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“SCIENCE OUGHT TO TEACH US TO SEE
THE INVISIBLE AS WELL AS THE VISIBLE IN
NATURE; TO PICTURE TO OUR MIND'S EYE
THOSE OPERATIONS THAT ENTIRELY ELUDE
THE EYE OF THE BODY; TO LOOK AT THE
VERY ATOMS OF MATTER, IN MOTION AND
IN REST, AND TO FOLLOW THEM FORTH INTO
THE WORLD OF THE SENSES.”—Zyndall,




The United Stales Gazette of November 24, 1832, remarks 3

¢ A most gratifying experiment was made yesterday afternoon on the Phil-
udelphia, Germantown and Norristown Railroad. The beautiful locomotive
engine and tender, built by Mr. Baldwin, of this city, whose reputation as an
ingenious machinist is well known, were for the first time placed on the road.
The engine traveled about six miles, working with perfect accuracy and ease
in all its parts, and with great velocity.””

MATTHIAS W. BALDWIN,

Founder of the Baldwin Locomotive Works.
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Preface. 1r

-PREFACE.

The reader is invited in the succeeding pages to examine
down to almost microscopic detail the greatest physical
thing on earth. To describe the steam engine, td’show how
skillful one may be in detecting faults in one machine and
the superiorities in another, indeed is the most contempti-
ble occupation a writer of a general treatise could perform.

But, to describe, to show how beautiful and how truly
admirable in finish and in powers of execution is the
modern steam engine, is not indeed the highest, but quite
one of the pleasantest and most useful of tasks, and the
author feels that it is within his range of power, i. e., to
admire and to describe and in a measure at the same time
te instruct.

With a high appreciation for noble results achieved, this
book is dedicated to the Designers and Builders of the
modern steam engine, and the added desire is now
expressed, and the kindly suggestion made that these two,
the designers and builders of high class engines, should
join in fraternal association and each quarter year meet to
consult upon matters of mutual profit, to feast together and
go away with a wish to meet such good company again.

To such a representation could safely be confided the
collection of statistics, the upholding of the dignity of the
professional part of the calling, the avoidance of undue
competition in prices, and a hundred other advantages, not
the least of which would be the discussion of how to meet
the new opponent of the steam engine to be found in elec-
trical power creation, from water, gas, etc.

83877
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While the name and “layout” of this work suggests
inert machinery built of iron, steel and brass, without soul
. and without feeling, yet from its very inception to the close
of the index, tke man who was to operate the engine has
been first in the mind of the author. When an engine has
been completed it means the futuie life work of several
men to be expended in its care and management. All
steam engineering literature is full of the subject of
economy in operating the machine, but now and always
the author desires to aid in promoting the true economy
of the life work and well being of his special patrons, the
engineers in charge of the steam plants.

It should always be remembered that an engineer is paid
mostly for what he knows rather than for what he performs,
and above all else for his well grounded knowledge of the
first principles of steam engineering.

To a ready acquaintance with the first things relating to
his profession the engineer should have added the power or
ability to reason from these first principles and bring his
knowledge properly into use in the solution of the infinitely
varied problems that come up in his every day practice.
Two things are requisite to this—first, the habit of study
and mental application ; second, the habit of closely reason-
ing from cause to effect.

Engineering is a science that may be learned in the shop
and from the private study of books. Many of the most
competent engineers are men whose education was pro-
cured entirely outside of the engineering schools. It has
been well said that engineers are born, not made ; those in
demand to fill the positions created by the great installa-
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tions of power-producing machinery now so common, are
men who are familiar with the contents of good books, and
as well, are the product of a hard bought practical experi-
ence.

The men most desired by engine builders t& take charge
of their engines after they leave their construction and
erecting shops are engineers who have had a practical
training, the best of whom are men who have come from
the ranks, men who in subordinate positions have observed
intelligently, studied principles as well as details, and pre-
pared themselves to assume new and greater responsibilities.

“No study that is worth pursuing seriously can be pur-
sued without effort, but we need never make the effort
painful for the purpose of preserving our dignity.” These
are words written by Ruskin, the great art teacher, and
may also indicate the design of the author to make the
book a continued pleasure to the casual reader or the care-
ful student.

In order to apply oneself to any advantage, to even the
most serious and important affair, it is necessary that a
certain warm and hearty interest relating to it should be
infused into the mind, hence the author has aimed to make
this volume both inviting and instructive.

The first requisite for a plain description of any piece of
mechanism or object is a precise terminology. This remark
applies to the steam engine and its appliances and for a
beginner in the study,of its operation the greatest difficulty
will be found to be the getting of a correct idea of the
terms used. Consequently, the most careful attention
should be given to the definitions. But, no matter how
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much care is exercised in endeavoring to obtain a correct
idea of the meaning of a definition, it is almost impossible
to comprehend its full scope at the first reading.

The best procedure is to read the definitions without
making any particular effort to memorize them, and refer
to them whenever the term defined occurs in a subsequent
portion of the book. In this way, the full meaning will
gradually develop in the student’s mind, and he will
unconsciously memorize them without any painful mental
effort.

Considerable space has been devoted in the following
pages to illustrations. In making the pictorial feature
prominent, the most modern ideas have been followed. A
careful study of the illustrations of engines and appliances
described in the work, even with no word of explanation, is
an education in itself in steam engineering. The first cost
of these diagrams and pictures far exceed in cost all else in
the book, and the kind reader is advised first of all to
become familiar with them.

In the preparation of this work the author desires to
heartily express his obligations to Captain Henry E.
Raabe, M. E., Naval Architect, graduate of Marine Acad-
emy, Amsterdam, for the drawings and diagrams illustrat-
ing the work and especially for assistance in preparing the
parts relating to the ‘“marine engines” and “valve con-
struction.”
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INTRODUCTION. . 1 12 2

It is becoming more and more difficult to write a book
relating to any of the great lines of modern industrial ad-
vance. Especially is this true of steam engines where the
variety of work and service is almost infinite. The par-
ticular requirements and condition of each machine are so
carefully considered that it becomes in fact a special olant

for a certain fixed work.

Compare the enormous dimensions of many of the en-
gines described in the following pages with those given in
the note and the difficulty of the writer in presenting a too
minute presentation of the subject will be apparent,.

The practice and innumerable adaptation of steam power
varies year by year, but the first principles of the science
remain always the same. Every experiment fails which
goes against the unchanging and perfect laws of creation.
The success comes with the effort to make useful to man-
kind the hidden forces of nature.

The complete study of the theory of the steam engine
is beyond the scope of so elementary work as this is de-
signed to be, as it involves a thorough acquaintance with
chemistry, mechanics, heat, etc.

NoTE.—The smallest steam engine in the world is the production of
a resident of Akrona, Canada. The dimensions of this miniature affair
are as follows : diameter of cylinder, !4 of {4 of an inch ; stroke, 45 of
an inch ; revolutions, 1,760 per minute. This engine is so small that it
cah easily be covered with the case of a 22-caliber cartridge.

Charles H. Allen, of Rochester, has built a tiny engine which weighs
only thirty-one grains and is but three-fourths of an inch in length.
It runs perfectly, though it goes easily into an ordinary thimble.
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T"BC terms jtheary and theoretical are properly used in
opposxtxon to the words practice and practical. The
\Er*gush worg *‘théory is derived from a Latin word which
means “to look at ”’; hence the theory of the steam engine
is something designed to end only in speculation or con-
templation without a view to anything more.

The practical part of the subject is to be found in the
illustrations and descriptions of the actual engines to be
described hereafter; the theoretical is woven in throughout
the book and is considered to be quite a matter of sugges-
tion and “hints” rather than a formal and formidable
statement of abstract principles.

NoTE.—*‘ Creation belongs to God, but the application of principles
and powers to human wants and their various changes and inter-
changes, belong to man. It is said that a voyage of a great steamship
across the Atlantic ocean spends as much power as would be required
to lift all the stones in the largest pyramid in Egypt from the level of
the Nile to the places which they now occupy. The power stored in
coal is but concentrated sunbeams. To eliminate that power in the
form of heat units and convert them into power is the province of man.
Power applied through the steam engines and dynamos that are now
moving over the civilized world, marks the greatest era of progress and
physical development in the history of mankind.”
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THE STEAM ENGINE.

Ques. What is a steam engine?

ANs. It is an apparatus for converting heat
into mechanical power, or
more plainly, an ingenious
machine worked by steam.

Ques. What is a stationary
steam engine ?

ANs. An engine which
iserected in a certain loca-
tion and designed to re-
main in the same position,
without change, or more
plainly, it is an engine which does its work without chang-
ing its place.

Ques. What is a marine engine?

ANs. It is an engine designed for propelling steamships,
either screw or side wheelers.

Ques. What is a locomotive engine ?

ANS. An engine designed to operate on iron and steel
railways. With engine and boiler combined in one machine
it becomes a “traveling engine.”

Ques. Are there any other steam engines than these three?

ANs. Yes. DPortable engines, hoisting engines, the
steam hammer, the steam drill, pumping engines, blowing
engines, steam fire engines, donkey, steering engines, etc.

Ques. Do these all operate on the same general principle or law,
and what is that?

ANs. Yes. The underlying principle or law of nature
regulating the building of all these is that which applies to-
the formation and expansion of gases. Water is changed
into gas (steam) by the heat of combustion, and while such,
is subject to the laws which govern the expansion, con.
traction, etc., of all gases.
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QUESTIONS AND ANSWERS.

Ques. Where does the power or energy which drives all steam
engines come from?

ANS. From the coal or other fuel.

Ques. Does any of the power come from the steam, water or
engine?

ANs. Not any. The power or energy comes from the
heat and the heat comes from the burning of the coal. It
is the property of an engine that it must continuously get
back to a starting point and at each half revolution it gains
a fresh supply of energy (heat) to be expended in its
appointed work.

Ques. How many types or forms of steam engines are there?

ANS. Very many hundreds, if not thousands, but all
operated upon the principles as stated.

Ques. What is the most numerous pattern ?

ANs. The common slide valve, stationary engine,

Ques. What type of engines are now leading the advance in econ-
omy and effectiveness?

ANs. The automatic cut-off engines are fast superced-
ing and replacing the common slide valve engines.

Ques. Upon what point are the maker, the buyer and the engineer
of a steam engine all agreed?

ANS. Upon the matter of its ¢ run'ning ” quality.

Ques. What could be considered a fair  running »’ requirement in
& new engine, in the hands of a first-class engineer?

ANs. A satisfactory running engine is one which has the
stationary parts of such strength and security that there is
absolutely no movement at any point due to the reciprocat-
ing of the moving pieces. In an engine which is perfectly
satisfactory in this respect, a slender rod with a squared
end, such as a common lead pencil, can be placed in a stand-
ing position on a level surface at any point and remain
there indefinitely without other support than its own base.

Nore.—There are very many places from which the slide valve
engine will never be displaced, as, from places where fuel is cheap, such
as saw and planing mills, etc.; also where an engine has to be started
and stopped at frequent intervals, such as first motion hoisting engines.
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QUESTIONS AND ANSWERS.

Ques. What quantity of coal is now considered to be “ good prac-
tice’’ per horse power, per hour?

ANS. Very few stationary steam engines have developed
a performance of less than 2 pounds of coal per horse
power per hour, and 5 pounds isa common consumption
of coal for that amount of work. In marine expansion
engines—multi-cylinder—the rate has been often reduced
below 134 lbs. per horse power per hour.

Ques. About how much of the heat generated in the furnace is
utilized in useful work ?

ANs. About ten per cent. Some engines upon careful
measurement have shown only seven per cent. The waste
of heat that forms such a large aggregate common to every
steam engine begins at the furnace and only ends with the
steam passing out of the exhaust port.

Ques. What attainments should be looked for in a modern steam
engine?

ANs. Close regulation of speed ; the least conduction of
heat from the steam by the cooling of the cylinder; small
clearances ; free steam openings from steam chest to cylin-
der, to allow full boiler pressure to enter the cylinder up to
the point of cut-off ; free exhaust, allowing no back press-
ure through any fault of the engine; rapid motion of valve
at point of cut-off to make such point decisive ; tight valves,
allowing no waste of steam by leakage; and last, but
exceedingly important, the least possible friction in the
valves and moving parts of the engine.

Nore.—Whatever the grade of material of which the parts are con-
structed, whatever their strength, however perfect their design and
finish, the engine fails of being wholly satisfactory if its running quali-
ties are in any respect imperfect.

An engine to be perfectly satisfactory should be capable of sustain-
ing a maximum load without heating either in the main bearing, crank
pin, crosshead pin, or guides ; and, furthermore, it should do this with-
out any noise of knocking as the centres are passed; likewise all the
reciprocating parts should operate noiselessly and without jar or
trembling,
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QUESTIONS AND ANSWERS.

Ques. What is the meaning of the term cycle”’?

ANs. If a substance like water or gas be subjected t
various changes by the action of heat and finally brough
back to its original condition it is said to have undergon
“a cycle of operations.”

Ques. What is the true measure of the efficiency of an engine?

ANs. The proportion of the heat converted into worl
in pushing the piston is the measure of the engine’s effi
ciency.*

Ques. How are steam engines rated ?

ANs. By horse power.

Ques. What is a horse power?

ANS. 33,000 foot-pounds per minute, 550 foot-pound
per second, or 1,980,000 foot-pounds per hour.

Ques. What is a foot-pound ?

ANS: One pound of force exerted through one foot ¢
space.

Ques. Isit correct to say * horse power per minute,’’ *“horse powe
per bour,” etc.?

ANs. No. If an engine is doing work at the rate of 5
horse power it is doing 50 horse power all the time. It i
an error which is frequently made to assume that such a
engine is doing 50 horse power per minute, for 50 X 60 =
3,000 horse power per hour.

Ques. What is a self-contained engine?

ANs. The self-contained engine is entirely dependen
upon its own frame to hold all its parts together, and doe
not need a solid foundation.

*NoTE.—If the steam reaches the piston at 145 pounds above th
atmosphere, the heat is about 363 degrees Fahr.; when expanded dow
to 30 pounds above the atmosphere, the temperature falls to about 24
" degrees Fahr.; so that about go degrees of the heat generated has bee:
utilized. This seems a small proportion, but it can never be mad
much greater. The losses from too much clearance, from initial cor
densation and re-evaporation of condensed steam towards the end o
the stroke, may be reduced by intelligent engineering, but there are n
prospects that the supreme loss of heat present in the exhaust steax
will ever be overcome.
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QUESTIONS AND ANSWERS.

Ques. What is a “right-hand engine”?

ANS. An engine the fly-wheel of which is to the right,
as looked at from the cylinder.

Ques. What is a left-hand engine?

ANS. An engine the fly-wheel of which is to the left, as
looked at from the cylinder.

Ques. What is meant by an engine running ‘““over ”’?

ANs. The top of the wheel running away from the
cylinder.

Ques. What is meant by an engine running ‘‘ under”’ ?

ANs. The top of the wheel running toward the cylinder.

Ques. Which way are engines more generally run?

ANs. Over,

Ques. What advantages pertain to running an engine in this way?

ANs. The pressure of the cross-head is always down-
ward upon the guide, for when the pressure is on the head
end of the piston the thrust against the connecting rod
which is pointing upward reacts to press the cross-head
down upon the guides; and when the pressure is on the
crank end of the cylinder, the cross-head will be dragging
the crank, and as the crank is below the center line, it will
still pull the cross-head down upon the lower guide. If on
the other hand the engine is run “ under,” the thrust of the
cross-head will be upon the top guide on both the outward
and inward strokes, and unless the cross-head is nicely
adjusted to its guides, and the guides are perfectly parallel
under running conditions, the cross-head will be lifted when
subjected to thrust, and fall by its own weight on the
centers, making the engine pound.

NoTe.—The non-self-contained engine is one which is partly depend-
ing on the foundation to hold some of its parts in place, as for instance
the outward pillow block and crank shaft. The foundations of such
engines have to be particularly well designed. Most of the high speed
and vertical engines belong to the former class, while the long stroke,
slow and medium speed with girder or tangeye bed, and also some
vertical engines belong to the non-self-contained engines.

In stationary engineering, there are more single high pressure
engines used than any other kind. These, when of a good design and
well taken care of, can be very economical,

AR
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QUESTIONS AND ANSWERS.

Ques. When is it desirable to have an engine run under ?

ANs. When it is impossible to so locate the engine as
to give the proper direction to the belt from an “over™’
running wheel. y

Ques. What is a ‘‘single valve” engine?

ANS. An engine in which a single valve controls the
- admission and distribution of steam for both ends of the
cylinder; as in a common slide valve engine.

Ques. What is a *“four valve”’ engine?

ANs. An engine having a separate steam and exhaust
valve for each end of the cylinder, as a Corliss engine.

Ques. What is a single acting engine?

ANS. An engine in which, like the Westinghouse, the
steam acts on one side of the piston only.

Ques. What is a rotary engine?

ANS. [t is onein which piston and crank are formed in
one place connected to the shaft and rotating in a chamber.
The piston instead of returning to its starting point con-
tinues turning in one direction. It is an ordinary engine
which does not work upon the principle of expansion.

Ques. What is the meaning of the terms ‘‘automatic’’ and “ auto-
matic engine”’ ?

ANS. Automatic means self-acting—in machinery, it
describes certain movements commonly made by hand
which are made by the machine itself. Hence, an auto-
matic engine is a self-regulating engine.

NoTE. —‘“There is good reason for believing that the steam engine is
now as nearly perfect as it ‘will ever be made, unless someone discovers
a new method of transmitting the power from the boiler to the driven
mechanism. That some revolutionary method will be discovered is
highly improbable, and so engineers must content themselves to go on
improving on details and stopping leaks that defective designs leave
open. Meanwhile, about go per cent. of the heat generated in the fur-
nace will continue to pass out through the smokestack and exhaunst
port, and science will continue to look on, impetent to stop or lessen
this immense waste of energy.’’
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QUESTIONS AND ANSWERS.

Ques. What are the reciprocating parts of the engine?

ANs. All those parts which move to and fro are the
reciprocating parts; I, the piston; 2, the piston rod; 3, the
crosshead; and 4, the connecting rod. The connecting
rod is attached to the crosshead, the crosshead to the pis-
ton rod, the piston rod to the piston ana this latter is
actuated directly by the steam pressure.

Ques. What is the action of these various parts?

ANs. They begin from a state of rest at the commence-
ment of the stroke and are gradually set in motion, slowly
at first, and faster and faster until the middle of the stroke,
when they are moving with the same velocity as the crank
pin. After that their motion is retarded until the end of the
stroke, when they again come to rest and the same action
is repeated. It thus becomes necessary for the crosshead

to come to rest at the beginning and end of each stroke.
Ques. Into what two classes are engines divided with reference to
the manner in which they are governed ?

ANs. Throttling, and automatic cut-off.

Ques. Into what two classes may the automatic cut-off engines be
divided?

ANs. The single valves, in which the point of cut-off is
varied by changing the amount of travel of the valve, and
the four-valve engines, in which the cut-off is usually
effected by a detaching mechanism or trip under the control
of the governor.

Ques. What is the difference in principle of operation between an
automatic cut-off and slide valve throttling engine?

ANs. The automatic cut-off engine regulates its speed
by cutting off the steam at an earlier point of the stroke;
this allows the steam to work by expansion, increasing the
economy ; the pressure thus reduced in the cylinder by
expansion will regulate the speed. The slide valve
throttling engine regulates its speed by throttling the
steam between the boiler and the cylinder.

Norr.—The end of one stroke is the beginning of another, and two
makes one revolution of the engine.
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QUESTIONS AND ANSWERS.

Ques. What particular advantages are claimed for vertical or
upright engines?

ANs. A decrease in frictional resistance, especially on
the pistons; an increased economy due to the thorough
draining of the cylinders; they require less floor space for
given power; they are more easily accessible in many of
their parts, especially as to valves, stuffing boxes and
pistons. Cylinders standing vertically do not corrode on
their wearing surfaces, 7. e., those parts sustaining the
greater wear ; their cylinders are less liable to accident from
flooding with water from steam and exhaust pipes.

Ques. What are the special advantages claimed for the high speed
engine? :

ANs. Itissaid that in high speed engines the uniformity
and smoothness of running is much better than it is in slow
speed engines owing to the greater quickness of the action
of the automatic governor with which they are equipped—
hence also more perfect regulation; 2, the moving parts
are comparatively lighter, with larger wearing surfaces; 3,
they are more compact, using less space for the same
power ; 4, the direct action and simplicity of parts; 5, less
in cost for the same power ; 6, they are in line with modern
advance.

Norg.—That these advantages are becoming more clearly recognized
with each year is evident from the development of the high speed
engine since its first introduction. At the International Exposition in
Vienna in 1873, the average piston speed of the engines there exhibited
was {about 350 feet per minute and the maximum about 420 feet per
minute, while the same makers exhibited in 1888 at the Vienna Indus-
trial Exhibition, engines whose average piston speed was about 480 feet
per minute and a maximum of nearly 700 feet per minute. At the
International Exposition in Paris in 1889, piston speeds of 780 feet had
been attained and at the Electrical Exposition in Frankfurt, in 1891,
the maximum was 875 feet per minute. In large engines to day, goo
feet per minute is not considered excessive, and we find even in small
electric lighting engines of the type known as high speed engines,
meaning high rotary speed, that between 700 and 8oo feet per minute is
the ordinary piston velocity.
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EARLY HISTORY OF THE STEAM
ENGINE.

Fig. 1. JAMES WATR

“ A true delineation of the smallest man and his scenes
of pilgrimage through life, is capable of interesting the
greatest man. All men are to an unspeakable extent
brothers; each man’s life a strange emblem of every man’s ;
and human portraits, faithfully drawn, are of all pictures
the welcomest on human walls.”

These are the words of Thomas Carlysle, and to-day the
biography of the inventors, designers and builders of the
Steam Engine furnishes its most complete and interesting
history.

Of this mechanism it has been said that *‘Of all the
efforts of human ingenuity known, perhaps none has
monopolized so large a share of inventive genius as the
steam engine. No other object in the entire range of
human devices has so irresistibly arrogated to itself the
"devotion of scientific men as the production of an artificial
movement from the vapor of boiling water.”
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EARLY HISTORY OF THE STEAM ENGINE.

The first bona-fide engineer was a military chieftain, and
the first engine was a battering ram. This was in the
beginning of historic times. In after ages when the proper-
ties of steam were discovered the two (the engine and
steam) developed into the steam engine.

But, the first “ engine,” so called, was a single beam of
heavy wood ; next in order, several such were attached to
each other, end to end, until a total length of 100 or 150
feet was attained, and borne, in the attack, upon the
shoulders of scores of fighting men.

Step three in the progress towards the modern engine,
was to plate the end of the awkward, effective beam with
iron; fourth, to swing it forward and backward suspended
from a tall frame work, which in time grew into a tower
manned by soldiers.

Next appeared a machine called a catapault, used to cast
rocks and other projectiles, and in course of time still other
devices were invented to assist or repel attacks upon towers
of defence and enclosed towns.

These warlike contrivances were the first engines, and
were so named, and the men who invented and constructed
them were called engineers. The term comes from a word
in the Latin language—ingenium—signifying ingenious
The word has been transferred to the French, German and
Italian languages, as well as the English, but always retain-
ing its original meaning. Upon the advent of gunpowder,
and the introduction of artillery, those who operated the
guns continued to be called engineers, and for a long time
received four times the pay of a common soldier.

Giovanni Branca, of Lorreto, Italy, in the year 1629,
produced a machine combining an engine and boiler, the
power from which was derived from the expansion of water

NoTE.—In Branca’s time, and for over two huudred years, the Steam
Fngine was called the fire engine. One discoverer says, (in 1608)
referring to the then mysterious substance which propelled the
machines, ““‘Che water is converted into @iz and its vaporization (in a
bombshell) is followed by a violent explosion.”
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EARLY HISTORY OF THE STEAM ENGINE.

into steam. Branca, in his writings, claimed that much
useful labor could be accomplished through his device.
There were other inventors in the field in the early part of
the same century in which Branca lived, but the machines
and contrivances to utilize the energy known to be locked
up in steam, never (like the one illustrated, Fig. 2),
amounted to much more than idle dreams.

Fig. 2. Tar Branca ENGINE, 1629,

Fig. 3 illustrates the Newcomen engine, which was
patented in 1705. Our space is too limited to go irto a
detailed statement of its method of action, except we may

NoTE.—One of the Newcomen engines was erected in Holland to
aid in draining a lake near Rotterdam. The following were the extra-
ordinary dimensions: Cylinder 52 inches in diameter ; stroke 9 feet.
The boiler was 18 feet in diameter, and contained 2 flues ; but 6o years
later engines with 12 feet diameter of cylinder and 10 feet stroke were
erected 1n Holland to do similar work. It was the Newcomen form of
engine that Watt and Trevethick found in general use when they
began their improvements.
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EARLY HISTORY OF THE STEAM ENGINE.

say that the steam was let into the cylinder (C) a little
above atmospheric pressure, and by its elastic force raised
the piston, and the stroke was completed by the condensa-
tion of the steam which produced a vacuum and allowed
nearly the full pressure of the air to accomplish the desired
result of raising the water.

Fig. 3. THE NEWCOMEN ENGINE, 1705.

Between 1765-74, John Smeaton devised a succession of
improvements in the atmospheric engine, and carried it to
its utmost perfection ; in these days it was still named the
fire engine. The force was exerted in but one direction,
and could not exceed the atmospheric pressure, in fact, was
even short of this, for the vacuum was far from being com:
plete.

The improvements of the engine on scientific principles
commenced with the days of Watt.



New Catechism of the Steam Engine. 29

EARLY HISTORY OF THE STEAM ENGINE.

Fig. 1 is a very rare imprint of the immortal designer
and inventer of the modern steam engine and its invaluable
adjunct, the Indicator. Fig. 4 represents Watt’s Condens-
ing Engine.

James Watt was born at Greenock, Scotland, January
19th, 1736, His grandfather, Thomas Watt, was a school-
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Fig. 4. Warr's ConpEnsine ENGINE, A. D. 1784,

master, and his father a prominent citizen of Greenock,
being a merchant and builder. At the age of eighteen,
James went to Glasgow to learn the trade of a mathemati-
cal instrument maker, and opened a small shop, by which
he earned a scanty living. The introduction of the New-
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EARLY HISTORY OF THE STEAM ENGINE.

comen engine into the neighborhood, led him to study the
history of the steam engine, and to conduct for himself
researches into the properties of steam.

In his experiments he used, at first, apothecaries’ phials,
and hollow canes for steam reservoirs and pipes, and later
a Papin’s digester and a2 common syringe. The latter com-
bination made a non-condensing engine, in which he used
steam at a pressure of fifteen pounds to the square inch.
This experiment led to no practical result, and he finally
took hold of a Newcomen model which he obtained from
London, and putting it in repair, commenced experiments
with that, and made with it considerable progress.

Watt next made a new boiler for experimental purposes,
and arranged it in such a manner that he could measure
the quantity of water and of steam used at every stroke of
the engine. After establishing the elements of the new
science, 7. ¢., the bulk of steam as compared to water, the
quantity of water evaporated per pound of coal, the quan-
tity of water required for condensation, etc., etc., his next
important invention was the separate condenser, and when
this latter achievement was accomplished, his life’s work
was virtually done.

Nore.—This was early in 1765, when Watt was twenty-nine years of
age. He soon after formed a co-partnership with Matthew Boulton,
and his career thereafter was that of a successful business man, whose
inventions were nearly all of immediate practical value to the firm and
to the world.

Watt died August 19th, 1819, in his 84th year, rich and more honored
than many kings. His statue stands in Westminster Abbey, London,
amidst those of the noblest of Englishmen, who by their heroic deeds,
have become the glory of their country. :

No1E.—By the year 1784, Messrs. Boulton & Watt had brought their
engine to a position where it combined all the devices which Watt had
either improved from old models or clearly invented himself. There
were a pair of their engines erected in London, in this year of sufficient
power to drive twenty pairs of millstones. In these engines were to be
found the newly applied fly-wheel, the glass water-gauge, the mercury
steam gauges, “fly ball”” governor, the poppet valve with beveled seat,
the cross head and guides, and many minor improvements covered by
Watt’s numerous pateats.
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Fig. 5.

ENGINE FOUNDATIONS.

It is essential that a steam engine be placed upon a solid,
unyielding foundation. It is unwise to pay for a good
machine and then set it upon a foundation that will yield
to the weight and working strains in such a way as to throw
the parts out of line, bringing about injurious wear and
derangement.

Large cut stones make the most solid foundation, but
these are costly; hard-burned brick make an excellent
substitute. These should be laid in cement, with thin
joints. No stones are required except the cope-stone,
which should be cemented to the brick-work.

The drawings furnished by engine builders will give the
necessary width and depth of foundation, assuming that the
bottom rests on solid ground. If this is not reached at the
depth indicated, the excavation should be deeper, the
bottom rammed hard and filled up to the point at which the
foundation proper is to begin with rough stones laid in
cement. ;

NorE.—Concrete made mixing five parts broken stone, two parts
clean sharp sand and one part Portland cement makes a very satisfac-
tory foundation.
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ENGINE FOUNDATIONS.
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ENGINE FOUNDATIONS.

The foundation should be completed at least fifteen days
before the engine is placed on it, by which time, if properly
laid, the brick-work will be practically one mass.

The accompanying illustrations show three different
shapes of foundations.

Fig. 6 is the form used for girder frame engines, as the
Corliss engine generally is built.

A layer of concrete is first spread over the bottom of the
excavation, on top of which the brick-work is laid. The
fastening of the anchor bolts is shown in Fig. 6, consisting -
of a heavy cast-iron plate, laid in the brick-work, and drilled
and threaded for the bolt; the top is formed of cast-iron
plates, on which the pedestals rest.

The bottom plates need not be threaded, but simply
drilled, to allow the bolt to pass through, and by allowing
an opening to be left in the brick-work underneath the
plates, a nut may be screwed to the end of the bolt. Cope
stones can take the place of the top plates in either case.

Fig. 7 shows a form of foundation which differs from
the first described by a brace being run across, combining
the outboard pillow block part with the main body of the
foundation, and the bolts being masoned into the brick-
work, the foot ends passing through a broad washer.

This foundation is generally used for tangeye bed
engines, which usually run at medium speed. The founda-
tion used for high speed self-contained engines is shown in
Fig. 8; it simply consists of a solid body of brick-work.

It is very often the case that a timber foundation is found
to be the best, or indeed, the only practicable foundation
for an engine or for a heavy machine. The number of

Nore.—Foundation bolts should be held in position by a wooden
template with bolt holes correspnnding to those in the engine base. It
is better not to build the foundation solidly around the bolts, except at
the extreme bottom. Space should be left around each bolt, increasing
toward lihe top, so that at its upper end the bolt has a play of one or
two inches.
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ENGINE FOUNDATIONS.

semi-portable steam engines used to run dynamos during
engineering work of more or less duration, makes it desira-
ble to have a method of holding the machine down, which
will permit of “pulling up stakes” on short notice and
settling again promptly at a greater or less distance. In
such cases, heavy beams may be used for bed timbers, and
to these the engine held down by bolts, or, indeed, by long
lag screws; in all cases the thread and bearing surfaces of
heads, washers, etc., being smeared with grease and graphite
(black lead) before running up. The lengthwise timbers to
which the engine is bolted may very easily be secured to
heavy cross timbers (to give;both weight and lateral rigidity)
by dovetail wedges of yellow pine, as shown in Figs. 0oa
and gb. In Fig. ga only one edge of the lengthwise balk
is dovetailed, and the wedges along the other side have one
flat bearing side.

In Fig. gb both sides of the lengthwise timbers are
dovetailed, and the wedges are cut to correspond. Where
the wedges have one vertical face in contact with the
lengthwise beam, as in Fig. ga, they should have more
vertical bearing surface, as there indicated.

Such a frame may be locked together in short order, and
dismantled quickly and without injury to the timbers.
When in service it may be weighted down by rocks or odd
castings, or similarly wedged to lengthwise timbers parallel
to those on which the engine rests.

Timber foundations may also be fastened together by
dogs of this outline [ J; and this mode is not so bad
where round logs are used for the heavy cross-pieces; but
when dogs are used care should be taken that they always
run obliquely across the intersection of two timbers and
never parallel with either of those which they join. This
applies the “ diagonal brace’ principle. If this is neglected
the structure, if the under timbers are round and lie cross-
wisc of the cylinder-bore, will very promptly work itself to
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ENGINE FOUNDATIONS.

pieces; and in any case, for every dog that leans in one
dlrection there must be another which leans in the opposite
direction. The reason for this is seen in Figs. 9d and 10,
The dog shown in Fig. 10 does not properly resist a

Fig. 10. TIMBER FOUNDATIONS.

lengthwise thrust from right to left, as shown by the arrow
in Fig.od. Where, however, as shown in Fig. gc, each
dog has another one opposed to it, the hinge business is
effectually done away with, Dogs are only desirable where
round timbers are used, as these afford less wedging surface
than square ones.

Pig. 11. MoODEL POWER STATION.
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PARTS OF THE STEAM ENGINE.

Fig. 12. STEAM ROLLER.

Ques. What is the most important part of a steam engine?

ANs. The cylinder, because within its compass is
accomplished the change of energy of the fuel into the
work the engine is designed to perform.

Ques. Why is the cylinder the most approved form for its office of
transforming the energy of combustion into work ?

ANS. Because, 1st, the circular form is the strongest;
2d, it is easier to make and repair; and 3d, it is best
adapted to fit the round form of the piston.

Ques. Name some of the parts and uses of the steam cylinder?

ANS. Cylinder heads, with the studs or bolts to hold it
to the flange, also the bolts to hold it to the frame; cylin-
der jackets, to prevent condensation. Fig. 13 and Fig. 14
show in outline the parts and names of the steam cylinder
and the valve chest and valve.

NotTE.—In the elementary form of the steam engine the cylinder
served the triple purpose of boiler, engine and condenser. In after
history the boiler and condenser were made into separate parts to form
and condense the steam while the cylinder is used for its true office—
the convertion of the energy in the steam into mechanical power.
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STEAM CYLINDER AND VALVE.
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Fig. 13 and Fig. 14. STEAM CVLINDER AND VALVE.
See ““a.” See “'b.”

Parts of the cylinder, see Fig. 13, “2”: 1, bore of cylin-
der; 2, counter bore; 3, flanges; 4, cylmder heads: 5,
stuffiing box ; 6, gland.

Parts of the valve chest, see Fig. 14, “ 4" : 1, steam ports;
2, exhaust ports; 3, slide valve; 4, valve stem stuffing box ;
5, valve stem gland ; 6, cylinder head stud bolts; 7, valve
chest cover; 8, valve chest flanges; g, steam inlet.

NorE.—In spite of all improvements, the cylinder acts in nearly all
engines as a steam generator and condenser—at certain parts of the
stroke of the piston the steam condenses and at other parts it re-evapor-
ates.
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THE STEAM PISTON.

This is a circular disc fitted to the bore of the cylinder
and which receives and transmits the pressure of the steam
to the other moving parts of the engine. Fig. 15 exhibits
an approved form of the steam piston with the piston head
or “follower plate” removed so as to show the interior
construction. #

Pig. 15. THE STEAM PISTON.

Parts of the steam piston are shown and may be defined
thus: 1, piston web; 2, bullring; 3, follower bolt holes; 4,
packing ring; 5, packing springs; and 6, steam-tight joints.

The forms of pistons are innumerable according to the
varying size of the cylinders they are designed to fit, but
there are two things necessary for all; they should be
steam tight and yet so adapted to the bore of the cylinder
that they move with the least possible friction. Besides,
they should be strong enough to meet the unequal strains
of the pushing of the steam and to hold the end of the
piston rod immovable.
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THE CROSSHEAD.

This is the device which forms the connection between
the piston rod and the connecting rod ; it is similar to the
joints of the human body ; it guides the piston rod so as to
keep it straight, in spite of the bending motion caused by
the angularity of the connecting rod.

Fig. 17 exhibits a crosshead partly in section so as to
show the method of adjusting the guides. Such as this are
frequently used on girder frame engines.

The names of parts are as follows: 1, crosshead body;
2, slippers; 3, gibs; 4, wrist pin; 5, piston rod socket; 6,
set screw ; 7, jam nuts; 8, slot for piston rod key.

e

Low=a

Fig. 16. ConnErcrING ROD ENDS.

THE CONNECTING RODS.

A crank is a lever or bar movable about a centre at one
end. This, in the steam engine, allows the conversion of
reciprocating or sliding motion into circular motion. The
connecting rod is the device used between the crank and
the crosshead. Fig. 16 shows three forms of connecting
rod ends.
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THE CONNECTING RoOD.

Fig. 18 shows the details of the two ends of a connecting
rod, the names and numbers are as follows: I, crank pin
key; 2, crank pin gib; 3, crank strap; 4, crank brasses; s,
connecting rod and crank pin; 6, wrist pin brasses; 7, wrist
pin gib; 8, wrist pin strap; 9, set screws; 10, crosshead
end of connecting rod.
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Fig. 18. CONNECTING RoD ENDs,

It may be remarked that the centre of the crank pin end
of the connecting rod moves in a true circle, while the cen-
tre of the opposite end has the recxprocatmg—-back and

forth—rectilinear motion.
™ 7 T
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THE ECCENTRIC.
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THE ECCENTRIC.

The eccentric is a species of a crank; its peculiarity
being that the “ crank pin” is increased to such a size that
it exceeds the diameter of the shaft. The distance between
the centre of the crank pin and the centre of the shaft
being “the radius of eccentricity ”” which is the distance
between the centre of the disc and the centre of the shaft,
see Fig. 19, “1” and “2.”

Fig. 19 is a drawing in outline of an eccentric, the parts
of which may be described: 1, shaft centre; 2, eccentric
centre; 3, radius of eccentric; 4, eccentric strap; 5, set
bolts ; 6, eccentric rod ; 7, eccentric rod foot.

THE GOVERNOR.

The governor is the ruling spirit of an engine. The use
of a governor of any kind is to supply more or less energy
to the engine as needed. Where the changes of load are
liable to be very great, or where absolute uniformity of
speed of rotation is not essential, the regulation is frequently
performed by hand, as in the case of locomotives, hoisting
engines, etc. Where the speed remains constant, how-
ever, as in the case of factory engines, etc., the prime
mover is always equipped with a governor which will auto-
matically vary the supply of water, gas or steam, as the
case may be, in proportion to the demands made upon it
and in such a manner as to keep the speed of rotation
constant, under varying loads.

In steam engines there are two methods of varying the
supply of energy.

First.—By varying the pressure under which it is admit-
ted to the cylinder.

Secondly—By varying the point of the stroke at which
it is cut off and allowed to expand.

Norz.—The “throw”’ of the eccentric is equal to twice the eccen-
tricity,
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THE GOVERNOR.
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Fig. 20. THE GOVERNOR.

NoTe.—A shaft governor regulates the speed of the engine by chang-
ing the cut-off for ordinary variations of load. An inertia governor is
also a shaft governor, but uses the inertia stored in the wheel itself or
another moving weight, to overcome very sudden changes on the load.
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THE GOVERNOR.

The first of these is the older and by far the simpler of
the two methods. The governor which acts according to
this method, or throttling governor, a simple and modern
form of which is shown in Fig. 20, is too well known to
require an extended description.

Referring to Fig. 20, the names of the parts of this
important adjunct of the steam engine are as follows: 1,
standard ; 2, governor shaft; 3, governor balls; 4, arms;
5, stem swivel ; 6, pivots; 7, gears; 8, pulley; g, oil holes;
10, stem; 11, bonnet; 12, stuffing box; 13, gland; 14,
gland box; 15, valve discs; 16, valve seats; 17, stem
guard ; 18, throttle valve flange; 19, valve chest flange.

The device shown in the figure is the well known “ball”
or throttling governor. This operates upon the princple
in physical science explained under the heading of “centri-
fugal force”; also under heading “ elementary mechanics "
in technical literature, thus:

A body in motion tends to move in a straight line.

A body when moving cannot stop itself or change its
motion, and unless acted on by some other body will go
on in the same direction and at the same speed forever.

Inertia is that property of matter by which it is of itself
incapable of changing its state whether in motion or at
rest. It takes some time, however, to put a body in
motion or change its direction.

The governing forces of the ball (fly-ball) governor con-
sist of centrifugal force opposed by gravity. Familiar
modifications of this construction are provided with springs
as a substitute for gravity. Shaft governors or shifting
eccentric governors, represent another type where springs
are used to oppose centrifugal force.

Very much more upon this subject will be found in
other parts of the work given in connection with descrip-
tion of particular engines and also under the heading of
“Care and Management of the Steam Engine.”
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PIPING OF THE STEAM ENGINE.

The two principal pipes of the ordinary engine are:
first, the main steam pipe which leads from the boiler to
the engine; and second, the exhaust pipe—that which
wastes the steam into the atmosphere after it has done its
work.

There are also cylinder drain pipes to carry off the water
formed by the condensation of the steam.

Points, relating to Piping an Engine.

I. Run steam and exhaust pipes as straight as possible.
If they must be over fifty feet long use one size larger pipe.

2. It should be of such ample size as to cause as little
friction as possible.

3. It should be well covered to prevent condensation.

4. The corners should be well rounded and be as free as
possible from flanges and valves.

5. The exhaust pipe should be of ample size.

6. The exhaust pipe should also be covered with non-
conducting material where the exhaust steam is to be used
for heating purposes, at least to the point where it is drawn
into the heating system.

7. Support steam and exhaust pipes on suitable hangers.

8. Blow the main steam pipe out thoroughly with steam
before making connection to throttle, in order to clear it of
any dirt or pieces of scale which might otherwise have to
work out through the engine.

The use of an exhaust pipe head is obvious: 1, this
device deadens the noise on high speed engines; 2, it pre-
serves the roofs from the disagreeable effects of oil-
impregnated water falling upon it.

Norg.—It will be understood that in the marine type or condensing
engine, the exhaust pipe leads to the condenser, where the steam is
re-converted to water, hence there is no regular exhaust into the air in
low pressure engines.
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MATERIALS AND WORKMANSHIP OF
THE STEAM ENGINE.

The quality of the materials entering into the construc-
tion of a steam engine is an important matter. The princi-
pal factor in the construction of a steam engine is the cast
iron. It is not alone sufficient that castings should be
smooth and sound; it must be known that the important
qualities of strength and duration are not lacking. A
strong, hard mixture is best for cylinders, pistons, rings,
valves, etc., while a softer mixture is more suitable for
other parts which are not subject to wear.

The crank shaft, connecting rod, piston rod, crank pin
and wrist pin are commonly forged from steel, the quality
of which should be assured by a reputable maker and of a
specified chemical analysis.

A good hard brass should be used for lining wearing
surfaces, such as crank pin boxes, wrist pin boxes, etc.

The crank shaft bearings are generally lined with babbitt
metal, made after an approved formula.

Some makers prefer to use a good quality of iron in place
of steel for the larger parts of the engine, such as crank
shaft.

In the best shops cylinders are carefully tested for
straightness and roundness by measuring with micrometer
gauges reading to the one-thousandth part of an inch, eight
diameters in each cylinder, four parallel to the shaft and
four at right angles to it. Bushings for steam chests are
turned six one-thousandths of an inch larger than the bore
of the steam chest castings, which is the allowance we
make for the forcing fit,
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CARE AND TMANAGETENT OF THE
STEAI ENGINE.

In “keying up” an engine, the engineer should know
where his keys are before attempting to adjust them—to
know this, the keys should be marked before they are moved;
this is best done with a lead pencil, for if it is found that
the key has been driven too far it can be easily put back to
its former position and when the machine is running in a
satisfactory way, the marks can easily be removed.

It is also better to key up an engine in the morning
rather than at night; if it is done at night, the engineer
does not know “what a night may bring forth ” nor that
he will be in his place in the morning.

For all joints that have to be broken and remade fre-
quently the ground joint is the best.

By its use one does not have to bring everything to a
standstill while a gasket is being hunted up or being cut,
all the while the delay costing money. The occasions for
doing this should be as few as possible.

In putting rubber packed joints together use either
graphite or chalk to prevent the rubber adhering to the
iron when the joint has to be remade.

In packing a stuffing box it is of the first importance
that the piston rod should be in line and be smooth ; if the
rod is scored, or rusty, it should be smoothened with emery
cloth, otherwise it will act upon the packing in the same
manner as a file.

Measure the packing around the rod, and cut it to exact
lengths. A very good device for cutting packing, is a piece
of hard wood, turned to the exact diameter of the rod.

NoTE.—Many engineers measure the packing rings to length and
then cut it, but this is not the best way, for the ends, after the packing
is bent around the rod, will not come together flush. Itis good prac-
tice to put a little graphite in the stuffing box, when packing, as this
will lengthen the life of the packing and decrease the friction.
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CARE AND MANAGEMENT.

By winding a ring of packing around this, it can be cut
off to fit the rod to perfection; always break joints by put-
ting them opposite each other, in adjoining rings; never
set up too tight, for if a stuffing box is perfectly packed, it
will hold tight with but little tension on the gland, and if
packing is jammed too tight, much power is lost in friction.

If the speed of the engine is changed, care should be
taken to adjust the springs so that the sound, when they
are tapped with a hammer is as near alike as possible.
Different sounds indicate an unequal tension, and the
result of unequal strain may be “racing” of the engine.

Care should be taken that the dash pot is always full of
machine oil, or oil of a heavier grade, or else glycerine, as
the dash pot is designed to give stability to the governor
when load is changed, and its movement must not be too
quick. The dash pot will be next to useless if the filling
part is neglected.

When the piston rings do not properly fit the cylinder
bore or are faulty in the joints loss is caused by allowing
steam to blow from the admission end past the piston into
the opposite end, which is open for the exhaust.

A good way to ascertain if the piston is leaky is to put
the engine on the dead center on the crank end. Then
take off the cylinder cover on the head end and admit
steam back of the piston. If it leaks the leak can readily
be seen.

Another method is to place the engine on the center—
no matter which one—and if the cylinder is piped for indi-
cator, open cock from opposite end from which steam is

NoTHE.—Many engines are so constructed that the space around the
piston rod gland is quite small, and so we would suggest that a short
eolid wrench be made for use in such cases, and always be kept in a
convenient place. As it is seldom or never necessary to use much
leverage here, a large one will not be needed and it will be much more
convenient than to try to use an ordinary monkey wrench,
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CARE AND MANAGEMENT.

admitted. While this method would give gooa results i
the valve was tight, it would not give the desired result i
the valve was leaky.

Packing rings that are found to be too small for the cylin.
der bore should be set out either by tightening the setting.
out bolts or by peneing, the best method obviously being
determined by the circumstances. To spread a ring by
peneing its inside circumference should receive a succes.
sion of blows from the ball, or pene, of the hammer, around
its entire length, and care should be taken that the blows
should be struck as nearly as possible in the center of the
ring and at equal distances apart, otherwise the ring is apt
to assume more or less of a spiral form.

To secure smooth running in an engine the packing rings
should clear the bore of the cylinder a little at each end of
the travel. Many engines are designed so that the rings
travel over the bore about 1-32 inch.

Graphite has proven to be a very good lubricant for en.
gine cylinders and valves, and if a cylinder or valve is badly
scored, it will lodge in the pits and scratches of the rough
surface, and restore it to its original smoothness, saving
steam.

‘The graphite may be fed into the cylinder by means of
an ordinary tallow cup, but it is best to use a specially
made cup for this lubricant, as shown in Fig. 21.

This device, as well as several oilers and lubricators illus-
trated in this book, is manufactured by the Lunkenheimer
Brass Co., Cincinnati, O.

As the cup is made for the purpose of feeding graphite
into the cylinder, there is no chance for it to lodge in a

Nore.—It is well to make periodical inspection of cylinder to ascer-
tain whether the piston has lost its proper alignment by wear or other
cause, if the cylinder has been cut, if the follower bolts are secure and
free from fracture, if shoulders have been formed at ends of bore from
improper lining of connecting rod, whether cylinder oil is causing de-
terioration by acid which it may contain, ete.
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CARE AND MANAGEMENT.

recess and clog up the feed- it also isa
sight-feed lubricator, as will be ncticed in
the cut.

Fig. 22 shows a way of attaching these
cups to Corliss engines. They may also
be attached to the steam pipe, but always
"below the throttle valve, as tbe graphite
may interfere with the tight closing of the
valve.

When using graphite, an oil lubricator
should also be used, but the quantity of
oil can be reduced considerably.

When taking measurements to set pis-
ton in center of cylinder don’t take them
from the bore, but always from the counterbore. The rea-
son for this is that while the bore may be badly worn,

Fig. 2a. GRAPHITE CUP ATTACHED TO CORLISS ENGINE CYLINDER.

NotEe.—Description of parls of Fig. 21
A—Graphite regulating valve. B—Steam valve, C—Filling plug.
E—Nut for taking cup apart. X—Drain plug.
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CARE AND MANAGEMENT.

either vertically or horizontally, the counterbore receives
no wear and retains the original alignment.

When an engine has been erected or overhauled for re-
pairs, and before the pistons are put into the cylinders, it
should be “blown through.” The throttle valve being
opened, the steam allowed to blow through steam chest
and ports into the cylinder, the valve gear being moved by
hand so that the steam will blow through the parts alter-
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Fig. 23. DROP LUBRICATOR. Fig. 24. SPRAY LUBRICATOR.

nately. If by accident, nuts, washers, iron dust or other
substances should remain in the passages they will then be
dislodged and a serious menace to safety removed.

The “striking points ™’ should be located, also the “ coun-
terbores.” The following is a simple, yet effective method
of finding these points. After the piston rod has been
keyed in the crosshead, move it towards the crank end
until the “spider”™ brings up solidly against the cylinder

Nore.—Description of Fig. 24. y !

A—Condensing chamber. B—Oil reservoir. C—Filling plug. D—
Upper steam valve. F—Drain valve. K—Lower steam valve. L—
Valve fo regulating flow of oil N—Indicator glass. P—Sight-feed
glass. R—Steam pipe. SS—Plugs for cleansing and replacing glass.
T—Circulating tube. X-—Spray nozzle.
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nead. This is the striking point for this end. It should
be located on the guide by a center punch mark at the
crank end of crosshead. Move the crosshead toward the
head end of cylinder until the turned edge of spider against
which the ring will bear comes flush with the counterbore.
Mark this point also on the guide at same end as before.
Next move crosshead along and put in packing ring and
riding ring. ~ After these are in position move piston ahead
until the ring on head end is flush with the counterbore,
Locate this point also on the guide.

(™
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Fig. 25. DOUBLE SIGHT LUBRICA Fig. 26, AvurtomaTIC
TOR FOR COMPOUND ENGINES. LUBRICATOR.

Put cylinder cover on head and move piston ahead until
it strikes. This is the striking point for head end—locate
on guide same as before. This makes the job complete
and when the connecting rod is put up it can be lined by
these marks on guides.

The piston should be moved through cylinder a few
times to see it everything works freely.

Nore.—Descriplion of Fig. 23.

B—Oil reservoir. C—Upper valve. E—Filling plug. F—Drain
valve. H—Union to connect condenser pipe and valve. K—Discharge
valve. L—Valve for regulating flow of oil. N—Indicator glass. P—
Sight-feed glass. Valve to drain or blow out sight-fecd glass P.
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Follower bolts lose much of their original strength by
reason of crystallization caused by alternate cooling and
heating. A comparatively small strain will sometimes
fracture a bolt that has been in use some years. Many
engineers make a practice of renewing these bolts at cer-
tain intervals of time, and the practice is highly commend-
able. When the follower has been taken off for some
reason and when the bolts are replaced, it is the best
method to bring them up to a bearing before putting a
strain on them with a wrench.

Every engine should be fitted with stationary oilers for
crank-pin, wrist-pin and all other places where the bearing
is a movable one. This will
enable the engine to be run
for many consecutive hours, if
occasion should demand it. To
be obliged to shut down to oil
any of these places, is to show
that whoever isin charge of the
machine has failed to keep up
with the times. See Fig. 27.

In selecting a lubricator for
a steam engine it is well to get
one that is so constructed that
when it must be filled, the cylin-
der oil will go directly into the
cup, without having to go
through a long crooked passage,
for many good oils are thick and
it is not always convenient to
warm an oil before using it.

Fig. 27. STATIONARY OILING
DEVICE FOR CROSS-HEAD
AND SLIDE.
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DUTIES ON FIRST TAKING CHARGE OF
A STEAM PLANT.

After examining the boilers and pipes the new man
should carefully inspect the engines and fittings, as a
whole, before making any attempt to ‘“start up”; he
should be as cautious and deliberate about this as a soldier
in the enemy’s country, for reasons which it were better
not to enlarge upon.

After a general overlooking, the second thing should be
a minute inspection of each individual part, of all cocks, of
the oil cups, set screws, keys, joints, etc. This examina-
tion should be by hand and eye assisted by previous ex-
perience, for no man should “take charge” without pre-
vious knowledge of engineering.

Next, “turn the engine over,” slowly by hand —some
assistance may be needed here, if there are no mechanical
means for turning it over. If all is right the engine may
be “warmed up” and turned over very slowly by steam,
making six or seven revolutions as slowly as possible, and
if all is right, the speed can be very gradually increased.
Now, if the engine should race, it is better to shut down
and examine the governor, for it may stick; this can be
caused by a bent valve stem, or other parts being worn, so
there are shoulders interfering with the motion, it also can
be caused by the gumming of impure oil, which should be
removed with benzine.

If the engine is pounding, search for the cause of the
trouble, but do not attempt too soon to remedy it, and
after stopping set up the keys a little, but do not try to do

NoOTE.

I. Are the keys set up too tight which may overheat a bearing?

2. Are the old liners on the crank and cross-head brasses in such
condition as to make safe the length of the rods?

3. Isthe governor sensitively active?

4. Istbe {ly-wheel keyed on properly ?
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QUESTIONS AND ANSWERS.

it all at once, but give the engine a chance to wear into
her new bearings and at the next stop take up a little more
of the *lost motion.”

If the crank and wrist pin boxes are loose, do not at-
tempt to remedy it all by setting up on the keys, but put
in a liner of suitable size, to keep the clearance nearly
equal on both ends of the cylinder. The next thing relates
to the economy of daily operation and here the engineer,
with the indicator and the necessary brains to use it is far
ahead.

After the engineer has passed his first day in a new
steam plant, his greatest trouble is passed, and although
he needs not fear any more disaster from his predecessor’s
mistakes, he always should be extra careful in starting up.

QUESTIONS AND ANSWERS RELATING
TO THE STEAM ENGINE.

Ques. How can you tell that an engine will not race dangerously
should the main belt break, or the governor belt break ?

ANSs. On a Corliss engine are, besides the trip cams,
safety cams, which, if they are properly adjusted, and the
device, which prevents the governor from dropping to its
lowest position is disengaged, (as it should be) when the
engine is running, these will guard against racing when the
governor belt breaks, by not allowing the hooks to take
hold of the catch blocks, thus not opening the steam
valves. If the main belt should break, the steam will be cut
off earlier during the stroke, and thus regulate the speed.

On many shaft governors as well as throttling governors
also safety devices are employed, to guard against racing

Nore.—These are given as speciniens of the ‘ questions’’ once used
by an Examining Board of Engineers to test the qualifications of ap-
plicants for a first class license. The answers are those given by a
practical engineer.
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QUESTIONS AND ANSWERS.

in case of accident to governor or belt. If the engine is
condensing, air should be admitted to the condenser, to
destroy the vacuum.

Ques. Give method of starting large compound condensing engine,
et condenser direct connected?

ANs. Heat the engine up by admitting steam to the
cylinders, and driving the air out, also allow the steam to
blow into the jet condenser, to drive the air out, then open
your injection valve so a vacuum is formed in the con-
denser, and allow the engine to move around slowly for a
few minutes before giving full speed.

The pumps of a direct connected condenser being driven
by the main engine are started by starting the engine.

Ques. In keying up crank-pin and wrist-pin brasses, give two rea-
sons for use of the ‘‘shim,”’ and under which brass it is put, and why ?

ANs. The length of the connecting rod is reduced by the
constant keying up, and thus the piston would travel much
nearer the front cylinder head, and in time may strike it.

Also the setting up by the key is limited, by its length
and the amount of clearance given it in the strap. To
remedy this “shims” or “liners” should be laid under
the brass, which is next to the end of the rod. In some
styles of connecting rods the distance between crank and
wrist-pin centres is lengthened by keying up, and the
shims should be laid under the brass, furthest from the
rod, 7. e., between brass and strap.

Ques. Is it necessary in setting valves to block up governor? In
what positions would you block it? Explain in detail what you would
do, or what points to look out for when governor is so blocked ?

ANs. By setting the valve of a throttling engine, it is
not necessary to block up the governor. But with an auto-
matic engine it is necessary, because the governor in this
case controls the valve. The governor should be blocked
in the position it stands, when the engine is running with
its ordinary load, and the steam pressure commonly car-
ried. When the governor is so blocked, the valve should
be set so as to give an equal cut-off on both strokes.
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QUESTIONS AND ANSWERS.

Ques. Give two reasons why ‘““lead » is usually given a valve?

ANs. Lead is given a valve, to have full steam pressure
upon the piston, at the beginning of the stroke, also to
assist in getting the reciprocating parts to a dead standstill
when the engine is passing the center, Thus relieving the
crank pin of undue strain.

Ques. How do you set the valves of a common slide-valve engine?

ANs. First turn the engine on the center and set the
eccentric at right angles to the crank. Second set the
valve central of its travel by means of lengthening or short-
ening the valve stem, and then turn the eccentric around
the shaft, (leading the crank if there is no rocker arm) till
the valve has the necessary lead.

Ques. If the valve stem of steam valve of a Corliss engine should
break, what could be done to prevent a shut-down?

ANs. Turn the valve with the broken stem so that it
will cover the steam port, and if possible block it in posi-
tion, disconnect the exhaust valve rod on the same side
from the wrist plate and turn the valve so as to be con-
stantly open. The engine will then run single-acting, only
develop 14 its power, and will not run quite as steady.

Ques. How do you figure horse power of compound engine?

ANs. The most ready method to figure the horse power
of a compound engine is by figuring each engine separate
and adding their power together.

Ques. How and when is a cylinder most likely to be flooded from
condenser ?

ANs. If the condenser is a surface condenser, the cylin-
der can be flooded by leaky tubes in the condenser. By stop-
ping the engine and air pump the condenser will fill with
water and thus flood the cylinder. With a jet condenser it
will happen by neglecting to close the injection valve.

NOTE.— Ttis man did not get his papers. QUES. What is a horse
power? ANS. The power of a horse. QUES. What is the power of a
horse? ANS. His strength. QUEs. What is his strength? ANs.
How much he can pull. Qures. How much can he pull? ANs. It
depends upon what kind of a horse it is. The examining engineer:
Well, go away and find out what kind of a horse it is.
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QUESTIONS AND ANSWERS.

Ques. Do you open injection valve before or after starting engine,
and in stopping is it closed first or last? Why?

ANS. The injection valve should be opened after the
engine is warmed up and the air driven out of the con-
denser, the engine should be started immediately after the
valve is opened.

By shutting down, shut the throttle first, and after the
engine has made one or two turns, close the injection valve, if
there is an independent air pump, this should be stopped last.

In starting the engine, a vacuum has to be formed before-
hand, otherwise the exhaust of the engine would have no
chance to escape, if no automatic relieve valve is provided,
and there soon would be pressure in the condenser. In
shutting down the injection valve should be closed after
shutting the throttle for the same reason, but should be
closed shortly afterwards, to destroy the vacuum, otherwise
the engine may continue to run on atmospheric pressure
for a long time, if lightly loaded.

Ques. Give several ways vacuum may be lost.

ANs. Vacuum may be lost partly or wholly by a leak
in the condenser, a leaking stuffing box on the low pressure
cylinder, a leaky air pump, dislocation of the valves of the
air pump, not enough circulating water, the circulating
water too warm, the circulating pump being out of order,
leaky pistons, leaky valves in cylinders. In a jet condenser,
injection water too warm and too much of it, not enough
injection water, or the spray may be clogged.

Ques. With ordinary cross-compound high-pressure piston stuck
on center, how can engine be started without barring wheel ?

ANs. By admitting steam to the low pressure piston by
means of a by-pass valve on the receiver.

Ques. In triple engine with second cylinder doing much more

work than low pressure, how can cut-off be best adjusted in either
cylinder to balance load between cylinders?

ANs. By shortening the cut-off on the low pressure
cylinder, thus increasing the back pressure on the inter-
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mediate, and lengthening the cut-off on the intermediate,
reducing the pressure on it, also the back pressure on the
high pressure cylinder.

Ques. What is effect on receiver pressure of cutting off later in
first cylinder?

ANs. The receiver pressure will be raised and the en-
gine will perform more work. The low pressure piston, ir
this case, will perform more work than the high pressure
piston. On the former the pressure is increased, while on
the latter the back pressure. '

The cut-off has to be regulated for both cylinders, to
make them perform even share of the work.

Ques. What is the meaning of the term ‘‘ duty » as applied to the
steam engine?

ANs. The work of which the engine is capable of per-
forming on a given fuel consumption. This is usually cal-
cnlated for the pounds of coal per indicated horse power,
per hour.

Ques. What is a reverse valve?

ANs. Itis avalve used to reverse the motion of steer-
ing or elevator engines so that they can run either forward
or backward.

Ques. How can the accuracy of the piston rod be best known?

ANs. The best test to ascertain whether a rod is sprung
is to put it into a lathe and revolve between the centers.
When a lathe is not accessible, good results can be secured
by cutting Vs in a pair of wooden blocks of equal height
and revolving the rods in the recesses.

Ques. What provision should be made on condensers to relieve the
pressure of the exhaust, in case the vacuum is lost?

ANS. An automatic relief valve should be attached to
the condenser which is a spring or weight loaded valve and
will open when the pressure rises to a certain point, the
same as the safety valve on the boiler. When the engine
is working condensing the valve will be held to its seat by
the atmospheric pressure from the outside.
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Ques. If high pressure valve gear should be broken, how could you
keep compound engine running ?

ANs. By uncoupling the high pressure side, removing
the high pressure valve and gearing, so as to give free
passage to the steam through the exhaust, reducing the
steam pressure, and if possible, closing up the steam ports
of the high pressure cylinder to keep it from filling with
condense water. If there is a valve between high pressure
cylinder and receiver, close this, and admit steam direct to
the receiver.

LINING UP A HORIZONTAL ENGINE.

The first thing to be done is to remove the cylinder
head, piston, piston-rod, connecting-rod and cross-head,
next,

Fasten a board across the flange of the cylinder with two
opposite studs and their nuts, as shown in Fig. 30, and
with a rule find the center of the cylinder bore (approx-
imately), and bore a one inch hole through the board.

Erect a standard at the crank end of the engine, as
shown in Figs. 28 and 29, and bore a hole through it,
about the heighth of the center of the cylinder above the
floor.

Fasten the end of a very fine line, but sufficiently strong
to be drawn tight, without sagging, to a stick about 2 or 3
inches in length, and draw it through the hole in the board
which is fastened across the cylinder flange, also through

Nore.—In lining up a horizontal engine, attention should be paid
to have it horizontal, to prove that it is so have a line, passed through
the center of the cylinder and guides, and tested with a level, the shaft
must also be perfectly level. If this is executed with exactness, all
other parts can be adjusted more easily. If the engine is a new one, it
is easier to do this than with an old eugine, as there has been no wear
on any of the parts,
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LINING Up A HORIZONTAL ENGINE.

the cylinder and stuffing box, and finally through the hole
in the standard ; after drawing it tight, fasten to the other
end a similar stick, so it will be held in position.

Now with a pair of calipers, or a stick cut to the exact
length of one-half the cylinder diameter in the counterbore,
center the line at the head end of the cylinder.

The line can easily be moved into the desired position,
by shifting the small stick to which it is fastened, and this
is the reason that the hole should be sufficiently large.

After this end has been perfectly adjusted, center it in
the same manner with the stuffing box; to move it in posi-
tion on this end, the stick on the standard has to be ad-
justed, until the line is perfectly central with the stuffing
box.

Fig. a1,

This line is the center line of the engine, and all other
parts have to be adjusted to agree with it.

The first thing to be adjusted should be the shaft. This
may be adjusted at right angles with the line, by the same
operation, as described under lining vertical engines, and
can be leveled by placing the level on the shaft.

The line should cross the crank pin, when the shaft is in
its proper position, at the middle point of the length of
the pin as shown in Fig. 33. and when the shaft is turned
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over, as explained hereafter, the same point should touch.
Now the guides have to be tested. If they are of the loco-
motive style, it is best to lay a straight edge across the
face of the lower guide, and measure the distance from the
straight edge to the center line on both ends of the guide,
and if there should be any difference it should be corrected
by adjusting the guides.

The upper guides should be treated in the same manner,
and also the distance between the guides should be ad-
justed to the proper distance for the cross-head.

If the frame is of the girder type, as in Fig. 28,itis
well to make a small stick, the length of which should be
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Fig. 33.

equal to the distance between the center of the ridge of
the guide, and the line at one end, and fasten it firmly to
a plece of board, one edge to be perfectly straight, as illus-
trated in Fig. 31, which is a cross-section through the
guides, showing the application of the gauge. Move this
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gauge along the guide, keeping the lower point of the
stick in the center of the ridge, and note, whether the
upper point varies sideways or vertically with the line.

If there is any variation, the guide is worn out of true,
and should be dressed true, with a coarse file and scraper
and straight edge.

Proceed in the same way on the top guide.

To measure whether the cylinder is worn out of true,
caliper the bore of the cylinder all around the line, and if
there is any difference, it should be rebored as soon as con-
venient.

To ascertain the proper alignment of the eccentric, fasten
a line to the eccentric rod pin, at the middle of its length,
and by holding a square against the shaft, press the line
against the other leg of the square near the shaft, and
move both square and line, until the line touches the leg
of the square all over.

Mark the place where the line touches the shaft, and on
both sides of this mark, at a distance equal to one-half the
thickness of the eccentric, make other marks.
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The eccentric has to be placed between these marks to
be in proper alignment.

If the engine is of the Corliss type, so there is a rocker
arm and the wrist plate to be adjusted in their midway
position, a plumb bob is generally employed. To make
this adjustment perfect, it is best to ascertain, whether the
engine is horizontal, by trying the centerline with a level,
as shown in Fig. 28. If it is found that the engine is not
level, correction should be made to agree with the plumb
bob.

Fig. 35,

fo line a vertical engine, remove upper cylinder head
and take out piston, piston-rod, cross-head and connecting-
rod. Remove the packing from the stuffing box and thor-
oughly clean the box of any old packing which may have
burned on to the sides of the box as it will be of great im-
portance in setting the line.

Bolt firmly across the top of the cylinder a pine brace
with a hole bored in the center. At the bottom of the
crank-pit, arrange a similar piece, in order to fasten the
lower end of the line. A line made of sea grass or silk is
preferable on account of its great strength. The line
should be as fine as possible without breaking when drawn
taut enough to caliper or tram by.

NoTe.—If a spirit level cannot be had, the engineer can make a set
level, as illustrated in Fig. 35. It consists of a triangular board, with
one edge planed true, with a pencil mark at right angles to this edge
and a plumb bob attached to it in the manner shown in Fig. 3s.
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To set the line, go to the top of the cylinder and pass
the end of the line through the hole in the brace and fasten
it to a small stick laid across the hole; drop the other end
of the line down through the hole in the bottom of the
cylinder to the crank-pit; set the top end of ¢k ‘ine as
near the center as ~an be done by the eye and then go
down to the crank-pit, pull the lower end of the line
through the hole in the brace and pull it taut and make it
fast as at the upper end; set the line as near the center of
the shaft and as near the center of crank-pin lengthwise as
possible; then with tram or caliper set the top end of the
line in the center of the cylinder, measuring from the
counterbore of the cylinder to the line; then with a small
pair of inside calipers try the line in the stuffing box.

Any changes required to bring the line central at this
point must be made at the lower end of the line. After
the line has been set so as to be exactly in the center of
the counterbore of the upper end of the cylinder, and in
the center of the stuffing box, you are ready to try the
shaft and crank-pin.

To do this roll the shaft until the crank-pin comes as
close to the line as possible without touching; then with
small inside calipers measure from the end of the pin to
the line. Set the calipers so they will not move and roll
the shaft back until the crank-pin is next to line at the
opposite end of the stroke. If the measurements are the
same the crank-pin is in line with the cylinder.

Nore.—It would be a good plan to reverse the level then, and see
whether it is correct, if the line should not correspond with the level,
after it has been turned end for end, the level is out of true, and the
difference should be equally divided, this is done, referring to the
figure, by raising the line on the low end, equal to one-half the amount
it is too low, if it should be too low on the other end of the level, your
assistant will have to lower it, till the distance between the end of the
level and the line is reduced to one-half. See page 6q, and Fig. 3s.
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LINING UP A VERTICAL ENGINE.

Should the measurements vary it will be necessary to
raise or lower the shaft until they are the same. Next try
the slides to see if they are in line with the cylinder. This
is done by measuring with tram or caliper from the line to
the face of the slides at each end. Should they be out of
line the construction of the engine will have to govern the
changes necessary to bring them in line.

To determine if the shaft is square with slides drop a
plumb along the edge of the slides, then place a straight
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edge so that its edge will come up to the lines; then from
the center line draw a line parallel and true with the center
of the shaft. If this line is at right angles with the straight
edge when tried with a square the shaft is true.

To line a vertical marine engine where the crank-shaft is
coupled direct to the main shaft: first, strip the engine of
piston, piston-rod, cross-head and connecting-rod ; remove
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the caps from the crank-shaft journals, and the bolts from
the coupling which couples the crank-shaft to the main or
the outboard shaft; remove the crank-shaft from the jour-
nals, so that a line can be drawn through them. Raise the
stern bearing as far as it will go so that the shaft will be
solid in its place, then draw the line, fastening it firmly at
top and bottom and adjusting it by the counterbore of the
cylinder at the top and by the stuffing box at the bottom,
according to the directions for lining a vertical engine.

On all direct coupled or marine engines the male side of
the coupling should be on the crank-shaft leaving the
female side on the outboard or main shaft for lining up.
In fastening the line to the coupling, take a small piece of
wood strong enough to stand the necessary strain on the
line to prevent it from sagging and equal in length to the
diameter of the recess in the coupling marked, bore a hole
in the center and drive the piece firmly into the coupling,
as shown in Fig. 36, draw a line through the hole in the
piece of wood, and fasten a small stick to the end of it.

Carry the line through the bearings and secure the other
end of it to a standard as before, and center the line per-
fectly in the coupling, by means of calipers.

In order to set this line, take a square which is known
to be true, place the shank on the face of the coupling
allowing the blade to extend over the line as shown in Fig.
38, try the line with the square at top and bottom and on
each side, and move the end attached to the standard,
until the line comes true with the square; at these four
points the line can be said to be true with the shalft.

After this is done, the center lines of the cylinders have
to be tried, and these will have to touch the line, which
represents the crank shaft; if they do not touch this line,

MorTE.—The bearings should be placed centrally in the pillow block,
for this is necessary to suit the length of the reciprocating parts of the
engine,
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the cylinders are not in line with the shaft, and the main
shaft must have been out of line with the engine, as the
cylinders cannot possibly get out of line.

The main shaft should be tried, whether some of its
bearings have moved, if this is not the case, the whole en-
gine bed has not been adjusted right. Such difficulty will,
however, seldom occur.

Next try the journals by measuring from each side of
the journals to the line with a tram or small inside calipers.
If the line comes in the center they are in line; if not,
they must be moved until they become central. The next
point is to ascertain if the journals are of proper height, as
in vertical engines the wear is up and down. To get this
point, caliper the crank-shaft in each of its bearings and
find the exact diameter of each one of them; by trying
these calipers on a scale we are able to set our inside cali-
pers to one-half the diameter of the shaft, which is the
correct height that the line should be from the bottom of
the journal boxes.

To test the cross-head guides, the directions given in the
former articles must be followed.

There are several styles of guides, and the engineer will
have to use his own judgment to a great extent.

But before coming to any conclusion, always be sure
whether the lines are set perfectly right, otherwise, instead
of improving, the condition of the engine may be made
worse.
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. LINING SHAFTING.

A number of pieces of board are notched at 1 to fit ove~
the shaft, and a hole, 2, is cut in the other end, then
by means of a plumb line, each piece being hung over the
shaft, the point 3 (which may be of tin, or simply a pine

I \
et b
|

[P

/z

'l[f}]’\; X
6 6

Fig. 37.
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1. Shaft. 2. Hole for line and sight point, 3. Sight point.
4. Line, 5. Plumb line,

head) is located so that the distance, 1, 3, is the same on
each piece. By hanging these pieces of board over the
shaft at different places, and so adjusting the shaft that the
points 3 will all come in line when sighted by the eye, the
shafting will be properly lined.

NoTE.—It would be worth while to know how many and to what
odd ““calls”’ the average engineer is compelled to respond outside his
special position and to none more frequently than to oversee and direct
the “lining up "’ of some unruly shaft which will not run true—hence.
this device is shown in Fig. 37.
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VALVE. SETTING.

Th- slide valve is briefly described on page 40, Fig.
14. It is the simplest form of engine valve, for it oper-
ates the steam ports of both ends of the cylinder, as well
as the exhaust, and as its form and size cannot be altered
at will, any changes made in its location toward one end
of the cylinder, will also affect the other end, and as both
strokes of the engine must have equal shares or nearly so
of the work, to get the best results from the machine, it
has to admit steam, and cut it off, open the exhaust and
close it at points equally located in both strokes; but as
the common slide valve is driven by one eccentric, whose
position is fixed on the shaft, in relation to the crank, it is

Fig. 38. DIAGRAM OF THE ANGULARITY OF VALVE.

impossible to set it, so that it will give equal cut-off in both
strokes. This is due to the angularity of the connecting
rod, for if the crank is at right angles with the center line
of the engine, on the outward stroke, the piston has passed
half stroke, and if the crank is at right angles with the
center line on the return stroke, the piston has not reached
the half stroke mark.

This is illustrated in Fig. 38, the position «, indicates
the crank at right angles with the center of the engine, and
b the position of the crank at 23 of the stroke. If the crank
is at ¢, the piston will have reached the same mark as when
the crank was at a2, but when the crank is at &, opposite to
b, the piston has not yet reached 23 of the stroke.
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VALVE SETTING.

Thus if the engine be designed to cut off at 24 of the
stroke, at its outward stroke, it would cut off the steam a
little beyond 14 stroke on the return stroke, as the eccen-
tric remains at the same angle with the crank.

This difference is greatest if the cut-off should be fixed
at % stroke, and diminishes at earlier and later cut-offs.

The location of the eccentric on the shaft, depends upon

the point of the stroke at which the valve is designed to
cut off the steam ; this point of cut-off cannot be changed
with the same valve, thus there is only one correct position
for the eccentric, as moving the eccentric further ahead,
giving earlier cut-off, would open the valve earlier, giving
more lead, close the exhaust and open it earller, giving
more compression, and quicker release.

The first thing to be done in setting the slide valve is
to fix its position on the valve stem, so that its edges will
travel past each steam port an equal amount during one
revolution of the engine.

To do this, remove the cover of the valve chest, and in-
sert a small strip of wood, near the lower edge of the valve,
turn the engine over, until the valve is at the extreme of
its travel, on either end, and mark the position of the steam
edge of the valve on the piece of wood.

If the engine is a large one, so it will be difficult to turn,
it is best to loosen the eccentric upon the shaft, and turn
it around, until the valve has obtained the above position.

Then turn the eccentric around, until the valve uncovers
the port, and mark the steam edge of the port on the strip
of wood.

Turn the eccentric, until the valve is at its opposite ex- -

treme travel, and proceed as before.

Next measure the distance between the mark of the
steam edge of the port, and the corresponding mark of ex-
treme valve travel on both ends, and if there is any differ-
ence between these distances. move the valve on the stem
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VALVE SETTING.

toward the end, which measured the least, an amount,
equal to one-half the difference between the two distances.

This is done by slacking the nuts on the valve stem,
which hold the valve in its position; after having moved
the valve, set the nuts tight again, being careful not to
jam the bosses with which the nuts engage, otherwise the
valve cannot follow up the wear, and would allow steam to
leak into the exhaust.

Always jam the nuts tight against each other, allowing
a slight amount of lost motion for the valve.

After having set the valve so it will travel equally over
both ports, turn the engine on the centre, according to fol-
lowing directions: place the engine in a position where
the piston will have very nearly completed its outward
stroke, and opposite some point on the cross-head (as a
corner); make a mark upon the guide, as shown at A4 in the
accompanying figure 39. Against the rim of the fly-wheel
place a pointer as at B and make a mark upon the wheel
opposite this pointer when the cross-head is in line with
the mark 4 upon the guide. Now turn the engine over
the centre until the cross-head is again in the same posi-
tion on its downward stroke. This will bring the crank as
much below the centre as it was above before, being now
ir the position indicated by the dotted lines; and the point
C on the fly-wheel will be opposite the pointer and should
be marked. Divide the distance between B and C accu-
rately, and midway between them mark the point D.
When D is brought opposite the point in the position
which B occupies in the figure the engine will be upon the
true centre.

After having done this, turn the eccentric upon the shaft,
in the direction the engine is supposed to run, until the
valve uncovers the port enough for the necessary lead.

In Figs. 40 and 41 are shown diagrams, representing
a correctly set valve, and its position at different positions
of the crank.
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VALVE SETTING.

The piston is shown as one single line, for simplicity,
the cross-head pin is indicated by small circles.

The solid lines, representing the connecting rod and
crank, are for the outward stroke, and the exhaust stroke
on the same side of the piston, while the dotted lines rep-
resent the same parts for the return stroke and exhaust
on same cylinder end. The respective positions of the
eccentric and eccentric rod are also shown in solid and
dotted lines.

By following the figures 1, 2, 3, etc., from the piston, the
position of valve can be easily traced.

For example:

Suppose the piston to be at 1, the small circle indicating
the cross-head pin, marked 1, will be the location of the
cross-head, the circle indicating the crankpin marked 1 is
the location of the crankpin eccentric 1 and valve 1, 1 the
positions of these parts, for the indicated piston position.

The position 1, as will be seen in the diagram, is the posi-
tion all parts have when admission begins.

It will be observed that when the piston is at position 3,
the valve will have taken the same position as when admis-
sion commences, except that it travels in the other direc-
tion, as will be seen by the position of the eccentric 3.

The valve is marked with two figures for each position,
each figure indicating one edge of the valve.

The engine must be assumed to turn in the direction of
the hands of a watch, that is, over, from left to right, facing
the diagram.

The letters @, &, etc., indicate the position of the parts
at exhaust opening and closure ; @ and & being for the head
end, and ¢ and 4 for the crank end, as indicated by the
solid and dotted lines.

The letter X simply indicates the central position of the
valve, no corresponding position of the other parts being
shown, and the distance 7, indicated at the eccentric circle
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VALVE SETTING.

is the angle of advance, which is the angle, the eccentric’ is
moved ahead of a right angle (7. e., the valve from its cen-
tral position), when the engine is on its dead centre.

If the valve chest of a slide valve engine is placed on top
of the cylinder, as on a locomotive, for instance, it would
be difficult to make a direct connection between the eccen-
tric rod and the valve stem, and a rocker arm is employed,
as indicated in Fig. 43.

The rocker arm will change the direction of motion of
the valve, so that it will move in the opposite direction of
the eccentric, and thus the eccentric cannot have the same
position in relation to the crank as if it should be directly
connected to the valve stem. This will be understood by
comparing Figs. 42 and 43.

Figs. 42 and 43. DIAGRAMS FOR VALVE SETTING.

The valve in either figure is shown in its central position,
and the eccentric for simplicity set at right angles. Refer-
ring to Fig. 42, assuming the crank to be turned in the
direction of the hands of a watch, it will be noticed that
the eccentric moves the valve over to the left, and when
the valve has taken the position shown in Fig. 44, steam
is admitted, and acting upon the piston would at once con.
tinue to rotate the engine.
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In Fig. 43, as will be seen, the eccentric is in the oppo-
site direction from that in Fig. 42, but in rotating the
crank in the same direction as before, it will draw the lower
part of the rocker arm over toward the crank shaft, and
thus cause the upper part to move the valve toward the
left as before, until the rocker arm takes the position a-4,
indicated by the dotted line, when the valve will have
taken the position in Fig. 44, and steam is admitted.

Thus it will be seen that the rocker arm simply changes
the position of the eccentric into the opposite direction
from what it would be without the rocker arm. If now
the eccentric is turned upon the shaft, with the crank on
the dead centre as in Figs. 42 and 43, in the direction
the engine is to be run, until the valve takes the position
in Fig. 44, it will be observed that the same angle of ad-
vance is necessary in both cases, and that the eccentiics
are still opposite each other in both cases.

Fig. 44. VALVE. Fig. 45. WOOD WsDGE.

After having adjusted the eccentric properly, make a
wedge of wood, Fig. 45, insert it between the valve and
steam port edges, and mark with a pencil how far it enters
the opening, then turn the engine to the opposite centre,
and insert the wedge into the other lead opening. 1If the
wedge enters this opening up to the pencil mark, the lead
is equal on both sides, if there should be any difference,
this difference has to be divided equally, by moving the
valve a slight distance on its stem.

Finally put on the valve cover making sure to have the
eccentric clamped tight before starting up.
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THE BUCKEYE AUTOMATIC CUT-OFF
ENGINE.

This type of steam engine belongs to the double-valve
automatic cut-off pattern.

The admission, release and compression are all governed
by the main valve which is operated by one eccentric. The
point of cut-off is determined by an independent valve
operated by the governor eccentric; whatever the cut-off
may be, the other conditions remain the same.

The Buckeye engines are built in different styles to
adapt them to the different conditions under which they
may be placed. Fig. 46 shows a single, medium speed
“Tangye” style.

Fig. 48 shows the tandem compound Buckeye engine,
Tangye bed, valve gear side.

The governor shown in Fig. 47 is so simple in plan and
construction, and so clearly shown in the cut and has been
so familiarized to the public through mechanical periodi-
cals, that only a brief outline description here is needed.

Arms a a are pivoted to the containing wheel at & 4 and
connected at their other ends by links B B to ears on loose
eccentric C in such manner that their outward movement
to the position indicated by the dotted lines near one of
them, turns the eccentric on the shaft about one-quarter of
a revolution in the direction the engine runs, that is,
“advances” it. The direction of rotation is indicated by
the arrows.

The arms are thrown outward by centrifugal force in
opposition to the force of springs 7 F.
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THE BUCKEVE AUTOMATIC STEAM ENGINE.— 7uangye Style.
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THE BUCKEYE GOVERNOR.

They are loaded with more or less weight, at 4 4 accord-
ing to the speed desired, the required effective weight,
arm and all, being, other things equal, in inverse proportion
to the square of the speed in revolutions in a given time.

Fig.47. THE BUCKEYE GOVERNOR.

The tension of springs /7 F is adjusted by screws ¢ ¢.
The amount of tension to be given them is determined by
the amount of variation of speed due to variation of load.
The more tension the less such variation up to the point of
almost absolute harmony under favorable load conditions,
beyond which unsteadiness of equilibrium would result.



Fig. 48. THE BUCKEYE TANDEM COMPOUND,.— 7angye Bed.
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THE BUCKEYE GOVERNOR.

The auxiliary springs P P were introduced a few years
ago to obtain the refined closeness of regulation required
for electric lighting. For reasons that we have not space to
explain, the amount of tension required to give the closest
possible regulation could only be carried while the arms
were in the outer half of their range of movement. In the
inner half it would be in excess, causing unsteadiness.
The auxiliary springs tend to throw the arms outward,
but act only through the inner half of movement range,
leaving contact with the fingers on which they act in mid-
movement,

Their force is made such that when the proper tension
is given to springs £ F to give best results, when the
arms are in the outer half of their movement range they
will start out on starting the engine before the normal
speed is exceeded, and the regulation will be steady at all
loads.

When they are applied the tension of F / must be
greater than could be carried without them, otherwise the
variation of speed would be increased instead of diminished,
and the same result would follow if their force were too
great, as would be known by the arms starting outward at
a speed too much below the normal, or by too much loss of
~ speed at heaviest loads. For most purposes sufficiently
- good regulation could be had without them ; but they are
now always furnished ; hence, the importance of a clear
. understanding of the conditions required for getting the
- full benefit of them.

To recapitulate, first apply as much tension on the main
springs as can be carried without loss of steadiness, whick
will generally be about one-third to one-fourth more than
can be carried without the auxiliary springs; second, the
auxiliary springs should have just sufficient force to start



88  New Calechism of the Steam Engine.

THE BUCKEYE GOVERNOR.

the arms out at very nearly the proper speed; and third,
they should leave contact at about mid-movement. Any
considerable departure from either of these conditions will
defeat their object.

The direction of motion required for the arrangement of
parts shown is indicated by the arrow. The parts can be
readily changed, however, for motion in the opposite direc-
tion. To accomplish this the pivots of the arms are
removed to the unoccupied holes shown, and the other
parts changed to correspond, so that the arrangement will
correspond exactly with a view of the cut as it would
appear held up to a strong light and viewed from the back.

Then a new angular position on the shaft is required.
The following rule, however, will place it as nearly correct
as it can be placed in the absence of any knowledge of
special conditions, and for either direction of motion: when
the arms rest on their inner stops, as shown, the eccentric
C and the crank should pass their dead centers at the same
time, and in the same direction.

When a condenser is attached the position may require
to be a little in advance of this; on the other hand, when
the engine is heavily loaded and not liable to run without
load it may be back of it; but the test of the correctness
of its position is that it shall no more advance than is neces-
sary to hold the engine to speed under its lightest load and
highest pressure.

Changes of speed should always be made by changes of
the amount of weight attached.at 4 4, though slight
changes may be made by shifting the weights along the
arms, and also by the changes of the tension of springs
F F, provided increase of tension does not cause loss of
steadiness, or diminution does not introduce objectionable
variation of speed with changes of load and pressure.
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O1L DEVICE—BUCKEYE ENGINE.

These engines are manufactured by the Buckeye Engine
Co., at Salem, Ohio, at their works established A. D. 1847.

Fig. 49. CRANK-PIN OILING DEVICE oF THE BUCKEYE ENGINE.

This company also make single-valve high speed auto-
matic engines with piston valve regulated by the Buckeye
shaft governor.
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BUFFALO AUTOMATIC CUT-OFF ENGINE.

On page 91, Fig. 51, will be seen illustrated the Buffalo
Automatic Cut-off engine, front view, Class A. This is
designed solely for the highest class service required in

Fig. 50. DOUBLE, SINGLE ACTING UPRIGHT BUFFALO ENGINE.

with Frame broken away, showing enclosed Reciprocating Parts (includ-
ing Governor) running in oil.

steam engineering, In Fig. 50 is shown, in the same class
of engine, the system of automatic lubrication employed.
This may be described as follows: Centrifugal force,
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BUFFALO AUTOMATIC ENGINE.

derived by the motion of the discs, delivers the oil into oil
cups and main bearings. It is then forced to the crank

Fig. 51. BuUrraLo AuroMmaTic CuT-OFF ENGINE. (Front View.)

shaft bearings and returned to the oil chamber under the
crank disc, as clearly shown by cut. The holes through
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BUFFALO AUTOMATIC ENGINE.

which the oil passes to the crank are one-half inch in diam-
eter; therefore not easily stopped up. They are straight

\ »

Fig. 52. BurFraro Auromatic UPRIGHT ENGINE.
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BUFFALO AUTOMATIC ENGINE. 4

iently cleaned. The crank discs are covered by a light
dust-proof hood, fitted to the top of the engine frame,
entirely without bolts or other fastenings of any description.
This hood is built in a unique form, and is really oil-tight.
It is readily removable. An oil-tight side plate encloses
the crosshead and guides, and affords ready access thereto.
No oil can possibly get to the belts or floor. The unique
construction of main bearings ensures a minimum amount
being drawn to the fly wheels, and any oil finally escaping
is caught and held by the flanges thereon; only enough oil
should be supplied that the crank disc will dip about an
inch into it. A greater quantity is not desirable, as it will
cause a churning action. The oiling system in this engine
is most cleanly and thoroughly efficient.

The Buffalo slide valve is perfectly balanced, rectangulat
in shape, with three openings through it. It is of uniform
thickness, quite thin, and flat on its two sides. The space
in which it works is formed by the valve seat, and a press-
ure plate with two distance pieces placed below and above.
The balanced piston type is provided with a piston at each
end, cast hollow to reduce weight and avoid bearing down
on the steam chest, which is furnished with cages. Snap
rings, fitted identical to the packing rings of piston, are
used. With either valve type, provision is made for easy
removal, adjustment, and ample relief of over-pressure by
water in cylinder. The valve motion is derived by means
of an eccentric which carries the valve rod in a straight line,
and is provided with means for adjusting any wear. The
eccentric rod is connected to a ram box by bronze bearings,
and to the strap by two jam nuts. The eccentric strap is
oiled from a lubricator placed on a post on the top of the
bed. The eccentric rod has but two bearings, a direct line
passing through center of same, and they are coupled from
the eccentric rod to a ram box bolted to the steam chest
hood, insuring strength, rigidity and utmost simplicity.
This eliminates any twisting strain on either of the bearings.
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BUFFALO AUTOMATIC ENGINE.

This engine, of which the cut, Fig. 50, is a most excellent
illustration, was originally designed for the United States
Marine Service. The work thereof necessitated unusually
high speed, continuous operation with minimum attention,
and the highest nicety of speed government. As will be
seen, the entire working parts of the engine, including gov-
ernor, are completely enclosed and run in oil. This prime
feature affords positive and ample oiling of all reciprocat-
ing parts. Ready access to the working parts is afforded
by the large oil-tight doors, both back and front. This
type has two single-acting cylinders placed close together.
Steam is admitted only at the top end of the piston on the
downward stroke. The governor is attached direct to the
crank disc, instead of being introduced in the fly wheel, and
veceiving an oil bath at every revolution, is thoroughly
lubricated at all times.

In Fig. 54 is shown the single upright type of the Buffalo
automatic engine. Two large oil-tight side plates or doors
afford ready access to the interior parts. Repairs, there-
fore, may be made with the utmost ease under adverse
circumstances. The crank shafts may be readily removed
without displacing the engine. The steam chests are
thoroughly lagged to reduce condensation to a minimum.

Each upright is furnished with two unusually heavy
wheels. The governor valve, cross-head, and all parts
except the frame, are identically the same design and con-
struction as employed upon the automatic cut-off horizon-
tals. The oiling features of this engine are so regulated
that the lubricatien is equally thorough at a minimum or
maximum speed.

These engines are fitted with automatic stop governors
as shown in illustrations. These are so simple in design
and action that no extended description is necessary.
Regulation is made by the eccentric being thrown across
the shaft, thus varying the travel of the valve.
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McINTOSH AND SEYMOUR ENGINES.

———

Fig. 55.

The above illustration exhibits the McIntosh and Sey-
mour automatic cut-off engine. Fig. 54 shows half tone
engraving of tandem compound engine of the same type.

The prominent special features of these engines are the
gridiron valves, driven by a valve motion which is positive
throughout, and the shaft governor, which operates the
cut-off valves and controls the speed.

Fig. 57 shows cross section through cylinder and valves,
also diagram of the exterior valve gearing seen from the
end of the cylinder. Fig. 56 shows cylinder and valves in
lengthwise section and the diagram of the valve gearing
(exterjor) seen from the fly wheel side of the engine.

Since the valves are multi-ported, only a very small
stroke is necessary to give full opening, varying from %4 to
1% inches according to size of cylinder. ‘They are driven
by means of a toggle motion and move intermittently,
standing still when closed, and only require power to oper-
ate when open and relieved of the pressure of the steam;
hence they give a rapid opening of port with a small amount
of wear and little power required to operate; they cannot
stick when the engine is started and are easy to lubricate.
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THE MCINTOSH & SEVYMOUR ENGINE.

The valve seats are separate from the cylinder and are
removable. The governor operates the cut-off valves only.
The main valves are driven by fixed eccentrics controlling
the admission of steam and the opening and closing of the
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Fig. 56. LONGITUDINAL SECTION THROUGH CYLINDER AND VALVES,
MCcINTOSH AND SEYMOUR ENGINH.

exhaust. One valuable feature of this arrangement is its
perfect flexibility ; any one of the four operations of cut-off,
admission, release or compression, can be varied independ-
ently of the others by simple adjustment of the gear.

The cut-off valve operates when moving in an opposite
direction to the main valve and gives a very rapid closing
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THE MCcCINTOSH & SEYMOUR ENGINE.

of the port. On multi-cylinder engines usually the gov-
ernor operates the cut-off valves on all the cylinders. By
using different strokes the cut-offs in each cylinder are
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Fig. 57. CROSS SECTION THROUGH STEAM AND EXHAUST VALVES
AND CYLINDER, MCINTOSH AND SEVMOUR ENGINE.
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THE MCcCINTOSH & SEYMOUR ENGINE.

varied so that the work is divided equally among the cylin.
ders and the drop in temperature of steam is the same in
each; hence the engine always works under the most
economical conditions possible with the work it is doing
without any hand adjustment of the valves. This adds
materially to the economy of the engine working under
variable loads.

The valve gear is so arranged that the cut-off takes place
at the same point upon each end of the cylinders with
any load. An unhooking device is provided so that the
valves can be worked by a starting bar.

Fig. 59 shows the governor with the weights “in” and
Fig. 58 with the weights “out "—the latter showing full
speed and the former the engine at rest or below speed.

The governor, which drives the cut-off valves, is fully
illustrated. It consists of centrifugal weights which vary
the point of cut-off by revolving the governor eccentric
upon the shaft, and is designed so that the centrifugal force
of each weight is very great, making the governor exceed-
ingly powerful. These forces are opposed in a direct and
and frictionless manner by a plate spring through hardened
steel pins resting in cups at each end, so that there is no
friction or pressure due to these forces upon the pins upon
which the weights turn. Dash pots are provided, which
give stability to the governor. The governor can be
adjusted as to sensitiveness by changing the length of the
pins between the centrifugal weights and spring, these pins
being arranged to telescope for this purpose. The speed
is regulated by changing the weight of bushings in the cen-
trifugal weights. This governor can be adjusted to give
practically perfect regulation, without any tendency what-
ever to race under a widely fluctuating load.

Engines having shafts of large diameter sometimes have
the governor mounted upon a small auxiliary shaft driven
by a drag link from the crank pin. This greatly reduces
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Tur McINTOSH & SEYMOUR ENGINE.

the size and speed of the eccentric straps and places the

valve gear in a position convenient for inspection and care.
In tandem engines the connection between the high and

low pressure cylinders is so arranged that the low pressure
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Fig. 60. McINTOSH AND SEYMOUR VERTICAIL ENGINE.
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THE McINTOSH & SEYMOUR ENGINE.

head can be easily withdrawn, giving convenient access to
the interior of the low pressure cylinder. Between the
cylinders the piston rod runsin a packing tube or sleeve
which is babbitted and bored out to fit the rod.

The bearings are provided with a positive feed self-oiling
device. Rings at the end of bearings throw off escaping
oil into shields, from whence it is conveyed to a large
settling reservoir beneath the bearing provided with a
gauge glass for determining the height of oil. A small
pump driven from the valve gear forces a continuous sup-
ply of oil from the lower reservoir to one situated above
the bearing, from which it is fed by gravity on top of the
bearing, keeping it constantly flooded with oil.

Fig. 60 is a view of the McIntosh and Seymour vertical
engine. ;

The following is a description of McIntosh and Seymour
double piston valve: the main valve consists of a hollow
cylinder with closed ends. This valve exhausts over the
ends, taking steam from its interior through ports. This
interior space is subdivided in the middle, and a light
cylindrical sleeve, riding on the main valve in the steam
chest and running over ports cut in its surface, forms a
simple and efficient auxiliary or cut-off valve. The seat is
split and contractible by the adjusting screw shown, and is
held steam tight between the two fixed seat covers. To
adjust the seat is a simple matter. After unhooking the
valve connection with the eccentric, by moving the valve
by hand, adjustment can be made with great nicety, with-
out any danger of making too tight.

The governor used for double valve engines is precisely
similar to that of longer stroke gridiron valve engines
described on page 97. For single valve engines the arrange-
ment of spring and centrifugal weights is similar, but the
cut-off is varied by moving the eccentric across the shaft
instead of revolving it upon the same.
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THE IDEAL HIGH ART ENGINES.
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Fig. 61. THE IDEAL, ENGINE—DIRECT CONNECTED WITH IDEAL
GENERATOR.

The above illustration represents the Ideal Engine (A.
L. Ide & Sons, builders, Springfield, Illinois), direct con-
nected to a dynamo.

This engine is in its improved standard form, automatic
and self-oiling ; it is self-contained, perfectly balanced, and
when set upon sub-base the wheels clear the floor.
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As shown by the engravings, the crank-disc of the Ideal
engine is covered by a light hood, fitted to the top of the
engine frame, but without bolts or fastenings of any descrip-
tion; it is, therefore, readily removed. The cross-head and
guides are likewise fully enclosed; but a side plate for
obtaining ready access thereto is also fitted oil-tight and
held in position only by two cam handles, a quarter turn of
which releases it ; no oil can get to the belts or floor. The
inside of engine-bed and all the parts that oil comes in
contact with are pickled in muriatic acid and thoroughly
washed, removing every particle of sand and dirt. The
enclosure is dust-proof, and no oil is wasted.

The crank-pin and cross-head pin are not dependent
upon the oil that is promiscuously thrown over them for
lubrication. Special provisions are made for both. On
the back of the crank-discs recesses are turned eccentric to
the crank shaft, from the widest part of this cavity holes
are drilled diagonally through the crank-pin, through which
oil is freely delivered by centrifugal force when the engine
is in motion.

The valve of the Ideal Engine is of the hollow piston
type, perfectly balanced, and the wear very slight. As the
live steam is entirely on the outside of the tube, and the
inside of tube only .is in communication with the ends of
steam’chest, the tightness of the valve may at any time be
tested by removing the steam chest covers and turning on
full boiler pressure.

In the larger engines this valve is made double ported and
the low pressure valve on tandem compound engines is a
balanced flat valve, traveling under a cover which is held in
place by springs and so arranged that steam is admitted
through two ports at once, thus giving a quick opening at
the beginning of the stroke.
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THE IDEAL ENGINE.

Fig. 62. THE IDEAL HIGH SPEED AvuroMaric CUuT-OFF ENGINE.

Fig. 63. Ty IDRAL ENGINE. Transparent View of Fig, 62.
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THE IDEAL ENGINE.

Fig. 64. QUICK-OPENING, SELF-PACKING THROTITLE. PATENT
WATER RELIEF. EXPOSED CYLINDER Borrs, COVERED
WITH POLISHED BAND, AND VISIBLE PISTON-

RoD STUFFING Box.

The governor of the Ideal engine is of few parts—con.
sisting as it does of but one spring, one lever (with adjust-
ing weight) and connecting link to the shifting eccentric.
All parts are in sight, and placed at such a distance from
the shaft as to be readily accessible. The levers are steel
and bearings are bushed with phosphor bronze, and all
parts are made to gauge and interchangeable.

The dash-pot is to prevent any too sudden movement of
the weights and levers, due to an instantaneous change of
load, and avoids any violent fluctuations of speed. It also
maintains the equilibrium of the force of weights and
springs.
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THE IDEAL ENGINE.

Directions for Governor Adjustment of the Ideal,

All the governors are adjusted at the shop to runm
engines at the speed called for in the contract, unless other
wise ordered. Assuming, now, that the governor is adjusted
to a fixed speed, in order to increase the speed of the
engine, move the weight on the governor lever near to the
fulcrum pin. To reduce the speed, move the weight out
toward the end of the lever. Tightening the spring will
also increase the speed, but will cause the engine to *“race,”
unless at the same time the block which holds the end of .
the spring is moved toward the center of wheel. The
proper way to change the speed is by moving the weight,
allowing the spring to remain in its marked position.
Moving the block which holds the spring towards the rim
of the wheel will make the governor more sensitive and
regulate more closely, but if moved too far, this will cause
the governor to “race.” Moving the block towards the
hub of the wheel has a tendency to stop the “racing,” but
if moved too far the speed of the engine will be reduced
with the increased load. If any of the bearings of the
governor bind, or require oiling or cleaning, the governor
will “race.” These bearings should be kept clean and in
good condition, and the stuffing box to the dash-pot must
not be screwed up tight, as that will cause the governor to
“race’ when set for close regulation.

The face of the slide is marked with a line where the
outer edge of block which holds the spring should be.
Figures stamped on the face of slide give length of end of
eye bolt extending through nuts. This gives the right
tension to the spring. Tightening the spring will give
closer regulation, but will cause the governor to “race” if
the spring is too tight. “Racing” caused by over tension
of spring can be stopped by moving block nearer to center
of wheel. Fill the cups on governor bearings with grease,
and give the cap one quarter turn every day. Screw the
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cap to the stuffing box on dash-pot loosely, only using your
hand to turn the cap. The governor should be taken apart
every two or three months, and bearings cleaned with coal
oil to remove gum. The dash-pot should be refilled with
glycerine once or twice a year. Oil may be used in the
dash-pot in place of glycerine unless the engine is in a cold
room, where the oil is liable to congeal. To refill dash-pot,
unscrew cover on end.

In taking the governor apart, allow the sliding block
which holds the end of the governor spring to remain with
its outer edge on a line with the mark across the face of
the slide, and in readjusting the spring, place the same
tension on it as before, which can be ascertained by meas-
uring the length of the thread through the nuts before
slacking up the spring. The spring should be stretched
out so there is 4% inch between the coils. The speed of
the governor is changed by moving the weight on the lever.

Fig. 65. TRHE IDEAL STEAM SEPARATOR ATTACHED TG
THROTTLE VALVE.



170 New Catechism of the Steam Engine.

THE WESTINGHOUSE STEAM ENGINE.

This well known type of engine is built at Pittsburgh,
Pa., by the Westinghouse Machine Co.

SECIIONAL VIEW OF WESTINGHOUSE JUNIOR ENGINE.
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THE WESTINGHOUSE ENGINE.

The three illustrations given are of the class named
“ Junior” engines; two other principal patterns are also
manufactured ; the “Standard” engine built in 13 sizes,
from 5 H. P. up, and the “ Compound” built in 10 sizes,
with steam pressure of 100 to 150 lbs.

All these classes are noted for close regulation and the
self-oiling features; the details of the “ Junior” here given
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THE WESTINGHOUSE ENGINE.

apply in all essential particulars to the construction, etc., of
the “ Compound ” and “ Standard.” Fig. 67 and 68 repre-
sent the front and rear view respectively of the ¢ Junior™
engine ; Fig. 66 is a sectional view of the same.

Referring to the sectional view it will be seen that the
valve /7 is of the hollow piston type, packed, steam tight,

Fig. 68. REAR ViEwW OF WESTINGHOUSE JUNIOR ENGINE.
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by springs. The steam ports P are in the heads of the
cylinders, 4 A4, which are single acting; the pistons NV N
are directly connected to the connecting rods O O by
means of wrist pins.

The crank shaft and cranks C are forged in one sohd
piece and are enclosed in the oil chamber B which is formed
by the frame of the engine. Access to this oil chamber
can be had by the removal of plate 7. One end of the
crank shaft carries the shaft governor wheel 7, which
operates the valve by means of rocker arm / and link X,

The cut-off is regulated by an eccentric pin being thrown
across the shaft through the action of the governor, thus
varying the travel of the valve.

The steam enters at J at the center of the valve H,
and exhausts at the ends through the exhaust pipe R.

The main bearings £ are lubricated by the oil cups Q
from the outside; all drips from the main bearings run
through the channels 7, into the oil chamber B.

The following is from the engineer’s reference book
furnished by the Westinghouse Company :

“ Having lubricated the engine thoroughly and set
the several oil cups to feeding properly, open the
cylinder cocks and the drain from the throttle; open
the throttle slightly and start the engine very slowly.

Let the engine gradually come up to full speed, and
when the water has worked out of the cylinders and
steam pipe, close the cylinder cocks and throttle drain.
If there is any lost motion in the connections there
will be a slight noise in the engine while it is below
speed, but which will disappear when full speed is
attained.

“In shutting down, open the cylinder cocks and
close the throttle very slowly, in order that the engine
may lose its speed gradually.”
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RAcCINE HiGH SPEED ENGINE.

RaciNg HIGH SPEED AUTOMATIC ENGINE.

Fig. 69.
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RACINE AUTOMATIC ENGINES.

This type is shown in Fig. 69, representing a high speed
automatic, self-contained, side crank engine. It is equipped
with the automatic shaft governor, assuring economical use
of steam and quick action in response to variations in the
load carried.

The frame is rigid and of exceedingly tasteful design,
adding greatly to the pleasing appearance of the entire

Fig. 0. SECTION THROUGH VALVE AND CYLINDER.

engine ; a broad outbearing which gives additional steadi-
ness of motion. The slides for the cross-head are cast solid
in the frame, as also are the broad boxes for the shaft.

The valve is of the hollow piston type, balanced and
fitted with rings which keep the joints tight and take up
the wear as the surfaces wear down. Its average point of
cut-off when the engine is giving its rated horse power is at
one-quarter stroke, the remaining three-quarters of piston
stroke being all accomplished by the expansive power of
steam. The steam ports are of ample size, with easy
curves, thus reducing wire drawing. Other details relating
to the piston valve and cylinder are shown in Fig. ;0.
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THE FITCHBURG AUTOMATIC ENGINE,

Fig. 71.
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THE FITCHBURG ENGINE.

This engine is made by the Fitchburg (Mass.) Steam
Engine Co.* Fig. 71 shows the latest design of the hori-
zontal automatic variable cut-off engine; Fig. 72 shows the
improved wrist plate motion used to actuate the steam
valves of the Fitchburg engine. The former wrist plate
motion with its sleeve rod has been supplanted by this new
device. It reduces the travel of the valves one-half and
moves but one valve at a time, requiring, however, no
change in the long used, perfectly balanced, expansible,
double-ported valves, except in reduction by one-half of

Varea W it
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Fig. 72.

their length and weight. The wrist pin, or cam roller,
actuating the steam valves, travels in the concentric slot of
the cam, as shown plainly by the cut, without moving it
during more than half of the pin’s travel, then gradually
starting the valve until its lap edge reaches the edge of the
port, when by the special form given the cam slot the
valve is thrown open suddenly, remaining open till point of
cut-off and then as suddenly closed, thus opening and clos-
ing the port swiftly, the valves traveling only as far as is
necessary to fully open the ports and return to their rest,
the valves at either end acting alternately, one remaining
still while the other is moving.

* Established 1871.
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THE FITCHBURG ENGINE VALVE.

The point of cut-off is automatically varied from nothing
up to two-thirds of stroke with absolutely even speed.
The quick movement of valves in opening and closing the
ports, with the double ports in the valves, gives clean

admission and cut-off.
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THE FITCHBURG ENGINE GOVERNOR.

Two eccentrics are used for driving the independent
steam and exhaust valves, all valves being perfectly balanced.
The steam inlet valves are worked direct by the cam
wrist plate. The valves, as shown in Fig. 73, are of the
piston type, four in number, and are expansible “ by slack-
ing the bolts bearing on the head of valve and tapped into

ELATIVE
& rasimion oF

CRANK PIN

the central taper plug, then tightening those tapped
through head and bearing against the taper plug, the latter
is forced in and the valve expanded in diameter—the ten-
thousandth part of an inch, or any amount needed up to
one-sixteenth inch.”

The cut needs no description, as the construction is so
entirely simple as to be readily understood.

The governor, Fig. 76, is fastened to the crank shaft and
is therefore a part of the shaft, making it impossible for the
engine to run away, or for the governor to become detached
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THE FITCHBURG ENGINE.

The weights O, acting over generous steel pins D as
rulcra, are to exactly balance the weight of the eccentric
and its strap, and in vertical engines the valve and valve
rods also, leaving no work upon the governor but to shift
the eccentric when the load upon engine changes. The
connecting rod G is attached to the suspension arm Cat E,
acting directly upon eccentric, while the opposite rod G’ is
attached to opposite arm C at F, acting over pin D asa
fulcrum in moving eccentric so that the outward motion of
both of the centrifugal weights H is exerted with equal
power in moving the eccentric in one direction across the
shaft.

By simply transferring the ends of connecting rods G G’
from E to F and from F to E respectively, the outward
motion of the weights H throws the eccentric in the oppo-
site direction and they are right for running the engine the
other way, a new eccentric, also in halves and with opposite
offset, being substituted.

The action is as follows: So long as the engine is below
speed the eccentric is kept in its longest throw by the ten-
sion of the springs and steam follows 3/ of stroke, but as
soon as proper speed is reached centrifugal action causes
the weights H to overcome the tension of the springs and
to move outward in direction of arrows, at same time
lengthening the springs ;—by means of the connecting rods
G G’ the outward motion of the weights turns the suspen-
sion arms C upon their fulcra D and through the ears B the
eccentric is carried across the shaft from S toward R, and
as the arcs described by the centres B B are in opposite
curves they compensate each other and the centre S of
eccentric follows a straight line in its movement. This
manifestly decreases the eccentricity and increases the
advance of the eccentric, giving an earlier cut-off to the
valve until when the eccentric is swung squarely back of
the crank the valve opens only the lead, there being all



THE FITCHBURG ENGINE.

Fig. 77. THE FrrcuBURG ENGINE, COMPOUND STEEPLE TYPR.
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THE FITCHBURG ENGINE.

points between this and extreme cut-off for variation. Upon
the least diminution of speed the springs have more power
<z

Fig.78. THE FITCHBURG ENGINE, CROSS COMPOUND.

than the centrifugal force of the weights, and the motion of
the partsisarrested and turned in the opposite direction, giv-
ing a later cut-off as more work is performed by the engine.
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Fig. 77 represents the Fitchburg engine built in the
steeple compound type. Fig. 78 shows the Fitchburg
cross-compound.

Fig. 79. HicH SPEED AuToMATIC FITCHBURG ENGINE.

This company also build high speed automatic cut-off
engines with single valve and shaft governor, see Fig. 79.
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Fig. 8o. PORTER-ALLEN HIGH PRESSURE ENGINE.
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THE PORTER-ALLEN STEAM ENGINE.

These engines are built by the Southwark Foundry and
Machine Co., Philadelphia, Pa., and claim the distinction of
being the original high speed steam engine.

Fig. 80 represents the latest design of the Porter-Allen
high pressure engine ; this belongs to the class of four valve
engines with two independent admission valves, controlled

Figs. 81 and 82. ECCENTRIC AND LINK, SIDE AND FRONT ELEVATION.,

automatically, each adjustable without dismantling; and
two exhaust valves operated independently of the admission,
and giving a constant compression adjustable to different
speeds. All four valves are absolutely balanced with four
simultaneous openings to each port for admission and
release of steam.

This engine employs a link motion of peculiar form to
-regulate the cut-off. The construction of the link is shown
in Fig. 81. It is of the form known as the stationary link,



the Steam Engine.
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THE PORTER-ALLEN ENGINE VALVE.
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point on trunnions, which vibrate in an arc whose chord is -
equal to the throw of the eccentric, about a sustaining pin
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THE PORTER-ALLEN ENGINE VALVE.

secured rigidly to the bed. The radius of the link is equal
to the length of the first rod by which its motion is com-
municated to the admission valves.

In the slot is fitted a block from which the admission
valves receive their motion. This block is moved by the
action of the governor, which thus varies the point of cut-
off. If the centre of the block is brought to the centre of
the trunnions, the port is not opened at all, except by the
lead given to the valves, and this opening is closed before
the piston has advanced a sensible amount. If, on the
other hand, the block is brought to the end of the slot, as
here represented, the steam is not cut off until the piston
has reached about six-tenths of the stroke, which is the
limit of the admission.

The exhaust valves are driven from a fixed point on the
link, and have, of course, an invariable motion. The move-
ments of the link at this point are admirably suited to this
function, causing the steam, wherever it may have been cut
off by the admission valves, to be held until near the termi.
nation of the stroke, when it receives a free and ample
release, and is confined again near the end of the stroke by
the closing of the exhaust valves at a point which provides
the compression required to arrest the motion of the recip-
rocating parts, and at the same time fill the end clearance
of the cylinder with the compressed steam.

The peculiar motion of the link is given to it by a combi-
nation of the horizontal and the vertical throws of the
eccentric. The horizontal throw alone only moves the link
from one to the other of the lead lines, which motion only
draws off the lap of the valves. The opening movement is
produced by the tipping of the link alternately in the
opposite directions beyond the lead lines, and these tipping
motions are given by the vertical throws of the eccentric.

Its upward throw tips the link in the direction from the
shaft, and opens the port at the further end of the cylinder;
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and its downward throw tips the link towards the shaft,
and opens the port at the crank end of the cylinder. At
the same time its horizontal throw is drawing the valve
back, and when in this return movement, that point in the
link at which the block stands, crosses the lead line, the
steam is cut off. YN

The eccentric is placed on the shaftiin.the same position
with the crank, and cannot be altered ' from this position.
The lead of the valves is adjusted by other means. The
first requirement of this system is, that the crank and the
eccentric shall have coincident movements, and so shall
arrive on their dead points, or lines of centres, simultane-
ously.

To insure the permanence of the eccentric in its correct
position it is made to form one piece with the shaft.

The exhaust valves open and close their ports in such a
manner that the opening is made while the valve is moving
swiftly, and one-half of the opening movement has been
accomplished when the piston arrives at the end of its
stroke. The valves are so constructed that this portion of
the movement opens the full area of the port, which does
not begin to be contracted again until the centre line of the
link has recrossed the lead lines on its return. The speed
of the piston is then also diminishing, and the exhaust is
not throttled at all until the port is just aboutto be closed.

The admission valves are both operated by two separate
rods which in turn are operated by a wrist motion consist-
ing of bell cranks and being connected by means of carrier
arm to the sliding block in the link.

The valves are relieved of all steam pressure by pressure
plates, the construction of which is represented in the sec-
tion of the cylinder, Fig. 83.

On the lower side of the horizontal section both admiss-
ion valves are shown, working between their opposite
parallel seats, one of which is formed on the cylinder, and
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ti.e other on the pressure plates, the latter having cavities
opposite the ports,

The valve at the further end of the cylinder is at the
extremity of its lap, while the one at the crank end has
commenced to open the four passages for admission of the
steam.

The pressure plates are made hollow, and most of the
steam supplied to two of the openings passes through them ;
they are arched to resist the pressure of the steam without
deflection, and rest on two inclined supports, one above
and the other below the valve., These inclines are steep,
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so that the plates will be sure to move freely down them
under the steam pressure, and also that they be _losed up to
the valves with only a small vertical movement.

They are prevented from moving down these inclines by
a screw, passing through the bottom of the chest, the point
of which, as also the plug against which it bears, is of
hardened steel.

The pressure plates are held in their correct positions by
projections in the chest on one side, and tongues projecting
from the cover on the other, which bear against them near
each end. Between these guides they are capable of
motion up and down their inclined supports, and also
directly back and forth between the valves and the covers.

The pressure of steam is always on these plates, and
tends to force them down the inclines to rest on the valves.
By means of the screws they are forced against the steam
pressure, up to the inclines and away from the valves.
This adjustment is capable of great precision, so that the
valves work with entire freedom between its opposite seats,
and still are steam tight.

Whenever the pressure in the cylinder exceeds that in
the chest, the admission pressure plate is instantly moved
back to contact with the cover, thus affording an ample
passage for the discharge of water before it can exert a
dangerous strain.

The governor is plainly shown in Fig. 84. The active
parts are very light, the power being derived from a high
rotative speed, causing a sensitiveness in its movements
that will arrest fluctuations and produce uniformity in the
running of the engine. The balls being propelled outward
by centrifugal force will raise the pear-shaped weight and
also one arm of a lever, thus lowering the other arm of the
same lever, which in turn lowers the sliding block in the
link by means of the connecting link shown in the cut,
thus shortening the cut-off.
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To set the admission valves place the engine on its dead
centre, then raise the governor, bringing the centre of the
block between the centre of the trunnions of the link.
With the governor in this position, set the valve that is
about to open, giving from %’ to " lead according to
the size and speed of the engine. Then turn the engine to
the opposite centre and set the other admission valve in
the same manner, bearing in mind that both admission
valves travel to centre of cylinder to admit steam. After
letting the governor down it will be noticed that the valve
has moved a short distance, but this is as it should be, as
when the engine is on the other centre it will give the same
movement to the other valve; this is intended to equalize
the cut-off on both strokes at the same points in the stroke
from zero cut-off to the limit of cut-off of engine.

To set the exhaust valves have the engine on its dead
centre and set the valve to open when the piston is from
two inches to eight inches from the end of its stroke. The
opposite exhaust valve is set in the same manner. The
opening point is controlled by the speed and size of the
engine. The brass check nuts on the valve stems must not
be screwed up hard against valves, as that will cause them
to bind. They should be free to move on the stem, but
not too loose, as to cause knocking. Care must be taken
in setting up the pressure plates and is best done when the
engine is well warmed up, by opening the indicator cocks
and backing the plate off until it allows steam to leak into
the cylinder and then letting it down till the leak stops.
After this work has been done the engine is ready for steam,
when the indicator should be used for any further adjust-
ment of the valves, especially the exhaust valves.
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THE AJAX STEAM ENGINE.

EIES-CO.

o pepm—
Fig. 86. BALANCED VALVE.

This engine is of the single slide valve type, with over-
hanging cylinder and locomotive guides.

The valve is balanced from all pressure higher than the
exhaust by a relief plate on the back. The ports are long
and extend below the bottom of the cylinder, thus provid-
ing perfect drainage. A single casting forms the cylinder
and steam chest, which saves the necessity of packing the
most difficult joint in the whole engine. The piston is cast
hollow, thus making it as light as the requirements of
strength will permit. The packing consists of narrow cast-
iron rings turned eccentrically and larger than the bore of
the cylinder, and sprung into grooves in the piston. Tnese
rings require but little adjustment, cause no undue friction
or wear, and leave the piston free to move.

The above cut represents a sectional view of the valve,
ports and piston of the engine. The valve is a common
“D"” slide valve, accurately balanced by a circular plate
fastened to the back with hollow brass collar bolts, which

NoTtxr.—These engines are built at the Ajax Iron Works, Corry, Pa.
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THE Ajax ENGINE.

Pig. 87. Ajax STEAM ENGINE, BALANCED VALVE CENIRE CRANK.
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permit the exhaust steam to act on the top of the plate.
The plate is encircled with a floating ring, packed as will
be seen in the cut. This ring comes in contact with the
chest cover and is kept in place by the pressure of the
steam. In case of water or excessive pressure in the
cylinder it allows the valve to raise from its seat, it can be
easily operated with one hand under full pressure of steam.

The area of ports is ample for the highest piston speed
which the engine is capable of sustaining. They are very
long and narrow, which reduces the travel of the valve to a
minimum, and permits the valve and seat to always wear
straight, never concave or convex, and always takes up its
own wear and remains steam tight. As will be seen in the
cut, the ports enlarge after leaving the seat. This prevents
wire drawing. The exhaust port is large and opens
directly under the cylinder, whence the exhaust pipe may
be conducted to either side. In the largest sizes the steam
chest is nearly as long as the cylinder. The ports are four
in number: two steam and two exhaust, which makes the
steam passages as short as is possible with a “D” slide
valve.

A variable eccentric is an attachment which is placed
upon all Ajax throttling engines, and deserves especial
mention ; it can be reversed if desired, or steam cut off at
any desired point from zero to three-quarter stroke by
simply adjusting the eccentric across the shaft. This
eccentric is graduated for three different points of cut-off.
To change the point of cut-off, loosen two nuts on the out-
side of the eccentric, move the eccentric across the shaft to
the desired point, and tighten the nuts. To reverse the
engine, move the eccentric entirely across the shaft, accom-
plishing the result as easily as with a link and double
eccentric.

The Ajax engines are all supplied with automatic stop
governors, but if desired, with automatic cut-off governors.
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WILLIAMS' ENGINE,

Fig. 88. Wirriams’ IMPROVED COMPOUND VERTICAI, ENGINE.
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WiLLiAMS' ENGINE.
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WILLIAMS’ IMPROVED VERTICAL

ENGINES.
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These engines are built at Youngstown, Ohio, by Messrs.
Wm. Tod & Co., from designs furnished by Mr. E. F.
Williams, Engineer, New York City. Fig. 88 represents a
1200 H. P. compound vertical engine of this type. In
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WiLLiaMS' ENGINE.

Figs. 89 and go are two sectional views of the Williams’
vertical standard engine, 600 H. P., all parts drawn to scale.
It will be seen that piston valves are used on the first cylin-
der, and flat multiported valves for both steam and exhaust
on the low pressure cylinder. The high pressure valve is

Fig. 93. WILLIAMS’ VERTICAL CoMPOUND ENGINE, DIRECT
CONNECTED.

controlled by a shaft governor, and the low pressure valves
driven from separate eccentrics (for steam and exhaust),
and in each case quarter crank rockers modify the valve
movements in such a manner as to get large openings with
small travel.
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WiLLIAMS' ENGINE.

The piston valves may be briefly described. Two pack-
ing rings are used which are self-adjusting to wear, being
held out against the bushing (thereby preventing leakage)
by the steam pressures. To prevent the rings being set
out too hard, as commonly occurs when “ free ring ” pack-

Fig. 94. WILLIAMS’ VERTICAL TRIPLE EXPANSION ENGINE, DIRECT
CONNECTED TO DYNAMO.

ing is used, a peculiar construction is introduced by fitting
the rings steam-tight against the flange joints and forcing
them against it by the introduction of short helical springs
between the upper or steam ring and the central ring, which
is one solid band, separating the packing rings. The result
is a light-running, durable. tight piston valve.
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WiILLIAMS' ENGINE.

Fig. 95. WILLIAMS’ IMPROVED VERTICAL ENGINE, DIRECT CON-
NXCTED TO A GENERATOR FOR RAILWAY AND POWER SERVICE.
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WiLLIAMS’ ENGINE.

The standard Williams’ engines have piston valves in the
high pressure cylinders of compounds and in the high
pressure and intermediate cylinders of triple engines. They
are not confined to this valve system, however. The
engravings, Figs. 91 and 92 show the arrangement of multi-
ported flat valves (gridiron type) as they are applied to the
high pressure cylinders of compound engines when flat
valves are desired for both cylinders. By arranging the
steam and exhaust valves as shown, they are quite accessi.
ble and the percentage of cylinder clearances is reduced to
a proper amount, not exceeding 5 or 6 per cent.

The governor is mounted on the shaft as shown in the
figures. Two weight arms are used—on same side of shaft
—and two springs, and in some cases a small adjusting
spring. The weight arm is pivoted on roller bearings and
the springs are hung on knife edges. Cut-off is regulated
by the governor turning the eccentric upon the shaft.

! | Pig. ¢6. MODERN STEAM ENGINE WORKS.
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THE METROPOLITAN ENGINE.
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Fig. 97. THE METROPOLITAN SIDE CRANK SELF-CONTAINED ENGINE.
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THE METROPOLITAN ENGINE.

This engine is self-contained with side crank as shown in
Fig. 97, its essential features being the arrangements for
taking up the wear, also the self-contained base.

The guide portion of the frame is cast in the form of a
hollow cylinder, the front side being removed to give access
to the cross head, and the edges of the opening are
strengthened. A strengthening ring is also cast about the
end next to the crank which firmly connects the top guide
with the bed, avoiding any tendency to spring. The form
of the bed, with outer pedestal connected, combines a rigid
base so that the engine runs very steadily upon no other
foundation.

The bed is extended beyond the main bearings, as well
as at the cylinder end, and at an angle of 45 degrees, and
includes the outboard bearings, making the engine side
crank, self-contained, setting entirely upon its own base.
The space between the main and outboard bearings is
sufficient to admit the eccentric, governor belt pulley and
driving wheel ; the shaft is extended beyond the outboard
bearing for an extra pulley. The head or back end of the
bed is turned and faced true with the guides, and forms the
front head of the cylinder, which is of the over-hanging
type, and is scraped and bolted substantially to the bed in
such a manner as to secure perfect aligniyent and security
against leakage.

The piston-rings are self-adjusting, and are furnished with
steel springs and set bolts. The piston-rod is of steel,
screwed into the cross-head and secured with a jamb nut.
The cross-head sets vertically and is provided with wedge-
shaped shoes made of gun metal and shaped oval top and
bottom, which are easily adjusted on the studs with a nut
on each side of the flanges. The cross-head pin is hollow
with drop oiler attached so as to oil when running.

Norgr.—Made by Donegan & Swift, No. 6 Murray St., N. Y,
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The eccentric rod and valve stem are of steel; a plain D
slide valve is used, and the ports are ample for the rated
horse power.

In Fig. 98 is shown a vertical engine of the same type.
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THE BALL ENGINE.




146  New Catechism of the Steam Engine.

THE BALL AUTOMATIC CUT-OFF
ENGINE.

These engines are manufactured at Erie, Pa., by the
Ball Engine Co. Fig. 99 represents a tandem-compound
side crank engine, direct connected to a dynamo.

Fig. 1o1. THE BALIL VALVE.

The construction of the Ball valve is quite clearly shown
by the detailed illustrations, Figs. 100, 101 and 102.
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THE BALL ENGINE.

Fig. 102. THE BALL VALVE.

It consists of two parts telescopically connected; this
permits each part to adjust itself to its seat. Referring to
Fig. 100, the manner of its adjustment to its seats will be
made clear by the explanation that steam enters at the
top, forcing, in its efforts to escape, the upper and lower
parts of the valve apart until each rests squarely, and
steam-tightly against its seat, and this forcing apart is con-
tinuous, and constant from one end of the stroke to the
other. Fig. 101 is here embodied simply to indicate position
the valve may take in the various constructions, while Fig.
102 is given showing exaggerated separation to indicate
what slight frictional contact one part of the valve has to
the other.

In Fig. 103 is presented a vertical sectional view of the
steam ches? and valve which will make clear the manner of
operating the valve, and the steam distribution to the
cylinder, and, it will be noted that, the combined port
areas represent most liberal openings through which the
steam passes to each end of the cylinder up to very nearly
the point of actual closing of the valve, while the same
freedom is present for the discharge of steam from the
cylinder into the chest and thence into the exhaust pipe.
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THE BALL ENGINE.
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Fig. 103. THE BALL VALVE—CHEST AND VALVE—SECTIONAL VIEW.

The regulator (Fig.

105) is an adaptation of the

“Rites governor system” by which all the working parts
are practically reduced to a single moving piece swinging
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THE BALL ENGINE.

on a common supporting pin thereby reducing the friction
to a minimum, with no joints to interfere with the best
action of the governor.

The Ball engine is made in the various forms usual to
the modern construction. Fig. 104 represents the vertical
cross-compound engine.

Fig. 104. VERTICAL BALL CrOss COMPOUND ENGINE,



150 New Cateckism of the Steam Engine.

THE LAXE ERIE ENGINE.

Fig. 105. THE RITES GOVERNOR AS APPLIED TO THE BALL ENGINE.

LAKE ERIE ENGINES.

These engines are designed and built by the Lake Erie
Engineering Works, at Buffalo, N. Y.

Fig. 106 shows a triple expansion, vertical engine of this
type. Fig. 107 shows a section through the low pressure
cylinder, showing the valves and working parts in detail.
The following description applies to these engines.

The cylinders are of the four valve type, having two ports
for steam and two ports for exhaust. The clearances vary
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THE LAKE ERIE ENGINE.

from two and one-half or three per cent. to seven per cent.,
according to the diameter of the pistons, being least on the
greater diameters.

Fig. 106, LAKE ERIE ENGINE—TRIPLE ExXPANSION.

The valves are of the double-faced slide type, and are
small, light and four ported. The high pressure steam
valve is wholly balanced, and the others, working under
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. THE LAKE ERIE ENGINE.

light pressures, are operated by independent gear. The
lap is adjustable, permitting of the most advantageous
setting for either condensing or non-condensing service.
The governor and steam valves are constructed so as to
carry the steam as far as three-fourths stroke in the first
cylinder, should the demands of the load at any time
require it. The movement of the high pressure admission
valve is controlled by the centrifugal shaft governor, by
means of which the engine is regulated as regards the speed
of revolution. The governor, which has only two weights,
one spring and four pivoted joints, is extremely sensitive.

The cylinders are substantially and neatly lagged with
iron, and the intervening spaces between cylinders and
lagging filled with non-conducting material.  The steam
chest covers are provided with panelled or corrugated
hoods and polished on the exterior surface.

The frames supporting the cylinders are of the “A”
type of double box columns of cast iron securely bolted to
flanges on the bottom of the cylinder and the bed plate,
The slides are on the inner surfaces of the columns, the
bed plate is heavy and substantially designed, and especially
arranged for direct coupled generators when desired.

On account of the severe service to which street railway
engines especially are subjected, and in order to provide
for emergencies, all bearings are water jacketed and remov-
able. The slides are also water jacketed and are arranged
so they can be easily removed and renewed in case of acci-
dent. This point of water jacketing all main working
parts is of vital importance in the use of large units for
continuous service. In compounds, the high pressure
cylinder is steam jacketed. In triples, the high pressure,
as well as the intermediate pressure, is steam jacketed.



New Catechism of the Steam Engine.

153

THE LAKE ERIE ENGINE.

I
i 7
H Z8\|7
{ / )
1 A 1
i |
1 ]
3 i
b '
\! ?
) i
2 ! i
2 H
I |
1 A Y
i ;
1 2 .
L% My Z 74
i 7 ]
i
i N
& p:
----------------- 216l N o EES e ==
7 4 4
/? @ k\/ el
7 ;
e Vo= e
g \ e
\
7 \ N
% = | B )
¥ < A\ 40 S
g i y R N
. I\ 7 \,
; o —- 3
S \ ¢ v \
5 \ \)
L 7 A}
‘I ‘-\\ /4 ," “‘
g e, \ A7 \
! ! - \
1 1
. L 1
! . Z e \
i ~. - i
' )
o i ]
. Ei fo g
%
! 5 3
{ Ot A B
3 i 1
) ~— " =S !
\ S P i = = iy
' S /
\ 2 I
\ e A i
\ P 7 ~. /
\ i / A f
Ny - 7 il ~i
N Z 7
\,
\
2= £ =Y. T !
'\ i z
., ¥
\,
N

i - 1
: Nd i ,:/f/’:
L
A

I N
Bartlst § c'a.lv.xl

Fig. 107. SECTION THROUGH Low PRESSURE, CYLINDER OF LAKE

ERIE ENGINE,



Fig. 108. AMES SINGLE CYLINDER ENGINE.
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THE ATIES ENGINE.

These engines are all automatic. Fig. 108 exhibits the
Ames Iron Works’ Single Cylinder Engine direct connected
to dynamo.

Fig. 109. GOVERNOR FOR AMES ENGINE.

The frame is made very deep, and carried well above the
center line, the strains thus being resisted by metal in direct
line between the cylinder and main bearings. The frame

NorTE.—These engines are built by the Ames Iron Works, Oswego,
N. V.
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THE AMES ENGINE.

will not spring perceptibly under any strain whatever that
it may be called upon to carry. The lower guide, valve-
rod guide, and seats for main bearing shells are cast
integral with it, making it impossible for any portion of
the engine to get out of line except by wear, which is
provided for. The frame is so arranged that all oil wasted
from bearings finally drains to the crank-pit.

Fig. 110. HORIZONTAL SECITON OF CYLINDER OF AMES ENGINE.

The governor is of extreme simplicity, yet capable of
accurate control of the engine, see Fig. 109.

All the parts are very accessible, and may be entirely
removed from the wheel by loosening three nuts.

The balanced slide valve used is clearly shown in the
cuts, Figs. 110 and 111, and consists of a flat, rectangular
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THE AMES ENGINE.

casting finished on both sides and to an exact thickness,
This valve works frictionless between the seat and a heavy
pressure plate which is maintained at a proper distance
from the seat by two strips of iron ground about % inch
thicker than the valve,

Fig. 111, CROSS SECTION OF CYLINDER OF AMES ENGINE.

Any wear can be taken up by a good mechanic in ashort
time. Wearing down by its own weight does not open a
leak, and as the sides are vertical and subjected to equal
pressures, friction is reduced to a minimum, making the
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Fig. 113.
CONNECTING Rob

FOR

AMES ENGINE.

Fig. 112. CRANK SHAFT OF THE AMES ENGINE.
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THE AMES ENGINE.

valve very durable and capable of running a long time
without attention. It will also act as a safety valve, and
will relieve the cylinder, without injury, of a dose of water.

The rocker arm is horizontal; the center bearing works
in a bath of oil, which requires renewing only at long
intervals. Motion is communicated to the valve by means
of a slotted crosshead and square block, which carries the
valve rod in a straight line and is provided with means of
compensating for any wear. The eccentric rod is connected
to the rocker-arm and also to the governor by ball and
socket bearings. It is hollow, and through it the bearing
at the governor end is oiled.

The throttle consists of a flat valve rotated through one.
half a revolution by means of a worm and hand wheel.

The crosshead is a single casting of the slipper-guide
pattern; the sliding surface is very large and is scraped to
a perfect bearing. ,

The connecting rod is shown in Fig. 113. The adjust-
ment of crosshead end is by a wedge moved by an adjusting
screw on the top of rod. The crank end is of the “ Marine "
type, the adjustment being by means of lock nuts so
arranged that the outer one of each pair is of finer pitch
than the inner one.

The lubrication of the Ames is as follows: A chamber is
provided under each of the main bearings, into which all
oil wasting from their outer end drains. This oil is returned
to the bearings by rings, which, riding on the shafts and
dipping into the chamber below, continually carry up a
stream of oil. All oil wasting from the inner ends of the
main bearings is caught and carried to the crank-pin. The
holes through which the oil passes to the crank are one-half
inch in diameter, so as not to be readily stopped up. They
are also straight throughout their length, that they may be
conveniently cleaned.
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THE ARMINGTON AND SIMS ENGINE.

This engine, represented in Fig. 114, belongs to the high
speed automatic single valve type.

The valve is a hollow piston valve, packed steam tight,
admitting steam at the center, and exhausting at the ends.

AUTOMATIC ENGINE.

8 I1IIGH SPEED

Sy

Fig. 114. ARMINGTON &

The valve is operated by an eccentric pin, whose posi-
tion is regulated by the governor, which is a modification
of the Rites single weight governor system, Fig. 115.
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ARMINGTON & SiMs ENGINE.

As will be seen the weight and arm forms one piece,
swinging about a pin in the governor wheel. The end of
the arm, which is attached to the pin, is extended, and to
it is attached the eccentric pin, and on the extreme end a
counterbalance weight and dashpot.

The spring, which counteracts
the centrifugal force, is attached
to the weight-arm between the
pin and weight, its other end
being attached to an arm of the
governor wheel. When the
weight is thrown outward by
the centrifugal force, it swings
the eccentric pin toward the

Fig. 115. center of the shaft, thus short-
RrtTEs IMPROVED GovERNOR., ening the valve travel and cut-
off.

The self-oiling arrangement is shown in Fig. 116.

The main bearing is lubricated by a chain, which hangs
over the shaft, into an oil reservoir, and by the rotation of
the shaft it carries the oil upwards, and thus into the bearing.

Around the main shaft,
between the crank disc and
the main bearing, islocated
an eccentric disc; oil from
a stationary cup located
on the main bearing is fed
into this disc, and by the
rotation of the engine is

. Fig. 116 ARMINGTON & SIMS
thrown to the highest OILING DEVICE.

point of this disc, from

thence it flows through suitable ducts directly on to the
crank pin bearing. The lower surface of the cross-head
runs in oil, the top surface being recessed out, forming a
small oil reservoir which is fed from a stationary oil cup on



162  New Catechism of the Steam Engine.

THE STEAM TURBINE.

the top of the guides. These two upper surfaces are
connected by an oil duct leading across the top of the
cross-head pin, thus furnishing ample lubrication for these
wearing surfaces. The crank discs are partially covered
with an attractive hood.

THE STEAI'l TURBINE.

The steam turbine is simply an impact motor, changing
the velocity of the steam into rotary motion, by compelling
it to act upon a number of peculiarly curved vanes, similar
to those used in the Pelton water wheel, thus it is not a
pressure engine, but an impact motor.

Essentially the steam turbine consists of two pieces, and
no mechanism can have less, a wheel and its axle, with a
suitable frame or support. It uses steam of high pressure,
expanding it before it is used. The energy of the steam
is transferred by free expansion into the energy of a mass
in motion, and the impact of the particles of steam or
water against the vanes is, in brief, the method of utilizing
the energy stored in the steam.

Two general types of steam turbines are now in use ; one
in which the revolving discs are slotted at an angle and
work close to stationary discs similarly slotted, but in the
reverse direction. The equivalent of the compounding of
a steam engine is obtained by multiplying the number of
discs and the thrust of the shaft is wholly overcome or
utilized to advantage by the arrangement of the discs in
such a way as to modify the strain.

The other type is a disc having buckets or cups of pecu-
liar shape fastened to the sides and to balance the thrust
of the shaft steam is directed against both sides of the disc.



New Catechism of the. Steam Engine. 163

THE STEAM TURBINE.

volume at each turbine, till it arrives at the next series of
turbines; these are of larger diameter, and consequently
greater peripheral speed and capacity, and they allow of
further gradual expansion.

The steam then flows to the last series of turbmes, where,
the expansion being completed, it passes to the exhaust
pipe. The rows of turbine blades are formed of hard brass,
and accurately shaped; those keyed into the shaft project
outwardly, and nearly touch the case; those keyed into
the case project inwardly between the moving rows, and
nearly touch the shaft. The turbines are so proportioned
that the steam passes from one row to the next throughout
the entire turbine with the most suitable velocity for eco-
nomical working under the prescribed conditions. On the
right are the dummy or rotating pistons to balance the end
pressure of the steam. -

Both types of turbine have given results in the develop-
ment of power on a steam consumption about equal to that
used by high class engines.

The compound steam turbine of the “parallel flow type ”
consists of a series of parallel flow turbines set one after
the other on the same shaft, so that each turbine takes
steam from the preceding one and delivers it to the next.
The steam, entering by an inlet all around the shaft, passes
through the successive turbines of gradually increasing area
of passageway.

-

NoTE.—At the Bordeaux Exhibition a one hundred horse power De
Laval turbine ran on 21 pounds of steam per hour per horse power on
a seven hour test, with 113 pounds initial pressure and 26 inches of
vacuum. With a load of 50 horse power the consumption per horse
power increased to only 23.27 pounds. A satisfactory item as bearing
upon the continued efficiency, is that after nine months of use the tur-
bine generated a horse power on 19.58 pounds. At Troyes a 2 horse
power turbine running with only 71 pounds initial developed a horse
power on the same amount—19.58.
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THE STEAM TURBINE.

In these several passageways the steam expands gradu-
ally by small increments.

In a moderate-size turbo-motor there may be from thirty
to eighty successive rings, and when the steam arrives at
the last ring the expansion has been completed.

On the left side of the steam inlet are the dummy or
rotating pistons, which are fixed to and rotate with the
shaft. On their outside are grooves and rings which pro-
ject into corresponding grooves in the case. By means of
the thrust bearing of the motor, the longitudinal position
of the shaft is adjusted, and grooves and projecting rings
kept nearly touching, so as to make a practically tight
joint. The object of these pistons is to steam-balance the
shaft and relieve end pressure on the thrust bearing.

With compound condensing turbines, a steam efficiency
comparable with the best compound or triple-expansion
condensing engines was at length reached, and it was then
resolved to test the application of the compound turbine
to the propulsion of ships, for which purpose it seemed

well suited.

An account of an experimental ship built to test the
system for marine propulsion is given on page 421 of this
book; the steam turbine is invading the field of station-
ary engineering and, once its experimental period is passed,
may be expected to become a prominent factor in large
station work, as for electrical service it possesses especial

advantages.
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THE CORLISS STEAM ENGINE.

The Corliss engine differs mainly from all other engines
by its peculiar construction of the valves.

The valves are four in number, two for steam and two
for exhaust. They are set at right angles with the center
line of the engine, and are either semi-rotary valves or flat
slide valves, but in both cases the construction of the valve
mechanism is the same, the only difference being that the
flat valve consists of a cast-iron plate, which slides on a
smooth surface at the end of the cylinder, and includes

Fig. 119. WORKS AT PROVIDENCE.

the steam port. The motion is transmitted to this plate
from the rotating valve stem by means of links and bell
cranks fastened to the valve stem inside of the valve
chest, so that, if the valve stem commences to rotate, the
flat plate will be drawn parallel with the cylinder, across
its seat, thus uncovering the port. These valves are, how-
ever, not very frequently used.

The more popular type of Corliss valve is the semi-
rotary valve, shown in Fig. 121, and its location in the
cylinder casting is shown in Fig. 120, the upper valve, 1,
being the steam valve, the lower one, 2, the exhaust valve. *

*NoTE.—Only one-half of the vertical section of the cylinder is
shown, the other two valves being the same as those shows,
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THE CORLISS STEAM ENGINE.

—/0

Figs. 120 and 121

Table Showing Lap and Lead of Valves of Corliss Engine.

Wrist Plate on its Center.
f : { Steam Lead
Cylinder Diameter in Engi
gine on
Inches. Steam Exhaust Dotk
Lap. Lap. :
8, 10& 12, 3-16" 1-32" 1-32”
14, 16, 18 & 20. 74 Ve 1-32"”
22, 24, 26, 28 & 30. 5-16" 3-32" 3-64"
32, 34 & 36. 36" % 1-16”
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THE CORLISS STEAM ENGINE.

Steam enters at Fig. 120 and passes through the steam
port, 3, into the cylinder, and is exhausted through
exhaust port, 4.

In Fig. 121 these valves are shown in perspective on an
enlarged scale, 1 being the steam valve, and 2 the exhaust
valve.

The recesses @, Fig 121, cut across the face of the cir-.
cular end of the valves, are to receive'a T-shaped head of
the valve stems, which transfers the rotary motion of the
latter to the valves, and still allows the valves to be with-
drawn from their respective chambers, by removing the
covers on the front side of the engine.

It also enables the valves to leave their seats, if forced
by water or overpressure, and to follow up near without
binding the valve stem. The steam valve is riding upon
the port, which connects the steam chest, 5, with the
cylinder, and is held to its seat by steam pressure, while
the exhaust valve is held to a port connecting exhaust
chamber, 6, with the exhaust valve chamber, thus the
steam pressure always holds it to its seat.

An important feature of the Corliss engine is the valve-
gear. Economy in the use of steam requires that it shall
be admitted to the cylinder at and near the beginning of
the stroke of the piston at a pressure not much below that
in the boiler; that this pressure shall be maintained prac-
ticaily constant for a portion of the stroke, and that then
the supply shall be cut off quickly, the remaining portion
of the stroke being completed under the expansion of
steam in the cylinder. Under these conditions the pres-
sure of steam in the cylinder will be so far reduced at the
conclusion of the stroke that little or no more useful work
can be performed by it. Then this steam must be ex-
hausted so freely that back pressure in the cylinder will be
reduced to a minimum,



168  New Calechism of the Steam Engine.

CORLISS ENGINE GOVERNOR,
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CoRLISS ENGINE GOVERNOR.

This is accomplished in the Corliss engine, by the use of
very short valve ports, which reduce the friction to a mini-
mum.

Another great advantage of the use of 4 ports is, that
the steam entering the cylinder need not pass through
ports cooled down previously by the exhaust.

The sharp and quick cut-off is gained by the use of a
releasing mechanism, Figs. 123 and 124, which only opens
the valve, the closing being done by dashpots shown at D
Fig. 125.

These dashpots consist of cast iron cylinders, in which a
piston is working air tight; when the valve is opened by
means of the hook C and bell crank B, the rod O is also
lifted, which in turn raises the piston of the dashpot, and
no air being admitted below it, a vacuum is created.

Now if the hook is tripped by the cam S, operated by
the governor, the air acting with a pressure of 15 pounds
to the square inch upon the dashpot piston, will force it
down almost instantly, and thus close the valve, shutting
off the steam, which by its expansion continues the
stroke.

To avoid pounding of the dashpot piston, when it strikes
the bottom of the cylinder, another cylinder is arranged,
in which air is compressed, thus cushioning the descending
piston.

The governor shown at Fig. 122, operates cam S by
means of reachrod G and lever A, Fig. 125.

If the engine speeds up, the governor balls will rise, and
by way of their connection with rod G push cam S toward
the hook C, thus tripping it earlier in the stroke, which
operation cuts off steam quicker.

Again if the engine slows down, the governor balls in
descending will pull the cam away from the hook, allowing
admission of steam to be continued further along the
stroke.



170 New Catechism of the Steam Engine.

THE CORLISS ENGINE.

The travel of the exhaust valves is constant at ali speeds.

The oilgag which will be noticed on the governor is to
prevent too sudden actions of the governor, at very vary-
ing loads, which would cause the engine to race.

The type of engine invented by Corliss, and which bears
his name, has produced such remarkable results in the field
of steam engineering that all must be interested in the man

George Henry Corliss was born on June 2, 1817, in
Easton, Washington Co., N. Y. He died in Providence,
R. I., on February 21, 1888. The highest known honors
ever accorded to any engineer have been given to him by
foreign governments and scientific societies. It has been
well said that the combined work of the two men, Watt
and Corliss, has changed the face of the entire world.

Mr. Corliss was not fitted by any special education for
his great work of taking the steam engine up where it was
left by the immortal Watt, and bringing it to its present
high state of perfection. He never saw the inside of a
machine shop until he was 24 years of age. He attended
an ordinary village school at Greenwich until he was 14
years of age, and a few years in various lines of the leather
business, naturally, for him, resulted in the invention of a
harness sewing machine which long preceded the famous
sewing machine invented by the Howe brothers.

Mr. Corliss first came to Providence in 1844 to complete
an invention of his, for sewing harness leather. He went to
the High Street Furnace Company, but soon took his work to
the steam engine works of Fairbanks, Bancroft & Company.
His sewing machine was fully completed, but he showed
such adaptability as an inventor and draughtsman, that he
was induced by the above firm to enter their service, which
involved an abandonment of the harness-sewing machine.

The details of invention of the engine and its introduc-
tion in 1845 and in the years following, would fill a volume.
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THE CoORLISS ENGINE.

At the present day the Corliss engine is made in Eng-
land, Germany, France and in fact in every civilized coun.
try in the world.

While many improvements have been made in the valve
gear of the Corliss engine its great distinguishing features,
the four valves, releasing gear with the dash-pot, cut-off,
etc,, remain the same in principle as first proposed by the
inventor. Very many of the original engines built by the
inventor are still in use every day most satisfactory, for in-
stance, one in Phillipsburg, New Jersey, (Warren Pope
Works) is still running with the identical valve gear first
introduced by Corliss.

The Corliss system of valve gear has also proved to be
well adapted to the compounding of steam. Of the com-
pound engine it has been said that it has some advantages
over the simple engine, such as a better distribution of
strains and a more nearly uniform rotative effect on the
crank-pin, and hence on the shaft. For a given power the
first cost of a compound engine exceeds that of a simple
engine ; but this is partially balanced by the saving in
boiler capacity, and is very soon saved in less cost of fuel.-

There are different plans of compounding, one of which
is to use, in effect, two engines connected to cranks on the
ends of the shaft. The tandem compound, with cylinders
arranged one forward of the other: this has the advantage
of occupying a narrow space compared with the two en-
gines side by side, and does not present so many moving
parts to be cared for. It also hasthe advantage due to
the cylinders being placed close together, so that the cer-
tain loss due to passing the steam a considerable distance,
from the high to the low pressure cylinder, is avoided.

|
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Valve Gear of Cor]isé Engine with Directions
for Setting Corliss Valve.

There is a great variety of releasing gears as applied to
the Corliss engine, yet they differ only in detail and not in
principle, and may, for convenience, be divided into two
classes.

Those engines, whose valves rotate toward the center of
the cylinder in admitting steam, may be considered as the
first class, and include the “crab-claw gear,” Fig. 123, as
originally applied by Corliss and still used in a modified
form by several later builders. The Reynolds-Corliss,
Philadelphia-Corliss engines, and several other makes, be-
long to this class also, but are equipped with a device
known as the “ half-moon gear.”

Fig. 123. CrAB CLAW RELEASING GEAR.

The second class is made up of those engines in which
the steam valves rotate toward the ends of the cylinder, or
outward, when opening for admission, generally using a
form of gear styled the “oval arm gear,” Fig. 124. To
this class belong the Allis-Corliss and Hewes and Phillips-
Corliss engines.
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DIRECTIONS FOR SETTING CORLISS VALVES.

Fig. 125 shows all the essential parts of the valve gear.
The bonnets on the crank end are omitted from the draw-
ing in order to show the marks made by the builders for
setting the valves. The steam valves work in the cham-
bers S, S, and the exhaust valves work in the chambers
E, E. The double-armed levers 4, C work loosely on the
hubs of the valve stem brackets and the lever arms B, the
former are connected to the wrist plate ¥ by the rods M ;
the levers B are keyed to the valve stems V, and are also
connected by the rods O to the dash pots D, D. The

Fig. 124. THE RELEASING MECHANISM OF THE CORLISS
VALVE GEAR.
Shown upon an enlarged scale of Fig. 125.

double-armed levers carry at the outer ends C hardened
steel catch plates, which engage with arms 5, making the
two arms B and C work in unison until steam is to be cut
off. At this point another set of levers /7, connected by
the cam rods G to the governor, come into play, causing
the catch plates to release the arms B, the outer ends of
which are then pulled downward by the weight of the dash-
pot plunger, causing the steam valves to rotate on their
axes and thus cut off steam.
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DIRECTIONS FOR SETTING CORLISS VALVES.
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DIRECTIONS FOR SETTING CORLISS VALVES.

These are the essential features of the Corliss gear,
although the design of the mechanism is greatly modified
by different builders.

The exhaust valve arms / are connected to the wrist
plate by the rods 4, and it is seen that all the valves re-
ceive their motion from the wrist plate ; the latter receives
its motion from the hook rod 7. This rod is generally at-
tached to a rocker arm, not shown; to this arm the eccen-
tric rod is also attached. The carrier arm is usually placed
about midway between the wrist plate and eccentric, and
in the centre of its travel stands in a vertical position.

The setting of the valves is not a difficult matter when,
on the wrist plate, its support, valves and cylinder, the cus-
tomary marks have been placed for finding the relative
positions of wrist plate and valves.

Now, when the back bonnets* of the valve chambers have
been taken off, there will be found a mark or line @ on the
end of each steam valve s, coinciding with the working or
opening edge of each valve; another line & will be found
on each face of the steam valve chamber coinciding with
the working edge of the steam port. The exhaust valves
and their chambers are marked in a similar way, 7. ¢., the
line g, on the end of each exhaust valve, coincides with the
working edge of the valve, and the line /4, on the face of
each exhaust valve chamber, coincides with the working
edge of the exhaust port. On the hub of the wrist plate
will be found a line & coinciding with the centre line &, £
lastly, there are three lines, f, ¢, / on the hub of the wrist
plate support, placed in such a way that when the line &
coincides with the line ¢, the wrist plate will stand exactly
in the centre of its motion, and when the line & coincides
with either of the lines f, f, the wrist plate will be at one

NoTE.—These marks, in this case, are shown on the front of the
valve and chamber, on the right hand side of Fig. 125 the conditions
are the same as in the back.
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DIRECTIONS FOR SETTING CORLISS VALVES.

of the extreme ends # or v of its travel. It should be
noticed that since the lines f, ¢, f are drawn on periphery
of the hub of the wrist plate support, and the line & is
drawn on the periphery of the wrist plate hub, these lines
cannot stand in a vertical position, as shown. We have
adopted this way of showing them simply for the purpose
of making the matter plain.

In setting the valves, the first step will be to set the wrist
plate in its central position, so that the lines ¢ and & will
coincide, and fasten the wrist plate in this position by plac-
ing a piece of paper between it and the washer L on its
supporting pin. Now set the steam valves so that they
will have a slight amount of lap, that is to say, the lines 2
must have moved a little beyond the lines 4, the amount
of this lap depends much on individual preference and ex-
perience; it ranges from 4% to I{ inch for small engines,
and from ¥ to % inch for comparatively large engines.
This lap is obtained by lengthening or shortening the rods
M by means of the adjusting nuts.

Now place the exhaust valves ¢, by lengthening or short-
ening the rods /V by means of the adjusting nuts, in a posi-
tion so that the working edges will just open the exhaust
ports, or, in other words, place the lines g and /% in line
with each other. Some engineers prefer a slight amount
of lap, others prefer a slight opening of the exhaust ports
when the valves are placed in this position; under these
conditions the lines g and /% cannot be in line, but will
stand apart, as indicated in the illustration; the distance
between these lines will, of course, be equal to the desired
amount of opening; for small engines it is about 44 inch,
and for larger engines may be increased to % inch, but in
any case the amount of this opening should be less than
the lap of the steam valves, otherwise there will be danger
of blowing through,
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DIRECTIONS FOR SETTING CORLISS VALVES.

The paper between the wrist plate and the washer on
the supporting pin should now be taken out, so that the
wrist plate connected to the valves can be swung on its
pin.

The next step will be to pay some attention to the rocker
arm. Set this arm in a vertical position by means of a
plumb-line, and connect the eccentric rod to it; then turn
the eccentric around on the shaft, and see that the extreme
points of travel are at equal distances from the plumb-line.
To secure this a little adjustment in the stub end of the
eccentric rod may be necessary. Now connect the hook
rod 7 to its pin on the wrist plate, and again turn the ec-
centric around on the shaft, and thus determine the ex-
treme points of travel of the wrist plate. If all parts have
been correctly adjusted, the line & will coincide with the
lines f, f at the extreme points of travel; if this is not
the case, the hook rod will have to be adjusted at its stub
end so as to obtain the desired equalized motion of the
wrist plate.

The next step will be to set the valves correctly with the
position of the crank; to do so the lengths of the rods #/
and /V must not be changed, but the following mode of
procedure should be followed: Place the crank on one of
its dead centres, and turn the eccentric loosely on the shaft
in the direction in which the engine is to run, until the
steam valve nearest to the piston shows an opening or lead
of 5 to 34 inch, according to size of engine, the smaller
lead, of course, being adopted for small engines. After the
proper lead has been given to this valve, secure the eccen-
tric and turn the shaft with eccentric in the same direction
in which the engine is to run until the crank is on the op-
posite dead centre, and notice if the opening or lead at this
end of the cylinder is the same as on the other steam
valve; if not, shorten or lengthen slightly, as may appear
necessary, the connection between wrist plate and eccen.
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DIRECTIONS FOR SETTING CORLISS VALVES.

tric: of course, much adjustment in the length of these
connections is not admissible without setting the valves
with reference to the wrist plate.

The only thing which remains now to be done is to ad.
just the cam rods G. To do so, secure the governor balls
in their highest position and disconnect the hook rod from
wrist pin; lengthen or shorten the cam rods G, so as to
bring the detachment apparatus into action, swing the wrist
plate back and forward and make such adjustment in the
rods G as to permit the steam valves to be released when
the stzam port has been opened about }§ inch. This ad-
justment is for the purpose of keeping the engine under
the control of the governor, in case, for some reason or
another, the load on the engine is suddenly thrown off, so
that the valves are not opened at all when the governor is
at its highest position. After this adjustment the governor
balls should be placed in their lowest position. The releas.
ing gear is constructed in such a manner as to close the
steam valves automatically, in case the belt leading to the
governor should be broken.

To set the cut-off even, proceed as follows: Block up the
governor where it stands when an average load is on the
engine and mark on the guides the extreme travel of the
cross-head. With the governor blocked up move the en-
gine slowly, either by hand or by admitting a very little
steam, until the valve is tripped, and note the exact dis-
tance traveled by the cross-head up to this point. Turn
the engine to the other center, hook up the valve and
repeat the process on the other stroke. If the distance
- traveled by the cross-head is not the same in both cases
lengthen one point of cut-off and shorten the other until
the travel of the cross-head is exactly the same on both
strokes, up to the point where the valves are unhooked.

The dash-pot rod should be adjusted in length so the
steam valve arm, resting thereon, when the dash-pot
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DIRECTIONS FOR SETTING CORLISS VALVES.

plunger is home, or at the bottom of the pot, is in such a
position that the latch is sure to hook over the latch stud
and the stud lies midway between the latch die and the
closing shoulder. This will insure on the one hand the
pwsitive engagement of the latch, and on the other hand
prevent the shoulder from jamming down upon the latch
stud. If the dash-pot rod is too short, the latch will not
hook on.

The dash-pot is provided with a leather packing in the
vacuum plunger underneath the dash-pot proper. This
should be kept moist and in good condition. To spread
the packing, introduce some liners of paper inside the flange
on cup leather. When leather is adjusted just right, the
pot will work promptly and softly. The valve in the air
opening is to regulate the amount of air cushion by adjust-
ing the screw in the escape hole.

The regulator gag-pot is used on Corliss engines to pre-
vent over-sensitiveness of the governor and its response to
trivial changes. Use only coal or kerosene oil in this pot,
and remove one or more of the screws in the piston if re-
quired to give greater freedom of motion. See that all
parts of the governor move freely.
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THE CORLISS ENGINE.

The engravings Fig. 126 and Fig. 127 represent the valve
gear side and crank side of the single cylinder engine built
by the Corliss Steam Engine Co. in works established by
Geo. H. Corliss, the original inventor of the Corliss Engine,
and incorporated 1856. ’

The frame of the engine is of the Corliss Girder type,
made of a substantial pattern with heavy support at the
end of the guide.

These guides are circular in form, so that the crosshead
slides have bearing for full width. The wrist lever, instead
of being the usual round wheel form, is a skeleton frame
making connections very short to the steam and exhaust
arms, and so proportioned as to give a very rapxd opening
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