1,211.3 units, 1,315.86 units.

1.255.74 units, 1,301.65 units, and 1,313.11 units. Of

these temperatures only one, the second, indicates

primage ; all others exhibit a slight superheat. The

primage at 92.54 pounds pressure by gauge in the

second experiment was 0.46 per cent. The percent-

age of superheat at 92.50 pounds pressure by gauge

in the first experiment was 2.3 ; in the third experi-

ment, with steam pressure at 91.65 pounds by gauge,

8.3 per cent.; in the fourth experiment, with steam

pressure at 91.48 pounds by gauge, 3.34 per cent.; in

the fifth experiment, with steam pressure at 91.44

pounds by gauge, 7.09 per cent., and in the sixth ex-

periment, with steam pressure at 91.54 pounds by

gauge, 8.06 per cent. The continuous calorimeter was

used in these trials.

The former results were trom four different boilers

of different forms and dimensions, and operated at dif-

ferent steam pressures and rates of evaporation, with a

range in the quality of steam from 19 per cent, of

superheat to 29 per cent, of primage ; while the last six

results were all from the same boilers, operated at

different times, under approximately the same steam

pressure and rates of evaporation, with a range in the

quality of steam from 8.3 per cent, of superheat to ^
per cent, of primage. From which it appears that

with the same boiler or boilers, operating under sim-

ilar conditions, an approximately uniform quality of

steam should be had, and that the quality of steam

in any one instance cannot be assured for another,

unless the conditions are precisely alike.
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The next results to which I shall refer are from

three different trials upon the same boilers, operated

with similar steam pressures, and at different rates of

evaporation. The boilers, two in the battery, were of

the return tubular variety, containing 932.02 super-

ficial feet of heating surface. During the first trial,

steam was made at the rate of 4.09 pounds per foot of

heating surface per hour, with a resultant temperature

of 1,153.09 units, indicating a primage at 92.59 pounds

by gauge of 7.08 per cent.

During the second trial the boilers were worked at

an evaporation equivalent to 2.86 pounds of steam per

foot of heating surface per hour, with a temperature

of steam of 1,199.04 units, indicating, with a pressure

of 92.95 pounds by gauge, a primage of 1.92 per cent.

During the third trial the boilers were worked at a

rate of evaporation equivalent to 2.90 pounds of steam

per foot of heating surface per hour, with a temperature

of steam of 1,174.17 units, indicating, at a gauge pres-

sure of 92.28 pounds, a primage of 4.75 per cent.

These experiments were made with an intermittent

calorimeter. In all experiments exhibiting a small

primage in the steam, as a superheat, the boilers were

set to expose more or less of the steam room to con-

tact with the hot gas.

The next results are from a series of three experi-

ments with a small locomotive boiler, operated stand-

ing.

For the first trial the heating surface was 288,75

superficial feet, and ratio of heating to grate surface
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25.90 to one. The boiler was worked at a capacity

equivalent to 8.49 pounds of steam per foot of heat-

ing surface per hour, with a temperature of steam of

1,150.98 units, indicating at 105. 5 pounds pressure, by

gauge, a primage of 5 per cent. The apparent evap-

oration per pound of coal was 4.45, and the actual

evaporation was 4.09 to one.

For the second and third trials the heating surface,

by the introduction of a water bridge into the fire box,

was increased to 300.7 superficial feet, with a ratio of

heating to grate surface of 41.67 to i. During the

second trial the boiler was worked at a rate of evapo-

ration equivalent to 9.39 pounds of steam per foot of

heating surface per hour, with a temperature of steam

of 1,181.76 units, indicating at 98.25 pounds pressure,

by gauge, a primage of 4.33 per cent. The apparent

evaporation in this case was 7.58 pounds, and the ac

tual evaporation 7.25 pounds of steam to I of coal.

During the third trial the boiler was worked at a

rate of evaporation equivalent to 9.77 pounds of steam

per foot of heating surface per hour, with a tempera-

ture of steam of 1,259.29 units, indicating a superheat

of 88.67° F., at a pressure, by gauge, of 100.7 pounds.

The apparent evaporation was 6.41 pounds of steam

per pound of coal, and the actual evaporation upon the

basis of saturated steam was 6.65 to i. The rate of

combustion and evaporation was higher for the third

trial than for the second, with a better quality of steam

and a reduced economy. In these trials the coal was

burned within five or six per cent, of the total weights
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charged, and the calorimeter results can be fairly com-

pared without correction.

The next result to which I will refer is from the

boiler of a " Rogers " engine on the Ohio and Missis-

sippi Railroad, in a running trial from Vincennes to

Seymour, made last July. The heating surface was

984.33 superficial feet, and the rate of evaporation

equivalent to 9.5 i pounds of steam per foot of heating

surface per hour, with a temperature of steam of

1,192.11 units, indicating a primage of 3,4 per cent, at

a pressure, by gauge, of 125.56 pounds. The appar-

ent evaporation in this instance was 3.97 pounds per

pound of coal, and the actual evaporation was 3.83 to

I. The poor economy of this boiler was largely due

to the high rate of coal consumption (146.25 pounds

per superficial foot of grate per hour). With large

grate areas and a reduced rate of combustion per su-

perficial foot of grate per hour, the economy of loco-

motive boilers may be materially improved, as shown

by the results obtained with the " Wooten" boiler on

the Philadelphia and Reading Railroad.

I am aware that some of my professional friends are

not seized of my faith in the reliability of calorimeter

results, but I am unable to obtain from them any better

objection than that some modifying data have been

overlooked or neglected in those cases which do not

meet their approbation. However, when they agree,

as they invariably do, that condensed steam and con-

densing water may be accurately weighed, and that

approximately accurate temperatures may be had with
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good makes of thermometers, then I can conceive no

other objections to accepting the results of calorimeter

experiments than the personal errors of observation

which pervade all mechanical investigations.

If the power of steam engines is to be measured by

the indicator, or the less reliable dynamometer or fric-

tion brake ; if the economy of boilers and engines is

dependent upon the accuracy of weighing scales ; if

steam pressures are to be taken from spring gauges,

and temperatures read from mercurial thermometers,

and such results are held to be reliable for absolute

and comparative effect ; then the same reliability must,

in simple justice, be accredited the calorimeter, for it

depends solely upon correct weights and temperatures,

and involves no complex or uncertain quantities in the

operation.



CHAPTER V.

HIE MECHANICAL POWERS—VIRTUAL VELOCITIES.*

Years ago, when I knew much less than I think I

do now, I would have been saved many a wild-goose

chase after mechanical impossibilities and perpetual

motions, had I been well grounded on the theory of

virtual velocities—I think they call it now, or as we then

knew it, " whatever is gained in time is lost in power,"

and vice versa. There may be a few of my younger

readers who would be benefited by a practical and sim-

ple illustration of the same. Several of them are

probably champions of some special device for direct-

ing or utilizing an original force. I used to hear hotly

contested arguments in favor of the " screw power."

or " hydraulic press power " as the " boss " of them all.

Such of my readers as have formed similar prefer-

ences for different "powers," no doubt believe in the

practicability of perpetual motion, etc. For them this

chapter is intended, as they have something to learn.

It will first be necessary for them to learn that no

combination of mechanical devices increases or returns

more force or power than is originally applied to it.

That, owing to friction, etc., it actually returns less.

That it all figures down to a small force acting through

a great space, or a great force acting through a small

* Hook.
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1

Space. The force exerted by a single man might be

made to move a weight equal to all the buildings in

New York city—strength of material and time per-

mitting. The screw, hydraulic press, etc., are merely

devices which require that a small propelling force

move through a comparatively great distance to effect

the small movement of a heavy weight. The lever

illustrates the action of all mechanical devices to apply

power. The device, whatever it may be, is merely the

harness that makes the strength of the horse available

in drawing the wagon ; but in no way increases the

horse's strength. Thus in Fig. i we have a lever, the

long end being ten feet, to which is attached a ten

pound weight. The short end is one foot and supports

a 100 pound weight. It is plain that—not taking into

consideration the weight ofthe lever itself—the weights

exactly balance each other. If we wish to raise the

lOO pounds one foot, it is plain the ten pounds must

move through te7i feet to accomplish it, as the long end

is ten times longer than the short end. From this we
can deduce a very useful rule of universal application,

as follows : The propelling force, multiplied by the dis-

tance through which it moves, equals the resistance or

weight, multiplied by the distance through which it

moves to balance the former. The practical applica-

tion of this may be seen in the lever again. Thus we
wish to raise 200 pounds through one foot with the

force of ten pounds. To do this it is plain that the

10 pounds must move through a greater distance than

it did to raise the lOO pounds, and to do this its end
4*
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of the lever must be greater. But how much greater?

—that's the question. Let us apply the rule, which

states that the resistance Xby its movement must equal

the force X by its distance. The 200

pounds are to be raised one foot,

therefore 200 X i = 200. Now the

product 200 equals the product of

the propelling force 10 multiplied

by the distance it moves through (or

the length of the lever in this case).

We know one factor of the propel-

ling force, viz.: 10 pounds, and to ob-

tain the other we have only to divide

the product 200 by the 10 pounds to

get 20 feet, the length of the lever

necessary. It is necessary to under-

stand the lever perfectly, and to do

this it must be remembered that, in

any of the different forms of the lever,

the force and resistance to equalize

each other must, when multiplied by

their ends of the lever, equal each

other—that is, the products must;

and having any three of the factors

we may find the fourth by dividing

the couple by the third. What is

true of the lever is true of all other

devices ; it is a mere question of force

acting through space. A very useful

application of the above principles is in finding the

weight that can be raised by a block and tackle.
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Notice how many feet a point on the end of the rope

you pull on moves through, to raise the hook to which

the load is attached one foot. Suppose the point moves

through eight feet while the hook moves one, the lever-

aee is 8 to I, and it is plain that if you exert 100

pounds with your hands you will raise a load of 8 X
100— 8oo; but your hands pull the rope through eight

feet, and your load (which is eight times the power)

moves through but one foot. The combmation of the

screw and lever comes under this rule. Thus notice

how many inches the end of the lever, to which the

power is attached, moves through to advance the screw

one inch. Suppose it moves through lOO inches, the

leverage is lOO to i, and if you pull lOO pounds on the

lever you will lift lOO X lOO = lo,ooo pounds, but only

through one inch, while your power travels through loo

inches.

The wedge's force may be ascertained, by dividing

the distance it travels into the log being split, by the

distance the crack or split opens; the quotient is the

leverage or advantage, which multiplied by the force

of the blow, equals the rending or splitting force.

Again, the pressure on an engine's piston X, by the

space it moves through in a given time, is the power

it exerts, theoretically. If we wish to double the force

of an engine, we double the number of feet the piston

travels in a given time, or we may double the steam

pressure; thus increasing the force, or the distance

traveled in a given time, increases the effect propor-

tionally.
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This leads me to another appHcation to which these

principles can be applied. In designing, for instance,

the crank of an engine, suppose the pressure on the

piston is 20,000; this is transmitted by the rod, etc, to

the pin A. (Fig .2.) This strain on the pin has a tei*-
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dency to fracture the pin put through the Hue c b\ that

is, hft or tear the part A from the part B. The safe ten-

sile load for cast iron is about 2,000 pounds per square

inch of section; hence to have the hub large enough,

it must present an area of solid metal of 20,000-5-2,000

= 10 square inches. The portion or section of the

crank,y k, may be ascertained by considering the crank

a beam, fixed at one end and loaded at the other.

The section d e must be twice as strong as/^, as it

moves through but half the distance thaty k does, and

the section h i, moving but one-third the distance,

must have an area of three times that oij k. Thus, in

designing any machine, after ascertaining the motion

and strain on the leading part, we may propo'-tion the

balance from it



CHAPTER VI.

THE FIRST RAILROADS IN AMERICA.

The first railroad built in the United States was

three (3) miles in length, extending from the granite

quarries of Quincy, Massachusetts, to the Neponset

river. This road was begun in 1826, and completed

the next year. It was built on granite sleepers, seven

and one-half (7^) feet long, laid eight (8) feet apart.

The rails were laid five (5) feet apart, were made of pine

wood a foot deep, covered with oak, and these with

flat iron bars. This road was used to transport granite

stone from the quarries to the river.

The second railroad was begun and finished in 1827.

It extended from the coal mines of Mauch Chunk,

Pennsylvania, to the Lehigh river, a distance of nine

(9) miles. The rails were made of wood, laid on

wooden sleepers, and were covered with flat iron bars.

The loaded cars descended by gravity (the road being

on an incline), and were drawn back empty by mules.

In 1828 the Delaware and Hudson Canal Company
constructed a railroad from their coal mines to Hones-

dale, the termination of their canal. These (3) railroads

were used wholly to move the products of the mines

of their respective owners. The Baltimore & Ohio

Railroad and the South Carolina Railroad were begun

(86)
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in 1828, and were the first railroads intended for pub-

lic use. Others soon followed in different parts of the

country : notably, the New Castle & Frenchtown Rail-

road, connecting the Chesapeake and Delaware bays,

which for many years was the connecting link and

great thoroughfare for passenger travel between the

North and South. This railroad, which was finished

in 183 1, was sixteen (16) miles long, and at that time

tlie best-laid road in the country.



CHAPTER VII.

THE FIRST LOCOMOTIVE IN AMERICA.

The first locomotive ever run on a railroad in

America was undoubtedly the "Stourbridge Lion," Fig

3, one of three en-

gines built at Stour

bridge, in England,

and imported into

this country by that

eminent American

engineer, Horatio

Allen, Esq., ofNew
York, for use on

the Delaware and

Hudson Railroad,
^^^" ^' previously men-

tioned. Of the three locomotives imported for this

company the " Stourbridge Lion" was the only one put.

to work. It was a first-class engine for that time, and

worked very well, and would hav3 done excellent ser-

vice had the trestle work, upon which most of the road

was built, been strong enough to stand the weight of

the engine when at work. This it was too weak to do,

and the engine was taken off the road and laid aside

Mr. Allen in describing its first trip on the road

(88)
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says he was the only person on the engine at the time,

and he was, therefore, the first engineer who ever ran

a locomotive in America. The " Lion" had vertical

cylinders, with four driving wheels all connected. The

boiler was very like the locomotive boiler of the pres-

ent day, in having a fire-box, with five flues leading to

the smoke-box—it was, in fact, the first step towards

the present multitubular boiler. In 1832 other Eng-

lish engines were imported for use on the New Castle

& Frenchtown Railroad and other roads, and put to

work, and gave great satisfaction. They were of the

most improved English type, and were greatly superior

in design and workmanship to any that had then been

seen in this country. When they arrived at New Cas-

tle, Delaware, it .became necessary to select a skilled

mechanic to put them together as soon as possible.

This task was assigned to Matthias W. Baldwin. In

putting these engines together, Mr. Baldwin had all the

advantages of handling their parts and studying their

proportions, and in making drawings therefrom. This

proved of great service to him when he received an

order in 1832 to build a locomotive for the Philadel-

[)hia & Germantown Railroad.



CHAPTER VIII

FIRST AMERICAN LOCOMOTIVE.

Figure 4 shows a sketch of the first locomotive

built in America. It was built by the venerable Peter

Cooper, of New York city—a name well-known and

deservedly respected throughout the entire length

and breadth of this country. The following is a letter

written by him to Mr. Brown, the author of "The

History of the First Locomotive in America." The

letter was written to explain the cause which led the

writer to deviate from the path of his legitimate busi-

ness to become the builder of a locomotive. Our cut,

for which we are indebted to the Railroad Gazette, of

New York, represents the locomotive below referred to

:

''New York, May 18, 1869.

" My Dear Sir : In reply to your kind favor of the

lOth inst., I write to say that I am not sure that I have

a drawing or sketch of the little locomotive placed by

me on the Baltimore and Ohio Railroad in the sum-

mer of 1829, to the best of my recollection.

" The engine was a very small and insignificant affair.

It was made at the time when I had become the owner

of all the land now belonging to the Canton Company,

the value of which, I believe, depended almost entirely

upon the success of the Baltimore and Ohio Railroad.

C90)
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"At that time an opinion had become prevalent that

the road was ruined for steam locomotives, by reason

of the short curves found necessary to get around the

various points of rocks found in their course. Under

these discouraging circumstances, many of the princi-

pal stockholders were about abandoning the work, and

were only prevented from forfeiting their stock by my
persuading them that a locomotive could be so made

as to pass successfully around the short curves then

found in the road, which only extended thirteen miles,

to Ellicott's Mills.

"When I had completed the engine, I invited the

directors to witness an experiment. Some thirty-six

persons entered one of the passenger cars, and four

rode on the

locomotive,

which carried

its own fuel

and water ; and

made the first

passage, of

thirteen miles,

over an aver-

age ascending

grade of eigh-

teen feet to the

mile, in one
hour and twelve minutes

in fifty-seven minutes.

PETER cooper's LOCOMOTIVE.

n

THE FIRST ONE BUILT IN AMERICA-

We made the return trip

" I regret my inability to make such a sketch of the
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engine as I would be willing to send you at this mo-
ment, without further time to do so.

" Yours, with great respect,

" Peter Cooper."

The boiler of Mr. Cooper's engine was not as large

as the kitchen boiler attached to many a range in

modern mansions; it was of about the same diame-

ter but not more than half as high. It stood upright

in the car, and was filled above the furnace, which oc-

cupied the lower section, with vertical tubes. The

cylinder was but three and a half inches in diameter,

and speed was gotten up by gearing. No natural

draught could have been sufficient to keep up steam in

so small a boiler; and Mr. Cooper used, therefore, a

blowing-apparatus, driven by a drum attached to one

of the car wheels, over which passed a cord that in its

turn worked a pulley on the shaft of the blower.

Among the first buildings erected at Mount Clare was

a large car-house, in which railroad tracks were laid at

right angles with the road track, communicating with

the latter by a turn-table, a Lilliputian affair indeed com-

pared with -the revolving platforms, its successors, now
in use.

In this car-shop Mr. Cooper had his engine, and

here steam was first raised. With his own hands he

opened the. throttle, admitted the steam into the cylin-

der, and saw the crank-substitute operate successfully

with a clacking noise, while the machine moved slowly

forward with some of the bystanders who had stepped

upon it. And this was the first locomotive for rail-



FIRST AMERICAN LOCOMOTIVE. 93

road purposes ever built in America ; and this was the

first transportation of persons by steam that had ever

taken place on this side of the Atlantic on an Ameri-

can-built locomotive.

Mr. Cooper's success was such as to induce him to

try a trip to Ellicott's Mills, on which occasion an

open car, the first used upon the road, having been

attached to the engine, and filled with the directors

and some friends, the first journey by steam in America

on an American locomotive was commenced. The
trip was most interesting. The curves were passed

without difficulty, at a speed of fifteen miles an hour,

and the grades were ascended with comparative ease.

The day was fine, the company in the highest spirits,

and some excited gentlemen of the party pulled out

memorandum books, and, when at the highest speed,

which was eighteen miles an hour, wrote their names

and some connected sentences, to prove that even at

that great velocity it was possible to do so. The
return trip from the Mills, a distance of thirteen miles,

was made in fifty-seven minutes. This was in the sum-

mer of 1830: but the triumph of this Tom Thumb
engine was not altogether without a drawback. The

great stage proprietors of the day were Stockton and

Stokes ; and on that occasion a gallant gray, of great

beauty and power, was driven by them from town,

attached to another car on the second track—for the

company had begun by making two tracks to the Mills

—and met the engine at the Relay House on its way

back. From this point it was determined to have a
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race home ; and the start being even, away went horse

and engine, the snort of the one and the puff of the

other keeping time and time.

At first the gray had the best of it, for his steam

would be appHed to the greatest advantage on the in-

stant, while the engine had to wait until the rotation

of the wheels set the blower to work. The horse was

perhaps a quarter of a mile ahead, when the safety-

valve of the engine lifted, and the thin blue vapor

issuing from it showed an excess of steam. The blower

whistled, the steam blew off in vapory clouds, the pace

increased, the passengers shouted, the engine gained

on the horse; soon it lapped—the silk was applied

—

the race was neck and neck, nose and nose—then the

engine passed the horse, and a great hurrah hailed the

victory. But it was not repeated, for just at this time,

when the gray's master was about giving up, the band

which drove the pulley which moved the blower slipped

from the drum, the safety-valve ceased to scream, and

the engine, for want of breath, began to wheeze and

pant. In vain Mr. Cooper, who was his own engineer

and fireman, lacerated his hands in attempting to re-

place the band upon the wheel ; in vain he tried to

urge the fire \\ith light wood. The horse gained on

the machine and passed it, and although the band was

presently replaced, and steam again did its best, the

horse was too far ahead to be overtaken, and came in

the winner of the race. But the real victory was with

Mr. Cooper, notwithstanding. He had held fast to the

faith that was in him, and had demonstrated its truth

beyond peradventure. All honor to his name!
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BEST FRIEND, 183O.

The second locomotive ever built in this country,

and the first for actual service on a railroad, was the

" Best Friend," built by the West Point Foundry, New
York, for Mr. E. L.

Miller, ofCharleston,

S. C, for use on the

South Carolina Rail-

road. The "Best
Friend," Fig. 5, was

a four-wheel engine,

all four wheels being

drivers. Two in-

clined cylinders, at

an angle, working

down on a double crank inside of the frame, with

the wheels outside of the frame, wheels connected to-

gether on the outside by side rods. The wheels were

made with iron hubs, wooden spokes and felloes, with

iron tires, and iron webs and fins in the wheels to con-

nenct the outside rods to.

The boiler was a vertical one, shaped somethmg like

a porter bottle; the boiler set in the centre of the four

wheels, with connecting rods running by it to the

crank shaft. The cylinders were 6 inches in diame-

ter by 16 inches stroke; the wheels about 4^ feet in

diameter. The whole machine weighed about 4^4

tons. It was sent to Charleston, S. C, in the fall of

1830, and put to work soon after.

It ran long and successfully. One day while Mr.

Darrell, the engineer, was making up the train (there
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being no conductors or brakemen in those days), the

negro fireman put his weight on the safety valve to

prevent the steam escaping, and exploded the boiler,

causing his own death, with that of another negro, and

the scalding of Mr. Darrell. In the " Best Friend," we
had not only the first American locomotive in actual

use, but also the first locomotive boiler explosion on

record.

The third locomotive built in America was called

the "West Point," built in 1830, by the West Point

Foundry of New
York, from plans

by Horatio Allen,

Esq., for the South

Carolina Railroad,

and set to work in

Feb., 1832. This

locomotive had the

same size of en-

gine frame, wheels,

cranks, etc., as the

" Best Friend," but

had a horizontal

tubular boiler. The

tubes were 2}^ inches in diame er, and six feet long

The working of this engine in actual service was

very satisfactory. Mr. Nicholas W. Darrell was ap-

pointed engineer, and ran it from the time it was put

on the road. As he had charge of the " Best Friend"

also, he was the first American locomotive engineer

;

1830.
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Mr. Allen and Mr. Cooper having run engines only

on experimental trips.

The fourth American-built locomotive was the " De
Witt Clinton," built also by the West Point Foundry,

DE WITT CLINTCN,

for the Mohawk and Hudson River Railroad, New
York, in 183 1, shortly after the "Best Friend" and
" West Point" were completed and shipped to Charles-

ton. This engine had two cylinders 5^ inches in di-

ameter, and 16 inches stroke; four wheels, all drivers,

which were 4 feet 6 inches in diameter. The hubs

were made of cast iron, spokes of wrought iron, with

inside cranks and outside connecting rods to connect

all four wheels. The boiler was a tubular one, with a

drop furnace, two fire-doors, one above the other,

copper tubes 2^ inches in diameter, and six (6) feet

long. The cylinders were inclined, and the pumps

were worked by bell cranks. This engine weighed

5
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about 4 tons, and would run about 30 miles an hour

with five cars on a level road, using anthracite coal.

It was the first engine ever used in the State of New
York ; David Matthew was the engineer.

In 1832 Davis & Gartner, of York, Pa., built several

locomotive engines of the "Grasshopper" type, for the

Baltimore & Ohio Railroad, from designs by Phineas

Davis and Ross Winans. These engines had vertical

boilers, similar to those now used on steam fire-engines,

51 inches in diameter, and containing 282 fire tubes,

16 inches long, and tapering from 1 1/^ inches at the

bottom to I^ inches at the top, where the gases dis-

charged through a combustion chamber into the stack.

These engines weighed about 6^ tons.

One of these engines, the "Atlantic," Fig. 8, was set

to work in September, 1832, and hauled 50 tons over

a rough road, with

high grades and

short curves, at

the rate of 1 5 miles

per hour. This

engine made a

round trip at a

cost of ;^i6, doing

the work of 42

horses, which had

cost ;^33 per trip.

Fig.-s"^ -^ ~ The Baltimore &
ATLANTIC, 1832. Ohio Railroad

exhibited one of these engines at the Centennial Ex-
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hibition, Philadelphia, in 1876, and there are one or

more still used as shifting engines at Mount Clare Sta-

tion, Baltimore, Maryland.

In November, 1832, M. W. Baldwin, the founder of

the celebrated Baldwin Locomotive Works, built a

locomotive named
the "Old Iron-

sides," for the

Camden and Am-
boy R. R., which

did good service

for 20 years. It

was a close copy

of the English en- old ironsides, 1832.

gines used on the New Castle and Frenchtown Rail-

road, with a few minor improvements. It attained a

speed of 28 miles per hour. It is creditable to Mr.

Baldwin as an engineer, that this engine was the first

and last of his imitations of the English locomotives.

He, following the rest of the American builders that

had entered the business, aimed too at making an

American locomotive, and

his second engine and those

succeeding it were different

in design from the "Old
Ironsides."

In 1834, M. W. Baldwin

built for Mr. E. L. Miller,

of Charleston, S. C, a loco-

Fig.lO

THE E. L. MILLER, 1834.

motive—named after that gentleman—for use on the
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South Carolina Railroad. This engine was a six-

wheeled engine, with cylinders lo inches in diameter,

and 16 inches stroke. He made the boiler of a form

which remained standard for many years, with a high

dome over the fire-box. By the end of 1834 he had

built five locomotives, and by this time (1834), loco-

motive engine building had become one of the lead-

mg and most promising industries of the United States.

William Norris, of Philadelphia; Hinckley & Drury, of

Boston ; Ross Winans, of Baltimore, and other builders,

entered the field, each and all improving the then ex-

isting types, until we have the American locomotive

of to-day—one of the most perfect pieces of mechan-

ism wrought out by the hand and mind of man.



CHAPTER IX.

CONSTRUCTION OF LOCOMOTIVES.

A LOCOMOTIVE engine must combine within itself

the means for the generation of steam, its application

to produce motion within the engine itself, and also

the propulsion of the whole upon the road. A com-

plete locomotive engine, therefore, combines three dis-

tinct arrangements for realizing these conditions. The
source of power lies in the boiler and fire-box ; the

cylinders, valve, piston, and the various connections,

are the means by which it is applied to produce motion

within the machine itself; and the wheels by their ad-

hesion, or tractive force, secure the locomotion of the

machinery which impels them, and also from their sur-

plus power, above what is necessary to move the en-

gine alone, the drawing of a great load upon the rails.

It is, therefore, necessary for the student to understand

the construction of each of these parts, and also the

general arrangement by which they are combined for

the production of power.

Fig. 1 1 shows, or will serve to show, the general

construction of an ordinary eight-wheeled engine,

divided in the direction of the length of the boiler, so

as to show the entire machinery for generating and

applying the power. The boiler N, N, N, in which

(loi)
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the steam is first produced, is of a cylindrical form,

having a furnace or fire-box B, at one end, surrounded

by a water casing, 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 outside of

this water-casing are united to the cylindrical part of

the boiler, and form what is called the outside fire-

box. This outside fire-box supports the furnace oi

THE AMERICAN LOCOMOTIVE, I

fire-box proper by a number of stay-bolts, X, X. 2, 2

is the grate upon which the fuel is burned, the bottom

of the fire-box being open to admit the air necessary

for the combustion of the fuel
; 3 is the door through

which the fuel is admitted. 0, O, show a number of

tubes, their purpose being to convey the heated air, or

rather products of combustion, through the boiler from

the fire-box to the smoke-box A. These tubes are of

small diameter, and made thin—generally about yi of

an inch—so as rapidly to communicate the heat pass-
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ing through them to the water by which they are sur-

rounded, and which generally stands about four or five

inches above their upper or top row. It is the surface

of the fire-box and these tubes that constitute the

heating surface of a boiler. That portion of the boiler

above the water level—shown by dotted line 4, 4, 4, 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 compartment of the boiler, or smoke-

box, A^ receives the products of combustion and the

chimney P provides for its escape into the open air.

The draught of the fire through the tubes is pro-

duced artificially by the escape of the steam from the

cylinders of the engine through the exhaust pipe a

into and up the chimney P. The peculiar form given

to the boiler, the contact of water with the sides and

top of the fire-box, and the great extent of fire-surface

afforded by the tubes, secure the rapid production of a

vast volume of steam within very restricted limits.

The second division of the entire arrangement of

the engine is that in which the power already gene-

rated is applied to produce motion within the engine

itself Upon the top of the boiler there is a cylindrical

chamber 5, called the " dome," and the pipe—called

the " steam pipe," which conveys the steam to the

cylinders, penetrates it as seen at R. The object of

elevating the mouth of this pipe is to prevent the

motion of the engine from throwing particles of water

into it, to be carried to the cylinders and oppose a
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dangerous load to the motion of the pistons. The

mouth of the steam pipe SS, is covered by a valve R,

called the "throttle valve," provided with ports or

openings to admit steam within it, and the admission

of steam is governed by the motion communicated to

the valve through a rod attached to the throttle lever

in the cab, within easy reach of the engineer. In the

figure this valve is represented as open and the steam

is passing through the pipe, in which it passes along

through the partition between the boiler and smoke-

box, and down through the branch-pipe (of which

there is one to each cylinder), into the steam-chest T.

This steam-chest communicates with each end of the

cylinder c, by passages 6 6, called " steam ports," and

the steam is admitted through these passages alter-

nately to each end of the cylinder by the " slide-valve"

7. Within the cylinder is a " piston" £>, against which

the steam is exerted to produce motion.

In the position given to the valve as shown in the

figure (11,) the right-hand passage is open, and is ad-

mitting steam to that end of the cylinder, to press the

piston in the opposite direction. There is also a

quantity of steam on the left hand of the piston, which

was employed in the preceding stroke of the piston

to force it to the right hand ; and its work now being

done, it is escaping through the left hand passage or

port, and turning in a cavity in the under side of the

valve into a third passage—called the " exhaust port,"

8,—-on the face of the cylinder, and vvhich is situated

midway between the two steam ports already men-
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tioned. This steam, called the " exhaust steam," is

carried in the last passage a short distance around the

cylinder, and passes through an opening on the side

of the same into the bottom of a vertical pipe, called

the *' exhaust pipe" a, within the chimney, and from

thence escapes to the outer air. The mouth of the

exhaust pipe is somewhat contracted, and the resist-

ance given by this contraction to the exit of the steam

makes it discharge in a very forcible blast. This pow-

erful draught at the ends of the tubes excites the pass-

age of the heated air through them, and causes a great

intensity in the fire. Without this artificial draught,

the boiler could not, with its contracted fire surface,

generate sufficient steam to supply the cylinders.

We have seen the steam entering by the right-hand

passage to the cylinder, and driving the piston to the

opposite end of the same. As the piston approaches

the left-hand termination of its stroke, the valve 7 is

made to shift its position in the steam-chest, and to

close the right-hand passage, and at the same time to

open the left-hand one. The right-hand passage is

fully closed when the piston is within several inches

of the end of the cylinder, and the left-hand passage

almost at the same time begins to open, so that the fuD

pressure of the steam is exerted against the left-hand

side of the piston before it actually has completed its

stroke in that direction. This advance of the valve on

the piston is called the " lead" of the valve, and when

confined within certain limits is found to increase the

speed of the engine, as it allows the steam to act with
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a concussive 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 com-

menced its return stroke, and while it is in its motion,

the valve moves likewise in the same direction, uncov-

ering the left-hand passage more and more, until, when

the piston has returned to the position shown in the

figure on the middle of its stroke, this passage is fully-

open, the same as the right-hand passage, shown in

the figure for the preceding stroke. The motion of

the valve has transferred the cavity on its under side

to the right-hand passage, and the steam, which, dur-

ing the preceding stroke was admitted through that

passage, will now discharge through it and pass into

the exhaust port and up the exhaust pipe, 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 in a contrary direction ; so that during

the last half of the stroke of the piston, the piston and

the valve move in opposite directions. The cavity on

the under side of the valve in which the steam turns

from the steam or induction port into the eduction or

exhaust port, must receive such a width of opening 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 yi of an inch,

the exhaust must have a lead of ^ of an inch ; or in

other \j ords, when one steam port is taking steam
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through y^ of an inch, the other must be discharging

steam through ^ of an inch. This is necessary for

the free escape of the steam, that it may oppose no

load to the progress of the piston.

We arc now to show how the motion of the piston

is communicated to the driving-wheels, and in what

manner the slide-valve Z is moved within the steam-

chest so as to regulate the admission of the steam to

the cylinder; and to guard against any possible mis-

conception on the part of the student, we will here

say that there are two steam-chests, two cylinders,

and two valves, together with two entire but similar

arrangements for communicating the power exerted

by the pistons to the wheels. In a few words, a loco-

motive is nothing more nor less than /zvo non-con-

densing or high-pressure engines, attached to om
boiler on wheels. The figure (11) will admit of the

representation of but one engine—the cylinder, its

valve and piston, being one engine, the other being

behind the one shown.

Within the centre of the body of the piston B is

keyed the rod 9 (called the piston-rod), which passes

through a " stuffing-box" in the cover of the cylinder.

and is attached at its other end to a " cross-head" E,

having a pin or bearing for a connecting-rod. This

cross-head is also attached to the "guides." 10, to

insure the motion of the piston-rod being in the linj

of the axis of the cylinder. The connecting-rod takes

hold of this pin at one end, and at the other to the

"crank-pin," which is fitted into the driving-wheels.
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As there are two cylinders and two connecting rods,

and necessarily two crank pins, these pins are set at

right angles to each other, so that one piston may be

exerting its entire force against it, while the other is

changing the direction of its motion and is exerting

but comparatively little power. The alternate motion

of the pistons is thus converted into a continuous cir-

cular motion, and it is from this motion that the move-

ment for operating the valves is derived, in the follow-

ing manner : Four eccentrics, the action of which is

the same as that of four short cranks, are fixed on the

shaft or axle of the forward driving-wheel "between

the wheels." There are two eccentrics to each valve,

one being set at such an angle with the crank for that

cylinder as to give the proper motion to the valve for a

forward motion of the engine, and the other set so as to

produce a backward motion. These eccentrics are en-

circled by straps called "eccentric straps," to each of

which is attached a rod called the "eccentric-rod" 12,

and these rods are joined together by a slotted seg-

ment called the "link" W. This link is raised up or

lowered down by means of a bar called the " reverse-

bar," which is placed within easy reach of the engineer

in the cab.

Now when the link is lowered the eccentric-rod of

the forward motion, or go-ahead eccentric, comes in

line with the valve stem U, and the valve is operated

by that eccentric ; but when the link is raised the

valve is worked by the backing eccentric; and thus

the engine is made to run forwards or backwards at

will.
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It will now be easy to trace the operation of the

steam and the machinery put in motion by its action

on the piston. The throttle valve at the mouth of the

steam pipe R, being opened by the lever, the steam

will be admitted to the steam-pipe SS, and will pass

through it, and through the branch-pipe, into the

steam-chest. From here it will find its way into the

cylinder through whichever passage may be opened

by the valve, and drive the piston to one end of the

cylinder, by which time the valve will have opened

the other port or passage to admit steam to drive the

piston back again.

The motion of the piston will be communicated to

the driving-wheel through the piston-rod, the con-

necting-rod and crank-pin and the motion so trans-

mitted will cause the eccentrics to turn, and by their

motion the valves will be operated, by means of the

link and valve stem. The driving-wheels as they turn

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 connec-

tions, will maintain the action necessary to produce

the required progressive motion of the engine.

Of the remaining parts of the engine show an

additional pair of driving-wheels H, connected with

the forward drivers by rods called "side-bars," and

turning with them.

The object of this second pair of driving-wheels is

to obtain a greater adhesion to the rails than could be

obtained with only one pair, and also to relieve the prin-
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cipal drivers from the great weight of the engine, which

would otherwise come upon them—at least all that por-

tion not supported by the truck wheels. The forward

drivers generally have plain rims, while the after ones

have flanges on their inner sides, like the truck wheels

JJ, in order to keep the engine on the rails. The four

forward or truck wheels are combined in a separate

frame or truck KL, which turns on a spindle secured to

the body of the engine, and is used 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 or injectors (not

shown in the figure), for supplying the boiler with

water as fast as it is evaporated in the production of

steam. The boiler is provided with one or more safety-

valves to allow for the escape of steam when the

pressure exceeds the working limit. There are also

a whistle b, and a bell e, for giving signals, and a

sand-box d, filled with sand, which is generally used

to prevent the drivers from slipping when starting a

heavy train ; a ** head-light" f, and pilot G. From
what has been said, the student will be able to under-

stand the principles of the construction and operation

of locomotives. The principal feature of engines, in-

cluding the construction of the boilers and the opera-

tion of steam in the cylinders, are the same in all ; but

there are various modifications in the arrangements of

the minor parts, which distinguish the engines by

different makers, without affecting, however, the pur-



Fig. 12.

—

Standard American Tassenger Locomotive.
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pose for which they are intended. We will now illus*

trate and describe a number of standard American

locomotives, by which means the student can fully

inform himself of the general design and construction

of our latest and best American practice.

STANDARD AMERICAN PASSENGER LOCOMOTIVE. (fIG. 12).

As Designed and Constructed by the Baldwin

Locomotive Works, Philadelphia, Pa.

The principal dimensions are as follows

:

DIMENSIONS.
Cylinders :

Diameter

Stroke of piston

Length of steam ports

Width " "

" of exhaust ports o

Travel of valve

Outside lap of valves ....... O

Inside " "

Exhaust nozzle—single.

Wheels

:

Diameter of driving wheels . . .

"
truck wheels. . . .

Distance between centres of fron

and rear driving wheels ....
Total wheel base of locomotive .

" and tender

Diameter of driving axle journals

Length

Feet Inches,

I 5

I 10

I 3

iJi

2%
5^
o%

o %

5 2

2 4

8 6

22 5

44 2K
7

o 8



112 LOCOMOTIVE ENGINES.

Wheel's. Ft, In,

Diameter of main crank-pin bearing. o 4j^

Length " " " . O 4%
Boiler :

Outside diameter of smallest ring of

boiler 4 O

Thickness of boiler plate (steel) . . O O^
Number of tubes— 163.

Length " II 3

Outside diameter of tubes O 2

Length of fire-box inside 8 6

Width " " 2 9^
Depth " " (sloping)—39-53

Thickness of fire-box plates (steel),

side sheets O Oj^
" " back sheet O o^^e

" " crown sheet O Oj^
" flue sheet O 0}^

Square feet of grate surface—24.

" " heating surface in fire

box— 112.

" " heating surface in

tubes—933.
Total square feet of heating sur-

face— 1065,

Tender:

Number of wheels

—

8.

Diameter " 2 6
" tender-axle journals . , O 3ji

Length " " ..07
Capacity of tank 2200 gallonii





If^^
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Weight:

Weight of engine in working order 75,000 lbs.

" " on driving wheels 51,500 **

"
tender, empty 20,500 "

STANDARD AMERICAN FREIGHT LOCOMOTIVE (fIG. 1 3).

As Designed and Constructed by the Baldwin

Locomotive Works, Philadelphia, Pa.

The principal dimensions are as follows

:

Cylinders

:

Ft, In,

Diameter .... I 6
Stroke of pistons 2 O

Length of steam ports I 4
Width " " O \)i

" of exhaust ports . . . . • O 2 J^
Travel ofvalves O 5^
Outside lap of valves O O^
Inside " " O O^V

Exhaust nozzles—double, variable.

Wheels :

Diameter of driving-wheels . . . • 4 6
" " truck wheels .... 2 6

Distance between centres of front and

rear driving-wheels 15 O
Total wheel-base of locomotive . . 22 8

" and tender 44 3

Diameter of driving-axle journals . o 7
Length " ".08
Diameter of main crank-pin bearing o 4j^
Length " '* o 4^^
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Boiler

:

Ft. In.

Outside diameter of smallest ring of

boiler 4 3

Thickness of boiler-plates (iron) . , o O^
Number of tubes 1 59
Length " II 2^
Outside diameter of tubes .... o 2

Length of fire-box inside 5 5

Width " " 2 II J^

Depth " " 5 3J^
Thickness of fire-box plates (copper),

side, back, and front sheets ... O O^
Thickness of flue-sheet o oj^

" crown-sheet (steel) . o o^
Square feet of grate-surface . . 16

heating surface in

fire-box ... 103

heating surface in

tubes .... 937

Total square feet of heating sur-

face .... 1040

Tender

:

Number of wheels 8

Diameter " 2 4
" tender axle journals . . o 3J^

Length " **
. . O 7

Capacity of tank . . . 2000 gallons.

Weight: Lbs.

Weight of engine in working

order. 80,000

((

« u
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Weight

:

Lbs.

Weight of engine on driving-

wheels 68,000

Weight of tender, empty . . 20,ooo

CONSOLIDATION LOCOMOTIVES OF THE PHILADELPHIA

AND READING RAILROAD.

These engines have the Wootten fire-box, for burn

ing fine coal. It extends laterally over the frames and

back pair of driving-wheels, so as to be 8 feet wide

inside.

The following are the principal dimensions of these

engines :

Cylinders, 20 in. diameter X 24 in. stroke.

Driving-wheels, 50 in. diameter.

Truck-wheels, 30 in. diameter.

Driving-wheel base, 14 ft. 9 in.

Total wheel-base, 22 ft. 10 in.

Fire-box, 114 in. long x 96 in. wide.

Smallest diameter of boiler, 56 in.

197 tubes, 2 in. diameter X II ft. 6^ in. long.

Heating surface in tubes, 1,190 sq. ft.

Heating surface in fire-box, 167 sq. ft.

Heating surface, total, 1,357 ^q. ft

Grate consists of water-tubes and cast-iron bars.

Driving-wheel journals, 7 X 8 in.

Truck-wheel journals, 5 x ^ ii^»

Steam-ports, 16 in. X 1% in.

Exhaust-ports, 16 in. X 2^ in.

The boiler is fed by two No. 8 Sellers injectors.

Capacity of tank, 2,800 gallons.
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Diameter of tender-wheels, 30 in.

Journals of tender, 3^ in. diameter X 8 in. long.

The fire-box slopes downward, and is stayed on top

and sides with stay-bolts.

The engines also have feed-water heaters, which are

shown under the running board.

The excellent performance of this engine will be

seen from the following accounts of recent trial trips

:

A trial trip of one of these locomotives in ordinary

freight service on the Bound Brook Line, between

Philadelphia and New York. June 22, 1880.

The locomotive left Third and Berks streets depot,

Philadelphia, at 9 A. M., empty, and at Fairhill Junc-

tion took on fifty loaded four wheeled cars, at Jenkin-

town took thirty more, and at Bound Brook added

twenty more, making a train of one hundred loaded

four-wheeled cars, with which it arrived at Elizabeth-

port at 5 P. M.. The tank was full of water on leaving

Philadelphia and was refilled three times.

Fairhill Junction to Jenkintown, maximum grade, 58.6

feet per mile; train, 50 loaded four-wheeled cars.

Jenkintown to Bound Brook, maximum grade, 37 feet

per mile ; train, 80 loaded four-wheeled cars.

Bound Brook to Elizabethport, maximum grade, 23

feet per mile ; train, 100 loaded four-wheeled cars.

Quantity of water consumed . . 7,747 gallons.

Whole time on road ...... 8 hours.

Actual running time with train,

Fairhill Junction to Elizabeth-

port 5 hours 43 min.

Weight of each loaded car . . SU gross tons.
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Returning, the engine left Elizabethport with 1 19

empty four-wheeled cars at 6 P. M., and arrived at

Third and Berks streets, Philadelphia, at 12:10 P. M.

The tank was full of water on leaving Ehzabethport,

and was refilled three times.

Quantity of water consumed . .6,215 gallouo.

Whole time on road 6 hours 10 min.

Actual running time, Elizabeth-

port to Philadelphia 4 hours 32 min.

Maximum grade of road . . . .37 feet per mile.

Weight of each empty car . . . 3/0 gross tons.

SUMMARY.

Distance (jjyi. miles each way) 155 miles.

Total weight of coal consumed in

round trip, including firing up, 13,900 pounds.

Coal consumed in- firing up and in

furnace at end of trip, estimated, 950 pounds.

Coal consumed in making round

trip 12,950 pounds.

Total quantity of water consumed

in round trip 13,962 gallons.

Pounds of water evaporated per

pound of coal 8.98

The engine steamed very freely all the while. The

safety valve, set at 127 pounds, blew off frequently

when running, although the engine ran much of the

time with the register in smoke-box front open, and

with the furnace doors open. When coming to stations

the pressure was reduced to 100 pounds by opening

the furnace doors, and in a few minutes after closing
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the doors the pressure would rise to 127 pounds. The

engine made very little smoke or cinders, and at night

very few sparks were noticeable.

A run was made August 17, 1880, with Consolidated

engine No. 417, of the Philadelphia and Reading Rail-

road Company, from Fairhill Junction to Elizabethport

and return, using Youghiogheny bituminous coal. The
performance was as follows

:

EASTWARD TRIP.

Train, Fairhill Junc-

tion to Jenkintown. 56 loaded four-wheeled cars.

Train, Jenkintown to

Elizabethport. . . 81 " " «

Quantity of water used, 7,865 gallons.

WESTWARD TRIP.

Train, Elizabethport

to Fairhill Junction, 1 12 empty four-wheel cars.

Quantity of water used, 6,297 gallons.

SUMMARY.

Total weight of coal consumed in

round trip, including firing up . 13,808 pounds.

Coal consumed in firing up . . . 1,275 "

Coal consumed in making round

trip 12,533 "

Total quantity of water used in

round trip i .1,162 gallons

Pounds of water evaporated per

pound of coal 9.41

The standard passenger engines of the }'juiis\-lvania
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Railroad have four driving-wheels 5^ feet in dia-

meter; steam cylinders 17 inches in diameter, and 24

inches stroke; grate surface iS/4 square feet; heating

surface 1,058 square feet. They weigh each 63,000

pounds, of which 39,000 pounds are on the drivers,

and 24,000 pounds on the truck wheels. The standard

freight engines of the same road, have six drivmg

wheels 54^^ inches in diameter. The steam cylin-

ders are 18 inches in diameter and 22 inches stroke;

grate surface I4J_ square feet; heating surface 1,096

square feet. They weigh each 68,500 pounds, of which

48,000 pounds are on the drivers, and 20,500 pounds

on the truck wheels.

The average American locomotive has a maximum
life of about 30 years. The annual cost of repairs is

from 10 to 15 per cent, of the first cost. Each engine

requires about one pint of oil for each 25 miles run,

and one ton of coal for each 40 or 50 miles run.



CHAPTER X.

LOCOMOTIVES AT THE CENTENNIAL EXHIBITION,

PHILADELPHIA, 1 876.

The show of Locomotives at the Centennial Exhi-

bition was essentially an American one, for with the

smgle exception of the small Swedish engine shown,

they were all of American design and construction.

The following outline, figures Nos. 14 to 31 inclu-

sive, shows every engine shown in the building. The
figures are all drawn to the same scale, so that they

not only convey a fair idea of the general arrangement

of the engines, but also of their relative sizes. The

following table, with notes referring to the same, will

prove of value as regards designs, the proportions of

the different parts, and the materials used in construc-

tion. Indeed, it can be safely said that in these out-

line figures and accompanying table the latest and best

practice of American Locomotive Engineering can be

seen at a glance.

In conjunction with these examples, the student

should familiarize himself with the general design and

proportions of the various parts of any and every

locomotive he may inspect. This information can be

easily obtained by actual measurement, and from the

engineer in charge, all of which should be noted in a

note-book.

(120)



The International Exhibition of 1876.—The Locomotive Exhibit. Page 120.
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NOTES REFERRING TO THE TABLE.

(a) In addition to the locomotives, particulars of which are tabu

lated here, there were a few otliers exhibited at the Centennial. The

table, however, includes all shown within the building. Outside the

Maryland State Building there were two engines, sent by the Baltimore

and Ohio Railroad, one the No. 6 of that railway, the other No. 600.

The former is one of a class built in 1835, and is with seven others still

actively employed on shunting service. It was designed and built by

Phineas Davis, of York, Pennsylvania, and has a vertical tubular boiler,

fired from the front, through, a projecting horizontal fire-box, and hav-

ing two vertical cylinders attached to the rear of the boiler, one to

each side. The piston rods of these cylinders are connected with vi-

brating beams above the top of the boiler, rods being connected to the

ends of the beams, and giving .motion to two wrought-iron cranks.

This motion is transferred through spur gearing to the wheels, which

are four in number, and 36 in. in diameter. The reversing gear con-

sists of an ingenious arrangement of sliding cams worked by levers and

by the foot. The weight of this machine is about 8 tons, and the work-

ing pressure 60 lbs. The whole of the work is remarkably good, and

in this respect it forms a striking contrast to the new locomotive, No.

600, which forms a second engine exhibit of the Baltimore and Ohio

-Railroad. This is a heavy passenger engine of the "Mogul" class,

and is built for working the traffic over the steep mountain sections of

the railway. It weighs 90,400 lbs., and has six coupled wheels, with

cast-iron centres and steel tires, 60 in, in diameter. The cylinders are

19 in. iii diameter and 26 in. stroke, and the boiler is 50 in. in diame-

ter. The fire-box is of steel.

(^) The only foreign engine exhibited. (Swedish.)

(c) This is a freight engine, but during the period of the Exhibition

was used in v^^orking the traffic on the West End Passenger Railway.

(d) This engine is on the single boiler Fairlie system, with two four-

wheeled bogies.

{e) Measure to centre of truck at forward end.

(y) The main wheels on the engines Nos. 14 to 21 have, as is com-

mon in our American practice, cast-iron centres and steel tires. The

tires used are now almost exclusively of American make. They are

shrunk on to the body, the amount of shrinkage being yoW5 ^^' V^^ ^°°*



128 LOCOMOTIVE ENGINES.

of diameter of wheel. In some cases the tire is further secured by a

number of set-screws passing through the rim of the wheel, and enter-

ing the tire. These screws are furnished with a nipple at the end about

I in. in diameter, and | in. long, which fits in a corresponding hole in

the tire.

[g] These wheels are of the Washburne pattern, of cast-iron, with

steel tires. In making these wheels the latter are heated, and the bodies

are cast within them. The tires are rolled with a bulge on the inside,

so that the cast body cannot slip off. It is, moreover, claimed that a

partial fusion takes place on the surfaces of contact between the iron

and steel, making the whole wheel one solid mass.

[A) This dimension is the travel of the crank, the Walschaert's

valve gear being employed.

(z) This dimension refers to the wagon top of the boiler.

(J) At front end of boiler.

(k) That there are two dimensions for the height of the fire-box is

due to the fact that the grates are inclined, and sometimes the crowns

also.

(/) The lesser of these dimensions refers to the back of the fire-box,

and the greater to the front.

[m) Pennsylvania charcoal iron.

[n) Fastened with copper ferrules.

[o) Side sheets ^ in. thick, back sheets -^-^ in.

(/) The fire-box tube sheets in these two engines are ^ in. thick.

(^) Crucible steel.

(r) Front tube plate ^^ in.

(j) Wagon top plate, ^ in.

(/) In this fire-box there is a combustion chamber of 3 cubic fee*

capacity.

(zi) These blast nozzles are square. Engines Nos. 15, 16, 20, 21,

liave double nozzles.

(v) These nozzles are single.

{rv) From ^)^ in. to 4^ in.

(x) These nozzles are double.

(y) Single nozzle.

(0) Burned anthracite during its period of service at the Exhibition

[aa) Washburne wheels.

(dd) This engine and tender were built for exhibition by the appren-



LOCOMOTIVES AT CENTENNIAL EXHIBITION. 1 29

tices in the Reading locomotive shop of the Philadelphia and Reading

Railroad.

(<r(f) Counterweights are formed entirely in rims of driving wheels,

dispensing with weights between spokes.

{dd) y^ in. at front and ^ iti. al back,

[ee) At front.

{//) Tube plate, /_ in.

Note.—The Pennsylvania Railroad passenger engine (No. 15 in the

table), and all the engines employed in working the traffic on the West

End Passenger Railway at the Exhibition, were fitted with the West-

inghouse automatic brake, and all the trains for the latter service are

also fully equipped with this brake.

6*



CHAPTER XL

HIGH RAILWAY SPEEDS.*

Railways being now the common highways of our

country, their managers naturally seek all means of

accommodating and meeting the wants of the traveling

community.

The active rivalry now t xisting between the Penn-

sylvania Railroad and the Bound Brook route of the

Philadelphia and Reading Railroad has resulted in

giving us the most improved facilities for communica-

tion between the two principal cities of this country,

and has placed our railway speed on a par with the

fast time of the British express trains.

It is but a few years ago that a trip to New York

and back in the same day was considered a wonderful

achievement; the time occupied, being three hours

each way, was thought very short ; whereas to-day one

can have his breakfast and go to New York, transact

business, and return and dine in his own house. But

even the great reduction of time has not been consid-

ered sufficient to comply with the requests of rapid

transit, and the two roads referred to are contemplating

and preparing to run the ninety miles between Phila-

delphia and New York in ninety minutes.

* W. Barnet Le Van.

(130)
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Sixty miles an hour, as it strikes the ear, does not

seem an impossibihty ; but if we look at it in all its

bearings, and consider that it means one mile in one

mi7i2ite, or sixty miles in sixty consecutive minutes, it be-

gins to assume proportions that seem insurmountable.

Some of the earliest locomotives ever built have run

over a mile a minute, and in one instance a speed of

ninety-three miles per hour was maintained for a few

miles.

To illustrate more clearly the difficulties in running

sixty miles in sixty minutes, the locomotive must be

capable at all times of developing seventy miles pe^

hour, so as to meet any contingency that may arise.

A locomotive at seventy miles an hour passes over one

hundred and two feet per second y-^—=102.6 j. Two
-objects near a person, say three feet apart, pass his eye

in the thirty-fifth part of a second. When two trains

having this speed pass each other, the relative velocity

will be two hundred and five feet per second; and if

one of the trains were one hundred and two feet long,

it would flash by in a single second. To acconiplish

this, supposing the driving wheels to be six and one-

half feet in diameter, and the piston to change its direc-

tion in the cylinder ten times in a second, there being

two cylinders to every locomotive, and the eccentrics

being so adjusted that the exhaust steam discharges

alternately, there are twenty discharges of steam per

second, at equal intervals, and these twenty exhausts

divide a second into twenty equal parts, each puff

having a twentieth of a second between it and that

6*
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ivhich precedes and follows it. The ear, like the eye,

is limited in the rapidity of its sensations ; and, sensi-

tive as those organs are, they are not capable of dis-

tinguishing sounds which succeed each other at inter-

vals as short as the twentieth part of a second.

Therefore, to run sixty miles in sixty minutes con-

tinuously and with a reasonable degree of safety, some

modification in the form of engine as now built must

be made. The road bed must also be in the best con-

dition attainable, and as straight as possible, and if

curves are indispensable they should not be less than

two thousand feet radius.

Locomotives are distinguished as single or coupled^

mdependently of their kind or class. When only a

single pair of driving wheels is employed, the engine

is said to be a single engine. When two or more pairs

of driving wheels are used, connected by coupling rodo,

the engine is said to be coupled.

When six coupled wheels and a swing " pony truck
"

in front, connected by equalizing beams with the lead

ing pair of coupled wheels, it is called Mogul, and

when eight coupled wheels and "pony truck," it is

called Consolidation.

To accomplish sixty miles in sixty minutes, the

Baldwin Locomotive Works, of this city, have just

placed on the Bound Brook route between this city

and New York a new single engine, similar to those

used on the fast lines in England, having but one pair

of driving wheels, 6j^ feet in diameter. The ordinary

driving wheels of passenger engines in this country do
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not exceed 5^ feet, and two pair coupled together arc

used. For fast speeds, with coupled driving wheels ;is

in ordinary use, the momentum of the parallel rod-

which connect the driving wheels becomes enormous,

and is a source of great danger. Within a month past

the parallel rod of an engine on the Pennsylvania rail-

road broke. It demolished the cab of the engine, and

seriously injured the engineer, and detained the train

over one hour.

This new engine requires no parallel roas, and the

increased diameter of the wheels also reduces the

number of revolutions to the mile, as well as the centri-

fugal force.

In the ordinary locomotive with small and coupled

driving wheels, the greatest speed of the piston reaches

sometimes about 1,200 feet per minute with a two foot

stroke and 5^4 feet diameter driving wheels, giving

about fifty-nine miles per hour; but with driving

wheels 6^ feet diameter, and the same piston speed,

the running rate would be about sixty-nine miles per

hour. No more adhesion is required at high than at

low speeds, assuming the load to be the same. The
truth is, that the amount of adhesion required to turn

to account the whole power which a locomotive is

capable of developing varies inversely according to

the speed at which the engine is run, the higher the

speed the less being the adhesion required. The
increased resistance, according to experiments made,

is in a less ratio than that of the simple velocity, so

that the boiler need not exceed the limit of space
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afforded. The ordinary locomotive boilers do not

exceed i,ioo feet of heating surface and 20 square feet

of fire grate. In this new locomotive the boiler has

about 1,400 square feet of heating surface and about

56 square feet grate surface.

The dimensions of the engine are as follows

:

Cylinders, 18X24 inches.

Total wheel-base, 21 feet i inch.

From centre of driving to centre of trailing-wheels,

8 feet.

Boiler, made of steel, j\ inch thick.

Diameter of boiler at smoke-box end, 52 inches.

198 tubes, 2 inches in diameter X 12 feet 2^ inches

long.

Fire-box, 96^ inches long X 84 inches wide, 51

inches deep in front, and 44 inches back.

Grates, made of water tubes, I j4 inches outside di-

ameter X % inch thick, spaced 2^ inches from centre

to centre, with three bars arranged to pull out.

Truck has a swing bolster and four 36 inch-wheels,

with cast-iron centres and steel tires.

Journals of truck axles, 5x8 inches.

Steam-ports, iS^X 16 inches.

Exhaust-ports, 3X16 inches.

The valve is of the Allen pattern, with ^ inch lap.

Cross-heads are made of solid wrought-iron, with

brass gibs on slides.

Driving-wheels, 6 feet 6 inches in diameter, with

cast-iron centres, having solid spokes and hollow rim.

Tires 3 inches thick.
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Driving-axles, made of wrought-iron, with journals

t>X 9/^ inches.

Trailing wheels, 45 inches diameter, with cast-iron

centre and steel tires.

Journals of trailing axle, y}4XS^ inches.

Boiler supplied with two injectors. No pumps are

used.

Tender carries 4,000 gallons of water.

Tender-frame made of channel iron.

Tender wheels 36 inches in diameter, with cast-iron

centres and steel tires.

Tender axle journals, 5 X 8 in.

The weight of engine in working order is 85,000 lbs.

Weight on driving-wheels, from 35,000 to 45,000 lbs.

Weight on trailing-wheels from 15,000 to 25,000 lbs.

Weight on truck, 25,000 lbs.

The top and sides are stayed with J^ in. stay-bolts.

The boiler has 1,400 square feet of heating surface.

The Bound Brook road is not fitted with water

troughs between the tracks, so that the locomotive

tender can pick up its water while in motion : thus,

larger tenders are needed to convey sufficient water

for the through trip.

By dispensing with the coupling rods, and reducing

the centrifugal force of the driving wheels, it is evident

that the design of the engine is in the right direction

for safety and fast running.

The tractive force of each pound of effective pressure

per square inch on the pistons which this engine is

capable of exerting will be
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i^-_i=:99.68 pounds.

In running sixty miles per hour, on an ordinary

road, which corresponds to about 258 revolutions, or

a piston speed of 1,034 feet per minute, and a mean

effective pressure of about 35 pounds per square inch,

the tractive power exerted will be

182X24X35.
13,489 pounds

ton, and the h(

ders will be

78

for each piston, and the horse-power for the two cylin-

18^X1,034X35^
,^,.

33,000 ^ ^^

To run a train sixty miles in sixty minutes between

Philadelphia and New York would not be considered

as remarkable, provided the track was always clear;

but several large towns, cities, and bridges, some of

which have draws, are, however, scattered along the

route, necessitating a material reduction of speed in

passing them, and thus time is lost, which must be

made up by a proportionate increase in speed on those

parts of the roadway which are clear and unobstructed.

This increased speed must be as great, at times, as

seventy miles an hour, as before stated.

On Friday, May 14, 1880, I received an invitation

from Messrs. Burnham, Parry, Williams & Co., to make

a trip on a train to be drawn by their " new departure

locomotive. No. 5,000," the 5,000th of their build

(Philadelphia and Reading Railroad Company's No.

507), from Ninth and Green streets to Jersey City, over
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the Bound Brook route, without stopping, and return

in the same way.

As before stated, this locomotive has only one pair

of driving wheels, 78 inches in diameter.

The weight is so disposed upon the wheels that by

an alteration of fulcrum points operated by a separate

steam cylinder, additional weight can be thrown on the

drivers at the time of starting. This shifting of the

weight will give from 8,000 to 9,000 pounds additional

on the driving wheels.

The weight of the engine, ready for attaching to the

train, is 85,000 pounds, and the tender 70,000. The

train going to New York consisted of four day (set up)

cars, of the usual pattern, each weighing about 42,000

pounds. Weight of train complete, about 148 tons.

THE START.

When the engine left the round-house, to take its

place at the head of the train, I was reminded of what

P^lihu Burritt says, when writing about the locomotive

:

" I love to see one of those huge creatures, with

sinews of brass and muscles of iron, strut forth from

his stable and salute the train of cars with a dozen

sonorous puffs from his iron nostrils, then fall back

gently into his harness.

" There he stands champering and foaming upon the

iron track, his great heart a furnace of glowing coals,

his lymphatic blood boiling within his veins; the

strength of a thousand horses is nerving his sinews ; he

pants to be gone. He would drag St. Peter's across

the Desert of Sahara, if he could be hitched on."
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The signal to go ahead was given at precisely 11: 16

a. m., and on account of Ninth street being more or

less obstructed by teams crossing, 9^ minutes were

consumed in reaching Wayne Station, distance 4.3

miles, rate of speed per hour, 27.15 miles.

Wayne Station to Jenkintown, distance 5.8 miles,

time 6.75 minutes, rate of speed 5 1 miles per hour.

Jenkintown to Yardley, distance 20 miles, time 19

minutes, rate of speed 63 miles per hour.

Yardley to Trenton Junction, distance 2 miles, time

2j^ minutes, rate of speed 53.3 miles per hour.

Trenton Junction to Bound Brook, distance 27.1

miles, time 25^ minutes, rate of speed 63 miles per

hour.

Bound Brook to Elizabeth, distance 20.7 miles, time

20^ minutes, rate of speed 60 miles per hour.

Elizabeth to Jersey City, distance 1 1^ miles, time

14 minutes, rate of speed 49.3 miles per hour.

Total time from Ninth and Green streets, Phila-

delphia, to Jersey City, 89.4 miles, 98 minutes, rate of

speed 54.73 miles per hour.

THE RETURN.

On the return trip one car was added, making the

total load 168 tons.

Left Jersey City at 2.07 Philadelphia time, reached

Elizabeth at 2.211^, distance 11 j4 miles, time 141^

minutes, rate of speed 47^ miles per hour.

Elizabeth to Bound Brook, distance 20.7 miles, time

19 minutes, rate of speed 65.3 miles per hour.
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Bound Brook to Trenton Junction, distance 27.1

miles, time 26.8 minutes, rate of speed 60.6 miles per

hour.

Trenton Junction to Yardley, distance 2 miles, time

2^ minutes, rate of speed 53 miles per hour.

Yardley to Jenkintown, distance 20 miles, time 20.8

minutes, rate of speed 57.6 miles per hour.

Jenkintown to Wayne Junction, distance 5.8 miles,

time 8 minutes, rate of speed 43.5 miles per hour.

Wayne Junction to Ninth and Green streets, dis-

tance 4.3 miles, time S}4 minutes, rate of speed 30.3

miles per hour.

Total time from Jersey City to Ninth and Green

streets, Philadelphia, 1 00 minutes, distance 89.4 miles,

rate of speed 53.6 miles per hour.

The best performance during the trip was in running

the 2.8 miles from Willitt to Langhorne, part of which

distance is an ascending grade of 16 feet per mile, in

two minutes, being at the rate of eighty-one miles per

hour.

A careful examination of all the bearings at the end

of each trip showed them to be perfectly cool, which

is something extraordinary for a new engine, running

90 miles without stopping.

To show the speed this engine is capable of perform-

ing, on a former trial she ran 13.8 miles in 10^ min-

utes, or at the rate of seventy-eight and eighty-five hini-

dreths of a mile per hour.

Some idea of the steaming capacity of the boiler

may be had from the fact that a No. 9 Sellers injector,
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which will throw 2,000 gallons of water per hour, will

not keep her supplied.

The water consumed in the 98 minutes' run to Jer-

sey City was about 3,300 gallons, and on the return

trip about 3,600 gallons, or about S4}4 gallons, or 288

pounds per minute.

Comparing this time with the fast time made by the

7.35 a. m. going east, and the 3.30 p. m. coming west,

on the Pennsylvania Railroad from Germantown Junc-

tion to Jersey City and return, we have as follows

:

Pennsylvania Railroad.— Germantown Junction to

Jersey City, distance 84.2 miles, time 106 minutes, rate

of speed 47.7 miles per hour.

Reading Railroad.—Wayne Junction to Jersey City,

distance 85.1 miles, time 88 j^ minutes, rate of speed

57.6 miles per hour.

Jersey City to Germantown Junction, distance 84.2

miles, time 103 minutes, rate of speed 49 miles per

hour.

Jersey City to Wayne Junction, distance 85. 1 miles,

time 91^ minutes, rate of speed 55.7 miles per hour,

Being seventeen per cent, less time going east and

twelve per cent, coming west than that now made by

the Pennsylvania Railroad.

The advantage of large diameter for driving wheels

is in the reduction of the number of revolutions per

mile. In the Baldwin engine the revolutions per mile

are -g—=258, and those of the Pennsylvania Railroad,

with a 5^ foot wheel,
—3o5» an increase of



HIGH RAILWAY SPEEDS. I4I

305—258X100 ^j^^ per cent, and their engines being

coupled, this additional number of revolutions adds to

the risk by increasing the momentum of the parallel

rods and tending to separate them.

It must not be supposed that 80 miles an hour is

the limit of speed which a railway train may attain.

Speed is a question of power and resistance, and velo-

cities greater than 80 miles an hour, which is about

7,000 feet per minute, are in use in various kinds of

machinery, to wit : fan-blowers, circular saws, etc.

The writer believes that before the expiration of five

years, with the present active rivalry, passengers will

be set down in New York in one hour's time from this

city.

The mean average of all the English railways is

46.2 miles per hour; French, 37.5 miles per hour;

German, 40 miles per hour; and American, 37 miles

per hour ; the English being 20 per cent, faster than

in this country.

With them, 6}4, foot driving wheels are quite as

common as 5^ foot wheels are with us ; in fact, some
of the fast lines have eight and nine feet, and one line

had ten feet diameter.

Engines with one pair of drivers are not new in

this country. The Ironsides, built by M. W. Bald-

win in 1832, had but one pair of drivers, 4^ feet in

diameter. Mr. William Pettit ran Jier on the Philadel-

phia and Germantown Railroad at the rate of 62 miles

per hour. Dr. Patterson, of the University of Virginia,

and Mr. Franklin Peale, were on the engine, and timed

its workinsf on that occasion.
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In 1 849 Edward S. Norris, of Schenectady, built foi

the then Utica and Schenectady Railroad the Light-

fiing, Crampton, with 16 inch cylinders, 22 inch stroke,

and a single pair of 7 foot wheels, which ran at the

rate of 60 miles an hour in the year 1 850, but it only

worked a short time.

Messrs. M. W. Baldwin & Co., m August, 1849, de-

livered to the Vermont Central Railroad an engine, the

Governor Paine, with 17 inch cylinders, 20 inch stroke,

and a pair of 6^ foot driving wheels, and subsequently

sent three Crampton engines, of smaller dimensions,

to the Pennsylvania Central Railroad in September,

1849.

Norris Brothers made seven engines for the Camden
and Amboy Railroad, each with a single pair of 8 foot

driving wheels, and a 6 wheeled truck. The first of

these, with 13 inch cylinders and 34 inch stroke, was

sent from the makers' shops, April 17, 1849. The

next of the class had 13x3^ i^^ch cylinders, and were

delivered December, 1849. The last of the series, de-

livered in April, 1853, had 14 inch cylinders and a 38

inch stroke. The 13 inch cylinders weighed, empty,

40,754 pounds, and loaded, 49,253 pounds. Of the

weight loaded, 18,496 pounds, or about 8^ tons, were

on the driving wheels, with about 13^ tons on the

truck, making 22 tons in all. These engines had

boilers 36 inches in diameter, with plates but -^^ inch

thick.

In 1850 they also built two outside cylinder engines,

with 14 inch cylinders, 32 inch stroke, and coupled 7



HIGH RAILWAY SPEEDS. I43

foot driving wheels, for the New York and Erie Rail-

road (new Erie Railway).

In the year 1849 Ross Winans, of Baltimore, built

a single locomotive for the Boston and Worcester

Railroad. It was for an experiment in coal-burning,

and constructed to burn anthracite coal. This loco-

motive was named the Carroll of Carrollton. It had

one pair of 7 foot driving wheels, and was intended for

very high speed. It had 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 tons.

The 7 foot drivers were cast with chilled rims and

were of extremely light pattern; in fact they became

broken after running six weeks. These were replaced

with a set of imported wrought-iron wheels, the first

of the kind brought to this country.

The speed of the engine, under favorable circum-

stances, was one mile in sixty seconds. It was run

between Albany and Boston, and the train consisted

of from seven to eight cars, and made a mile a minute

with ease. The engineer, J. H. Jackman, says :
" Since

I run her in 1849, I have traveled many thousand

miles on locomotives, and have seen some high speeds

made, still I have never seen the locomotive that could

lay right down to it and out-run the Carroll of Car-

rollton. When I run her we made many stops, and

therefore could not make better time than locomotives

having smaller driving wheels. But give me fifty or

sixty miles on a clear run, and I could out-run a
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thunder-storm if it was going our way. In those days

we had no air-brakes, and to run at such high rates of

speed sometimes became dangerous. I remember one

instance, in the night time, of rounding a curve at

about sixty miles per hour, when a danger signal met

my view. I shut off steam and whistled down brakes,

but they did not seem to check me. I whistled again;

still the speed kept up. I gave the third signal for

brakes, and then reversed my engine, saying to her,

' Do your duty, my beauty, or in twenty seconds it is

good-by to railroading.' We came to a stand-still

eighty rods from a train on the main track, having run

one mile and a quarter from the place where I first

discovered the red light. A locomotive engineer, to

avoid trouble, must take time by the forelock—in

other words, must anticipate possibilities."

Not over a dozen and a half of single engines have

been made in the United States. Smaller wheels have

been substituted for nearly all of these engines, from

the fact that all the large-wheeled engines had small

boilers, and with a single pair of driving wheels the

adhesion was in all cases insufficient for the want of a

proper distribution of the weight excess, as in the case

of the Carroll of Cm^rollton, and, as before stated, the

adhesion weight could be varied between three and

twelve tons.

The present Baldwin has a similar arrangement, as

before described, also the great advantage of a large

boiler with ample heating and grate surface.

The Great Western Railway of England has seven
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foot gauge, and was the fastest road in the world until

a few years since, and its express ran regularly from

Paddington (London) to Bristol. Ii8^ miles, in pre-

cisely two hours, being at the rate oi fifty-nine miles

per hour.

7



CHAPTER XIT,

RECENT IMPROVEMENTS IN THE LOCOMOTIVE.

The last meeting of the Master Mechanics' Associa-'

tion was largely devoted to the consideration of the

report of its Committee on the Construction of Loco-

motive Engines. The committee appointed to gather

facts concerning improvements, or the remedy of well

known defects in the construction of locomotives, re-

port that in only two or three directions have valuable

modifications been perfected. The committee turned

its attention particularly to the consideration of ques-

tions relating to economy of fuel, locomotive trucks,

spark-arresters or consumers, and the operation of con-

solidation locomotives. The committee report that

they are in possession of no information that promises

any real improvement in the form of construction of

boilers, or in valves, or in machinery for working them.

In other respects, however, valuable improvements

have been made, and chief among these is a spark-

arrester, which, having been put to test by actual use,

seems to have secured very important results. In the

language of the report, it " has secured immunity from

setting fires, not only arresting but perfectly consum-

ing the sparks and smoke ; also preventing the falling

of fine dust from the train, improving the steaming

(146 J
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qualities of the engine, and resulting in the saving of

fuel." The only ones described in the report are those

in use on the Fitchburg Railroad, and on the Camden
and Atlantic. Mr. Hill, the inventor of the one in use

on the latter road, describes his invention as follows

:

*'A deflecting plate is arranged in the smoke-box

near the flue-sheet, so as to cover the top flues, and

extending downward toward the bottom of the smoke-

box. A steel-wire netting is placed in front of said

deflecting-plate to confine the circulating sparks from

passing to the open air, or coming in contact with the

exhaust steam. A straight pipe without any obstruc-

tion is used for a smoke-stack; the sparks after falling

to the bottom of the smoke-box come in contact with

an injector operated with a bell-crank and rod, under

the control of the engineer. The power used to oper-

ate the injector is a small portion of exhaust steam,

which can not be noticed by an expert. From the

mouth of the injector a pipe is so arranged as to con-

vey the sparks and steam to the fire-box. The moist

steam used, being of a low temperature, readily com-

bines with the smoke and gases, thereby supplying a

deficiency needed to ignite them. Instead of admit-

ting cold air into the furnace, warm, moist steam is

admitted. The netting, to insure against clogging, is

provided with a striker, under control of the fireman,

and operated from the cab of the engine."

In regard to the operation of consolidation engines,

the report presents an elaborate array of facts; al-

though it acknowledges that they are not yet com-
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plete enough to enable the committee to judge what

the effect on cost of transportation will be. The com-

mittee, after making a comparison in points of ex-

penditure for train hands, repairs, fuel, and interest on

capital invested, between the lO-wheel and the consol-

idated locomotives, come to the conclusion that a

given amount of work may be done by the latter, at a

decidedly smaller cost than by the ordinary 10-wheel

engines.

A large part of the report is devoted to the discus-

sion of the best and most economical metal for loco-

motive and tender bearings ; and here the practice

seems to be quite varied. Nearly all builders use

some combination of tin and copper ; but while some

mix the constituents so as to form a hard brass, others

use it in the form of Babbitt metal. The committee,

in summing up the evidence on this subject, express

the belief that a majority of builders favor hard brass,

composed of 6 parts copper to I part tin, for all axle

and rod bearings. The use of Babbitt is not generally

adopted for driving-axle bearings ; but for truck and

rod-bearings it is more often used than not, although

it does not appear to give universal satisfaction. The

important result seems to be recognized that Babbitt

metal tends to lengthen the durability of the bearing,

but to shorten that of the journal. It is generally un-

derstood that soft metal collects grit, and thus cuts

away the journals, and the loss from this cause more

than compensates for the saving in the wear of the

bearings.
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Another thing considered by this committee was

the value of injectors ; submitting a large number of

facts, including a statistical table setting forth the ob-

servations with regard to the saving of fuel by the use

of this appendage, furnished by Mr. E. T. Jeffrey, of

the Illinois Central Railroad. The engine used by

Mr. Jeffrey was run eight trips of 128 miles each, using

her pumps exclusively, and then the same number of

trips over the same section of road, using the injector

exclusively. The engine burned 6342 pounds less of

coal with the injector than with the pump; but nearly

nine hours more time was spent in switching at way
stations when the pump was used, which reduces the

saving in coal to 4342 pounds. A chief objection to

the use of the injector, as at present constructed, seems

to be the difficulty in regulating so as to feed the pro-

per quantity of water at all times. The committee

consider that the following facts have been settled by

the experiments which they have recorded

:

1. A good injector properly attached is as reliable

as a pump for feeding a locomotive boiler, provided

the water in the tank is not heated to more than no
degrees Fahrenheit.

2. A small saving in fuel is effected by using an in-

jector; the boiler pressure is steadier, and the boiler

is subjected to fewer changes of temperature.

3. A pump will feed only when the engine is mov-

ing, but an injector will feed the boiler when the en-

gine is in motion, or at rest.

The report and the discussions thereon show that a
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locomotive is probably, all things considered, the most

I
erfect engine yet made by man. Certainly it is the

one engine which has concentrated upon its construc-

tion the most thought and ingenuity.



CHAPTER XIII.

STRENGTH OF BOILERS.*

The pressure in a steam boiler or other containing

vessel tends to force the same into a circular form, if it

does not possess that form ;
and if it does, the pressure

has a tendency to sustain it in that form. Hence, the

strongest form for a boiler is a circle, and any de-

parture from that shape makes itself manifest by the

necessity of stays. While the pressure acts from the

center radially out to the circumference on an indefi-

nite number of radial lines, the mathematics of the

strength of the shell supposes that the pressure acts as

Fig. 32. Fig. 33.

the arrows a^ a, a, a^ in Fig. 33, that is, tending to lift

the top from the bottom. In Fig. 32 the pressure

represented by arrow a is resisted by arrow a' ^ and

similarly arrow b and b' resist each other, and as each

* Smith.

(151)
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equals the other, we may assume any one direction as

that in which the pressure acts, as a^ a, a, a, in Fig. 33,

tending to part the boiler through the line b, b. We
might, as stated above, assume any other direction ofthe

pressure, but as the shell is as strong through b, b as

it is through any other similar section, the strength as

ascertained at b, b will be the strength of the boiler.

The standard of comparison between different brands

of boiler iron is based on the strength of a square bar

of that iron, the sides of which are one inch in length,

and a section through the bar representing one square

inch. The tensile strength of such a bar will average

50,000 pounds. Assuming, then, that the pressure

tends to tear the top from the bottom of the shell, it is

apparent that the force acting to do this is represented

by the length of the shell in inches, multiplied by the

diameter in inches, and by the pressure per square

inch. The iron being the same thickness throughout

the shell, we will also assume that a section one inch

in length of the boiler is 2.fac simile as to strength of

any other section of similar length. The iron being

^\ of an inch thick and one inch (assumed) in length,

it is plain that its strength is but ^s. of our standard of

comparison, 50,000 (or 15,625 pounds). Now, as we
have two sides of the boiler of j\ thick, we must double

the above amount, which = 31,250 pounds as the

strength of our section if it were without a joint. The

strength of a single riveted seam (Fig. 34) has been

ascertained to be but 56% of the solid iron, and hence

we must take that percentage of 31,250 to arrive at
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the strength of the weakest portion, which, of course,

comes under the principle that the strength of any

structure is equal only

to its weakest part, 56

% of 31,250= 17,500, \ O O O O
which is the product of

the length ofour section

(I in) multiplied by the '''^34.

diameter, say 48 inches, multiplied by the pressure per

square inch necessary to burst the boiler. We have,

therefore, to find the pressure per square inch neces-

sary to burst the boiler, only to divide 17,500 by the

diameter (the length being I inch or unity). This gives

us nearly 365 ths, which, divided again by our factor

of safety, we will take as 6 (or the working pressure^^

to 1 the bursting pressure), and we obtain 60 nearly,

as the proper working pressure, all of which tends to

show that there are few locomotives in the United

States that are not carrying more pressure than they

ought to, or would be allowed to, if there was a law

regulating the same.

The strength of a joint, like Fig. 34, through the

rivet holes, may be found by taking the length a, less

the diameter of one hole multiplied by the number of

holes. This leaves the length of solid iron between

the holes, which, multiplied by the thickness and by

the strength of a sectional inch, and from 15 % to 20%
deducted from the result, for injury done the iron by

the punch, leaves the probable strength of metal be-

tween the holes. A staggered or double-riveted joint,
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Fig. 35.

shown in Fig. 35, has 70 per cent, of the strength of

the solid sheet, as ascertained

by Fairbairn's experiments.

From inspection, it will be

seen that there is as much
metal between the holes h^ c,

and h, f, as there is between

c^f. The metal between the

holes is much greater than

in Fig. 34, while the number

of rivets is in proportion to

the metal left between the holes, and hence the strength

of the joint may be deducted from the metal left be-

tween the holes on a line, a, b. The strength of a

rivet, to resist shearing, is about 50,000 lbs. per square

inch, hence the sectional area of one rivet, multiplied

by the number of rivets, and again multiplied by

50,000, will closely approximate their shearing or de-

tensive strength. The rivet area strength should be

kept as nearly equal as possible to the strength of

sheet between the holes. The

strength of the sheet to resist

crushing is represented by Fig.

36. It is plain that if the rivet

does not shear, nor the sheet

rupture between the holes, the

part a must be pushed or sheared

out of the way, if rupture takes place. The resistance

which the part or piece, a, offers is represented by the

area b, b, or the length d, by the thickness of the plate

Fig. 36.
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plus the equal area, c, c, and the whole multiplied by

the detensive strength of the sheet, which is about

50,000 pounds per square inch. In designing a joint,

the piece a, Fig. 36, the shearing strength of the rivets

and the strength between the holes should be as nearly

equal as possible, to make as strong a joint as is pos-

sible. The joint shown in Fig. 38 has a welt piece, a,

added, and is much used in locomotive work. It does

not add as much strength as is commonly accreditjJ

to it. The line of

rivets ^ and /, Fig.

37, are commonly
spaced twice as far

as the middle one

e, and therefore pre-

sent only half the

shearing strength

of rivets that line e

does, and hence if

rupture were to take

place it would oc-

cur first through either d or /", if it were not for t'li

stronger joint e. Therefore, after the internal' pressure

exceeds the strength of joint d or f, they are no longer

of use, as rupture is alone prevented by the superior

strength of the joint e. The welt strengthens the joint,

simply because it puts the rivet g, Fig. 38, into dou-

ble shear, that is, the rivet must be sheared through

the line h and i, and therefore presents double re-

sistance. The part of the plate in front of the rivet

^0

c

eO

b

fO

Fig. 37.

I==

Fig. 33.
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must be proportionally increased to meet the Increased

resistance, and the pitch of the holes increased as

much as possible and still retain a tight joint. A
combination of this joint and the staggered riveted

joint would make the strongest possible longitudinal

joint, as it would give the greatest amount of metal

between the holes, and also present the rivet in double

sheet. Fig. 39 shows a mode of making a joint by

which the strength might be made equal to that of

the solid sheet. The distance between the holes, by

Lengthwise

0000
0000

Fig. 39. Fig. 40.

making the joint long enough, might be made equal

to the width of the sheet, or in excess of it, for injury

done in punching. The joint shown in Fig. 40 is

not strengthened by the second row of rivets, barring

the grip due to contraction of the extra rivets, as the

strength of metal between either row is the same,

as is also the number of rivets, etc.; and the joint

Is as weak through one row of rivets as the other.

I have been considering the longitudinal strength only.

The transverse strength of a boiler is that which pre-

vents one end from being torn from the other. Thih
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strength is represented by the thickness of the iron

X by the circumference X by the strength of a sec-

tional inch, and the whole less the percentage of loss

due to the kind of joint. However, a single rivet join;

will suffice, generally, as the boiler is about twice as

strong transversely as longitudinally.

Persons buying boilers would do well to have sam-

ples of the iron, from which the boiler is to be built,

tested for tensile strength, and take no interested par-

ties' word, or bond, either, on that point. An actual

test settles the matter beyond doubt. All holes should

be drilled and rounded in the inner edge, as shown at

a, a, a, a, Fig. 41, as a drilled hole,

if not rounded, will shear the

rivet sooner than a punched hole.

Flat surfaces should be stayed to Fig. 41.

from six to ten times the pressure they are to resist.

The area of rivets holding crow feet to boiler heads,

etc., should be equal to the stay coupled to said crow

foot. It is a good plan to make stays coupled to crow

feet slightly shorter than the required length. Expand

them by heat, and, on cooling, they will all be found

tight and necessarily bearing their proportional strain.

It is a bad plan to collect one end of stays (such as

crown sheet stays when stayed to shell) into a smaller

area than the other, as it is plain to be seen that the

smaller area must resist more than its share in propor

tion as its area is smaller.
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BOILER PROPORTION AND CONSTRUCTION

—

RIVETING

AND STAYING.*

It has been determined by many experiments that

the use of steel rivets increases the cost of con-

struction, by reason principally of the loss by over-

heating and burning, while in hammering they often

chill so rapidly that the heads are easily knocked off;

this trouble showing itself even when mild steel is

used. A steel rivet should only be used where the

system of machine riveting is on the hydraulic plan.

Machine processes in all cases close the joints and

fill the holes better than hand riveting, as the whole

body of the rivet is reached by the pressure of the ma-

chine, but I believe that in every kind of machine

riveting, pressure rings surrounding the rivet on both

sides of the plates should be used to assist in bringing

the joint home and to prevent the sheets from being

separated by the squeezing of the rivet while very hot,

in a transverse direction under or between the sheets,

though in hydraulic riveting the pressure is so gradual

that the partial cooling of the rivet prevents it from

"bulging" and separating the joints.

In drilling or reaming plates it is easy to slightly

round the corners of holes on both sides of the sheets,

thereby reducing the tendency to shear all of twenty

per cent, and punched holes should have the corners

reamed in like manner.

There is one point in the construction of a boiler

that often receives very slight attention, viz.: the form-

^ Hoffman.
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ing or forging, and fastening of crow feet or stay lugs

to shell and heads. It is not a rare thing to find crow

feet forged of flat bar iron strong enough to resist with

perfect safety a working strain of 40,000 lbs. fastened

to the shell of a boiler with two ^^' rivets, and these

receiving the stress at an angle of 45°.

I think that a neat and strong crow foot can be

dropped or rolled with two, three and even four webs

to receive rivets ; these can be heated and bent to any

form desired. This method would certainly establish a

uniform standard as to strength, and would materially

reduce the cost of manufacture in the shop, besides

the advantage in having room for extra rivets.

The stays should be of the best material hammered

from the merchant bar. Holes in the ends rimmed to

size. The stay pins should be turned and drilled to

receive annealed wire guard pins. Where threads are

used the parting of rod on which thread is cut should

be enlarged, so that the bottom of thread will have the

same sectional area as the body of stay rod. Contin-

uous head stays should have steel expansion collars to

allow for expansion of tubes. Collars must be of steel.

Every stay rod should be so arranged that it can be

removed from the boiler and examined and tested, and

wherever pitting and wasting are discovered the stay

should be condemned, and a perfect one inserted.

Careful experiments with locomotives have proved

that a brick arch in the fire box, as well as a baffle plate

within the smoke box, are both very economical appli-

ances. They save coal and prevent throwing fire. It
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has also been found by experiment upon one of our

leading railroads, that 54 per cent, of the heat pro-

duced by combustion, is put directly into the boiler

and can be accounted for.

HOLDING POWER OF TUBES IN STEAM BOILERS.

The Locomotive for May, 1881, gives the results of

some experiments made by the Hartford Boiler Insur-

ance Company in their own work, with boiler tubes sei

in different ways, which reveal facts of special interest

to boiler makers and steam users.

It has been claimed that by simply rolling in the

tube with a Dudgeon tube expander, little holding

power was secured. As this apparatus is so generally

used by boiler makers, it seemed important that some

experiments should be made to determine what would

be the holding power of a tube rolled in by this appa-

ratus. Arrangements were therefore made with H. B.

Beach & Son, boiler makers in Hartford, to prepare

for the insurance company three specimens composed

of tubes three inches external diameter rolled into ^
inch plate in the ordinary way, without any expanding

other than that produced by the apparatus.

Mr. Allen treats the subject as follows

:

" So much depends upon the proper use of the Dud-

geon Expander that some mechanical engineers are

quite reluctant to accept, the theory that all tubes thus

rolled in, are equally effective in sustaining the head,

or tube sheet. This criticism is in a measure true, and

hence all boiler makers who have pride in their work

and regard for their reputation, should know that this
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work is well done. The riveting over of the ends of

the tubes is quite generally practiced, and when well

done makes a very strong joint, but those who are

familiar with this kind of work know that in many
cases the ends of the tubes are frayed out and split,

and until the 'thumb tool' is brought to bear, the job

has a very unpromising look. Such work yields read-

ily to the action of the heated gases, and after a time

the riveting, or beading, fractures and crumbles off,

and very little strength remains. This fraying and

cracking is sometimes attributed to a want of proper

annealing of the ends of the tubes, but it is quite as

often the result of unskilled workmanship. We have

seen it so often that we are never sure that it is well

done."

" Another method of fastening tubes into the tube

sheet, and one that, so far as we have investigated,

works well, the test being upon boilers in use, is to

adjust the tubes so that they shall project slightly be-

yond the tube sheet. Roll them in with the Dudgeon
Expander, and then, with one of the tools shown in

Figs. 42 and 43, flare, or further expand the projecting

ends. Figs. 44 and 45 show the above tools in cross

section."

" Little explanation of the manner of using them is

necessary. After the tubes are rolled in, either of the

above tools can be used for expanding the ends. Some
prefer the tool with two points of contact, and others

use the one with three. The tool is inserted into the

end of the tube and driven with a hammer until the
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end of the tube is brought soHd against the tube sheet.

Only light blows are required, and the workman can

Fig. 42. Fig. 43.

readily tell when the expanding is sufficiently done.

Fig. 46 shows a tube which has been expanded by this

method.

Fig. 44.

fig. 45.
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" In order to ascertain what the holding power of

tubes set in this manner would be, we arranged with H.

B. Beach & Sons, boiler makers of this city, to prepare

for us two (2) specimens for test. They were tubes

three inches external diameter rolled into ^ inch

plate, and expanded as described above. These speci-

mens were handed to Mr. Charles B. Richards,

Consulting Engineer at Colt's Armory, in this city,

with the request that he submit them to the required

test. The following is Mr. Richards' report

:

Fig. 46.

" * Report by the Coifs Patent Fire Arms Mamcfacturing

Company^ of tests of the holding strength of two boiler

tubes expanded into iron plates. The samples were

received October 8th,from Mr. J. M. Allen, and were

testedfor him.

" * The external diameter of the body of the tube was

3 inches, and the thickness O.I09 of an inch. One

end of the tube was fastened in an iron plate f of an

inch thick and 6 inches square. The tube was fastened
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in the plate by being expanded, and the end of the

tube, which projected i\ of an inch beyond the plate,

was flared so that the external diameter of the extreme

end was 3.2 inches, while the diameter of the tube

where it entered the plate was expanded to 3.1 inches

in diameter.

" * The test was made by observing the stress required

to draw the tube out of the plate, but the tube was not

wholly removed from the plate in specimen No. 1,079.

" ' Both samples were originally alike, so that the de-

scription of one of them answers for both.
*'

' The stress which was sustained without the tube

yielding in the plate was

For specimen 1,078, 20,000 lbs.

For specimen 1,079, 1^.500 "

" * The observed stress which first produced yielding

was

For 1,078, 20,500 lbs.

For 1,079, 19,000 "

"'And the observed stress which occasioned failure

was

For 1,078, 21,000 lbs.

For 1,079, 19,500 "

"
' The force was applied parallel to the axis of the

tube, and the plate surfaces were held in planes at a

right angle to the tube axis.

"
' C. B. Richards, Engineer,

"
' Office of Coifs Patent Fire Arms Manufacturing Co.^

Hartford, October p, 1880*

"From the foregoing, it will be seen that the ob-
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sen'-ed stress which first produced yielding was 20,500

lbs. and 19,000 lbs. To ascertain what the holding

power of the tubes in an ordinary tubular boiler 48^' in

diameter would be, we have to multiply the holding

power of one tube by the number of tubes.

" Fig. 47 represents the tube head of a 48^' boiler.

" We will assume the lowest result of the experi-

ments, viz., 19,000 lbs., as the holding power of one

tube. In the above tube head

there are 47 tubes, and 47X
19,000=893,000 lbs., the hold-

ing power of all the tubes. It

will be seen that these tubes

are in the lower half of the

boiler. The upper half is sup-

posed to be thoroughly braced

and stayed by stay-rods run-

ning back on the body sheets

of the boiler. Consequently the tubes furnish the sup-

port for the lower half of the tube head. (We are not

now taking into account the support derived from the

joining of the flange of the head to the body of the

boiler.) To ascertain the actual resistance of internal

steam pressure to be overcome and provided for, we

first ascertain the area of the head in inches, and mul-

tiply it by the internal pressure per square inch. The

area in square inches in a tube head 48 inches in diam-

eter is 1,809.6 square inches. But we have already

stated that the upper half is supported by braces and

stays running back on to the body sheets of the
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boilers, therefore only half the head is dependent upor.

the tubes for support, 1,809.6-^-2=904.8 square inches.

Again we find that the lower half of the head is largely

taken up by the tubes, consequently the area upon

which the internal pressure can act must be further re-

duced by the area of the tubes. The area of a 3-inch

tube is 7.069 square inches, which multiplied by

47=3.32.243 square inches; 904.8—332.243=3:572.557
square inches, the area of lower half of head upon

which the internal pressure would act. We will as-

sume the internal pressure to be 80 lbs. to the square

inch, then 572.557x80=45,804.56 lbs., to sustain

which we have the holding power of the tubes, 893,000

lbs., or nearly twenty (20) times the internal pressure

on the lower half of the tube head. This, it must be

understood, does not take into account the fact that

the tube head is firmly secured to the body sheets of

the boiler by its flange besides. As we have already

said, boilers with tubes set in this way have been under

our care for some years, and we have seen nothing to

lead us to apprehend any trouble. The ends have

given little or no trouble by being subjected to the

heated gases. We would not recommend a projection

of the tube beyond the tube sheet of more than one-

eighth of an inch before expanding."

THE FAULTY CONSTRUCTION OF LOCOMOTIVE BOILERS.*

We will first consider the manner in which the

dome is attached to the shell of the boiler, which is

usually done by locating it, and cutting out the hole

* Lyne.
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by punching a row of holes close together (Fig. 49J,

completely around the piece to be taken out; the bot-

tom edge of the dome is then flanged to fit the top of

the boiler. Now, unless the iron is of the best quality,

and the workman well skilled, there is great danger

of the flange cracking, and in time the chemical action

of the steam and water will cause a serious leak on the

sides where the flange fits upon the shell of the boiler.

We remember seeing several cases where this took

place, and particularly one, where there was a crack

of nearly six inches in length ; the only remedy then

being to put on a patch over it, thus impairing the

strength and looks of the boiler. A better plan is the

following: By referring to Fig. 48, the reader will

readily understand the

principle, and it will be

observed that the sheet

forming the shell of the

boiler is also flanged as

well as the dome, there- Fig. 48.

by adding greatly to the strength. We remember one

man who was so much absorbed in this plan that he

claimed to restore the shell of the boiler to its former

strength, by applying the dome in the manner shown
in the cut. We believe this to be an. exaggeration;

but, however, we get a good strong job, and a durable

one. It is the practice in some parts of Europe to put

a stout wrought-iron ring round the hole under the

base of the dome. Now, while we admit that there are

other means of fastening the dome to the shell of the
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boiler, and some of them good, no doubt, we will

say that we never saw the least trouble from a boiler

with the dome attached represented in Fig. 48, there-

fore we consider it the

best. Another impor-

tant consideration is,

that by flanging the

shell of the boiler,

Fig. 49- the hole through it

is left as large as the inside diameter of the dome, and

no ragged edges left by punching out the piece as rep-

resented by Fig. 48.

The question will, no doubt, be asked by the

inquisitive, What harm do the ragged edges do?

Well, we will answer for the benefit of the uninformed

:

Every man who has had any work to do inside of a

boiler of this style, knows to his sorrow, and from the

torn clothes and bruises caused by these sharp edges.

It is a very easy matter for the draughtsman to sit in

his office and design a boiler, and when placed in

glowing colors on the paper it appears very nice; but

during all his work he does not consider whether; his

designs will work in practice. When all the work is

new, there is very little difficulty in putting the dif-

ferent parts together ; but a very essential point is, that

the parts should be made easy of access, and so de-

signed that they may be taken apart with as little cost

as possible. There is an old railroad principle of

economy expressed very truly in this sentiment, that

they " in their efforts literally fall over a locomotive to

pick up a spike.
'^
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We remember seeing two men work two or three

days in getting out the steam-pipes, and finally broke

off the flange, and spoilt the section so that it had to

be replaced by a new one. If the designs had been

properly made there would have been no trouble, and

the work done in half a day or less.

So much for the application of the dome. We will

now consider the manner of applying braces to the

dome by a reference to Fig. 50, where A represents a

Fig. 50.

brace properly applied, and B represents a fault very

common where too many privileges are allowed to the

workmen.

We have had occasion several times in our exper-

8
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ience to replace nearly all braces in the dome in con-

sequence of this carelessness.

Any good mechanic knows that these braces are at-

tached to the crown-bar, C, and the dome, to strengthen

those parts, and therefore it is absolutely necessary

that the braces be put in so as to take the strain at

once.

If the reader will look at the cut he will see that the

brace B is little or no support to the boiler in its

present condition.

When the strain is brought to bear upon the brace,
^

it will straighten out the clip which is riveted fast to

the dome, until the center line of the brace corres-

ponds with the dotted line, that being the direct line

of strain. Braces put up in this way are very decep-

tive, and require close inspection to discover these

faults ; for when struck with a hammer, they will ap-

pear to be tight, and the only way of detecting them

is by the eye.

It is a common practice among builders of loco-

motive boilers to make these braces all in one piece,

that is, instead of the clip, they simply weld a piece of

flat iron to the end of the brace, drill it, and rivet it fast

to the dome.

Braces put up in this manner cannot be taken down
without cutting out two rivets; and then, again, m
putting up, if they are not exactly of the right

length they will be very troublesome.

The advantage of the style of brace shown by A in

the cut, at once commends itself to the observer. It
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iw tiot only better for adjusting them, but they may be

removed altogether and repaired, or, as is often neces-

sary, several may be removed in order to work about

them.

Another very bad practice is in marking these braces

with a cold chisel, for by this process the skin of the

iron is broken, and we have seen one case where the

iron was corroded away until the brace was only about

one-quarter inch in diameter. This action was started

by a mark made with a cold chisel. The workman,

in putting up these braces, should be particularly care-

ful in fitting the clips so as to be supported in the direct

line of strain (indicated by the dotted line), so that

there may be no straightening process before the brace

is any support to the boiler. This explanation will be

made plain by referring to the cut.

Now a few words in reference to the application of

crown-bars, which are the braces that support the

crown-sheet on top of the fire-box, as represented by C
in Fig. 50. These bars are usually formed of two bars

of flat iron ^ in. by 4 inches, welded at the ends, or

fastened together by rivets. They are placed across

54! in. above the sheet, each end having a lip turned

down and resting upon the top edge of the side sheets.

The bars are placed about 5 inches apart, from center

to center of the bolts by which they are fastened to the

crown-sheet. These bolts are usually made with a J
head which hooks over the top of the crown-bars, and

is riveted on the underside of the crown-sheet. Each

crown-bar has two braces to the shell of the boiler,
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Fig. 51,

generally bolted to crow-feet. The most trouble thai

we have experienced in connection with the crown-bars

has been from the leak around the bolts or stripping

entirely. Such a bolt is represented in Fig. 51, where

the bolt is simply riveted on the under

side of the crown-sheet (there were no

threads on these bolts), and frequently in

riveting the heads become fractured, con-

sequently when the strain comes upon

them they snap off, thereby causing great

trouble. Another plan used by some builders is rep-

resented by Fig. 52, where the hole in

the crown-sheet is tapped and the bolt

is screwed down from the top, with a

nut placed upon the end that projects

through the crown-sheet. It is a very

easy matter to put these bolts in when

the boiler is building, but when the boiler has been

running awhile, and it becomes necessary to replace

any of these bolts, it is quite a difficult operation. It

is a difficult task to operate a wrench inside of the

boiler, and we have, time and again, heard men (as the

boys say) swear a page or two by note, and pronounce

all sorts of imprecations upon the designer, while re-

placing some of these bolts.

The nuts upon the end are very good if proper care

was observed in screwing them up, but in our exper-

ience we have found that the nuts may be screwed up

tight when cold, and yet when steam is raised upon

the boiler these nuts will be found to move quite

Fig. 52.
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easily, owing to the fact that the bolt is elongated by

expansion.

We have not space to describe the many ways of

fastening crown-bars : as a matter of course some of

them are good and some worthless. But we will de-

scribe a plan which we have thoroughly tested for a

number of years, and is now in use, believing it to be

the cheapest, and we will also say the best way of ap-

plying crown-bar bolts.

By an inspection of Fig. 53, the reader will observe

that we have a plan differing

from those previously described.

We have a die to fit the bolt-

machine or swage-block, with

a hole through it to admit 7/i

in. round iron. The top of this

die is bored, tapering to the

depth of I inch, and reamed

with a taper reamer (shown by

Fig. 54), with the collar A removed, making the hole

ij^ in. diameter at the top, thereby giving a

taper of J^ in. to i in. of length. The bolts

must be heated as nearly as possible to the

same degree, then placed in the die and the

round head of i^ in. diameter formed. The
threads are to be cut in a bolt-cutter, which is

all that is required to finish them. To prepare

the crown-sheet for their insertion, we place the

collar A, Fig. 54, upon the reamer, and ream

Fig. 53.

Fig. 54

one of the holes previously punched with a ]/^ in.
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punch, and allow the bolt to go up to within j^ in. of

the head. The object of the collar A is to act as a

gauge, running the reamer down until the face of this

collar touches the sheet. This collar is faced off and

properly gauged at the time it is made, and there are

four grooves filed across the face to clear away the

chips which would otherwise lodge under it while run-

ning.

It will readily be seen that by this process we get

the holes of a uniform size. If the reader will look at

Fig- 53> we will describe the application. It will be

observed that there is a collar of ^ in. thick between

the bars and the sheet, while a piece of flat iron with

the ends turned down so as to form a lip is placed

across the top.

When the bolt is put in place, and the nut tightened,

a few smart blows with a heavy hammer will bring it

up to the head. We remark here that the ends of the

bolts inside of the boiler should never be allowed to

project through the nuts, as the threads will become

corroded, and when the attempt is made to unscrew

them they will invariably be broken.

The same rule holds good for all bolts inside of the

boiler and smoke-arch. This method of applying

crown-bar bolts possesses several important advan-

tages, as follows : By using the rough iron bolt, the

skin of the iron nbt being broken, they possess su-

perior strength, and using the taper, the strain is taken

off the head. They are easily removed, and we never

knew one to break; therefore, for cheapness and dura-
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bility, we think this plan cannot be excelled. We
would add a few remarks in regard to the management

of boilers.

Whenever there is a boiler explosion, there is no

end to the people expressing their surprise at the

catastrophe, but it is equally surprising to us that there

are not more explosions from the careless manner in

which steam-boilers are handled. We were shown a

boiler a few days since, and were informed that it had

run between three and four years without being

washed out, and that there was a cart-load of dirt

taken from it. No doubt that there were any amount

of complaints about that engine consuming so much
coal with so little effect.

We advocate the plan of leaving out the three

lowest rows of tubes, considering them of no use, as

they are nearly always stopped up, and in their stead

place a good-sized hand hole in the front end, where-

by a scraper can be inserted and the dirt loosened

;

then, with a hose, wash it out. If neglected, the space

left by the removal of the tubes leaves so much more

space to fill up with mud before it will interfere with

the heating surface.

A common practice among engineers is to pull

down the lever of the safety-valve, or screw down the

pop-valve, if it is a possible thing, until the gauge

shows 130 lbs. per square inch, the limit of pressure

allowed to be carried on the majority of roads. W^e

remember a case where a certain engineer made a

brag of how much work he could do with 80 lbs. of
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Steam, and finally the gauge on his engine was taken

off and tested, and it was found that he had been carry-

ing 140 lbs. per square inch. It is our opinion that a

steel spring such as are used in steam gauges and on

safety-valves cannot be trusted; and in view of this

fact, no gauge should be allowed to run over three

months without testing. It is a small operation, and

pays well in the end.

In firing up a boiler when cold, the fire should be

started very slow, and allow the iron sufficient time to

heat uniformly. Many a boiler has been ruined

through allowing some ignorant person to fire up

under it.



CHAPTER XIV.

SLIDE VALVES.

This is a branch of the subject deserving the special

attention of the engineer. Its importance in regard

to the economical working of the steam engine cannot

be overestimated.

The slide valve ordinarily used in locomotive

engmes, and the manner of its operation, is well known
to nearly every practical mechanic and engineer. It

will be remembered that the operations of admitting

the fresh steam and releasing the waste steam are

alternately performed by the same valve and the same

motion. The valve being made to slide backwards

and forwards upon the face of the ports, opens and

closes the several passages in their turn. The two

extreme ones, called the steam ports, communicate

with each end of the cylinder. The middle one is

called the exhaust port, and its corresponding passage

terminates in a pipe open to the atmosphere. Steam

is admitted freely into the steam chest from the boiler,

and the valve is made of sufficient length to cover all

the ports, when it is placed in the centre of the stroke.

When it is in this position no steam can enter the

cylinder, but as the valve moves on one of the ports

opens, the arrangement of the valve gearing being
8* (177 J
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such, that when the piston is ready to begin its stroke,

the steam port begins to open. During the stroke of

the piston, the valve not only travels to the end of its

stroke, but also returns to the point from whence it

set out, and its continued motion in the same direction

finally closes the valve and prevents any further ad •

mission of steam. The steam has now done its work,

and must be removed. In the middle of the valve a

hollow chamber is formed, of sufficient length to open

between the ports. As soon as the edge of this

chamber passes the edge of the steam port, the pent

up steam finds vent and rushes through the exhaust

port and escapes through the exhaust pipe into the

atmosphere. Now looking at Fig. 55 you will notice

Fig. 55.

that the exhaust port opens when the steam port

closes, and that both happen just at the end of the

stroke. The perfection of a steam valve, other things

being equal, consists in the degree of nicety with

which its motion is timed relatively to the motion of

the piston. The functions of the piston are absolutely

dependent upon the proper timing of the admission

and release of the steam. Avery slight and appar-

ently trifling error in the adjustment produces a most
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serious effect upon the consumption of fuel. If from

any cause the valve should open to admit steam for a

fresh stroke before the preceding stroke is finished, it

opens too soon, and an unnecessary resistance to the

piston is produced. If, on the other hand, the valve

should delay its opening until the piston had begun

its return, it opens too late, because then the steam

has to fill uselessly the space left vacant, and hence a

waste of steam and loss of power. As far then as the

admission of steam is concerned, it is a necessary con-

dition that the steajn ports should open neither before

nor after, but at the precise moment when the stroke

commences. Some engineers recommend giving the

valve " lead " as it is termed, that is to say, setting it

so as to open a little before the end of the stroke, but

it is an open question whether the slightest advantage

is gained by so doing to a greater extent than is nec-

essary to compensate for any slackness or lost motion

in the vaive gearing or for their expansion when

heated by the steam, and -^-^ of an inch is quite suffi-

cient in a well-constructed engine. It is also an open

question whether it would not be better to bring the

piston to a state of rest by the "compression" of the

exhaust steam than by means of any lead to the steam

valve at all. Now the valve shown in Fig. 55 satifies

the conditions for the admission of the .steam; it

opens exactly at the right time; the steam begins to

enter as the piston begins to move, as it follows it

steadily and effectively throughout the stroke. What-

ever time the piston takes for its journey, the steam is



l80 LOCOMOTIVE ENGINES.

allowed as much time to follow it. At first the open-

ing is small, but then the motion of the piston is com-

paratively slow and therefore the supply keeps pace

with the demand.

As respects the release of the steam when the stroke

has been completed, the performance of this valve is

altogether unsatisfactory, and here lurks the cause of

the difference in the performance of the old and later

engines.

But it may be said that the release does appear to

take place at the right time, because it occurs just

when the piston has finished its stroke, and if it were

to occur before, a loss of power would ensue. This is

a very plausible view of the case, and the one which

delayed for years the saving of fuel which has since

been effected. Sufficient attention was not bestowed

upon what was going on in the cylinder, or upon the

facts which might have indicated them; to fill and

empty a cylinder full of steam are operations requiring

time. The time required for filling the cylinder with

steam necessarily corresponds with the duration of the

stroke, whatever its duration may be. But this can-

not be the case as regards the second operation—the

emptying of the cylinder. This ought to be per-

formed in an instant^ or otherwise the steam continues

pent up when it ought to be liberated, when it ought

to assume its minimum pressure—the pressure of the

atmosphere—and exerts an injurious counter-pressure

against the piston, tending to increase the resistance

to be overcome. To effect the free and rapid dis-
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charge, it is necessaiy not merely to open the com-

munication to the exhaust pipe, but to open a wide

passage, and to have this done by the time the piston

commences the return stroke. The valve alluded to

cannot accomplish this, its motion being gradual, not

instantaneous, as it should be. The passage only

begins to open when the piston is in its turn, and it is

not wide open until the piston has travelled through

one-tenth of its entire stroke. The steam in the

cylinder is restrained from escaping, being, as it were,

wire-drawn in the passage out, and consequently takes

considerable time to assume the pressure of the atmos-

phere. In the meanwhile the new stroke has begun

and been partly completed, and so far the piston has

had to contend with a resistance altogether illegiti-

mate, a resistance in many cases—especially at high

speeds—nearly equal to all the other resistances put

together. It was not until the year 1838 that the true

cause of the trouble was suspected and a remedy ap-

plied. It had been thought, before that time, that

giving an engine lead tended to improve its speed

when already running at a high rate. This was at-

tributed to the opening of the steam port being wide

at the commencement of the stroke, thereby increas-

ing the facility for the entrance of the steam in follow-

ing up the piston. Its true explanation was found to

be the earlier release of the waste steam and consequent

diminution of resistance. As sometimes three-eighths

of an inch, or even one-half of an inch, "lead" was

given in high-speed engines, it was decided to try the
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effect of opening the exhaust passage earlier by the

same amount, while the steam port should still be made

to open only at the beginning of the stroke. An
engine was chosen for the experiment, the valve of

which resembled Fig. 56, placing the valve on the

ports so as to allow the exhaust passage to be three-

eighths of an inch open, the steam port at the same

time to be one-quarter of an inch open. This space,

therefore, was closed by adding to the length of the

valve at each end one-quarter of an inch. The eccen-

tric was, of course, shifted on the shaft to correspond

with the alteration, and the engine with the altered

valve (see Fig. 56) again set to work. It is almost

Fig. 56.

needless to say the saving of fuel was very great.

The amount by which the valve at each end overlaps

the steam ports (see Fig. 56) when placed exactly over

them is technically termed the " lap." The lap of the

valve being three-eighths of an inch, the exhaust pas-

sage was about three-eighths of an inch open when

the stroke was finished.

LAP.

The importance of putting lap upon a slide valve
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will be better understood by noting what would happen
without it. If there were no lap the opening for steam
would be represented by O D (see Fig. 57), and the

Fig. 57.

result would be that the steam port could only be per-

fectly closed at the precise instant when the valve was

in the middle of its stroke and moving most rapidly.

From what has been said it is apparent that a valve of

this kind (one without lap) is unsuitable for an engine,

the better plan being that the steam should be com-

pressed or cushioned on one side of the piston, so as

to assist in bringing it to a state of rest, and that the

driving pressure on the opposite side should be re-

lieved by opening a passage to the exhaust or releas-

ing the steam just before the stroke terminates. TJiis

prevents the violent jerk and strain which would come
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upon the crank-pin if the steam were thrown with full

force upon the piston when the crank is on the center.

The value of an indicator diagram in interpreting

the action of a sHde valve can now be made clear.

Referring to Fig. 57, it will be noticed that the mov-

ing parts are attached to a board carrying a sheet of

paper on which the circles describing the centres of

the crank-pin and centre of eccentric are recorded;

and below this is a space for tracing the indicator

diagram. The crank and connecting-rod which act-

uate the piston are at the back of the board, but an

index arm, O H, is placed in front and moves with the

crank, thereby transferring its apparent motion to the

part where it can be seen. The eccentric is repre-

sented by an actual crank, O P, whose extreme end

describes the smaller circle, and the rod P L carries

on the motion of the valve. The point P can be

shifted along the arm O T, thereby varying the

amount of travel of the slide, and the length of the

rod P L can also be adjusted. In this way the effect

produced by any deviation from the proper length of

the eccentric rod can be studied. We are now pre-

pared to trace out the diagram as given by an indi-

cator. The crank being horizontal with the piston at

the end of its stroke, the first thing to be done is to

place the valve in the correct position for admitting

steam, by setting back O P until the lap is allowed for.

The valve then opens, and if the pressure of the steam

is sufficiently m.aintained the indicator pencil will trace

the steam line A B. When the crank gets to the
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end of first dotted line, A is closed, expansion begins,

the pressure falls, and we have the expansion line B C.

At the point marked "release" the valve is moved so

far to the left as to open a passage from A to C, and

the release of the steam (exhaust) begins. The pres-

sure falls from C to F, and continues veiy low till the

point marked "compression" is reached, when B
closes and the steam in the corresponding end of the

cylinder is " cushioned " so as to increase its pressure,

the pencil rising from M to A when the double stroke

has been completed. The object and effect of putting

"lap" upon a valve are two-fold: ist, to give a free

release to the exhaust steam, and 2d to produce a

fixed amount of expansion.

The "lead," of which mention has been made, is

outside lead, that is, it relates to the adinission of the

steam; but, of course, " lead" can be given to the ex-

haust side of the valve, in which case it is called i?tside

lead. The four principal points in the valve motion

are: ist, the admission of the steam; 2d, the cut-off;

3d, the release or exhaust, and 4th, the compression

or cushioning of the steam behind the piston.

PRACTICAL METHOD OF SETTING THE VALVES OF A

LOCOMOTIVE.*

Before entering into a practical consideration of the

subject before us, it may be proper to state the object

of the writer in treating on the subject of Slide

Valves, from the fact that there has been so much pre-

*Lvne.
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viously placed before the public on the same subject

;

but the writers of these papers have failed to give the

plain and practical instructions so much desired by the

machinist. How often have we heard the desire ex-

pressed by this class of men for plain instruction, and

it is our object to avoid all technical terms, and place

in the hands of the machinist in the shop a course of

instruction so plain that if it were spread before

him, and strictly adhered to, any man of ordinary in-

telligence would be able to set the valves of a locomo-

tive within a reasonable amount of time, and in a satis-

factoiy manner. It is not our purpose to go into the

details of designing and laying out the valve motion,

for space will not permit; so we will only consider

at this time, the series of operations performed in

adjusting the valves. Conceive, then, that the en-

gine has been placed upon the wheels. The wedges

set up, links hung, and valve rods connected. The

first step, under these circumstances, is to mark off tht

valve, which is done after the following manner : Move
the valve back so as to open the front port, then move

it ahead until it will admit a piece of the thinnest tin

in the edge of the port ; then, from the point C, Fig.

58, made with a center punch with a steel tram F,

usually about 7 inches in length, describe a short arc

on the valve stem and mark permanently with a

-center punch at D. Through this point draw a

line parallel to the valve stem. Move the valve for-

ward so as to open the back port, and then move
it back until it will admit tin as in the previous di-
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rections, and from the point C, as before, describe

the arc E, also put a permanent mark at E, care

being taken to make these points correspond with the

•joints of the tram. These

points will show the posi-

tion of valve when the

cover is put on the steam

chest. We must now sat-

isfy ourselves that the

reach rod is the right

length, by throwing the

lever in the forward notch.

Set the links plumb and

measure from top of the

link block to top of the slot

in link, throw the lever in

the back notch, set the

links plumb and measure

from bottom of block to

bottom of slot in link

;

these measurements will

show ifthe links hang high

or low.

Practice has demon-

strated that it is better to

hang the links ^ in. high,

as the wear is all down on

the different parts. Care

should be taken to take

Fig. 58.

Fig. 59.

these measurements on both links, as it often occurs,
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even on new work, that one link will hang higher than

the other for various reasons, sometimes owing to a de-

pression in one frame. If this is found to be the case,

and the variation is but slight, the lowest side of the

tumbling shaft may be raised by putting a liner under

the bearing. If the arms should need any setting, this

should be done before altering the length of the reach

rod, as these alterations would conflict with each other.

After the links are proved to hang alike, the height

may then be adjusted by lengthening or shortenmg

the reach rod, so that they hang according to previous

directions.

The next thing in order will be to set the eccentrics,

which may be done by commencing with the right

hand side of the engine.

Place the crank on the forward center, then examine

the marks on the straps, in order to see which is the

forward and the back motion ; as some builders put the

forward motion eccentric next to the box, and vice

versa, hence the necessity for this precaution. Prac-

tically, it is better to put the back motion next to the

box, because the forward motion is then easier to get

at, which is a great advantage, particularly when an

eccentric slips while on the road, and the forward mo-

tion is the most important. We have often heard en-

gineers curse the man who puts the forward motion

next to the box. If the back motion is to be placed

next to the box, move the eccentric up to within ^ in.

of the box, and roll it around so that the belly, or

throw, comes directly under the axle, as in Fig. 59,
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where A represents the back motion. Then move the

forward motion up to within %^ in. of the back, and

roll it so that the throw comes directly over the axle,

as represented by B ; this may be determined by the

eye, as it is only a preliminary operation. It is advis-

able to leave ^ in. clearance between the eccentrics

and box, so that they may not strike it and be loos-

ened, and equally as necessary to have J^ in. between

them to prevent the straps from interfering. The ec-

centric rods may now be put on and the ends con-

nected to the links. Of course the same directions

will apply to both sides of the engine ; and we also

state that the eccentric in use always follows the crank

when a rock arm is used, as it reverses the motion, and

any alteration in the length of the rods must be made

in the opposite direction from which it appears on the

valve stem, in squaring the valves, for the same reason.

After putting on the rods it is necessary to look in the

steam chest, to see if the valve stands in the center of

the seat, or nearly so, which will be seen at a glance
;

also, throw the lever forward and back, so as to try

both motions. This precaution is very necessary, as

the rods may be extremely long, or short, so that when

the engine is moved the valve will strike the end of

the chest or the link block, the top or bottom of links,

and either strain or break some of the parts. We have

seen this occur where the man in charge neglected this

precaution.

If this examination is satisfactory the next step will

be to take the dead centers. The main rods bemg



190 LOCOMOTIVE ENGINES.

connected, we now move the engine ahead so that the

crank on the right side stands about ^ in. from the

end of the forward stroke, see Fig. 60, and make a

center punch mark

on the wheel cover

at A. Care will be

taken to place this

point so that the

marks made on the

tire with the tram

will be about 6 in.

ahead of a line, G,

passing through
the center of the

axle. The tram

should be held
level. This tram,

B, is made of steel

with sharp points,

and usually meas-

uring 14 in. With

this tram from the

point A, describe

an arc, H, on the

tire, then make a

fine center-punch

mark on the for-

ward guide block,

and with the short

tram F from this point, describe a short arc on the
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crosshedd. Now move the engine ahead until the

crank passes below the center, and the arc has also

passed the tram about ]^ in., we of course hold the

tram F in the same position, and now move the engine

back carefully until the point of the tram and the arc

on the crosshead correspond. It will be observed that

both these points are taken with the crosshead moving

towards the end of the stroke to obviate any difficulty

which may arise from lost motion in the connections

of the main rod.

With the tram B describe the arc I on the tire, and

with another tram from the center of the axle, describe

an arc cutting the arcs, H and I, at about the center

of the tire, and with a pair of dividers find the center

E between these two points. This will be the dead

center required. Describe a small circle about this

point to assist in finding its locality. These directions

must now be followed to find the three remaining cen-

ters, after which we will proceed to square the valves

or equalize the travel, which is done in the following

manner : Throw the lever in the forward motion, com-

mencing on the right side of the engine, move the

engine ahead, holding the tram B in position until the

point E on the wheel, and the point of the tram cor-

respond with each other ; this will be the front dead

center. Then, with the tram F, Fig. 58, from the point

C, describe an arc on the valve stem, with the longest

part of it below the line, as shown in the figure. The

object of this is to distinguish the forward motion from

the back, observing to let the forward motion extend
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below, and the back motion above the parallel line.

This point being taken, we proceed likewise with the

other three points, marking them in the same manner.

After finishing the four points in the forward, we

proceed to take the same for the back motion, in this

manner : Throw the lever in the back motion, and

move the engine ahead until the center point on the

wheel has passed the point of the tram B about 6 in.

then move back carefully until the point fits the tram

and mark the valve stem, as in the forward motion, only

the longest part of the arc above the parallel line, (see

cut), and so in their order, take the four centers in the

back motion. Having taken all the eight points, we
now examine the lines to see if the valves are square.

With a pair of dividers from the point B take the dis-

tance to the nearest point, forward motion, and then

place the point of the dividers in the point E, and see

if the distance is the same to the nearest line for same

motion. If it is, the valve is square, but if not, the

difference must be divided, and if the valve travels too

far ahead, the eccentric rod must be lengthened one-

half the amount of this difference, and vice versa. In

this manner go over the other points and mark the

amount necessary to alter the rods upon them, with a

piece of chalk. After adjusting the rods, it will be

necessary to go over the same points again, and in the

same manner, and so on, until the valves travel equally

between the lines B and E. Always observe to rub

out all except the permanent marks on the valve stems

before going over the points, to avoid confusion. The
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valves are now squared, and the next step is to give

them the required lead, which is understood to be the

amount that the valve must stand open when the crank

is on the dead center. Some master mechanics pro-

portion the amount of lead, so that when the lever is

placed in the center notch the valve will have j\ in.

lead, which we believe to be a very good plan, for no

definite rule can be adopted, as the rods of different

engines are of different lengths, and the shorter the

rod, the faster the lead will increase. In the case be-

fore us we will say ye in. lead is required at full stroke.

On the points B and E, with the dividers, set off j\ in.

outside these points, by describing short arcs shown in

the cut. Commencing with the right side, place the

crank on the forward center with the lever in the for-

ward motion. Slack the set screws in the forward

motion eccentric, and roll it towards the crank indi-

cated by the dotted line in Fig. 59, until the point of

the tram F, Fig. 58, fits the small lead arc just outside

the point B, and tighten the set screws in the eccentric.

Now, without moving the engine, throw the lever in

the back motion, slack the back motion eccentric, and

roll it towards the crank until the same lead arc out-

side the point B corresponds with the point of the tram

F, as for the forward motion. Then tighten the set

screws in eccentric.

The engine should be moved over these points to

see that they are not affected by lost motion, and very

likely the forward motion will have to be readjusted,

owing to the fact that rolling one eccentric throws the

other out.

9
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In the same manner set the left side and prove it

The valves are now square and have the required lead,

but we must ascertain if they will cut off square in

each of the notches ; therefore, we place a square on

the guide, and draw a short mark corresponding to the

end of the crosshead when the crank is on the center,

which is called the traveled point. Throw the lever in

the 10 in. notch, that being used more than the others

generally, and hold the tram F in position, moving the

engine ahead until the point accurately fits into the

point B. Great care must be taken in testing these

points as the crosshead may move some distance with-

out showing much on the valve stem. Measure from

the front travel, point to the edge of crosshead, and

mark it on the cylinder, or steam chest near the front

end, so as to remember it ; and in the same manner test

all the other points in the forward motion, marking

them in the same manner. If, after taking all the points

we find that they agree, the valves are right.

But it may happen, and does generally, that there

will be a variation caused by the links being worn, etc.

For example, we find on the right side that the cross-

head will travel iQi^ in. from the front travel point,

and only lO in. from the back. We here find that the

cut-off takes place too quick on the back end ; there-

fore, to equalize this, we are obliged to shorten the

eccentric rods a trifle to cut off square. This, of

course, throws the valves out of square in the full

stroke notch, but practically, it is found to be the best

way to remedy this evil. We may shorten the back
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motion the most, as it is of the least consequence. On
new work, the cut-off is adjusted by moving the saddle

on the link, until the valves cut off square, but cannot

be done on repairs.

To lay out the notches in a new quadrant it is only

necessary to clamp the lever in position. For the for-

ward motion give the link ^ in. clearance between the

block and the top of slot, and ^ in. clearance between

the bottom of block and bottom of slot. These measure-

ments are to be taken when the eccentric is at the ex-

treme throw. For the other notches move the cross-

1 ead so that it stands at the position where you wish

to cut off, and move the lever until the valve cuts off,

which may be determined by the tram in the points B
and E. After clamping the lever fast, move the engine

so as to test both sides, as in directions for cutting off.

After the cut-off is adjusted, nothing now remains to

be done but to fit and drive the keys in the eccentrics,

and before moving the eccentrics they must be marked

by a two-edged chisel, in order to replace them as they

were before.

These marks must correspond on the axle and ec-

centric, and be made with great accuracy. We now
examine the motion thoroughly to see that the parts are

all secure ; and some master mechanics put a piece of tin

in ail the eccentric rods after the foregoing operations, to

allow for the expansion when the engine is hot. We
have always found it advisable to set the valves when

the engine is hot, or, if they were set when cold, to run

over the points just before the engine leaves the shop.

This completes the operation of setting the valves.



CHAPTER XV.

LINK-MOTION AND VALVE GEAR.

The link-motion valve gear of the present time is

substantially what it was in 1833, as invented by the

immortal George Stephenson. Its construction was

and is now, about as follows

:

On the driving axle are keyed two eccentrics £, so

set that the motion of the one is adapted to working

the valve when the engine is going ahead, and the

other to work it

when the engine

is running back-

ward. The form-

er is connected

through its straps

and the rod B, to

the upper end of the "link" A, while the second is

connected in a similar manner with the lower end. By
means of the handle (reverse bar) L, and its connec-

tions, and the counter-weighted bell-crank M, this link

can be raised or lowered, thus bringing the i in on

the link block, to which the valve stem is connected,

into action with either eccentric. Or the link being

set in mid-gear, the valve will cover both steam ports

of the cylinder and the engine can move neither way.

(196)

iriH^
«

Fig. 61.
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As shown in the cut, the engine is in position to run

backward. A number of notches, Z, into either of

which a catch on L can be strapped, enable the en-

gineer to place the link in any position he choses. In

intermediate positions between full-gear and mid-gear,

the motion of the valve is such as to produce expan-

sion of the steam.

To illustrate the subject-matter more fully, a most

valuable paper on Link-Motions and Valve Gear, by

Mr. Melville Clemens, is given in full

:

LINK MOTIONS OF THE SLIDE VALVE.

The function of the "link" in valve gearing, is to

reverse the engine's motion and to vary the degree of

expansion of the steam, by governing the points and

periods of its admission and release to and from the

cylinders of the steam engine.

It is delicate in its operations, being materially af-

fected by slight modifications, especially in regard to

the mode of suspending it and the arrangements of its

attaching joints and connections in the valve gearing.

In all valve motions a good link gear should pro-

duce through the valve, free admission and release of

the steam, equally well for both the front and the back

stroke of the piston, and be adjustable for such varied

degree of steam expansion as will enable efficient use

of the steam power, in all its positions.

Link motions, as used to operate slide valves, are of

two classes or systems, known as the '' stationary link''

and the " shifting link!' The stationary link is sup-

ported or suspended on a fixed point, and connected
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direct to the crank shaft eccentric rods, reversing the

engine, and the variable steam expansion is produced

through it, by shifting up and down in the hnk, the

" sHding block " of the valve rod or rocker arm. In

the shifting link the link itself is shifted up and down

on the block, to reverse the engine and to vary the

steam admission and release.

Without entering fully into the elaborate series of

diagrams and investigations which are necessary for a

thorough study of link motions, the two systems of

link motions may be shown by simple comparative dia-

grams and descriptions, making the subject readily

comprehended in a general way, advantageously to

those who may not have become familiar with it.

The diagram Fig. 62 is an illustration of the sta-

tionary link-motion, and Fig. 63 of the shifting link-

motion.

In Fig. 63, A is the center of the crank and eccen-

tric shaft of a steam engine ; A B, and A B\ are, re-

spectively, the crank positions at the commencement
of the forward and back strokes of the piston. C, and

C are the fore and back eccentrics, which have their

respective centers at a and a' when the crank pin is at

>5, and at a" and a'" when the crank is at B'

.

The fore and back eccentric rods are, respectively,

at Z>, and D\ when the crank is at B, and at D" and

D'" , when the crank is at B' , E, is the link " open "

and " coupled behind," at b and b\ to the eccentric rods

D and D' , and supported at its center c, by the sus-

taining link F, on the transverse rock shaft d. The
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Fig. 63. Fig. 62.
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link is curved to the radius of the radius link H\ and

the radius Hnk block G, slides in the curved groove of

the link, moving from G to G' , as the radius link is

moved from H to H'

.

The reversing link M is pivoted at one end, g^ to the

radius link H, and at its other end, at/, to the revers-

ing lever Z, fast on the rock shaft N, operated by the

hand lever 0. The radius link H is pivoted at e to

the valve rod / of the valve K. The valve is shown

at K, in its position over the steam and exhaust ports

of the engine cylinder, when the crank is at B at the

commencement of the forward stroke; and the valve

is also shown at K' , in its position at the commence-

ment of the back stroke, when the crank is at B'

.

It will be seen that by swinging the hand lever from

the position to the position 0' , the reversing

lever L takes the position L'\ reversing link M akes

the position M'\ radius link H takes the position //,'

and that the block G takes the position G'

,

Now, when the block G is at the upper end of the

link, or at "full gear forward," the valve will be gov-

erned in its travel by the fore rod Z>, as if it were driven

by the single eccentric C ; and the valve will distribute

steam to the engine cylinder so as to drive the engine

forward. But when the block is shifted to the lower

end G' of the link, or in " full gear back," it will, in

like manner, be governed in its travel by the lower or

" back " eccentric rod D' and back eccentric C , and

the engine will run backwards. When the block is at

c, the middle of the link, or at " mid gear," its travel
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will be governed equally by the fore and back rods and

eccentrics, it having, in that position, about one-half

the travel which it has when in gear at G and G'

.

When the block is at positions in the link, intermediate

between its middle and its ends, its travel will partake

more of the motion of the eccentric rod to which it is

nearest, operating to run the engine forward when the

block is above the middle of the link, and to run it

backward when placed below the middle of the link.

The stationary link gearing is thus adapted to move

the valve so as not only to reverse the engine, but to

vary the distance of the valve's travel, without varying

its lead or linear advance. It is, therefore, evidently

adapted for variable expansion, or variable periods of

steam admission, suppression and release, for each

stroke of the piston.

In setting out the stationary link-motion for any

given travel and linear advance of the valve, the ec-

centrics must be of such diameter, and their angu-

lar advance of the crank be such that, taken in con-

nection with the length of the eccentric rods and the

link, the horizontal motion of the ends of the link, at

points b and by shall be equal to the travel of the valve

when in full gear ; and so that the horizontal distance

b b" or b' b'" (representing the linear change of posi-

tion of the link, as the crank pin is changed from B
to B'^ shall be equal to two times the linear advance

of the valve.

In Fig. 63, illustrating the shifting link-motion, the

valve and mechanism is, as far as practicable, the same
9*
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as in Fig. 62, and the same literal references are used,

in order to aid in comparison of the two systems of

link-motion.

The principal distinction in the features of the oper-

ation of the two systems is, that in the stationary link

the valve has unvarying lead and linear advance;

while in the shifting link the valve's lead and angular

advance varies with every change of the position of

the link.

The diagram shows the sliding block G^ fixed on

the end of the valve rod /, at " mid gear" with the link

E. The link and eccentric rod joints are in the posi-

tion b and b' shown in full lines, when the crank is at

j5, and when the crank is at B' they are at the posi-

tions b" b'" ; so that the horizontal distance b b" or

b' b'" is equal to the change in position of the valve

and link at those two positions of the crank.

The horizontal motion of the link, due to the eccen-

trics, is least at the center of the link, at which point

It is equal to twice the linear advance of the eccentrics,

or the distance b b".

The travel of the valve when in full gear, either front

or back, is equal to the full throw of the eccentric

moving it ;—that is, when the link is open at the end

to admit the block to move so as to bring the valve

rod in line with the fore end of the eccentric rod.

The varymg lead of the valve, produced by shifting

the link, may be observed by inspection of the diagram.

The full lines show the valve in mid gear, with the

crank at B^ the commencement of the forward stroke.
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If now the link be shifted down so as to bring the

valve in full gear forward, the connecting point b^ of

ths fore eccentric rod and link, will fall at bi, and the

valve be drawn back towards A^ a distance equal to the

horizontal distance of point b^^ from the dotted circle

b b' (central at A) ; thus lessening the lead of the valve

by that distance, in changing from mid gear to full gear.

By constructing larger scale diagrams, the varying

lead due to shifting the link, may readily be found in

a similar way.

The motion of the valve by the stationary and the

shifting links and double eccentrics, is substantially the

same as that from a single eccentric of variable throw

and advance, when the valve gearing is properly pro-

portioned and sr^pended.



CHAPTER XVI.

VALVE MOTION DIAGRAMS.

The outside circle (Fig. 64) is the crank-pin circle,

the smaller one the eccentric's center circle. The
crank-pin circle is divided off into the inches of travel

of piston, by a tram or pair of compasses set to rcp-

a g
e Fig. 65.

Fig. 64.

resent the rod's length. S S, in Fig. 64, are the steam

ports, E the exhaust port, and X X the bridges. Fig.

63 is a sectional elevation of the valve divided by the

(204)
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line a d. The valve drawing is cut out at the hne/c',

and placed on the line representing the valve-seat.

The laps and lead are laid off (from the pin C, the

valve rod running directly from the eccentric to valve)

a b from center of circles, a. The line ^ <: is erected

perpendicular to center line F C, and through where it

cuts eccentric circle at ^ a line is drawn, as a B. This

line is the center line of eccentric, and the angle C <2: B
—the angle formed by eccentric and crank c. This

angle is constant in whatever position the crank-pin

may be.

Place the valve, Fig. 65, on the seat, so that line d a

coincides with line c b, and you have position of valve

when crank is on center. As the crank moves, in

direction of arrow, from C, the valve moves from right

to left, and back again, till right-hand edge of valve

comes to edge of port, 2. Thq steam is now cut off,

and, to find position of crank-pin, notice that the line

^ <^ on valve cuts the center line, F C, at b, which, ex-

tended down to small circle, cuts it at e. The line a e

D is now evidently the centre line of eccentric. Tak-

ing the distance, B C, in a pair of compasses, and

measuring back from D, we find the point A, which is

the position of the crank-pin when steam is cut off

The valve now continues to move from left to right till

edge ofexhaust cavity, g^ comes to edge of port, h, when
the exhaust commences. The center line on valve d a

now cuts line F C at <3:; this, extended down, cuts eccen-

tric circle at fn. A line, a m J G, now represents the

center line of eccentric ; laying off the distance, BC,.
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Irom G, we find the point H of crank-pin, when ex-

haust commences. The crank now travels on the

lower half of its circle. The valve continues to travel

from left to right, opening into the exhaust until the

edge of exhaust cavity again comes to h (edge of

steam port, the valve now traveling from right to left),

the exhaust is closed and compression commences.

This occurs, as before stated, when g^ on valve, comes

to h, on ports ; the line d a, on valve, then cuts the

line F C at «, and the line a iY^ represents center line

of eccentric. Lay off from K the distance B C, and

we find I, the position of crank when compression

commences. Similar points on the opposite stroke

can be found by commencing with crank-pin at Y in-

stead of C, noting that center line of eccentric is down

instead of up. If the eccentric's motion is transferred

to valve through a rocker shaft, the lap and lead must

be laid off toward the crank-pin instead of from it.

These points, I assume, are understood by the

reader. The irregularity of the valve's motion (more

expansion occurring on one end than the other) can

be ascertained by this diagram. Unless the eccentric

rod is very short, no notice may be taken of its irreg-

ularity due to radius (shown in line b c, being struck

from length of eccentric rod), as it is so little that,

generally, a straight line, as b Cy will suffice for prac-

tical purposes.

I trust that this may be of use to some who have

worried their brains with impracticable formulas and

diagrams produced by men more scientific than prac-

tical, and which resemble puzzles.
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MOTION CURVES.

The laying off of motion curves presents to the eye

all of the movements of the valve at a glance. Fig.

66 shows the diagram after it is comDleted, ready to
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file away for future reference. Elevations of the ports

are laid out to a scale and in length equal to the

stroke of the piston, with the inches marked as shown.

We start with the valve V, as shown at the commence-
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ment of the stroke, and, by means of the diagram (Fig.

64) previously, described or by other means, get the

position of the valve for several positions of the piston,

or for each inch, as shown at a, b, c^ d. When all of the

positions are obtained and jotted down on the port

elevations, a curve that cuts them all is drawn, as are

similar curves, for the other edges of the valve. The

opposite curves can also be laid down, and the move-

ments of the valve for the opposite stroke obtained.

In the diagram shown, we see that the port S^ was

wide open at h, or 4^ in. of piston travel, that steam

was cut off at <f, 18 in.; exhaust opened at / 19^ in.,

and compression commenced at g 19^ in. also, the

valve being " line and line." Other points can be ob-

tained by inspection, and the diagram forms valuable

data for the builder and user.



CHAPTER XVII.

THE PISTON AND ITS RINGS.

We come now to the piston and the method used

for packing it so as to prevent any steam from passing

from one side to the other.

The piston shown in Fig. 6j is the one in general

use, and which has been the standard for many years

notwithstanding its many well-known defects. Its

Fig. 67.

construction is about as follows; It is made of cast

iron and is cast in two pieces. The main body to

which the piston rod is attached is called the piston

head, and the other part (marked F), which is used to

C 209

)
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keep the rings in place, is called the follower, and is

attached to the piston by means of bolts called follower-

bolts. These follower-bolts are generally made of

composition, but steel ones are stronger and better and

not so liable to be twisted off The piston is made to

work steam-tight in the cylinder by means of two

packing rings (marked R R) made of cast iron or brass,

generally the former. These rings are turned a little

larger than the diameter of the cylinder and then cut

diagonally (as shown in the figure) so that they can be

set out or expanded to fill the cylinder completely by

means of steel springs set out by bolts. The place

where one ring is cut is placed opposite to that of the

other so as to break the joint, which is done to prevent

the steam passing through one joint from passing

through the other. There is another ring made of

cast iron, and as wide as both the others, placed on

the inside, which furnishes a bearing for the springs

and causes them to press equally against the outer

rings. The inner ring is cut also.

This piston is now being rapidly superseded by an

improved piston (as shown in Fig. 68), which shows

the piston wrought in one solid piece, and dished out

so as to form a deep surface of contact with the sides

of the cylinder. Here the depth of the guiding sur-

face of the piston is four inches, and the three grooves

shown in section are intended for the reception of me-

tallic packing rings, as applied by Mr. Ramsbottom,

about 1854, and which form the simplest method that

has been devised for keeping the piston steam-tight
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under the high pressure employed in locomotive en-

gines. The contrivance is thus described in a paper

on an improved piston for steam engines: /'Three

separate grooves, each J^ inch wide, ^ inch apart, and

T6 inch deep, are turned in the circumference of the

piston, and these grooves are fitted with elastic packing

rings. These rings, which may be of brass, steel, or

iron, are drawn of a suitable section to fit the grooves

Fig. 68.

in the piston, and are bent in rollers to the proper cur-

vature, the diameter of the circle to which they are

bent being about one-tenth larger than the cylinder.

They are placed in the grooves in a compressed state,

and along with the bodv of the piston are thus put

into the cylinder, care being taken to block the steam

port. The rings are therefore forced outwards by their

own elasticity, which is found quite sufficient to keep

them steam-tight." Of course the rings are put on so

as to break joint. One object in the construction of

this particular piston has been to reduce as much as

possible the amount of rubbing surface. It is a maxim
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in books on mechanics that the amount of friction is

independent of the extent of surfaces in contact ; but

that rule only applies where the surface is directly sup-

porting a pressure, and it has nothing to do with the

friction of a piston, where an increase of surface un-

doubtedly increases the friction. Here the lightness

of the piston reduces the friction, and so also does the

small amount of elastic surface pressed against the in-

terior of the cylinder.

As to the amount of bearing surface, it appears that

for an 1 8-inch piston it would come to about 42 square

inches, whereas in a piston of the same diameter with

2^-inch packing rings the area of rubbing surface

would be 141 square inches. The simplicity of con-

struction is also an advantage, the only workmanship

expended on the piston being that of turning its rim

and forming its centre. The packing rings are drawn

as ordinary wire, and are afterwards bent into shape,

the cost of production being very small.

The mode of attaching the piston-rod is apparent

from the sketch. There is a shoulder, and the rod

terminates in a coned end, the whole being screwed up

tight by a nut. The cylinder covers are copies of the

configuration of the piston, thereby avoiding a waste

of steam.
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INJECTORS.

The injector was invented by M. Giffard, of France,

The invention of the injector for supplying feed-water

to the boiler of an engine is principally remarkable as

presenting an illustration of the direct conversion of

heat into work. Before describing the apparatus it

will be necessary to explain the meaning of the term
" induced current."

Looking back historically it appears that in 1 7 19

Hawksbee, the inventor of a double cylinder air-pump,

showed that when a current of air was sent through a

small box—entering by an opening at one side near

the top and escaping by a corresponding opening at

the opposite side—the effect was to rarefy the air

within the box rather than to compress it. It is an

old experiment to suck up and drive a jet of spray out

of a bottle by blowing through a horizontal tube with

a contracted nozzle whose end is placed just over a

vertical tube dipping into water contained in the bottle.

The current of air passing over the open mouth of the

vertical tube carries away some of the air from inside

the tube, whereby the water rises to the top and is dis-

persed in a jet of spray.

According to theoretical definitions the particles of

gases repel one another and have no coherent action

(213)
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among themselves. In practice this is not the case;

and if a definite current of air be set up in a mass of

air at rest, as when a jet escapes from the mouth of a

tube, the air in motion will drag a number of the

quiescent particles with it, and will extend consider-

ably the dimensions of the original current. It will,

in technical language, induce a current also in the sur-

rounding air.

The application of an induced current, with which

we are now concerned, is exhibited in Fig. 69. The

globular vessel reoresents a boiler in which high pres-

sure steam is generated, and

from which it escapes at an

orifice, E. The steam is dis-

charged just inside a conical

casing or nozzle, the object of

which is to provide a means

for setting up an induced cur-

rent of air which will speedily exhaust the tube. The

water forced up by atmospheric pressure to supply the

loss of air, will, therefore, issue from E, and we shall

have made the first step towards the construction of

an injector, viz., the discharge through E of a mixed

jet of steam and water. Fig. 70 shows a Giffard in-

jector, as made by Wm. Sellers & Co., Philadelphia,

Pa. There is a pipe marked "steam," which termi-

nates in a vertical conical nozzle, having within it a

solid rod or needle capable of contracting in any de-

gree the amount of the issuing jet. On the opposite

side of the apparatus is a pipe marked "water," which
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corresponds to A B in the elementary diagram, and

by turning the wheel marked "water regulator" the

tinted sliding tube is brought up or down, so as to

regulate the supply of water which is sucked up by

the inducing action of the steam. There is here,

therefore, precisely the apparatus already described,

together with the mechanical means for regulating the

supply of steam and the supply of water.

Fig. 70.

At one end of the injector is a valve opening out-

wards, leading to the flanged and marked " delivery,"

which is in direct communication with the boiler.

This valve is shown open in the figure, but it is closed

by the pressure in the boiler when the injector is not

at work.

Looking again at Fig. 69, which is intended to show

the action in its most simple form, we may point out

that M. Giffard discovered that a jet of mixed steam

and water, issuing from E under the circumstances

above stated, is competent to overpower and drive
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back a simple jet of water issuing from the opening

D, and that a supply of feed-water may be forced into a

boiler by the steam generated therein without the use

of any pumping apparatus whatever.

Since action and reaction are equal and opposite, it

is abundantly clear that a simple jet of high pressure

steam issuing from E could never drive back a jet of

water issuing from D under the same pressure. It

was a great step in science to conceive the idea that

the absorption of heat which took place at E could

furnish a source of energy directly available for doing

work. There has been no parallel to this discovery in

any analogous direction, and it is difficult to account

for the action.

On the steam side there is the kinetic motion of the

molecules of steam, and on the water side there is the

motion of translation of a quantity of water, and the

problem is to show a possible method of passing from

the one to the other. Now, the steam issuing at E
has a velocity many times greater than that of the

water forced out at D. The instant that steam is lib-

erated and escapes, the kinetic motion of its particles

appears under a new form, viz., as a motion of transla-

tion, and the velocity of an issuing jet of steam is

many times greater than that of a jet of water forced

out by the same pressure. If, therefore, the jet of

steam could be condensed by an indefinite source of

cold after it had fairly got clear of the orifice, it would

be converted into a fine liquid line, and the velocity

with which its molecules were rushing out would not
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be changed. The motion of heat would be dimin-

ished, but the onward motion would remain unim-

paired. This liquid line would be moving at such a

high velocity that it would pierce any jet of water

coming towards it from the boiler, very much as if it

were a steel wire forcing its way through the mass.

We know of no source of cold competent to produce

this result, but what really happens is the same in

character though less in degree. The steam, liquefied

at E, retains to some extent the higher velocity which

it possessed as steam, and on the whole the aggregate

energy of the water globules flowing onward at E is

greater than that of the water jet coming towards them

from D. The latter jet is overpowered and driven

back, and a quantity of water from the cistern at A is

continally forced into the boiler.

As to the velocities with which we have to deal, it

appears that if the steam had an actual pressure of six

atmospheres the water would issue at a velocity of

about 10 1 feet per second, and the steam at a velocity

of about 1,800 feet per second.

Referring again to Fig. 70, it will be seen that a

pipe marked " overflow" leads out from the centre of

the instrument ; this pipe communicates with a small

chamber in the central channel just below the level of

the pinion, and is intended to allow the escape of any

surplus water. When the supply of steam is properly

adjusted to the amount of water sucked into the in-

strument, no overflow takes place, whereas an access

of water or steam will at once give rise to a discharge
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at the overflow. In the one case the energy imparted

to the water is insufficient and part recoils, while in

the other case too great a condensation of steam will

occur and energy will be dissipated. It is, however,

easy to adjust the steam and water regulators so as to

avoid any waste.

The rise in temperature of the feed-water shows the

amount of energy available for doing work, and it is

found that the quantity of water delivered into the

boiler increases as the feed-water itself is supplied in

a colder state. Thus, in one case, the temperature of

the feed-water before entering the injector was 60°,

90°, 120°, and the number of gallons of water deliv-

ered per hour was 972, yS6, 486 respectively. It is a

confirmation of the explanation that steam at a given

pressure will force water into a boiler against a still

higher pressure. Thus, steam at 27 lbs. pressure

forced water into a boiler where the steam was at 52

lbs. pressure, the temperature of the feed-water being

raised from 92° to 170° during the operation.

THE " 1876" INJECTOR, BY WILLIAM SELLERS & CO.,

PHILADELPHIA, PA.

The introduction of the Giffard injector in this coun-

try was made by William Sellers & Co., of Philadelphia,

in i860, and they were, during the continuance of the

original patent, the sole licensees and manufacturers

under that patent in the United States, and have made
from time to time improvements in the instrument.

In 1865 they introduced the novel and important prin-

ciple of self-adjustment. Previous to this, injectors
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had either fixed nozzles or were arranged with inde-

pendently adjustable nozzles, separately operated to

adapt the steam and water-supply to each other, and

to the changes in the boiler pressure, etc. In these

injectors any want of proper adjustment was indicated

either by a waste of water or in-draught of air at the

overflow, and if, after a most careful adjustment of the

parts to produce the best results, the steam pressure

in the boiler changes, the instrument would work

badly until readjusted for the new conditions. The

self-adjusting instruments have no waste at the over-

flow. After starting, the steam-supply alone is ad-

justed by hand, and the water-supply is automatically

regulated, so that the steam is always combined with

the exact quantity of water necessary to produce the

best results, no matter how much the steam pressure

in the boiler may vary. This instrument in its im-

proved form went through various changes for the

better up to the year 1876, when a new style, the

"Injector of 1876," was exhibited at the Centennial,

after careful tests on leading railroads.

The advantages of using an injector to feed steam

boilers are, that it may be operated to deliver the water

in a continuous stream, and furnishes heated water at

all times. To obtain the full advantage of the injector

the manipulations of the instrument required to start

and regulate the feed should be simpler than those

necessary in the use of the pump. The " Injector of

1876," a sectional view of which is shown in Fig. 71,

was designed to accomplish this object, and is put in
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operation and regulated entirely by moving a single

handle. The connection to the boiler, and those for
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the admission of steam and water, are clearly desig-

nated in the figure, the latter being provided with a

suction chamber to steady the flow. A fixed receiv-

ing-tube, through which the principal jet of steam

passes, is regulated by the position of the interior con-

ical spindle. The annular jet of steam combines with

water in the combining-chamber, and the concentrated

jet is forced through a delivery-tube, and the check-

valve shown, to the boiler. The combining-tube forms

part of the piston, which fits freely into the case, and

the smaller end of combining-tube slides freely also in

the end of delivery-tube. The pressure of the water

is on one side of the piston, and the other side is in

communication with the jet issuing from combining-

tube through an opening inside of delivery-tube. If

the water-supply be too great, a portion escapes

through an opening and accumulating in the sur-

rounding chamber, forces the piston and combining-

tube towards the receiving-tube, and contracts the an-

nular space between the two latter, so that the water-

supply is reduced. If the water-supply be insufficient,

a partial vacuum will be produced in the chamber, and

the piston moved to admit more water. In this man-

ner the supply of water is automatically adjusted to

suit all the requirements.

The description thus far is common to all the

Sellers' self-regulating injectors. In the "Injector of

1876," the central spindle shown in the receiving and

combining-tubes is secured to an operating-spindle,

and has a small bore throughout its length, which



222 LOCOMOTIVE ENGINES.

receives steam through small openings, when the valve

on operating-spindle is raised from its seat in the top

of the larger valve, which admits steam to the receiv-

ing-tube around the central conical spindle. The

operating-spindle is moved through the arm and slide

shown, by the operating-lever ; and the latter, also, by

means of the rod, with stops upon same, operates the

screw overflow-valve on stem. In the position shown,

steam is shut off, and the overflow-valve is open. Upon
moving the lever the valve is first opened, and the

steam is first admitted to the small bore of central

spindle, and issues in a jet, which induces a current in

the water-supply pipe, whereby the air is withdrawn

—

water lifted and expelled at the overflow. [The lifting

effect desired is quite dissimilar from the action of the

annular jet in operation as a boiler feeder, being more

nearly allied to the action of the exhaust in producing

a draught in the smoke-pipe of a locomotive, and re-

quires a high velocity and free expansion at the mo-

ment of escape.] When the water is lifted by moving

the handle still more, a collar on the central spindle

comes in contact with and opens the large valve, there-

by admitting steam to the annular jet to produce regu-

lar operation, as previously described, and the handle,

upon being moved back to its extreme, strikes the stop

on the rod, and thereby shuts the overflow. At the

same time a pawl drops into a rack on the arm, and

holds the lever in position when the latter is pushed

in to regulate the flow. This pawl is lifted and caught

fast when the lever is pushed entirely in to stop the
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injector, and not relieved again till the lever is at the

other extreme, as above explained. The instrument

can be located in any convenient position on the loco-

motive above the water-level, as it is considered advan-

tageous to have the injector lift its supply of water.

THE HANCOCK INSPIRATOR.

The Hancock Inspirator, Fig. 72, differs in some

important respects from the instruments commonly

classed under the head of injectors. It consists essen-

tially of a lifting-jet and lifting-nozzle, combined with

a forcing-jet and force-nozzle or injector, steam being

admitted to both of these nozzles whenever the inspir-

ator is in operation, to deliver the supply-water to the

force-nozzle, and to force it through this nozzle into

the boiler. Although both the lifting and force-noz-

zles are fixed, their proportion one to the other is such

that the inspirator requires no adjustment for changes

in steam-pressure or water-supply, the waste-valve

being kept closed while the instrument is in operation,

except at the time of starting. The sectional view of

the stationary inspirator. Fig. 72, will serve to explain

the action of the instrument. In this figure, A is the

steam-supply pipe, connected to the steam-space of the

boiler ; B is the water-supply pipe ; and C is the feed-

pipe, to which is connected an overflow or waste-pipe

with waste-valve, these latter connections not being

shown in the figure. D is the lifting-jet, E the lifting-

nozzle, G the forcing-jet, and H the force-nozzle. This

latter nozzle is somewhat analogous to the combining-

tube of an ordinary injector. F and I are stop-valves,
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the first controlling the admission of steam to the

forcing-jet, and the latter determining the course of

STEAM

OVERFLOW.

Fig. 72.

the water delivered by the lifting-jet. The action of

the inspirator can perhaps be most simply explained
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in connection with a description of the manipulation

required to start the instrument. In the figure, the

inspirator is represented in operation ; but when it is

not working, a steam-valve in the pipe A, not shown,

is closed, as is also the valve F, while the valve I and

the waste-valve are open. Opening the valve in the

steam-supply pipe A, steam is admitted to the lifting-

jet D, drawing water through the supply-pipe B, and

discharging it through the lifting-nozzle E, valve I,

waste-valve, and overflow-pipe. As soon as water

issues from the overflow-wipe, the valve I is to be

closed, when the supply-water will pass through the

force-nozzle H, and will escape at the overflow. The

valve F is then to be opened, by moving the lever K
one-quarter turn, and the waste-valve is to be closed,

when the water lifted and delivered to the force-nozzle

H will be forced into the boiler by the steam issuing

from the forcing-jet G. If the water supply is to be

varied, this can be effected by partially closing a valve

in the supply-pipe B without throttling the admission

of steam ; or both the steam and water may be throt-

tled if desired. In practice, however, the delivery is

varied by throttling the water-supply. Whatever

changes of adjustment are made, whether of steam or

water-supply valves, within the capacity of the in-

spirator, the instrument will continue in operation with

the waste-valve closed. In this respect the inspirator

differs materially from fixed-nozzle injectors, which

cannot be operated with the waste closed, under the

conditions recited above.
10*
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THE RUE LITTLE GIANT INJECTOR, MADE BY THE RUE
MANUFACTURING COMPANY, PHILADELPHIA, PA.

The principle of its operation is as follows

:

As the steam is coming from the boiler, it enters

the steam plug. Here it is joined by the water, which

enters and fills the combining-tube ; here the steam

gives the water a velocity, is condensed, and a water

jet is formed and driven across the overflow space,

and enters the discharge plug ; thence past a check-

valve, which is generally placed a few inches from the

injector, into the boiler.

During the passage of the water from the combin-

ing-tube to the discharge plug, as it passes over the

overflow space, if too much water has been supplied

to the steam, some will escape, and flow out of the

overflow nozzle ; for the reason that the pressure of

steam is not great enough to give that amount of

water the necessary velocity, in order that it may have

sufficient power to overcome the resistance of the

boiler pressure; hence, the water and condensed steam,

or mixture, as it is generally termed, must pass out at

the overflow.

This will go on until we reduce the water-supply.

This is done by moving the lever to the right, which

will move the combining-tube nearer to the steam

plug, thereby reducing the supply of water until the

steam can give it the required velocity, and, when this

has been obtained, there will be no discharge of water

at the overflow.

- The injector being at work perfectly, we will sup-
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pose that the pressure of steam has been gradually

increasing, which likewise increases the velocity of the

water in the combining-tube, until it is driven through

faster than it can be supplied, and air will be drawn in

at the overflow; but this is prevented by the small

check-valve. Whenever this occurs, we are generally

warned by a peculiar sound coming from the injector.

This will go on until the amount of water is not suf-

ficient to condense the steam, and be at a less temper-

ature than 212° Fahr., which will cause the formation

of steam, which is very light, although, with its high

velocity, it has not sufficient power to overcome the

boiler pressure, and must, consequently, pass out at

the overflow in the form of a very wet steam, so to

speak.

From the above it will be seen that although the

velocity of the mixture of a temperature above 212°

Fahr., or when the formation of steam takes place, is

much higher than that of a mixture in which this

formation does not take place, the power of the former

is much less than that of the latter, " because the total

actual energy is proportional to its weight multiplied

by the square of its velocity!'

To illustrate this in a very simple way, let the

reader procure two wooden balls of the same size, one

of hard and heavy, and the other of a soft and light

wood.

Either of these balls will float on the surface of a

body of water, and it will require some force to sink

it ; but take them up, and throw the heavy one, for
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example, with some velocity upon the water, and it

will sink to a considerable depth before the resistance

of the water will overcome its momentum or actual

energy. Now take the light one and throw it with

the same velocity, and it is doubtful if it will sink

more than a few inches. This goes to show that the

weight has a great deal to do with the power of the

mixture, in the working of the injector.

Another important point that should not be over-

looked is that of the temperature of the feed-water.

So long as it is desirable to have the operation of

the injector as perfect as possible, the temperature of

the feed-water should not exceed certain limits, as it

is necessary that the steam should be completely con-

densed.

In order that this may be as perfect as possible, and

the operation of the injector the same, the feed-water

must be cold enough to absorb the proper number of

heat units that the steam contains, and be at a less

temperature than 212° Fahr.

It may be well to state here that the operation of

the injectors of the ordinary form ceases ; that is to

say, they will not do the work, after the mixture

reaches or exceeds 200° Fahr.

The greatest temperature of feed-water will, gener-

ally speaking, depend upon the pressure of steam.

When the pressure of steam is high, the temperature

of the feed-water must be lower than when the pressure

is low. The greatest temperature of feed-water, in

either case, can best be determined by experiment
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By carefully considering the foregoing, it is obvious

that the amount of water that the injector throws

must increase in proportion to the amount of steam

used, when the temperature of the feed-water is raised.

It is obvious that it requires a greater amount of

water to condense the steam, and be at a lower tem-

perature than say 195° Fahr., than it would if the

temperature of the feed-water were lower.

From what we have already stated, it will be seen

that when the amount of water is large in proportion

to the amount of steam, the velocity of the mixture

Fig. 73—^THE RUE LITTLE GIANT INJECTOR.

also diminishes. This also applies to the above, when

the temperature of the feed-water is raised.

With a certian pressure of steam and temperature

of feed-water, the power of the mixture may be just

sufficient to overcome the boiler pressure; whereas,

if the temperature of the feed-water is still increased,

it will require a proportional amount of water to con-
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dense the steam ; this will result in a proportional re-

duction of velocity, probably sufficient to render the

power of the mixture valueless.

When the injector, shown in Fig. 73, is set so as to

lift the feed-water, it is started by placing the lever in

a vertical position, and opening a small jet-valve which

allows the steam to pass through a small pipe attached,

which is connected to the small pipe, through which

the steam also passes ; and in so doing, draws all the

air out of the injector and water-supply pipe, thereby

creating a vacuum, which results in the pressure of

the atmosphere raising the water in the pipe, and

through the combining tube, thence out, and immedi-

ately appears at the end of the nozzle.

As soon as the water appears at the overflow nozzle,

the main steam valve is gradually opened until it

catches the water, when it is opened wide, and the

small jet-valve is closed.

Should no water appear at the overflow, it shows

that the injector is working all right.

Now, should the pressure of steam increase until

the temperature of the mixture is high enough to cause

the formation of steam, and a discharge of the same

at the overflow, we must increase the water-supply

until this discharge ceases; after the discharge ceases

it may be preferable to still increase the supply of

water until there will be a discharge of water at the

overflow; then gradually reduce the supply of water

—for this reason, that in the former case you may
have admitted just sufficient water to keep the tem-
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perature of the mixture below, say 195°, and you may

not have given it all the water that the stream would

safely carry into the boiler.

Fig. 74.—^THE KORTING UNIVERSAL INJECTOR.

THE KORTING UNIVERSAL INJECTOR.

As will be observed by Fig. 74, the instrument is

a combination of two steam-jet apparatus; the first

one proportioned for lifting and delivering the water
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under some pressure into the second one, where its

velocity is sufficiently augmented to overcome the

counter pressure of the boiler. The explanation of

the proper working of the injector, at the lowest as

well as the highest steam pressures, without any ad-

justment of parts, is found in the fact, that the quantity

of the water taken in by the first apparatus and de-

livered to the second one is directly in proportion to

the pressure of the steam, so that the first one acts as

a governor for the second one.

The explanation of the feeding of hot as well as

cold water, is found in the construction and proportion

of the first apparatus, which has a proportionately

small steam nozzle to insure high suction, and as the

water is delivered to the second one under pressure,

its temperature can be corresponding to this pressure,

and may be delivered into the boiler above the boiling

point. At the same time the combined area of the

two steam nozzles is smaller than that of any other

injector of the same capacity, so that its duty must

necessarily be higher.

This combination of the two apparatus, and its self-

governing qualities without moving parts, makes the

apparatus the least sensitive—a great desideratum on

locomotives.

The limits of admissible temperature are : Feed-

water 150 deg. Fahr. delivered into the boiler, with

150 lbs. steam at 250 Fahr. Injectors will lift water

up to twenty feet, according to temperature.
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Fixing the Injector,

The injector should, preferably, be fixed horizontal,

in which case it will drain itself when not in operation.

The pipe should not be smaller than the correspond-

ing size of couplings. The dirt-stop should always be

attached where the water is not perfectly clear. There

should be a steam stop valve, and a main check valve

on boiler. If water flows to the injector, it is neces-

sary to have a stop valve in the water pipe.

Before connecting the injector, have the steam pipe

well blown out with steam to clear it of scale and dirt.

Do not omit to attend to this, as the nozzle openings

are small, and if clogged with red lead or dirt, will

interfere with, or stop the action of the injector.

Manipulation,

If the injector has to draw the water, open with

handle A, half-way first, till water is discharged

through the starting cock B, then open full.

This stop need be of so short duration, that a con-

tinuous moderately slow movement will accomplish

the required result; so that the instructions for manip-

ulation would read : To start, open with handle A ; to

stop, shut with handle A. To regulate the quantity

of water to a minimum, throttle the water in suction

pipe, but keep steam turned on full all the time.

Manufactured by Schutte & Goehring, steam jet engi-

neers, Philadelphia.

THE KEYSTONE INJECTOR,

Manufactured by E. Tracy, Philadelphia, PennsyJ

vania.



234 LOCOMOTIVE ENGINES.

The following are some of the advantages claimed

for this injector:

1st. Its simplicity, durability, and easy adjustment,

requiring no skill to operate it.

2d. It is not affected by overheating, and will work

under any pressure of steam from 5 lbs. to 1 60, and is

not liable to break while working.

3d. It is void of all stuffing boxes. No extra fittings

required for the two classes A and B.

4th. Its advantages over pumps. It is far cheaper.

It is not necessary to run engine to fill boiler, as with

engine or belt pumps; thus saving fuel, repairs, oil,

etc.

5th. The water by the use of this injector is heated

to 200° Fahrenheit, hence no heater is necessary, and

can be dispensed with, although it will feed through

a heater same as pump.

6th. It will raise water as high as any other make,

and can be regulated to supply more or less water as

the case requires.

7th. Will lift and work water as hot as any other

injector.

Non-Suction Injector "A^

This injector. Fig. 75, is used where the supply is

received from a pressure, such as street mains, reser-

voirs, etc.

Method of Connecting.

It should be placed in a horizontal position, and

lower than the tank, if water is taken from such, so it

will receive a full supply. All pipes should be of the
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same internal diameter, to correspond with the in-

jector coupling. Attach the steam pipe to highest

part of boiler, and as short as possible, to obtain dry

steam; but in no case make attachments to pipes sup-

plying an engine, pump, etc., as it causes a variation

in the steam pressure. Place an ordinary globe valve

on steam pipe, a valve or water cock on water-pipe.

(There is no necessity for an extra check valve on feed

Fig. 75.—Non-suction Injector, A.

pipe near the injector, as there is one in the swivel

marked to boiler).

Use no washers or packing, as all joints are ground.

Be particular, and remove all scale, cuttings and dirt

from pipes, and see they are in perfect working order

before connecting.

Method of Working Class "A."

First. Open the steam valve to let out any con-

densed steam there may be in the pipe, and close it
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again. Then open the water cock, then the steam

valve, and move the plug B slowly forward with the

handle b, until the water ceases at the overflow. If,

while the injector is working, water should escape

from the overflow, move the plug forward to reduce

the supply of water. If steam escapes, move the plug

backward, to give it more water. When the lever b

is set so the injector works perfectly dry, if you wish

to stop feeding, close first the steam valve, then the

water cock.

It is not necessary to disturb the lever b.

When wishing to feed again, the injector is put in

operation by simply opening the water cock, then the

steam valve. The lever is used to regulate the steam

and water, and the necessity of using it will be shown

at the overflow. If the lever b moves too loosely,

tighten the nut upon spindle C : if too stiff, loosen it.

This injector will force water through a heater.

The Suction Injector "B."

This class. Fig. y6^ is applied where there is no

pressure or head of water. For instance, when the

feed-water is taken from a low cistern, river, pond,

etc.

Method of Connecting,

Place the injector in a horizontal position, and great

care should be taken to have all joints air-tight; and

it is best to place a piece of wire-cloth on the bottom

ot the water-supply pipe, to prevent floating particles

from entering the injector. The jet D, used in this

injector, serves to create the vacuum, and assists in
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carrying the water into the boiler ; it being stationary,

is always in proper position to produce a vacuum;

and the steam necessary to carry the water into the

boiler is simply obtained by moving the plug b^ with-

out affecting the position or operation of the jet. All

pipes should be of the same internal diameter; attach

the steam pipe to the highest part of the boiler, as in

class "A ;" place an ordinary globe valve upon steam

pipe ; no valve or cock upon the water-supply pipe

;

Fig. 76.—The Suction Injector " B."

see that all scale, cuttings or dirt are removed, and the

pipes are in proper working order, and there is no dirt

upon the plug B, or disk of jet D, to prevent the

proper closing of the perforations.

Method of Working Lifting Injector " B!'

Open the steam valve to remove the condensed

steam; then close it again; move the plug B back

tight against the disk of the jet D; then open the
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steam valve, and when water appears at the overflow^

move the plug slowly forward until it ceases to flow.

These injectors will lift according to their size.

friedmann's injectors.

Foremost amongst the distinguishing features of

these injectors is the intermediate nozzle, by which

the water supply is conducted in two annular streams

to the condensing chamber of the injector, where the

steam jet is subjected to the action of both at separate

points. The result of this double action is the com-

plete and effectual condensation of the steam jet, and

the transfer without loss of all its inherent power and

velocity to the water, now united in one column, and

making its way with irresistible force and projection

into the boiler.

The first stream also becomes a motor of the second,

and carries it along without further expense of steam

;

this, it is claimed, explains the marked difference in

the quantity of steam needed to work these injectors

in comparison with others.

Nearly all the other makes of injectors now before

the public have but one waterway; in consequence of

which, the water-supply reaches the steam jet in a

whole, unbroken mass, and coming in contact with

this large body of water, the momentum of the steam

jet is checked to a great extent and often only par-

tially condensed, expands in the mass of water after

passing the receiving nozzle; this breaks and con-

fuses the column seeking to penetrate the boiler, and

is the cause of much trouble and annoyance.
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The Friedmann Injector, on the contrary, with the

double waterway, before described, with fixed nozzles,

and no movable parts to get out of order, and having

no cam motion, 710 sliding or rolling levers, and no

ground joints or packing to require frequent adjust-

ment, delivers the water with a steady, uninterrupted

stream that no amount of jarring or disturbing in-

fluences can break or confuse, while the water-supply

lasts, or steam is kept up.

These injectors are lifting and non-lifting, as shown

in the Figures 77 and 78.

Fig. 77.—Friedmann's Lifting

Injector.

Fig. 78.—Friedmann's
Non-Lifting Injector.

Special attention is called to the important fact that

by a recent improvement in the lifting injectors with-

out increasing their cost or impairing their capacity

to supply the boiler, they are enabled to lift water from

the unprecedented depth of 25 to 28 feet if required.
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Every injector is supplied with an overflow valve,

which prevents air or dirt from entering the boiler.

Method of Working Lifting Injector.

Be sure the water valve or cock W is open; then

1st. Open the small jet valve J, with low pressure

full, with high pressure partly, until the water flows

out of the waterflow at O.

2d. As soon as the water appears at the overflow,

open the main steam valve S gradually, and close the

small jet valve.

Should water still be discharged from the overflow,

as may be the case where the steam pressure is low,

reduce gradually the water-supply by the valve W
until the discharge ceases.

To stop, close the main steam valve. This injector

may also be used as a non-lifting where a head of

water is available. While the injector is inactive the

steam valve should be kept closed.

Method of Working Non-Lifting Injector,

To start, 1st. Open the steam valve S a little, to let

the condensed water in steam pipe out through the

overflow O, and shut again as soon as clear steam ap-

pears.

2d. Open the water valve W.
3d. Open the steam valve S slowly, and the injector

is working.

Should any water waste out of the overflow after

the injector has started, reduce gradually the water-

supply by the valve W until the discharge ceases.

To stop, close the steam valve S and the water valve



INJECTORS. 241

W in the above-named order. Maximum temperature

of water which the injector will feed, 140 degrees.

The injector being at rest, the water valve W and the

steam valve S should be kept closed.

General Instructionsfor Attaching Injectors.

1st. All the pipes, valves, and fittings must be of

the full size to correspond with the number of the

injector, as laid down in the table of capacities in the

maker's catalogue ; except when the water has to be

draughted from a longer distance than ordinary, the

suction pipe should be a size or more larger than the

injector fittings call for.

2d. All joints and connections must be perfectly

air-tight.

3d. A strainer should be fixed on the end of the

water supply pipe to prevent the admission to the

injector of foreign matter, such as chips, shavings,

weeds and such like.

4th. A globe valve or steam cock is necessary on

the steam supply pipe, between the boiler and injector,

and a check valve and stop cock on the delivery pipe

between the injector and boiler.

It is very necessary that the connections should

have a few bends as possible, and that the pipes in-

variably be round.

5th. That all pipes and connections must be blown

out clean. This is of vital importance, as dirt and

pipe cuttings cause nine-tenths of the leakage of new

valves. The steam for the injector should be taken

from the dome or top of the boiler.

u



CHAPTER XIX.

MANAGEMENT OF LOCOMOTIVES.

A WELL built engine, having its parts easily accessi-

ble, and possessing good qualities for the production

of steam may, with careful management, be made to

run a long time with but little expense for repairs.

The points to which the engineer directs his attention

are the manner of firing, the supply of feed water, and

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, neces-

sary to fire up oftener when the load is heavy than

when it is light. The fire should be maintained at a

proper point to make sufficient steam, and should not

be permitted to get so low as to affect the pressure in

the boiler.

It is an object, however, in approaching a terminal

station to have just enough fire to reach the round

house. The supply of feed water is regulated very

much by local circumstances on the road. In ascend-

ing grades the injection of much cold water would

check the formation of steam, and it is therefore neces-

sary to have a good supply of water in the boiler be-

(242)
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fore reaching the foot of an unfavorable grade. On
long levels and descending grades one injector can be

kept working constantly. There should be plenty

of water in the boiler before reaching a roadside or

'lerminal station. The furnace door should be kept

open as little as possible, as the entrance of the cold

air throucrh it contracts the tube sheets, and is some-

times the cause of them leaking. If the engine has

a variable blast it is a good plan to open it full 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 about

every fifteen or twenty miles of the run. If the ports

of the throttle-valve are of the same area as the steam

pipe, it is found best to keep the throttle partially

closed, as when the pressure is rather less than in the

boiler the engine is not so apt to prime. The proper

opening for the throttle of any engine can soon be de-

termined by observation. In going through covered

bridges or station houses the dampers should be

closed, and the draft otherwise checked to guard

against fire.

The boiler should be blown out at intervals of a

week or more—depending very much on the purity of

the water used. When a scale deposits on the tubes

and crown sheet, a little coal oil (refined) will help to

remove it.

The frequent use of the sand box has the effect to

rapidly wear away the tires of the wheels, and there-

fore should only be used when it cannot be dispensed

with.
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The best way to clean the wood work about an en-

gine from grease and dirt is to use spirits of turpentine

or refined coal oil on a handful of waste. To clean

brass work, take a tablespoonful of oxalic acid and put

it in a quart bottle of water. Wet a piece of waste

with this acid water and go over the brass work,

merely wiping it; afterwards go over again with a

piece of dry waste or woollen cloth dipped in lamp-

black or pulverized rotten-stone. As oxalic acid is a

deadly poison, it should be handled carefully, the bot-

tle properly labeled, and not left lying around loose.

In polishing bright work, use only the finest grades of

emery cloth.

LOCOMOTIVE FIRING.

A locomotive engineer who prides himself, in con-

nection with his fireman, as to their economy in the

use of fuel, writes that his success is due in a large

measure to the fact that he breaks his large lump coal

up as fine as nut coal before using it, and by so doing

gets 20 per cent, more steam out of a ton of coal than

he did when using coal as it came, regardless of size.

He also says his firem_an pays special attention when

throwing fuel into the furnace to drop it just wheie

needed, the secret of successful firing being to have an

even fire all over the grate.



CHAPTER XX.

KEYING UP LOCOMOTIVE SIDE AND MAIN RODS.*

When it is necessary to key up a main rod, the first

thing to do is to take it down, after placing the engine

on the center on that side. It would be well to ascer-

tain now if the travel slots in the guides are correctly

located. These slots are for the purpose of prevent-

ing the cross-head from forming a shoulder on the

guides, and thsy do this by the cross-head traveling

half the width of the slot past its inside edge, if the

rod is of the right length. Their province is not, as

many engineers think, to lead off the oil forced to the

end of the guides by the cross-head. To ascertain if

they are correctly located, pinch the cross-head to

each end of the guides (after the main rod is down)

till the piston-head strikes the cylinder head. Then

make a mark even with the end of the cross-head on

the guides. If these marks are equally distant from

the travel slots, they (the slots) are correctly located

and can thereafter be used to key the length of the

rod too. The rod being down, the pins should be

calipered across their horizontal diameter when the

engine is on the center, because the pin wears smaller

across its horizontal diameter when it is on the top or

* Smith.
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bottom quarter, as the piston's pressure is most effec-

tive on the pins at this point ; and if the boxes were

reduced to this diameter they would evidently bind

when on the pin's greater diameter; that is, when on

the center. If the pins are much out of round they

should be corrected with a file. Having calipered the

pins as above, take this diameter in a pair of inside

calipers. Lay the boxes "brass and brass" and by

the inside calipers ascertain how much must came off

to allow them to bear on the pin, remembering to take

half the amount as indicated by the inside calipers

from each brass. Having filed off what is necessary

from the boxes, place them in the strap on the pin and

drive the key till the boxes are "brass and brass."

Then if they can be revolved easily by hand on the

pin they are right.

They should not, however, be filed so as to allow of

their standing apart when keyed up, but should touch

each other. The key may now be slacked back, the

brasses shifted to the open end of the strap, and a

piece of stiff putty placed on the inside crown of the

strap, and the key driven till the joint of the brasses

stands in line with the center of the oil hole in the

strap. The key should be marked even with the strap,

and the strap and boxes disconnected from the pm.

The thickness of the putty will indicate the thickness

of the liners necessary to be put in. When the joint of

the brasses is in line with the center of oil hole the

length of the rod should be right if the rod is made

right
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Perform the same operation on each end of the rod;

put it up and drive the keys to the marks made on

them, and then try the length of the rod by pinching

the engine past the centers, when, if the cross-head

travels an equal distance past the edges of the travel

slots in the guides, the rod is of the correct length.

If not, its length should be altered (by inserting or

taking out liners, as the case may be) till correct when

tested by the travel slots, if they are correct.

It is obvious that the rod must be just right when

keyed by this plan. The brasses should always be

" brass and brass," as they will run much longer.

After taking down the side rods, the wheel centers

should be trammed and equalized by the wedges, if

they are not correct. The wedges should be up snug

when keying the side rods. If there is much lost

motion in the side rods, the back pins will be found to

be behind when the tram is placed on the pin centers.

They should, therefore, be slipped till the tram will

drop into the pin centers. This can best be effected

by taking the weight off from the back wheels with a

couple of jacks under the foot-board. The boxes may
be reduced to the pins the same as the main rod, leav-

ing them " brass and brass."

The front end of rod may be put up, the joint line

of brasses coinciding with center of oil hole in strap

as for main rod. Then put up the back end, shifting

the boxes in the strap with the two keys in the back

end till the rod can be shaken with both hands. This

plan first reduces the brasses to the pin, leaving them

loose enough when keyed, "brass and brass."
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The front end is put up with Hners forward of the

forward box, till the boxes coincide with center of

oil hole in the strap, and the back end is put up and

adjusted by the two back keys till the rod can be

shaken.

The engineer knows, therefore, that the boxes them-

selves are not tight on the pins, and as the rod is loose

enough to be shaken, it is proven that the keys have

not been driven so as to tend to force apart or draw

together the pins, hence the rod is right.

Another plan much in use after filing the boxes is

to drive the forward key which forces the back box of

the front end to the pin. Continued driving of the

same key forces the rod back which draws the front

brass of the front end up to the pin, and also forces

the front box of the back end to its pin, the back key

of back end being then driven to force the back brass

of back end to the pin. The back key goes down

twice as fast as the other keys, as it has not only its

own lost motion to take up, but that also of the for-

ward boxes which is thrown upon it when the whole

rod goes back.

The writer assumes that the side rod has three keys,

two between the pins and one back, and that the main

rod has two keys between the pins. When the side

rod has four keys the forward key of front end takes

the place of the liners.

Side rods on switching engines and on road engines,

if the track is rough, should be run loose, as the driv-

ing boxes shift up and down in the jaws to a greater



KEYING UP LOCOMOTIVE SIDE AND MAIN RODS. 249

extent than otherwise, and as this changes the distance

between the pins, the loose side rods accommodate

this change.

In ten-wheelers, the side rods should be keyed from

the front end back and not, as is sometimes the case,

the other way, or partly back and partly forward.

In the plan given for keying side and main rods, it

is necessary to take the rod down each time it is

keyed, as the plan leaves the brasses "brass and

brass." This is the better plan, as the boxes then

have all of the advantages of a solid box, together

with that of adjustment. The writer remembers a case

in which the engineer, adhering rigidly to the "brass

and brass " plan, did not find it necessary to touch his

side rods but once in from eighteen to twenty-four

months, depending on the service of the engine.

II*



CHAPTER XXI.

WHAT TO DO WHEN THE LOCOMOTIVE BREAKS
DOWN.*

The locomotive engineer who is " posted " knows

or ought to know just what to take down and what to

do when an accident occurs. Nothing is more galling

to an engineer than to bring his engine in with

the half of her on the tank, when one-fifth of the

disconnection carried in that way would have an-

swered better. The idea held by so many engineers

that the more of their engine they take down the more

safely she can come in alone, is, of course, wrong,

as each part so disconnected leaves some other part

either better or worse off The following suggestions

may be of value in such emergencies

:

When an engine gets off the track, the first thing to

be done by the engineer, if he is not disabled, should

be to pull his fire, if the position of the engine is such

as to leave the crown-sheet or flues uncovered witlu

water. If the ash-pan is jammed, or if from any other

cause the fire cannot be pulled or dumped, it may be

smothered by shoveling green sod, sand, earth, or snow

*F.C. Smith.
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into the fire-box. If the engine cannot be replaced

without the help of another engine, the side and main

rods should come down to prevent them from being

sprung. If the engine is still on her wheels it will

generally be found that she can be got back on the

track more easily the way she came off. In case of a

broken side-rod, disconnect the broken rod and the

opposite side-rod also. This is all that is necessary.

The necessity for taking down the opposite rod is that

if only the broken rod is removed and the pin on that

side is on either quarter, the pin on the opposite side

being on the center cannot start the back drivers

through its side-rod, should the forward drivers slip in

starting; the result being that the back drivers, not

bemg compelled to slip with the forward ones, would

remain nearly stationary, the front pin would pass the

center, shortening the distance between the pins, and

the rod would bend or the pin break, necessarily.

If the main rod breaks, disconnect it; block the

cross-head at the back end, disconnect the valve stem

and tie it to the hand rail if it has a joint, and then go

ahead. It would be as well, in connection with the

above, to pull the valve clear back so as to open the

front port, or cover both ports with the valve, jamming

the gland on the stem by screwing up one side only.

The plan frequently adopted by engineers after tak-

ing down the main rod is to place the piston at the

back end of the cylinder, open the front port, and jam

the gland on to the stem to hold it in position. This

plan is a poor one, as the valve may shift, and then a
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bad cylinder head is the result. Always block a piston

or cross-head at the back end of the guides, for if

the blocking should get loose, the front head, which is

the cheaper, would alone suffer. A better plan than

carrying blocking for the cross-head is to have the

blacksmith make a hook out of i ^-inch round iron,

also a flat piece or bar 1 5 inches long, lyi ov 2 inches

thick, and 4 inches wide, with a hole through its cen-

ter for the shank of the hook to pass through—the

shank being threaded for a nut. When it is necessary

to block a piston, get it to the back end of the guides,

pass the hook round the cross-head wrist and the shank

through a hole in the other piece which rests against

the face of the yoke supporting the back end of the

guides, run up a nut on the shank of the hook hard

against the bar, and the piston is secured. Two nuts

are better than one, the outside one being jammed on

to the other.

If a leading zvrist-pin breaks^ the main and side rods

on that side and the side rod on the other side must

come down, the piston must be blocked, and the valve

stem disconnected. In case of the breaking of a back

pin, both side-rods must come down.

If a valve stem breaks, take it down, also the main

rod on that side, in the meantime blocking the piston.

If the stem is broken outside of the chest, let the piece

remain in the stuffing-box, fill in some packing, and

screw up the gland.

If the back-up eccentric rod breaks, take both eccen-

tric rods down on that side of the engine. If it is a
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go-ahead rod, it alone may come down with the straps,

also the main rod and valve stem on that side. The
main rod and valve stem should also be disconnected

in the case of a broken back-up eccentric rod, and in

either case the link should be disconnected from the

tumbling -shaft by disconnecting the hanger.

If the lifter tumbling-shaft^ arms, saddle-pin, oi

reach-rod breaks, a piece of wood may be fitted and

tied in between the block and top of the link slot for

the link to rest on. The piece should be long enough

to raise the link to cut-off where the engine is desired

to run.

In case of a broken reach-rod or tumbling-shaft, both

links must be blocked up as described. As the engine

will then have to be held entirely with the brake, great

care will be necessary.

For broken eccentric straps or eccentrics, proceed as

in case of eccentric rods. For a slipped eccentric

—

assuming it to be the go-ahead one, and the engine a

link engine—^put the engine on the center on the side

of the slipped eccentric, pull the reverse lever into the

lull back-up notch, mark the valve stem flush with the

gland with a knife blade, throw the lever in the full go-

ahead notch, turn the slipped eccentric till the mark

on the stem reappears in the same position as when

marked, notice that the slipped eccentric is not in the

same position as the back-up eccentric, but the full

part or belly nearly opposite, and then go ahead.

In the case of a broken spring hanger, the broken

spring should be removed, unless an extra hanger or a
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chain is carried, in which case the end of the spring

may be held by the new hanger or the chain, it being

necessary to jack up the back part of the engine, under

the foot-board, to take the weight off and allow the

insertion of the hanger or chain. If neither hanger

nor chain can be had, slip a block of wood or rubber

under the end of the equalizer, thick enough to raise

it about level, the weight being removed from it by

jacks under the foot-board. If the engine has far to

go, or has a train to pull, it will be best to put a block

of wood over the driving-box, between it and the

frame, and over the wheel where the hanger is broken,

to ease the other spring. If jacks are not carried, the

driver may be run on to a stick of wood 4 or 6 inches

in thickness, placed under the forward wheel to take

the weight from the back wheel, and vice versa.

A broken spring should be treated the same as a

broken spring hanger.

A broken equalizer should be removed, as it may get

into the wheels, also the springs and wooden pieces

placed over the driving boxes to keep the frame up.

A broken tire, if clear off, requires the wheel center

to be kept from the rail, either by running the wheel

on to a block of wood, or by jacking up under the

wrist-pin and fitting a piece of wood between the oil

cellar and pedestal brace. The two side-rods should

come down if the tire is a back or forward one, and

also the main rod on that side. If the engine has far

to go and a train to pull, it is better to remove the oil

cellar and fit a notched piece of wood in its place to
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give a proper bearing for the shaft, as otherwise the

shaft will rest on the thin edges of the oil box—a bear-

ing entirely insufficient, if any distance is to be run, or

a load pulled. The writer has seen engines brought

in with broken tires and the shaft running on the oil

cellars, the bearings being so badly cut as to make it

necessary to remove the wheels, re-turn the bearings,

and fit new driving-box gibs or brasses.

// should be remembered that whenever the main rod

is disconnected, the piston must be blocked and the

valve stem disconnected.

A broken front truck wheel or axle can usually be

chained up with the help of jacks under the front end,

so as to get on a side track. The engine shouid be

run very slow.

An unshipped throttle requires that the steam pres-

sure be reduced, pulling the valve stem into the middle

notch to shut off, and when taking water, the driving

wheels to be blocked with sticks of wood when the

tender is in the right position.

A burst flue can be plugged with a wooden plug,

or, better still, with an iron one held in a pair of tongs

or some special device for that purpose.

If a driving axle breaks so as to leave the wheels in

position, the engine may generally be run alone on to

a side track, and extra wheels and axles sent for.

A broken cylinder head requires that the main rod

on that side should come down, and the ports covered

by the valve and the valve stem disconnected.

If the steam chest or branch pipe in front end breaks

^
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a piece of two-inch plank with a rubber gasket beneath

it should be bolted to the "nigger-head" or "T-head,"

the branch pipe being removed. The main rod should

be disconnected on that side.

If the steam pipe breaks i?iside the boiler, the same

means may be employed as for an unshipped throttle.

A broken fla7tge on a truck wheel requires very slow

running.

If a tender axle or wheel breaks, that end of the

truck may be chained to a tie placed across the apron

of the tender, blocking being placed between the tie

and body of the tank to ease the strain on the apron.

Both ends of the tie should be chained to the truck.

The above will cover the ordinary mishaps to which

locomotives are liable, and which can be remedied b>

carrying out the suggestions recommended.



CHAPTER XXII.

HOW MUCH WILL A LOCOMOTIVE PULL?

It may be stated, generally, that the means by

wnich a locomotive exerts its power in drawing trains

is simply the friction or adhesion of the driving wheels

on the rails ; or to quote from Pambour's old

" Treatise on Locomotive Engines :" *' Two conditions

are necessary in order that an engine may draw a given

load. First that the dimensions and proportions of

the engine and its boiler enable it to produce on its

pistons, by means of the steam, the necessary pressure,

which constitutes what is properly termed the power

of the engine ; and, second, that the weight of the

engine be such as to give a sufficient adhesion to the

wheels on the rails. These two conditions of power

and weight must be in concordance with each other,

for if there be a great power of steam and little ad-

hesion, the latter will limit the effect of the engine,

and there will be steam lost; if on the other hand,

there be too much weight for the steam, that weight

will be a useless burden, the hmit of the load in that

case being marked by the steam."

In the early days of locomotives it was thought that

the adhesion or friction of the driving wheels on the

rails would not be sufficient to enable such machines

(257)
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to exert their full power, and many contrivances of

toothed wheels and mechanical legs of various kinds

were devised and experimented with.

In Wood's "Treatise on Railroads" (1838), the

author speaks of adhesion, exclusive of the power

requisite to drive the engine itself—in the best engines

as xV part of the weight on the driving wheels ; and in

ordinary engines as 2V of the weight." Pambour

(page 252), puts the maximum adhesion at i of the

weight, but adds that " the force of adhesion is always

at least 2V of the adhering weight." Rankine (Treatise

on the steam engine, page 529) gives the adhesion at

from one-twentieth to one-fifth, and adds that one-

tenth may be considered an average ordinary value."

Perhaps the figures which are most used in practice

are those published in Molesworth's " Pocket Book of

Engineering Formulae," page 124. These are as fol-

lows:

ADHESION PER TON OF 2,240 LB. ON THE DRIVING

WHEELS.

When the rails are very dry 600 lb. per ton

When the rails are very wet 550 " " "

In ordinary weather 450 " " "

In misty weather, if the rails are greasy 300 '* " <<

In frosty or snowy weather 200 " " "

In D. K. Clark's "Manual for Mechanical Engi

neers," page 724, he gives a report of experiments

made by M. Poiree on the Paris and Lyons Railroad

with a wagon by skidding the wheels. Of these ex-

periments Clark says:
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" At speeds under 20 miles per hour it appears from

the table that, when the rails are dry, the co-efficient

of friction, or the adhesion, is one-fifth of the weight,

and that on very dry rails it is one-fourth. As the

speed is increased, the adhesion is reduced. These

data are corroborative of the results of the author's

experiments on the ultimate tractive force of locomo-

tives on dry rails, from which he obtained a co-efficient

of friction equal to one-fifth of the weight, at speeds

of about 10 miles per hour."

It will thus be seen that the co-efficient of adhesion,

as given by these authorities, varies all the way from

one-twentieth to over one-third. It is no wonder then

that a young engineer in taking up this subject should

be a little perplexed to know what data to take in mak-

ing his calculations. Even if he leaves out the maxi-

mum and minimum and takes what these authorities

regard as ''an average ordinary value," he will be still

very much perplexed. Thus Wood gives tV, Rankine,

iV, Molesworth and Clark ^. In fact, the differences

are so great that we are led to believe that some or all

of these writers must have been quite mistaken in their

facts or their theories on the subject. Recent experi-

ments have made it plain that such was the case.

In reading what these writers have written on this

subject, it is nowhere apparent that they made any dis-

tinction between sliding and rolling friction, or static

and dynamic adhesion. Now every locomotive runner

knows that after an engine begins to slip its wheels it

will not exert as much power as it will before they be-
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gin to slip. In other words the adhesion of the wheels

is much less when they slip than when they roll with-

out slipping. Now most of the experiments which

have been made to determine the adhesion of driving

wheels have given the sliding friction of the wheels on

the rails, and not their adhesion when they roll and do

not slip. The first is dynamic and the last static fric-

tion.

Fortunately the experiments of Mr. Westinghouse

and Captain Galton have thrown a great deal of light on

this subject, and they have shown in the most conclus-

ive way not only the great difference between these two

kinds of friction, but also that the one, at least, is very

much affected by the speed and also by the time. That

IS, they have shown that at a high speed the friction is

much less than at a low one, and that it is considerably

less after some seconds than it was at the beginning.

This confirms the ordinary every-day experience of

locomotive runners. The fact that until recently the

distinction between these two kinds of friction has not

been recognized is doubtless the reason for the great

discrepancies in the data relating to this subject.

In the paper " On the Effect of Brakes upon Rail-

way Trains," read by Captain Galton before the Insti-

tution of Mechanical Engineers, the following deter-

minations of the adhesion of wheels are given. It

must be kept in mind, too, that he makes the distinction

between "adhesive" and sliding friction. By "ad-

hesive" is meant the friction between rolling wheels

and the track.
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1

" On dry rails it was found that the co-efficient of

adhesion of the wheels was generally over 0'20. In

some cases it rose to 0*25 or even higher. On wet or

greasy rails, without sand, it fell as low as 0"i5 in an

experiment, but averaged about 0"i8. With the use

of sand on wet rails it was above 0'20 at all times; and

when the sand was applied at the moment of starting,

so that the wind of the rotating wheels did not blow

it away, it rose up to 0"35 and even above o'40."

This is probably the most correct determination of

the adhesion of wheels that has ever been made, and

shows that the ordinary rule of taking the adhesion at

one-fifth of the weight in the driving wheels is quite

within the limits of ordinary practice. Even on a wet

or greasy rail, with the use of sand, it was above 0"20

at all times. In fact, if we want to calculate the maxi

mum power which a locomotive will exert if the rails

are sanded, we might take the adhesion at one-third,

and would be quite safe at one-fourth.

In order to put these figures in a form in which they

can easily be remembered and conveniently used, they

may be given as follows :

ADHESION OF LOCOMOTIVES.

Under ordinary conditions,
^

without using sand on I One-fifth the weight on
the rails, or on wet,

[
the driving-wheels.

sanded rails J
Under favorable conditions, \ One-fourth the weight

without sand
J

on the driving-wheels.

^ J J 1 -1 1 One-third the weight on
On a dry, sanded ra,l..

. | the driving-wh?els.
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These may be taken as working data, but before we
can apply them and answer the question which forms

the title of this chapter it must be known how much
power is required to draw a given load over a road

with known grades and curves. If the authorities be

consulted with reference to this point, a wider difference

even than that relating to the adhesion of driving

wheels will be found to exist. Without comparing

these, it may be stated that the most recent experi-

ments have shown that the resistance of good Amer-

ican cars does not exceed 6 lb. per ton of 2,000 lb. at

very slow speeds on a straight and level track, and

when in the best condition and good weather it is

probably not over 4 lb. The wind, however, has an

important influence, and as this is very variable, it is

hardly safe to take the resistance under the conditions

named above at less than 6 lb. per ton.

With reference to the influence of speed on the re-

sistance, it must be admitted that our knowledge is

very inexact, and probably the law or laws which

govern it are not understood. The following rule,

though, will give results which do not differ materially

from those given by the most reliable experiments

which have thus far been made.

To get the resistance per ton (of 2,000 lb.) of a train

on a straight and level track at any given speed :

Square the speed in miles per hour, and divide by 170

and add 6.

To get the resistance per ton due to any grade.

Multiply the rise in feet per mile by 0'38i5, and add
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the quotient to the resistance due to the speed on a

straight and level track.

Our knowledge of the resistance due to curves, like

that due to speed, is in a very unsatisfactory condition,

but the most reliable information we have indicates

that the resistance is equal to about half a pound per

ton per degree of curvature.

We may then tabulate these calculations as follows

:

RESISTANCE OF TRAINS.

On straight and level track 1 ^ ,, , r ^ iu^
, , > 6 lb. per ton of 2,000 lb.

at very low speeds ...
J

^

For resistance due to speed
:]

Square the velocity in I „ ^ »

miles per hour and divide
|

* *
*

by 172 J
For resistance due to grade:

^
Multiply the rise in feet V ..lb. *'

**

per mile by 0"38i5 ... .J
For resistance due to curves: "|

Add }4 lb. per degree of > . . lb. **
"

curvature ....... J

Total lb.

If the radius of the curve is given, the "degree"

may be found approximately by dividing the radius

into 5,730. This rule is correct enough for ordinary

curves of over 500 feet radius.

Having these data, suppose we want to calculate

how much, say, a Consolidation engine will pull up a

grade of 70 feet per mile, with 9° curves and at a speed

of 20 miles per hour. The first question to determine

will be whether we want to know the maximum load
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which such an engine will draw, or what it will do in

good weather, or what it will do at all times. In the

first case we would take the adhesion at ^ the weight

on the driving wheels; in the second at ^, and in the

last case at 1. We will assume that the second repre-

sents our hypothetical case, and that the locomotive

has a weight of I i,ooo lb. on each driving wheel, or a

total of 88,000 lb. The adhesion would therefore be

one-fourth of 88,000 lb. = 22,000 lb. The train resis-

tance per ton would be as follows

:

Resistance on straight and level track= 6*0 lb.

20X20
" due to speeds =2*3 "

172
« " " grade=7oXo-38 1 5=26.7

"

« « « curve=9X>^= 4-5 "

Total 39-5 «

Therefore, as each ton will have a resistance of 39'

5

lb., and as our engine is capable of exerting a tractive

force of 22,000 lb., the total load which it can pull

would be represented by
22,000

=556-8 tons.

39-5

As the engine and tender weigh about 72 tons, the

train which our engine will pull will be represented

by 556"8—72 =484*8 tons, which is equal to about 24

loaded cars. Of course, to do this work the cylinders

must be large enough to turn the wheels, and the

boiler have the requisite capacity to supply steam.

For the calculation of the size of the cylinders, there

is only room here to give a simple rule, which is only
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approximately correct, but near enough for ordinary

purposes. This is : Multiply the total weight on the

driving wheels in tons (of 2,000 lb.) by their diameter

in inches ; then four times the product will be the

cubical capacity of one cylinder, or rather of the space

swept through by the piston during a half revolution

of the wheels. Having the cubical contents of the

cylinder, the diameter can readily be found from the

stroke, or the stroke from the diameter.

—

Railroad Ga-

zette.

13



CHAPTER XXIII.

LOCOMOTIVE ENGINE RUNNING.*

HOW LOCOMOTIVE ENGINEERS ARE MADE VARIOUS

METHODS OF SELECTING MEN FOR THE RUNNING

OF LOCOMOTIVES SYSTEMS OF APPOINT-

ING FIREMEN KINDS OF EXAMINA-

TION FIREMEN MUST PASS BE-

FORE BEING PROMOTED.

Locomotive engine running is one of the most

modern of trades, consequently its acquirement has

not been controlled by the exact methods associated

with ancient guild apprenticeships. Nevertheless,

graduates to this business do not take charge of the

iron horse without the full meed of experience and

skill requisite for performing their duties successfully.

The man who runs a locomotive engine on our crowded

railroads has so much valuable property, directly and

indirectly^ under his care, so much of life and limb

depending upon his skill and ability, that railroad com-

panies are not likely to entrust the position to those

with a suspicion of incompetency resting upon them.

The prevailing methods of raising locomotive engi-

* Angus Sinclair.

(266)



LOCOMOTIVE ENGINE RUNNING. 267

neers have been evolved from experience with the kind

of men best adapted to fill the position. In the early

days of the railroad world, when such men as George

Stephenson, Horatio Allen, John B. Jervis, Ross Win-

anj, and other pioneer engineers, demonstrated the

successful operation of the locomotive, they usually

turned over the care of their engines to the men who
had assisted in constructing the machines, or in putting

them together. This was the best that could be done

at the time, and the men selected generally proved

competent for the trust reposed in them ; but it gave

rise to a belief that no man could run a locomotive

successfully unless he was a machinist. The pos-

session of mechanical skill necessary for making

repairs was considered the best recommendation for

an engineer. Under this system, all that a machinist

was required to do—so that he could graduate as a

full-fledged engineer—was to practice moving engines

round in the yard for a few days, when he was reported

ready for the road. Akin with this sentiment was that

which recommended youths, of natural mechanical

ability, for the position of locomotive engineer, without

subjecting them to any previous special training.

Graduates from mechanical institutes were deemed

capable of running an engine as soon as they were

perfectly certain about how to start and stop the ma-

chine. The late Alexander L. HoUey used to relate

an anecdote of this kind of an engineer. During a

severe winter storm, the train Holley was traveling on

got firmly stalled in a snow-bank. In her struggles
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With the frozen elements, the engine got short of water,

and Holley found the engineer trying to fill the boiler

by shoveling snow down the smoke-stack

!

But it came to pass that more light in the matter of

engine running dawned upon the minds of railroac

managers. They discovered that expertness in effect-

ing repairs on locomotives was not so essential in an

engineer as was the less pretentious ability of working

the engine so that the train would be pulled over the

road safely and on time; they perceived but scanty

merit in inherited mechanical genius, which did not

inspire a youth with sagacity enough to see that cer-

tain destruction would befall the heating surface when

he attempted to run without water in the boiler. Ex-

perience demonstrated that, to manage an engine on

the road so that its best work should be developed at

the least cost, certain traits of skill and training were

necessary, which were altogether different from the cul-

ture that made a man smart at constructing or repair-

ing machinery. It was found that one man might be

a good machinist and yet make no kind of a decent

runner; a second man would be equally expert in both

capacities ; while a third man who never could do a re-

spectable job with tools, developed into an excellent

engmeer. One of the best millwrights I ever knew, a

man who achieved considerable celebrity for skill in his

craft, became a fireman with the ambition of becoming

a locomotive runner. He fired acceptably for two

years, then was promoted, but quickly found that he

could not run an engine, and acknowledged that to be
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the case by returning to the left side. He was too

nervous, and lacked confidence in himself. Overween-

ing egotism is not an attractive feature in a man's

character, but, everything else being equal, it is the

self-confident man that makes the successful engineer.

The experiment of raising locomotive engineers from

machinists and mechanical empirics was the uncertain

groping in the dark for the right man to fill the right

place. When the search for pretentious men proved

unsatisfactory, the right men were found at hand, ac-

cumulating the necessary experience on the firemen's

side of the engine. Then it became a recognized fact,

that to take hold and run an engine to advantage, a

man must learn the business by working as fireman.

There have been frequent cases of men becoming suc-

cessful locomotive engineers without any previous

training as firemen, but they were the exceptions that

proved the rule.

In the matter of speed alone, there is much to learn

before a man can safely run a locomotive. During

daylight a novice will generally be half out in esti-

mating speed, and his judgment is merely wild guess-

work, regulated more by the condition of the track

than by the velocity his train is reaching. On a smooth

piece of track, he thinks he is making twenty-five

miles an hour when forty miles is about the correct

speed; then he strikes a rough portion of the road

bed, and concludes he is tearing along at thirty miles

an hour, when he is scarcely reaching twenty miles,

since the first lurchy spot made him shut off twenty
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per cent, of the steam. At night the case is much
worse, especially when the weather proves unfavorable.

On a wild, stormy night, the accumulated experience

of years on the footboard, which trains a man to judge

of speed by sound of the revolving wheels, and to

locate his position between stations from a tree, a

shrub, a protruding bank, or any other trifling object

that would pass unnoticed by a less cultivated eye, is

all needed to aid an engineer in working along with

unvaried speed without jolt or tumult. On such a

night, a man strange to the business cannot work a

locomotive and exercise proper control over its move-

ments. He may place the reverse lever-latch in a cer-

tain notch and keep the steam on ; he can regulate the

pump after a fashion, and watch that the water shall

not get too low in the boiler ; he can shut off in good

season while approaching stations and blunder into

each depot by repeatedly applying steam ; but he exerts

no control over the train, knows nothing of what the

engine is doing, and is constantly liable to break the

train in two. A diagram of his speed would fluctuate

as irregularly as the profile lines of a bluffy country.

This is where a machinist's skill does not apply to

locomotive running until it is supplemented by an in-

timate knowledge of speed, of facility at handling a

train and keeping the couplings intact, and of insight

into the best methods of economizing steam.

These are essentials which every man should pos-

sess before he is put in charge of a locomotive on the

road. The great fund of practical knowledge which



LOCOMOTIVE ENGINE RUNNING. 2/1

stamps the first-class engineer, is amassed by general

labor during years of vigilant observation on the foot-

board, amidst many changes of fair and foul weather.

As passing through the occupation of fireman was

the only way men could obtain practical knowledge

of engine running before taking charge, railroad offi-

cials all over the world gradually fell into the way of

regarding that as the proper channel for men to trav-

erse before reaching the right-hand side of the loco-

motive.

As the pay for firemen rules moderately good, even

when compared with other skilled labor, and, as the

higher position of engineer looms like a beacon not far

ahead, there is always a liberal choice of good men to

begin work as firemen. Most railroad companies

recognize the importance of exercising judgment and

discretion in selecting the men who are to run as their

future engineers. Sobriety, industry and intelligence

are essential attributes in a fireman who is going to

prove a success in his calling. Lack in any one of

these qualities will quickly prove fatal to a fireman's

prospects of advancement. Sobriety is of the first im-

portance, because a man who is not strictly temperate

should not be tolerated for a moment about a locomo-

tive, since he is a source of danger to himself and

others ; industry is needed to lighten the burden of a

fireman's duties, for oftentimes they are arduous be-

yond the conception of strangers ; and wanting in the

third quality, intelligence, a man can never be a good

fireman in the wide sense of the word, since one de-
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ficient in mental tact never rises higher than a human
machine. An inteUigent fireman may be ignorant of

the scientific nomenclature relating to combustion, but

he will be perfectly familiar with all the practical phe-

nomena connected with the economical generation of

steam. Such a man does not imagine that he has

reached the limit of locomotive knowledge when he

understands how to keep an engine hot, and can shine

up the jacket. Every trip reveals something new

about his art, every day opens his vision to strange

facts about the wonderful machine he is learning to

manage. And so, week by week, he goes on his way,

attending cheerfully to his duties, and accumulating

the knowledge that will eventually make him a first-

class locomotive engineer.

On the various roads throughout the North Ameri-

can Continent there is great diversity of practice in

the selection of men for the position of firemen.

On numerous roads, especially in the Western

States, men are taken from all occupations, no pre-

liminary training being deemed necessary before put-

ting a man on an engine as fireman. A list of appli-

cants is kept by the master mechanic, and likely men
recommended for firemen. When a man is wanted,

the first one who can be found conveniently is sent

out, and the engineer must break him in as best he

can. On other roads, again, the men intended for

firemen are taken to work about the round-house, and

are employed in helping with the cleaning, repairing

and preparing of locomotives for the road. This plan
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is greatly in vogue in Europe, and on certain of the

older roads of America, and it has many features to

recommend it over the practice of placing men en-

tirely devoid of railroad experience upon engines. It

is better for the men themselves, since working about

engines familiarizes them to some extent with the

work they are expected to do as an engineer's helper,

for that is really a fireman's position ; it is better for

the company, since the officers get the opportunity of

observing a man's habits before his receiving training

that entails some expense; it is better for the engineer,

since his assistant is not entirely strange to the work

he is expected to do. A youth entirely unacquainted

with all the operations which a fireman is called upon

to perform finds the first trip a terribly arduous ordeal,

even with some previous experience of railroad work.

When his first trip introduces him to the locomotive

and to railroad life at the same time, the day is certain

to be a record of personal tribulation. To ride for ten

or twelve hours on an engine for the first time, stand-

ing on one's feet, and subject to the shaking motion,

is intensely tiresome if a man has no work to do. But

where he has to ride during that period, and in addi-

tion has to shovel six or eight tons of coal, most of

which has to be handled twice, the job proves no sine-

cure. Then the posture-of his body while doing work

is new; he is expected and required to pitch coal on

to certain exact spots, through a small door, while the

engine is swinging about so that he can scarcely keep

his feet; his hands get blistered with the shovel and
12*
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his eyes grow dazzled from the resplendent light of

the fire. Then come the additional side duties of

taking water, shaking the grates, cleaning the ash-pan,

or even the fire, where but coal is used, filling oil-cans

and trimming lamps, to say nothing of polishing and

keeping things clean and tidy. By the time all these

duties are attended to, the young fireman does not

find a great deal of leisure to admire the passing

scenery.

A great many idle young fellows, ignorant of rail-

road affairs, imagine that a fireman's principal work

consists of ringing the bell, and showing himself off

conspicuously coming into stations. They look upon

the business as being of the heroic kind, and strive to

get taken on as fireman. If a youth of this kind hap-

pens to succeed, and starts out on a run of one hundred

and fifty miles with every car a heavy engine will pull

stuck on behind, his visions of having reached some-

thing easy are quickly dispelled. - ^
Like nearly every other occupation, that of fireman

has its drawbacks to counterbalance its advantages

;

and the drawbacks weigh heaviest during the first ten

days. The man who enters the business under the

delusion that he can lead a life of semi-idleness must

change his views or he will prove a failure ; the man
>vho becomes a fireman with a spirit ready and willing

to overcome all difficulties, with a cheerful determi-

nation to do his duty with all his might, is certain of

success, arid to such a man the work becomes easy

after a few weeks* practice.
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Practice combined with intelligent observation grad-

ually makes a man familiar with the best styles of

tiring, as adapted to all varieties of engines, and he

gets to understand intimately all the qualities of coal to

be met with, good, bad and indifferent As his ex-

perience widens, his fire-management is regulated to

accord with the kind of coal on hand, the steaming

properties of the engine, the weight of the train, the

character of the road and of the weather. Firing, with

all the details connected with it, is the central figure

of his work, the object of preeminent concern; but a

good man does not allow this to prevent him from

attending regularly and exactly to his remaining rou-

tine duties.

There is a familiar adage among railroad men, that

a good fireman is certain to make a good engineer,

and it rarely fails to come out true. To hear some

firemen of three months' standing talk, a stranger

might conclude that they knew more about engine

running than the oldest engineer in the district. These

are not the good firemen. Good firemen learn their

own business with the humility born of earnestness,

and they do not undertake to instruct others in matter

beyond their own knowledge. It is the man who goes

into the heart of a subject, who understands how much
there is to learn, and is therefore modest in parading

his own acquirements, that succeeds.

When a fireman has mastered his duties sufficiently

to keep them going smoothly, he begins to find time

for watching the operations of the engineer. He notes
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how the boiler is fed, and upon his knowledge of

the engineer's practice in this respect, much of his

firing is regulated. The different methods of using

the steam by engineers, so that trains can be taken

over the road with the least expenditure of coal, is

engraven upon the memory of the observant fireman.

Many of the acquirements which commend a good

firemen for promotion are learned by imperceptible de-

grees. The knowledge of speed, for instance, which

enables a man to tell how fast a train is running on all

kinds of track, and under all conditions of weather.

There would be no use in one strange to train service

going out for a few runs to learn speed. He might

learn nearly all other requisites of engine running be-

fore he was able to judge within ten miles of how fast

the train was going under adverse circumstances. The

same may be said of the sound, which indicates how
an engine is working. It requires an experienced ear

to detect the false note which indicates that something

is wrong. Amidst the mingled sounds produced by

an engine and train hammering over a steel track, the

novice hears nothing but a medley of confused noises,

strange and rrreaningless as are the harmonies of an

opera to an untutored savage. But the trained ear of

an engineer can distinguish a strange sound amidst all

the tumult of thundering exhaust, screaming steam

and clashing steel, as readily as an accomplished musi-

cian can detect a false note. Upon this ability to de-

tect the growing defects which pave the way to dis-

aster, depends much of an engineer's chances of sue-



LOCOMOTIVE ENGINE RUNNING. 2//

cess in his calling. This kind of skill is not obtained

by a few weeks' industry; it is -the gradual accumu-

lation of months and years of patient labor.

I once knew a machine shop foreman, a man of ex-

tensive experience in building and repairing engines,

take a locomotive out on a trial trip. A side rod pin

began to run hot, and although he was leaning out of

the cab window, he did not observe anything wrong

till a drop of babbit struck him in the eye. An
experienced engineer watching the rods would have

detected the condition of affairs before babbit was

thrown.

A difficult thing for an inexperienced man to control

in running a locomotive at night, when the conditions

for adhesion are bad, is the slipping of the drivers.

Slipping is a simple matter enough to those who feel

it in the vibrations of the engine ; but the novice has

not this sensitiveness to slipping vibration developed,

and he must depend upon his eyesight or his hearing

to detect it. On a dark stormy night the eye is use-

less as a means of judging as to the regularity of the

revolving wheels ; the howling wind or rain rattling on

the cab drowns the sound of the exhaust. Under

circumstances of this kind, an engine might jerk her

pins out before the empirical engineer discovered she

was slipping.

As his acquaintance with the handling and ordinary

working of the locomotive extends, the aspiring fire-

man learns all about the packing of glands, and how
they should be kept so as to run to the best advan-
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tage; he displays an active interest in everything re-

lating to lubrication, from the packing of a box cellar

to the regulating of a rod cup. When the engineer is

round keying up rods or doing other necessary work

about his engine, the ambitious fireman should give a

helping hand, and thereby become familiar with the

operations that are likely to be of service when he is

required to draw upon his own resources for doing the

same work.

Of late years the art of locomotive construction has

been so highly developed, the amount of strain and

shocks to which each working part is subjected has

been so well calculated and provided against, that

breakages are really very rare on roads where the mo-

tive power is kept in first-class condition. Conse-

quently, firemen gain comparatively small insight, on

the road, into the best and quickest methods of

disconnecting engines, or of fixing up mishaps

promptly, so that a train may not be delayed longer

than is absolutely necessary. A fireman must get this

information beyond the daily routine of his experience.

He must search for the knowledge among those com-

petent to give it. Persistent inquiry among the men

posted on these matters; observation amidst machine

shop and round-house operations, and careful study

of locomotive construction, so that a clear insight into

the physiology of the machine may be obtained, will

prepare one to meet accidents, armed with the knowl-

edge which vanquishes all difficulties. Reflecting on

probable or possible mishaps, and calculating what is
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best to be done under all contingencies that can be

conceived, prepare a man to act promptly when a

break-down occuj*



CHAPTER XXIV

USEFUL NOTES.

STEEL AND STEEL MAKING.

There are two kinds of crucible steel, pot steel and

cemented steel. The first, as its name indicates, is

carbonized in the pot or crucible, and after being

melted is cast into an ingot suited to the work in

hand. It is thus made : A quantity of wrought-iron,

steel scraps, powdered charcoal and flux are packed in

a plumbago crucible, having a cover luted tight, and

melted down, the quality of the iron and amount of

charcoal and scrap determining the kind of steel made.

Spring steel, for instance, being of a high grade of car-

bonization, requires more charcoal than tool-steel

;

while tool-steel, requiring great toughness, tenacity,

and uniformity of quality, is made of a finer kind of

iron, generally Swedes or Norway—of a special mark

or brand. This is the system employed generally in

American steel mills, and it has proven entirely satis-

factory, so far as quality and quantity of production

are concerned for a given capacity.

The other method of making crucible steel is indi-

rect, as it is not carbonized in the pot, but by the

cementation process. This is the oldest method in

general use in civilized countries for carbonizing iron.

C280
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1

It consists, as most persons know, in subjecting

wrought iron bars to a red heat for a certain time, con-

fined in a receptacle and covered in with powdered

charcoal, the carbon of which is absorbed, and the

nature of the iron changed from fibrous to crystalline.

These bars are then taken out and sorted, according

to quality, and used as occasion requires. For ex-

ample,—the steel, when taken from the box in which

it is carbonized, is full of scabs or blisters, and is known

as blistered steel. It is, of course, more or less im-

perfect. If these bars are cut and welded, it is known
then as shear steel ; shear steel, cut and rewelded, is

known as double shear. To make crucible steel of

cemented steel, the blister steel bars are broken up.

sorted according to grade, and then melted in pots and

cast in ingots ; more or less wrought iron being added

in the pot to the blister steel, to determine the quality

desired to make.

It is easy to see, that by this process, very much
more labor and expense are entailed than by the direct

method, while it is questionable if any more accuracy

of result is attained. Both systems have their advo-

cates as regards fallibility, but being partisans of

neither, we shall not discuss the matter here. We
may say, however, in regard to the direct process, that

it is the one practised by American steel makers

(though some cemented steel is made by them also),.

and as our domestic steels have practically driven the

English out of the market, the question seems to

answer itself.
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As shown in the foregoing paragraphs, these methods

of making steel are, necessarily, expensive and slow,

and the demands of civilization required less costly

and swifter ones. The pressure resulted in the discov-

ery of the product known as Bessemer steel. By this

the steel is produced direct from cast iron, without the

intermediate process of turning it into wrought iron.

Briefly, cast iron, having too much carbon in it for steel-

making, must first be deprived of it. This is accom-

plished by burning it out. To do this it is first melted

and then run into large cast-iron vessels, lined with

fire-brick, known as converters. In these it re-

ceives a blast of air, the oxygen of which combines

with the excess of carbon and burns with an intense

heat and brilliant flame. The iron, therefore, supplies

its own fuel for its reduction. When the excess of

carbon is consumed, the resulting iron is re-carbonized

to the exact amount required, and the steel is made.

It is then cast into ingots and is ready to be rolled at

once.

This is the article known as Bessemer steel.

Siemens-Martin steel is also made in large masses,

but, instead of using the pneumatic process described

above, the charge is made, partially, of wrought iron

and steel scrap, and is kept in a state of fusion, on an

open hearth, until the carbon is added to the amount

required. It is then treated as other steels are, so far

as manipulation is concerned. It also can be made in

large masses, forty tons being the usual charge, and

very uniform in quality; but although occupying a
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position midway between crucible and pneumatic steels,

and being a formidable rival to the first, it has many
peculiarities of nature which are not fully understood,

and which prevent it from supplanting crucible steel in

any work where cutting edges are required, such as

axes and carpenters' tools generally. It is capable of

being hardened, but not tempered, and there is a vast

difference in these two stages. If Siemens-Martin

steel is chilled, and the resulting hardness drawn, as in

crucible steel, when a chisel is made the temper runs

right down ; the color shown is quite unlike crucible

steel, being much duller and altogether different in

aspect ; while the condition of the cutting edge lacks

durability. It seems to be more like case-hardening

than tempering.

HEATING STEEL.

Much of the difficulty experienced by machinists in

occasional attempts to forge their own tools comes

from improperly heating the steel. To produce a good

cutting tool, steel should be heated no more than is

necessary to forge and temper. Follow the advice so

frequently given to heat slowly, but at the same time

avoid being too long in heating. The best results are

obtained by a moderate, even heat, until the proper

degree is reached, and then forging at once. It is a

great but common mistake to allow the piece to come

to the proper heat and then lie in the fire with the

blast shut off for some minutes.

While this should not be done in the process of

forging, the practice should be particularly guarded
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against when heating to harden. In the process of

forging the hammering in some degree seems to " re-

store" the steel; but when the tool is hardened and

tempered from such a heat there is no possibility of its

ever being of much use. In tempering the drawing

should be done quite slowly, as in this way a much
better cutting tool is produced than when it is rapidly

performed.

The color is by no means a sure test of temper,

since different kinds of steel do not take the same

color for equal degrees of hardness. This is also true

of steel that has been worked considerably, as old tools.

The only guide in this respect is experience and judg-

ment.

Steel for tools should never be heated, either for

forging or tempering, in a fresh coal fire (unless it be

charcoal).

If coke is not at hand the fire should be allowed to

burn until the gas is burned out of the coal, before the

steel is introduced. What has been said in reference to

heating steel for cutting tools is equally applicable to

steel used in making springs.

TO TEMPER STEEL.

Heat the steel slowly and turn it over often, so it

will heat evenly; do not heat the steel over a good red

heat. Plunge it in clear cold water. Be sure and hold

it perpendicular, and don't move it sideways; by so

doing it will cool evenly, and not be so apt to spring.

For the most of tools it is best to keep it immersed in
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the water until perfectly cold. Rub the tool with sand-

stone or other article that will give it a bright surface,

so you can see the color. Heat an iron, and hold

the tool on the iron until the color comes to a straw

shade, then cool it so it will run no lower. The hard-

ness indicated by the above shade is suitable for almost

all kinds of turning tools for :wood or metal. For

cold chisels, let the color run lower, or to a light blue.

WATER ANNEALING.

Heat the steel to a red heat, and let it lie a few min-

utes, until nearly black hot; then throw it into soap-

suds ; steel in this way may be annealed softer than by

putting it into the ashes of the forge.

MILD STEEL IN THE WORK-SHOPS.

The occasional failure of steel plates in boiler and

other work, says the Engineer and Iron Trades Adver-

tiser, is generally attributed to want of sufficient infor-

mation on the part of the workmen. To prevent, as

far as practicable, the possibility of failure in steel

plates, caused by deficient information as to the proper

method of treating this material, the Steel Company
of Scotland has published and directs the attention of

the users of the steel to the following rules

:

" I. Welding: In welding mild steel plates, it is not

necessary to heat them to the same high temperature

as in the case of iron. Instead of a ' welding heat,* a

bright yellow heat is sufficient; and if flux is required,

it need only be three parts clean sand to one part

common salt, moistened, and thrown on the parts in
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the fire. We recommend that the weld be of the V

form, in preference to the lap, and that it be treated m
the usual way—that is, lightly hammered on the V
part. After the weld is made, and while the heat is

good, the parts near and on either side of the weld

should also be lightly hammered. In making the

weld, the fuel should be used free from sulphur, other-

wise red shortness may result.

" 2. Flanging : In flanging, care should be taken in

the local heating that the parts are not overheated, and

that no hammering or work is put upon them while at

a black heat ; further, it would be well if work could

be continuous until each flange is completed, or, if the

plate has to be laid aside before it is finished, it should

be protected from chills, if it is not convenient to keep

it warm.
" 3. Annealing : After completing either welding or

flanging, the whole piece should be heated to a cherry-

red heat, and slowly cooled.

" 4. Orders : In ordering steel plates care should be

taken to state the purpose for which they are to be

used, especially in cases where they are required to

weld and flange."

STEEL BOILERS.

The substitution of steel for iron in steam boilers is

one of the important mechanical improvements of the

times. Steel is now made possessing the peculiar

qualities needed in boiler shells with far greater dura-

bility than iron, and greater strength for resistance.
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The expense of building steel boilers is but little more

than that of first-class iron, while the additional se-

curity given is worth much larger outlays and efforts.

ANNEALING STEEL.

Annealing at a high heat is injurious. Annealing

at a low heat can do no harm to steel which is to be

hardened afterwards, and if applied to steel which has

been heated too hot for either forging, annealing or

hardening, will, to a great extent, restore such injured

steel. Heat low, thereby keeping steel which is good

all right, and making that which has been injured

better.

HOW TO TEMPER A DRILL VERY HARD.

Heat your drill to a cherry-red and quench it in

mercury. This will drill hardened steel.

GOOD TAPS AND DIES.

Nothing is more essential in a machine shop than

good accurate taps and dies.

MAKING A TAP.

In making a tap, when it is necessary to file a clear-

ance in the threads, it will be found of advantage to heat

it until it becomes blue, before filing ; the difference

between that color and the newly-filed portions being

an excellent guide in the filing. This will apply to

reamers and many other tools.

TO TURN CHILLED IRON.

At Lister's Works, Darlington, England, some arti-

cles required turning in the lathe, and cast steel could
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not be made hard enough to cut them. One man pro-

posed cast metal tools. He was laughed at, of course,

but his plan had to be tried. Well, cast metal tools

were tried, with points chilled, and they cut when cast

steel tools were of no use. The article was turned up

with metal tools.

PLANING METALS.

The first operation about planing is to oil your

planer and find out if the bed is smooth. If it is not,

file off the rough places ; then change the dogs to see

if they will work well, and find out the movements of

the planer. After doing this, bolt your work on the

bed, and if it is a long, thin piece, plane off a chip,

then turn it over and finish the other side, taking two

chips, the last of which should be very light. Great

care should be taken, in bolting it to the bed, not to

spring it. After finishing this side, turn it to the other

side, and take off a light cut to finish it.

DRILLING METALS.

In drilling brass, copper, lead, zinc, and solder, no

oil should be used. Run the drill fast on brass, but

slow on the other of these metals. In drilling wrought

or cast iron run the drill slowly, using oil with the

former but never with the latter. The drill should

be well oiled in drilling cast steel ; and a quarter inch

drill should not run over 250 revolutions per minute.

Twist drills are the best and most durable. Care

should be taken to grind them perfectly true, for if one

lip is longer than the other a larger hole will be drilled

than is wanted.
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QUALITIES OF LUBRICATING OILS FOR MACHINERY.

La Hotdlle gives an interesting report, published by

M. Ortolan, the chief engineer of the French navy, on

the qualities of lubricating oils. It appears from that

report that this gentleman has lately made some exten-

sive investigations in the matter, and concludes with

the advice how all lubricating oils for machinery should

be tested: First equal parts by weight of soda and

crystals are mixed ; a small quantity of this solution

is then put into a glass tube, and an equal quantity of

the oil to be tested is added, after which the tube is

turned over five or six times. If the oil is pure, it

will detach itself in small brilliant globules ; if, on the

other hand, a curdy and sticky deposit is formed, it

proves that the oil contains free fatty acids. The
amount of acids is then ascertained by other means.

The same gentleman has made some considerable ex-

periments with the piston of an engine that had been

but little used, and which was placed at his disposal

to determine the action of different oils. One of the

pistons was lubricated with olive oil, containing 7

per cent, of free acid ; and a fellow piston with the

same oil, neutralized and refined, and consequently free

from acid. At the end of eight months, the piston

which had been lubricated with the impure oil was

covered by a dark brown grease, which adhered much

to the metal. Analyzed, this proved to contain 6^^

per cent, of iron ; the neutral oil had become yellow

and a little thick, but did not contain a trace of iron.

The same experiments repeated on other machines,

13
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both in summer and winter, gave exactly the same re

suits. The quality of the oil has naturally a great in

fluence upon the power transmitted by the machine

;

thus, in a steam iron-clad, having engines indicating

4,500 horse-power, a bad oil caused an extra consinnp-

Hon offour hundred iveight of fuelper hour. That the

consumption of coal and that of oil are in inverse pro-

portion is well understood in all large manufacturing

districts, where great attention is paid, in certain mills

turning much machinery, to the quality of the oil. All

users of machinery can, therefore, not be too careful in

having their oil analyzed, and the manner of doing so

indicated above, which is both simple and handy, may,

perhaps, induce many of our readers co adopt it, who
have never thought of these tests before.

HOW TO FILE WORK IN THE VISE.

Few men that call themselves good workmen know
how to file a piece of work in the vise. The most of

them think that it is only necessary to run a file across

the work in almost any shape to have it done right. It

is a nice job to file a piece of work true. In the first

place, you must have the work held firmly, and have

the part to be filed horizontal. You must have a good

handle, and have it put on the file straight. Hold the

file firmly, and do not shove it too fast, nor bear down
when you draw the file back. Be sure and run the file

straight across the work. You cannot make a good

job nor file the work straight if you bear down on the

file hard. Many persons will raise one hand and lowei

the other every time they make a stroke. This is all
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wrong, as the work will be round. You must keep

the file clean, or the work will be scratched. If you

wish to do a fine job, it will be found advantageous to

oil the file or to chalk it; then the chips will not stick

to the file.

POSITION AND INFLUENCE OF MASTER MECHANICS.

Upon taking the position of master mechanic of a

railroad, one of the first questions that suggests itself

to the mind of an individual is. What rights andprivi-

leges am I entitled to, and to zvhat extent caji I exercise

them in my position as master mechanic of this road?

This is an exceedingly difficult problem to solve, re-

quiring much time and careful study, and in many
cases it has never been solved. There was a time,

years ago, when a master mechanic was, indeed, all

that the title implies ; he had exclusive control of the

motive power department ; but at the present day, in

many cases, it is difficult to say whether the term mas-

ter mechanic applies to the man, or whether it is merely

the name of the position occupied by the man. We
claim that the position of master mechanic should be

filled by no one except a man who is really a master

of his business ; and when installed in the position of

master mechanic of a railroad he should be allowed

full charge of his department. Sufficient confidence

should be reposed in him to give the assurance that

matters would be managed for the interest of the com-

pany, and true economy studied in every particular.

The privileges and rights of a master mechanic to-

day depend upon the influence that he can control

;
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also the influence and disposition of his superior offi-

cers. The very worst position in which he can be

placed is where his superior officers understand little

or nothing about motive power or mechanics, and yet

will insist upon his following their directions. In fact,

no alterations, repairs, or experiments are to be made

without orders from them. When this state of affairs

exists upon a railroad, the result is a disposition on

the part of the master mechanic to do little more than

is absolutely required. No improvements are made,

and the result is a loss of thousands of dollars every

year to the company. If the officers of the company

are interviewed in regard to the management of the

road, they will assert that they are running very eco-

nomically.

We will give a few instances. A certain road was

short of engines; a throttle gland was broken, and

there were no castings on hand. The break was of

such a nature that it could not be repaired, so a requi-

sition was made stating the case and what was wanted,

at once. The castings for this road were made and

furnished on a contract by an outside concern, and no

castings were allowed to be made in the shop. The
result in this case was that the engine was delayed for

two weeks, when it should have been out on the road

within as many hours, had the master mechanic been

allowed to have an extra gland in stock, or even to

make a casting. Under the circumstances he was

powerless to act, and therefore had to await the pleas-

ure of his superiors. We may add that the company,
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at the time of the above incident, valued each engine

at $2^ per day upon the road, while the actual cost of

the gland finished was less than $2.

In another case some brass rivets were required for

riveting a new boiler jacket. A lequisition was made,

and after a delay of one week the information came

that there were no such rivets in the market, when it

was well known that the necessary quantity of rivets

could be bought for ten cents in any of the leading

hardware stores. Some brass wire was ordered, a set

of dies were made, and after making the necessary

number of rivets the jacket was put together. Much
satisfaction was afforded the master mechanic from the

fact that before the engine left the shop a large box

full of the rivets desired was received, being a sufficient

quantity to last the company until their lease expires,

which will be about ninety years hence.

A certain railroad company were persuaded to pur-

chase the patent right to use a particular style of cast-

iron packing rings, which after a while proved to be

worthless. The master mechanic proposed to abandon

the use of the rings, which proposition was met with a

smile of derision by a superior officer, accompanied

with the statement that the company had paid a large

sum for the right to use the packing, and they were

not going to abandon it. The result is that the cylin-

ders on the locomotives are badly worn and cut, in-

stances being quite common where the bottoms of the

cylinders are worn 3-i6ths of an inch below where

they ought to be. When one of these engines was
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working heavily, and an indicator was applied to the

cylinder, it was discovered that there was a cloud of

iron flying about inside the cylinder, causing the

piston and cylinder of the indicator to be badly

scratched. All this was discovered to be caused by

the use of a badly-designed packing. We were pres-

ent on one occasion when a cylinder head and follower

were removed, and one of the packing rings was found

broken into fifteen pieces. We counted them as they

were taken out, and examined the bore of the cylinder,

which strongly resembled the inside of a barrel.

Taking into consideration the wear and tear of the

engine, loss of power through friction and leakage, the

necessity of frequently boring the cylinders, and the

unnecessary wear of the parts by getting out of line,

it would be a difficult task to compute the total loss to

the company, through the continuance of the use of a

packing which they had been unfortunate enough to

purchase.

If that master mechanic had been allowed to have

his way, he would have abandoned the use of such

packing at once, and adopted a style which would be

cheap and economical.

We might recount many instances similar to those

referred to, but they would not make the case any

stronger. We consider these sufficient to show the

necessity of allowing a master mechanic to control his

own department. We are familiar with a railroad where

a master mechanic cannot test a certain kind of oil ; he

cannot take on or discharge men ; neither can he em-
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ploy any apprentices—without a consultation with a

superior. There are in the shop referred to certain

apprentices who are relatives or friends of officials, and

they neither work themselves nor allow the other boys

to do so when they can prevent it. We have seen

these young rascals stand up and defy the master me-

chanic to discharge them, as they would come back

again. Such treatment is greatly humiliating and cut-

ting, particularly to a sensitive man, and when these

instances occur he wishes himself out of the country.

It is of the greatest importance to the company that

the master mechanic be thoroughly instructed in his

position, and the more he knows the better will he be

enabled to discharge the duties of it, and the more

carefully will the interests of the company be served.

To this end every reasonable means should be sup-

plied for experiment, and opportunities afforded to visit

other roads, in order to study the different methods of

domg work. We remember a circumstance where the

president of a railroad refused to allow the master

mechanic to attend the conventions of the American

Master Mechanics' Association, considering it a loss

of time ; besides, he thought it detrimental to the inter-

ests of his company to allow the master mechanics to

get their heads so full of different ideas. It is, perhaps,

unnecessary to add that improvements were seldom

made upon the motive power of that road. Railroad

officials should not expect to realize satisfactory re-

sults from every experiment, and admonish the experi-

menter for his seeming extravagance, but rather en-
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courage him, and satisfactory results will surely follo^^

carefully-conducted experiments.

We were recently informed by the representative of

a large manufacturing concern, that in experimenting

they found, as a fair average, if one experiment out of

every twenty-five succeeded, they were well repaid for

the expense of experimenting. If railroad officials

would take occasion to investigate some of the state-

ments herein set forth, they would find the means to

increase their dividends by reducing their expenses.

ELEMENTS IN RAILROAD ECONOMY.

There seems to be a misapprehension on the part of

some railroad officials, from the fact that they do not

properly consider the necessity and economy of mak-

ing repairs in a thoroughly first-class manner.

The thought does not once appear to enter their

heads that the railroads are repairing their own ma-

chinery, and if the work is not done well they run a

serious risk of having an accident. We heard the com-

plaint made in a railroad shop, not long since, that too

much new work was being placed upon the engines.

More of the old work might have been used, and the

cost of repairs reduced. This would seem to be a wrong

view of economy, from the fact that the engines to which

reference has been made were in want of a thorough

overhauling. One of these engines went out on the

road, where, after running a few trips, a rod strap was

broken, the cause being the failure of a rod bolt. An-
other engine upon the same road broke a cross-head

gib, which, getting caught in the end of the guides.
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became jammed so as to bend the guides and the pis-

ton rod. The cause in this case was the breaking of

a cast iron gib, which was allowed to wear too thin.

The managers of that road still insist upon using cast

iron gibs as being the cheapest. The use of cast iron

gibs upon the cross-heads of passenger engines cannot

be too strongly condemned, as being highly dangerous

and hazardous to the lives of passengers. The first

cost is truly less than composition, but when a cast

iron gib, having no other support than its ends, becomes

worn thin, it is sure to break, causing sufficient dam-

age to furnish that engine at least with good composi-

tion.

Cast iron has been acknowledged for years to be

unreliable where subjected to sudden and irregular

strains, yet it has found its way into places upon the

locomotive that ought to be filled by a much tougher

and more reliable metal.

We have known side rods to be allowed to run upon

locomotives after flaws were discovered in them, there-

by running the risk of tearing off the side of the en-

gine, breaking the crank pins, and killing the engineer.

On one occasion an engineer upon starting a train from

the station, noticed something was wrong, and step-

ping from his engine, observed that one of the side

rods was gone, while the other had assumed a shape

resembling " a dog's hind leg." A search was instituted

for the lost rod, which, after a fruitless search, was

given up. Singular to state, the rod has never been

found to this day. The Pennsylvania railroad have an
13*
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established rule to remove the side rods from passen-

ger engines after they have been in constant use three

years, and replace them with new ones. The fact is

that many railroad companies run their machinery

until it breaks down, then scientifically reflect upon

what they make out to be an unavoidable accident,

when, in reality, it was the result of carelessness and

neglect. We have a case in mind where an engineer re-

ported several spokes broken in the main driving wheel

of a passenger engine. The wheel was examined by

the master mechanic, who declared it would run for

some time yet. The engineer remonstrated, but all to

no purpose, and one day the train was behind time,

and a telegram announced that " No. 9" had broken a

driving wheel and was helpless. The tire upon the

broken wheel had burst, and all that was left of the

wheel was the hub and two or three spokes. The tire

had broken into five pieces, which, together with pieces

of the wheels, had been hurled in all directions, com-

pletely divesting the right-hand side of the engine of

rods, wheel covers, pipes, and a portion of the cab, and

barely grazing the head of the engineer. This was

reported to the directors as an unavoidable accident,

when, in reality, it was expected by the engineer every

day for several months before it happened. Cases are

on record of cracked driving wheels running for years

without giving way, but they are exceptional. Where
there appears to be danger it should be remedied at

once, and thus spare the company the humiliation of

being sharply criticised by the press and the public,
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besides being damaged far beyond the cost of neces-

sary repairs, made in time.

Some master mechanics are continually altering the

valves and nozzles of their engines, in order to make
them steam better and work with greater economy, yet

they neglect to insist upon taking proper care of the

boilers. These are allowed to run for months, in some

cases, without being washed out. Let a boiler become

fouled by scale and mud, and enormous losses are sus-

tained. For instance, the heat-conducting power of

iron is about thirty times greater than compact scale,

therefore, when the scale is allowed to attain any con-

siderable thickness, a great deal of heat is lost.

This loss of heat, as will readily be seen, also re-

duces the capacity of a boiler.

As a rule, locomotive boilers have too many tubes

located from V to iJ' apart. Such boilers can use

dirty or chemically impure water but a short time

before the tubes become coated with scale, and the

spaces intended for water become nearly, sometimes

entirely, closed.

In one instance we observed the cleaning of a boiler

that had been in use for five years, during which time

the cylinder part had not been washed, because it was

not accessible. The leg, however, had been washed

about once every two months. When the tubes were

removed, they were coated with scale about is" to l"

thick, and there were two ash-cart loads of dirt taken

from the tubes and cylinder part of the boiler.

In view of the fact that the lower rows of tubes, say



300 LOCOMOTIVE ENGINES.

Up to the sixth row from the bottom, fill up with soot

and dirt within a few days after the engine leaves the

shop, the bottom four rows of tubes should be left out,

and a good hand hole plate, A^'yfi" , should be cut in

the front flue sheet. A key should be used in place

of a nut to tighten the plate, as a nut would soon cor-

rode so as to be worthless, but a key can be readily

loosened.

By leaving out the worthless tubes, greater space is

allowed for dirt and scale to deposit without interfering

with the heating surface, and, by putting a gallon or

two of refined petroleum into the boiler occasionally,

the tubes will be kept almost free from scale, which

falls to the bottom in the shape of mud.

One master mechanic, we have noticed, now builds

his boilers with V water space between the tubes. The

result is a saving in fuel and a great reduction in the

first cost of the boilers.

The matters we have referred to are too often con-

sidered by railroad officials of small importance, and

they are too apt to insist upon the work of repairing

being done as rapidly and cheaply as possible, even as

if they were working for outside parties.

It pays to do work well. In other words, the best

material should be used where subjected to great or

sudden strains. A fine finish, as well as all "ginger-

bread," is unnecessary. This is subject to the discre-

tion of the parties in charge, who should endeavor to

strike the happy medium between true economy and

the extravagance of neglect, which is too often classed

in the category of genuine economy.



A GLOSSARY

OF TERMS APPLIED TO THE DIFFERENT PARTS OF THE

LOCOMOTIVE, AND THE USES OF THE SAME:

Ash-pan.

A box or tray beneath the furnace, used to catch

the faUing cinders and ashes.

Axle.

The revolving shaft to which the wheels are secured.

Blast-pipe.

A pipe, contracted at its mouth, used to discharge

the waste (exhaust) steam from the cylinders, and to

excite an artificial draft in the furnace.

Blow-cock.

A cock placed at the bottom of the boiler, used to

empty the boiler of water.

Boiler.

The source of power; a vessel in which the steam is

generated.

Box.

A bearing enclosing the journal of a revolving shaft.

Boxes are generally called " brasses." When made in

two pieces the lighter is called the cap or crown brass
,

when turned on the outside and fitted into a stand oi

frame, they are called a "bushing." They are gener-

ally lined with Babbitt, or other soft metal, to reduce

friction.

(30O



302 A GLOSSARY.

Brake,

A block or strap applied to the rim of a wheel, used

to check its motion and bring it to a stop.

Cam.

A pulley turning on a shaft out of its centre. When
made round and encircled by a strap, and used to work

the valves of a steam engine, it is called an eccentric.

It is a substitute for a small crank.

Check-valve.

See Valve.

Cab,

The house used to protect the engineer and fireman

from the weather.

Counter-balance,

A large block of metal secured between two or more

arms of the driving wheels, to balance the momentum
of the moving machinery connected with the wheels.

Connecting Rod.

A rod to communicate the pressure on the piston to

the crank-pin.

Crank.

In outside cylinder engines, the crank is formed by

a pin in the wheel called the crank pin. The crank

converts the rectilineal motion of the piston into the

rotary motion of the wheels.

Cross-head.

A block moving in guides, having one end of the

piston rod attached to it, and also one end of the con-

necting-rod.
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Cut-off Valve.

An additional valve—not indispensable, and seldom

used on locomotives—to shut off or cut off the admis-

sion 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 or

heads. Steam is admitted at each end alternately, to

press upon a block called the piston. The piston is

made to fit steam-tight by means of packing rings to

the inner circumference of the cylinder, and the action

of the steam keeps it in motion from one end of the

cylinder to the other.

Damper.

A door, used to exclude air from the furnace.

Dome.

An elevated chamber on top of the boiler, from

which steam is taken to the cylinders.

Driving Wheels.

Those wheels turned directly by the moving ma-

chinery of the engine, and which, by their adhesion to

the rails, propel the engine along.

Eccentrics,

See Cam.
Eduction Port,

Usually called " exhaust port." A passage on the

side of the cylinder to lead away the waste (exhaust)

steam from the same to the blast pipe.
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Equalizing Lever,

A bar suspended by its centre beneath the frame,

and connected at each end to the springs of the driv-

ing wheels; used to distribute any shock or jolt be-

tween both pairs of wheels.

Fire-Box.

The furnace of a boiler.

Foaming.

An artificial excitement, or too great ebullition of

the water level, caused by too much water, greasy or

dirty water, or malformation of the boiler. When
foaming takes place the water in the glass gauge is

violently agitated, and the gauge cocks show a frothy

mixture—neither clear steam nor solid water.

Foot-Board.

A plate iron floor behind the boiler in the cab, upon

which the engineer and fireman stand.

Frame.

Made to attach to the boiler, cylinders, axles, and

all cross shafts. Used to bind the whole fabric to-

gether.

Glass Gauge.

A thick glass tube attached to the boiler, to show

the height of the water in the boiler.

Gauge Cocks.

Small cocks inserted in the boiler at different levels

to show the height of water, same as the glass gauge.

When opened, water or steam will escape, according

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.

Grate.

The bars supporting the fuel in the furnace.

Guides.

Rods or bars lying in the direction of the axis of

die cyhnder. Used for guiding the cross-head to in-

sure a perfectly parallel motion in the piston rod.

Induction Ports.

Generally called steam ports. Two passages on top

of the cylinder to admit steam within it—one port to

each end.

Journal.

The part of a shaft or axle resting in a box.

Lagging.

A wooden sheathing around a boiler or cylinder, to

prevent the radiation of heat.

Lap.

The distance which the valve overlaps on each end

over the induction or steam ports, when in the middle

of its travel.

Lead.

The distance which the steam port is opened when

the piston begins its stroke.

Link Motion.

An arrangement for working the valves, fully de-

scribed in the body of this book.

Man-hole.

A hole to admit a man within the boiler for cleaning

or repairs.
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Mud-holes.

Usually called " hand-holes." Small openings al

the bottom of the water space around the fire-box.

Used to clean out the mud and other deposits from the

water.

Packing.

Any substance used to make a joint steam or water

tight.

Piston,

See Cylinder.

Piston Rod.

A rod secured at one end within the body of the

piston, and at the other to the cross-head. This rod

passes through the cylinder cover, and is made steam-

tight by packing secured in a recess outside of the

cover called a stuffing-box.

Plug.

A lead plug tapped in top sheet of furnace to melt

and give warning when water falls below it.

Plunger,

The solid piston of a pump, pressing only by one

end against the water.

Ports.

Passages or openings for the entrance and exit of

steam to and from the cylinders.

Usually called foaming. The passage of water or

foam along with the steam into the cylinders when the

engine is working.
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Reverse-bar,

A lever in the cab with which the engineer raises or

lowers the Hnk and valve-gear, and thereby controls

the direction of the engine's motion.

Safety-valve.

A valve on the boiler to discharge the surplus steam

generated above the working pressure, which, by ac-

cumulating, would endanger the safety of the boiler.

Smoke-box.

A chamber at the forward end of the boiler, where

the smoke, etc., from the tubes is received and dis-

charged through the chimney.

Steam Chest,

\ box on top or side of the cylinder containing the

valve for admitting steam to the cylinder.

Steam Pipe,

A pipe entering the dome and communicating with

the steam chests through two branch steam pipes in

the smoke box. Used to convey steam from the boiler

to the cylinders.

Stuffing Box.

See piston rod. Used in all situations where a rod,

having any end motion, requires to be made steam or

water tight around the same.

Stroke,

The distance traveled by the piston at each end of

its motion.
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Tender,

A separate carriage attached to the engine, used to

carry wood and water.

Throttle Valve.

A valve in the dome, and closing the mouth of the

steam pipe.

Truck Frame.

A separate frame, supported by four or six wheels,

which turns on a spindle independent of the body of

the engine or car.

Tubes.

Tubes are used to conduct the products of combus-

tion from the fire-box through the waist of the boiler

to the smoke-box. When a tube is so large as to re-

quire to be made of plates riveted together, it is called

a flue.

Valve.

Any fixture, other than a cock, to close a steam or

water passage about an engine. A check valve is a

valve used to prevent the water returning from the

boiler to the pump.
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TABLE OF TIME
Occupied in running One Mile, Speed in Feetper Miituie, and Nttfnbfr of Revo-

lutions o/theDriving Wheels, or Double Strokes ofthe Piston,
per Minute, at the/ollowinggiven speeds:

^ «rf

a

•s
-1

g.i Revolution OF Wheels, per Minute—the Diameter of

rs, Wheels being in Feet.

• 5
c

9
c . a

3 3J^ 4 aVz 5 S% 6 6J^ 7 7^ 8
?f ^ feet. ft. feet. feet. feet. feet. feet. feet. ft. feet. feet.

S ^ § W !z: !z! s; s; iz: % ^ ^ i^ s; :^

a a' p p p 9 p p p p p P

lO 880 00 93-37 80 70. 62.25 56.02 50-93 46.68 43.09 40 37-35 35.01
II 968 27 102.71 88 77- 68.47 61.62 56.02 51-35 47.40 44 41.08 3851
12 1056 00 112.04 96 84. 74.70 67.23 61.12 56.02 51.71 48 44.82 42 02

13 1144 37 121.37 104 91. 80.92 72.73 66.21 60.69 56.02 52 48.55 45 52

14 1232 17 130.70 112 98. 87.14 78.33 71-30 65.36 60.33 f 52.29 49
15 1320 00 140.06 120 105. 93.37 84.03 76.40 70.03 64.64 60 56.02 52 53
i6 1408 3 45 149-39

158.72

I28JII2. 99.69 89.63 81.50 77.70 68.95 64 59-76 56
^7 1496

1584
3 32 136 119. 105.82 95-23 86.59 79-37 73.36 68 63-49 59

i8 3 20 169.06 144 126. 112.04 100.84 91.68 84.03 77-57 72 67-23 63
19 1672 3 095^ 178.39 I52133. 118.26 106.44 96.77 88.70 81.88 t 70.96 66
20

'?^o
3 00 187.72 160 140. 124.48 112.04 101.86 93-37 86.19 80 74.70 70

21 1848 2
5'H

197.05 168:147. 130,72 117.65 106.95 98.04 90.50 84 78.43 73
22 1936 2 206.38 176,154. 136.94 123.25 112.04 102.71 94.81 88 82.17 77
23 2024 2 % 215 71 i84|i6i. 143-17 128.85 117.14 107.38 99.12 92 85.50 80

24 2II2 2 30 225.05 192 168. 149.40 134-45 122.24 112.95 103.43 96 89.63 84
25 22O0 2 24 233-48 200 175. 155-63 140.05 127.33 116.72 107.74 100 93.37 87
26 2288 2 18% 242.77 208:182. 161.85 145-65 132.42 121.39 112.05 104 97-14 91

^l
2376 2 13/^, 255.74 2i6|i89. 168.07 151-26 137-53 126.05 116.36 108 100.87 94

28 2464 2 08^ 261.43
04 270.78

224 196. 174.3 156.86 142-63 130.72 120.67 112 104.57 98
39 2552 2 232:203. 180.52 162.47

168.08
147-74 135.38 124.98 116 108.32 lOI

30 2040 2 00 280.11 240 2x0. 186.74 152.85 140.04 129.30 120 112.02 105

31 2728 56 289.52 248 217. 192.97 173,78 157-98 144.71 133-61 124 115-75 108

32 2816 52]^ 298.79 256;224. 199.20 179-39 163. 149-38 137.62 128 119-5 112

33 2904 49 1 308. 12 264.231. 205.42 185- 168.1 154.05 141.93 132 123.23 115

34 2992
45f^

317-46 272238. 211.64 190.60 172.99 158.72 146.24 136 127.06 119

35
3"L"

42^8 326.80 .8o|.45. :?I7.I3 196.21 177.29 163.33 150.85 140 130-69 122

36 3168 I 40 336.13 288:252. 224.09 201.82 182.4 168. 155-16 144 134-42 126

3^ 3256, I 37% 345-47 296 259. 230.32 207.42 187.5 172.67 159-41 148 138.16 [29

38 3344 I 34^ 354-81 304 266. 236-54 213.03 192.6 177-34 163.72 152 143.90 133

39 3432; I 32 J^ 364-15 312273. 242.77 218.63 197-95 182.05 168.03 156 145.63 136
40 3520: I 30

^
373 57 33o'28o, 252.72 224.24 203.76 186.72 172.40 160 149-36 140

42 3696 I 2S?X 392.15 336294. 261.44 235.44 214. 196.05 181.02 168 156.83 147

45 3960 20 420.17 360 315. 284.301252. 27 229.23 210.06 193-95 180 168.03 157 5

48 47.24 15 438.18 384I336. ?98. 79 269.10 244-55 224.06 206.88 192 179-23 168

53 4400 12 446.85 4001350. 315.90
280.30I254. 75

^33.70 215.50 200 186.70 185.

55 I4S40 o5j^ 513.54 440 385. 347-49.308. 331280. 17 256.74 237.05 220 205.37 192 5

^ 5280 00 560.23 480 420. 379.08:336.36,305.64 480.5 258.6 240 224.04 210 I

65 5720 55>S 606.91 520455. 4i6.67'364.39j33i.n 303-42 280.15 260 242.71 227 5

7^ 6160 51^8 653-59 560
1

490. 442.19 392.42 356.58 326.76 301.70 280 261.38 245
75 6600 48 700.28 600 525. 473. 851420. 50 372.05 350.1 323.25 300 280.05 262 5
80 7040 -5

,
746.96 6401560. 505.50 448.48 407.60,373.44 344.80320 298.72 280

8S 7480 ^^y^ 792.74 680595.2 528.38 476-50^433-25 396.77 346.35340 317.42 297 5

^2_ 7920I 40 840.34 720 630.27 560.23 5o4.62'458.65 420.11 '367.90' 360 336. 315 JH
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Algebraic Signs as applied iisr Mechanical Calcula-
tions.

=Sign of equality, and signifies equal to, as 2 added to 5=7.
-j-Sign of addition, and signifies plus or more, as 4r-|-2=6.
— Sign of subtraction, and signifies minus or less, as 7—5

XSign of multiplication, and signifies multiplied bv, as 7x6
=42.

-7- Sign of division, and signifies divided by, as 20-^-5=:4.

.a- ^f ^ ^ ( evolution, or tlie extraction
V/Sign of square root

) ^^ ^.^^^,^ '^^^^^ ^g^^g ^^^^
=9.ySign of cube root

is
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A Table of Diameters, Areas, and Circumferences of

Circles, from ^'^ of an Inch to 110 IncheSo

Dia.

t

Area. Circum. Dia. Area. Circum^-

.0030 .1963 A 4.2001 7.2649

.0122 ,.3927 t 4.4302 7.4613

t'»
.0276 .5890 l\ 4.6664 7.6576

1
4 .0490 .7854 i 4.9087 7.8540

A .0767 .9817 ^ 5.1573 8.0503

f .1104 1.1781 ^ 5.4119 8.2467

% .1503 1.3744 U 5.6727 8.4430

I .1963 1.5708 k
4 5.9395 8.6394

1% .2485 1.7671 il 6.2126 8.8357

1 .3068 1.9635 i 6.4918 9.0321

H .3712 2.1598 u 6.7772 9.2284

1 .4417 2.3562

{I .5185 2.5525 3 in. 7.0686 9.4248

1 .6013 2.7489 iV 7.3662 9.6211

if .6903 2.9452 i 7.6699 9.8175

1% 7.9798 10.0138

lin. .7854 3.1416 i 8.2957 10.2102

iV .8861 3.3379 h 8.6179 10.4065

? .9940 3.5343 t 8.9462 10.6029

tV 1.1075 3.7306
I'ff

9.2806 10.7992

i 1.2271 3.9270 i 9.6211 10.9956

A 1.3529 4.1233
I'ff

9.9678 11.1919

t 1.4848 4.3197 I 10.3206 11.3883

t'.
1.6229 4.5160 U 10.6796 11.5846

J 1.7671 4.7124 f 11.0446 11.7810

1*5 1.9175 4.9087 U 11.4159 11.9773

1 2.0739 5.1051 i 11.7932 12.1737

H 2.2365 5.3014 if 12.1768 12.3700

1* 2.4052 5.4978

ii 2.5801 5.6941 4 in. 12.5664 12.5664

1 2.7611 5.8905 iV 12.9622 12.7627

H 2.9483 6.0868 * 13.3640 12.9591

iV 13.7721 13.1554

2 in. 3.1416 6.2832 i 14.1862 13.3518

tV 3.3411 6.4795 A 14.6066 13.5481

r 3.5465 6.6759 f 15.0331 13.7445

/ff
3.7582 6.8722 tV 15.4657 13.9408

i 3.9760 7.0686 ^ 15.9043 14,1372
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Diameters, Areas ETC.— Continued.

Dia. Area. Circum. Dia. Area. Circum.

1% 16.3492 14.3335 7 in. 38.4846 21.9912

1 16.8001 14.5299 iV 39.1749 22.1875

H 17.2573 14.7262 i 39.8713 22.3839

f 17.7205 14.9226
-i'&

40.5469 22.5802

it 18.1900 15.1189 i
4 41.2825 22.7766

7
g 18.6655 15.3153 A 41.9974 22.9729

if 19.1472 15.5716 f 42.7184 23.1693 i

n

I'S 43.4455 23.3656

5 in. 19.6350 15.7080 i 44.1787 23.5620

tV 20.1290 15.9043 A 44.9181 23.7583

I 20.6290 16.1007 45.6636 23.9547

A 21.1252 16.2970 U 46.4153 24.1510

i 21.6475 16.4934 f 47.1730 24.3474

A 22.1661 16.6897' II 47.9370 24. .5437

f 22.6907 16.8861 i 48.7070 24.7401

t\ 23.2215 17.0824 if 49.4833 24.&364

i 23.7583 17.2788

IF 24.3014 17.4751 8 in. 50.2656 25.1328

1 24.8505 17.6715 tV 51.0541 25.3291

H 25.4058 17.8678 i 51.8486 25.5255

1 25.9672 18.0642 IE 52.8994 25.7218

li 26.5348 18.2605 1
4 53.4562 25.9182

7 27.1085 18.4569 A 54.2748 26.1145

If 27.6884 18.6532 t 55.0885 26.3109

A 55.9138 26.5072

6 in. 28.2744 18.8496 i 56.7451 26.7036
I

Tff 28.8665 19.0459 A 57.5887 26.8999

r 29.4647 19.2423 1 58.4264 27.0963

fV 30.0798 19.4386 i^ 59.7762 27.2926

i 30.6796 19.6350 f 60.1321 27.4890

1% 31.2964 19.8313 if 60.9943 27.(i'853

1 31.9192 20.0277 i 61.8625 27.8817

A 32.5481 20.2240 if 62.7369 28.0780

r 33.1831 20.4204

iV 33.8244 20.6167 9 in. 63.6174 28.2744

1 34.4717 20.8131 tV 64.5041 28.4707

ii 35.1252 21.0094 I 65.3968 28.6671
1

.

35.7847 21.2058 A 66.2957 28.8634

if 36.4505 21.4021 i 67.2007 29.0598

1
37.1224 21.5935 A 68.1120 29.2561

if 37.8005 21.7948 1 69.0293 29.4525

A 69.9528 29.6488
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Diameters, Areas , ETC.

—

Continued

Dia. Area. Circum. Dia. Area. Circum.

h 70.8823 29.8452 12 in. 113.0976 37.6992

1% 71.8181 30.0415 iV 114.2788 37.8955

1 72.7599 30.2379 ^ 115.4660 38.0919

H 73.7079 30.4342 iV 116.6645 38.2882

f 74.6620 30.6306 i 117.8590 38.4846

H 75.6223 30.8269 A 119.0648 38.6809

8 76.5887 31.0233 f 120.2766 38.8773

if 77.5613 31.2196 tV 121.4946 39.0736

i 122.7187 39.2700
10 in. 78.5400 31.4160 I'e 123.9490 39.4663

tV 79.5248 31.6123 i
8 125.1854 39.6627

1 80.5157 31.8087 u 126.4479 39.8590

A 81.5128 32.0050 f 127.6765 40.0554

k 82.5160 32.2014 }l 128.8999 40.2517

-i^ 83.5254 32.3977 7
8" 130.192a 40.4481

t 84.5409 32.5941 i!f 131.4279 40.6444

A 85.5626 32.7904

i 86.5903 32.9868 13 in. 132.7326 40.8408

1% 87.6243 33.1831 iV 134.0120 41.0371

1 88.6643 33.3795 i 135.2974 41.2338

U 89.7105 33.5758 1% 136.5890 41.4298

f 90.7627 33.7722 i 137.8867 41.6262

It 91.8212 33.9685 A 139.1907 41.8225

1 92.8858 34.1649 f 140.5007 42.0189

if 93.9566 34.3612 A 141.8169 42.2152

i 143.1391 42.4116

U in. 95.0334 34.5596 1% 144.4726 42.6079
1

T R 96.3164 34.7539 i 145.8021 42.8043

i 97.2053 34.9503 U 147.1428 43.0006

A 98.3008 35.1466 1 148.4896 43.1970

5 99.4021 35.3430 If 149.8426 43.3933

A 100.5097 35.5393 1
8 151.2017 43.5897

^ 101.6234 35.7357 ^f 152.5670 43.7860

A 102.7432 35.9320 (

r 103.8691 36.1284 14 in. 153.9384 43.9824

A 105.0012 36.3247 tV 155.3159 44.1787

i
106.1394 36.5211 i 156.6995 44.3751

H 107.2838 36.7174 A 158.0893 44.5714
108.4342 36.9138 J.

4 159.4852 44.7676

If 109.5909 37.1101 A 160.8374 44.9641

f 110.7536 37.3065 t 162.2956 45.1605

if 111.9226 37.5028 A 163.7099 45.35SS
'

1
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Diameters, Areas, etc.— Continued •

Dia. Area, Circuai. Dia. Area. Circum.

i 165.1303 45.5532 17 in. 226.9806 53.4072

-h 166.5569 45.7495 iV 228.6527 53.6035

1 167.9896 45.9459 F 230.3308 53.7999

!^ 169.4285 46.1422 iV 232.0151 53.9962

i 170.8735 46.3386 i 233.7055 54.1926

1^ 172.3247 46.5349 A 235.4022 54.3889

i 173.7820 46.7313 i 237.1049 54.5853 1

{f 175.2455 46.9276 A 238.8138 54.7816 1

i 240.5287 54.9780

15 in. 176.7150 47.1240 -^ 242.2499 55.1743

1'
178.1907 47.3203 1 243.9771 55.3707

179.6725 47.5167 U 245.7105 55.5670

A 181.1105 47.7130 f 247.4500 55.7634

1 182.6545 47.9094 '1 249.1952 55.9597

-h 184.1548 48.1057 250.9475 56.1561

f 185.6612 48.3021 If 252.7050 56.3524

i\ 187.1737 48.4984

i 188.6923 48.6948 18 in. 254.4696 56.5488

'h 190.2171 48.8911 iV 256.2398 56.7451

1 191.7480 49.0875 r 258.0161 56.9415

\h 193.3351 49.2838 iV 259.7986 57.1378

f 194.8282 49.4802 f 261.5872 57.3342

\i 196.3776 49.6765 A 263.3820 57.5305

i 197.9330 49.8729 t 265.1829 57.7269

if 199.4947 50.0692 A 266.9900 57.9282

i 268.8031 58.1196

16 m. 201.0624 50.2656 I's 270.6225 58.2159

^s 202.6363 50.4619 1 272.4479 58.5123

f 204.2162 50.6583 U 274.2895 58.7806
1

A 205.8024 50.8546 1 276.1171 58.9056
i

1 207.3946 51.0510 u 277.9610 59.1013

A 208.9931 51.2473 8
279.8110 59.2977

t 210.5976 51.4437 if 281.1672 59.4940

A 212.2083 51.6400

1 213.8251 51.8364 19 in. 283.5294 59.6904

A 215.4481 52.0327

t
285.3978 59.8867

1 217.0772 52.2291 287.2723 60.0831

ii 218.7124 52.4254 A 289.4030 60.2794
220.3537 52.6218 i 291.0397 60.4758

If 222.0013 52.8181 A 292.9324 60.6721

. 1 223.6549 53.0145 t 294.8312 60.8685

!

^^ 225.3147 53.2108 A 296.7367 61.0648



APPENDIX. 317

Diameters, Areas, etc.— Continued.

Dia.
! Are

3.

20 m.

2

A
8

f

21 in.
I

8

i

I

I

II
2
8

if

298.6483
300.5658
302.4894
304.4192
306.3550
308.2971

310.2452
312.1996

314.1600
316.1266

318.0992
320.0781

322.0630
324.0542
326.0514
328.0548
330.0643
332.0800
334.1018
336.1297
338.1637
340.2040
342.2502
344.3028

346.3614

348.4267
350.4970
352.5740
354.6571
356.7465

358.8419
360.9435

363.0511
365.1650
367.2849
369.4110
371.5432

373.6816
375.8261

377.9768

Circum. Dia.

61.2612 22 in.

61.4575 -h
61.6539 i
61.8502 i'e

62.0466 i
62.2429

62.4393 V
62.6356

62.8320
2

63.0283 1
63.2247 \k
63.4210 f
63.6174 J 3

63.8137 l"
64.0101 if
64.2064

64.4028 23 in.

64.5991 iV
64.7955 i
64.9918 3

1 s
65.1882 1

4

65.3845 1%
65.5809 f
65.7772 l\

i
65.7936 A
66.1699 1
6-6.3663 U
66.5626 f
66.7590 u
66.9.553

i

8

67.1517 If
67.3480
67.5444 24 in.

67.7407 I's

67.9371 i
68.1334 h
68.3298 i
68.5261 -h
68.7225 t
68.9188 -h

Area.

380.1336
382.2965
384.4655

386.6907
388.8220

391.0095
393.2031

395.4029
397.6087
399.8207
402.0388
404.2631
406.4935
408.7301
410.9728
413.2317

415.4766
417.7377
420.0049
422.2783
424.5577
426.3434
429.1352
431.4331
433.7371
436.0473
438.3636
440.6811
443.0146
445.3539
447.6992
450.0418

452.3904
454.7497
457.1150
459.4866
461.8642
464.2481
466.6380
469.0341

Circum.

69.1152

69.3115

69.5079

69.7042

69.9006

70.0969

70.2933
70.4806

70.6860

70.8823

71.0787

71.2750
71.4714
71.6677

71.8641

72.0604

72.2568
72.4531

72.6495

72.8458
73.0422

73.2385

73.4349

73.6312

73.8276

74.0239
74.2203
74.4166

74.6130
74.8093

75.0057

75.2020

75.3984
75.5947

75.7911

75.9874
76.1838

76.3801
76.5765

76.7728



818 APPENDIX.

Diameters, Areas , ETC.

—

Continued •

Pia.

J.

2

Area. Circum. Dia. Area. Circum.

471.4363 76.9692 27 in. 572.5566 84.8232

?Z 473.8447 77.1655 tV 575.2104 85.0195
Ji

9 476.2592 77.3619 * 577.8703 85.2159

\h 478.6798 77.5582 t\ 580.5364 85.4122

f 481.1065 77.7546 4 583.2085 85.6086

jl 483.5395 77.9509 A 585.8869 85.8049

8
485.9785 78.1473 1 588.5714 86.0013

If 488.4237 78.3436 A 591.2620 86.1976

i 593.9587 86.3940

25 in. 490.8750 78.5400 I's 596.6616 86.5903

i'^

493.3325 78.7363 1 599.3706 86.7867

495.7960 78.9327
-Iff

602.0858 86.9830

IS 498.2657 79.1290 1 604.8070 87.1794
1
4 500.7415 79.3254 U 607.5345 87.3757

-fs
503.2236 79..5217 jL 610.2680 87.5721

t 505.7117 79.7181 If 613.0078 87.7684

-l\
508.2060 79.9144

k 510.7063 80.1108 28 in. 615.7536 87 9648

1^ 513.2129 80.3071
"i

g- 618.5051 88.1611

s
515.7255 80.5035 621.2636 88.3575

u 518.2443 80.6998 1^6 624.0279 88.5538

f 520.7692 80.8962 A
4 626.7982 88.7502

}l 523.3003 81.0925 ^ 629.5748 88.9465

1 525.8375 81.2889 ii
8

632.3574 89.1429

if 528.3809 81.4852
~i's

635.1462 89.3392

i G37.9411 89.5356

26 in. 530.9304 81.6816 1% 640.7422 89.7319

tV 533.4860 81.8779 1 643.5494 89.9283

r 536.0477 82.0743 u 646.3627 90.1246

1% 538.6156 82.2706 f 649.1821 90.3210

i 541.1896 82.4670 ]b 652.0078 90.5173

h 543.7698 82.6633 1 654.8395 90.7137

t 546.3561 82.8597 if 657.6774 90.9100

-h 548.9486 83.0560

i 551.5471 83.2524 29 in. 660.5214 91.1064

^ 554.1519 83.4487 iV 663.3716 91.3027

1 556.7627 83.6451 * 666.2278 91.4991

u 559.3797 83.8414 IS 669.0902 91.6954

f 562.0027 84.0378 i 671.9587 91.8918

u 564.6320 84.2341 -h 674.8335 92.0081

r 567.2674 84.4305 t 677.7143 92.2845

1

569.4090 84.6268 -h 680.6013 92.4808



APPENDIX. 319

Diameters, Areas , ETC. Continued.

Di:v. Area. Ciicum. Dii. Area. Circum.
j

k 683.4943 92.6772 32 in. 804.2496 100.5312

1% 686.3936 92.8735 iV 807.3943 100.7275

1 689.2989 93.0699 i 810.5450 100.9240

u 692.2104 93.2662 iV 813.7020 101.1202

-1 695.1280 93.4626 i 816.8650 101.3166

11 698.0518 93.6589 A 820.0343 101.5130

1 700.9817 93.8553 f 823.2096 101.7093

If 703.9178 94.0516 A 826.3911 101.9056

i 829.5787 102.1020

coir 706.8600 94.2480 A 832.7725 102.2983

tV 709.8083 94.4443 835.9724 102.4947

i 712.7627 94.6407 H 839.1784 102.6910

I'ff
715.7233 94.8370 842.3905 102.8874

1
4 718.6900 95.0334 -II 845.6089 103.0837

A 721.6629 95.2297 i 848.8333 103.2801

t 724.6419 95.4261 U 852.0639 103.4764

-I'ff
727.6271 95.6224

i 730.6183 95.8188 33 in. 855.3006 103.6728

Tff
733.6158 96.0151 tV 858.5436 103.8691

f 736.6193 96.2115 i 861.7924 104.0655

u 739.6290 96.4078 1% 865.0475 104.2618

f 742.6447 96.6042 1
4 868.3087 104.4582

II 745.6667 96.8005 A 871.5760 104.6545

i 748.6948 96.9969 1 874.8497 104.8509

-If
751.7291 97.1932 A 878.1290 105.0472

r 881.4151 105.2436

31 in. 754.7694 97.3896 A 884.7070 105.4399
I 757.8159 97.5859 1 888.0051 105.6363

i 760.8685 97.7823 U 891.3090 105.8326

iV 763.9273 97.9786 1 894.6196 106.0290
i 7G6.9921 98.1750 -11 897.9369 1C6.2253

/? 770.0632 98.3713 7
8 901.2587 106.4217

f 773.1404 98.5677 u 904.5875 106.6180

l\ 776.2237 98.7648

^ 779.3131 98.9684 34 in. 907.9224 106.8144

1^ 782.4087 99.1567 A 911.2645 107.0107

f 1 785.5104 99.3531 I 914.6105 107.2071

1^ 788.6183 99.5494 A 917.9640 107.4034

f 791.7322 99.7458 i 921.3232 107.5998

11 794.8524 99.9421 A 924.6883 107.7961

f 797.9786 100.1H85 f 928.0605 107.9925

801.1111 100. r.̂ ,48 A 931.4:80 108.1888
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Diameters, Areas, etc.— Continued.

Dia.

Tff

3.
4
J I
1 5

if

35 in.

T5
1
4

2

1«.

36 in.

JL

8

1
4

/6

A
I

f
it
8

if

Area.

934.8223
938.2121

941.6087
945.0110
948.4195
951.8341

955.2550
958.6820

962.1150
965.5542
968.9995
972.4510

975.9085

979.3686
982.8422

986.3180
989.8003
993.2097

996.7830
1000.3472
1003.7902
1007.3030
1010.8220
1014.3472

1017.8784
1021.4158
1024.9592
1028.5089
1032.0646
1035.6266
1039.1946
1042.7913
1046.3941
1049.9581
1053.5281
1057.1269
1060.7317
1064.3428
1067.9599
1071.5832

Circum. Dla.

108.3852 37 in.

108.5815 A
108.7779 i
108.9742 tV
109.1706 J.

4

109.3669 A
109.5633 #
109.7596 7

I 5

109.9560
110.1523 %
110.3487 u
110.5450 1
110.7414 \l
110.9377 i
111.1341 ]f
111.3304
111.5268 38 in.

111.7231 )V
111.9195 i
112.3158 1%
112.3122 JL

4

112.5086 A
112.7049 1
112.9012

f=

113.0976
2

113.2939 1
113.4903 ]l
113.6866 t
113.8830 II
114.0793 i
114.2757 ii
114.4720
114.6684 39 in.

114.8647 A
115.0611 I
115.2572 1%
115.4538 i
115.6501 A
115.8465 1
116.0428 A

1075.

1078.

1082.

1086.

1089.

1093.

1097.

1100.

1104.

1108.

1111.

1115.

1119.

1122.

1126.

1130.

1134.

1137.

1141.

1145.

1149.

1152.

1156.

1160.

1164.

1167.

1171.

1175.

J 179.

1183.

1186.

1190.

2126
,8482

4898
1376
7915
4517
1179
7903
4687
1534
8441
5410
2440
9532
6685
3900

1176
8513
5911
3371
0892
8475
6119
3825
1591
9420
7309
5260
3271
1345
9480
7677

1194.5934
1198.4253
1202.2633
1206.1075
1209.9577
1213.8142
1217.6768
1221.5455

Circum.

116.2392

116.4355
116.6319

116.8282

117.0246
117.2209

117.4173
117.6136

117.8100
118.0063
118.2027
118.3990
118.5954
118.7917

118.9881
119.1844

119.3808
119.5771
119.7735

119.9698
120.1662
120.3625

120.5589
120.7552

120.9516
121.1479
121.3443
121.5406
121.7370
121.9333
122.1297

122.3260

122.5224
122.7187
122.9151
123.1114
123.3078
123.5041

123.7005

123.8968



APPENDIX. 321

Diamp:ters, Areas , ETC.— Continued.

r
Dia. Area. Ciicum. Dia. Area.

1

Circum.

i 1225.4203 124.0932 42 in. 1385.4456 131.9472

^ 3 229.3013 124.2895 iV 1389.5720 132.1435

1 1233.1884 124.4859 i 1393.7045 132.3399

!^
1237.0817 124.6822 tV 1397.8432 132..5362

1240.9810 124.8786 •J.
4 1401.9880 132.7326

1 3
1 G

1244.886G 125.0749 A' 1406.1390 132.9289

g
1248.7982 125.2713

8 1410.2961 133.1253

n 1252.7161 125.4676 A 1414.4594 133.3216

i 1418.6287 133.5180

40 in. 1256.6400 125.6640 ?(j 1422.8043 133.7143

iV 1260.5701 125.8603 1 1426.9859 133.9107

^ 1264.5062 126.0567 U 1431.1737 134.1070

I'ff
1268.4486 126.2530 1 1435.3675 134.3034

1
4 1272.3970 126.4494 jl 1439.5676 134.4997

/& 1276.3517 126.6457 1" 1443.7738 134.6961

t 1280.3124 126.8421
-}f 1447.9862 134.8924

iV 1284.2793 127.0384

^ 1288.2523 127.2348 43 in. 1452.2046 135.0888

/ff
1292.2315 127.4311

"iV 1456.4292 135.2851

8
1296.2168 127.6275 * 1460.6599 135.4815

u 1300.2082 127.8238 7^6 1464.8968 135.6778
ii
4

1304.2057 128.0202 1
4 1469.1397 135.8742

11 1308.2095 128.2165
/e- 1473.3839 136.0705 1

i 1312.2193 128.4129
8 1477.6342 136.2669

1

If 1316.2353 128.6092
i'ff

1481.9006 136.4632

^ 1486.1731 136.6596

41 in. 1320.2574 128.8056 ?6- 1490.4468 136.8559

1 & 1324.2857 129.0019 1 1494.7266 137.0523

^ 1328.3200 129.1983 u 1499.0126 137.2486

1% 1332.3605 129.3946 f 1503..3046 137.4450

i 1336.4071 129.5910 jl 1507.6029 137.6413

I's
1340.4600 129.7873 "8 1511.9072 137.8377

f 1344.5189 129.9837 I 5
i 6

1516.2178 138.0340

t's
1348.5840 130.1800

i 1352.6551 130.3764 44 in. 1520.5344 138.2304

I's
1356.7325 130.5727 -,V 1524.8572 138.4267

I 1360.8159 130.7691 i 1529.1860 138.6231

u 1364.9055 130.9654
I'e 1533.5211 138.8194

1 1369.0012 131.1618 i 1537.8622 139.0158

ii 1373.1031 131.3581 h 1.542.2046 139.2121

]
1377.2111 131.5545 # 1.546.5530 139.4085

if 1381.3253 131.7508 -^ 1550.9176 139.6048

14^
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Diameters, Areas, etc.— Continued.

h
I

4

45 in.

8

f

46 in.

a.
4

2

Area.

1555.2883
1559.6602
1564.0382
1568.4223
1572.8125
1577.2090
1581.6115

1586.0203

1590.4350
1594.4560
1599.2830
1603.7162
1608.1555
1612.5961
1617.0427
1621.5055
1625.9743
1630.4444
1634.9205
1639.4028
1643.8912
1648.3858
1652.8865
1657.3934

1661.9064
1666.4255
1670.9507
1675.4821
1680.0196
1684.5583
1689.1031

1693.6641
1698.2311

1702.7994
1707.3737
1711.9542

1716..5407

1721.1335
1725.7324
1730.3375

Circum. Dia.

139.8012 47 in.

139.9975 tV
140.1939 i
140.3902 -i\

140.5866 i
140.7829 A
140.9793 a.

3

141.1756
1

141.3720
2

141.5683 \
141.7647 u
141.9610 1
142.1574 !l
142.3537 1
142.5501 \l
142.7464

142.9428 48 in.

143.1391
'iVi

143,3355
143.5318 3^

143.7282 i
143.9245 -h
144.1209 1
144.3172

1

144.5136
2

144.7099 1
144.9063 \h
145.1026 1
145.2990 u
145.4953 i
145.6917

-If

145.8880
146.0844 49 in.

146.2807 -h
146.4771 I
146.6734 A
146.8698 \
147.0661 A
147.2625 t
147.4588 A

Area.

1734.9486
1739.5659
1744.1893
1748.8189

1753.4545
1758.0914
1762.7344
1767.3935
1772.0587
1776.7251
1781.3976
1786.0763
1790.7610
1795.4520
1800.1490
1804.8523

1809.5616
1814.2551

1818.9986
1823.7264
1828.4602
1833.1953
1837.9364
1842.6937
1847.4571

1852.2167
1856.9924
1861.7892
1868.5521
1871.3413
1876.1365
1880.9379

1885.7454
1890.5591
1895.3788
1900.2047
1905.0367
1909.8700
1914.7093
1919.5648

Circum.

147.6552
147.8515

148.0479
148.2442

148.4406

148.6369

148.8333
149.0296

149.2260
149.4223
149.6187

149.8150
150.0114
150.2077

150.4041
150.6004

150.7968
150.9931

151.1895

151.3858
151.5822

151.7785
151.9749

152.1712

152.3676

152.5639
152.7603
152.9566
153.1530

153.3493
153.5457

153.7420

153.9384
154.1347
154.3311
154.5274
154.7238
154.9201
155.1165

155.3128



APPENDIX. 323

Diameters, Areas , ETC.

—

Continued.

Dia. Area. Circum. Dia. Area. Circum.

^ 1924.4263 155.5092 52 in. 2123.7216 163.3632

1% 1929.2891 155.7055 t's 2128.8298 163.5595

1 1934.1579 155.9019 i 2133.9440 163.7559

\h 1939.0329 156.0982 tV 2139.0645 163.9522

f 1943.9140 156.2946 J.
4 2144.1910 164.1486

H 1948.8013 156.4909 A 2149.3238 164.3449 1

i 1953.6947 156.6873 t 2154.4626 164.5413

if 1958.0943 156.8836
f.

2159.6076 164.7376

2164.7587 164.9340 i

50 ill. 1963.5000 157.0800 A 2169.9160 165.1303

A 1968.4118 157.2763 1 2175.0794 165.3267

J 1973.3297 157.4727 u 2180.2489 165.5230

tV 1978.2525 157.6690 f 2185.4245 165.7194

i 1983.1840 157.8654 if 2190.6064 165.9157

1*5 1988.6154 158.0617 i 2195.7943 166.1121

f 1993.0529 158.2581 if 2200.9884 166.3084

t\ 1998.0066 158.4544

r 2002.9663 158.6508 53 in. 2206.1886 166.5048

I'ff
2007.9273 158.8471

-iV 2211.3950 166.7011

i 2012.8943 159.0435 i 2216.6074 166.8975

ji 2017.8675 159.2398 i\ 2221.8260 167.0938

1 2022.8467 159.4362 JL
4 2227.0507 167.2902

it 2027.8172 159.6325 fs 2232.2817 167.4865

1 2032.8238 159.8289 g 2237.5187 167.6829

if 2037.8216 160.0252 ^ 2242.7619 167.8792

i 2248.011J 168.0756

51 ii.. 2042.8254 160.2216 A 2253.2666 168.2719

-iV
2047.83.54 160.4179 1 2258.5281 168.4683

^ 2052.8515 160.6143 Ih 2263.7908 168.6646

-iV
2057.8798 160.8106 t 2269.0696 168.8610

i 2062.9021 161.0070 11 2274.3496 169.0573

/^ 2067.9317 161.2033 8" 2279.6357 169.2537

1 2072.9674 161.3997 ]f 2284.9280 169.4500

iV 2078.0293 161.5960

i 2083.0771 161.7924 54 in. 2290.2264 169.6464

,'ff
2088.1362 161.9887 iV 2295.5309 169.8427

^ 2093.2014 162.1851 i 2300.8415 170.0391

u 2098.2678 162.3814 A 2306.1583 170.2354

f 2103.3502 162.5778 i 2311.4812 170.4318

16 2108.4339 162.7741
I'S

2316.8163 170.6281

r 2113.5236 lGi.9705 t 2322.1455 170.8245

If 2118.1196 163.1668 iV 2327.4819 171.0208
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Diameters, Areas, etc.— Continued.

Dia. Area. Circum. Dia. Area. Circum.

h 2332.8343 171.2172 57 in. 2551.7646 179.0712

1% 2338.1880 171.4135 iV 2557.3637 179.2675

1 2343.5477 171.6099 * 2562.9688 179.4639

ik 2348.9636 171.8062 iV 2568.5801 179.6602

f 2354.2855 172.0026 1

4 2574.1975 179.8566

11 2359.6637 172.1989 A 2579.8212 180.0529
7 2365.0480 172.3953 f 2585.4509 180.2493

If 2370.4385 172.5916 tV 2591.0869 180.4456

i 2596.7287 180.6420

55 in. 2375.8350 172.7880 l\ 2602.3769 180.8383

iV 2381.2382 172.9843 1 2608.0311 181.0347

i 2386.6465 173.1807 u 2613.6942 181.2310

re 2392.0515 173.3770 f 2619.3580 181.4274

i 2397.4825 173.5734 \l 2625.0307 181.6237

-h 2402.9098 173.7697 » 2630.7095 181.8201

t 2408.3432 173.9661 If 2636.3945 182.0164

i\ 2413.7777 174.1624

i 2419.2283 174.3588 58 in. 2642.0856 182.2128

-]\ 2424.7026 174.5551 tV 2647.7328 182.4091

1 2430.1830 174.7515 I 2653.4861 182.6055

\h 2435.6246 174.9478 -h 2659.9565 182.8018

f 2441.0722 175.1442 i 2664.9112 182.9982

U 2446.5486 175.3405 -h 2670.6330 183.1945

f 2452.0310 175.5369 A
8 2676.3609 183.3909

If 2457.0197 175.7332 iV 2682.0950 183.5872
1 6

i 2687.8351 183.7836

56 in. 2463.0144 175.9296 -h 2693.5814 183.9799

Tff 2468.5153 176.1259 1 2699.3338 184.1763

r 2474.0222 176.3223 \h 2705.0924 184.3726

2479.5354 176.5186 1
4 2710.8571 184.5690

1^ 2485.0546 176.7150 u 2716.6280 184.7653
4

2490.5351 176.9913 g 2722.4050 184.9617
J D

1 2496.1116 177.1077 if 2728.1882 185.1580

tV 2501.6493 177.3040

i 2507.1931 177.5004 59 in. 2733.9774 185.3544

A 2512.7431 177.6967 tV 2739.7728 185.5507

1 2518.2992 177.8931 i 2745.5743 185.7471

li 2523.8614 178.0894 A 2751.8820 185.9434

f 2529.4297 178.2858 i 2757.1957 186.1398

u 2535.0043 178.4821 -h 2763.0157 186.3301

^ 2540.5849 178.6785 1 2768.8418 186.5325

If 2546.1717 178.8748 A 2774.6745 186.7288 !



APPENDIX. 825

Diameters, Areas, etc.— Continued.

1

Circuiu.
I

])ia.

60 in.

u
3.
4

II

i

{f

61 in.

,4

Area.

2780.5123
2786.3568
2792.2074
2798.0642
2803.9270
2809.7461
2815.6712
2821.5526

2827.4400
2833.3336
2839.2332
2845.1391
2851.0510
2856.9692
2862.8934
2868.8223
2874.7603
2880.7030
2886.6517
2892.6067
2898.5677
2904.5350
2910.5083
2916.4878

2922
2928
2934
2940
2946
2952
2958
2964
2970
2976
2982
2988
2994
3000
3006
3017

.4734

.4652

.4630

.4670

.4771

.4938

.5159

.5445

.5791

.6200

.6669

.7200

.7792

.8423

.9161

.9938

Ciicuui. Dia.

186.9252 62 in.

187.1215 tV
187.3179 i
187.5142 A
187.7106 i
187.9069 'h
188.1033 t
188.2996 7

Iff
1

188.4960
2

188.6923 1
188.8887 \h
189.0850 f
189.2814 n
189.4777 i
189.6741 n
189.8704
189.0668 63 in.

190.2631 iV
190.4595 i
190.6558 I's

190.8522 i
191.0485 A
191.2449 t
191.4412 iV

i
191.6376 h
191.8339 1
192.0303 n
192.2266 1
192.4230 n
192.6193 i
192.8157

193.0120
193.2084 64 in.

193.4047 iV
193.6011 8

193.7974 iV
193.9938 1

4

194.1901 A
194.3865 s

194.5828 tV

3019.

3025.

3031.

3037.

3043.

3049.

3055.

3061.

3067.

3074.

3080.

3086.

3092.

3098.

3104.

3111.

0776
1675
2635
3607
4740
6885
7091
8359
9687
1578
2529
4042
5615
7251
8948
0707

3117.2526

3124.4407
3129.6349
3135.8353
3142.041

3148.7544
3154.4732
3160.7981
3166.9291

3173.1663
3179.4096
3185.6591
3191.9146

3193.1764
3204.4442
3210.7183

3216.9984
3223.2847
3229.5770
3235.8746
3242.1782
3248.4936
3254.8080
3261.1311

194.7792
194.9755

195.1719
195.3682
195.5646

195.7609

195.9573

196.1536

196.3500
196.5463
196.7427

196.9390
197.1354
197.3317
197.5281

197.7244

197.9208
198.1171

198.3135

198.5098
198.7062

198.9025
199.0989

199.2952
199.4916
199.6879

199.8843
200.0806

200.2770
200.4733
200.6697
200.8660

201.0624
201.2587
201.4551
201.6514

201.8478
202.0441
202.2405

202.4368
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Diameters, Areas, etc.— Continued.

Dia.

3
4

1 ff

65 in.

4

f

7
8"

if

66 in.
I

IF
J,
4

ii

u
f
if
8

If

Area.

3267.4603
3273.7957
3280.1372
3286.4875
3292.8385
3299.1985
3305.5645
3311.9367

3318.3151
3324.7495
3331.0900
3337.9857

3343.8875
3350.2976
3356.7137
3363.1350
3369.5623
3375.9959
3382.4355
3388.8813
3395.3332
3401.7913
3408.2555
3414.7259

3421.2024
3427.6850
3434.1737
3440.6676
3447.1676
3453.6758
3468.1901

3470.7096
3473.2351
3479.7669
3486.3047
3492.8487
3499.3987
3506.4550
3512.5174

3519.0860

Circum.

202.6332
202.8295
203.0259
203.2222

203.4186
203.6149
203.8113
204.0076

204.2040
204.4003
204.5917
204.7930
204.9894
205.1857
205.3821
205.5784
205.7748
20.5.9711

206.1675
206.3638
206.5602

206.7565
206.9529
207.1492

207.3456

207.5419
207.7383
207.9346

208.1310
208.3273
208.5237
208.7200
208.9164
209.1127

209.3091
209.5054
209.7018
209.8981
210.0945
210.2908

Dia.

67 in.

1
6^

X
8
3

1 6^

8

2

I

u
3
4
1 3

68 in.

Iff

69 in.

s

Area.

3525.6606
3532.2414
3538.8283
3545.4200
3552.0185
3558.6249
3565.2374
3571.8550
3578.4787
3585.1086
3591.7446
3598.8868
3605.0350
3611.6895
3618.3500
3625.0168

3631.6896
3638.3686
3645.0536

3651.7439

3658.4402
3665.1448
3671,8554
3678.5762
3685.2931
3692.0212
3698.7554
3703.9957
3712.2421

3718.9948
3725.7535
3732.5184

3739.2894
3745.8166
3752.8498
3759.6382
3766.4327
3773.2355
3780.0443
3786.8628

Circum.

210.4872
210.6835
210.8799
211.0762
211.2726
211.4689

211.6653
211.8616

212.0580
212.2543
212.4507
212.6470
212.8434
213.0397

213.2361
213.4324

213.6288

213.8251
214.0215

214.2178
214.4142

214.6105

214.8069
215.0032

215.1996
215,3959
215.5923
215.7886
215.9850
216.1813
216.3777

216.5748

216.7704
216.96^7
217.1631
217.3594
217.5558
217.7521
217.9485
218.1448

J



APPENDIX. 327

Diameters, Areas, etc,— Continued.

Dia. Area. Circum. Dia.

i 3793.6783 218.3412 72 in.

1% 3800.5L91 218.5375 tV
1 3807.3369 218.7339 i

n 3814.2781 218.9302 tV
1 3821.0200 219.1266 i

4

n 3827.8708 219.3229 A
I 3834.7277 219.5193 t
if 3841.5908 219.7156 7

70 in. 3848.4600 219.9120
9

A
tV 3855.8353 220.1083 1

^ 3862.2167 220.3047 U
A 3869.1033 220.5010 f
i
4 3875.9960 220.6974 if

A 3882.8969 220.8937 i
1 3889.8039 221.0901 u
-i'^

3896.7211 221.2864

k 3903.6343 221.4828 73 in.

h 3910.5588 221.6791 iV

% 3917.4893 221.8755 r
U 3924.4260 222.0718 iv
1- 3931.3687 222.2682 i

\l 3938.3177 222.4645 A
i 3945.2728 222.6609 1

if 3952.2341 222.8572

71 in. 3959.2014 223.0536

iV 3966.1749 223.2499

* 3973.1545 223.4463 h
iV 3980.1393 223.6426 1
i 3987.1301 223.8390 u
A 3994.1292 224.0353 i
t 4001.1344 224.2317 if

A 4008.1447 224.4380

^ 4015.1611 224.6244 74 in.

A 4022.1837 224.8207 A
^ 4029.2124 225.0171 i

U 4036.2473 225.2134 A
f 4043.2882 225.4098 i

it 4050.3354 225.6061 h
7

8 4057.3886 225.8025 t

if 4064.4481 225.9988 A

Area.

4071.5136
4078.5853
4085.6631
4092.7460
4099.8350
4106.9323
4114.0356
4121.1442

4128.2587
4135.3795
4142.5064
4149.6394
4156.7785
4163.9239
417L0753
4178.2329

4185.3966
4192.5665
4199.7424
4206.9230
4214.1107
4221.3027
4228.5077
4235.7109
4242.9271

4250.1461
4257.3711
4264.6023
4271.8396
4279.0831
4286.3327
4293.5885

4300.8504
4308.1185
4315.3926
4322.1719
4329.9572
4337.2508
4344.5505
4351.8551

226.1952

226.3915
226.5879

226.7842

226.9806
227.1769

227.3733
227.5696
227.7660

227.9623
228.1587

228.3550
228.5514
228.7477
228.9441

229.1404

229.3368
229.5331
229.7295

229.9258
230.1222
230.3185

230.5149
230.7112
230.9076

231.1039
231.3003
231.4966

231.6930
231.8893
232.0857
232.2820

232.4784
232.6747
232.8711

233.0674
233.2638
233.4601
233.6565
233.8528
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Diameters, Areas, etc.— Continued.

Dia.

i6 in.
I

8

\h

Area.

4359.1663
4366.4835
4373.8067
4381.1361
4388.4715
4396.3132
4403.1610
4410.5150

4417.8750
4425.2412
4432.6135
4439.9910
4447.3745
4454.7663
4462.1642
4469.5672
4476.9763
4484.3916
4491.8130
4499.2406
4506.6742
4514.1141

4521.5600
4528.9622

4536.4704
4.543.9333

4551.4023
14558.8794

|4566.3626

14573.8526
4581.3486
4588.8493
4596.3571
4603.8706
4611.3902
4618.9159
4626.4477
4633.9858
4641.5299
4649.0802

Circum. Dia.

234.0492 77 in.

234.2455 iV
234.4419

i-

234.6382 -iV

234.8346 i
235.0309 A
235.2273 t
235.4236 iV

i
235.6200 -h
235.8163 1
236.0127 U
236.2090 f
236.4054 \l
236.6017 I
236.7981 If
236.9944
237.1908 78 in.

237.3871 iV
237.5835 i
237.7798 "iV

237.9762 \
238.1725 'h
238.3689 t
238.5652

1

238.7616
2

238.9579 1
239.1543 n
239.3506 f
239.5470 it
239.7433 8

239.9397 }t
240.1360
240.3324 79 in.

240.5287 -h
240.7251 i
240.9214 -h
241.1178 4

241.3141 A
241.5105 1
241.7068 i\

Area.

4656.

4664.

4671.

4679.

4686.

4694.

4702.

4709.

4717.

4724.

4732.

4740.

4747.

4755.

4763.

4771.

6366
1992
7678
3416
9215
5097
1039
7033
3087
9204
5381
1620
7920
8782
0705
1690

4778.3736
4786.0344
4793.7012
4801.3732
4809.0512
4817.1375
4824.4299
4832.1275
4839.8311.

4847.5409
4855.2568
4862.9789
4870.7071
4878.4415
4886.1820
4893.9287

4901.6814
4909.4403
4917.2053
4924.9755
4932.7517
4940.5362
4948.3268
4956.1225

Circum.

241.9032
242.0995
242.2959
242.4922
242.6886
242.8849
243.0813
243.2776
243.4740
243.6703
243.8667
244.0630
244.2594
244.4557
244.6521

244.8484

245.0448
245.2411

245.4375
245.6338
245.8302

246.0265
246.2229
246.4192
246.6156

246.8119

247.0083
247.2046
247.4010
247.5973
247.7937

247.99G0

248.1864
248.3827
248.5791
248.7754
248.9718
249.1681
249.3645
249.5608



APPENDIX g^^

Diameters, Areas , ETC. Continued

Dia. Area. Circum. Dia. Area. Circum.

i 4963.9243 249.7572 82 in. 5281.0296 257.6112

-I's
4971.7319 249.9535 tV 5289.0781 257.8075

i 4979.5456 250.1499 i 5297.1426 258.0039

u 4987.3663 250.3462 5305.2073 258.2002

f 4995.1930 250.5426 4 5313.2780 258.3966

u 5003.0316 250.7389 h 5321.3570 258.5929

i 5010.8642 250.9353 t 5329.4421 258.7893

ii 5018.7091 251.1316 t\ 5337.5324 258.9856

i 5345.6287 259.1820
^Oin. 5026.5600 251.3280 I's 5353.7809 259.3783

iV 5034.4171 251.5243 i 5361.8391 259.5747

i 5042.2803 251.7207 J 5369.9543 259.7710

iV 5050.1486 251.9170 5378.0755 259.9674

i 5058.0230 252.1134 h 5386.2026 260.1637

^ 5065.9027 252.3097 i 5394.3358 260.3601

1 5073.7944 2.52.5061 if 5402.4552 260.5564

i'? 5081.6883 252.7024

1 5089.5883 252.8988 83 in. 5410.6206 260.7528

A 5097.4941 253.0951 iV 5418.7722 260.9491

f 5105.4060 253.2915 i 5426.9299 261.1455

U 5113.8248 253.4878 i\ 5435.0928 •261.3418

f 5121.2497 253.6842 i 5443.2617 261.5382

11 5129.1855 253.8805 A 5451.4389 261.7345

i 5137.1173 254.0769 1 5459.6222 261.9309

il 5145.0603 254.2732
I'ff

5467.8106 262.1272

i 5476.0051 262.3236
81 in 5153.0094 254.4696 i'e

5484.2054 262.5199

A 5160.9647 254.6659 1 5492.4118 262.7163

* 5168.9260 254.8623 u 5500.6252 262.9126

J^

5176.8925 255.0586 5508.8446 263.1090
5184.8651 255.2550 h 5517.0699 263.3053

A 5192.8460 255.4513 i 5525.3012 263.5017

f 5200.8329 255.6477 H 5533.5388 263.6980

tV 5208.8250 255.8440

I 5216.8231 256.0404 84 in. 5541.7824 263.8944

1% 5224.8271 256.2367 -,v 5550.0322 264.0907

1 5232.8371 256.4331 r 5558.2881 264.2871

:^ 5240.8568 256.6294 15 5566.5491 264.4834

5248.8772 256.8258 i 5574.8162 264.6798

• § 5256.9061 257.0221 fe 5583.0916 264.8761

5264.9411 257.2105 8 5591.3730 265.0725

k 5272.9828 257.4148 A 5599.6596 265.2688
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Diameters, Areas, etc.— Continued.

Dia.

I

a.

85 in.

1 6
i.
2

I

86 in.
I

2

I

u
3
4

II
1
8

M

Area.

5607.9523
5616.2508
5624.5554
5632.8662
5641.1845
5649.5071
5657.8357
5666.1723

5674
5682,

5691
5699,

5707
5716
5724
5733
5741
5749
5758
57,66

5775
5783
5791
5800

.5150

.8630

.2170

.5762

.9415

.3151

.6947

.0795

.4703

.8670

.2697

.6794

.0952

.5168

.9445

.3784

5808
5817.

5825.

5834.

5842.

5851.

5859.

5868.

5876.

5885.

5893.

5902.

5910.

5919.

5927.

5936.

8184
2651
7168
1742
6376
1093
5871
0701
5591
0540
5549
0620
5767
0965
6224
1545

Circum. Dia.

265.4652 87 in.

265.6615
T 6^

265.8579 i
266.0542 -iV

266.2506 J.
4

266.4469 -h
266.6433 a.

Q.

266.8396 -h
i

267.0360 A
267.2323 1
267.4287 ]k
267.6250 3

4

267.8214 \l
268.0177 1

8

268.2141 If
268.4104
268.6068 88 in.

268.8031 iV
268.9997 ^
269.1958 IV
269.3922 1

4

269.5885 h
269.7849 t
269.9812 -\

270.1776 A
270.3739
270.5703 \h
270.7666 f
270.9630 \l
271.1593

h'

271.3557 If
271.5520
271.7484 89 in.

271.9447 "15

272.1411 i

272.3374
-,V

272.5338 i
272.7301 A
272.9265 1
273.1228

l'.

Aiea.

5944.6926
5953.2369
5961.7873
5970.3429
5978.9045
5987.4749
5996.0504
6004.6315
6013.2187
6021.8117
6030.4108
6039.0169
6047.6290
6056.2470
6064.8710
6073.5013

6082.1376
6090.7801
6099.4287

6108.0824
6116.7422
6125.4103
6134.0844
6144.2637
6151.4491

6160.1403
6169.8376
6177.5418
6186.2521
6194.9683
6203.6905
6212.4189

6221.1534
6229.8941
6238.6408
6247.3927
6256.1507
6264.9170
6273.6893
6282.4668

Circum.

273.3192
273.5155
273.7119
273.9082
274.1046
274.3009
274.4973
274.6936

274.8900
275.0863
275.2827
275.4790
275.6754
275.8717
276.0681
276.2644

276.4608
276.6671

276.8535
277.0498
277.2462
277.4425

277.6389
277.8352
278.0316

278.2279
278.4243
278.6206
278.8170
279.0133
279.2097

279.4060

279.6024
279.7987
279.9951
280.19J4
280.3878
280.5841
280.7805

280.9768
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DiAMKTERs, Areas, etc.— Continued.

Ar(

90 in.

91 in.
I

r
Iff
1
4

3.

6291,

6300,

6308,

6317,

6326,

6335,

6344,

6352.

2503
0397
8351
6375
4460
2603
0807
9073

}|

6361.7400
6370.5789
6379.4238
6388.7739
6397.1300
6405.9944
6414.8649
6423.7906
6432.6223
6441.5101

6450.4039
6459.3043
6468.2107
6477.1232
6486.0418
6494.9566

6503.8974
6512.8344
6521.7775
6530.7258
6539.6801
6548.6427
6557.6114
6566.5857
6573.5651
6584.5511
6593.5431
6602.5443
6611.5462

6620.5569
6629.5736
6638.5967

Circum.

281.1732
281.3695
281.5659
281.7622

281.9586
282.1549
282.3513
282.5476

282.7440
282.9403
283.1367
283.3330
283.5294
283.7257
283.9221

284.1184
284.3148
284.5111

284.7075
284.9038
285.1002
285.2965
285.4929
285.6892

285.8856

286.0819
286.2783
286.4746

286.6710

286.8673
287.0637
287.2600
287.4564
287.6527
287.8491
288.0454
288.2418
288.4381
288.6345
288.8388

Dia.

92 in.

_i

8

L
2

I
J I

93 in.

1 5
JL
4

IS

A
8

94 in.

1

8

1^.

6647.6258
6656.6609
6665.7021
6674.7485
6683.8010
6692.8618
6701.9286
6711.5001
6720.0787
6729.6628
6738.2530
6747.3497
6756.4525
6765.5614
6774.6763
6783.7975

6792.9248
6802.0581
6811.1974
6820.3420
6829.4927
6838.6517
6847.8167
6856.9869
6866.1631
6875.3454
6884.5338
6893.7337
6902.9296
6912.1366
6921.3497
6930.5691

6939.7946
6949.5261
6958.2636
6968.0064
6976.7552
6986.0123
6995.2755
7004.5439

Circum.

289.0272
289.2235
289 il99

289.6162
289.8125
290.0089
290.2053
290.4016

290.5980
290.7943
290.9907
291.1870
291.3834
291.5797
291.7761
291.9724

292.1688
292.3651
292.5615
292.7578
292.9542
293.1505

293.3469
293..5432

293.7396
293.9359
294.1323
294.3286
294.5250
294.7213
294.9177
295.1140

295.3104
295.5067

295.7031
295.8994
296.0958
296.2921
296.4885
296.6848
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Diameters, Areas , ETC. Continued,

Dia. Area. Circum. Dia. Area. Circum.

i 7013.8183 296.8812 97 in. 7389.8288 804.7352

-^ 7023.0988 297.0775 tV 7399.3548 304.9315

i 7032.3853 297.2739 i 7408.8868 305.1279

\h 7041.6784 297.4702 A 7418.6241 305.3242

1 7050.9775 297.6666 i
4 7427.9675 305 5206

11 7060.2827 297.8629 -^ 7437.5192 305.7169

1 7069.5940 298.0593 1 7447.0769 305.9133

11 7075.9116 298.2556 A 7456.6398 306.1096

i 7466.2087 306.3060
95 in. 7088.2352 298.4520 -^ 7475.7837 306.5023

I's 7097.5738 298.6483 1 7485.3648 306.6987

i 7106.9005 298.8447 \h 7494.9524 306.8950

1% 7116.7415 299.0400 f 7504.5460 307 0914

i 7125.5885 299.2374 11 7514.1457 307.2877

-h 7134.9443 299.4337 i 7523.7515 307.4841

1 7144.3052 299.6301 u 7533.3636 307.6804

-/. 7153.6717 299.8264

1 7163.0443 300.0228 98 in. 7542.9818 307.8768

A 7172.4230 300.2191 Ve 7552.6060 308.0731

1 7181.8077 300.4155 i 7562.2362 308.2695

\h 7191.1989 300.6118 iV 7575.8717 308.4658

f 7200.5962 300.8082 i 7581.5132 308.6622

]l 7209.9096 301.0045 -h 7591.1630 308.8585

1 7219.4090 301.2009 8" 7600.8189 309.0549

U 7228.8248 301.3972
I'ff

7610.4800 309.2512

i 7620.1471 309.4476

96 in. 7238.2466 301.5936
I'ff

7629.8203 309.6439

iV 7247.6741 301.7899 1 7639.4995 309.8403

^ 7257.1083 301.9863 ]h 7649.1853 310.0366
3

Iff 7266.5474 302.1826 i 7658.8771 310.2330

i 7275.9926 302.3790 Is 7668.5750 310.4293

-h 7285.4461 302.5753 7678.2790 310.6257

1 7294.9056 302.7717 \'^ 7687.9893 310.8220

iV 7304.3703 302.9680

4 7313.8411 303.1644 99 in. 7697.7056 311.0184

/. 7323.3179 303.3607 h 7707.4279 311.2147

1 7332.8008 303.5571 i 7717.1563 311.4111

ii 7342.2902 303.7534 -h 7726.8900 311.6074

f 7351.7857 303.9498 i 7736.6297 311.8038

if 7361.2873 304.1461 h 7746.3777 312.0001

i 7370.7949 304.3425 t 7756.1318 312.1965

n 7380.3088 304.5388 tV 7765.8910 312.3928
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Diameters, Areas , ETC. Continued.

Pia. Area. Circum. Dia. Area. Circum.

325.1556h 7775.6563 312.5892 8413.4008

?ff 7785.4277 312.7855 1 8454.0944 325.9410

1 7795.2051 312.9819

u 7804.9890 313.0782 104 in. 8494.8864 326.7264

f 7814.7790 313.3746 i 8535.7760 827.5118

\l 7824.5751 313.5709 i 8576.7640 328.2972

i 7834.3772 313.7673 f 8617.8504 329.0826

n 7844.1856 313.9636
105 in. 8659.0348 329.8680

100 in. 7854.0000 314.1600 J.
4 8700.3176 330.6534

i 7893.3190 314.94.54 i 8741.6980 331.4388

i 7932.7360 315.7308 1 8783.1772 332.2242

f 7972.2120 316.5162
lOG in. 8824.7544 333.0096

101 in. 8011.8652 317.3016 i 8908.2028 334.5804

i 8051.5772 318.0870

i 8091.3870 318.8724 107 in. 8992.0444 336.1512

1 8131.2953 319.6578 i 9076.2784 337.7220

102 in. 8171.3016 320.4432 108 in. 9160.9056 339.2928

i 8211.4060 321.2286 i 9245.9248 340.8636

i 8251.6084 322.0140

f 8291.8696 322.7994 109 in. 9331.3372 342.4344

i 9417.1420 344.0052
103 in. 8332.3085 323.5848

i 8372.8056 324.3702 110 in. 9503.3400 345.5760
1



su APPENDIX.

A Table of Diameters, Areas, and Circumferences op

Circles, in Feet, from 1 to 50 Feet.

Dia. in

Feet &
Ins.

Area in

Feet.

Circum.
in Feet &
Inches.

Dia. in

Feet &
Ins.

Area in

Feet.

Circum.
in Feet &
Inches.

1 ft. .7854 3 1| 2 13.6353 13 1

1 .9217 3 4| 3 14.1862 13 4^

2 1.0690 3 8 4 14.7479 13 71

3 1.2271 3 11 5 15.3206 13 lOi
4 1.3962 4 H 6 15.9043 14 1|
5 .5761 4 5f 7 16.4986 14 4|
6 1.7671 4 8^ 8 17.1041 14 7|

7 1.9689 4 111 9 17.7205 14 n
8 2.1816 5 22 10 18.3476 15 2|
9 2.4052 5 4 11 18.9858 15 5i

10 2.6398 5 9 5 ft. 19.6350 15 8i
11 2.8852 6 2| 1 20.2947 15 111

2 ft. 3.1416 6 31 2 20.9656 16 2|

1 3.4087 6 H 3 21.6475 16 51-

2 3.6869 6 n 4 22.3400 16 9

3 3.9760 7 Of 6 23.0437 17 0^

4 4.2760 7 3| 6 23.7583 17 3^
5 4.5869 7 7 7 24.4835 17 6|
6 4.9087 7 m 8 25.2199 17 9|
7 5.2413 8 If 9 25.9672 18 Of

8 5.5850 8 u 10 26.7251 18 3|
9 5.9395 8 '^1 11 27.4943 18 7^

10 6.3049 8 10| 6 ft. 28.2744 18 10^
11 6.6813 9 11 1 29.0649 19 1^

3 ft. 7.0686 9 5 2 29.8668 19 4f
1 7.4666 9 8i 3 30.6796 19 1i
2 7.8757 9 llf 4 31.5029 19 10|
3 8.2957 10 2i 5 32.3376 20 If
4 8.7265 10 H 6 33.1831 20 4|
5 9.1683 10 8| 7 34.0391 20 8i
6 9.6211 10 111 8 34.9065 20 Hi
i 10.0846 11 3 9 35.7847 21 23^

8 10.5591 11 H 10 36.6735 21 5^
9 11.0446 11 n 11 37.5736 21 8|

10 11.5409 12 Oi 7 ft. 38.4846 21 11|
11 12.0481 12 3| 1 39.4060 22 3

4 ft. 12.5664 12 6| 2 40.3388 22 6i
1 13.0952 12 n 3 41.2825 22 9i
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Diameters, Areas, etc.— Continued.

335

Dia. in
Foet &
Ins.

4
5

6

7

8

9

10

11

8 ft.

1

2

3

4
5

6

7

8

9

10

11

9 ft.

1

2

3

4
5

6

7

8

9

10
11

10 ft.

1

2

3

4
5

'

Area in

Feet.

42.2367
43.2022

44.1787
45.1656
46.1638
47.1730
48.1926

49.2236

50.2656
51.3178

52.3816

53.4562
54.5412

55.6377

56.7451

57.8628

58.9920

60.1321

61.2826

62.4445

63.6174

64.8006

65.9951

67.2007
68.4166

69.6440

70.8823
72.1309

73.3910

74.6620

75.9433

77.2362

78.5400

79.8540

81.1795

82.5160

83.8627

85.2211

Circum. Dia. in

ill Feet & Feet &
Inches. Inches.

23 Of 6

23 2^ 7

23 6| 8

23 11 9

24 11 10
24 4:4 11

24 7^ 11 ft.

24 10| 1

25 U 2

25 4| 3

25 7| 4
25 11 5

26 21 6

26 5| 7

26 8f 8

26 111
1

9

27 2§ 10

27 5f 11

27 9
i

12 ft.

28 01 1

28 31 2

28 61 3

28 91 4
29 Of 5

29 S^ 6

29 7 7

29 101 8

30 11 9

30 4-1 10

30 71 11

SO 11| 13 ft.

31 If 1

31 5 2

31 81 3

31 111 4
32 2f 5

32 51 6

32 8| 7

Area i

Feet.

86.5903
87.9697
89.3608

90.7627
92.1749

93.5986
95.0334

96.4783
97.9347

99.4021

100.8797
102.3689
103.8691
105.3794
106.9013
108.4342
109.9772
111.5319
113.0976
114.6732

116.2607
117.8590
119.4674
121.0876
122.7187
124.3598

126.0127
127.6765
129.3504
131.0360
132.7326
134.4391

136.1574
137.8867
139.6260
141.3771
143.1391
144.9111

Circum.
in Feet &
Inches.

32 113

33 21 i

33 61

33 91

34 0|
34 31

34 6|
34 9f
35 01

35 41

35 71

35 lOf
36 11

36 41

36 7f
36 10|
37 2|
37 51

37 8|
37 111

38 2|
38 5|
38 8|
39

39 31

40 Of
40 3f
40 6|
40 10
41 11

41 41
41 71

41 10|
42 If
42 4\
42 8'
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Diameters, Areas, etc.— Continued.

Dia. in

Feet &
Ins.

10
11

14 ft.

1

2

3

4
5

6

7

8

9

10
11

15 ft.

1

2

3

4
5

6

7

8

9

10
11

16 ft.

1

2

3

4
5

6

7

Area in

Feet,

146.6949
148.4896
150.2943
152.1109

153.9384
155.7758

157.6250
159.4852

161.3553
163.2373
165.1303
167.0331
168.9479

170.8735
172.8091

174.7565

176.7150
178.6832

180.6634
182.6545
184.6555

186.6684
188.6923
190.7260
192.7716

194.8282
3 96.8946

198.9730
201.0624
203.1615
205.2726
207.3946
209.5264
211.6703
213.8251
215.9896
218.1662

220.3537

1

Circiim. Dia. in
in Feet & Feet &
Inches. Ins.

42 111 10
43 21 11

43 51 17 ft.

43 8f 1

43 llf 2

44 21 3

44 6 4
44 91 5

45 01 6

45 31 7

45 ^ 8

45 91 9

46 01 10
46 4 11

46 71 18 ft.

46 111 1

47 11 2

47 4| 3

47 7| 4
47 101 5

48 21 6

48 51 7

48 81 8

48 lU 9

49 2| 10
49 5| 11

49 81 19 ft.

50 1

50 31 2

50 61 3

50 ^ 4
51 01 5

51 3| 6

51 61 7

51 10 8

52 11 9

52 41 10
52 7f 11

Area in

Feet.

222.5510
224.7603
226.9806
229.2105
231.4525
233.7055
235.9682
238.2430
240.5287
242.8241
245.1316

247.4500
249.7781
252.1184
254.4696
256.8303
259.2033
261.5872

263.9807
266.3864
268.8031
271.2293
273.6678
276.1171
278.5761

281.0472

283.5294
286.0210
288.5249
291.0397
293.5641

296.1107
298.6483
301.2054
303.7747
306.3550
308.9448
311.5469

Circura.
in Feet A
Inc lies.

10^52
53 1^
53 4^
53 8

63 LU
54 2^
54 5^
54 8^

54 11^
55 n
55 6

55 9^
56 0^
56 3^
56 H
56 n
57 01

57 4
57 7^
57 10^
58 1*
58 H
58 n
58 lor
59 2

59 51

59 8:f

59 lU
60 2^
60 5^
60 8f
60 11^
61 3^
61 H
61 n
62 0^!
62 311
62 6t|
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Diameters, Areas, etc.— Continued.

337

Dia. in

Feet &
Inches.

20 ft.

1

2

3

4
5

6

7

8

9

10
11

21 ft.

1

2

3

4
5

6

7

8

9

10
11

22 ft.

1

2

3

4
5

6

7

8

9

10
11

23 ft.

1

Area in
Feet.

314.1600

316.7824
319.4173
322.0630
324.7182
327.3858
330.0643
332.7522
335.4525

338.1637
340.8844
343.6174
346.3614
349.1147

351.8804
354.6571
357.4432

360.2417

363.0511

365.8698
368.7011
371.5432

374.3947

377.2587
380.1336

383.0177
385.9144
388.8220
391.7389
394.6683

397.6087

400.5583
403.5204
406.4935
409.4759
412.4707
415.4766
418.4915

Circum. Dia. in

in Foet & Feet &
Inches. Ins.

62 9| 2

63 li 3

63 4^ 4
63 7t 5

63 Hi 6

64 1| 7

64 4| 8

64 7i 9

64 11 10

65 2i 11

65 5t 24 ft.

65 8i 1

65 lit 2

66 li 3

66 5i 4
66 9 5

67 Oi 6

67 31 7

67 ^ 8

67 9| 9

68 of 10
68 ^ H
68 7 25 ft.

68 10^ 1

69 If 2

69 4i 3

69 7| 4
69 10| 5

70 1| 6

70 5 7

70 8i 8

70 Hi 9

71 2i 10
71 5| 11
71 8f 26 ft.

71 Hi 1

72 3 2

72 6i 3

Area in

Feet.

421.5192

424.5577
427.6055
430.6658
433.7371
436.8175
439.9106
443.0146
446.1278
449.2536
452.3904
455.5362
458.6948
461.8642
465.0428
468.2341
471.4363
474.6476
477.8716
481.1065
484.3506
487.6073
490.8750
494.1516
497.4411
500.7415
504.0510
507.3732
510.7063

514.0484
517.4034
520.7692
524.1441

527.5318
530.9304
534.3379

537.7583

541.1896

Circum.
in Feet &
Inches.

72 9*
73 oj
73 H
73 61
73

74
74 4i

74 7^
74 10^
75 1^
75 ^
75 4
75 11
76 ^
76 H
76 8i
76 11^
77 n
77 ^
77 9

78 0*
78 ^
78 6#
78 n
79 n
79 3^
79 '*

79 IH
80 li
80 4t
80 7^
80 10^
81 1^
81 5

81 8*
81 lU
82 n
82

15
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DiAMETEKS, Areas, etc.— Continued.

Dia. in

Feet &
Ins.

4
5

.6

7

8

9

10
11

27 ft.

1

2

3

4
5

6

7

8
9

10
11

28 ft.

1

2

3

4
5

6

7

8

9

10
11

29 ft.

1

2

3

4
5

Area in

Feet.

544.6299

548.0830

551.5471

555.0201

558.5059
562.0027
565.5084
569.0270
572.5566

576.0949
579.6463
583.2085

586.7796

590.3637

593.9587

597.5625
601.1793

604.8070
608.4436

612.0931

615.7536

619.4228

623.1050

626.7982

630.5002
634.2152

637.9411

641.6758

645.4235

649.1821
652.9495

656.7300
660.5214
664.3214
668.1346
671.9587

675.7915

679.6375

Circum. Dia. in

in Feet & Feet &
Inches. Ins.

82 8| 6

82 Hi 7

83 3 8

83 ^ 9

83 9^ 10
84 Of 11

84 3^ 30 ft.

84 6f 1

84 U 2

85 1 3

85 41 4
85 ^ 5

85 lU 6

86 l| 7

86 4f 8

86 7| 9

86 11 10
87 21 11
87 51 31 ft.

87 8^ 1

87 111 2

88 2| 3

88 5| 4
88 9 5

89 01 6

89 31 7

89 6| 8

89 91 9

90 0| 10
90 3| 11
90 61 32 ft.

90 111 1

91 11 2

91 4 3

91 71 4
91 10| 5

92 If 6

92 41 7

Area in
Feet.

683.4943

687.3598
691.2385

695.1280

699.0263
702.9377

706.8600

710.7909

714.7350

718.6900
722.6537

726.6305

730.6183

734.6147

738.6242

742.6447

746.6738

750.7161
754.7694
758.8311

762.9062
766.9921

771.0866
775.1944
779.3131

783.4403

787.5808
791.7322

795.8922

800.0654
804.2496
808.4422
812.6481
816.8650
821.0904
825.3291
829.5787
833.8368

Circum.
in Feet &
Inches.

92 8^
92 111

93 2|
93 5^
93 8|
93 111
94 21
94 6

94 9|
95 Of
95 ^
95 6|
95 9f
96 Oi
96 4
96 71

96 10|
97 1^
97 4|
97 7f
97 101

98 2

98 51

98 8f
98 111

99 2|
99 5|
99 81

100
100 31

100 6f
100 91

101 Of
101 3|
101 6|
101 10
102 li
102 4f
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Diameters, Areas, etc.— Continued.

389

Dia. in

Feet &
Inches.

9

10
11

33 ft.

1

2

3

4
5

6

7

8

9

]0

11
34 ft.

1

2

3

4
5

6

7

8

9

10
11

35 ft.

1

2

3

4
5

6

7

8
9

Area in

Feet.

838.1082
842.3905
846.6813

850.9855
855.3006
859.6240
863.9609
868.3087
872.6649
877.0346
'881.4151

885.8040
890.2064
894.6196
899.0413
903.4763
907.9224
912.3767
916.8445
921.3232

925.8103
930.3108
934.8223

939.3421
943.8753

948.4195

952.9720
957.5380
962.1150

966.7001
971.2989

975.9085
980.5264
985.1579
989.8003
994.4509
999.1151

1003.7902

Circum. Dili, in

in Feet & Feet &
Inches. Ins.

102 7^ 10
102 10| 11

103 1^ 36 ft.

103 4i 1

103 8 2

103 11^ 3

104 2i 4
104 5t 5

104 8t 6

104 111 7

105 2i 8

105 6 9

105 9^ 10

106 01 11
106 31 37 ft.

106 6t 1

106 9| 2

107 Oi 3

107 4 4
107 7^ 5

107 m 6

108 If 7

108 4t 8

108 7f 9

108 10^ 10
109 2 11
109 5^ 38 ft.

109 8i 1

109 lit 2

110 n 3

110 5| 4
110 8^ 5

111 6

111 3^ 7

111 H 8
111 9| 9

112 0^ 10
112 3f 11

Ar^a ia

Feet.

1008.4736
1013.1705
1017.8784
1022.5944
1027.3240
1032.0646
1036.8134
1041.5758
1046.3491
1051.1306
1055.9257
1060.7317
1065.5459
1070.3738
1075.2126

1080.0594
1084.9201
1089.7915
1094.6711

1099.5644
1104.4687
1109.3810
1114.3071
1119.2440
1124.1891
1129,1478
1134.1176
1139.0953
1144.0868
1149.0892

1154.0997

1159.1239
1164.1591
1169.2023
1174.2592
1179.3271

1184.4030
1189.4927

Circum.
in Feet &
Inches.

112 H
112 10'

113 1^
113 H
113 ^
113 lol
114 i|
114 H
114 8

114 II5I
115 2j
115 ''>^

115 9

115 111
116 2^
116 6

116 9^
117 Oi
117 3I

117 64
117 9^1
118 o-i

118 4
118 7^
118 10^
119 H
119 H
119 "if

119 lOif

120 2

120 H
120 8#
120 111
121 2*
121 5t
121 ^i
121 ^H
122 H
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Diameters, Areas, etc.— Continued.

Dia. in

Feet &
Area in

Feet.

Circuni.

in Feet &
Din. in

Feet & Area in

Feet.

Circum.
in Feet &

Ins.

39 ft.

Inches. Ins. Inches.

1194.5934 122 H 2 1396.4619 132 5|
1 1199.7195 122 n 3 1401.9880 132 8|
2 1204.8244 123 Oi 4 1407.5219 132 11|
3 1209.9577 123 3| 5 1413.0698 133 3

4 1215.0990 123 6| 6 1418.6287 133 6.-

5 1220.2542 123 n 7 1424.1952 133 9^

6 1225.4203 124 i| 8 1429.7759 134 0^
7 1230.5943 124 H 9 1435.3675 134 3f
8 1235.7822 124 71 10 1440.9668 134 6|
9 1240.9810 124 lOll 11 1446.5802 134 9|

10 1246.1878 125 1| 43 ft. 1452.2046 435 1

11 1251.4084 125 4| 1 1457.8365 135 4i

40 ft. 125G.C400 125 '^8 2 1463.4827 135 7^
1 1261.8794 125 11 3 1469.1397 135 10^
2 1267.1327 126 H 4 1474.8044 136 If
3 1272.3970 126 H 5 1480.4833 136 4:1

4 1277.6692 126 4 6 1486.1731 136 Ti
5 1282.9553 126 111 7 1491.8705 136 11

6 1288.2523 127 2| 8 1497.5821 137 2^
7 1293.5572 127 H 9 1503.3046 137 5i

8 1298.8760 127 9 10 1509.0348 137 8|
9 1304.2057 128 0^ 11 1514.7791 137 llf

10 1309.5433 128 3t 44 ft. 1520.5344 138 2%
11 1314.8949 128 ^ 1 1526.2971 138 5|

41 ft. 1320.2574 128 H 2 1532.0742 138 9

1 1325.6276 129 Of 3 1537.8622 139 0^
2 1331.0119 129 3t 4 1543.6578 139 3i

3 1336.4071 129 7 5 1549.4676 139 6|
4 1341.8101 129 lOi 6 1555.2883 139 9f
5 1347.2271 130 If 7 1561.1165 140 Of
6 1352.6551 180 ^ 8 1566.9591 140 3|

7 1358.0908 130 n 9 1572.8125 140 7^
8 1363.5406 130 lOf 10 1578.6735 140 lOg

9 1369.0012 131 1^ 11 1584.5488 141 I5

10 1374.4697 131 5 45 ft. 1590.4350 141 4|
11 1379.9521 131 8i 1 1596.3286 141 7^

42 ft. 1385.4456 131 n| 2 1602.2366 141 lOf
1 1390.2467 132 2* 3 1608.1555 142 li
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Diameters, Areas, etc.— Continued.

Dia. in

Feet cfe

Indies.

4
5

6

7

8

9

10
11

46 ft.

1

2

3

4
5

6

7

8

9

10
11

47 ft.

1

2

3

4
5

6

7

8

Area in

i'eet.

1614
1620
1625
1631
1637
1643
1649
1655
1661
1667
1673
1680
1686
1692
1698
1704
1710
1716
1722
1728
1734
1741
1747
1753
1759
1765
1772
1778
1784

.0819

.0226

.9743

.9334

.9068

.8912

.8831

.8892

.9064

.9308

.9698

.0196

.0769

.1485

.2311

.3210

.42.54

.5407

.6634

.8005

.9486

.1039

.2738

.4545

.6426

.8452

.0587

.2795

.5148

Circnm. Dia. in

in Feet & Feet &
Inches. Ins.

142 5 9

142 8i 10
142 Hi 11
143 2f 48 ft.

143 5:^ 1

143 8^ 2

143 Hi 3

144 3 4
144 6^ 5

144 9^ 6

145 Of 7

145 3^ 8
145 6§ 9

145 9| 10
146 1^ 11
146 4i 49 ft.

146 n\ 1

146 lOt 2

147 U 3

147 4| 4
147 7| 5

147 11 6

148 2i 7

148 5^ 8

148 8| 9

148 lU 10
149 2^ 11
149 5| 50 ft.

149 8i

Area ia

Feet.

1790.7610
1797.0145
1803.2826

1809.5616
1815.8477
1822.1485
1828.4602
1834.7791
1841.1127
1847.4571
1853.8087
1860.1750

1866.5521
1872.9365
1879.3355
1885.7454
1892.1724
1898.5041

1905.0367
1911.4965
1917.9609
1924.4263
1930.9188
1937.3159
1943.9140
1950.4392
1956.9691
1963.5000

Circum.
in Feet &
Inches.

150 0|
150 3^
150 6f
150 9^
151 Of
151 3|
151 ^
151 10^
152 1^
152 41
152 ^
152 lOf
153 1|
153 4|
153 8^
153 11^
154 2f
154 5|
154 ^
154 111
155 2|
155 6

155 9J

156 0^
156 3^
156 ^
156 9|
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Table exhibiting the Temperatures and Volumes of Steam gene-

rated under different pressures.

1

Pressure

in

ibs.

per

i

square

inch,

atmo-

|

spheric

pressure

included.

So

If.-

s s .

ill
III

i:

o

Pressure

in

lbs.

per

square

inch,

atmo-

spheric

pressure

included.

al

1°

III

6^ .

ip
-oil
>

Cubic

inches

of

water

in

a

cubic

foot

of

steam.

15 218-0 1669 1-035 48 279.7 573 3-015

16 216-4 1572 1-099 49 281-0 562 3-074

17 219-6 1487 1-162 50 282-3 552 3-130

18 222-6 1410 1-226 51 283-6 542 3-188

19 225-6 1342 1-287 52 284-8 532 3-248

20 228-3 1280 1-350 53 286-0 523 3-304

21 231-0 1224 1-411 54 287-2 514 3-361

22 233-6 1172 1-474 55 288-4 506 3-415

23 236-1 1125 1-536 56 289-6 498 3-469

24 238-4 1082 1-597 57 290-7 490 3-526

25 240-7 1042 1-658 58 291-9 482 3-585

26 243-0 1005 1-719 59 293-0 474 3-645

27 245-1 971 1-779 60 294-1 467 3-700

28 247-2 939 1-840 61 294-9 460 3-756

29 249-2 909 1-910 62 295-9 453 3-814

30 251-2 882 1-959 63 297-0 447 3-865

31 253-1 855 2-021 64 298-1 440 3-927

32 255-0 831 2-079 65 299-1 434 3-981

33 256-8 808 2-138 66 300-1 428 4-037

34 258-6 786 2-198 67 301-2 422 4-094

35 260-3 765 2-258 68 302-2 417 4-143

36 262-0 746 2-316 69 303-2 411 4-204

37 263-7 727 2-376 70 304-2 406 4-250

38 265-3 710 2-433 71 305-1 401 4-309

39 266-9 693 2-493 72 306-1 396 4-363

40 268-4 677 2-552 73 30f-l 391 4-419

41 269-9 662 2-610 74 308-0 386 4-476

42 271-4 647 2-670 75 308-9 881 4-535

4§ 272-9 634 2-725 76 309-9 377 4-583

44 274-3 620 2-78/ 77 310-8 372 4-645

45 275-7 608 2-842 78 311-7 308 4-695

46 277-1 696 2-899 79 312-6 364 4-747

47 278-4 684 2-958 80 313-5 359 4 812
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Table by which to ascertain the amount of lap necessary on the

steam side of a slide-valve to cut the steam off at various fraC'

iional parts of the ttroke

To cut the steam off, after the piston has passed through

i tV f I f t ii

of its stroke. Multiply the given stroke of the valve by

•354 -323 •289 •250 •204 -177 144

and the product is the lap of the valve in terms of the stroke.

Example.—Required the lap necessary to cut the steam off

at the end of five-sixths of the stroke, the stroke of the valve

being twelve inches, and without lead. 204 x 12 = 2-448

inches.

As lead is not taken into account because of different quan-

tities being required to different applications of the steam-

engine, subtract from the lap half the lead ; the remainder

is the lap required. Thus, suppose the lead equal -25 -f-

2

= -125 and 2-448 — -125 = 2-323 inclies, the lap with one-

fonrth inch of lead fts giveiu
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Table of the Mean Elastic Force of Steam in pounds per square

inch, at various grades of Expansion.

Initial

density of
the steam
in lbs. per
'square
inch.

Dense steam cut off after the piston has passed througl

following fractional parts of the stroke

:

i i f i f f

1

>the

' 9 4-69 5-37 6-89 7-62 8-13 8-67 8-80

10 5-22 5-97 7-67 8-46 9-03 9-64 9-78

. 11 5-74 6-56 8-43 9-31 9-94 10-60 10-76

12 6-26 7-16 9-19 1016 10-84 11-57 11-74

^ 13 6-78 7-75 9-96 11-01 11-75 1253 12-72

a 14 7-31 8-53 10-73 11-85 12-65 13-49 13-97

o 15 7-83 8-95 11-49 12-69 13-55 14-46 14-68

16 8-35 9-54 12-26 13-54 14-46 15-42 15-66

13 17 8-87 10-14 13-03 14-39 15-36 16-38 16-63

18 9-39 10-74 ] 3-79 15-24 16-27 17-35 17-61

ft 19 9-92 11-33 14.56 16-81 17-17 18-31 18-59

.2 20 10-44 1193 15-33 16-93 18-07 19-28 19-57

25 13-04 14-91 19-16 21-16 22-59 24-09 24 46

30 15-65 17-89 22-99 25-39 27-11 28-91 29-35

a 35 18-26 20-88 26-83 29-63 31-63 33-73 34-24

< 40 20-87 23-86 30-66 33-86 36-15 38-55 39-14

45 23-48 26-84 34 88 38-09 40-66 43-37 44-03

50 26-09 29-82 38-32 42-33 45-18 48.19 48-92

Example.—If dense steam be admitted to the cylinder of an

engine at a pressure of 17 pounds per square inch, and cut

off when the piston has moved through two-fifths of the

stroke, the mean elastic pressure during the whole stroke

will be 13-03 pounds per square inch, as obtained fcy initial

density and expansive force.
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Table by which to find the relative state of Piston and Exhaust

after Expansion.

steam cut off at steam cut off at steam cut off at Steam cut off at

l-3d fi-om the l-4th from the l-6th fi om the 1-Sth from the
end of the stroke. end of the stroke. end of the stroke end of the stroke.

B) a © .J. _j X o « Tj a. u Orj rr^ cc o » 15

>

".3

?| SI
^ a

°1-
<u 6

1?^ "Ht^^ isi It-^
-^-^

g ll^'^

11

<u c aj

III
ill

5 ^iS

ii
III HI

"|2

all

4s o 3

" g s

III

1!^

ifi
III

li'l

-S "£

oil

111
f5|

.25 ffl ft

•III t||
« ai (L

»5 a III a|c

111
IsS'

,a a^

2 a a Hi
S"S o a^ « c' g< <B sT^ <c J~ g. ?, '^'v o o-g- o o —
°a Co 05 S O 03

U _^ CD

S-gS 3 S-^ III ^g^: il!
e5 ;;•-' c3 t^—' 0= 2 .s ei ^ — 3 !i-'^

1-
-tJ -C jj

l.... fi ft S
''" '"

ft

•093

-S-S ^

l-8th •178 •033 •143 •019 •109 •008 •004

l-16th •130 •060 •100 •040 •171 •022 •058 •015

l-32d •113 •073 •085 •051 •058 •033 •043 •023

•029 •092 •067 •067 •043 •043 •038 •033

Example from the Table.—Suppose an engine with a stroke

of six feet, or 72 inches, and the steam cut off when the pis-

ton is one-third from the end of its stroke, the cover on the

exhaust side of the valve being l-32d of its stroke, the rela-

tive positions will be the following:

—

In a line with l-32d and under l-3d is -113 and -073 ; there-

fore ^113 X "2 = 8^136 inches the piston is from the end of

the stroke, when the exhausting-port before the piston is

shut, and ^073 X '^2 ^ 5^256 inches the piston is from the

end of the stroke, when the exhausting-port behind it is open

15*
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Table of Cylinders, with proportionate strokes fur Sipam-engine*

of nominal horse-power ; the dense steam for Condensiaig En-
gines being seven pounds per square inch.

Stationary Condens- Marine Condensing High-PRESSURE, OR NON-CON-
ing Engines. Engines DENsiNG Engines.

o„^ h ° s s a S ^ Diameter of
1

cylinders in
1

Horse- III .2 °o

Horse-

u S 2

1^1 •J S a inches, the force of the 1

dense steam per square
\

power. i=-2 Kz% power. i^« tti OT inch being

2

5-"

9

£^=2 .5 0-"
Q

20

£-£c2

2

O
25 lbs. 30 lbs. 40 lbs. 50 lbs.

li 10 1 31 34 3 21

3 11 2 12 2U 2 14 44 4i 31 H
4 12 n 15 23^ 2i 2 6i 4i 41 31

6 13i 4 16 244 n 24 51 51 4f 4i

6 14i 2f 18 26^ 2i 3 64 6 6 44

8 16i 3 20 261 2i 34 61 6i 54 4^

10 18 H 25 281

3l|
3 4 74 61 6 H

12 19i H 30 3 44 7i 74 H H
14 21 4 35 33i 3J 6 H 74 64 5|

15 21i sf 40 36i 3i 54 84 n H 64

16 22 4 45 37| 3V 6 9 Si 7 64

18 23 4i 50 39^ 3,^ 6} H 81 74 6i

20 24i 4i 55 40| 4 7 n 9 7S 6i

22 25i H 60 43 4 74 10 H 8 H
24 26^ 4| 65 44 4 8 104 91 8i 74

25 26i 5 70 46 4i 8i K| n 84 n
26 27 5 75 46| 44 9 114 lOi 81 n
28 27J 5i 80 48 44 10 HI 11 94 84

30 28i H 86 49 4i 11 124 111 9| 81

35 30i 6| 90 60 41 12 13 12 104 H
40 32* 6 95 52 4S 13 13i 12i 101 H
45 34i 6 100 52^ 5 14 14 12i Hi 10

!

50 36 6i 110 56^ 6 15 m 134 HI lOi

55 37i Ci 115 661 5 16 16 13i 12 104

60 39 6^ 120 67* 54 17 15i 14 121 101

66 40i 6i 125 68 6j 18 16i 144 12i lU
70 4]i 7 130 59 54 19 16i 14i 13i 114

75 43 7 135 60 6i 20 16i 15i 134 Hi
80 44 7i 140 61 61 25 184 17i 16 Ui
85 45J 7*: 145 62 51 30 20i 191 16i 144

90 46 8 160 62^ 6 35 214 20i I7i 154

95
100
no
120
130

47i
48i
51

52i
54i

8

8

8

8J
9

176
200
260
260
270

67i
ni
79i
81

81|

6

64
64
64
7

40 23 211- 184 16i

Quan
in

J

eac

tity of wat(

gallons per

la horse-poT

3r for feed

minute to

ver,

140 66 9 280 83 7 equal -45 '6 •61 '72
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Tahie of Nominal Velocities for the Pistons of Steam-engines^

with given length of strokes

Stationaky Condensing HIGH-PRESSURE. OR NON-i
Engines. CONDENsiNG Engines.

Length Num. Velocity Length Num. Velocity Length Number Velocity
it> feet per in feet in eet per ! in feet in feet per in feet

and in. mm. per min. and in. min. per mm. and in. minute. per miu.

1 9 46 161 2 42 168 1 80 160
2 42 168 2 3 39i 1771 1 3 70 175
2 3 38 171 2 6 38 190 1 6 62 186
2 6 35 175 3 32 192 1 9 55 192i
2 9 32 176 3 3 291 1931 2 50 200
3 30 180 3 6 27S 194i 2 3 46 207
3 3 28^ ISoi 4 24i 196 2 6 42^ 212i
3 6 27 189 4 3 23i 1991 2 9 39i 217i
3 9 26 195 4 6 22^ 202i 3 37 222
4 25 200 4 9 2H 204i 3 3 35 2281
4 3 24 204 5 21 210 3 6 33 231

4 6 23 207 5 6 m 214i 3 9 31 232i 1

5 2U 215 5 9 19 218i 4 29i 236
5 6 20 220 6- 18^ 222 4 6 27 243
6 19 228 6 6 m 2241 5 241 2m
r 17+ 245 ! 7 m 231 5 6 23 253
8 16 .50

1

7 6 15i 232i 6 22 254

Table of Decimal Equivalents to Fractional Parts of Lineal
Measures.

•4375 = I and yig-

•375 =1
•3152:

0625 =yV
iand-fV -03125= 5V

One inch, the integer or lohole number.

•9375= 1 and xV '5625 = J and J^ '25 =t
•875 =1 -5 =i -1875 =-i-and r^g

•8125= 1 andyV
'

•75 =1
•6875=1 and jV
•625 =1

One foot, or 12 inches the integer.

•9166= 11 inches. •4166 =5 inches. "0625 =fofinGU.
0338= 10 " -3333 =4 *' •05208= | "
•/;, = 9 " -25 =3 " -04166= J "

•6666= 8 " -1666 =2 " -03125= ^ "

•5833= 7 " -0833 =1 " -02083=
•5 = 6 " -07291=1 " -1041

=1 "
j
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Table of Approximate Numbers, for varioi s purposes.

Diameter of a circle X 3-1416 = the circumference.

Circumference " X •31831 = the diameter.

Diameter " X •8862 =z the side of an equal
square.

Side of a square X 1-128 = the diameter of an

equal circle.

Square of diameter X •7854 = the area of a circle.

Square root of area X 1-12837 = the diameter of equal

circle.

Square of the dia-
^

meter of a sphere J
X 3-1416 = convex surface.

Cube of ditto X -5236 = solidity.

Diameter of a sphere X -806 = dimensions of equa'

cube.

Diameter of a sphere X -6667 = length of equal cylin-

der.

Square inches X -00695 = square feet.

Cubic inches X •00058 = cubic feet.

Cubic feet X •03704 = cubic yards

Cylindrical inches... X •0004546 = cubic feet.

Cylindrical feet X •02909 = cubic yards.

Cubic inches X •003607 = imperial gallons.

Cubic feet X '6232

Cylindrical inches... X -002832

Cylindrical feet X 4-895

183^346 circular inches

2200 cylindrical inches

Avoirdupois pounds X '009

Avoirdupois pounds X "00045

Lineal feet X -00019

Lineal yards X -000568

1 square foot.

1 cubic foot.

cwts.

tons.

English statute miles.
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Table of Squares, Cubes, Square a-nd Cube Roots of Numbers.

Cubes. Srinares. Number. Square Ruots.

1

Cube Roots.

1 1 1 1-0000000 1-0000000 i

8 4 2 1-4142136 1-2599210

27 9 3 1-7320508 1-4422496

64 16 4 2-0000000 1-5874011 i

125 25 5 2-2360680 1-7099759

216 36 6 2-4494897 1-8171216

343 49 7 2-6457513 1-9129312

512 64 8 2-8284271 2-0000000

729 81 9 3-0000000 2-0800837

1000 100 10 3-1622777 2-1544347

1331 121 11 3-3166248 2-2239801

1728 144 12 3-4641016 2-2894286

2197 169 13 3-6055513 2-3513347

2744 196 14 3-7416574 2-4101422

3375 225 15 3-8729833 2-4262121

4096 256 16 4-0000000 2-5198421

4913 289 17 4-1231056 2-6712816

5832 324 18 4-2426407 2-6207417

6859 361 19 4-3588989 2-6684016

8000 400 20 4-4721360 2-7144177

9261 441 21 4-5825757 2-7589243

10648 484 22 4-6904158 2-8020393

12167 529 23 4-7958315 2-8438670

13824 576 24 4-8989795 2-8844991

15625 625 25 5-0000000 2-9240177

17576 676 26 5-0990195 2-9624960 .

19683 729 27 5-1961524 3-0000000

21952 784 28 5-2915026 3-0365889

24389 841 29 5-3851648 3-0723168

27011 900 30 5-4772256 3-1072325

29791 961 31 5-5677644 3-1413806

32768 1024 32 5-6568542 3-1748021

35937 1089 33 5-7445626 3-2075343

39304 1156 34 5-8309519 3-2396118
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Tabu of Squares, Cubes, ^e.—Continued.

Cubes. Squares. Number. Square Roots. Cube Roots.

42875 1225 35 5-9164798 3-2710663

46656 1296 36 6 0000000 3-3019272

50653 1369 37 6-0827625 3-3322218

54872 1444 38 6-1644140 3-3619754

59319 1521 39 6-2449980 3-3912114

64000 1600 40 6 3245553 3-4199519

68921 1681 41 6-4031242 3-4482172

74088 1764 42 6-4807407 3-4760266

79507 1849 43 6-5574385 3-5033981

85184 1936 44 6-6332496 3-5303483

91125 2025 45 6-7082039 3-5568933

97336 2116 46 6-7823300 3-5830479

103823 2209 47 6-8556546 3-6088261

110592 2304 48 6-9282032 3-6342411

117649 2401 49 7-0000000 3-6593057

125000 2500 50 7-0710678 3-6840314

132651 2601 51 7-1414284 3-7084298

140608 2704 52 7-2111026 3-7325111

148877 2809 53 7-2801099 3-7562850

157464 2916 54 7-3484692 3-7797631

166375 3025 55 7-4161985 3-8029525

175616 3136 56 7-4833148 3-8258624

185193 3249 57 7-5498344 3-8485011

195012 3364 58 7-6157731 3-8708766

205379 3481 59 7-6811457 3-8929965

216000 3600 60 7-7459667 3-9147632

226981 3721 61
.
7-8102497 3-9304972

238328 3844 62 7-8740079 3-9578915

250047 3969 63 7-9372539 3-9790571
i

262144 4096 64 8-0000000 4-0000000

274625 4225 65 8-0622577 4-0207256

287496 4356 66 8-1240384 4-0412401

300763 4489 67 8-1853528 4-0615480

314432 4624 68 8-2462113 4-0816551
,

1
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Table of Squares, Cubes, ^c.—Continued.

Cubes. Squares. Number. Square Roots. Cube Roots.

328509 4761 69 8-3066239 4-1015661

343000 4900 70 8-3666003 4-1212853

357911 5041 71 8-4261498 4-1408178

373248 5184 72 8-4852814 4-1601676

389017 5329 73 8-5440037 4-1793390

405224 5476 74 8-6023253 4-1983364

421875 5625 75 8-6602540 4-2171633

438976 5776 76 8-7177979 4-2358286

456533 5929 77 8-7749644 4-2543210

474552 6084 78 8-8317609 4-2726586

493039 6241 79 8-8881944 4-2908404

512000 6400 80 8-9442799 4-3088695

531441 6561 81 9-0000000 4-3267487

551368 6724 82 9-0553851 4-3444815

571787 6889 83 9-1104336 4-3620707

592704 7056 84 9-1631514 4-3795191

614125 7225 85 9-2195445 4-3968296

636056 7396 86 9-2736185 4-4140049

658503 7569 87 9-3273791 4-4310476

681472 7744 88 9-3808315 4-4470692

704969 7921 89 . 9-4339811 4-4647451

729000 8100 90 9-4868330 4-4814047

753571 8281 91 9-5393920 4-4979414

778688 8464 92 9-5916630 4-5143574

804357 8649 93 9-6436508 4-5306549

830584 8836 94 9-6953597 4-5468359

857374 9025 95 9-7467943 4-5629026

884736 9216 96 9-7979590 4-5788570

912073 9409 97 9-8488578 4-5943009

949912 9604 98 9-8994949 4-6104363

970299 9801 99 9-9498744 4-6260650

1000000 10000 100 10-0000000 4-6415888

1030301 10201 101 10-0498756 4-6570095

1061228 10404 102 10-0995049 4-6723287
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Table of Squares, Cubes, ^c.—Continued.

Cubes. Squares. Number. Square Roots. Cube Roots.

1092727 10609 103 10-1488916 4-6875482

1124864 10816 104 10-1980390 4-7026694

1157625 11025 105 10-2469508 4-7176940

1191016 11236 106 10-2956301 4-7326235

1225043 11449 107 10-3440804 4-7474594

1259712 11664 108 10-3923048 4-7622032

1295029 11881 109 10-4403065 4-7768562

1331000 12100 110 10-4880885 4-7914199

1367631 12321 111 10-5356538 4-8058995

1404928 12524 112 10-5830052 4-8202845

1442897 12769 113 10-6301458 4-8343881

1481344 12996 114 10-6770783 4-8488076

1520875 13225 115 10-7238053 4-8629442

1560896 13456 116 10 7703296 4-8769900

1601613 13689 117 10-8166538 4-8909732

1643032 13924 118 10-8627805 4-9048681

1685159 14161 119 10-9087121 4-9186847

1728000 14400 120 10-9544512 4-9324242

1771561 14641 121 11-0000000 4-9460874

1815848 14834 122 11-0453610 4-9596757

1860867 15129 123 11-0905365 4-9731898

1906624 15376 124 11-1355287 4-9866310

1953125 15625 125 11-1803399 5-0000000

2000376 15876 126 11-2249722 5-0132979

2048383 16129 127 11-2694277 5-0265257

2097152 16384 128 11-3137085 5-0396842

2146689 16641 129 11-3578167 5-0527743

2197000 16900 130 11-4017543 5-0657970

2248091 17161 131 11-4455231 5-0787531

2299968 17424 132 11-4891253 5-0916434

2352637 17689 133 11-5325626 5-1044687

2408104 17956 134 11-5758369 5-1172259

2460375 18225 135 11-6189500 5-1299278

2515456 18496 136 11-6619038 5-1425632
^J
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Table of Squares, Cubes, Sj'c.—Continued.

Cubes. Squares. Number. Square Roots. Cube Root9.

2571353 18769 137 11-7046999 5-1550367

2628072 19044 138 11-7473444 5-1676493

2685619 19321 139 11-7898261 5-1801015

2744000 19600 140 11-8321596 5-1924941

2803221 19881 141 11-8743421 5-2048279

2863288 20164 142 11-9103753 5-2171034

2924207 20449 143 11-9582607 5-2293315

2985984 20736 144 12-0000000 5-2414828

3048625 21025 145 12-0415946 5-2535879

3112136 21316 146 12-0830460 5-2656374

3176523 21609 147 12-1243557 5-2776321

3241792 21904 148 12-1655251 5-2895725

3307949 22211 149 12-2065556 5-3014592

3375000 22500 150 12-2474487 5-3132928

3442951 22801 151 12-2882057 5-3250740

3511008 23104 152 12-3288280 5-3368033

3581577 23409 153 12-3693169 5-3484812

3652264 23716 154 12-4096736 5-3601084

3723875 24025 155 12-4498996 5-3716854

3796416 24336 156 12-4899900 5-3832126

3869893 24649 157 12-5299641 5-3946907

3944312 24964 158 12-5698051 5-4061202

4019679 25281 159 12-6095202 5-4178015

4096000 25600 160 12-6491106 5-4258352

4173281 25921 161 12-6885775 5-4401218

4251528 26244 162 12-7279221 5-4513618

4330747 26569 163 12-7671453 5-4625556

4410944 26896 164 12-8062485 5-4737037

4492125 27225 165 12-8432326 5-4848066

4574296 27556 166 12-8840987 5-4958647

4657463 27889 167 12-9228480 5-5068784

4741632 28224 168 129614814 5-5178484

4826809 28561 169 130000000 5-5287748

4913000 28900 170 13'0384048 5-539658a
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Table of Squares, Cubes, Sfc.—Continued.

Cubes. Squares.

29241

Number. Square Roots. Cube Roots.

5000211 171 13-0766968 5-5504990

5088448 29584 172 13-1148770 5-5612578

5177717 29929 173 13-1529464 5-5720546

5268024 30276 174 13-1909060 5-5827702

5359375 30625 175 13-2287566 5-5934447

5451776 30976 176 13-2664992 5-6040787

5545233 31329 177 13-3041347 5-6146724

5639752 31684 178 13-3416641 5-6252263

5735339 32041 179 13-3790882 5-6357408

5832000 32400 180 13-4164079 5-6462162

5929741 32761 181 13-4536240 5-6566528

6028568 33124 182 13-4907376 5-6670511

6128487 33489 183 13-5277493 5-6774114

6229504 33856 184 13-5646600 5-6877340

6331625 34225 185 13-6014705 5-6980192

6434856 34596 186 13-6381817 5-7082675

6539203 34969 187 13-6747943 5-7184791

6644672 35344 188 13-7113092 5-7286543

6751260 35721 189 13-7477271 5-7387930

6859000 36100 190 13-7840488 5-7488971

6967871 36481 191 13-820£750 5-7589652

7077888 36864 192 13-8504065 5-7689982

7189517 37249 193 13-8924400 5-7789966

7301384 37636 194 13-9283883 , 5-7889604

7414875 38025 195 13-9642400 5-7988900

7529536 38416 196 14-0000000 5-8087857

7645373 38809 197 14-0356688 5-8186479

7762392 39204 198 14-0712473 5-8284807

7880599 39601 199 14-1067360 5-8382725

8000000 40000 200 144421356 5-8480355
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Tabu' of Hyperbolic Logarithms.

Nnmber. Logarithms. Number. Logarithms. Number. Logarithms.

1-01 •0099503 1-40 •3364722 1-79 •5822156
1-02 •0198026 1^41 •3435897 1-80 •5877866
1-03 •0295588 1^42 •3506568 1^81 •5933268
1-04 •0392207 1^43 •3576744 1^82 •5988365
1-05 •0487902 1-44 •3646431 1-83 6043159
1-06 •0582689 h45 •3715635 1^84 •6097655
1-07 •0676586 1^46 •3784364 1^85 •6151856
1-08 •0769610 147 •3852624 1^86 •6205764
1-09 •0861777 1-48 •3920420 1-87 •6259384

MO •0953102 1-49 •3987761 1-88 •6312717

Ml •1043600 1^50 •4054651 1^89 •6365768

M2 •1133287 1^51 •4121096 1-90 •6418538

M3 •1222176 1^52 •4187103 1-91 •6471032
1-14 •1310283 1-53 •4252677 1^92 •6523251
1-15 •1397619 1^54 •4317824 1^93 •6575200

M6 •1484200 1^55 •4382549 1-94 •6626879
1-17 •1570037 1^56 •4446858 1-95 •667S293

M8 •1655144 1^57 •4510756 1-96 •6729444

M9 •1739533 1-58 4574248 1-97 •6780335
1-20 •1823215 1-59 •4637340 1-98 6830968
1-21 •1962030 1-60 •4700936 1-99 •6881346
1-22 •1988508 1^61 •4762841 200 •6931472
1-23 •2070141 1^62 •4824261 2'01 •6981347
1-24 •2151113 1-63 •4885800 2-02 •7030974

125 •2231435 1-64 •4946962 2 03 •7080357
1-26 •2341117 1-65 •5007752 2-04 •7129497
1-27 •2390169 1-66 •5068175 2-05 •7178397
1-28 •2468600 1^67 •5128236 2-06 •7227059
1-29 •2546422 1^68 •5187937 2^07 •7275485
1-30 •2623642 1-69 •5247285 2^08 '7323678
1-31 •2700271 1^70 •5306282 2^09 •7316470
1-32 •2776317 1-71 •5364933 2-10 •7419373
1-33 •2851789 1^72 •5423242 2-11 •7466879
1-34 •2926696 1-73 .5481214 2^12 •7514160
1-35 •3001045 1.74 .5538851 2-13 •7561219
1-36 •3074846 1-75 J5596157 2-14 •7608058
1-37 •3148107 1-76 -5653138 2-15 •7654678
1-38 •3220834 1-77 •5709795 2^16 •7701082
1-89 •3293037 1'78 -5766133 2^17 -7747271
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Table of Hyperbolic Logarithms--Continued.

Number. Logarithms. Number. Logarithms. Number. Logarithms.

2-18 •7793248 2-57 •9439058 2-96 1-0851892
2-19 •7839015 2-58 •9477893 2^97 1-0885619
2-20 •7884573 2-59 •9516578 2^98 1-0919233
2-21 •7929025 2-60 •9555114 2^99 1-0952733
2-22 •7975071 2-61 •9593602 3-00 1-0986123
2-23 •8021015 2-62 •9631743 3 01 1-1019400
2-24 8064758 2-63 •9669838 3-02 1-1052568
2-25 •8109302 2-64 •9707789 3 03 1-1085626
2-26 •8153648 2-65 •9745596 3-04 1^1118575
2-27 •8197798 2-66 •9783261 3-05 1^1511415
2-28 •8241754 2-67 •9820784 3-06 1^1184149
2-29 •8285518 2-68 •9858167 3-07 1^1216775
2-30 •8329091 2-69 •9895411 3-08 1^1249295
2-31 •8372475 2-70 •9932517 3-09 1^1281710
2-32 •8415671 2-71 •9969486 3-10 1^1314021
2-33 •8458682 2-72 1-0006318 3-11 1^1346227
2-34 •8501509 2-73 1-0043015 3-12 1^1378330

1

2-35 •8544153 2-74 1^0079579 3^13 1-1410330
i

2-36 •8586616 2-75 1^0116008 3-14 1-1442227
:

2-37 •8628899 2-76 1-0152306 3-15 1-1474024
2-38 •8671004 2-77 1-0188473 3-16 1^1505720
2-39 •8712933 2-78 1-0224509 3-17 1 •1537315
2-40 •8754687 2-79 1-0260415 3-18 M568811
2-41 •8796287 2-80 1-0296194 3-19 1^1600209
2-42 •8837675 2-81 1-0331844 3-20 1^1631508
2-43 •8878912 2-82 1-0367368 3^21 M662709
2-44 •3919980 2-88 1-0402766 3-22 M693813
2-45 •8960880 2-84 1-0438040 3-23 1^1724821
2-46 •9001613 2-85 1-0473189 3-24 1^1755733
2-47 •9042181 2^86 1-0508216 3-25 M786549
2-48 •9082585 2-87 1-0543120 3-26 1-1817271
2-49 •9122826 2-88 1-0577902 3-27 1-1847899
2-50 •9162907 2^89 1-0612564 3-28 1-1878484
2-51 •9202827 2^90 1-0647107 3-29 1-1908875
2-52 •9242589 2-91 1-0681530 3-30 1-1939224
2-53 •9282193 2-92 1-0715836 3-31 1-1969481
2-54 •9321640 2-93 1-0750024 3-32 1-1999647
2'55 •9360933 2-94 1-0784095 3-33 1-2029722
2-56 •9400072 2-95 •0818051 3-34 1-2059707 *

i
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Table of Hyperbolic Logarithms—Continue \.

1

Number.

3-35

Logarithms. Number. Logarithms. Number. Logarithms.

1-2089603 3-74 1-3190856 4-13 1-4182774
;

j

3-36 2] 19409 3-75 1-3217558 4-14 1-4206957
3-37 2149127 3-76 1-3244189 4-15 1-4231083
3-38 2178757 3-77 1-3271749 4-16 1-4255150
3-39 2208£99 8-78 1-3297240 4-17 1-4279160
3-40 2237754 8-79 1-3323660 4-18 1-4323112
3-41 2267122 3-80 1-3350010 4-19 1-4327007
3-42 2296405 3-81 1 3376291 4-20 1-4350845

j

8-43 2325605 8-82 1-3402504 4-21 1-4374626
1

3-44 2354714 3-83 1-3428648 4-22 1-4398351
1

3-45 2387420 3-84 1-3454723 4-23 1-4422020
'

3-46 2412685 3-85 1-3480731 4-24 1-4445632
3-47 2441545 3-86 1-3506671 4-25 1-4469189
3-48 2470322 3-87 1-3532544 4-26 1-4492691

349 2499017 3-88 1-3558351 4-27 1-4516138
3-50 2527629 3-89 1-3584091 4-28 1-4539530
3-51 2556160 3-90 1-3609765 4-29 1-4562867
3-52 2584609 8-91 1-3635373 4-30 1-4586149
3-53 2612978 8-92 1-3660916 4-31 1-4609379
3-54 2641266 3-93 1-3686394 4-32 1-4632553
3-55 2669475 3-94 1-3711807 4-33 1-4655635
3-56 2697605 3-95 1-3737156 4-34 1-4678743
3-57 2725655 3-96 1-3726110 4-35 1 4701758
3-58 2753627 3-97 1-37376'n 4-36 1 4724720
3-59 2781521 3-98 1-3812818 4-37 1-4747630
3-60 2809338 3-99 1-3837912 4-38 1-4778487
3-61 2837077 4-00 1-3862943 4-39 1-4793292
3-62 2864740 4-01 1-3887912 4-40 1-4816045
3-63 2892326 4-02 1-3912818 4 -41 1-4838746
3-64 2919836 4-03 1 3037663 4-42 1-4838746
365 2947271

j

4-01 1-3962446 4-13 1 -4883995
3-66 2974631

i

4-03 1-3987168 4-44 1 -4906543
3-67 30019:0 i 40i 1-4011829 4-45 1-4929040
3-68 3029127 407 1 403rt429 4-4o 1-4914870
3-69 1 3056264 4-08 1-4060969 4-47 1-4973883
3-70 3083328 4-09 1 -4085449 4-48 1-4996230
3:71 3110318 4-10 1-4109869 4-49 1-5018527
3-72 3137236 4-11 1-4134230 4-50 1 5040774
3-78 1-3164082 4-12 1 4158-531 4-51 1-5062971
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Table of Hyperbolic Logarithms--Continued.

Number. Logarithms.

1-5085119

Number. Logarithms. Number Logarithms.

4-52 4-91 1-5912739 5-30 1-6677068
4-53 1-5107219 4-92 1-5933085 5-31 1-6695918
4-54 1-5129269 4-93 1-5953389 5-32 1-6714733
4-55 1-5151272 4-94 1-5973653 6-33 1-6733512
4 56 1-5173226 4-95 1-5993875 5-34 1-6752256
4-57 1-5195132 4-96 1-6014, w 5-35 1-6770965

1
4-68 1-5216990 4-97 1-6034198 6-36 1-6789639
4-59 1-5238800 4-08 1-6054298 5-37 1-6808278
4-60 1-5260563 4-99 1-6074358 5-38 1-6826882
4-61 1-5282278 5-00 1-6094379 5-39 1-6845453
4-62 1-5303947 5-01 1-6114359 5-40 1-6863989
4-63 1-5325568 5 02 1-6134300 6-41 1-6882491
4-64 1-5347143 5-03 1-6154200 5-42 1-6900958
4-65 1-5368672 5-04 1-6174060 5-43 1-6919391
4-66 1-5390154 5-05 1-6193882 5-44 1-6937790
4-67 1-5411590 5-06 1-6213664 5-45 1-6956165
4-68 1-5432981 5-07 1-6233108 5-46 1-6974487
4-69 1-5454325 5-08 1-6253112 5-47 1-6992786
4-70 1-5475625 5-09 1-6272778 5-48 1-7011051
4-71 1-5496879 6-10 1-6292405 5-49 1-7029282
4-72 1-5518087 5-11 1-6311994 5-50 J. -7047481
4-73 1-5539252 5-12 1-6331544 5-51 1-7065646
4-74 1-5560371 5-13 1-63510.>6 5-52 1-7083778
4-75 1-5581446 5-14 1-6370530 5-53 1-7101878
4-76 1-5602476 5-15 .\ "6389967 5-54 1-7119944
4-77 1-5623462 5-16 1 -6409365 5-55 1-7137979
4-78 1' 6644405 5-17 I 6428726 5-56 1-7155981
4-79 15665304 5-18 1-6448050 5-57 1-7173960
4-80 1-5686159 5-19 1-6463336 5-58 1-7191887
4-81 1-5706971 5-20 1-6486586 5-59 1-7209792
4-82 1-5727739 5-21 1-6505798 5-60 1-7227666
4-83 1-5748464 5-22 1-0524974 5-61 1-7245507
4-84 1-5769147 5-23 1-6544112 5-62 1-7263316
4-85 1-5789787 5-24 1-6563214 5-63 1-7281004
4-86 1-5810384 5-25 1-6582280 5-64 1-7298840
4-87 1-5830939 5-26 1-6601310 5-65 1-7316556
4-88 1-5851452 5-27 1-6620303 5-66 1-7334238
4-89 1-5870923 5-28 1-6639260 5-67 1-7361891
4-90 1-5892352 5-29 1-6658182 5«68 1-7369612
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Table of Ili/perbolic Logarithms--Continued.

1
Number. Logarithms. Number. Logarithms. Number. Logarithms.

5(39 1-7387102 5-93 1-7800242 6-17 1-8196988
5-70 1 -7404661 5-94 1-7817091 6-18 1-8213182
5-71 1-7422189 5-95 1-7833112 6-19 1 -8229351

5-72 1-7439687 5-96 1-7850704 6-20 1-8215103
5-73 1-7457155 5-97 1-7867169 6-21 1-8261608
5-74 1-7474591 5-98 1-7884205 6-22 1-8277639
5-75 1-7491998 5-99 1-7900914 6-23 1-8293763
5-76 1-7509374 6-00 1-7917594 6-24 1-8309801
5-77 1-7526720 6-01 1-7934247 6-25 1-8325814
5-78 1-7544036 6-02 1-7950872 6-26 1-8341801
5-79 1-7561323 6-03 1-7967470 6-27 1-8357765
5-80 1-7578579 6-04 1-7984040 6-28 1-8373699
5-81 1-7595805 6-05 1-8000582 6-29 1-8389610
5-82 1-7613002 6-06 1-8017098 6-30 1-8405496
5-83 1-7630170 6-07 1-8033586 6-31 1 -8421356
5-84 1-7647380 6-08 1-8050047 6-32 1-8437191

5-85 1-7664416 6-09 1-8066481 6-38 1-8453002
5-86 1-7681496 6-10 1-8082887 6-34 1-8468787
5-87 1-7698546 6-11 1-8099267 6-35 1-8484547
5-88 1-7715567 6-12 1-8115621 6-36 1-8500283
5-89 1-7732559 6-13 1-8131947 6-37 1-8515994
5-90 1-7749523 6-14 1-81482:7 6-38 1-8531680
5-91 1-7766458 6-15 1-8164520 6-39 1-8547342
6-92 1-7783364

1

6-16 1-8180767 6-40 1-8562979
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Table of Natural Sines, Co-sines, Tangents, Co-tangents, Secants

and Co-secants to every degree of the Quadrant.

Co-
Deg. Sines. Co-sines. Tangents tangents. Secants. Co-secants Deg.

•00000 1-00000 •00000 Infinite 1-00000 Infinite 90
1 •01745 •99985 •01746 57-2900 1-00015 57-2987 89
2 •03490 •99939 •03492 28^6363 1-00061 28-r537 88
3 •05234 •99863 •05241 19-0811 1-00137 19-1073 87
4 •06976 •99756 •06993 14-3007 1-00244 14-3356 86
5 •08716 •99619 •08749 11-4301 1-003S2 11-4737 85
6 •10453 99452 •10510 9-51236 1-00551 9-56677 84
7 •12187 •99255 12278 S- 14435 1-00751 8-20551 83
8 •13917 99027 •14054 7-11537 1-00983 7-18530 82
9 •15643 •98769 •15836 6-31375 1-01246 6-39245 81

10 •17365 •98481 •17633 5-67128 1-01543 5-75877 80
11 •19081 •98163 •194.38 5-14455 1-01872 5-24084 79
12 •20791 •97815 •21256 4-70463 1-02234 4-80973 78
13 •22495 •97437 •23087 4-33148 1^02630 4-44541 77
14 •24192 •97030 •24933 4-01078 1-03061 4-13356 76
15 •25882 •96593 •26795 3*73205 1-03588 3-86.370 75
16 •27564 •96126 •28675 3-48741 1-04030 3-62796 74
17 •29237 •95630 •30573 3-27085 1-04569 3-42030 73
18 •30902 •95106 •32492 3-07768 1-05146 3-23607 72
19 •32557 •94552 •34433 2-90421 1 05762 3-07155 71
20 •34202 •93969 •36397 2-74748 1-06418 2-92380 70
21 35837 •93358 •3S386 2-60509 1-07114 2-79043 69
22 •37461 92718 •40403 2-47509 1-07853 2-66947 68
23 •39073 •92060 •42447 2-35585 l-08e36 2-55930 67
24 •40674 •91355 •44523 2-24004 1-09464 2-45859 66
25 •42262 •90631 •46631 2-14451 1-10338 2-36620 65
26 •43837 •89879 48773 2-050.30 1-11260 2-28117 64
27 •45399 •89101 50952 1-96261 1-12233 2-20869 63
28 •46947 •88295 •53171 1-88073 1-13257 2-13005 62
29 48481 •87462 •55431 1-80 i05 1-14335 2-06266 61
30 •50000 •86603 57735 1-73205 1-15470 2-00000 60
31 •51504 •85717 •60086 1-66428 1-16663 1-94160 69
35! •52992 •84805 •62487 1-60033 1-17918 1-88708 58
33 •54464 •83867 •64941 1-53986 1-19236 1-83608 67
34 •55919 •8-2904 67451 1-48256 1-20622 1-78829 56
35 57358 •81915 •70021 1-42815 1^22077 1-74345 55
36 58778 •80902 •72654 1-37638 1-23607 1-70130 54
37 •60181 •79863 •75355 1-32704 1-25214 1-66164 53
38 •61566 •78801 •78129 1-27994 1-26902 1-62427 62
39 •62932 •77715 •80978 1-23490 1-28676 1-58902 61
40 •64279 •76604 •83910 1-19175 1-30541 1-55572 50
41 •65606 •75471 869-29 1-15037 1-32611 1-52425 49
42 66993 •74314 •90040 1-11061 1-34561 1^49448 48
43 •68200 73135 •93251 1-07237 1-36706 1-46628 47
44 •69466 •71934 •96569 1-03553 1-39012 1-43956 46
45 •70711 •70711 1-00000 1-00000 1-41421 1-41421 45
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Table of the Expansion of Air by Heat, that at 32° Fahrenheit

being 1-000.

f

Fah. Volume. Fall. Volume. Fah. Volume.

35° . .. 1-007 85° . . 1-121 170° . . 1-295

40 . .. 1021 90 . . 1-132 180 . . 1-315

45 . .. 1-032 95 . . 1-142 100 . . 1-334

50 . .. 1-043 100 . . 1-152 200 . . 1-364

55 . .. 1-055 110 . . 1-173 210 . . 1-372

60 . .. 1-066 120 . . 1-194 212 . 1-376

t)5 .. 1-077 130 . . 1-215 302
*.

. 1-558

70 .. 1-089 140 . . 1-285 392 . . 1-739

75 . 1-000 150 . . 1-255 482 . . 1-919

80

1

. 1-no 160 . . 1-275 572 . . 2-098

Note.- -One hundred parts of pure air by weight contain

75 55 parts of nitrogen, 23-32 pai Is oxygen, and 1-3 carbonic

acid, and watery vapour.

The weight or pressure of the atmosphere equal a column

of water 84 feet in height, or a column of mercury 80 inches

in height, or 14-7 pounds per square inch at a mean temper^

ature.

The resistance of air increases as the square of the velo-

city, and the resistance per square foot as the velocity mill-

tipued bj -002288.

i6
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Table of the Relative Indications of Barometer and Thermometer

at the boiling points of Fresh Water.

When the Barometer indicates 30 inches, the boiling point is

212° Fah., and 0-589 of barometric pressure corresponia

to a difference of 1° Fah.

Columns of Fresh Water Barometer, TTiprmnrnptpv
ir. feet equal to columns Height of Merenry Degrees of Fahrenheit.
of Mercury in inches. in inches.

35-07 31 213-57

84-50 30-5 212-79

84 02 30 212-00

33-87 29-5 211-20

32-81 29 210-38

32-22 28-5 209-55
31-84 28 208-69
31-11 27-5 207-84
30-52 27 206-96

In a vacuum, water boils at 98-00 to 100

To find the height of a mountain by the Barometer.

Rule 1.—Multiply the difference between 32° Fah. and

the mean temperature of the air by -21, and add the product

to 87 if the mean temperature be above 32°, but subtract it

if below.

nuLt 'A.—Multiply the sum or difference as found above

hy thirty times the difference between the barometric heignis

in tenths of inches, and divide the product by the mean of

the barometric heights; the quotient is the approximated

elevation

Rule 3.—Multiply the difference between the mercurial

temperatures by 2-833 feet, and add the product to the ap-

proximated elevation if that of the upper barometer be the

greatest, otherwise subtract it; the result will be the cor-

rected elevation in English feet.
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Table of Specific Gravilics.

Platina .

Pure gold

Mercury
Lead
Pure silver

Bismuth

Copper .

Brass -
.

Iron, cast

Iron, bar

Steel . .

Tin . .

Zinc .

Weight.
water being

1000.

Number of
cubic inches
in a pound.

19500 1-417

19258 1-435

13560 2-04

11352 2-435

1047-1 2-638

9823 2-814

8788 3-146

7824 3-533

7264 3-806

7700 3-592

7833 3-530

7291 3-790

7190 3-845

Weight of

a cubic inch
in pounds.

•7053

-6965

•4902

•4105

•3788

•3552

•3178

•3036

•263

•279

•2833

•2636

•26

Variocs Bodies.

Marble, average .

Granite, do. .

Chalk, British

Brick, red, common
Brick, fire, Welsh
Tallow, average .

Ice, from fresh water

Coal, Welsh .

Coal, Lancashire

Coal, Scotch .

Coal, cannel .

Coal, Newcastle

Coke, dry . .

Weight,
rater being

1000.

2720

2651

2781

2160

2408

942

1001

1526

1319

1300

L"2
li70

755

Number of
CMl.ic feet
lu a ton.

13

13-5

12-75

17-5

14-5

38-0

35-5

24-7

26-0

27-5

28-0

28-2

47-6
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Table of Specific Gravities—Continued.

Timber, Seasonei

English oak . . .

African oak . . .

Riga oak ....
Beach oak ....
Ash oak ....
Mahogany, Spanish .

Dantzic oak . . .

Riga fir

Maple
Teak
Elm
American oak . .

Walnut
Pitch pine ....
Red pine ....
Poona
Mahogany, Honduras
Sycamore ....
Lime-tree ....
Cedar

Yellow pine . . .

Cork
Pine, white . . .

Weight,
water being

1000.

Weight of
a cubic foot
iu pounds.

Number of
cubic feet
in a ton.

934 58 38-5

944 59 38-0

872 54 41-5

852 48 45-0

845 52 43-0

800 50 45-0

756 47 48-0

753 47 48-0

752 47 47-5

750 46 48-5

673 42 53-0

672 42 53-0

671 41-9 53-5

660 41 54-5

657 47 54-5

640 40 55-0

637 40 55-0

604 38 59.0

600 37 59-5

561 35 64-0

461 28 80-0

240 15 U9-0
426 26 84-2
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Table of Specific Gravities—Continued.

Liquids.

Water from the Dead Sea .

Water from the Mediterranean

Water from the Irish Channel
Water from the Baltic . . .

Vinegar

Turpentine

Linseed oil

Whale oil

Proof spirit

Rape-seed oil

Olive oil

Alcohol, com

Weight,
rater being

11)00.

Weight of an
imp. gallon
in pounds.

1240

1029

1028

1015

1010

991

940

923

922

919

915

837

12-4

10-3

10-2

10-2

10-1

9-8

9-4

9-2

9-2

9-3

9-2

8-3

Names of Gases, Atmospheric Air being 1000.

Carbonic acid gas 1527

Oxygen 1111

Carburetted hydrogen
Nitrogen ....
Steam of water at 212°

Chlorine ....
Hydrogen ....

972

969

623

470

09
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Table of the Weight of Bar Iron.

Round.

11

Length, one foot.

s §

Length, one foot.

Weight in Weight in Weight in Weight in
q-S pounds. pounds. fi.S pounds. pounds.

•164 -0137 3i 25-620 2135

A •256 •0233 3i 27-709 2-309

1 •369 •0307 3f 29-881 2-490

~h •503 •0420 3J 32-170 2-681

h •656 •0547 31 34-472 2-873
\

1% •831 •0692 31 36-895 3-075
^

i 1025 -0854 31 39-390 3-283
1

\h 1241 -1034 4 in. 41-984 3-499

1 1^476 -1230 4i 44-637 3-720

II 1732 -1443 4i 47-385 3-949
1

i 2-011 -1676 4J 53-132 4-428

\l 2^306 •1921 41 59-187 4 932
lin. 2-624 •2187 5 in. 65-585 5-465

n 3-321 •2767 5i 72-618 6051
u 4-099 •3146 H 79 370 6614
If 4-961 •4134 5f 86-731 7^227

1

u 5913 •4927 6 in. 94-610 7-884

11 6 928 •5773 6* 110-84 9^237

If 8043 •6702 7 in. 128-68 10-723

u 9-224 •7686 ^\ 147-58 12-298

2 in. 10-496 •8747 8 in. 167 94 13-995 :

2i 11-846 •9872 8i 189-54 15-795

2i 13-283 1-107 9 in. 212 53 17-710

21 14-797 1-233 n 236-75 19-729

2i 16-396 1-366 10 in. 262-34 21^861

21 18-146 1-512 lOi 290-47 24^206

21 19-842 1-653 11 in. 317-48 26-457

21 21-684 1-307 IH 346-93 28-911

3 in. 23 653 1-971 12 in. 378-44 3r537
I
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Table of the Weight of Bar Iron—Continued.

Square.

d

III

Length, one foot. Length, one foot.

"Weight in Weight in Weight in Weight it

I

pounds. pounds. pounds. pounds.

1-257•209 •0174 2i 15^083

f •470 •0391 n 16^909 1-409

^ •835 •0696 21 18-840 1-570

-1 1-305 •1087 2J 20-875 1-739

f 1-879 •1565 n 23-115 1-926

i 2-558 •2131 2f 25-259 2-105

1 in. 3-340 •2783 21 27-608 2-301

u 4-228 •3523 3 in. 30-070 2-506

u 5-219 •4349 3i 35-279 2-940 1

If 6315 •5262 3J 40-916 B409
u 7-516 -6263 31 46-969 e-914

If 8-820 -7350 4 in. 53-440 4-455

If 10-229 8524 4J 67-637 5 B?.6

1 7If 11-743 -9786 5 in. 83-510 6 ^^^i

2 in. 13-360 1113
1

Weight of a Lineal Foot of Common Angle Iron, for the construe

tion of Steam Boilers, ^c.

Breadth in
inches.

Weight in
pounds.

Breadth in
inches.

Weight ii.

pounds.

3 10-4 2 3-9

23. 8-3 ' If 8-3

21

4
6-5

i

5-0
n 2-7
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TABLE OF TH£ WEIGHT OF FLAT BAR, HOOP, PLATE, AND
SHEET IRON.

Weight of a Lineal Foot of Flat Bar and Hoop Iron in pounds.

Breadth in inches.
Thick-
ness in
inches.

1

2i 3 21 2h 2i 2

-084

H
-073 -063

li

-052

1

•042

i

•031h 1-47 1-26 1-15 1-05 -094

3-16 2-20 1-89 1-73 1-57 1-41 1-26 1-10 •094 •078 •063 •047

k 2-94 2-52 2-31 2-10 1-89 1-68 1-47 1-26 105 •084 •063

S 4-41 3-78 3-46 3-15 2-83 2-52 2-20 1-89 1-57 1-26 -094

* 5-88 5-04 4-62 4-20 3-78 3-36 2-94 2'22 2-10 1^6S 1-26

^ 7-35 6-30 5-77 5-25 4-72 4-20 3-67 3-15 2-62 2-10 1-57

f 8-82 7-66 6-93'6-30 5-66 5-04 4-4l'3-78 3-15 2-52

i 10-29 8-82 8-08:7-35 6-61 5-88 5-14 4.41 3-67 2-94

I in. 11-76 10-08 9-2418-40 7-56 6-72 5-87 5-04 4-20

Weigiht of a Square Foot of Plate Inm in pounds.

ess ) 1
of Y i

1- )

Thickness
in parts i

an inch.

^oundV.'' j 5 7i 10 12^ 15 17i 20 221 25 27i 30

Weight of Square Foot of Sheet Iron in pounds.

Sr^X"} 1 2 3 4 5 6 7 S n U

'n'Unft'} 12-5 12 H 10 9 8 7-5 7 6 6-68 5

Number on
wire gauge,

12 13 14 15 16 17 13 19 20 21 22

i^npoTnd?} ^'^2 4-32 4 3-95 3 2-5 2-18 1^93 1-62 1-5 1-37

Weight of a Square Foot of Sheet and Plate Coppier in pounds

wirTgluge,} 32 13 14 15 16 17 18 19 20 21 22
I

fnl3oundF}
^'^^ ^'3* ^'^^ ^'^'^ 2'^^ 2-52 2-15 1-97 1-78 1-62 1-45

Thickness S ^ 3 7 j 9 5 113. IT 71-'
in parts of ^s'^ T6 3 2 * 32 T6 3 2 » "3 2 IQ 2 m.i
an inch. )
Weight in \ ,^.25 g.^^ ^Q.^g ij-gi 13-07 14-52 15-97 17-41 18-87 20-32 23-22 I

pounds. j

Note.—The weight of plate or sheet iron being 1. The weight of brass
|

equals 1-09, and the weight of lead 1-48.
1
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ENGLISH STANDARD MEASURES.

LINEAL MEASURE.

12 inches = 1 foot.

3 feet := 1 yard.

1760 yards, or 5280 feet ::= 1 statute mile.

7-92 inches = 1 link.

100 links, or 22 yards = 1 chain.

80 chains = 1 statute mile

SQUARE MEASURE.

144 square inches = 1 square foot.

9 square feet = 1 square yard.
4840 square yards = 1 acre.

62-7264 square inches = 1 square link.

10000 square links = 1 square chain
10 square chains = 1 acre.

CUBIC MEASURE.

1728 cubic inches ^ 1 cubic foot.

27 cubic feet = 1 cubic yaidc

LIQUID MEASURE.

8-665 cubic inches = 1 gill.

4 gills = 1 pint.

2 pints = 1 quart.

4 quarts, or 277-274 cubic inches == 1 gallon.

CORN MEASURE.

2 gallons = 1 peck.

4 pecks, or 2218492 cubic inches = 1 bushel.

8 bushels = 1 quarter.

5 quarters = 1 load.

ATOIRDUPOIS WEIGHT.

27 34375 troy grains = 1 drachm.
16 drachms = 1 ounce.

16 ounces = 1 pound.

28 pounds = 1 quarter.

4 quarters, or 112 pounds = 1 cwt.

20 cwts., or 2240 pounds = 1 ton.

1 6*
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Common Gravity of Fresh Water.

1 cubic inch = -08617 pound
12 cubic inches = -434 "

1, cubic foot = 62-5 pounds.
1-8 cubic feet := 1 cwt.

85-84 cubic feet := 1 ton.

1 cylindrical inch = -02842 pound
12 '« inches = -341

1 ** foot = 49-1 pounds.
2-282 «* feet = 1 cwt.

45-64 *' feet = 1 ton.

1 cubic foot = 6-25 imp. galls.

1 cylindrical foot = 5 imp. gallons

11-2 imperial gallons = 1 cwt.

224 « " = 1 ton.

1 cubic foot of sea-water = 64-2 pounds.
34-9 cubic feet of do = 1 ton.

Approximate Weights for Practical Purposes.

Weight of a Weight of a
1

Specific gravi- cubic inch in cylindrical
inch in pounds.ties pounds.

Iron, cast 7207 •2608 -2048

Iron, bar . . 7700 •2785 -2187

Steel .... 7833 -2833 -2225

Copper . . . 8878 -8211 •2522

Brass, cast . 8396 •3037 •2385

Zinc, common . 7028 -2542 •1996

Lead .... 11352 •4106 •3225

Tin, cast . 7291 •2637 •2071
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To compare Degrees of Temperature indicated by different Ther

mometers.

Rule 1.—Multiply degrees of Centigrade by 9 and divide

by 5: or multiply degrees of Reaumur by 9 and divide by 4.

Add 32 to the quotient in either case, and the sum is degrees

of Fahrenheit,

Rule 2.—From degrees of Fahrenheit subtract 32, multi-

ply the remainder by 5, and divide by 9 for degrees of Cen-

tigrade; or multiply by 4 and divide by 9 for degrees of

Reaumur.

Tables deduced from Experiments on Iron and Copper Plates for

Steam Boilers, by the Franklin Institute, Philadelphia.

Iron boiler pWta was found to increase in tenacity as ita

temperature was raised, until it reached a temperature of

550° above the freezing point, at which point its tenacity'

began to diminish. The following table exhibits the cohesive

strength at different temperatures:—
At 32° to 80° the tenacity was = 56,000 lbs., or one-seventh

below its maximum.

At 570° << = 66,500 lbs., the maximum
At 720° K = 55,000 lbs., the same near,

ly as at 32°.

At 1050° (( = 32,000 lbs., nearly one-

half of the maximum.

At 1240= (< = 22,000 lbs., nearly one-

third of the maximum.

Atisn-^ (( = 9,000 lbs., nearly one-

seventh of the maximum.
At 3000° iron becomes fluid.

Note.—The accidental overneating of a boiler was found

to reduce its strength from 65,000 pounds to 45,000 pe^

square inch.
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Table showing the Diminution of Strength of Copper Boiler Plates

by additions to the temperature, the cohesion at 32° being 32,800

pounds per square inch.

Temperature Diminution Temperature Diminution
No.

1

above 320. of strength. No. above 32°. of strength.

90° 0-0175 9 660° 0-3425

2 180 0-0540 10 769 0-4398

3 270 0-0926 11 812 0-4944

4 360 0-1513 12 880 0-5581

5 450 0-2046 13 984 0-6691

6 460 0-2133 14 000 0-6741

7 513 0-2446 15 1200 0-8861

8 529 0-2558 16 1300 1-0000

Table of Experiments on Iron Boiler Plate at high temperatures,

the mean maximum tenacity being at 550°=65,000 pounds per

square inch.

Temperature Diminution of Temperature Diminution of
obserYed. tenacity observed. observed. tenacity observed.

550° 0-0000 824° 0-2010
670 0-0869 932 0-3324
596 0-0899 947 0-3593
600 00964 1030 0-4478
630 0-1047 1111 0-5514
652 0-1155 1155 0-6000
722 0-1436 1159 0-6011
732 0-1491 1187 0-6352
734 0-1535 1237 0-6622
766 0-1589 1245 0-6715
770 0-1627 1317 0-7001
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Adhesion of the driving wheels of a loco-
motive, Pambour on, 257.

Adhesion of the driving wheels of locomo-
tive, 257, 265.

Adhesion of the driving wheels of locomo-
tive, great diversity of opinion in re-

gard to, by different authorities, 259.
Adhesion per ton on the driving wheels of
locomotives, 258.

Air, double quantity which passes through
a fuel, 63.

Air, expansion of, by heat, 361.
Air, heated previous to admission to the

fuel, 61.

Air, required for the combustion of one
pound of coal, 57.

Air, the admission of, for the combustion
of fuel, 57.

Air, the proper admission of, to the fire, 61.

Air, weight and pressure of, nature of, 44.
Algebraic signs, 312.

Allen, Horatio, 88, 96, 267.
Allen, J. M., on experiment on boiler

tubes, i6o-i66.

America, the first railroads in, 86, 87.
American locomotives, the first, 90-100.
An engine with a variable blast, 243.
Angle iron, weight, 367.
Anhydrous gases not obtained by direct

vaporization, 65.

Annealing mild steel plates, 286.

Anneahng steel, 287.
Annealing, water, 285.
Anthracite coal, early use of, in a loco-
motive, 98.

Approximate numbers, table of, 348.
Approximate weights, table for, 370.
Areas and circumferences of circles, table

of, 313-341-
Art, what it is, 34.
Ascending grades, effect of an injection
of cold water in, 242.

Ash pan, 301

.

Atlantic locomotive 1832, 98.
Attraction of water overcome by heat in

generating steam, 29.

Axle, 301.

Axle of driving wheel if it breaks, 255.
Axle, or wheel of tender, if it breaks,

256.

Babbit metal for bearings of locomotive,

148.

Back-up eccentric rod if it breaks, 252,

253-
Baldwin locomotive, the present, 144.

Baldwin Locomotive Works, locomotives
recently built for the Bound Brook
route, 132.

Baldwin Locomotive Works, passenger
and freight locomotives constructed by,
111-115.

Baldwin, Matthias W., 89.

Baldwin, M. W., early locomotives built

by, 99, 100.

Baldwin, M. W., "Ironsides" built by,

141.
Baldwin, M. W., " The Governor
Payne" built by, 142.

Baltimore and Ohio railroad, 86.

Baltimore and Ohio railroad, early loco-

motive exhibited at the Centennial Ex-
hibition, 98, 127.

Baltimore and Ohio railroad, early loco-

motives still used by, 99.
Baltimore and Ohio railroad, locomotive?

built for, 98.
Baltimore and Ohio railroad, nmning of

the first- American locomotive on, 90
Bar-iron, table of the weight of, 367, 368.

Barometer and thermometer, relative in-

dications of, 362,

Beach and Son, specimen tubes made by
160.

(373)
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Bearings of locomotives and tenders, best

metals for, 148.

Bearings, soft metal for, 148.

Bell, no.
Berzelius on the density of water, 52.

Bessemer steel, 282.
" Best Friend" locomotive 1S30, 95.
Blast pipe, 301'.

Blow cock, 301.

Bodies exist in three different states, 25.

Boiler, loi, 103, 112, 114, 115, 201.

Boiler, blowing out the, 243.
Boiler, direct tubular, calorimeter ex-
periments with, 74.

Boiler explosions, 175.
Boiler, importance ofproper setting of, 64.

Boiler, importance of room for the es-

cape of steam to the surface of the
water, 41.

Boiler, importance of sufficient heating
surface in the, 41.

Boiler, importance of the proper construc-
tion of 38, 40.

Boiler iron, standard of comparison be-
tween different brands of, 152.

Boiler iron, tensile strength of, 152.

Boiler, mode of estimating the strength
of, 152-155,

Boiler plate, strength of sheet of, to resist

crushing, 154.
Boiler, proportion and construction, riv-

eting and staying, 158-160.

Boiler, return flue, calorimeter experi-
ments with, 73.

Boiler, return tubular, calorimeter exper-
iments with, 73.

Boiler, rivets of, 155.
Boiler, transverse strength of a, 156, 157.
Boiler tubes, experiments of the Hartford

Boiler Insurance Company on, 160-166.

Boilers, calorimeter e.vperiments with
two return tubular, 73, 74.

Boilers, combustion necessary with dif-

ferent kinds, 62.

Boilers, drilled holes in, 157.
Boilers, faulty construction of, 38-40, 41.
Boilers, holding power of tules in, i6'>-

166.

Boilers, locomotive, faulty construction
of, 166-176,

Boilers, plates for, experiments with, 371.
Boilers, proper precautions in buying,

157-
Boilers, stays for, 157
Boilers, steel, 286, 287.
Boilers, strength, 151-176.
Boilers, strongest form for, im.
Boilers, transverse strength of,estimating,

157.
Boilers with steam domes and throttle, 32,
Boston and Worcester railroad, the (jar-

roU of CarroUton, built for, 143.

Bound Brook route, between Philadelphia
and New York, 131, 132.

Bound Brook route, run of new locomo-
motive from Philadelphia to Jersey
City and return, 136-140.

Bourne, John, on the passage of air
through the fire bars, 61.

Box, 301.

Boxes should always be " brass and
brass," 246, 247.

Braces, manner of applying to a dome,
16^-171.

Brake, 302.
" Brass and brass," the boxes should al-

ways be, 246, 247.
Brass, hard, for bearings of locomotives,

148.
Brass work, cleaning the, 244.
Breaking down of the locomotive, what

to do in case of, 250-256.
Bridges, covered, and station houses,
precautions when going through,
243-

Brown, history' of the first American loco-

motive by, 90.

Cab, 302.

Caloric and heat, 30.

Calorimeter, results of, four experiments
with boilers, at the Cincinnati Indus-
trial Exhibition, 1879, 73-75.

Calorimeter, tests for quality of steam,

74.. 75-

Calorimeter tests, reliability of. 7S, 79.
Calorimeter, the continuous, 69-71.
Calorimeter, the intermittent, 71, 72.

Calorimeter, the two forms of, 63, 69.

Cam, 302.

Camden and Amboy railroad, locomotive
buiUforin 1S49, 142.

Carbonization, process for steel, 280.

Carnot, investigations of, in regard to heat
and steam, 67.

Carroll of Carrolltou locomotive, per-
formances of, 143, 144.

Carroll of CarroUton, locomotive with one
pair seven-foot driving wheels, 143.

Cavendish, investigations in regard to

water, 51.

Cementation, process for steel, 280, 281.

Cemented steel, 280.

Centennial Exhibition, locomotives at,

with table of particulars, 120-129.
Check valve, 302.

C'hemical combination and mechanical
mixture, what each is, 40.

Chilled iron to turn, 287, 288.

Chimney, 103.

Circles, table of diameters, areas an i cir-

cumferences of, 313-341.
Circumferences of circles, table oi 313-

341-
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Clark, D. K., on adhesion of driving
wheels of a locomotive, 258, 259.

Cleaning the brass work, 244.
Cleaning the engine from grease and dirt,

244.
Coal, air required for the combustion of
one pound of, 57.

Coal and oil, consumption of, in inverse
proportion, 290.

Coal, combustion of, 56, 57.

Coals, Schuylki41, composition of, 56.

Color not a sure test of temper in steel,

284.

Colt's Patent Firearms Manufacturing
Co., Report of tests of holding strength
of boiler tubes, 163, 164.

Combustion, chemistry of, 55.

Combustion, description of an apparatus
to effect a more perfect, 63, 64.

Combustion necessary with different

kinds of boilers, 62.

Combustion of coal, 56, 57.

Combustion of fuel, perfect, 55.

Combustion of fuel, what it is, 40.

Combustion, perfect with furnaces used
in the arts never accomplished, 56.

Combustion, practice of, a difficult prob-
lem, 55, 56.

Compressed air under the steam boiler,

use of, 59.
Condensation, cylinder, 47, 48.

Condensation of steam, 25, 26.

Connecting rod, 302.
Connecting rod, motion of, 109.
Consolidation engine, to calculate what

it will pull up a grade 70 feet per mile
with 9° curves at a speed of 20 miles
per hour, 263-265.

Consolidation engines, report on, 147,
148.

Consolidation locomotive, 132.

Consolidation locomotives of the Phila-
delphia and Reading Railroad, 115-119.

Consolidation locomotives, performance
of, 115-118.

Construction of locomotives, 101-119.
Cooper, Peter, first American locomo-

tive built by, 1829, 90-94.
Cooper, Peter,locomotive of, performance

of, 93-
Copper plates, experiments on, for boil-

ers, 371, 372.
Copper, weight of, 368.
Counterbalance, 302.
Crank, 302.

Crank of an engine, application of the
mechanical principles to, 84, 85.

Crank pin, 107, 108.

Crank pin, motion of, 109.
Cross head, 107, 302.

Crown bars, 171-174.
Crucible steel, 280, 281

Crucible sted, to make of cemented
steel, 281.

Cubes, squares, and square and ciihe

roots, 34?-354-
Curve, resistance due to, 263.
Cut-off, 185.

Cut-off valve, 303.
Cutting tool, heating steel for, 283.
Cylinder, 303.
Cylinder condensation, 47, 48.

Cylinder condensation, to prevent, 48.
Cylinders, with proportionate strokes fo»

steam engines, table of, 346.
Cylinders, 103, in, 113, 115.

Cylinders and connecting rods, 108.

Cylinders and valves, oiling, 243.

Dalton on the rate ofevaporation ofwatei
at different degrees below boiling, 5-2. 53

Damper, 303.
Darrell, N. W., engineer, 95, 96.
Davis & Gartner, early locomotivo*

built by, 98.
Davis, Phineas, early locomotives de-

signed by, 98, 127.

Dead centres, take the, 189-195.
Decimal equivalents to fractional parts

347-
Delaware and Hudson Canal Co's rati

road, 86.
" De Witt Clinton" locomotive, 1831,97.
Diameters, areas, and r'rcumferences ol

circles, table of, 313-341.
Dies and taps, 287
Dome, 103, 303.
Dome, attaching to the shell of theboilet

166.

Dome, manner of applying braces to

169-171.
Double shear steel, 281.

Draft under the boiler, a rapid, 62.

Drill, a, to temper very hard, 287.
Drilling metal, 288.

Driving-wheel axle, if it breaks, 255.
Driving wheels, 109, no, 303.
Driving wheels, coupled, a source of dan
ger at high speed, 133.

Driving wheels, large, advantage of, 14c

141.

Driving wheels, motion of, 109.

Driving wheels of locomotives, 132, 133
Driving wheels of the Carroll of Carroll

ton, 143.
Driving wheels, revolutions of, 311.

Dry saturated steam, 36.

Dry steam, difficulty of producing, 42.

Dudgeon tube expander, i6o.

Dynamic energy, 35.

Dynamic energy developing from heat,

35-
Dynamic eneigy of fuel, theoretical and

actual, 42, 43.
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Ebullition, the theory of, 30.

Eccentric rod, 108.

Eccentric rod, if it breaks, 252, 253.
Eccentric straps, 108.

Eccentric straps or eccentrics broken,

253-
Eccentrics, 303.
Eccentrics, action of, 108.

Eccentrics, setting, 188, 189.

Economy in the management of railway
machinery, examples of bad, 292-294.

Economy of fuel, 55-64.
Economy, railroad elements in, 296-300.
Eduction port, 305.
Eighty miles an hour not the limit of
speed for a train, 141.

Eighty-one miles per hour, 139.
Elastic fluids, presence of inversely to the
space occupied, 28.

Elements in railroad economy, 296-300.
E. L. Miller locomotive, 99.
Engine cylinders without steam jackets,

results with, 42.

Engine, standard passenger of the Penn-
sylvania railroad, principal dimensions
of, 118, 119.

Engine when it gets off the track, 250-251

.

Engines, single, how many made in the
United States, 144.

Engines with one pair of drivers not new,
141.

Engineers, pioneer, practice of, in refer-

ence to engine drivers to run locomo-
tives, 267.

Engineering, steam, 33-50.
Equalizer, a broken, 254.
Equalizing lever, 304.
Exhaust and piston, relative state of,

345-
Exhaust pipe, 105.
Exhaust port, 104, 303.
Exhaust steam, 105.
Expanding steam, loss of work in, 47.
Expansion and superheating, 49.
Expansion, economy in, on what it de-
pends, 47.

Expansion of steam, operation of, 36.

Expansion requires a suitable reservoir for

excessive energy, 50.

Expansive force of steam, 25.

Experiments on economy of fuel in the
use of injectors, 149.

External force ,of iieat, 37.

Fairbaim and Tate, experiments of, on
the density and pressure of steam, 66.

Fairbaim-on the relations of pressure and
density, 53.

Fairbaim's experiments on boiler iron,

154-
Faraday on the vaporization of water at

different degrees, 52.

Filing of work in the vise, 290, 291.
Fire box, 102, 103, 304.
Fire box, economy of a brick arch in,

159-
Fire, draught of, through the tubes, 103.

Firing, 242.
Firing, importance of, 275.
Firing, locomotive, 244.
Firing, the theory and practice of, 60.

Fireman, a good, rarely fails to make a

good engineer, 275.
Fireman, arduous work of a, 274,

Fireman, experience and practice of the,

275, 276.
Fireman, experience of best, for obtain

ing a knowledge of engine running
271.

Fireman, the, has more control of the ac-

tion of the fire, than any additional ap-

paratus devised, 64.

Fires, building, 159.
Flange, a broken, 256.
Flanging mild steel plate, 286.

Flue, a burst, 255.
Foaming, 304.
Foaming, the cause of, 31.

Follower bolts, 210.

Follower, the, 210.

Footboard, 304.

Foot, table of fractions of, 347.
Force, 35.

Force of displacement of steam withou.
expansion, 37.

Fractions of a foot, table of, 347.
Fractions of an inch, table of, 347,
Frame, 304.
Freight locomotive, standard American.

113-115
Friction of a piston, 212.

Friction, theory of, 211, 212.

Friedmann's injectors, 238-241.
Friedmann's injectors, distinguishing fea-

tures of, 238.

Fuel, average economic results of total

heat value of, 38.

Fuel, combustion of, what it is, 40.

Fuel, economy of, 55-64.

Fuel, extra consumption of, caused by a

bad lubricating oil, 290.

Fuel, perfect combustion, 55.

Fuel, requisites necessary in burning,

57, 58.

Furnace door should be kept open as lit-

tle as possible, 243,

Galton, Captain, on the determination of

the adhesion of driving wheels of a

locomotive, 260, 261.

Gases, anhydrous, not obtain<"d by direct

vaporization, 65.

Gases, the escaping, from the fuel, 61.

Gauge cocks, 304.
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Gauge, pressure, what it exhibits, 44.

Giffard injector, 214-218.
Giflfard, M., inventor of the injector, 213,
Gififard, M., the discovery of, 215, 216.

Gland, 305,
Glass gauge, 304.
Glossary, 301-308.
" Governor Paine," the locomotive, 142.
Grasshopper type of locomotive, 98.
Grate, 305.
Great Western Railway of England, high
speed on, 144, 145.

Guides, 107, 305.

Hancock inspirator, 223-225.
Hard tempering, 287.
Hawksbee (1719), inventor of the double
cylinder air pump, 213.

Headlight, no.
Heat, a comprehensive idea of, 34.
Heat, a mode of motion, 34.
Heat and caloric, 30.

Heat, conversion into work during ex-
pansion, 46.

Heat conveyed by steam, 36.
Heat, developing dynamic energy from,

35.
Heat expands all matter, 25,
Heat, expansion of air by, 361.
Heat for welding mild steel plates^ 285.
Heat, importance of proper application

of, on combustion, 64.

Heat, mechanical equivalent of, 34.
Heat, not steam, that does the work, 36.

Heat, producing, preserving and convey-
ing> 45-

Heat units in steam, 73, 74, 75, 76, 77,78.
Heat, units of, 35.
Heating steel, 283, 284.
Heating steel for tools, 284.
Heating surface of boiler, inspection of,

41-

High pressure engines, 27.
High railway speeds, 130-145.
High speed on the Great Western of

England, 144, 145.
Hill's spark arrester, 147.
Hinckley and Drury, 100.

Holding power of tubes and steam boiler,
160-166.

Holes in boilers drilled, 157.
Holly. Alexander L., anecdote related
by, 267.

Hydraulic press, 80, 81.

Hyperbolical logarithms, 355-359.

Ice, heat required to liquefy, 51.
Ice, the specific gravity of, 51.

Improvements, recent, in the locomotive,
146-150.

Inch, table effractions of, 347.
Indicator diagram, importance of, in in-

terpreting the action of a slide valve,

184.

Induced current, 213.
Induced current, application of the, 214.
Injector, advantages of using, to feed
steam boilers, 219.

Injector, fixing the Korting, 233.
Injector, Keystone, 232-238.
Injector, Keystone, Class "A," working.

235, 236.
Injector, Keystone, lifting " B," method

of working, 237, 238.
Injector, Keystone, non-suction, 234, 235.
Injector, Keystone, suction " B," 236.
Injector, Keystone, suction connecting,

236, 237.
Injector, Little Giant, 226-231.
Injector, manipulation of the Korting,

Injector, method of connecting the Key-
stone non-suction, 234, 235.

Injector, rise in temperature of feed watei
of, shows the amount of energy availa-
ble for doing work, 218.

Injector, the " 1876," 218-223.
Injector, the action of, 215-218.
Injector, the Gififard, 214-218.
Injector, the Korting universal, 231-233.
Injector, to obtain the full advantage of,

219.
Injector, velocities with which we have

to deal with in the, 217.
Injectors, no, 213-241.
Injectors, Friedmann's, 238-241.
Injectors, Friedmann's instructions for

attaching, 241.
Injectors, lifting and non-lifting. Fried
mann's, 239-241.

Injectors, saving of fuel by use of, 149.
Inspirator, Hancock, 223-225.
" Ironsides," built by M. W. Baldwin,

1832, had but one pair of drivers, 141.

Iron, weight of flat bar, hoop, plate ai-d

sheet, 366-368.

Jackman, J. H., engineer, on the per-

formances of the " Carroll of Carroll-

ton," 143, 144.

Jeffrey, E. T., on the economy of fuel by
the use of injectors, Illinois Central rail-

road, 149.

Jervis, John B., 267.

Joint of a boiler, strength of, 153.

Joint of a boiler, to make a strong, 154.

Joint, strongest possible longitudinal, of

boilers, 156.

Joints of boilers, distance between holes

of, 156.

Journal, 305.

Key'ng locomotives, siye of maiu rods

24^-24g
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Keystone injector, 233-238,
Keystone injector, advantages claimed

for, 234.
Keystone injector, non-suction, 234, 235.
Korting universal injector, 231-233.

Lagging, 305.
Lap, 182-185, 305.
Lap, importance of putting upon a slide

valve, 182, 183.

Lap of slide-valve, to find, 343.
Laps and lead, laying off, 205.
Latent and sensible heat of steam, sum

of, 28.

Latent heat of steam, 27,
Lavoisier, investigation in regard to wa-

ter, 51.
" Lead," 179, 181, 185, 305.
Lead of the valve, 105.

Lever, the, 81, 82.

Lifter tumbling-shaft, if it breaks, 253
" Lightning, The," locomotive, 142.

Link, 108.

Link, junction of the, 197.
Link motion, 305.
i^iuk motion and valve gear, 196-203.
Link motion, two classes of, 197.
Link motion, valve gear, how constructed,

196, 197.
Link motion, valve gear, invented by
Stephenson, 196.

Link motions, descriptions of the two,
198-203.

Link, motions of the slide valve, 197-
203.

Link motions, principal distinction in the
features of the two systems, 202.

Link, shifting, 197, 198.
Link, stationary, 197.
Links, worn, variations caused by, 194.
I iquefaction, making heat of, 51.
1 ittle Giant injector, 226-231.
Locomotive, a, how much will it pull ?

257-265.
Locomotive, American, of 1883, 102.

Locomotive, a, two non-condensing, or
high-pressure engines, attached to a
boiler on wheels, 107.

Locomotive " Best Friend," 1830, 95.
Locomotive,American, average maximum

ife of, 119.
Locomotive boilers, faulty construction

of, 166-176.
Locomotive, early American, exhibited at

the Centennial Exhibition, 98.
Locomotive " E. L. Miller," 99.
Locomotive engine, construction of an or-

dinary eight-wheelea, loi.

Locomotive engine running, one of the
most modem of trades, 2^.

locomotive engines, principal features in

all are the same. no.

Locomotive engine running, 266-279.
Locomotive engine, the source of powei

in, loi.

Locomotive engineer, points to which he
directs his attention, 242.

Locomotive engineers, prevailing meth-
ods of raising, 266-279.

Locomotive firing, 244.
Locomotive, first in America, 88, 89.
Locomotive, new, on the Bound Brook

route, principal dimensions of, 134, 135.
Locomotive, new, on the Bound Brook

route, run between Philadelphia and
Jersey City and return 136-140.

Locomotive " Old Ironsides," 99.
Locomotive, standard American freight,

dimensions of, 11 3-1 15.

Locomotive, standard American passen-
ger, principal dimensions of, 111-113.

Locomotive, the most perfect engine yet
made by man, 150.

Locomotive, " West Point," 1830, 96.
Locomotive, what it must contain within

itself, loi.

Locomotive, what to do when it breaks
down, 250-256.

Locomotives at the Centennial Exhibi-
tion, with table of leading particulars,

120-129.
Locomotives, construction of, 101-119.
Locomotives, consolidation of the Phila-
delphia and Reading railroad, dimen-
sions of, 1 15-119.

Locomotives discharge their steam with-
out condensing, 27.

Locomotives, early American, still in use
by the Baltimore and Ohio railroad, 99.

Locomotives, early performances of, 131.

Locomotives, management of, 242-244.
Locomotives, recent improvements in

the, 146-150.
Locomotives, single or coupled, 132.

Logarithms, 355-359
Lost motion, 193.

Lubricating oils for machinery, 289, 290.
Lubricating oils, importance of analysis

of, 290.

Machinists, not necessarily able to run
locomotives, 268, 269.

Magnus & Donney, experiments on wa-
ter freed from air, 54.

Main rod, if it breaks, 251, 252.
Main rod when disconnected, 255.
Management of locomotives, 242, 244.
Man-hole, 305.
Master mechanic, position and influence

of, 291-296.
Master mechanic should be thoroughly

instructed in his position, 295.
Master mechanic, the, shoulc be allowed

to control his own department, 294, 295.
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Matthew, David, engineer, 98.

Mauch Chunk, railroad at, 86.

Measures, English standard, 369.
Mechanical equivalent of heat, 34.
Mechanical mixture and chemical combi-

nation, what each is, 40.

Mechanical powers, 80-85.

Metals for bearings, 148.

Metals, planing, 288.

Meter, the Worthington, 69.

Mild steel in the workshop, 285, 286.

Mild steel plates, annealing, 286.

Mild steel plates, flanging, 286.

Mild steel plates, welding, 285, 286.

Miller, E. L., 95, 99.
Millers' exhibition, Cincinnati, 1880, ex-
periments with the calorimeter at, 74.

Mogul type of locomotive, 132.

iVIohawk and Hudson River railroad, lo-

comotive " De Witt Clinton," built

for, 97.
Molesworth's formula for estimating the

adhesion of the driving wheels of a
locomotive, 258.

Motion, application of power to produce,
in the locomotive, 103.

Motion curves, 207, 208.

Motion curves, laying off, 207, 208.

Mountain, height of, by a barometer, 362.

Mud-hole, 306.

New Castle and Frenchtown railroad, 87.

New Castle and Frenchtown railroad,

early American locomotive built for, 99.
New Castle and Frenchtown railroad, en-
gines imported for, 89.

Nitrogen passing through fuel in combus-
tion, 63.

Non-condensation of steam in locomo-
tives, 27.

Non-expansion "of steam, effect of, 37.
Norris Brothers, locomotives built by,

142.

Norris, Edward S., " The Lightning,"
built by, 142.

Norris, Wm., 100.

Off the track, when the engine gets,

250, 251.

Ohio and Mississippi railroad, calorime-
ter experiments with the boiler of a
Rogers engine, 78.

Oil lubricating, influence of the qualities

of, on the power transmitted by the ma-
chine, 290.

Oils, lubricating, for machinery, 289, 290.
" Old Ironsides" locomotive, 99.
Ortolan, M., investigations of, on the

qualities of lubricating oils for machin-
ery, 289, 290,

Oxygen, effect of excess of, passing
through fuel in combustion, 63.

Packing, 306.
Packing rings, Ramsbottom's metallic,

210.

Pambour on the adheusion of driving
wheels of a locomotive, 257.

Passenger locomotives, standard Ameri-
can, 111-113.

Patterson, Dr., 141.

Peale, Franklin, 141.

Pennsylvania railroad, locomotives built

for, in 1849, 142.

Pennsylvania railroad, speed on, 140.
Person, M., on the specific heat of ice,

and the latent heat of liquefaction, 51.

Pettit, William, 141,
Philadelphia and Germantown railroad,

locomotives for, 89.
Philadelphia and New York, proposed
time between, 130.

Philadelphia and Reading railroad, con-
solidation locomotives of, 115-119,

Pilot, no.
Piston, 104, 306.
Piston, action of the machinery put in

motion by it, 109.

Piston and exhaust, relative state of, 345.
Piston and its ring, 209-212.
Piston and piston rod, 107.

Piston communication of motion to the

driving wheels by, 107, 109.
Piston, friction of a, 212.

Piston, improved, 210-212.
Piston-rod, 306.
Piston-rod, attaching the, 212.

Piston-rod, motion of, 109
Piston, the, in general use, 209, 210.

Pistons, motion of, converted into a con-

tinuous circular motion, 108.

Pistons, velocity for, 347.
Planing metals, 288.

Plug, 306.
Plunger, 306.

Poiree, M., experiments on the adhesion
of the driving wheels of a locomotive,

258, 259.
Ports, 306.

Pot-steel, 280.

Power required to draw a given load over
a road with known grades and curves,

262-265.
Practical men, need of scientific educa-

tion among, 33.
Pressure and density, relations of, 53,

54-
Pressure, effect of, on steam, 28.

Pressure in a steam boiler, 151.

Priestley, discovery of, in regard to water,

51-

Primage, percentage of, 73, 74, 75, 76, 77,

78.
Priming, 306.

Properties of water, 51-54
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Proportion and construction of boiler,

158-160.
Pumps, 110.

Quadrant, to lay out the notches on, 195.
Quincy, railroad at, 86.

Ragged edges inside of a boiler, disad-
vantages of, 168.

Railroad economy,' elements in, 296-300.
Railroads in America, the first. 86, 87.

Railway economy, instances of bad, 292-

294.
Railway speeds, high, 130-145.
Ramsbottom's metallic packing rings,

210.

Rankine on adhesion of the driving
wheels of a locomotive, 258.

Rankine on the specific gravity of ice, 51.

Reach-rod, in case of a broken, 253.
Reading Railroad, speed on, 140.
Recent improvements in the locomotive,

146-150.
Rod, main, if it breaks, 251, 252.
Regnault, experiments on saturated
steam, 66.

Regnault on the relations of temperatures
and pressure, 53.

Resistance due to curves, 263.
Resistance of trains, formulae for the cal-

culation, 263.
Resistance per ton due to any grade,
262.

Resistance per ton of a train on straight
and level track at a given speed, to find,

262.

Reverse bar, 307.
Revolutions of wheels of locomotives per
minute, 311.

Rings of the piston, 209-212.
Rivalry between the Pennsylvania and
the Reading railroads, results of, 130.

Rivet, strength of, to resist shearing, 154.
Rivets of boiler, arrangement of, 155.
Riveting and staying of boilers, 158-160.
Rods, side and main, keying up, 245-249.
Rue, Little Giant injector, 226-231.
Running locomotive engine, 266-^79.

Safety-valve, 307.
Sand box, no.
Sand-box, using the, 243.
Saturated steam, a perfect gas, 65.
Saturated steam, experiments ofRegnault

in regard to, 66.

Saturated steam, temperature (heat) of,

at various pressures, 65, 66.

Scale and mud in boilers, loss of power
from, 299.

Scale, removing, 243.
Science, the foundation of, 33.
Science, what it is, 33.

Scientific education, need of, among pra&
tical men, 33.

Secants, table of, 360.

Self-regulating injectors, 219-221.
Sellers' " 1876" injector, 218-223.
Sensible and latent heat of steam, sum of,

28.

Seventy-eight miles per hour, 139.
Shear steel, 281.

Side and main rods, keying up, 245-249.
Siemens-Martin steel, 282, 283.

Sixty miles an hour, what it means,
131, 132.

Slide valve, 104.

Slide valve, action of, 177-185.

Slide valve, importance, 1 77.

Slide valve, link motions of the, 197-203
Slide-valve, motion of, within the stf'm

chest, 107.

Slide valve, to find the lap of, 343.
Slide valves, 177.
Slide valves, importance of plain, practi

cal instruction on setting, 185, 186.

Slide valves of a locomotive, practical

method of setting, 185-195.
Smoke-box, 307.
Smoke-box, economy of a baffle-plate

within, 159.
South Carolina railroad, 86, 100.

South Carolina railroad, early locomo-
tives built for, 95, 96.

Spark arrester, 146, 147.

Spark arrester. Hill's, 147.

Specific quantities, table of, 363-365.
Specific heat of water, 54.

Specific heat of ice, 51.

Speed of locomotives in ft. per min.,311.
Speed, influence of, on resistance, 262.

Speed of the future, 141.

Speed on English, French, German and
American railways, 141.

Speeds, high railway, 130-145.
Spray, to drive a jet of, out of a bottle

through a horizontal tube with a con-

tracted nozzle, 213.
Spring, a broken, 254.

Spring hanger, a broken, 253, 254.
Spring steel, 280.

Squares, cubes, and square and cube
roots, 349-354-

, , ,

Standard American freight locomotive,

"3-"5-
Standard American passenger locomo-

tive, 111-113.
Stays for boilers, 159.

Stays for boilers, arrangement of, 157.

Steam, 25-32.
Steam always carries a percentage 0/

water, 65.

Steam at various grades of expans ion ,344
Steam boiler, how it should be con-

structed and set, 40.
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Steam boiler, pressure In a, 151,

Steam, calorimeter tests for quality of,

. 74' 75.
. . u . U-, •

bteam cannot mix with air while its pres-

sure exceeds that of the atmosphere, 26.

Steam chest, 104, 307.
Steam chest or branch pipe, if it breaks,

255, 256.

Steam, conditions under which the great-

est dynamic energy of, is exerted, 38.

Steam dome, omission of, in boilers re

cently made, 32.

Steam domes and throttle, boilers with,

32.
Steam, dry saturated, 36.

Steam economy not the only desideratum
to be looked for in the steam engine, 49.

Steam, effect of non-expansion of, 37.
Steam, effect of pressure on, 28.

Steam, elasticity of, increases with in-

crease of temperature, 28.

Steam, energy expended by, not uniform,

49j so.
Steam engine, estimate of the efficiency

of, on the heat basis, 67, 68.

Steam engine, the, a heat engine, 66,

Steam engineer, the province of the, 38.

Steam engineering, 33-50.
Steam engineering, what it is, 35.
Steam engines, influence of, upon profit-

able expansion of steam, 46.

Steam, existence of, depends on its tem-
perature, 26.

Steam, expansion of, important questions
connected with, 46.

Steam, false ideas in regard to, 45.
Steam gauges, necessity for continual

testing of, 175, 176.

Sicam gauges, uncertain action of, 175,
176.

Steam, importance of an exact knowledge
of the thermal value of, 68.

Steam, latent and sensible heat of, 28.

Steam, mean elastic force of, at various
degrees of expansion, 344,

Steam, most prominent property pos-
sessed by, 25.

Steam, non-expended, in operating an
engine. 66.

Steam, operation of expansion, 36.
Steam-pipe, 103, 307.
Steam-pipe, if it breaks inside the boiler,

256.
Steam ports, 104.

Steam, pounds of, per foot of heating sur-
face, 73, 74, 76.

Steam, pressure of, inversely to the space
occupied, 28.

Steam, quality of, 65-79.
Steam, quality of. Investigation in regard

to, 46.
Steam. Regnault's experiments on the

relations of temperature, pressure and
density of, 66.

Steamroom in boilers, 31.

Steam, superheated, 36.

Steam, superheating, importance of,

41, 42.

Steam, table of the temperatures and
volumes of, under diflferent pressures,

342.
Steam, the result of a combination of

water with heat, 25.

Steel and steel making, 280-287.

Steel, annealing heat for, 287.

Steel, Bessemer, 282.

Steel boilers, 286. 287.
Steel, color not a sure test, 384.
Steel, double shear, 281.

Steel, for a good cutting tool, heating.

283.

Steel for tools, heating, 284.

Steel heating, 283, 284.

Steel, mild, in the workshop, 283, 286.

Steel mills, American, system of, 280.

Steel plates in boiler and other work,
proper treatment of, 285, 286.

Steel plates, precautions to be taken in

ordering, 286.

Steel, shear, 281.

Steel, Siemens-Martin, 282, 283.

Steel spring, 280.

Steel tool, 280.

Steel, to temper, 284, 285.

Stephenson, George, 267.

Stephenson, George, inventor of the

link motion valve-gear, 196.

Stourbridge, Lion, the locomotive, 88.

Strain and shock of every part of the loco-

motive calculated, 278.

Strength of boilers, 151-176.

Stroke, 307.
Stuffing box, 107, 307.
Superheat and its relation to expansion,

49-
Superheat, necessity for the, regulating

the degree of, 49.
Superheat, percentage of, 74, 75.

Superheated steam, importance of, and
difficulties surrounding the use of, 48.

Superheated steam, 36.

Superheated steam, water in the gaseous
state, 54.

Superheating apparatus, what must be its

character, 48.

Superheating, developments in regard to,

49'
Superheating steam, importance of, 41,42.
Superheating, the stage of progress of, 48.

Surfaces in contact, friction of, 213.

Swedes or Norway iron for making
steel, 280.

Swedish engine at the Centennial ? xhibi-

tion. 120.
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Table from experiments on iron and cop-
per plates for steam boilers, 371.

Table of cylinders, 346.
Table of decimal equivalents to fractional

parts of lineal measures, 347.
Table of diameters, areas and circumfer-

ences of circles, 313-341.
Table of expansion of air by heat, 361.
Table of fractions of a foot, 347.
Table of hyperbolical logarithms, 355-359.
Table of natural sines, co-sines, tangents,

co-tangents, secants, and co-secants,

360.

Table of nominal velocity for pistons,347.
Table of relative state of piston and ex-
haust, 345.

Table of specific gravities, 363-365.
Table of squares, cubes, square and cube

roots of numbers, 349-354.
Table of the mean elastic force of steam

at various grades of expansion, 344.
Table of the relative indicatioa=; of barom-

eter and thermometer, 362.
Table of the temperatures and volumes of
steam generated under different pres-
sures, 342.

Table of the weight of bar iron, 366-368.
Table of the weight of flat, bar, hoop,

plate and sheet iron, 368.
Table of time occupied in running one

mile, speed in feet per minute, the num-
ber of revolutions of the driving wheels,
or double strokes of the piston per
minute at given speeds, 311.

Table of approximate numbers for vari-
ous purposes, 348.

Table of fractions of an inch and of a
foot, 347.

Table to find the lap of slide valves, 343.
Tangents, table of, 360.

Taps and dies, 287.
Tate on the relations of pressure and den-

sity, 53.
Temperatures and pressure, relations of,

53-
Temperatures and volumes of steam gen-

erated under different pressures, table
of, 342.

Tempering steel, 284, 285.
Tender, 112, 114, 308.
Tender, axle or wheel, if it breaks, 256.
Thermal value of steam, importance of a
knowledge of, 68.

Thermometer and barometer, relative
indications of, 362.

Thermometers compared, 371.
Throttle lever, 104.
Throttle, unshipped, 255.
Throttle valve, 104, 243, 308.
Throttle valve, operation of, log.
Tire, a broken, 254.
Tool steel. 280.

Truck frame, 308.

Truck wheel or axk, a broken, 255.
Truck wheels, no.
Tube expander, the Dudgeon, i6o.

Tubes, 308.

Tubes and steam boiler, holding power
of, 160-166.

Tubes, boiler, riveting over of the ends of,

161.
_

Tubes in locomotive boilers, as a rule too

many, 299.
Tubes of boilers, rule to find the holding
power of, 165, 166.

Tubes of boilers, methods of fastening,

161.

Tumbling shaft, lifter, if it breaks, 253.

Tyndall, Prof., experiments in regard to

heat and steam, 45, 46.

Unit of heat, standard of, 35.
Useful notes, 280-300.

Vacuum gauge and steam gauge, 44, 45
Vacuum, the nature of a, 43.

Valve, 308.
Valve gear and link motion, 196-203.
Valve motion diagrams, 204-208.

Valve motion, principal points in, 185.

Valve of a locomotive, operation of, 105
106.

Valve, operation of, 108.

Valve stem, 108.

Valve stem, if it breaks, 252.

Valves of a locomotive, practical metb
ods of setting, 185.

Valves, oiling, 243.
Valves, operation of, 109.

Valves, to see if they will cut off square.

194-
Vapor of water, absorption of and radia-

tion of heat by, 45, 46.
Virtual velocities, 80.

Water always carried in steam, 65.

Water as steam, the vehicle by which
heat is transported from boiler to en-

gine, ^6.
Water, boiling point of depends on pres-

sure, 53.
Water, common gravity of, 370.

Water, density of, at different degrees, 52.

Water, determination of, to that part of

the boiler from which steam is taken,

32.
Water, effect of boiling in open and closed

vessels, 29, 30.

Water " entrained" or " primage" in

steam, 65.

Water exists as ice, liquid and steam, 25.

Water feed, supply of, 242.

Water, formulae to estimate the weight of.

at any temperature, 53.
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Water level in boilers, rise of, by means
of steam, 31.

Water, nature of the pressure of, 44.
Water, properties of, 51-54.
Water, proportion of surface evaporation,

53-
Water, rate of vaporization of, at d'ffer-

ent degrees of temperature, 52.

Water, specific heat of, 54.
Water, temperature of, in the gaseous

state, depends on pressure, 54.
Water, the several conditions ot, 51-54.
Water, vaporized to form steam, simply
a vehicle to store up the heat of fuel, 66.

Water, vaporous condition of, limited to

saturation, 54.

Watt on the relations of temperatures and
pressure, 53.

Wedge, the, to ascertain the force of, 83.
Weight of locomotives, 113, 114, 115.

Welding mild steel plates, 285, -286.

Welt piece, use of, in joints of locomotive
boilers, 155.

Westinghouse automatic brake, 129.
Westinghouse, experiments on the adhe-

sion of the driving-wheels of a locomo-
tive, 260,

" West Point" locomotive 1830, 96.
West Point Foundry, early locomotives

built by, 95, 96, 97.
Wheel or axle of tender, if it breaks, 256.
Wheels, iii, 112, 113, 115.

Wheels, locomotive, revolutions per min-
ute, 311.

Whistle, 110.

Winans, Ross, 100, 267.
Winans, Ross, early locomotives designed

by, 98.

Winans, Ross, the locomotive Carroll if

Carrollton, built by, 1849, 143,
Wood on adhesion of the driving whi "els

of a locomotive, 258.
Wooten fire-box, 115.
Worthington meter, the, 69.
Wrist pin, leading, if it breaks, 252,
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AMATEUR MECHANICS' WORKSHOP:
A treatise containing plain and concise direction for the
manipulation of Wood and Metals, including Casting, Forg-
ing, Brazing, Soldering and Carpentry. By the author of
the "Lathe and Its Uses." Ninth edition. Illustrated.

8vo $1.50

ARLOT.—A Complete Guide for Coach Painters :

Translated from the French of M. Arlot, Coach Painter, for

eleven years Foreman of Painting to M. Eherler, Coach
Maker, Paris By A. A. Fesquet, Chemist and Engineer.
To which is added an Appendix, containing Information re-

specting the Materials and the Practice of Coach and Car
Painting and Varnishing in the United States and Great
Britain 12mo $1.25
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ARMENGAUD, AMOROUX, AND JOHNSON.—The Prac-
tical Draughtsman's Book of Industrial Design, and
Machinist's and Engineer's Drawing Companion:

Forming a Complete Course of Mechanical Engineering and
Architectural Drawing. From the French of M. Armengaud
the elder, Prof, of Design in the Conservatoire of Arts and
Industry, Paris, and M. Armengaud the younger, and Amo-
roux, Civil Engineers. Rewritten and arranged with addi-
tional matter and plates, selections from and examples of
the most useful and generally employed mechanism of the
day. By William Johnson, Assoc. Inst. C. E. Illustrated

by fifty folio steel plates, and fifty wood-cuts. A new edi-

tion, 4to., cloth $5.00

ARROWSMITH.—The Paper-Hanger's Companion
Comprising Tools, Pastes, Preparatory Work; Selection and
Hanging of Wall-Papers ; Distemper Painting and Cornice-
Tinting; Stencil Work; Replacing Sash-Cord and Broken
Window Panes; and Useful Wrinkles and Receipts. By
James Arrowsmith. A New, Thoroughly Revised, and
Much Enlarged Edition. Illustrated by 25 engravings, 162
pages. (1905) $1.00

ASHTON.—The Theory and Practice of the Art of Design-
ing Fancy Cotton and Woolen Cloths from Sample:

Giving full instructions for reducing drafts, as well as the
methods of spooling and making out harness for cross drafts

and finding any required reed; with calculations and tables
of yarn. By Frederic T. Ashton, Designer, West Pittsfield,

Mass. With fifty-two illustrations. One vol. folio $4.00

ASKINSON.—Perfumes and Cosmetics:

A Comprehensive Treatise on Perfumery, containing Com-
plete Directions for Making Handkerchief Perfimies, Smelling-
Salts, Sachets, Fumigating Pastils; Preparations for the Care
of the Skin, the Mouth, the Hair; Cosmetics, Hair Dyes, and
other Toilet Articles. By G. W. Askinson. Translated
from the German. Revised by W. L. Dudley. 32 illustra-

tions, 8vo $5.00

BAIRD.—The American Cotton Spinner, and Manager's
and Carder's Guide:

A Practical Treatise on Cotton Spinning; giving the Dimen-
sions and Speed of Machinery, Draught and Twist Calcula-
tions, etc; with notices of recent Improvements; together
with Rules and Examples for making changes in the size and
numbers of Roving and Yam. Compiled from the papers
of the late Robert H. Baird. 256 pp., 12mo ... $1.50
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BEANS,—A Treatise on Railway Curves and Location of
Railroads :

By E. W. Beans, C. E. Illustrated. 12mo. Morocco $1.00

BELL.—Carpentry Made Easy:

Or, The Science and Art of Framing on a New and Improved
System. With Specific Instructions for Building Balloon
Frames. Bam Frames, Mill Frames, Warehouses, Church
Spires, etc. Comprising also a System of Bridge Building,

with Bills, Estimates of Cost, and valuable Tables. Illus-

trated by forty-four plates, comprising nearly 200 figures.

By William E. Bell, Architect and Practical Builder.

8vo $5.00

BERSCH.—Cellulose, Cellulose Products, and Rubber
Substitutes:

Comprising the Preparation of Cellulose, Parchment-Cellu-
lose, Methods of Obtaining Sugar, Alcohol, and Oxalic Acid
from Wood-Cellulose; Production of Nitro-Cellulose and Cellu-

lose Esters; Manufacture of Artificial Silk, Viscose, Celluloid,

Rubber Substitutes, Oil-Rubber, and Faktis. By Dr. Joseph
Bersch. Translated by William T. Brannt. 41 Illustra-

tions. (1904) $3.00

BILLINGS.—Tobacco :

Its History, Variety, Culture, Manufacture, Commerce, and
Various Modes of Use. By E. R. Billings. Illustrated by
nearly 200 engravings. 8vo $3.00

BIRD.—The American Practical Dyers' Companion:
Comprising a Description of the Principal Dye-Stuffs and
Chemicals used in Dyeing, their Nature and Uses; Mordants
and How Made; with the best American, English, French
and German processes for Bleaching and Dyeing Silk, Wool,
Cotton, Linen. Flannel, Felt, Dress Goods, Mixed and
Hosiery Yarns, Feathers, Grass, Felt, Fur, Wool' and
Straw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, Furs,
Leather, etc., etc., by Wood, Aniline, and other Processes,
together with Remarks on Finishing Agents, and Instructions
in the Finishing of Fabrics, Substitutes for Indigo, Water-
Proofing of Materials, Tests and Purification of Water.
Manufacture of Aniline and other New Dye Wares, Harmoniz-
ing Colors, etc., etc.,; embracing in all over 800 Receipts for

Colors and Shades, accompanied by 170 Dyed Samples of Raw
Materials and Fabrics. By F. J. Bird, Practical Dyer,
Author of "The Dyers' Hand-Book. " 8vo $4.00

BLINN.—A Practical Workshop Companion for Tin,
Sheet-Iron, and Copper-plate Workers:

Containing Rules for describing various kinds of Patterns.
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used by Tin, Sheet-Iron and Copper-plate Workers; Practical
Geometry; Mensuration of Surface and Solids; Tables of the
Weights of Metals, Lead-pipe, etc.; Tables of Areas and
Circumferences of Circles; Japan, Varnishes, Lacquers, Ce-
ments, Compositions, etc., etc. By Leroy J. Blinn, Master
Mechanic. With One Hundred and Seventy Illustrations.

12mo $2.50

BOOTH.—Marble Worker's Manual:
Containing Practical Information respecting Marbles in

general, their Cutting, Working and Polishing; Veneering of
Marble; Mosaics; Composition and Use of Artificial Marble,
Stuccos, Cements, Receipts, Secrets, etc., etc. Translated
from the French by M. L. Booth. With an Appendix con-
cerning American Marbles. 12mo., cloth $L50

BRANNT.—A Practical Treatise on Animal and Vegetable
Fats and Oils:

Comprising both Fixed and Volatile Oils, their Physical and
Chemical Properties and Uses, the Manner of Extracting and
Refining them, and Practical Rules for Testing them; as well
as the Manufacture of Artificial Butter and Lubricants, etc.,

with lists of American Patents relating to the Extraction,
Rendering, Refining, Decomposing and Bleaching of Fats
and Oils. By William T. Brannt, Editor of the "Techno-
Chemical Receipt Book," Second Edition, Revised and
in great part Rewritten. Illustrated by 302 Engravings.
In Two Volumes. 1304 pp. 8vo $10.00

BRANNT.—A Practical Treatise on Distillation and Rec-
tification of Alcohol:

Comprising Raw Materials; Production of Malt, Preparation
of Mashes and of Yeast; Fermentation; Distillation and
Rectification and Purification of Alcohol; Preparation of

Alcoholic Liquors, Liqueurs, Cordials, Bitters, Fruit Essences,
Vinegar, etc.; Examination of Materials for the Preparation
of Malt as well as of the Malt itself; Examination of Mashes
before and after Fermentation; Alcoholometry, with Numer-
ous Comprehensive Tables; and an Appendix on the Manu-
facture of Compressed Yeast and the Examination of Alcohol
and Alcoholic Liquors for Fusel Oil and other Impurities.

By William T. Brannt, Editor of "The Techno-Chemical
Receipt Book." Second Edition. Entirely Rewritten. Il-

lustrated by 105 engravings. 460 pages. 8vo. (Dec,
1903) $10.00

BRANNT.—India Rubber, Gutta-Percha and Balata:

Occurrence, Geographical Distribution, and Cultivation, Ob-
taining and Preparing the Raw Materials, Modes of Working
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and Utilizing them, including Washing, Maceration, Mixing,
Vulcanizing, Rubber and Gutta-Percha Compounds, Utiliza-

tion of Waste, etc. By William T. Brannt. Illustrated.

12mo. A new edition in preparation,

BRANNT.—A Practical Treatise on the Manufacture of
Vinegar and Acetates, Cider, and Fruit-Wines:

Preservation of Fruits and Vegetables by Canning and Evap-
oration; Preparation of Fruit-Butters, Jellies, Marmalades,
Catchups, Pickles, Mustards, etc. Edited from various
sources. By William T. Brannt. Illustrated by 101 En-
gravings. 575 pp. 8vo; 3d edition Net, $6.00

BRANNT.—The Metallic Alloys: A Practical Guide:
For the Manufacture of all kinds of Alloys, Amalgams, and
Solders, used by Metal Workers: together with their Chem-
ical and Physical Properties and their Application in the Arts
and the Industries; with an Appendix on the Coloring of
Alloys and the Recovery of Waste Metals. By William
T. Brannt. 45 Engravings. Third, Revised, and Enlarged
Edition. 570 pages. 8vo Net, $5.00

BRANNT.—The Metal Worker's Handy-Book of Receipts
and Processes:

Being a Collection of Chemical Formulas and Practica
Manipulations for the working of all Metals; including the
decoration and Beautifying of Articles Manufactured there-

from, as well as their Preservation. Edited from various
sources. By William T. Brannt. Illustrated. 12mo.$2.50

BRANNT.—Petroleum

:

Its History, Origin, Occurrence, Production, Physical and
Chemical Constitution, Technology, Examination and Uses;
Together with the Occurrence and Uses of Natural Gas.
Edited chiefly from the German of Prof. Hans Hoefer and Dr.
Alexander Veith by Wm. T. Brannt. Illustrated by 3
Plates and 284 Engravings. 743 pp. 8vo $12.50

BRANNT.—The Practical Dry Cleaner, Scourer and
Garment Dyer:

Comprising Dry, Chemical, or French Cleaning; Purifica-

tion of Benzine; Removal of Stains, or Spotting; Wet Clean-
ing; Finishing Cleaned Fabrics; Cleaning and Dyeing Furs,
Skin Rugs and Mats; Cleaning and Dyeing Feathers; Clean-
ing and Renovating Felt, Straw and Panama Hats; Bleach-
ing and Dyeing Straw and Straw Hats; Cleaning and Dyeing
Gloves; Garment Dyeing; Stripping; Analysis of Textile
Fabrics. Edited by William T. Brannt, Editor of "The
Techno-Chemical Receipt Book." Fourth Edition, Revised
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and Enlarged. Illustrated by Forty-One Engravings. 12
mo. 371 pp $2.50
CONTENTS : I. Dry Chemical or French Cleaning, II. Removal

of Stains or Spotting, III. Wet Washing, IV. Finishing Cleaned
Fabrics. V. Cleaning and Dyeing Furs, Skin Rugs and Mats. VI.
Cleaning and Dyeing Feathers. VII. Cleaning and Renovating Felt,
Straw and Panama Hats ; Bleaching and Dyeing Straw and Straw
Hats. VIII. Cleaning and Dyeing Gloves. IX. Garment Dyeing.
X. Stripping Colors from Garments and Fabrics. XI. Analysis of
Textile Fabrics. Index.

BRANNT.—The Soap Maker's Hand-Book of Materials,
Processes and Receipts for every description of Soap; includ-

ing Fats, Fat Oils and Fatty Acids; Examination of Fats and
Oils; Alkalies; Testing Soda and Potash; Machines and
Utensils; Hard Soaps; Soft Soaps; Textile Soaps; Washing
Powders and Allied Products; Toilet Soaps, Medicated
Soaps, and Soap Specialties; Essential Oils and other Perfum-
ing Materials; Testing Soaps. Edited chiefly from the Ger-
man of Dr. C. Deite, A. Engelhardt, F. Wiltner, and
numerous other Experts. With Additions by William T.
Brannt, Editor of "The Techno-Chemical Receipt Book."
Illustrated by Fifty-four Engravings. Second edition. Re-
vised and in great part Re-Written. 535 pp. 8vo $6.00

BRANNT.—Varnishes, Lacquers, Printing Inks and Seal-
ing Waxes

:

Their Raw Materials and their Manufacture, to which is

added the Art of Varnishing and Lacquering, including the
Preparation of Putties and of Stains for Wood, Ivory, Bone,
Horn, and Leather. By William T. Brannt. Illustrated

by 39 Engravings, 338 pages. 12mo $3.00

BRANNT-WAHL.—The Techno-Chemical Receipt Book:
Containing several thousand Receipts covering the latest,

most important, and most useful discoveries in Chemical
Technology, and their Practical Application in the Arts and
the Industries. Edited chiefly from the German of Drs.
Winckler, Eisner, Heintze, Mierzinski, Jacobsen, Koller and
Heinzerling, with additions by Wm. T. Brannt and Wm. H.
Wahl, Ph. D. Illustrated by 78 engravings. 12mo. 495
pages $2.00

BROWN.—Five Hundred and Seven Mechanical Move-
ments :

Embracing all those which are most important in Dynamics,
Hydraulics, Hydrostatics, Pneumatics, Steam Engines, Mill
and other Gearing, Presses, Horology, and Miscellaneous
Machinery; and including many movements never before
published, and several of which have only recently come into

use. By Henry T. Brown $1.00



HENRY CAREY BAIRD & CO.'S CATALOGUE 7

BULLOCK.—The Rudiments of Architecture and Build-
ing:

For the use of Architects, Builders, Draughtsmen, Machin-
ists, Engineers and Mechanics. Edited by John Bullock,
author of "The American Cottage Builder." Illustrated

by 250 Engravings. 8vo $2.50

BYRNE.—Hand-Book for the Artisan, Mechanic, and
Engineer:

Comprising the Grinding and Sharpening of Cutting Tools,
Abrasive Processes, Lapidary Work, Gem and Glass En-
graving, Varnishing and Lacquering, Apparatus, Materials
and Processes for Grinding and Polishing, etc. By Oliver
Byrne. Illustrated by 185 wood engravings. 8vo $4.00

BYRNE.—Pocket-Book for Railroad and Civil Engineers:

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; Earthwork, etc. By Oliver Byrne. 18mo.,
full bound, pocketbook form $1.50

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 Metals; the Process Dependent on the Duc-
tility of the Metals; Soldering; etc. By John Percy. The
Manufacture of Malleable Iron Castings, and Improvements
in Bessemer Steel. By A. A. Fesquet, Chemist and En-
gineer. With over Six Hundred Engravings, Illustrating

every Branch of the Subject. 8vo $3.50

CABINET MAKER'S ALBUM OF FURNITURE:
Comprising a Collection of Designs for various Styles of
Furniture. Illustrated by Forty-eight Large and Beauti-
fully Engraved Plates. Oblong, 8vo

CALLINGHAM.—Sign Writing and Glass Embossing:
A complete Practical Illustrated Manual of the Art. By
James Callingham. To which are added Numerous Alpha-
bets and the Art of Letter Painting Made Easy. By James
C. Badenoch. 258 pages. 12mo $1.50

CAREY.—A Memoir of Henry G. Carey:
By Dr. Wm. Elder. With a portrait. 8vo., cloth 75

CAREY.—The Works of Henry G. Carey:
Manual of Social Science. Condensed from Carey's
"Principles of Social Science." By Kate McKean 1 vol.

12mo $2.00
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Miscellaneous Works. With a Portrait. 2 vols. 8vo. $10.00
Past, Present and Future. Svo $2.50
Principles of Social Science. 3 volumes, Svo $10.00
The Slave-Trade, Domestic and Foreign; Why it Exists,
and How it may be Extinguished (1853). 8vo $2.00
The Unity of Law: As Exhibited in the Relations of Phys-
ical, Social, Mental and Moral Science (1872). 8vo $2.50

COOLEY.—A Complete Practical Treatise on Perfumery:
Being a Hand-book of Perfumes, Cosmetics and other Toilet
Articles, with a Comprehensive Collection of Formulae. By
Arnold Cooley. 12mo $1.00

COURTNEY.—The Boiler Maker's Assistant in Drawing,
Templating, and Calculating Boiler Work and Tank
Work, etc.

Revised by D. K. Clark. 102 ills. Fifth edition 80

COURTNEY.—The Boiler Maker's Ready Reckoner:
With Examples of Practical Geometry and Templating. Re-
vised by D. K. Clark, C. E. 37 illustrations. Fifth edi-

tion $1.60

GRISTIANL—A Technical Treatise on Soap and Candles:

With a Glance at the Industry of Fats and Oils. By R. S,

Cristiani, Chemist. Author of "Perfumery and Kindred
Arts." Illustrated by 176 Engravings. 581 pages, 8vo

$15.00
CROSS.—The Cotton Yarn Spinner:

Showing how the Preparation should be arranged for Differ-

ent Counts of Yarns by a System more uniform than has hith-

erto been practiced; by having a Standard Schedule from
which we make all our Changes. By Richard Cross. 122

pp. 12mo 75

DAVIDSON.—A Practical Manual of House Painting,
Graining, Marbling, and Sign-Writing:

Containing full information on the processes of House Paint-
ing in Oil and Distemper, the Formation of Letters and
Practice of Sign-Writing, the Principles of Decorative Art,
a Course of Elementary Drawing for House Painters, Writers,
etc., and a Collection of Useful Receipts. With nine colored

illustrations of Woods and Marbles, and numerous wood en-

gravings. By Ellis A. Davidson. 12mo $2.00

DAVIES.—A Treatise on Earthy and Other Minerals and
Mining :

By D. C. Davies. F. G. S., Mining Engineer, etc. Illustrated

by 76 Engravings. 12mo $5.00



HENRY CAREY BAIRD & CO.'S CATALOGUE 9

DAVIES.—A Treatise on Metalliferous Minerals and
Mining :

By D. C. Davies, F. G. S., Mining Engineer, Examiner of
Mines, Quarries and Collieries. Illustrated by 148 engrav-
ings of Geological Formations, Mining Operations and Ma-
chinery, drawn from the practice of all parts of the world.
Fifth Edition, thoroughly Revised and much Enlarged by
his son, E. Henry Davies. 12mo. 524 pages $5.00

DAVIS.—A Practical Treatise on the Manufacture of
Brick, Tiles and Terra-Cotta:

Including Stiff Clay, Dry Clay, Hand Made, Pressed or
Front, and Roadway Paving Brick, Enamelled Brick, with
Glazes and Colors, Fire Brick and Blocks, Silica Brick, Carbon
Brick, Glass Pots, Retorts, Architectural Terra-Cotta, Sewer
Pipe, Drain Tile, Glazed and Unglazed Roofing Tile, Art Tile,

Mosaics, and Imitation of Intrarsia or Inlaid Surfaces. Com-
prising every product of Clay employed in Architecture, En-
gineering, and the Blast Furnace. With a Detailed Descrip-
tion of the Different Clays employed, the Most Modem Ma-
chinery, Tools, and Kilns used, and the Processes for Handling
Disintegrating, Tempering, and Moulding the Clay into Shape,
Drying, Setting, and Burning. By Charles Thomas Davis.
Third Edition. Revised and in great part rewritten. Il-

lustrated by 261 engravings. 662 pages (Scarce.)

DAVIS.—The Manufacture of Paper:

Being a Description of the various Processes for the Fabrica-
tion, Coloring and Finishing of every kind of Paper, Includ-
ing the Different Raw Materials and the Methods for De-
termining their Values^ the Tools, Machines and Practical
Details connected with an intelligent and a profitable prose-
cution of the art, with special reference to the best American
Practice. To which are added a History of Paper, complete
Lists of Paper-Making Materials, List of American Machines,
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

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, Tech-
nical Chemist. Translated from the German, with extensive
additions, including a description of the most Recent Ameri-
can Processes, by William T. Brannt. 2d revised edition,

350 pages. (1905) Price $3.00
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DEITE.—A Practical Treatise on the Manufacture of
Perfumery :

Comprising directions for making all kinds of Perfumes,
Sachet Powders, Fumigating Materials, Dentrifices, Cos-
metics, etc., with a full account of the Volatile Oils, Balsams,
Resins, and other Natural and Artificial Perfume-substances,
including the Manufacture of Fruit Ethers, and tests of their

purity. By Dr. C. Deite, assisted by L. Borchert, F.
EiCHBAUM, E. KuGLER, H. ToEFFNER, and Other experts.
From the German, by Wm. T. Brannt. 28 Engravings.
358 pages. 8vo $3.00

DE KONINCK-DIETZ.—A Practical Manual of Chemical
Analysis and Assaying:

As applied to the Manufacture of Iron from its Ores, and to
Cast Iron, Wrought Iron, and Steel, as found in Commerce.
By L. L. DeKoninck, Dr. Sc, and E. Dietz, Engineer. Ed-
ited with Notes, by Robert Mallet, F. R. S., F. S. G.. M.
I. C. E., etc. American Edition, Edited with Notes and an
Appendix on Iron Ores, by A. A. Fesquet, Chemist and
Engineer. 12mo $1.00

DIETERICHS.—A Treatise on Friction, Lubrication,
Oils and Fats:

The Manufacture of Lubricating Oils, Paint Oils, and of
Grease, and the Testing of Oils. By E. F. Dieterichs,
Member of the Franklin Institute; Member National Associa-
tion of Stationary Engineers; Inventor of Dietrichs' Valve-
Oleum Lubricating Oils. Second Edition Revised. 12mo.
A practical book by a practical man $1.25

DUNCAN.—Practical Surveyor's Guide:
Containing the necessary information to make any person of
common capacity, a finished land surveyor, without the aid
of a teacher. By Andrew Duncan. Revised. 72 Engrav-
ings. 214 pp. 12mo $1.50

DUPLAIS.—A Treatise on the Manufacture and Dis-
tillation of Alcoholic Liquors:

Comprising Accurate and Complete Details in Regard to
Alcohol from Wine, Molasses, Beets, Grain, Rice, Potatoes,
Sorghum, Asphodel, Fruits, etc.; with the Distillation and
Rectification of Brandy, Whiskey, Rum, Gin, Swiss Absinthe,
etc., the Preparation of Aromatic Waters, Volatile Oils or
Essences, Sugars, Syrups, Aromatic Tinctures, Liqueurs,
Cordial Wines, Effervescing Wines, etc., the Ageing of Brandy
and the Improvement of Spirits, with Copious Directions
and Tables for Testing and Reducing Spirituous Liquors, etc..
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etc. Translated and Edited from the French of MM. Du-
PLAis. By M. McKennie, M. D. Illustrated. 743 pp.
8vo $15.00

EDWARDS.—A Catechism of the Marine Steam-Engine:
For the use of Engineers, Firemen, and Mechanics. A Prac-
tical Work for Practical Men. By Emory Edwards, Me-
chanical Engineer. Illustrated by sixty-three Engravings,
including examples of the most modern Engines. Third
edition, thoroughly revised, with much additional matter.
12mo. 414 pages $1.50

EDWARDS.—American Marine Engineer, Theoretical
and Practical:

With Examples of the latest and most approved American
Practice. By Emory Edwards. 85 Illustrations. 12mo. $1.50

EDWARDS.—Modern American Locomotive Engines:

Their Design, Construction and Management. By Emory
Edwards. Illustrated. 12mo $1.50

EDWARDS.—Modern American Marine Engines, Boilers,
and Screw Propellers:

Their Design and Construction. 146 pp. 4to $2.00

EDWARDS.—900 Examination Questions and Answers:
For Engineers and Firemen (Land and Marine) who desire

to obtain a United States Government or State License.
Pocket-book form, gilt edge $1.50

EDWARDS.—The American Steam Engineer:

Theoretical and Practical, with examples of the latest and
most approved American practice in the design and con-
struction of Steam Engines and Boilers. For the use of
Engineers, machinists, boiler-makers, and engineering stu-

dents. By Emory Edwards. Fully illustrated. 419 pages.

12mo $1.50

EDWARDS.—The Practical Steam Engineer'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 Edwards. Illus-

trated by 119 engravings. 420 pages. 12mo $2.00

ELDER.—Conversations on the Principal Subjects of
Political Economy:

By Dr. William Elder. 8vo $1.50
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ELDER.—Questions of the Day:
Economic and Social. By Dr. William Elder. 8vo..$3.00

ERNI AND BROWN.—Mineralogy Simplified:
Easy Methods of Identifying Minerals, including Ores, by
Means of the Blow-pipe, by Flame Reactions, by Humid
Chemical Analysis, and by Physical Tests. By Henri
Erni, a. M., M. D. Fourth Edition, revised, re-arranged
and with the addition of entirely new matter, including Tables
for the Determination of Minerals by Chemicals and Pyrog-
nostic Characters, and by Physical Characters. By Amos
P. Brown, A. M., Ph. D. 464 pp. Illustrated by 123 En-
gravings, pocket-book form, full flexible morocco, gilt edges.

$2.50

FAIRBAIRN.—The Principles of Mechanism and Machi-
nery of Transmission :

Comprising the Principles of Mechanism, Wheels, and Pul-
leys, Strength and Proportion of Shafts, Coupling of Shafts,
and Engaging and Disengaging Gear. By Sir William
Fairbairn, Bart., C E. Beautifully illustrated by over 150
wood-cuts. In one volume. 12mo $2.00

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..$1.00

FLEMMING.—Practical Tanning:
A Handbook of Modern Processes, Receipts, and Sugges-
tions for the Treatment of Hides, Skins, and Pelts of Every
Description. By Lewis A. Flemming, American Tanner.
Third Edition Revised and in great part rewritten, over 600
pp. 8vo 1916 $6.00

FORSYTH.—Book of Designs for Headstones, Mural, and
other Monuments:

Containing 78 Designs. By James Forsyth, With an In-

troduction by Charles Boutell, M. A. 4to. Cloth.. $3.00

GARDNER.—Everybody's Faint Book:
A Complete Guide to the Art of Outdoor and Indoor Paint-
ing 38 Illustrations. 12mo. 183 pp $1.00

GARDNER.—The Painter's Encyclopedia:

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 Paint-
ing, including Graining, Marbling, Staining, Varnishing,
Polishing, Lettering, Stenciling, Gilding, Bronzing, etc. By
Franklin B. Gardner. 158 illustrations. 12mo. 427 pp

$2.0
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GEE.—The Goldsmith's Handbook:
Containing full instructions for the Alloying and Working of
Gold, including the Art of Alloying, Melting, Reducing, Color-
ing, Collecting, and Refining; the Processes of Manipulation,
Recovery of Waste; Chemical and Physical Properties of

Gold; with a New System of Mixing its Alloys; Solders, En-
amels; and other Useful Rules and RecipeSc By George E.
Gee. 12mo $1.25

GEE.—The Jeweler's Assistant in the Art of Working in
Gold:

A Practical Treatise for Masters and Workmen. 12mo $3.00

GEE.—The Silversmith's Handbook:
Containing full instructions for the Alloying and Working of

Silver, including the different modes of Refining and Melting
the Metal; its Solders; the Preparation of Imitation Alloys;

Methods of Manipulation; 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 $1.25

GOTHIC ALBUM FOR CABINET-MAKERS:
Designs for Gothic Furniture Twenty-three plates. Ob-
long $1.00

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

GREGORY.—Mathematics for Practical Men:
Adapted to the Pursuits of Surveyors, Architects, Mechan-
ics, and Civil Engineers. By Olinthus Gregory. 8vo.,
plates $3.00

GRISWOLD.—Railroad Engineer's Pocket Companion
for the Field:

Comprising Rules for Calculating Deflection Distances and
Angles, Tangential Distances and Angles and all Necessary
Tables for Engineers; also the Art of Levelling from Prelim-
inary Survey to the Construction of Railroads, intended
Expressly for the Young Engineer, together with Numerous
Valuable Rules and Examples. By W. Griswold 12mo
Pocketbook form $1.50

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. Gordon, F R. S. E., F. G. S. 8vo.

$2.50
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Hand-Book of Useful Tables for the Lumberman, Farmer
and Mechanic:

Containing Accurate Tables of Logs Reduced to Inch Board
Measure, 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. 32mo., boards. 186
pages 25

HASERICK.—The Secrets of the Art of Dyeing Wool,
Cotton and Linen:

Including Bleaching and Coloring Wool and Cotton Hosiery
and Random Yarns. A Treatise based on Economy and
Practice By E. C. Haserick. Illustrated by 323 Dyed
Patterns of the Yarns or Fabrics 8vo $4.50

HATS AND FELTING:
A Practical Treatise on their Manufacture. By a Practical

Hatter, Illustrated by Drawings of Machinery, etc. 8vo.
$1.00

HAUPT.—A Manual of Engineering Specifications and
Contracts :

By Lewis M. Haupt, C. E. Illustrated with numerous
maps. 328 pp. 8vo $2.00

HAUPT.—The Topographer, His Instruments and Meth-
ods:

By Lewis M. Haupt, A. M., C. E. Illustrated with numer-
ous plates, maps and engravings. 247 pp. 8vo $2.00

HAUPT.—Street Railway Motors:
With Descriptions and Cost of Plants and Operation of the
various systems now in use. 12mo $1.50

HULME.—Worked Examination Questions in Plane
Geometrical Drawing :

For the Use of Candidates for the Royal Military Academy
Woolwich; the Royal Military College, Sandhurst; the In-

dian Civil Engineering College, Cooper's Hill; Indian Public
Works and Telegraph Department; Royal Marine Light In-

fantry; the Oxford and Cambridge Local Examinations, etc.

By F. Edward Hulme, F. L. S., F. S. A., Art-Master Marl-
borough College. Illustrated by 300 examples. Small
quarto $1.00

KELLEY.—speeches, Addresses, and Letters on Industria.
and Financial Questions:

By Hon. William D. Kelley, M. C. 544 pages. 8vo $.200
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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 Foreign Watches, and all American
Watches. By F. Kemlo, Practical Watchmaker. With
Illustrations. 12mo $L2o

KICK.—Flour Manufacturer:
A Treatise on Milling Science and Practice By Frederick
Kick, Imperial Regierungsrath, Professor of Mechanical
Technology in the Imperial 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 $7.50

KINGZETT.—The History, Products, and Processes of
the Alkali Trade:

Including the most Recent Improvements. By Charles
Thomas Kingzett, Consulting Chemist. With 23 illustra-

tions. Svo $2.00

KIRK.—A Practical Treatise on Foundry Irons:

Comprising Pig Iron, and Fracture Grading of Pig and Scrap
Irons; Scrap Irons; Mixing Irons; Elements and Metalloids;
Grading Iron by Analysis; Chemical Standards for Iron;
Castings; Testing Cast Iron; Semi-Steel; Malleable Iron;
Etc., Etc. By Edward Kirk, Practical Moulder and Melter,
Consulting Expert in Melting. Illustrated. 294 pages.
Svo. 1911 $3.00

KIRK.—The Cupola Furnace:
A Practical Treatise on the Construction and Management of
Foundry Cupolas. By Edward Kirk, Practical Moulder and
Melter, Consulting Expert in Melting. Illustrated by 106
Engravings. Third Edition, revised and enlarged. 482
pages. 8vo. 1910 $3.50

KOENIG.—Chemistry Simplified:
A Course of Lectures on the Non-Metals, Based upon the
Natural Evolution of Chemistry. Designed Primarily for

Engineers. By George Augustus Koenig, Ph. D., A. M

,

E. M., Professor of Chemistry, Michigan College of Mines,
Houghton. Illustrated by 103 Original Drawings. 449 pp.
12mo. (1906) $2.25

LANGBEIN.—A Complete Treatise on the Electro-Deposi-
tion of Metals:

Comprising Electro-Plating and Galvanoplastic Operations,
The Deposition of Metals by the Contract and Immersion
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Processes, the Coloring of Metals, the Methods of Grinding
and Polishing, as well as the Description of the Voltaic Cells,

Dynamo-Electric Machines, Thermopiles, and of the Materi-
als and Processes Used in Every Department of the Art.
Translated from the latest German Edition of Dr. George
Langbein, Proprietor of a Manufactory for Chemical Pro-
ducts, Machines, Apparatus and Utensils for Electro-Platers,

and of an Electro-Plating Establishment in Leipzig. With
Additions by William T. Brannt, Editor of "The Techno-
Chemical Receipt Book." Seventh Edition, Revised and
Enlarged. Illustrated by 163 Engravings. 8vo. 725 pages.

1913 $5.00

LARKIN.—The Practical Brass and Iron Founder's
Guide:

A Concise Treatise on Brass Founding, Moulding, the Metals
and their Alloys, etc.; to which are added Recent Improve-
ments in the Manufacture of Iron, Steel by the Bessemer
Process, etc., etc. By James Larkin, late Conductor of the
Brass Foundry Department in Reany, Neafie & Co.'s Penn
Works, Philadelphia. New edition, revised, with extensive

additions. 414 pages. 12mo $2.50

LEHNER.—The Manufacture of Ink:

Comprising the Raw Materials, and the Preparation of

Writing, Copying and Hektograph Inks, Safety Inks, Ink
Extracts and Powders, etc. Translated from the German
of SiGMUND Lehner, with additions by William T. Brannt.
Illustrated. 12mo $2.00

LEROUX.—A Practical Treatise on the Manufacture of
Worsteds and Carded Yarns:

Comprising Practical Mechanics, with Rules and Calcula-
tions applied to Spinning; Sorting, Cleaning, and Scouring
Wools; the English and French Methods of Combing, Draw-
ing, 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. 8vo. . . .$3.00

LESLIE.—Complete Cookery:

Directions for Cookery in its Various Branches. By Miss
Leslie. Sixtieth thousand. Thoroughly revised, with the
additions of New Receipts. 12mo $1.00

LE VAN.—The Steam Engine and the Indicator:

Their Origin and Progressive Development; including the
Most Recent Examples of Steam and Gas Motors, together
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with the Indicator, its Principles, its Utility, and its Applica-
tion. By William Barnet Le Van. Illustrated by 205
Engravings, chiefly of Indicator-Cards. 469 pp 8vo. $2.00

LIEBER.—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. Re-
vised. 283 pp. 12mo $1.50

Lockwood's Dictionary of Terms:
Used in the Practice of Mechanical Engineering, embracing
those Current in the Drawing Office, Pattern Shop, Foundry,
Fitting, Turning, Smith's and Boiler Shops, etc., etc., com-
prising upwards of Six Thousand Definitions. Edited by a
Foreman Pattern Maker, author of "Pattern Making." 417
pp. 12mo $3.75

LUKIN.—The Lathe and Its Uses:

Or Instruction in the Art of Turning Wood and Metal. In-

cluding a Description of the Most Modem Appliances for the
Ornamentation of Plane and Curved Surfaces, an Entirely
Novel Form of Lathe for Eccentric and Rose-Engine Turn-
ing. A Lathe and Planing Machine Combined; and Other
Valuable Matter Relating to the Art. Illustrated by 462
engravings. Seventh Edition. 315 pages 8vo $4.25

MAUCHLINE.—The Mine Foreman's Hand-Book:
Of Practical and Theoretical Information on the Opening,
Ventilating, and Working of Collieries. Questions and An-
swers on Practical and Theoretical Coal Mining. Designed
to Assist Students and Others in Passing Examinations for

Mine Foremanships. By Robert Mauchline. 3d Edition.
Thoroughly Revised and Enlarged by F. Ernest Brackett.
134 Engravings. 8vo. 378 pages. (1905.) $3.75

MOLESWORTH.—Pocket-Book of Useful Formulae and
Memoranda for Civil and Mechanical Engineers:

By Guilford L. Molesworth, Member of the Institution of
Civil Engineers, Chief Resident Engineer of the Ceylon
Railway. Full-bound in Pocketbook form $1.00

MOORE.—The Universal Assistant and the Complete
Mechanic:

Containing over one million Industrial Facts, Calculations,

Receipts, Processes, Trades Secrets, Rules, Business Forms,
Legal Items, etc., in every occupation, from the Household
to the Manufactory. By R. Moore. Illustrated by 500
Engravings. 12mo $2.50
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NAPIER.—A System of Chemistry Applied to Dyeing:

By James Napier, F. C. S. A New and Thoroughly Revised
Edition. Completely brought up to the present state of the
Science, including the Chemistry of Coal Tar Colors, by A.
A. Fesquet, Chemist and Engineer. With an Appendix on
Dyeing and Calico Printing, as shown at the Universal Ex-
position, Paris, 1867. Illustrated. 8vo. 422 pages ... $2.00

NICHOLLS.—The Theoretical and Practical Boiler-Maker
and Engineer's Reference Book:

Containing a variety of Useful Information for Employers
of Labor, Foremen and Working Boiler-Makers, Iron, Copper,
and Tinsmiths, Draughtsmen, Engineers, the General Steam-
using Public, and for the Use of Science Schools and classes

By Samuel Nicholls. Illustrated by sixteen plates. 12mo.
$2.50

NYSTROM.—On Technological Education and the Con-
struction of Ships and Screw Propellers

For Naval and Marine Engineers. By John W. Nystrom,
late Acting Chief Engineer, U. S. N. Second Edition, Re-
vised, with additional matter. Illustrated by seven En-
gravings. 12mo $1.00

O'NEILL.—A Dictionary of Dyeing and Calico Printing:

Containing a brief account of all the Substances and Pro-
cesses in use in the Art of Dyeing and Printing Textile Fabrics;
with Practical Receipts and Scientific Information. By
Charles O'Neill, Analytical Chemist. To which is added
an Essay on Coal Tar Colors and their application to Dyeing
and Calico Printing. By A. A. Fesquet, Chemist and En-
gineer. With an appendix on Dyeing and Calico Printing,
as shown at the Universal Exposition, Paris, 1867. 8vo.
491 pages $2.00

ORTON.—Underground Treasures:

How and Where to Find Them. A Key for the Ready De-
termination of all the Useful Minerals within the United
States. By James Orton, A. M., Late Professor of Natural
History in Vassar College, N. Y.; author of the "Andes and
the Amazon," etc. A New Edition, with An Appendix on
Ore Deposits and Testing Minerals. (1901.) Illustrated.

$1.50

OSBORN.—A Practical Manual of Minerals, Mines and
Mining:

Comprising the Physical Properties, Geologic Position; Local
Occurrence and Associations of the Useful Minerals, their

Methods of Chemical Analysis and Assay; together with
Various Systems of Excavating and Timbering, Brick and
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Masonry Work, during Driving, Lining, Bracing and other
Operations, etc. By Prof. H. S. Osborn, LL. D., Author of

"The Prospector's Field-Book and Guide." 171 Engravings.
Second Edition, Revised. 8vo $4.50

OSB3RN.—The Prospector's Field Book and Guide:
In the Search For and the Easy Determination of Ores and
Other Useful Minerals. By Prof. H. S. Osborn, LL. D.
Illustrated by 66 Engravings. Eighth Edition. Revised
and Enlarged. 401 pages. 12mo (1910.) $1.50

OVERMAN.—The Moulder's and Founder's Pocket Guide:
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 Con-
struction 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. Chemist and Engineer. Illustrated by 44
engravings. 12mo $2.00

PAINTER, GILDER, AND VARNISHER'S COMPANION:
Comprising the Manufacture and Test of Pigments, the Arts
of Painting, Graining, Marbling, Staining, Sign-writing,

Varnishing, Glass-staining, and Gilding on Glass; together
with Coach Painting and Varnishing, and the Principles of

the Harmony and Contrast of Colors. Twenty-seventh
Edition. Revised, Enlarged, and in great part Rewritten.
•By William T. Brannt, Editor of "Varnishes, Lacquers,
Printing Inks and Sealing Waxes." Illustrated. 395 pp.
12mo $1.50

PERCY.—The Manufacturing of Russian Sheet-Iron:
By John Percy, M. D., F. R. S. Paper 25

POSSELT.—Cotton Manufacturing:
Part I. Dealing with the Fibre, Ginning, Mixing, Picking,
Scutching and Carding. By E. A. Posselt. 104 Illustra-

tions, 190 pp $3.00
Part IL Combing, Drawing, Roller Covering and Fly Frame,

$3.00

POSSELT.—The Jacquard Machine Analysed and Ex-
plained :

With an Appendix on the Preparation of Jacquard Cards, and
Practical Hints to Learners of Jacquard Designing. By E
A. Posselt. With 230 Illustrations and numerous diagrams.
127 pp. 4to $3.00
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POSSELT.—Recent Improvements in Textile Machinery
Relating to Weaving:

Giving the Most Modern Points on the Construction of all

Kinds of Looms, Warpers, Beamers, Slashers, Winders,
Spoolers, Reeds, Temples, Shuttles, Bobbins, Heddles, Heddle
Frames, Pickers, Jacquards, Card Stampers, Etc., Etc. By
E. A. PossELT. 4to. Part I, 600 ills.; Part II, 600 ills.

Each part $1.50

POSSELT.—Recent Improvements in Textile Machinery,
Part III:

Processes Required for Converting Wool, Cotton, Silk, from
Fibre to Finished Fabric, Covering both Woven and Knit
Goods; Construction of the most Modern Improvements in

Preparatory Machinery, Carding, Combing, Drawing, and
Spinning Machinery, Winding, Warping, Slashing Machinery,
Looms, Machinery for Knit Goods, Dye Stuffs, Chemicals,
Soaps, Latest Improved Accessories Relating to Construc-
tion and Equipment of Modern Textile Manufacturing Plants
By E. A. PosSELT. Completely Illustrated. 4to $5.00

POSSELT.—Technology of Textile Design:

The Most Complete Treatise on the Construction and Appli-
cation of Weaves for all Textile Fabrics and the Analysis of
Cloth. By E. A. Posselt. 1,500 Illustrations. 4to. .$5.00

POSSELT.—Textile Calculations:
A Guide to Calculations Relating to the Manufacture of all

Kinds of Yarns and Fabrics, the Analysis of Cloth, Speed,
Power and Belt Calculations. By E. A. Posselt. Illus-

trated. 4to $2.00

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 Comprising nearly 1,500 pages.
In two volumes, 8vo., cloth $5.00

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 the Correction of Faulty
Action in Trotters. By George E. Rich. 362 Illustrations.

217 pages. 12mo $2.00

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^ot
Blacksmithing, from the Simplest Job of Work to some of the
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most Complex Forgings Compiled and Edited by M. T.
Richardson.
Vol. I. 210 Illustrations. 224 pages. 12mo $1.00
Vol. II. 230 Illustrations. 262 pages. 12mo $1.00
Vol. III. 390 Illustrations. 307 pages. 12mo $1.00
Vol. IV. 226 Illustrations. 276 pages. 12mo $1.00

RICHARDSON.—Practical Carriage Building:
Comprising Numerous Short Practical Articles upon Carriage
and Wagon Woodwork; Plans for Factories; Shop and Bench
Tools; Convenient Appliances for Repair Work; Methods of
Working; Peculiarities of Bent Timber; Construction of
Carriage Parts; Repairing Wheels; Forms of Tenons and Mor-
tises; Together with a Variety of Useful Hints and Sugges-
tions to Woodworkers. Compiled by M. T. Richardson.
Vol. I. 228 Illustrations. 222 pages $1.00
Vol. II. 283 Illustrations. 280 pages $1.00

RICHARDSON.—The Practical Horseshoer:
Being a Collection of Articles on Horseshoeing in all its

Branches which have appeared from time to time in the col-

umns of "The Blacksmith and Wheelwright," etc. Compiled
and edited by M. T. Richardson. 174 Illustrations, $1.00

RIFFAULT, VERGNAUD, and TOUSSAJNT.—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 Formulae 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 M. F. Malpeyre, Trans-
lated from the French by A. A. Fesquet. Illustrated by
Eighty Engravings. 659 pp. 8vo $5 00

ROPER.—Catechism for Steam Engineers and Elec-
tricians :

Including the Construction and Management of Steam En-
gines, Steam Boilers and Electric Plants. By Stephen
Roper Twenty-first edition, rewritten and greatly enlarged
by E. R. Keller and C. W. Pike. 365 pages. Illustrations.

18mo., tucks, gilt $2.00

ROPER.—Engineer's Handy Book:
Containing Facts, Formulae, Tables and Questions on Power,
its Generation, Transmission and Measurement; Heat, Fuel,
and Steam; The Steam Boiler and Accessories; Steam Engines
and their Parts; Steam Engine Indicator; Gas and Gasoline
Engines; Materials; their Properties and Strength; Together
with a Discussion of the Fundamental Experiments in Elec-
tricity, and an Explanation of Dynamos, Motors, Batteries,

etc.. and Rules for Calculating Sizes of Wires. By Stephen
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Roper. 15th edition. Revised and Enlarged by E. R.
Keller, M. E., and C. W. Pike, B. S. With numerous
Illustrations. Pocket-book form. Leather $3.50

ROPER.—Hand-Book of Land and Marine Engines:
Including the Modeling, Construction, Running, and Man-
agement of Land and Marine Engines and Boilers. With
Illustrations. By Stephen Roper, Engineer. Sixth Edition.

12mo., tucks, gilt edge $3.50

ROPER.—Hand-Book of the Locomotive:
Including the Construction of Engines and Boilers, and the
Construction, Management, and Running of Locomotives.
By Stephen Roper. 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.—Instructions and Suggestions for Engineers and
Firemen

:

By Stephen Roper, Engineer. 18mo., Morocco $2.00

ROPER.—Questions and Answers for Stationary and
Marine Engineers and Electricians:

With a Chapter of What to Do in Case of Accidents. By
Stephen Roper, Engineer. Sixth Edition, Rewritten and
Greatly Enlarged by Edwin R. Keller, M. E., and Clayton
W. Pike, B. A. 306 pp. Morocco, pocketbook form, gilt

edges $2.00

ROPER.—The Steam Boiler: Its Care and Management:
By Stephen Roper, Engineer. 12mo., tuck, gilt edges. $2.00

ROPER.—Use and Abuse of the Steam Boiler:
By Stephen Roper, Engineer. Ninth Edition, with Illus-

trations. 18mo., tucks, gilt edge $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. 160 Illustrations, 363 pages.
ISmo., tuck $2.50

ROSE.—The Complete Practical Machinist:
Embracing Lathe Work, Vise Work, Drills and Drilling, Taps
and Dies, Hardening and Tempering, the Making and Use of
Tools, Tool Grinding, Marking out work. Machine Tools, etc.

By Joshua Rose. 395 Engravings. Nineteenth Edition,
greatly Enlarged with New and Valuable Matter. 12mo.,
504 pages $2.50

ROSE.—Mechanical Drawing Self-Taught:
Comprising Instructions in the Selection and Preparation of
Drawing Instruments, Elementary Instruction in practical
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Mechanical Drawing, together with Examples in Simple
Geometry and Elementary Mechanism, including Screw
Threads, Gear Wheels, Mechanical Motions, Engines and
Boilers. By Jo-hua Rose, M. E. Illustrated by 330 En-
gravings. 8vo. 313 pages $3.50

ROSE.—The Slide-Valve Practically Explained:
Embracing simple and complete Practical Demonstrations of
the operation of each element in a Slide-valve Movement,
and illustrating the effects of Variations in their Proportions
by examples carefully selected from the most recent and
successful practice. By Joshua Rose, M. E. Illustrated

by 35 Engravings $1.00

ROSE.—Steam Boilers:
A Practical Treatise on Boiler Construction and Examination,
for the Use of Practical Boiler Makers, Boiler Users, and In-
spectors; and embracing in plain figures all the calculations
necessary in Designing or Classifying Steam Boilers. By
Joshua Rose, M. E. Illustrated by 73 Engravings. 250
pages. 8vo $2.00

ROSS.—The Blowpipe in Chemistry, Mineralogy and
Geology:

Containing all Known Methods of Anhydrous Analysis, many
Working Examples, and Instructions for Making Apparatus.
By Lieut Colonel W A. Ross, R. A.. F. G. S, With 120
Illustrations. 12mo $2.00

SCHRIBER.—The Complete Carriage and Wagon Painter:
A Concise Compendium of the Art of Painting Carriages,
Wagons, and Sleighs, embracing Full Directions in all the
Various Branches, including Lettering, ScrolHng, Ornament-
ing, Striping, Varnishing, and Coloring, with numerous Re-
cipes for Mixing Colors. 73 Illustrations. 177 pp. 12mo.

$1.00
SHAW.—Civil Architecture:
Being a Complete Theoretical and Practical System of Build-
ing, containing the Fundamental Principles of the Art. By
Edward Shaw, Architect. To which is added a Treatise on
Gothic Architecture, etc. By Thomas W. Silloway and
George M. Harding, Architects. The whole illustrated by
102 quarto plates finely engraved on copper. Eleventh Edi-
tion 4to $5.00

SHERRATT.—The Elements of Hand-Railing:
Simplified and Explained in Concise Problems that are Easily
Understood. The whole illustrated with Thirty-eight Ac-
curate and Original Plates, Founded on Geometrical Principles,

and showing how to Make Rail Without Centre Joints, Mak-
ing Better Rail of the Same Material, with Half the Labor,
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and Showing How to Lay Out Stairs of all Kinds. By R. J.
Sherratt. Folio $2.50

SHUNK.—A Practical Treatise on Railway Curves and
Location for Young Engineers:

By W. F. Shunk, C. E. 12mo. Full bound pocket-book
form $2.00

SLOANE.—Home Experiments in Science:
By T. O'CONOR Sloane, E. M., A M , Ph. D Illustrated

by 91 Engravings. 12mo $1.00

SLOAN.—Homestead Architecture:
Containing Forty Designs for Villas, Cottages, and Farm-
houses, with Essays on Style, Construction, Landscape Gar-
dening, Furniture, etc , etc. Illustrated by upwards of 200
Engravings. By Samuel Sloan, Architect. 8vo $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 800 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 $1.00

SMITH.—A Manual of Political Economy:
By E. Peshine Smith. A New Edition, to which is added
a full Index. 12mo $1.25

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

SNIVELY.—The Elements of Systematic Qualitative
Chemical Analysis:

A Hand-book for Beginners. By John H. Snively, Phr. D.
16mo $2.00

STOKES.—The Cabinet Maker and Upholsterer's Com-
panion :

Comprising the Art of Drawing, as applicable to Cabinet
Work; Veneering, Inlaying, and Buhl-Work; the Art of Dye-
ing and Staining Wood, Ivory, Bone, Tortoise-Shell, etc.

Directions for Lacquering, Japanning, and Varnishing; to
make French Polish, Glues, Cements, and Compositions;
with numerous Receipts, useful to workmen generally. By
J. Stokes. Illustrated. A New Edition, with an Appendix
upon French Polishing, Staining, Imitating, Varnishing, etc.,

etc. 12mo $1.25

STRENGTH AND OTHER PROPERTIES OF METALS:
Reports of Experiments on the Strength and other Properties
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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 Secretary of War. Illustrated

by 25 large steel plates. Quarto $3.00

SULZ.—A Treatise on Beverages:
Or the Complete Practical Bottler. Full Instructions for

Laboratory Work with Original Practical Recipes for all

kinds of Carbonated Drinks, Mineral Waters, Flavoring
Extracts, Syrups, etc. By Charles Herman Sulz, Tech-
nical Chemist and Practical Bottler. Illustrated by 428
Engravings. 818 pp. 8vo $7.50

SYME.—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

TEMPLETON.—The Practical Examinator on Steam and
the Steam-Engine:

With Instructive References relative thereto, arranged for

the Use of Engineers, Students, and others. By William
Templeton, Engineer 12mo $L00

THALLNER.—Tool-Steel :

A Concise Hand-book on Tool-Steel in General. Its Treat-
ment in the Operations of Forging, Annealing, Hardening,
Tempering, etc., and the Appliances Therefor. By Otto
Thallner, Manager in Chief of the Tool-Steel Works, Bis-

marckhutte, Germany. From the German by William T.
Brannt. Illustrated by 69 Engravings. 194 pages 8vo.
1902 $2.00

THAUSING.—The Theory and Practice of the Preparation
of Malt and the Fabrication of Beer:

With especial reference to the Vienna Process of Brewing.
Elaborated from personal experience by Julius E. Thausing,
Professor at the School for Brewers, and at the Agricultural
Institute, Modling, near Vienna. Translated from the Ger-
man by William T. Brannt. Thoroughly and elaborately
edited, with much American matter, and according to the
latest and most Scientific Practice, by A. Schwarz and Dr.
A. H. Bauer Illustrated by 140 Engravings. 8vo. 815
pages $10.0

TOMPKINS.—Cotton and Cotton Oil:
Cotton: Planting, Cultivating, Harvesting and Preparation
for Market. Cotton Seed Oil Mills: Organization, Construc-
tion and Operation. Cattle Feeding: Production of Beef
and Dairy Products, Cotton Seed Meal and Hulls as Stock
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Feed. Fertilizers: Manufacture, Manipulation and Uses.
By D. A. Tompkins. 8vo. 494 pp Illustrated $7.50

TOMPKINS.—Cotton Mill, Commercial Features:
A Text-Book for the Use of Textile Schools and Investors.

With Tables showing Cost of Machinery and Equipments
for Mills making Cotton Yams and Plain Cotton Cloths. By
D. A. Tompkins. 8vo. 240 pp. Illustrated $5.00

TOMPKINS.—Cotton Mill Processes and Calculations:
An Elementary Text-Book for the Use of Textile Schools and
for Home Study. By D. A Tompkins. 312 pp. 8vo.
Illustrated $5.00

TURNER'S (THE) COMPANION:
Containing Instructions in Concentric, Elliptic, and Eccen-
tric Turning; also various Plates of Chucks, Tools, and In-

struments; and Directions for using the Eccentric Cutter,
Drill, Vertical Cutter, and Circular Rest; with Patterns and
Instructions for working them. 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 Manufacturer. By B. Frank Van Cleve. Illustrated.

500 pp. 12mo $2.00

VAN DER BURG.—School of Painting for the Imitation
of Woods and Marbles:

A Complete, Practical Treatise on the Art and Craft of Grain-
ing and Marbling with the Tools and Appliances. 36 Plates.

Folio, 12x20 inches $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 Engineer. With Illustrations. 12mo. . . .$1.25

VOGDES.—The Architect's and Builder's Pocket-Com-
panion and Price-Book:

Consisting of a Short but Comprehensive Epitome of Deci-
mals, Duodecimals, Geometry and Mensuration; with Tables
of United States Measures, Sizes, Weights, Strength, etc., of

Iron, Wood, Stone, Brick, Cement and Concretes, Quanti-
ties 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, Painting,

Plastering, with a Vocabulary of Technical Terms, etc. By
Frank W. Vogdes, Architect, Indianapolis, Ind. Enlarged,
Revised and Corrected. In one volume 368 pages, full-

bound, pocketbook form, gilt edges $2.00
Cloth $1 50



HENRY CAREY BAIRD & CO.'S CATALOGUE 27

WAHNSCHAFFE.—A Guide to the Scientific Examina-
tion of Soils:

Comprising Select Methods of Mechanical and Chemical
Analysis and Physical Investigation. Translated from the
German of Dr F. Wahnschaffe. With additions by Wil-
liam T. Brannt. Illustrated by 25 Engravings. I2mo.
177 pages $1.50

WARE.—The Sugar Beet:
Including a History of the Beet Sugar Industry in Europe,
Varieties of the Sugar Beet, Examinatioi, Soils, Tillage

Seeds and Sowing, Yield and Cost of Cultivation, Harvest-
ing, Transportation, Conservation, Feeding Qualities of the
Beet and of the Pulp, etc. By Lewis S. Ware, C. E.,

M. E. Illustrated by ninety Engravings. 8vo. $2.00

WARN.—The Sheet-Metal Worker's Instructor:
For Zinc, Sheet-Iron, Copper, and Tin-Plate Workers, etc.

Containing a selection of Geometrical Problems; also Prac-
tical and Simple Rules for Describing the various Patterns
required in the different branches of the above Trades. By
Reuben H. Warn, Practical Tin-Plate Worker. To which is

added an Appendix, containing Instructions for Boiler-Mak-
ing, Mensuration of Surfaces and Solids, Rules for Calculat-
ing the Weights of different Figures of Iron and Steel, Tables
of the Weights of Iroi, Steel, etc. Illustrated by thirty-

two Plates and thirty-seven Wood Engravings. 8vo. . . $2.00

WARNER.—New Theorems, Tables, and Diagrams, 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-professional Computers. In two parts, with
an Appendix. Part I. A Practical Treatise; Part II. A
Theoretical Treatise, and the Appendix Contaiiing Notes to
the Rules and Examples of Part I.; Explanations of the Con-
struction of Scales, Tables, and Diagrams, and a Treatise
upon Equivalent Square Bases and Equivalent Level Heights.
By John Warner, A. M., Mining and Mechanical Engineer.
Illustrated by 14 Plates. 8vo $3.00

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 En-
gineers." Illustrated by 78 Engravings .... 151.00

WATSON.—The Modern Practice of American Machinists
and Engineers:

Including the Construction, Application, and Use of Drills,
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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 with Workshop Management,
Economy of Manufacture, the Steam Engine, Boilers, Gears,
Belting, etc., etc. By Egbert P. Watson Illustrated by
eighty-six Engravings. 12mo $2.00

WEATHERLY.—Treatise on the Art of Boiling Sugar,
Crystallizing, Lozenge-making, Comfits, Gum Goods:

And other processes for Confectionery, including Methods
for Manufacturing every Description of Raw and Refined
Sugar Goods. A New and Enlarged Edition, with an Appen-
dix oa Cocoa, Chocolate, Chocolate Confections, etc. 196
pages. 12mo $1.50

WILL.

—

Tables of Qualitative Chemical Analysis:
With an Introductory Chapter on the Course of Analysis
By Professor Heinrich 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 $1.00

WILLIAMS.—On Heat and Steam:
Embracing New Views of Vaporization, Condensation and
Explosion. By Charles Wye Williams, A. I. C. E. Illus-

trated. 8vo $2.00

WILSON.—The Practical Tool-Maker and Designer:
A Treatise upon the Designing of Tools and Fixtures for

Machine Tools and Metal Working Machinery, Comprising
Modern Examples of Machines with Fundamental Designs
for Tools for the Actual Production of the work; Together
with Special Reference to a Set of Tools for Machining the
Various Parts of a Bicycle. Illustrated by 189 Engravings
(1898) $2.50

CONTENTS : Introductory. Chapter I. Modern Tool Room and
Equipment. II. Files, Their Use and Abuse. III. Steel and Tem-
pering. IV. Making Jigs. V. Milling Machine Fixtures. VI. Tools
and Fixtures for Screw Machines. VII. Broaching. VIII. Punches
and Dies for Cutting and Drop Press. IX. Tools for Hollow-ware.
X. Embossing : Metal, Coin and Stamped Sheet-Metal Ornaments.
XI, Drop Forging. XII. Solid Drawn Shells or Ferrules ; Cupping
or Cutting and Drawing ; Breaking Down Shells. XIII. Annealing,
Pickling and Cleaning. XIV. Tools for Draw Bench. XV. Cutting
and Assembling Pieces by Means of Ratchet Dial Plates at One
Operation. XVI. The Header. XVII. Tools for Fox Lathe. XVIII.
Suggestions for a set of Tools for Machining the Various Parts of
a Bicycle. XIX. The Plater's Dynamo. XX. Conclusion—With a
few Random Ideas. Appendix. Index.

WORSSAM.—On Mechanical Saws:
From the Transaction of the Society of Engineers, 1869. By
S. W. WoRSSAM, Jr. Illustrated by Eighteen large Plates.
8vo $1.50



BRANNT'S "SOAP MAKER'S HAND BOOK.

The most helpful and up-to-date hook on the Art of Soap
Making in the English language.

In one volume, 8vo, 535 pages, illustrated by 5d engravings,
Price $6,00 net. Free of Postage to any Address in the World,
or by Express C O. Z>. freight paid to any Address in the
United States or Canada,

PUBLISHED APRIL, 1912.

THE

SOAP MAKER'S HAND BOOK
OF

MATERIALS, PROCESSES AND RECEIPTS FOR
EVERY DESCRIPTION OF SOAP

INCLUDINa

FATS, FAT OILS, AND FATTY ACIDS ; EXAMINATION OF FATS AND OII^
;

ALKALIES ; TESTING SODA AND POTASH ; MACHINES AND UTENSILS
;

HARD SOAPS ; SOFT SOAPS ; TEXTILE SOAPS ; WASHING POWDEHS
AND ALLIED PRODUCTS ; TOILET SOAPS, MEDICATED SOAPS,
AND SOAP SPECIALTIES ; ESSENTIAL OILS AND OTHER

PERFUMING MATERIALS ; TESTING SOAPS.

EDITED CHIEFLY FROM THE GERMAN OF

DR. C. DEITE, A. ENGELHARDT, F. WILTNER,
AND NUMEROUS OTHER EXPERTS.

WITH ADDITIONS

BY

. WILLIAM T. BRANNT,
EDITOR OF "THE TECHNO CHEMICAL RECEIPT BOOK."

ILLUSTRATED BY FIFTY-FOUR ENGRAVINGS.

SECOND EDITION. REVISED AND IN GREAT PART RE-WRITTEN.



KIRK'S FOUNDRY IRONS.

A Practical, Up-to-Date JBook, bj/ the well knotvn Expert,
In one volutne, Svo, 294 pages, illustrated. Price $3.00 net.

Free of Postage to any Address in the World, or hy Eocpress
C, O. D,, freight paid to any Address in the United States or
Canada,

PUBLISHED JUNE, 1911,

A PRACTICAL TREATISE

ON

FOUNDRY IRONS
COMPRISING

PIG IRON, AND FRACTURE GRADING OF PIG AND SCRAP IRONS
;

SCRAP IRONS ; MIXING IRONS ; ELEMENTS AND METALLOIDS
;

GRADING IRON BY ANALYSIS ; CHEMICAL STANDARDS

FOR IRON CASTINGS ; TESTING CAST IRON ; SEMI-

* STEEL ; MALLEABLE IRON ; ETC., ETC.

BY

EDWARD KIRK,
PRACTICAL MOULDER AND MELTER ; CONSULTING EXPERT IN MELTING.

AUTHOR OF "the CUPOLA FURNACE," AND OF NUMEROUS
PAPERS ON CUPOLA PRACTICE.

ILLUSTRATED



FLEMMING'S TANNING.

The foremost book on Tanning in any language. The Jimers
ican practice described in the fullest detail, and in the clearest
manner. J} Cyclopaedia of helpful and reliable, because
practically tested, information on all branches of tanning,
dressing and dyeing leq.ther and furs, and on allied subjects.

Third Edition, in Great Part Jle^^written, and Thoroughly Jie»

vised. In one volume, 8vo, 615 pages, illustrated by six plates.
Price $6.00 net. Free of Postage to any Jiddress in the World,
or by Parcel Post or Express C, O. D. freight paid to any
Jiddress in the United States or Canada.

PUBLISHED NOVEMBER, 1916.

PRACTICAL TANNING:
A HANDBOOK

OF

MODERN PROCESSES, RECEIPTS, AND
SUGGESTIONS

FOR THE

TREATMENT OF HIDES, SKINS AND PELTS
OF EVERY DESCRIPTION,

INCLUDING

VARIOUS PATENTS RELATING TO TANNING, WITH SPECIFICATIONS.

LOUIS A. FLEMMING,
AMEKICAN TANNER.

THIRD EDITION. IN GREAT PART REWRITTEN AND THOROUGHLY REVISED.

ILLUSTRATED BY SIX FULL-PAGE PLATES.
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