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PREFACE TO VOL. L

WHEN the author commenced a series of articles on the Indicator in the
BosToN JoURNAL OF COMMERCE, it was only with an idea of writing a few
articles in number, for the purpose of showing up some of the most generally
found defects ot the builders of steam engines, — defects in practice,—and to
explain, in as simple a way as possible, how to adjust, or at least how to over-
come these defects, so far as the defects of building would allow, and make a
more economical use of steam. The subject, however, grew on the author’s
hands, and, rather to his disappointment, a great deal of inquiry was elicited.
The articles were continued far beyond his own ideas, originally, and, as the
paper was growing rapidly in circulation, hundreds of subscribers were added
who could not procure the first of the series. Within the first four or five
months inquiries began to come in asking us if we would not print the articles
in book form. It was a year or more after the appearance of the first article of
the series before time could be given to their revision for the purpose of re-
publication in book form. Meantime the name of the paper had been changed
to CorToN, WooL AND IRoN, and the subscription list was increasing faster

-than ever. All this required new quarters, and we were obliged to move in the
very midst of the preparation of this book; and the book was still further de-
layed some two or three months on account of having to add to our plant for
printing the paper. This, in brief, is how this book came to be printed. Itis
offered to the public with the full knowledge that there are many little inac-
curacies, arising from the fact that the author has been doing the work of two
or three men. Aside from having the full management and editorial charge
of the paper, (which is no easy job,) his daily consultations have been large,
being obliged at times to travel several hundred miles per week, which,
together with the charge as consulting engineer of a number of large steam
plants and cotton mills, has made it next to impossible for him to sit down for
more than an hour without interruption or being obliged to drop the work
entirely for days together.

The subject-matter of the book has been gathered from probably the
broadest experience ever enjoyed or earned by any man in this country. It
was commenced at a time when but very few people knew anything of the
Indicator, and the instrument was in a crude state, —when it was far from
perfect. The hobbies and vagaries of engine builders, the ignorance, preju-
dice, and love of the dollar on the part of the steam users, and the bigotry and
prejudice of the working engineer, made it at times almost impossible, even
when we were investigating for our own benefit, to obtain access to an engine.
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But gradually questions arose which compelled some arbitration ; we were
fortunate enough to be appointed by the Supreme Court of several States to
carry on investigations, which opened up such questions that the steam user °
and the engine builders were obliged to make a limited use of the Indi-
cator. Meantime the change in engineering has called for a broader use of
the Indicator, has called for more knowledge, and that this knowledge shall
be based upon fact. The makersof the instrument have kept pace with the
requirements of the engineering profession, and, without doubt, the Ameri-
can Indicators of to-day surpass everything made in the world before, for
their accuracy, and their durability under all the range of requirements
from the slow moving low pressure engine, to the high speed and high
pressure locomotive, and electric light engine.

The lessons in this book are drawn from actual practice ; with very few
exceptions the diagrams were all taken by our own hands. What this labor
has cost, no one but ourself can properly understand. At times working all
night, and not in the pleasantest quarters—sometimes without anything
beyond the crudest tools—in attempting adjustment where the builder of the
engine had absolutely precluded any adjustment; working against all the
different degrees of prejudice and ignorance, frequently going without food
for many hours together, being compelled in a certain time to accomplish all
that could be done ; making long railroad rides at night ; working all day
and night —all this has not been pleasant, but it has brought about, to a
great extent, a revolution in the practice of the Indicator, and an amount
of information of easier access to the reader.

These pages are offered with a full knowledge of their faults, but it has
been the author’s intention to convey knowledge to the greatest extent pos-
sible, and in such a way that the working engineer, and the men who use
engines,shall understand them and be able to work out their own adjustment,
if they will but give a little time and patience to it. Thesecond volume will
contain more extended information with reference to the theory of working
steam, and the application of general rules as to the measurement of steam
and water, with some curious illustrations from actual practice, of the vaious
ways of connecting the Indicator to the cylinder, errors in motions,and a
variety of matter which is not yet fully laid out. Inquiry has at this time
taken a turn toward adding something in reference to combustion and
various boiler settings, and, if we follow the subject, it will probably run
into the third volume. The second volume will be issued sometime within
a year, and, as to the third volume, much will depend upon our personal
arrangements, how much can be done, and how much time we can give toit.

The diagrams in this work are,in in every case, full size, so they can be
measured and worked from accurately, or a tracing can be made for that
purpose. In every case ouraim has been to give the facts, and wherever the
name of the builder has been mentioned, itis not with any intention of either






PREFACE TO VOL. IT.

As announced in Vol. I, this book, Vol. II, is launched, not as a literary
effort or ascientific essay, but rather as a practical hand-book or text-book for
the working engineer, the steam user or any who may be learning something
as to the construction of engines and what constitutes the economy of an
engine, what use is made of the steam after being produced by the boiler,
and whether this use is good, bad or indifferent. The book has not a single
mathematical formula, algebra and the higher mathematics having Dbeen
entirely left out ; not because the engineers could not understand them, for
many of them are capable of understanding the higher mathematics, as we
know, and very many make regular use of formulse in their ecalculations for
the sake of brevity. We have ourselves had no difficulty in expressing any-
thing in few words without resort to formule ; and as so many of our engi-
neers have graduated from the fire room, and then taken positions in the
engine room, or in charge of both, who have had no chance at even common-
school education, we have preferred to put everything in the plainest word-
ing, so that all might thoroughly comprehend and avoid any confusion or
misunderstanding. So much for the general character of the work.

This work has been compiled from one of the most extensive practices
any man was ever engaged in, at a time, too, when the author has been not
only busy but a very busy man. Much of the work has been done “atween
times,” or when, for his own comfort, he might have been resting, and all the
time during the progress of the work, which has been slow, and interrupted
twice for several months, he has been busy with a large consultation practice,
with the cares of a paper, and other matters, so that Vol. IT has been delayed
many months longer than was expected.

The subject matter of Vol. II is very largely new, only a few articles
having been reproduced from the columns of the Manufacturers' Gazette,
and in every case these reproductions have been made use of from radical
points either of misuse, misconstruction, or some other peculiarities which,
while all too frequent, we are not always able tolay our hands upon for
ready reference. The various uses of steam cover a broad ground, from
the last new ocean steamship to the 15 horse-power high-speed motor for
electricity. All through the work the author has endeavored to avoid any
personal reference, or to revive any criticisms other than so far as prineiples
of mechanism, or a wasteful use of steam were concerned. Trials of engines
have been for the information of the reader; trials of indicators have been to
obtain absolute information for our own use, and in these cases all have been
judged by the inflexible standard of right, without regard to the assertions
of the several builders, patentees, improvers or venders, meaning to place on
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record only those facts which were of importance in the use of this much-
abused, much-misunderstood, and yet so simple and accurate an instrument
as the steam-engine indicator. A large majority of the diagrams in this vol-
ume have been taken by the author's instruments and hands. It has been
the aim to avoid repetition and to introduce, as much as was possible, all the
conditions of adjustment, whether right or wrong, of construction or of fancy
that might possibly arise upon any engines, anywhere, in any kind of service,
so that the book might become more valuable to those who were far away
from the builders of engines, and to make it all the more valuable to them
as affording a way out of any trouble into which they might be thrown.

The extremely extended use of the steam-engine indicator within the
last four or five years, has called for some book from a practical man, which
should not in any case toady to the indicator builders, except to apply their
instrument when it was reliable, and would record in such a manner that the
diagrams were of some practical value to the men who are not thoroughly up
in a wide practice. It has also been the aim of the author to be all the more
guarded in offering instruction which should be of benefit to the only men
for whom we are writing in general, viz., the party who owns the engine and
the working engineer in charge of it, so that these two men should be entirely
free from the assumption so frequently imposed upon them by ignorant and
impractical men who assume the role of experts, never having run an engine
a day in their lives.

Every diagram which is presented is engraved as nearly as it is possible
with all the variations which the original contained, in other words, our aim
has been not to discriminate in favor of or against any engine builder’s work,
but to produce actual fac-similes in size, in good or bad points, precisely as
the originals were when taken from the engine. The full intention expressed
with reference to the second volume has not been realized. The only point,
however, is that treating upon the errors of different motions, which is in
itself an exceedingly wide range of subjects, and requires a great deal of prep-
aration as well as careful experiment. The results of incorrect motions are
shown in several instances, and how to obtain correct chagrams is also in sev-
eral instances carefully explained.

As referred to in the first volume, it is not improbable that the thid
volume will follow the second, during the latter part of 1885, in which a
careful analysis of motions, the result of errors in motion, and any new
features with reference to indicators, or possibly with reference to errors
in the different indicators will also be fully illustrated. Much of this work
has now been done. Careful study of these motions has been made,
experiments are completed, but Vol. IT has grown so rapidly, by including in
it some of the largest marine powers, that before we would have wished it, our
printer has said that we have already exceeded the limit, and the book is,
therefore, somewhat larger than at first promised.

The aim in Vol. IT has been to meet the latest practice in such a way
that the working engineer should receive from it practical instruction, and
if that end is answered, then the real object of the book is consummated.
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Vol. IIT will undoubtedly follow before the New Year, 1886, and will
illustrate different reducing motions, and methods of giving motion to
the Indicator.

The labor embodied in a volume of this kind, and especially of Vol. II,
carnot be estimated by any one, except its author. It has cost thousands
of miles of travel, any amount of personal or physical inconvenience, in order
to obta the information which is set forth, and the book, as presented,
shows the latest practice in American high-pressure, high-pressure condens-
ing and compound of the latest steamers launched for ocean service, as well
as the steam-jacketed high-pressure engines.

The tables in thebook have been so arranged for reference as to embody
some new principles, and the table of areas in Vol. I having been found
faulty, that in Vol. IT has been largely computed, and any errors which were
found were corrected before its being issued.

With the wish that the book may answer the purpose of a ready and re-
liable reference to the steam-power owner, or others interested, especially
those men in charge, we send it on its way, realizing fully that it contains
some faults, and without doubt many omissions, but we hope also that it
contains much which is valuable, and that the favor with which Vol. I was
received may be extended to Vol. IL, and it is a curious fact, up to the time
of this writing, that many employers have ordered Vol. II for their engineers,
while in the case of Vol. I, the engineers ordered it for themselves. Evi-
dently the employers have found that the efforts of the engineer towards
self-education and a promotion, were for their interest, and we welcome this
as a sign of encouragement, especially to the stationary engineers, to con-
tinue to improve themselves, which, we know they are doing, in many
instances when they can ill-afford the expense. ‘Knowledge is power,” and
a stationary engineer can control his power with knowledge, to his own
benefit, far better than by lack of knowledge, as so many have already found.
The author will be thankful to any of the readers of this work, who will
point out any error or who will suggest important points of practical use to
be covered in Vol. IIT.

THOMAS PRAY, Jr.

New Yorg, January 1, 1885.
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The appliances for the use of the Indicator have multiplied in number, but
like too many other such matters, they are many of them of infinitely small
practical use, and so the real status of the Indicator is little changed in its
useful sense, and so after almost looking for the replacing of ¢ Twenty
Years” <ith some later book, it is a great pleasure to the author to write
down a verification of the good judgment of the owners of the nearly eighteen
thousand copies which have found their way to the engineers in all of the
countries of the earth where steam power is used.

In the year 1906, up to October 4th, on which this little addition is written
for the printer, over eleven hundred copies have been sent out, letters from
India, Alaska, New Zealand, Sandwich Islands, China, Siberia, Russia,
Greece, Egypt, Persia, Japan, Mexico, and Brazil, and others are received;
some of them have been clients for years, and in the fleets of ships, many of
the owners have furnished their men with copies.

The real progress in the economy of using steam comes only from a correct
use, and this from proper knowledge, and this broadens more and more each
year.

This is all the more true for the simple reason that the action of steam
under pressure varies but very little, so far as our knowledge of it goes; men
have made seemingly different applications, to engines, turbines, and other
methods, but the action of steam is just as it was when Regnault and Rankine
worked out so much of the facts as made it easy for the man who ‘¢ reads as
he runs ” to apply with the utmost attainable economy.

It is always a pleasure to receive letters telling of troubles and how
they were overcome. Much that is valuable, and which in another book
will be very interesting, has in this way come to hand; it is being put into
shape, and it will as it now looks, reach the printer later on, for new readers.

The gas engine has in some ways proved unable to make a ¢ revolution ”
as was expected, and to replace steam; there are many places where its use
has succeeded, but it has like the turbine, been found wanting in the broad
application that steam fully and successfully covers, completely.

Thanking each and all for their courtesy and approbation, and wishing for
each the full measure of personal success and reward, and that it may long
continue, and we may all become more and more competent to deal with the
problems to which many have given the largest number of the years of our
lives, I send this edition on its way with only kindly wishes to all and every

one of its readers. Tuomas Pray, Jr.
All Interests in the Publication and Copyrights have been legally transferred to
the American Steam Gauge and Valve Mfg. Co., September, 1908.
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College, New Haven) came into our hands, that we commenced, in the latter
part of 1865, to adjust the valves of steam engines by the use of the
indicator. If we had only been as careful then in keeping our memoranda as
we are to-day, we could produce some facts with reference to some of the best
steam engine builders in the country that would open the eyes of our readers
wide with astonishment. In fact, it is a matter that is known to some people
still living that we had a long, almost hand-to-hand fight. The indicator was
denounced, and the man who had the presumption to attempt to get away
from the old prick-punch marks and cold chisel dents on main shaft,
eccentrics, straps, valves and connections, was denounced as strongly as the
English language was capable of. In fact, invectives were freely used; but
all that has passed away and much credit is due to Mr. Charles B. Richards
for his having studied the defects of the old indicator, and by the use of the
Richards indicator eliminated many of these defects of the steam engine
builders, until finally the very men, who in 1865 were extremely vindictive,
becduse their old ways of working had been declared incorrect, are now the
men who make free use of the indicator and who advocate it and advise it.

This change has been brought about within the twenty years covered by
our own practice, terminating with the issue of this Volume II. But the
indicator is now of use for more purposes than one. In 1880 we commenced
a series of articles in a paper then edited by us, which shortly after grew into
alarge circulation, and which has done much to awaken working engineers
to the fact that by extending their knowledge they could make themselves
more valuable and could produce higher economy for their employers. These
men, many of them, have not been slow to avail themselves of this knowledge,
and in very many cases they have been personally benefited by being promoted
to better positions,and there are,no doubt, many others who will be rewarded
in the same way; but it is a work of time. Employers, on the other hand, have
been slow, in some cases, to recognize the value of the indicator and its
application, and particularly the fact that the engineer who was familiar with
it, was worth more money to him or them than one who was ignorant of it.
Like all other innovations on ancient practice, the working engineer must be
patient and must produce the results, and then no man or class of men are
quicker than employers to find the benefit of the change accruing from the
proper application of the indicator; then the men who can handle it with
best purpose can certainly receive all that belongs to them. But during the
years past employers have a great many times been seriously misled by men
who adopted the word “expert” as a prefix or suffix, and who are really
incompetent, and they have paid dearly for this experience, so that really the
indicator and .its advocates must be prepared to outlive this reputation,
which is-no fault of the indicator, but rather of a class of men who live upon
the credence of others. But taking it all in all, the use of the indicator has
vastly extended within the last four or five years.

Following up the improvements which have been made in the steam
engine indicator since the author’s first connection with it (and during which
time he has owned almost every indicator which has been manufactured, to
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any extent at least,and some which never should have been manufactured and
are not now), and finally found the instrument which for all purposes has
given the most reliable results, including all that is expected of an indica-
tor, and that is, the Thompson Improved Indicator, which is the only one
illustrated in this volume, and which the author uses exclusively in his own
practice on trials for power, on tests for the position of the valves, for the
correctness of working steam and for all purposes wherever he is profession-
ally called to attend to adjustment, correction, economy, or power tests; and
in connection with this indicator he has used everything which has been
found in the market, ancient and modern, up to the issuing of this book,
making trials of different speeds, under different conditions, with different
pressures, and with different positions of valves, and the trial has in every
case re-asserted the correctness of his adoption of the Thompson Improved,
and in some cases where very serious errors were found in either one or the
other essential requirement or relation of valve, valve action, working of
steam, or large variation in the amount of power, under identically the same
circumstances. The author desires to state here that he has no connection
with any indicator attachment, engine or steam appliance, no interest financi-
ally, direct or remote; and wherever comparisons are used they are used as
matters of fact for the information of the reader and with the intention that
such information shall be reliable, our sole interest being to make this book
more valuable than any that has preceded it. ;

The various defects which are found in the old indicators have gradually
been removed; some of them have been faults of mechanism, others of
mechanical construction, while others have led to a change in mechanism and
construction, and in’ some cases in the proportion of parts and to a decided
change in the mechanism adopted to produce the required result. The
lessons which follow this are very largely from our own practice. Some
curious examples are shown, and in every case diagrams are engraved pre-
cisely as they were taken, full size, and can form the basis of comparison or
can be figured from, without any reduction of proportion or percentages. It
is’ proposed to introduce everything up to the most recent practice, particu-
larly that of some steamships, the diagrams of which have never been printed
before. Many of the matters introduced are original, particularly that of
demonstrating the cut-off from the actual pressure of steam from some point
on the expansion line. Some of the methods of working out diagrams we
have never seen in print before, and some of “the oldest engineers and best
scientific men in the country have carefully gone through the demonstrations
and pronounced them mathematically correct. All these demonstrations are
put in plain language, without mathematical or algebraic formula, so that
everyone can fully understand and work from them without reference to any
of the works upon higher mathematics. Volume II. is intended to cover the
whole ground, and there is no reference from Volume II. to its predecessor,
and no need of reference from one to the other for any purpose of computa-
tion. Volume IT. will be found to contain a far broader scope than Volume
I., and it is intended to be a companion to the working engineer, to answer



4 TWENTY YEARS WITH THE INDICATOR.

his questions at all times, and to answer them in such a way that whatever
may be the situation or position, he can at once adapt himself and his indicator
to the case, with a certainty of correct results.

THE THOMPSON INDICATOR.—HOW TO ATTACH IT, AND WHAT TO USE.

Figs. A and B represent respectively, A an outside view and B a section.
In Fig. A the parallel motion is shown, which is now made of drop-forged,
compressed steel. The paper barrel is
very light, and when taking off the paper
barrel, there will be found inside a milled-
head, above which is a thumb-screw, shown
in Fig. B. The spring of the Improved
Thompson is coiled, in Fig. B, into the sec-
tion upon which the end of the pencil lever
touches; a sleeve runs down over the
spindle, upon which is a hook, and that
B hook engages with the inner coil of the
]spring. By loosening the thumb-screw
shown in the sectional view B, and grasp-
ing firmly the milled-head cover, after the
paper barrel has been removed, we can get
any amount of tension required, changing
the tension according to the speed of the
2 engine we propose to indicate. In section
B, the spring is shown, the inside of the
piston barrel, with an universal joint which engages with the lever at the top
and below the piston of the instrument, the coils of the spring and con-
nection with the steam cylinder—all precisely as
they are found in the instrument. If we refer
again to Fig. A, there are one or two things that
need to be noticed. The first is, that the parallel
motion of this instrument, while sufficiently
strong to withstand all necessary force as employ-
ed, must be treated with care; sometimes the
springing of either one of these parts will make
radical errors in the diagrams, and they must
always be carefully lubricated. When applying
the pencil to the paper, we do not use the little
bone handle shown in both A and B, as connected
with the shank which holds the stand of the par-
allel motion, which brings up against the stop lessssl]
shown between the cylinder of the indicator and .
the paper barrel in both Figures. A little care FIG. B.
right here will save a great deal of trouble, inaccuracy and uncertainty. The
end of the pencil lever is split, forming a shank which springs down upon the

FIG. A.
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lead ; after the lead (leads are furnished already made) is pushed into this
spring shank and through it a little distance, having been carefully sharpened,
then adjust this bone handle by means of the screw and the stop, so that the
end of the pencil shall not strike against the paper ; but when we wish to take
a diagram, having put the paper on the paper cylinder, turn on steam, then
with the thumb and forefinger grasp this bone handle firmly, hold it against
the stop, screw it until you feel the action of the pencil on the paper, screw it
up again so that the pencil leaves the paper, and if you do it delicately, you will
get the finest possible diagram without any danger of injuring or cramping the
instrument. Another thing which should always be done : get the diagram as
nearly as possible in the center of the paper and lead off the cord from the-
pulleys shown, as nearly level and at right angles as possible.  Don’t turn
them around. A great deal of distortion comes from not paying attention to
the hints embodied in the previous clause ; sometimes parties who cannot
afford to be delicate in their manipulation of the indicator, bend the lever by
jamming the lead against the paper and springing it perhaps an eighth of an
inch or more. That is sure to distort some of the lines and if the pencil lever
or the radial bar is sprung, then the instrument must go back for careful
overhauling and repair. The radial bar and lever, although made of drop.
forged steel, are very small, and while they are strong, they will not do with
rough usage, and yet they will withstand an amount of abuse that one might
wonder at, after having examined them.

HOW AND WHERE TO ATTACH THE INDICATOR.

There is always a clearance in any engine we have ever yet seen.  This
is a space between the piston, when it is at the extremerange of stroke, and
the cylinder head ; this'is variously estimated and in different engines varies
materially in proportion of percentage to the whole volume of the cylinder.
‘Wherever the indicator is attached there must be a clear way into the clear-
ance, so that the piston shall not shut it off, even partially, when at the extent
of its stroke. The usual connection is a half-inch gas pipe or steam pipe, and
if this is carried out, it is quite large enough ; whenever the engine is indi-
cated, make sure, among other things, at the very outset by -*turning her
over ” that no part of the piston travels over the connection into the clear-
ance ; if 8o, one of two things must be done, either drill another hole—and
this is not always practicable—or take a chisel with point so that you can
break off the inside, and give fully the area of a half-inch pipe without any
possibility of obstruction or reduction. Always endeavor when tapping an
engine to tap it so as to use the pantograph, remembering that the panto-
graph can be used vertically, so as to make your connections on the top of
the cylinder sometimes, or horizontally so as to make them on the side. Tt
is best to make these connections between the ports rather than opposite
them, but sometimes there is no choice. Whenever these openings are made,
take particular care that the inside end is clear, either with the chisel or rim-
mer, else you have a factor of uncertainty. It is a frequent practice with



6 TWENTY YEARS WITH THE INDICATOR.

many builders of the very late years, to furnish what is called a side-pipe and
three-way cock with each engine. The whole thing is to be condemned, un-
less an approximation is wanted for the load, for the position of the valves,
etc., and if our readers will turn to Lessons LVI, and LVIIL, Figs. 116 and
117, they will have a chance to see the position of the valves as shown by the -
three-way cock and side-pipe in one case, and the short connections in the
other case, nothing having been moved, so far as the valves, eccentrics, ete.,
were concerned. On marine engines it is very fashionable (for we know no
other reason for it) to take an inch and a quarter, or inch and a half pipe, lead
it from the clearance at either end to the most convenient part of the cylinder,
back of the side-pipes, and there put in the three-way cock. We have seen
and used this upon condensing engines with 12 and 14 feet stroke, and®in
one case where the steam line figured. 32 inches of the length, by the propor-
tion of stroke on the diagram, the engineer had the curiosity as well as good
sense to strip his side-pipe; two days afterwards we applied the indicator
with short connections showing that the valves were open at the very com-
mencement of the stroke and the steam line did not vary one-half of one inch
when the short or proper connection was made, yet in traveling several feet
it showed late, for the paper barrel started when the piston started, but the
steam traveled from the clearance through the various angles and ports of the
cock into the indicator with whatever little condensation took place on the
way, so that the motion was distorted 3% inches from the truth ; this makes
a difference in the pressure of steam as well, so that it may be laid down as a
rule, to avoid three-way connections if the real position of the valves is of any
consequence, or if the actual condition of the valves is to be learned from the
diagrams. Several instances of side-pipes are shown in this volume, some of
these would be very dangerous if the valves were adjusted to bring the steam
lines up at right angles to the atmospheric line and still use the side-pipe. It
would be apt to result in something quite similar in effect to that shown in
Lesson LXIX, Fig. 135.

Tt is sometimes impossible to use the short connection, but wherever it
can be done, it is decidedly better to do it, if accuracy is any sort of a condi-
tion towards which you are aiming for results. Avoid elbows and valves in
feed-pipes and exhaust-pipes as much as possible, always remembering one of
the fundamental laws of all engineering, viz.: that the shortest possible dis-
tance from any given point to another is a straight line, so remember that
in handling steam the utmost economy attainable wherever steam is conveyed
through pipes, is invariably accomplished by taking the steam as direct as
possible and avoiding every impediment or obstruction, such as is offered by
globe valves, reducing valves, throttle-valves, elbows, crosses, T's, or other
angles, through which steam must passin order to reach the piston head.
Anything which interrupts the flow of steam causes friction, loss of pressure ;
and in every case where the pressure of steam is reduced, its volume is in-
creased and it takes the first step towards the converrion from steam into
water again.
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A POINT AS TO HOW TO MAKE THE LEAD DO GOOD WORK.

It is much better to sharpen the lead before being put into the spring
shank in the end of the lever, by means either of a scythe-stone or dry oil-
* stone, or if nothing better is at hand take a fine file. A point which is rubbed
up in this way, and made smooth and clean, will last much longer, make a
cleaner mark and be much better than one which is whittled or coarsely done.
The best way is always the easiest, the surest and the cheapest, all things
taken into account. There is no necessity for running over a large number
of times. This much for the manipulation of the instrument.

Having attached the indicator to the side pipes, which must in all cases
be blown out thoroughly and completely before applying the indicator, be
careful not to employ joints with red lead or white lead or any other material
which can possibly interfere with the action of the piston; then adjust the
indicator to the top of the cocks, screw down the variable screw, having first
put the indicator as nearly in line with the motion as is possible, make sure
that all is fast and then let the steam on to the instrument gently, warm it
up, allow all the water to get out so far as possible. While the instrument
is working put a drop or two of porpoise oil on to the top of the piston as it
comes through the cover of the case; repeat this occasionally. Now, try the
motion with the pantograph, pendulum or whatever else may be used, and
carefully adjust it for the stop. The paper cylinder must not, on any account,
touch either end of the travel against the stop, even so slightly as not to be
noticeable, for it will distort some line of the diagram as sure as it does,
Having balanced the instrument, as we term it, you are now ready to go
ahead. In taking a diagram, don't work with dirty hands; you are sure to
dirty the instrument, and the diagrams look as though they had been in the
bhands of a careless man. Putting the paper about the cylinder is a little
knack in itself. The paper should go down square, fit as close as a glove,
and be just as clean as though it had never been touched; a little practice is
required. Having accomplished all this, let the steam in; don't take the
diagram until after the instrument is heated. Take the diagram first as per
previous directions, shut off the steam, being careful not to allow any steam
to blow through the three-way cock, and the moment this is closed tightly
then take the atmospheric line while all parts of the instrument are warm. If
the atmospheric line is taken before the instrument is thoroughly warmed up,
it will be incorrect; if it is taken after contraction has taken place by cooling
off, even some time after the diagram, it will then be incorrect. Take the
diagram first, the atmospheric line afterwards; then, having noted the steam
pressure, knowing the dimensions of the engine in diameter and stroke, and
number of strokes or revolutions, put all this data carefully upon the proper
place in the card ; be sure and add to it the scale and any memoranda which
are necessary, and you will have progressed systematically; and if you have
followed the directions given for handling the pencil, you will have produced
a beautifully-drawn diagram, which will give you the correct working of the
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steam, the position of everything and its relation to the economical, or other-
wise, handling of the steam.

THE STEAM WHICH A SPRING WI1LL TAKE.

The American Steam Gauge Company give their rule as: Multiply the
scale of the spring by 2} and subtract 15; the result will be pounds of steam
pressure from the vacuum line that the spring will take accurately; as, for
instance, 30 X 24=756—15=60. We think this might be changed with benefit,
for it is not always necessary to provide for the 15 pounds vacuum, and it is
desirable always to make the indicator diagram as large as can be. For this
purpose we adopted some years since the practice of having a set of washers
made, which would slip on to the sleeve under the cover on top of the
indicator piston cylinder, or upon the shank of the piston itself at the bottom,
and these washers vary in thickness from 4 of an inch to § of an inch. By
these means we can take 75 pounds of steam with a 30 spring by first block-
ing down the pencil lever; instead of standing, as shown in Fig. A, it will
stand nearer the bottom of the paper cylinder when at rest. There are two
things to be guarded against: never undeér any circumstances undertake to
indicate a pressure of steam which shall be beyond the capacity of the spring;
for in the one case you will bring up solid, and in the other case, at the top,
you will throw the pencil lever out of a parallel line by passing beyond its
capacity, and get something which may appear to you like Fig. 135 in this
volume. It will distort the lines and not do the instrument any good.

The best oil that we can obtain is pure porpoise jaw oil; ordinary
mineral, animal or vegetable oils” are affected more or less, and the porpoise
oil, which is worth a good many dollars a quart, only requires a very small
amount if you use it carefully; this should be used on all parts of the
indicator. : '

Before we leave the subject of springs, it may be proper to state that
the softest spring which can be used, and keep within the limits of its capacity,
is the spring in every instance that you should use. The practice is becoming
quite common among parties in this country of using 50 and 60 springs, and
in other places of using a small diagram, the smaller the better. In every
case keep clear of this kind of practice. The larger the diagram,the more the
faults of the instrument are shown, if there are any, and the more the faults
of the engine builder, if he has been careless in his construction. The only
case where we advocate the small diagram is with engines running above 300
or 350 revolutions. This will be referred to later. The smaller the diagram,
the less real reliance is to be placed upon it, and the cause of this will be
found in some of the lessons on high speed, where different diagrams are
referred to, and the real reason why the larger scales should be always used
will be found with a little reasoning.
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CHANGING THE SPRING.

It is frequently necessary while working upon an engine, for some reason
or other to change the spring with varying pressure, speed, or some other re-
quirement. There is no reason why this cannot be done in about one minute,
providing you have the spring where it is wanted, and understand your work
and are careful about it, and there is no instrument we have ever seen that
begins to compare with the Thompson for accessibility. Having decided, you
must change the spring, commence with the connection of the top of the
piston with the pencil lever, taking out the little milled-head screw, then re-
lease the pencil bar from the piston, taking notice that the ears on the piston
connection have a screw-thread in one and a clear holé in the other side ; hav-
ing separated these, then unscrew the cover to the piston casing, lift the
whole thing off, piston, spring, cover, pencil lever, etc. Be careful never to
drop the piston upon a gritty floor, rather take it in your handkerchief or
some other clean cloth; now unscrew the piston from the under, side of the
cover, the spring from the lower end of the piston, put on the other spring,
serew it on to the shank on the upper side of the piston, put it through the
casing, screw the shank of the cover into the top of the spring; now put the
top of the connecting rod so that the pencil lever will easily drop between
the two ears, adjust the screw which passes through one ear, then through
the pencil bar, and screw into the other ear on the top of the connection rod;
screw the cover into the casing, after having put a drop of oil on the piston,
and see that it works easily back into the casing, and that the piston drops
easily into the cylinder and the cover goes down into the casing all easy
together, and that the pencil lever, parallel bar and radial lever are all easy
and none of them are sprung, having previously taken care that the connec-
tions are all blown out, so that no dirt can be blown into the indicator from
any of the connections. This can all be done in less time than it has been
written in. You are now ready to go ahead. .

GENERAL HINTS.

.

Sometimes, in taking the indicator off from the steam connection, it may
receive a jar in such a way that the stand which connects the piston barrel
and the paper barrel together may be sprung. We have sometimes found
this to be done. There is no necessity for it; it should never occur. If it
occurs, and you are out of reach of help, you may take the thing in your own
hands; but never take a diagram unless your pencil bar describes an absolute
right angle line to the atmospheric, and then it is a good plan when this
occurs to send it back to the shop to be put into the jig and examined. It
may have a crosswise spring, and except a diagram is accurate it is value-
less.

The Thompson Improved Indicator succeeds the Richards’ Indicator,
which has worked a revolution in engine building. When speed and other
matters of importance came up, Mr. J. W. Thompson patented the parallel
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motion, not shown, for it has now practically been discarded, and has been
displaced by the Improved Thompson, shown in Fig. A. This instrument is
manufactured solely in the United States by the American Steam Gauge
Company, Boston.

GIVING THE MOTION.

Leaving Figs. A and C, a peculiar device is seen, for the lack of which
there has been much trouble in times past. Fig. D shows an iraproved
method of taking the
motion off the paper
barrel. A represents
the wheel, which is
also shown in dotted
lines in a different po-
sition; B represents
a stand holding the
wheel over which the FIG. D.
cord passes; and the end of the stand is a sleeve running into the
solid stand shown, the whole thing being bored through; and the flat
part shown at the right is secured against the bottom of the stand by
means of a thumb-nut at the lower end of A, B, C. The sleeve which
extends into this stand has in its center a groove into which the flat-
headed thumb-screw, C, enters, holding it in any position, to the right or the
left, up or down, giving it the full swing of the whole circle, and in this way
the motion can be taken from any point, at almost any angle that it is possible
in the whole 360°, either horizontally or vertically. It is one of the improve-
ments made by the Steam Gauge Company within the last two years, and is
the subject of separate patents. Wherever the old plan of wheels is in use
on the old Thompson or the Improved Thompson, this can be substituted if
required. All instruments now made are made with the device shown in Fig.
D, and this device, as simple as it is, makes it possible to use the instrument
in many places where special motions had to be arranged by the old method.

AMERICAN STEAM GAUGE COMPANY’S AMERICAN IMPROVED DETENT
MOTION INDICATOR.

On page 10A is shown the new form of the Detent Motion, changed in
this edition of this book for the first time since the first copy was printed.
Fig. C shows the front view of the regular Thompson Indicator with a
2 inch diameter paper cylinder, which is used up to 300 R. P. M. The
Detent Motion is also applicable to their regular high speed Improved
Thompson Indicator, having a 134 inch diameter paper cylinder. The 114
inch diameter cylinder gives a diagram 4 inches long; the 2 inch diameter
cylinder gives a diagram 5 inches long. Otherwise than that the smaller
cylinder is used for the higher speeds, there is practically no difference
between the two mentioned instruments.
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The distinctive difference between the Improved Detent Motion Indi-
cator and the old Detent Motion Indicator made years ago, is, that the base
piece around which the cord goes, which takes its motion from the crosshead
of the engine gives motion to the paper cylinder above it,-can, by the
movement of the lower or-right-hand
lever shown in the cut, be separated
instantly from the paper cylinder, leav-
ing the cylinder standing perfectly still,
and this is done: without any shock
either to the cord, to the reducing mo-
tion, or the paper cylinder. When'the
paper cylinder is stopped by this move-
ment, it assumes the proper position,
as shown in the cut, by means of a
spring inside of it, described later on,
and brings the paper springs in front
or always in the same place, so-~the
fresh paper can be put on.

The upper handle shown, is con-
nected to the movable stand which car-

FIG. C. ries the pencil motion around, and con-
nected to the steam piston, and has nothing whatever to do “with any other
part of the instrument.

When the lower lever is moved to the right, and the connection cut
between it and the paper cylinder, the motion is continued, no matter what
the speed of the engine is, and the cord and:the reducing motion keep right
on about their business. When the lever is moved to cut the paper cylinder

free from the motion, the paper cylinder lacks a little of the point of contact,
and whenever the operator desires to start the paper cylinder again, he takes
hold of the knurled head on the top of the paper cylinder, and turns it, per-
haps one-eighth inch, when the connection is made automatically, and you
are then ready to take a diagram. This last mentioned arrangement prevents
the taking of diagrams when you don’t want them, and insures the taking of
them when you do want them, and it is very neatly worked out in the instru-
ment.

When the paper cylinder is stopped, it will stand perfectly still. It
cannot catch and disappoint the operator. The diagram can be examined,
taken off, changed, or the same one may be started again, as above directed,
and the whole thing is in the hands of the operator.

The Detent motion in this case avoids a great many of the troubles
incident to the older fashioned methods of combining a Detent motion with
a steam engine indicator. There would seem to be no possible chance in
this for the breaking of cords, pulling out hook, smashing the pencil motion
by the Detent motion engaging when it was wanted to be kept free, or in

o
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not getting the diagram because the Detent motion did not engage at the
instant of time when it was expected to do. These old-time troubles would
seem to have disappeared entirely. The whole thing is so simple that it
might have been discovered many years ago, and could have been put into
operation long ago, to the advantage of people who are unaccustomed to
handling indicators at a rapid speed. ‘

This particular indicator would seem to be exceedingly desirable in a
great many places around marine engines, locomotive engines, or other
places where an instrument must be attached in such a place or at such a
point that it is not only very unpleasant getting to it and away from it, but
frequently the amount of room is exceedingly limited and in too close prox-
imity to very hot pipes or surfaces. This. attachment may be applied to
either hand indicator, and in almost any position that it is possible to put it;
if the paper barrel of the instrument is in a horizontal position rather than
in a vertical one, the Detent is just as reliable and fully as serviceable; or if
you get into close quarters with it, it would seem to have every facility that
it was possible to combine in such a small piece of mechanism, which is so
very important.

One of the most' important things sug-
gested to the writer, is that by this particular
application of the Detent motion, the taking off
of the paper cylinder is positively and unequiv-
ocally done away with.

It has been a great bugbear to engineers
using Detent indicators that it was necessary to
catch the paper cylinder at almost the right
point in the stroke, or break a cord, or do some
other mischief which required time, and often
a great deal of trouble, to put again into proper
form. The paper cylinder of this instrument
cannot be taken off without unscrewing the
thumb-nut at the top, and the only necessity for
taking it off at all is to clean and oil the long
bearing on the inside.

Fig. C2z shows the interior mechanism.
¢« Remove the knurled nut F ; take off the paper
cylinder, and with a wire clip, (sent with each
indicator), remove the auxiliary spring case H
by catching the end of the clip in the notches of
the spring case; turn it forward until it releases from the catches; then
remove the spring and the inner sleeve I; clean and oil; replace the inner
sleeve I, by inserting into the cylinder so the pin on the outside of the sleeve
will enter the slot inside of the cylinder bearing. Turn it until it comes to a
stop; then with the clip catch the auxiliary spring holder H and give the

SN
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spring E a tension of about }{ of a turn, and catch the points on the spring
case H into the slots provided for them.” These are the maker’s directions.

The paper cylinder has a spring which brings it back to its proper position
independent of the spring which looks after the cord on the reducing motion.
The thing is very simple, very positive. The small paper cylinder instru-
ment uses the same spring, pencil, levers, pistons, and fittings that the
larger instrument does. Several hundred of these instruments are now in
use, and with the very best satisfaction.

The instrument with 2 inch diameter paper cylinder, or No. 1 indicator,
is adapted for speeds up to 300 r.p.m. At that speed it will take a diagram
4% inches or 434 inches long. The instrument with 114 inches diameter
paper cylinder, or No. 2 indicator, will take a diagram 315 inches or 33
inches in.length up to 650 or even 700 r.p.m.

METHOD OF ATTACHING THE INDICATOR, OR OF MAKING UP THE
REDUCING MOTION. S

There is probably no one device which has been used so much as the old
pendulum, and there is no device which is so generally incorrect or so much
misapplied.  These pendulums have various faults, and the usurs of them
have many vagaries. We recently saw in a large engine-room a pendulum
attached to a piece of iron, leading from one girder to another in a fire-proof
arched floor, and it is no exaggeration to say that the top of the pendulum
chattered from an eighth to a quarter of an inch sidewise, while the strap
which passed from one girder to the other jumped up and down as much more,
making a most peculiar motion. The string was then taken off at an angle of
10° or 15°, brushing by the side of the steam-pipe, and was deflected from
the straight line between the carrier pulley above and the indicator pulley
below more than one inch. It was perfectly useless to attempt to show the
party using it that he had errors multiplied by each other into an outrageous
accumulation, and that his diagram was worse than worthless for any purpose
whatever. The pendulum can be used. It must be firmly fixed at the top,
it must be strong enough in its cross section not to spring either edge-wise
or flat-wise ; the bottom of the pendulum must in every case start from the
actual center of motion, it must travel precisely as far one side of this center
of motion as the other and not an iota farther one side than the other; in
other words, it must be exact. If these simple precautions are heeded, then
the pendulum becomes endurable, but in taking off the cord it must not be
taken from a point near the top at an angle anywhere from 1° to 120°, down
to the indicator- direct on the cylinder. It must be taken at right angles to
the central line of the pendulum when at rest, to a point over the indicator,
and if only one instrument is to be used, the carrier pulley may be placed on
a line plumb over the center of the eylinder, so that the cord leaving the pen-
dulum shall leave it at right angles absolutely when it hangs plumb, and pass-
ing over the pulley, there is no necessity then for continuing this exactness.
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for a little to the right or left of plumb in that case does not distort the
motion ; but if the first portion is not at right angles, then we get distortion
of the worst kind. The pendulum may be inverted by the same precautions,
as it is sometimes impossible to get a pantograph between the cross-head and
the side of the wall ; or we have, in some cases where we could not use either
on account of too much distance at one end and too little at the other, laid a
pendulum on its side ; most men would not take pains with this and we do
not therefore advise it.

Instead of the old means of attaching, Fig. E shows what is known as
Bacon’s Implovement being a combination patented by our old friend F. W.
Bacon, made by the American Steam Gauge
Company, consisting of five pieces ; the joint-
ed links at the right are.intended.that the:
longer parts should be put under the check-
nut of the oil cup to which it may be attached
on the cr oss-head the shorter parts turn over
each other according as the longer parts may
|| De farther apart or nearer together, until the
| holes match, through which the screw-thread

_/ shank, shown at the top with a hole through
FIG. E. it, may be used for the pantograph, or the
screw-thread at the bottom may pass through this "hole and be_used
in the .pendulum, as is shown in Fig. F. There are a great many ways
of attaching this to different, engines which will be followed up. Fig:
E thows the parts in detail, Fig. F shows them attached to a pendu-
n lum, Fig. G shows the top of a post, pantograph, and the Bacon
attachment connected to a vertical cross-head, although the cross-head
is not shown, it simply shows the method of attachment. TFig. H shows
the pantograph attached to a vertical cross—head and the pieces are
attached to the shoe at the bottom by
simply raising up the nut which holds
the slide in, and then gripping them
by screwing down upon them again. In
both  of these methods of attaching
the pantograph, bear in mind the
’ rule with reference to the pantograph.
The post on the outside must be set &&=F
at exactly right angles to the center
of motion when at rest; in other words
the pantograph must travel precisely
as far one side as the other of the center of motion, and not as we
have sometimes seen it, forming the hypothenuse of a right angled
triangle, working all the distance one way. TFig. I shows another method of
connection to the Corliss cross-head, to which all the same rules apply. Fig.
J shows the pantograph and the Bacon attachment connected to a horizontal
cross-head.

FIG. G.

FIG. F.
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RULE FOR THE PANTOGRAPH.

In all these attachments of the pantograph, whether horizontal or ves.
tical (and the pantograph can be used as well vertically as horizontally, if a
little care be used in attach-
ing it, being the simplest
and the most correct of all
the motions knowa), let the
pantograph be attached as
shown in Fig. J, whether
it be the center of the cross-
head or one end of the
cross-head is entirely im-
material, but let that point

e at which it is attached be
invariably the exact center of motion. Set the out-post square with the center
of motion, and in no other place or position. Now, as the stroke of the engine
varies it is necessary to get more or less motion, which can be done by
woving the peg-post or peg arm out or in on this line, which has been drawn
squarely across with the center of motion. Let the line from the peg-post to
the indicator be at a right angle to the center of motion, or in other words, let
the line which connects the peg-post of the pantograph with the paper drum of
the instrument, be as nearly parallel with the piston rod as it is possible to
get it.  If these two simple rules are observed, any engineer can obtain a
diagram which is mechanically, geometrically, and mathematically as correct
as any other man on earth can do it. 'We have frequently said before differ-
ent audiences, written it over and over again: the indicator diagram, the valve
motion, the pantograph or the pendulum, are only and simply a combination
of right angles. If everything is done exactly on the square, everything else
will be exactly right, whether you are working foi the position of valves, use
of steam or anything else; the indicator
diagram in this case with these two sim-
ple rules observed, will be a positive
quantity, perfectly reliable, and if these
two rules are not observed, it is as per-
fectly and as completely worthless as
it is possible to be.

Fig. K represents the pantograph
more in detail, with letters of reference.
This simple arrangement, like so many
other things, we are indebted to George
H. Corliss for. It has a great variety of names; it has been called
“lazy tongs,” “long legs,” “ pantograph ;” it was originally called and we
believe Mr. Corliss himself terms it his “ drum motion.” It consists of
nothing more or less than a system of levers ; these levers must be absolutely

FIG. I.
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-of the same length, those shown at A being double and those at B being
single. These are pivoted by means of hollow pivots and washers which are
bushed. The hitch strip is shown at
G and the stud-pin or hitch-pole F.
‘When the pantograph is properly ar-
ranged the stud-pin F is in the line
between C and ‘D, which are the two
ends of the pantograph, one being the
dead end D, which is fastened to the
post, while C is the live end or at-
tached to the cross-head of the engine.
The point C attaches, where Fig. K is
used,. to the two links connected to-
gether, so that the pin at the end, C,
readily drops through them. If the
links have to be used so that they stand
vertically, then the little screw-head,
shown in Fig. E, is attached by means
of the thumb- nut and the taper end at
C drops into this screw-head, turning a
vertical into a horizontal bearing, the
) least variation in the location of the
pivot-holes in the “lazy tongs” or pan-
tograph will be met by an absolute
\ refusal to work at all, and we have no
doubt that some of our engineers or
mechanics who have attempted to make

FIG. J. a pair of “lazy tongs,” have had lots of
fun out of it, and nobody else been any the wiser ; whether they enjoyed the
fun or not, we do not know. Correctly made, the pantograph is complete, but
with the slightest variation
from correct, it is like the
diagram from a distorted .
motion, absolutely incor-
rect and worthless.

In applying the panto-
graph, let the end C drop 2
into any point on the cross- MRS
head to which you can at-
tach, or any one of many
ways which will readily
suggest themselves to the
mechanical engineer. The
end D may drop into the top of the post, or we frequently build ourselves a
little stand of inch boards, four inches wide, braced, and then get two or
three hundred pounds of old iron or anything else which is heavy. and when
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we get it in line, weight it down, square it, have the points C and D exactly
level so there will be no weave or strain, or cross motion which will vitiate
the correctness of your diagram. The line from C to D must invariably
be at right angles to the line of motion of the cross-head, and absolutely in
the center of motion ; then shove your post at D out or in to get more or less
motion; put the stake-pin F wherever you want it, and set this peg F so that
the line from that to the indicator shall be parallel to the piston or parallel
to the line of motion of the cross-head, If you eannot do this, or if from
any cause it is necessary to have the peg-pin, hitch-pin or stake-pin, F,
further away from the cylinder than the indicator connections are, imme-
diately set up a second little stand, and take the cord from the peg F
parallel to the motion of the piston and around the guide pulley to the
indicator. 'Whenever the pantograph is properly put up, every point on a
line from C to D is a positively true motion, parallel with the guides, varying
from nothing at D to length of the stroke at C. Wherever engineers wish
to use one motion for several engines there is nothing better than a piece
of gas-pipe, ground off, with an attachment which may be fastened with
a set-screw to slide up or down to fit different engines; to this at-
tachment may be fastened a socket to catch the D end of the panto-
graph while the other catches into the cross-head. By means of a T on the
top of the piece of pipe, which has a flange at the bottom for screwing to the
floor, are connected two side pipes standing at aright angle to act as braces;
this can be attached to any engine or flange, serewed down, the braces squared
and screwed down, the piece that slides up or down put at the proper level,
the pantograph hooked on and you are all ready to go ahead.

THE AMERICAN IDEAL REDUCING WHEEL

A more recent type of reducing motion
and one which is universally used is the
reducing wheel.

Figure N shows the Improved
American Ideal Reducing Wheel
as made by the American Steam Gauge &
Valve Manufacturing Company. Itisadapted
for all strokes from 10” to 72”. Aluminum
bushings of various sizes are regularly fur-
nished for strokes from 18” to 72””. The spring box for the take-up is connected
by a 3 to 1 gear with the cord wheel spindle. The cord wheel is made of
aluminum and is very light, being fitted with a steel sleeve to resist wear. The
pitch of the thread on the steel screw on which the cord wheel rotates is
the same as the cord, causing the same to wind smoothly on the surface of
the wheel and to pass straight over the pulley. The wheel is easily attached
to the indicator direct, or may be placed in any convenient position between
the indicator and crosshead. It is sometimes attached to the engine frame.
The cord must always run in a straight line and passes directly from the

oA
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indicator around the aluminum bushing on reducing wheel, which must be of
proper size for the stroke used, and is fastened as shown in cut. The tension
of the spring should be sufficient to keep the cord taut at all times. To
adjust the spring, remove screw cap which holds the bushing in place, and raise
the spring box until the gears disengage, then increase or lessen the tension as
desired. A greater tension than is required only increases the wear.

Keep the wheel well oiled.

SLIDING LOOP.

There are all sorts of hooks, slips, knots, and other matters used for
connection ; until within the last few months we have invariably used the old-
fashioned, flat, sliding loop, which is about as nearly worthless as
anything can be. While doing some work for one of the lines of
steamers, our attention was called to a crude idea by the chief-
engineer of one of the ships which we have put into shape, and
is shown at Fig. L. This is so clearly shown that no descrip-
tion is necessary; it is a piece of brass tube, spun over at the end,
finished, holes bored through it and finished, and it is the only
thing in the way of a sliding loop we have ever seen yet that was
worth talking about or using. The American Steam Gauge Com-
pany make them, there is no patent on them, and any one has the
right to make them. We prefer always to use a plain hook on the
end of the indicator cord, which is attached to the paper barrels,
having means of adjusting by use of this sliding loop from

rie. L. large to small or long to short, using as little cord as possible,
more especially on a high-speed engine. We prefer this adjustment to
anything we have ever seen, for where we are working with water steam,
more or less heat, oil, or any of the other accompaniments, no cord will
retain its position for any great length of time by any device we have ever
used, until we adopted Fig. L, and some method of ready adjustment is nec-
essary. We have previously referred to the adjustment of the paper barrel
by means of the cord, and now having proceeded to obtain the diagram, if

the directions have been followed, we are ready to commence the computation
of the diagrams.

THE DIFFERENT METHODS OF COMPUTING THE INDICATOR DIAGRAM.

The indicator Diagram, having been taken, should bear on it memoranda
taken with each and every diagram when it comes from the indicator, wher-
ever the work may be performed; this data should bear upon each diagram,
or each pair, the diameter of the cylinder, the length of stroke, the revolutions
per minute and the scale of spring with which it is taken, for these are the
most important elements and without them the diagram cannot be correctly
worked. 'Wherever it is possible to ascertain the percentage, the clearance
should also be noticed. Many engineers of late have accustomed themselves
to ascertaining the clearance of their engine so as to know precisely what the
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amount is. It is also a good plan to carefully note the pressure of steam in
the boiler by the gauge, and also to notice whether this gauge shall be
located above or below the line of the cylinder, and whether there is hanging
on the gauge a column of water in the siphon several feet in length, or in the
vacuum gauge, how or where it is connected, for we frequently find very
radical differences between the pressure in the cylinder and the pressure as
shown by the gauge. All these items of data are particularly necessary, for
if they are clearly expressed, we may then judge pretty well of various
peculiar points which so frequently occur on the diagram, and having the
data at hand, we can in every case base our judgment upon fact, and know
how a certain falling off or back pressure or any peculiarities of steam or ex-
haust will be explained by comparison of the data with the fact.

WORKING UP THE DIAGRAM.

If the motion has been properly attached to reduce the stroke of the
engine, we shall have an accurate card, and without it is accurate, it is not
only valueless but a waste of time. Endeavor by all means to keep the card
clean and to avoid the possibility of any mistakes. The general unit called
for is the horse-power of a diagram; the unit of horse-power is 33,000 pounds
lifted one foot high in one minute. For this reason we use the length of the
stroke, the revolutions per minute and the mean pressure of the diagram, and
then by computation, obtain the horse-power. Having our diagram before us
we proceed to work it up, and the working up simply obtains the mean
pressure from an irregular form. There are several ways of working up an
indicator diagram; the one most generally in use, up to five years ago, was
dividing the diagram into ten ordinates or lines at right angles with the
atmospheric line, and at equal distances from each other, and then measuring
by the same scale with which the diagram was taken, the pounds of pressure
upon each one of these ordinates, which was exerted on the piston, then
dividing the aggregate by the number of amounts, giving the average or mean
pressure. But this was crude, it did not take into account little differences
which exist, and while not very far from correct, it was far enough to make a
very considerable difference as between the correct computation and the one
practiced ; hence, this has been discarded for general use.

Another way, which is virtually the same thing, was to take a narrow
strip of paper, perhaps one-eighth or one-quarter of an inch wide, and mark-
ing the steam pressure on the first ordinate from the end of the paper laid on
the atmospheric line or line of back pressure, then put the first mark on
the atmospheric line or line of back pressure of the second ordinate, and
mark the top of the second ordinate by another short mark of the lead pencil;
in this way we are simply adding them together. When all the ordinates have
been measured (measure them in inches), multiply by the scale of the spring
as 20, 30, 40, and divide by the total number of ordinates measured, and you
have the mean pressure. But this has virtually the same inaccuracies as
the first method of measuring.
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There is still another way by which many diagrams have been measured,
and that is a sort of general average ; taking a piece of glass with a straight
edge, it is placed below the steam line and above the lower part of the ex-
pansion line, until the two quantities apparently balance each other and a line
drawn across the length of the diagram; its height found, multiply by the
scale, this gives the mean pressure. But this, too, has been discarded and
for the last few years the planimeter has been used, and is the only correct
way to work up any diagram; the fact that it is named planimeter is another
way of expressing the fact that it is for measuring plane surfaces without
regard to how irregular their form may be. -

Fig. M shows a modification of the Amsler Polar Planimeter, as made by
the American Steam Gauge Company, Boston. Other forms of the instru-
ment may be bought if desired. The proper use
of the planimeter will reduce any irregular surface
to a parallelogram or square by observing its reading
carefully, measuring by means of the pointer, and
then reading from the index wheel and vernier and
obtaining the value as indicated by simply adding or
subtracting. The point at the left is a needle point,
which should simply be set into the paper on which
it is used, and it is better to use a medium, rough,
brown paper or blotting paper, something which is
not calender finished on the surface, than to use a
smoother paper. Having fastened the card, as shown
in the cut, by a couple of pins or tacks, commence
at any point you choose, simply making a mark with the point of a pencil;
traverse the point, shown at the right, over the line of the diagram in the
direction of the hands of a watch, or from right to left on the line which is
shown. Having pinned the diagram down on the paper (which, by the way,
should be upon a smooth board or surface), next adjust the planimeter so that
the index wheel, which is graduated about its entire circumference, shall not
meet with any obstacle in its course, or anything to interfere with a perfectly
free motion. Now obtain the reading. There are a series of figures about
the circumference of the index wheel, from one to zero, making ten lines ;
each one of these divisions has ten subdivisions, while the vernier, shown at
the left of the index wheel, has eleven divisions m exactly the same distance
that the large wheel has ten, so that wherever the index wheel stops one
division on the vernier will be bound to correspond with a division on the
index wheel. We will suppose we start our reading and that the figure 3 is
past the zero on the vernier; we then count that 6 above 3 is a trifle below
zero on the vernier. 'We now cross over on to the vernier and find that 3 on
the vernier exactly coincides with a division on the wheel. This makes our
reading 363. We now travel the index point at the right, around the
diagram, until we stop at the same point from which we started. We now
find that 5 has passed below zero on the vernier,and that the third line above
5 has also passed; then running up the vernier, we find that 8 stands exactly

FIG. M.
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coincident with a line on the index wheel. 'We have our reading then 538;
subtract the first reading from this, the result is 175. Now repeat the opera-
tion two or three times until you get three readings, which may be 175, 176,
174; they will vary exceedingly little if you pay careful attention to following
the lines. The average of these three readings is 175, which is correct.
There is no necessity, although it sometimes saves trouble with a beginner,
or doubter, to place the zero on the wheel against the zero of the vernier in
starting. If this precaution is considered necessary, a few trials, without com-
mencing every time at zero, will convince any one that it is entirely unnecessary.
‘We first read from the index wheel the figure which has passed the zero on the
vernier; this we will call hundreds. Then count the lines up until you find
which one has passed zero between that and the next figure; this is tens.
Then follow the vernier until a line is found which precisely coincides with a
line on the wheel; this is units. The instrument is exceedingly simple, and
there can be no mistake whatever if care is given, for the reading is just like
that of a clock or watch—may be taken at any point through the day without
figuring from twelve o’clock or six o’clock. This gives you the area of the
figure in square inches or in fractions of a square inch. In case you read so
that zero on the wheel completes the circuit and passes zero on the vernier,
you must then prefix 1 to the hightest number previously read. If in the
case we have just cited we are working on hundreds, your first reading should
be 175, the second 350, and so on until zero passes; you would then prefix 1,
which would make it thousands instead of hundreds, and if it passes again it
becomes two thousands instead of one. A little practice with the instrument
will familiarize any one, and a little pains taken to familiarize yourself
with the reading will shortly put you in possession of the key to it, all which
is so plain that no mistake need occur. The instrument will work precisely
as well backward, but unless care is taken, and you should obtain a diagram
which had a compression loop at the top and an expansion loop at the
bottom, you might get a negative result which would be incorrect. So, until
you are familiar with it, always work it like the hands of a watch or as shown
in the cut, from right to left, following the diagram around in the same
direction; there will then be no possibility of trouble. The planimeter does
not make any allowance, but if the work is correctly done you have at once a
correct result from the outline, and by the use of the planimeter the different
areas of the diagram may be separately measured with perfect exactness, so
as to ascertain the value of the vacuum apart from the steam, or the high
pressure and low pressure cylinders of the compound can be very accurately
measured, without any regard as to whether they are all taken on the same
scale or not.

Another point which is frequently one of great interest,is to measure the
difference between the power in the condenser, taking the vacuum gauge, and
the result as given by the indicator in the condenser. The line can be drawn
to show what would be the result in case the pressure—as shown by the
vacuum gauge—was realized in the cylinder; so you may get the actual as
compared with the gauge result, and in this way make comparisons showing
the absolute value of any factor which is contained in the diagram.
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TO ASCERTAIN THE POWER FROM THE PLANIMETER READING.

Many of the diagrams illustrated in this work have lines at the steam end,
and release end, which are erected at right angles to the atmospheric line and
line of vacuum. The length of the diagram, without any regard to its form,
whether there be a heavy compression loop on the steam end, or an expansion
loop on the other, or any imperfection in release or exhaust,—the length of
the diagram is the extreme distance from the very ends,and if a little attention
is paid to the way these lines are erected, there will be no necessity for any
difficulty in getting at the exact area; for, wherever a compression or
expansion loop is contained in the diagram, start at any certain point and
follow the diagram line as the indicator made it, and the loops, which are
resistance, will be taken out of the area by the instrument without any further
care on the part of the manipulator.

Having accomplished the measurement of the area, we now desire to
compute the power. In order to save a great many figures it is better to
compute a constant for each pound of mean pressure (even if at different
speeds) instead of having to do this with every diagram which is worked up.
This is produced as follows: Take the area of the piston in square inches,
multiply this by the number of feet traveled each minute, and divide this re-
sult by 33,000; the result will be the constant which shows how many horse-
powers, or what fraction of a horse-power, is yielded by every pound of mean
pressure on the diagram. Having the area of the diagram in square inches
or fractions of an inch, divide the area by the length in inches or fractions
of an inch (farther on in this work will be found a table of fractions
of an inch, decimally expressed, for convenient reference),—the area divided
by the length of the diagram gives a result which may be a decimal or
otherwise. This is to be multiplied by the scale of the spring for the mean
pressure; then the mean pressure multiplied by the constant (directions for
which are given above) gives us at once the horse-power, and in the simplest
possible way.

If we have, for instance, a diagram measuring 450, which is equal to 4.50
square inches, and which is 2% inches in length, see the table and find that
1% equals .4375 inch. Now, the area 4.50, divided by 2.4375, equals 1.846,
which means that a parallelogram 1.846 inch in height would be exactly
equal to the irregular figure which has been described by the indicator. If
we have been working with a 30 scale we have only to multiply this 1.846
inch by the scale 30, which equals 55.380 pounds of mean pressure; multiply
this by the constant or number of horse-powers which every pound of mean
pressure gives, and you have then the horse-power of the diagram.

It is frequently a matter of satisfaction to the beginner, in the use of the
planimeter, to have something with which to test. This can be very easily
arranged by drawing a circle with a pair of pen dividers, one inch in diameter,
or any other sized circle that may be desired (we mention the circle because
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it is more easily drawn correctly, as a general thing). Having this, measure
it by the planimeter and then see if its reading agrees w1th the table of areas.
This will always give you a test gauge.

DIFFERENT FACTORS IN THE DIAGRAM.

It is frequently necessary to ascertain the amount of barck pressure in
horse-power, which can be done if the atmospheric line is perfectly taken
and the diagram is also correct. The amount of vacuum in comparison with
the amount of steam worked, or the’loss in vacuum—all of these are interest-
ing features; while if the reader will familiarize himself with the theoretical
curve, as applied to any diagram shown in the lessons further on in the work,
he can then see what amount of steam, properly handled, would have done
the same or more work, perhaps, than is shown by the diagram from which he
is working. The planimeter is invaluable for all this. To get the percent-
age of the condenser work, as approximating the theoretical, erect the
absolute vacuum line, and then measure the exact amount of vacuum as shown
by the indicator, and it is very easy to immediately convert the actual into a
percentage of the theoretical, taking the theoretical vacuum at 14.7 pounds.
Comparison of realized pressure with boiler pressure is frequently an inter-
esting matter. FErect the line of boiler pressure, from which you can carry
all computation, so as to get at the actual and the theoretical. The plan-
imeter measures these irregular forms with absolute correctness, if the operator
works with care in tracing the lines, and in a fraction of the time tha,t would
be necessary by any other method.

NECESSITY OF RELIABLE DATA.

There is frequently a great deal of ambiguity about information obtained
from people in charge of different engines. Wherever a man is sent to work
with an indicator, there is only one corréct way: Pull off the cylinder head,
measure the cylinders and the volume of clearance, and make everything as
near correct as possible, for very slight differences are frequently fatal to the
report on the case, and carelessness is entirely inexcusable, guess-work or
assumption very much more so, and we have seen old and intelligent
engineers thrown out of court very abruptly, because of some radical error,
even though trifling in extent, shown in their report, where they had, to save
themselves a few hours’ hard work, assumed that because one part was one
size, the other was the other, or some other equally trifling matter which was
more than vital to the case. While some more careful man had shown in
details that such difference existed, and by that means had thrown doubt on
the whole of the work of the careless man. Correctness in every possible way
is an element of value, and a lack of care or thoroughness makes an indicator
diagram absolutely worthless. :
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LESSON I

BACON’S METHOD OF LAYING OUT THE THEORETICAL CURVE BY ORDINATES.

Fig. 6 was drawn by Mr. Bacon to illustrate a simple and correct method
of delineating the theoretical curve of expansion, which we shall take, as it is
properly lettered, upon which to commence our lessons in the general uses of
the different lines, and this will be frequently referred to; it will therefore be

well for the beginner to familiarize Limself with reference to this particular
figure. For the time being we shall confine ourselves to the outlines bounded
by the letters A, B, C, D, E. The line A E represents the true vacuum line;
the line A B the admission line; B C the steam line; C D the line of expan-
sion; D E A the exhaust line, and as this engraving is made, it represents
exhaust and vacuum lines, while the line between D and E running the whole
length of the figure and seen above A, between A and B, is the atmospheric
line of the instrument or of a high pressure engine These, in brief, are the
various lines of any high or low pressure engine. No matter what form the
diagram may take, whether it be a finely proportioned one or one that may be
full of errors, these lines, in some relative proportion, all exist in every
Indicator diagram. The admission line in this case is very nearly perfect,—
in fact, too nearly perfect,—and it would not be advisable in changing the
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valves of an engine to ever produce an absolute right angle for an admission
line, except in a very slow moving and low pressure engine; for in a high
pressure, fast moving engine, there would be a certain shock by the production
of a line of this sort on the Indicator, and it is much better to confine a small
amount of steam by shutting the exhaust valve so as to put in compression or
cushioning. This would be done by shutting the exhaust valve between the
figure 1 and A on the vacuum line, so that the line, instead of starting from A
to go to B, would start from a point between A and the figure 1 and gradually
rise one-quarter or one-third of the distance from A to B. The line of which
we are speaking is not represented in the engraving, but would be represented
in about the manner we have described. This is very much more advisable in
fast moving engines, from the fact that the steam thus confined costs nothing,
and it is much better to assist the piston in coming to a stop without having a
tendency to go any further, if it were possible. It prevents a strain upon the
connections and really assists the whole thing to come to a stand-still while the
crank passes-the absolute center.

As we progress in this study of lines, a very considerable change will be
observed in the steam line as well as in the admission line. Upon this point
of admission line a great many good engineers run away with the theory that
they can tell as well by the lead of the valve, as by the Indicator, what the
steam line of an engine is. It is just as well to disabuse yourself of any
preconceived ideas, for they are simply and only guesses, and no living man
can tell anything about the lines made by the action of the steam in the
cylinder, by any marks, figures, or computations, and only until he applies
the Indicator, does he /4now anything about what is going on. He can
theorize and suppose, but it is simply and purely theory and supposition.
There is nothing actual or absolute about it.

We now come to the steam line, B C. The diagram here represented is
one which is like what would be taken from an automatic cut-off engine in
which the point of cut-off is controlled by the action of the governor, either
by changes in the pressure of steam or by changes in the load. This class ot
diagrams is different from those of other engines. This may be described as
admitting the full pressure of steam for a limited amount of stroke,— the
steam is then cut off and expansion finishes the stroke. The other classes, or
groups, are described by a valve having an invariable motion, but with more
or less lap, which closes the valve for a portion of the stroke, always cutting it
off at a certain fixed point, the pressure being changed by the throttle-valve
of the regulator.

There is still another class, which is virtually a subdivision of the one we
have last mentioned, in which the motion of the valve may be changed by
hand, either by link motion or an independent cut-off gear. Both of these
classes use a regulator in the pipe which governs the pressure of steam
admitted through a portion of the stroke; that portion of the stroke remains
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constant-~—it is always the same. This is the case in the Huntoon, Judson,
Waters, and many other governors of that class, which regulate by means of
a valve in the steam-pipe, governing the amount of steam required by a fixed
motion of the valve, instead of, as in the previous case, the automatic cut-off,
like the Corliss, Lawrence, Porter-Allen, and others, in which the full boiler
pressure is admitted for a length of the stroke, which is controlled by the
governor.

There is only one other class of engines, and that is the old style plain
slide valve engine, having an invariable motion without lap of any amount, so
that the steam follows the piston for nearly the whole length of the stroke.
In some cases, the mean pressure in the cylinder is adjusted by changing the
point of cut-off, as in an independent cut-off gear; but these engines are only
applicable to work in which there is very little or no variation in the load, and
they are not at all applicable to the modern system of working, where accuracy
in the speed is one of the important requirements.

In the consideration of these various classes of engines, we shall first look
after the automatic cut-off, because it is the most effective, the most economi-
cal, and by far the most used. Its lines are always defined. They may or
may not be correct, but in some of the classes to which we have referred, it is
extremely difficult to ascertain where one of the lines commences or another
one leaves off.

The steam line, B C, is one of the important lines of the diagram. Itis
very frequently the case that the line, B C, drops away from C, sometimes
more, and sometimes less. The engine that comes nearest to good prac-
tice will maintain its steam line as nearly as possible to a straight line; and
wherever any considerable variation is found, it may result from one of several
causes— principally two causes; the first may be an insufficient supply from the
boilers to the chest of the engine — that is, the steam pipe is not large enough,
or the valve may not be as large as the pipe; and, in the other case, to a very
late and incorrect opening of the steam valve. In either case, the lack of a’
good steam line is a lack of economy. The opening of a valve, or an insuffi-
cient area in the ports, may also combine to produce an imperfect, throttled,
or wire-drawn steam line upon the Indicator diagram. The steam line should
therefore approach closer to boiler pressure, and should be as nearly as
possible at right angles from the line, A B, until the cut-off valve closes. The
piston, in traveling from B to C, is influenced by the total boiler pressure.
When the piston, in its track, reaches the point, C, the steam valve is closed.
Now commences the line of expansion. The perfection of this line depends
upon various and important causes. The cut-off valve should close instanta-
neously ; the valve, in its action, should work quick, or else we shall have an
exaggerated expansion line; because, if the valve works slowly or imperfectly,
it will commence to reduce the pressure, and will still be admitting steam, so
that the line of expansion may be plus at one point and minus at another,
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when proved by the theoretical curve. Only the Indicator can tell us whether
the engine is constructed properly, or with a capability of doing this properly
and correctly, —and when the valve closes it must be tight. If any steam
leaks, or is drawn under the valve after it is closed, it is a waste of steam, and
is certainly not an improvement upon the working of the engine. But these
points must be treated upon as individual cases rather than as collective ones.

We now come to the consideration of the line, C D, —which is the curve
formed by the expansion of the steam from a higher pressure to a lower one,
by increasing the room in the cylinder, by the motion of the piston, from one
end to the other. This is usually known as Mariotte’s law: that the pressure
of steam diminishes in proportion to its volume; in other words, that steam,
at 100 pounds, expanded into double the room, would give a pressure of 50
pounds; and into four times the room, 25 pounds. The use of the theoretic
curve is a very considerable and valuable one; but only as a means of com-
parison, no man has yet shown that steam does expand as Mariotte laid down
the law as given. By its proper application we erect a theoretically correct
diagram,—in other words, a perfect diagram. Now, the line of the perfect
diagram, if properly done, with the proper data, shows what the engine should
have done with the amount of steam and the ratio of expansion, as applied to
that individual circumstance. In this way we get a theoretical diagram erected
from the data of the actual diagram, and we can then ascertain whether the
actual diagram is a large or small percentage of the theoretical. The curve
erected from C to D, illustrates Mr. Bacon’s method of easily ascertaining just
what the theoretical curve should be. The ordinates are here erected, making
ten spaces, or divisions; he cuts off the steam at the second ordinate. If the
pressure be sixty pounds from A to B, and be maintained from B to C, it is
cut off at two ordinates. The pressure at which the next ordinate should
measure is two-thirds its former; and then, as will be seen by his method,
two-fourths, two-fifths, two-sixths, two-sevenths, two-eighths, two-ninths, two-
tenths. Theoretically, this is correct. If the curve given by the instrument
should be above the theoretical curve, we conclude that the steam valve leaks.
But if we find the curve made by the Indicator falling below the theoretical
line, we are certain that either the piston or the exhaust valve leaks, or that
we have discovered something new,— which is not likely, however, to be the
case. This line varies greatly in different engines.

To apply the theoretic curve to any diagram, add the clearance between
the piston and cover, or head of the cylinder, to which add the area of the
ports and passage ways clear to the face of the valves; reduce this clearance
to cubic inches, then ascertain the actual number of cubic inches in the stroke
of the cylinder, and get the percentage or proportion of clearance to the vol-
ume of cylinder. If the stroke of the cylinder has two thousand inches, and
the clearance is fifty inches, the percentage will be one-fortieth, or two and
one-half per cent.; now add one-fortieth to the length of your diagram, then
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draw the line of perfect vacuum, from which all the calculations must be made.
Whether the engine is high or low pressure makes no difference. Having
added the clearance line, and the line of perfect vacuum, then divide the
length of the diagram into ten parts, or spaces. If the steam is expanded,
four times the terminal pressure will be one-fifth of the initial. This will be
above the atmospheric line of the instrument—not above the true vacuum line.

LESSON II

I~ this lesson two diagrams are shown, which are as radically different as
is possible, in the action of the valves and the steam, so far as principle is con-
cerned. In reading these diagrams, it is necessary to remember one point, to
which we have previously referred; that is, that the Indicator, when properly
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applied, records absolutely the performance that is going on inside the
cylinder. We must educate ourselves to read these lines properly and
correctly. The Indicator is simply a mechanical appliance. It does not, in
any event, do anything more than record the processes which are taking place
inside the cylinder. We must properly apply and manipulate it, and then
draw our deductions from its lines, from knowledge gathered from experience
and contact with it.

Fig. 7 is a diagram taken from a Corliss engine. The real vacuum line
has been drawn, while the atmospheric line extends from O, on the right, to A,
on the left. Two lines are erected, one of which is the right angle from which
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to measure the length of the diagram; and the line at the extreme right is the
clearance of the engine, added for the purpose of putting in the expansion or
theoretical curve, which is shown by the dotted line. This diagram, in itself,
is quite a study. Theoretically, it is almost absolutely perfect. Four motions
of the piston are recorded by the pencil mark of the Indicator, and if careful
attention is given to the dotted line, it will be seen that the valves of the engine
were almost absolutely tight; that very little condensation took place, and that
the termination of the correct expansion curve at A, is as nearly correct as it
is possible in actual practice to obtain one. This diagram is divided in two
directions — the lines from right to left being at five pounds, with the scale
used, so that the pressure at any point upon the diagram can be shown without
using the scale. The ordinarily used ordinates, and the clearance line erected,
complete the lines of the figure. If we study the lines near the upper right
hand corner, the line drawn by the pencil of the Indicator is at a little distance
from the inner line of ordinates. A little space will be seen between the inner
line and the steam line near the figure 75. Whatever proportion this distance
shall bear to the whole length of the diagram, just that proportion of the
stroke the piston had moved on its outward travel before the valve opened
sufficiently to admit the steam to the pressure denoted by the line. In other
words, steam was admitted somewhat late. This is a very common observa-
tion where engines have been running any length of time. The steam-line of
this engine, as we have before stated, is almost perfection. It does not
diminish in pressure, but follows along very squarely, and wherever the valve
closes, or cuts off, the pressure instantly drops, the corners are very little
rounded, and in the expansion line it will be seen that very little expansion
‘occurs. The serrations in the line at the second ordinate, between the figures
40 and 67, may be made by either one of several causes; it may be due to a
trifling oscillation in the instrument, to the presence of water, or to a very
insignificant leak; we are supposing the instrument is in perfect order and
condition. As the ratio of expansion increases, the line more closely follows
the theoretical line, and it will be noticed that the four lines are all merged
into and apparently cross one another at almost the same precise spot. Had
the steam valve been leaking, or had there been much water in the steam, the
line under the figure 774 would have risen considerably above the theoretical
line,—and this is very commonly found,—but in this particular case the
valves were tight, and the line continues down to its complete expansion, or
termination, almost absolutely.

Fig. 8 is a very different diagram, and was taken from a steamship engine;
and this may properly be termed one of the vicious forms, or at least a vicious
diagram ; and even now, we find some men so antiquated as to advocate this
method of working steam. It must be read, not from its comparison with the
other, so far as the Indicator goes, but as an absolute result given by the Indi-
cator of what was being done in that engine at that time, and we can then
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compare it with Fig. 7, each diagram being the positive production of a differ-
ent engine, given by the same Indicator, perhaps, just the same as a pair of
scales would weigh a pound of sugar or a pound of nails. The work done
by the scales is simply a mechanical result, while the matter, which passes the
hands of the operator of the scales, may be as entirely dissimilar as sugar and
nails. This diagram has in it some very peculiar points.
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Fig. 8 is taken upon a scale of twelve pounds to the inch. The line,
A O B, is the atmospheric line, while the line, C D, is the line of perfect
vacuum. We have previously spoken of compression. It is illustrated in
this diagram, and we shall commence at £ in the right hand corner, where the
piston, on its return stroke, in passing f, commences to compress the steam
which the closing of the exhaust valve has confined. The operation in this
case would seem to reach about five pounds above the atmospheric line; at g,
the steam-valve has opened, and the steam is admitted, carrying the pressure up
to 6. Then the piston starts upon its forward stroke. The continued opening
of the valve maintains the pressure at almost the initial point. When the
piston has traveled forward to ¢, the steam-valve commences to close, and
continues to close, but the actual point of closing cannot be ascertained from
the diagram without geometrical delineation; but had the valve been properly
closed at ¢,—as it should have done with an automatic engine,—then the dotted
line, ¢ g, would have been approximated very nearly by the steam-line, the
lines, ¢ g, being the theoretical expansion curve from the point, ¢, and the line,
¢ d, the real expansion curve of the engine. At & the exhaust valve com-
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mences to open and the condenser to do its work in producing a vacuum.
The vacuum in this case is about twelve pounds. The notch .in the line,
between ¢ and f, is caused by the fact that the air was expelled, or that the
condenser had then produced its maximum effect. The line here, ¢ £, will be
seen to drop from g below to 12-+. When the condenser takes hold at d, the
steam has expanded to only two pounds above the atmospheric line, the
piston has not reached the full length of its travel, and the condenser seems
not to have the capacity to take and produce a prompt vacuum. When the
engine reaches its center, on the outward stroke, it will be seen at ¢ that the
line of the instrument drops vertically. At e, the piston has commenced its
return stroke. Only nine pounds vacuum has yet been attained. As the
piston travels on its return stroke, the condenser commenced moving again,
and the vacuum is steadily reduced from g to 12 in about one-seventh of the
return stroke.

We are now to return to the expansion curve, real and theoretical. The
area bounded by the line, ¢ d g, and ¢ g, is really just the same as so much
steam thrown away; for, had the valve closed at ¢, the line, ¢ g, would have
been produced; but as the valve was so slow in its closing, the quantity of
steam admitted led the real line of expansion unusually far above the theoret-
ical; and while a certain amount of power was produced, it was at an
enormous expense compared with the rest of the area of this dlagram —really
at no positive advantage.

“In comparing the two diagrams, Fig. 7 shows the perfectlon of the
working of steam, and Fig. 8, we might with propriety say, the perfection of
waste of steam. Although the one is called a high, and the other a low
pressure diagram, had a condenser been attached to the engine from which
Fig. 7 was taken, there would not have been the least difficulty in producing a
better vacuum than that of Fig. 8, and the waste between the two engines
would be enormous if they were both adapted to the same work.

We shall, in another lesson, show a diagram from a modern steamship
engine, which is as radically different from Fig. 8, as Fig. 8 is different from
Fig. 7. The figures upon these diagrams are the old method of working up,
and it will be good practice to work these over and corroborate the figures,
or to make a nice tracing of these diagrams, lay out the curves, and find the
percentages of economy and waste.

There are high pressure engines, now running, which are fully as wasteful
as Fig. 8, some of which we shall illustrate; but it must be borne in mind that
this diagram was taken a number of years since, when it was supposed a great
improvement had been made in working steam expansively upon marine
engines. Many marine engines have most elegantly-contrived expansion
valves, or arrangements, which we shall treat upon more fully. Fifteen years
ago it was supposed that some of the steamships crossing the Atlantic had
reached the highest point in the economy of fuel; but, within the last eighteen
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months, vessels, with more tonnage than those with which the comparison was
made, have crossed, from New York to Liverpool, upon a little less than one-
fourth the amount of fuel per day than the engines are using which were sup-
posed to be so economical; while, in other departments of working steam,
results have been obtained, by the application of steam pumping of water,
which far surpass the performance of any steamship engine that has been built
up to this date. This has been done, partially, by studying carefully the
force, and its application to raising water; but if the steam mechanism had
not been as nearly perfect as it is possible to make it, it would not have shown
such immensely economic results. The perfection of application of the power
produced has wrought out this result— to which we shall again refer.

The study of this diagram, by those who are not entirely familiar with the
Indicator, will be of great value. No man should be intrusted with the run-
ning of large engines, especially in cotton or woolen mills, where perfection of
speed is required, and where the best results that are possible are not only
desirable but, from an economic point of view, are a most imperative necessity.
Many of our larger corporations now require that an engineer shall have a
practical knowledge of the Indicator before they will put him in charge of
their engines and boilers. The time for setting the valves of an engine by the
eye, or by scratches or punch marks, has ceased to exist in the eyes of intelli-
gent and competent engineers; and the engineer of the future is probably a
man who is capable of a careful manipulation of the Indicator, and of producing
the highest economic results from following the lines drawn therefrom, without
regard to the whims of the builder, owner, or others, after he has qualified
himself to read these lines, and make them by the proper manipulation of his
instrument.

LESSON III.

IN this lesson we present two diagrams from different classes of valve
motions, and the two figures represent as radical a difference as is possible,
from the two practices, in the way of working steam, but by this time the
reader should be quite able to read the lines. In Fig. g we have a diagram of
rather peculiar appearance, and yet it is not many years ago that a great
many engines were working under circumstances no more favorable than is
shown by this card. It is a low pressure condensing engine. The steam is
carried half the stroke, the pressure being regulated by the throttle valve in
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the pipe, but the admission line is a little late. The steam line is very well
maintained, but at what an expense! While the expansion line is somewhat
irregular, and is much higher at the termination than it should be, from the
fact that the valve which is used in this case did not close promptly enough.
The condensing is almost a farce. It will be seen that the valve opened very
slowly, or that the condenser took hold very imperfectly ; and the piston had
returned nearly half its stroke before the condenser had attained the maximum
vacuum, while the distance between the return line of the steam and the line
of absolute vacuum is about equally divided. In other words, the vacuum is
just about half what it should be; the atmospheric line of the instrument
running through the Indicator lines, and the absolute vacuum below, —without
measurement we should say it was about one-half,—and yet there are engines
running today in just this kind of practice. This engine uses double the
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steam in amount, at half the pressure, and the engine only affords about half
the vacuum. It is therefore utilizing something less than one-third of the fuel
that is burned in the furnace.

Fig. 10 we have chosen for an especial purpose. Itis a fine outline; the
compression is an elegant line; the steam valve opens at just about the right
point, and the admission line is correct. The expansion line looks well to the
eye, but the style of engine is one that makes a fine diagram, and most
essentially misleads the unpracticed eye in its reading. The diagram in ques-
tion is made from a non-condensing engine, at a slow rate of speed, from what
is known as the Sickels valve-gear, using single or double poppet valves.

The clearance of this engine, by reason of the valves used, is enormous,
but they have a chronic way of leaking, so that the expansion line in this
engine, except the whole clearance be known, is of no use whatever in erecting
upon it a theoretical curve in order to measure its efficiency. And while the
outline is agreeable, with the exception of the undulations in the expansion
curve, it bounds a waste of fuel that would not be tolerated today by any sane
man who had to pay for fuel himself, and could not be used by any concern
who paid for their fuel or meant to pay their bills. When the valves and seats
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are new and tight, it works with much more economy than when any little
trouble has arisen from the wear of the valve. But the clearance is so very
large that economy is absolutely out of the question. The question has several
times been asked us: Is it possible for an engine that is not economical to
make a handsome Indicator card? This is an example and an answer to that
question.

The Indicator card, in itself, is of very little value, except all the circum-
stances that surround it are made known from the positive standpoint of
absolute measurement. In this case, if the actual clearance was known, the
termination of the line of expansion would, without doubt, be above the
proper termination of the theoretical curve; for the clearance is very large,
and whatever amount of clearance is found in an engine is a constant quantity
that must measure out an amount of steam, which does no good beyond filling
a certain amount of dead room at every revolution of the engine.

FiG. 10.

As steam is a fluid which is capable of measurement just as much as
water or milk, do not allow an engine builder to talk you into the use of a
large clearance, by any roundabout method of argument ; for if you are using a
cut-off engine, the amount of steam wasted in the clearance must be filled with
live steam, while the valve is open, and the ratio of expansion has nothing to
do with it. The amount of steam which you measure out in this way is for
each end of each revolution, and the waste is therefore as many times the
excess of clearance as your engine makes strokes per day, month, or year.

In Fig. 10 there is positively no back pressure, and back pressure is no
more necessary in a well constructed engine than a leaky piston head; and
except some obstacle is offered to the exhaust, an engine should exhaust at no
back pressure, without some visiblé, sensible reason, as in the case of very
extended exhaust pipes, exhausting through small pipes to heat rooms, or
some such reason as that. An engine making the card, Fig. 10, although high
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pressure, wili do nearly, if not quite, double the work with the same coal as
the engine which makes the card, Fig. 9; while if Fig. 10 shouid be set.to
work with a proper condensing apparatus, it would do a very large percentage
more than the engine upon which Fig. g was made, with the isame amount of
coal, ,

LESSON 1V.

IN this lesson we shall come at once to the practical. Both diagrams
shown are from the same engine, and taken upon the same day.

Fi1G. 11.

Fig. 11 is not an uncommon diagram, although this was from a modern
built cut-off engine, by. Wheelock. The engineer in this case had become
dissatisfied with himself and everybody else, and he was one of those men who
do not consider an Indicator of any practical value; consequently he had
placed the valves in such a position as he Zzew was correct. The result
proves that he was 7zof correct. The line at A represents the steam pressure
in the boiler, and is the same in both figures, and it is erected at right angles
to the atmospheric line of the instrument. Mr. Engineer, in making his
changes, made the motion of the valves very late, as will be seen at B. The
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valve did not commence to open till after the piston had started on its stroke,
and the old saying, “a stern chase is a long one,” was never better exemplified
than in this case. The valve being late in its opening, is late at every portion
of the stroke. The steam line in this case rises after the piston starts, for
when the valve gets wide open it admits more steam than it did at first. The
expansion line is a rather awkward affair, while the exhaust resembles an old-
fashioned shoe toe, and it is evident the engine has too much back pressure.
At C there is a peculiar little point, caused by the late closing of the exhaust
valve; and after the piston stops, the Indicator seems to drop a couple of
pounds. From C to B the admission line is very poor.

F1G. 12

Fig. 12 shows the diagram a couple of hours afterward, and which pre-
sents a very different appearance indeed. In this case, the admission line does
not come fully up to the boiler pressure. The steam line is hardly maintained
as it should be, —it is a very great improvement over Fig. 11,—but the im-
provement is not entirely in the outline.

On these diagrams there is another very serious question. Fig. 11 was
not doing any more work than Fig. 12,—in fact, it was running the very same
machinery, and did not run it at quite full speed, — while the amount oi coal
used to produce Fig. 11 was sixteen tons, and that used to produce Fig. 12 was
twelve tons in the same time. Now, this evident discrepancy was not from
any particular fault in the engine builder, but all lay in the fact that the engi-
neer knew very much better, in his own estimation, than he did as a matter of
fact, what should be going on inside the engine cylinder,—and this is a very
common mistake.

Fig. 12 shows very much less back pressure and earlier exhaust, and a
slight amount of compression, but sufficient to arrest the motion of the piston.
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The steam valve commences to open just about early enough, and the steam
is carried a little less than one-half as far on the steam line in Fig. 12 as itis in
Fig. 11. The consequence is, less steam is admitted to the cylinder to do the
same work, less steam is exhausted, and very much less is wasted, and only by
the simple and proper placing of the valves.

Sometimes men reason, although very falsely, that they can tell by the
motion of the valve, or the exhaust, or something else, how the engine takes
steam ; but, as a matter of fact, no person can tell anything about it till after
the Indicator is applied,—and not then except the application be strictly cor-
rect, —and whoever reads it must have had some practice in reading the lines
of a diagram. The two figures are as unlike as it is possible to make them,
while the serious question is: Why should not any engine make Fig. 12 as
well as Fig. 11, while it costs less to make it? And the only answer is that
the engine wi// make it if you have an engineer who is willing to steer by the
Indicator. There is no trouble whatever in doing this; but the fact is, engi-
neers do not always like to learn, and in many cases parties in charge of
manufacturing establishments do not furnish their engineers with the materials
with which to work. , i

This is only a single lesson, but what is very frequently done, and as a
rule the men who do it are not the engineers. If the reader will figure both
these diagrams from the same data, they will find a very serious difference,
and this difference is WASTE to the owner, and is precisely the measure of
difference between a good and a poor engineer. There is no material differ-
ence in the amount of work done, although, as a matter of fact, the same
machinery was run at the same speed, in each case, by the very same engine;
and it will be good practice to figure the difference in an engine of 18 X 42,
running 65 revolutions, and see how much was wasted.

LESSON V.

IN this lesson we have two interesting subjects. One, a high speed
engine, 1234 by 16 inch cylinder, running 160 revolutions, diagram with a 50
spring. - This diagram (Fig. 13), as a general outline, approximates very
closely to locomotive practice. The engine takes steam at A, and the steam
is shot into the cylinder, and immediately decreases in pressure to a very great
extent, from A to B,—perhaps we have made the line a trifle too long, —
about one-third of the stroke. This is very nearly the steam line. The
pressure at A is 75 pounds. At B it is 50 pounds. We have no data upon
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which we can figure or lay out the curves! - Hence, we cannot say whether the
expansion line of the diagram is correct or not. The exhaust valve opens at
A B, nearly one-sixth-of the stroke. The exhaust line is very good. There
is no back pressure, but the exhaust valve closes again very nearly at C, which
is one-half of the stroke. The compression line in this case is well formed,
but whether it is an economical one or not can only be judged by data which
we are not possessed of. The outline of this diagram is peculiar, to say the
least, and we have no doubt it is interesting, if we had the whole facts, from

Fi1G. 13.

which we could make deductions as to its economy, or otherwise.. The steam
in this case does not obtain access to the piston as readily as it should. The
line, A to B, indicates what the steam line at induction pressure would be, for
whatever length of stroke it is carried; and the line from the horizontal to B
shows the pressure line from the opening of the valve to the cutting off. The
clearance of this engine, although very small, shows a very good expansion
curve: - But if the clearance exceeds 4 or 5 per cent., the curve ‘would not
rank well. We do not mean well as: to the-ideas of some engineer ‘or builder
—we mean well as to the coal pile.

Fr1c. 14.

Figs. 14 and 15 are from a Corliss engine, and in both these cases the
steam valve opens late. The admission line is therefore tardy. The steam
line'in Fig. 15 is somewhat peculiar, as it carries the induction pressure Very
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squarely for a short distance, when it drops off; and, from the formation of the
line, we should infer more steam entered the cylinder. We have not, in this
case, the clearance upon which to erect a theoretical expansion curve. Qur
purpose is not to treat this diagram from a theoretical stand-point, but to draw
from it a practical lesson for those who are not too hard-headed to learn.
This is another expensive practical lesson, where men overreach themselves
in their attempt to do their own engineering. The cylinder of this engine is
23 inches in diameter, 60 inch stroke, 75 revolutions. The diagrams are taken
with a 40 spring.

Fig. 14 shows more back pressure than Fig. 15. In either case the
amount is very large. From the time the engine takes steam until the valve
closes, and the admission of steam to the cylinder is stopped, a' considerable
decrease of pressure upon the piston is shown. The shape of this line tells
the practiced eye plainly that there is some reason for it. 'The line, for a
portion of its distance, is almost a right angled triangle, or two sides of it,
when compared with the upright line, A. The formation of the line, therefore,
shows that the cylinder is calling for more steam than the port is able to
supply. In this case, the reason is a very simple one. The parties who are

FiG. 1s.

running this engine bought a 200 horse-power machine; it is indicating 350 to
380 horse-power, or nearly double what it was ever intended to do economi-
cally. Investigation into this question; of a very recent date, by a competent
engineer, develops the fact that the engine is working at double the load it was
ever intended for, and, with all its disadvantages, upon 2g pounds ‘of steam per
indicated horsé-power, upon a test. These diagrams do not show an’economi-
ical use of steam, from the fact that the load upon the engine is so large that
the ratio of expansion is éntirely too small. More steam is required to drive
the load than the steam-ports will properly handle, so far as economy goes.
That is to say, the amount of steam required at each end of each stroke, is so
much, that the capacity of the ports will not admit it all, at the pressure
required, or furnished by the boiler; that the amount of steam admitted is
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more than will be admittéd at boiler pressure; and upon the other end of the
stroke, the volume of steam, after expansion, s more than the exhaust ports
will readily relieve the engine of; so that a liss is made at both ends,—a
radical loss of initial pressure, and a loss of resistance by back pressure after
the steam has expanded, or done all its work. For all this fault there is only
one remedy: less load, or a larger engine. In this case, we presume the
engine will be charged with what is really the fault of the owners or managers,
and, without much doubt, they will be entirely blind to the fact that they are
themselves the cause of a costly steam power. Our next lesson will show a
modern built engine, which the reader will do well to contrast with this over-
loaded Corliss. It is no use to expect to load a 300 horse-power engine to
560 horse-power, and get an economical result in the use of steam. But there
are people in the world who are just complacent enough to suppose that one
pound of coal will do an immense amount of work —if they only direct the
way in which it shall be used.

In these lessons we have nothing to do with the theoretical, beyond the
simple comparison, believing that, as facts are facts, and these examples are
all from actual use, our readers, who are honest with themselves and can
learn from example, cannot fail to profit by them. In too many cases the
use of steam is an expensive luxury, and the overloading of an engine is not
the least expensive. And aside from the danger incurred, the liability of a
complete smash-up or stoppage, it must also be borne in mind that all of these
circumstances tend to involve danger to the lives of all those immediately in
reach,—and this is a factor which is not always taken into account or
consideration. '

LESSON VL

IN this tesson we have a rather interesting and instructive subject. The
diagrams furnished are both from the same engine, are from actual practice,
and were taken for the purpose of ascertaining what economy the engines are
working with. The size of the engine is 6 X 14 inches, running 220 strokes,
or a trifle more, giving an indication of + 17 horse-power, with an assumed
clearance in the construction of the theoretical curve of three per cent. of the
volume of the cylinder capacity. Subsequently to the trial the piston was
found to be leaking badly. The compression on this, as most other high-speed
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engmes, is a considerable factor, much more than we should like to see. But
it is a part of the motion of the valve. If it opens early for the exhaust, it
must necessarily close very early, and as there is no limit of changing the
throw of the one witnout the other, then the whole matter has to be averaged.
The peculiar kink at the upper right-hand corner of each card shows the
action of this compression, and the opening of the valve. In one case the
steam line, properly speaking, is theoretically correct, with the exception that
it does not rise nearly as high as the steam pressure; while, in the other case,
the valve does not open as it should, and the steam line falls away rapidly,
until the real point of cut-off is lost, and the line becomes very irregular on
the expansion curve. The back pressure amounts to but very little, indeed,
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while the compression line, theoretically or mechanically, is quite too much,
and approximates to locomotive practice, where it is very necessary to bring
the reciprocating parts of the engine to perfect rest by a free use of steam.
The compression occurs here at about one-sixth of the stroke, or rather more
than that. The curve in this case includes the clearance, and is seen to be
materially above what was expected of it, approaching nearer the expansion
line at the point where expansion ceases. Taking the cut-off at the apparent
point, including clearance, it is .295 of the stroke. The feed-water consumed
during the trial was 40.78 pounds per hour. The power of this engine is
small. We have not all the facts in connection with it as to the effectiveness
of the boiler. It is only one instance of a pretty card in its general outline,
which, when it comes to be surrounded by the facts, makes a very expensive
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power. The action of the valve is such that it requires a large amount of
steam, and whatever the amount of leakage may have been, it was probably
not enough to radically increase the amount of steam used per hour.
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LESSON VII.

THE originals from which the: engravings were made for this lesson, ére
sent-us by a man, with the statement that he is a practical engineer, —butfnot
an expert,—and that he i trising to learn something by the practical applica-
tion of the Indicator to different steam ‘engines. He asked several questions,
and sent three'séts of cards from two different engines. The cards contained
in themselves'a whole lesson, and ‘we propose to answer his questions from:a
practical point of view.

The diagrams (18 and 1g) are taken from a Harris-Corliss engine, 36 X
14 inches, speed 635 revolutions, 55 pounds boiler pressure, 30 scale. Our
correspondent asks:: “ What are the reasons for the fluctuations shown by
the governor?’ I suppose, in figuring these, it would be proper to take’the
mean. When' the engine is loaded, the trips of the cut-off seem to act all
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right, but when she is not loaded the fluctuations are very wide. What is the
reason ?

In the first place, these diagrams, for practical purposes, such as adjusting
the valves of an engine, or ascertaining the actual pressure of each end of the
cylinder, are absolutely worthless. They have no value whatever, and for this
reason: The diagrams, as shown here, are taken by a connection leading from
cither end of the cylinder to the center of the cylinder, at which place a three-
way cock is probably used, and in the time required to change the three- way
cock from one side to the other, the load of
this engine may vary from 20 to 30 horse-
power. - 'If the diagrams were taken as
quickly as - possible, they cannot both be
taken upon the same stroke; consequently
the value of the comparison between the
different ends is lost. In the loaded engine
and the unloaded, the same readings are
apparent. We have drawn the atmospheric
lines; and the lines, A B, upon cach side of
the diagrams, are at exactly right angles to
the atmospheric line of the instrument. The
admission line upon one of these cards falls
away from the upright; consequently the
induction valves, or steam valves, are too
late in their movements in opening. This
is applicable to each one of the four dia-
grams. It will be noticed that the crank
end, upon each set of cards, does not give
the same initial pressure as the head end,
and if Indicators were used upon each end of
the cylinder ; — this would undoubtedly be
found to be the fact in all the cards. The
reason for this is very apparent. The crank
end’is much later in taking steam than the
head: end. As the piston commences to
move away from the head of the cylinder
before the steam valve opens at all, and the
crank valve is much later in opening, with
reference to the motion of the piston, than
the head end, it never gets open wide
enough to admit the full pressure, from
the fact that the volume of the cylinder is
increased so much faster by the movement of the piston than the capacity of
the steam-port will supply. The head end, upon both diagrams, has several

F1G. 18.
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pounds more initial pressure than the crank end; and although the head end
is late in the motions of the valve, the valve opens relatively sooner than in

the crank end.

The way of connecting the Indicator to the middle of the cylinder,
although altogether wrong, is the favorite method adopted by almost all the

F16. 19.

high-speed engine builders, for it shows their line
of admission nearer to a right angle to the atmos-
pheric line of the instrument, and it is, therefore, a
point of advantage with them. They are obliged
to open their valves very quickly, or to use an enor-
mous amount of compression. The little amount
of time lost by the steam running the whole length
of this pipe, if only 12 inches, makes a certain cor-
rection, which is in their favor. On the Corliss
engine, as in this case, the admission of steam is
shown late upon the diagram, and, no doubt, if the
Indicator was connected by the shortest possible
connection to either end of the cylinder, this motion
would be somewhat diminished, but the essential
feature of the valves opening late would be found to
be a fact.

Our correspondent asks why the regulator fluc-
tuated more upon the crank end than upon the head
end. The reason is perfectly plain. When the
engine takes steam upon the head end of the piston,
it takes a larger amount than it can take upon the
crank. The tendency of this is to increase the
speed of the engine. While the piston is making
the stroke toward the crank end, the speed is some-
what accelerated, the regulator ball slightly raised,
and the crank end of the engine, when it takes
steam, is tripped just that amount shorter in order
to maintain the proper speed which the engine is
set to run at. ‘Having taken this amount of steam,
the balls drop, and the head end trips longer. In
other words, the head end is doing considerable
more work than the crank end, and the crank end
is endeavoring to adjust all the time; and if the

Indicators could be applied to both ends of the engine, and simultaneous
diagrams taken, there is hardly any doubt, in our mind, that the fluctua-
tion would be found as wide upon the head as they are shown upon the
crank end. This we have proven, over and over again in practice. One end
of the engine is doing more than the other, and the other end is trying all the
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time to strike an average and keep its speed; consequently the regulator
changes the point of cut-off at every single stroke of the engine. This is not
so apparent in the diagram taken with the whole load on, because the
percentage of variation is so very much less in proportion that it does not
show in the lines.

It would not be proper to take the mean of either one of these two
diagrams as the actual amount of work done. It would show, to be sure,
what was being done at the instant the diagrams were taken, but an average
of 36 upon one end and 16 upon the other, does not, by any means, give the
actual average of 26 horse-power as the work required to overcome the
resistance. If our engineer friend will throw away his three-way connection,
putitin the scrap-pile, and leave it there forever, make the shortest connec-
tion possible with each end of the cylinder, borrow an Indicator, —if he does
not own two,—and apply these Indicators to both ends of the engine, he will
find, we think, just what we have laid out for him. Then, if he finds the
admission line a little late, let him shorten up his connection until the angle of
the lines, A, B, and the admission line from the point of compression shall be
one line instead of two, get his engine so that it takes steam sharp upon the
center, — not a particle before, —then watch his engine for an hour, and when-
ever he changes the trip-dogs, changing both whenever he changes one,
putting one back and the other forward, figure his diagrams,—and upon an
engine of this size he should not allow a variation of more than two or three
horse-power, —taking care to adjust the engine as nearly as possible from the
full load ; he will then find, if he cuts the belt off his fly-wheel, that the engine
will cut off with the lightest load, both ends at the same stroke, and the variation
in the amount of work done should be, and will be, with proper adjustment,
very small indeed. He will find that his regulator will assume a very much
more settled condition —it will not be reaching with every strirke. He will
find that the confusion of lines will disappear, and that.this will not be all.

An engine of 150 horse-power was recently indicated by us at the request
of a party who was anxious to ascertain if the Indicator had any value. The
mean of the first diagrams, taken from simultaneous cards, showed 168 horse-
power. The head end was doing fully 15 per cent. more than the crank end.
After the engine had been adjusted, the mean of two cards was 154 horse-
power, with a variation of less than 4 horse-power as the mean of 12 sets of
simultaneous cards. The difference between 154 and 168 was being thrown
away; in other words, the engine was requiring steam capable of maintaining
168 horse-power, when, as a matter of fact, the load only required 154 horse-
power. The speed of the readjusted engine was much nearer correct than
that of the engine, when one end was reaching after the other alternately.

There is a point here that engineers should understand, and that is, that
the variations of one end of the cylinder reaching after the other, when it is
not properly adjusted, calls for the use of more steam to do the same work
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because it does not do its work properly. The amount of coal requires on
this engine was 26 tons, before adjustment; after the adjustment, the pardes
reported that in the same length of time 20Y; tons did all the work for three
successive weeks. The result of the mat-
ter has been, the party has ordered a pair
of Indicators, and his engreer is to make
himself familiar with them, and take dia-
grams every day. This is entirely a prac-
tical lesson, and there are hundreds of
engines running worse than this, which
are considered to be doing very well.

The diagrams 20 and 21 are from an
18 X 42 inch automatic cut-off engine, built
by Geo. A. Rollins & Co., Nashua, N. H.,
with valves of the Corliss style, running
72 revolutions per minute. The scale is
30, high pressure, the clearance being 2%
per cent. The smaller diagrams, or the
lightest load, show that the head end is
doing the most work. The motion of the
valves is a little late upon each end, as
will be seen by reference to the upright
line. The crank end cuts off very sharp,
while the head end does more work than
the crank end. This is purely a question
of the adjustment of the valves. These
cards are very clean in the track of the
Indicator pencil. The card, with several
lines upon it, is from the same engine
under varying loads, and the lines of the
instrument have been traced as nearly as
possible.

In Fig. 21, A is the atmospheric line
of the instrument, the back pressure valve
being closed. This engine is in the Bay

y Syl State Sugar Refinery, Boston, and the vari-
ation in the lines is caused by the throwing off or on, two or three at a time, of the
centrifugal machines used in the works, which take from 25 to 50 horse-power
each to start. The engine carries steam the full length of the stroke, in an
almost absolutely straight line. This could not be done unless it had sufficient
valve-port room, while, in cutting off at nearly three-fourths of the stroke, or
at about one-half of the stroke, the lines are very good. The exhaust, in this
case, we cannot tell exactly about, as the back-pressure valve is closed. But
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it is evident, fron} the general conformation of the three lines, that the exhaust
valve has a capacity nearly equal in exhausting to carrying steam almost the
full length of the stroke. When the centrifugal machines are thrown on, they
are required to be brought to speed as soon as a half minute, which makes a
very large change in the load of the engine, or the requirements. In this
case, however, the engine seems to be fully able
to answer these requirements, ard the variation in
speed was very slight. But with carrying the -
steam the whole length, it necessarily reduced the
speed of the engine somewhat, — else the cut-off
would have acted. If anything, the exhaust
valves of this engine should open a little earlier
than they do. There is hardly compression
enough in it, and the lines of all three diagrams
which are traced, show that the exhaust is some-
what retarded at the commencement of the return
of the stroke of the piston. The opening of the
valves to admit steam is slightly late,—only
slightly so,—while the steam lines are most
excellently well produced. The outline of B,
Fig. 21, shows that the exhaust line is almost as
perfect as the steam line of the largest figure.
The turning of the instrument shows it slightly
rounded, —in other words, that there is a small
accumulation of steam in the way of retardation.
If the outlines are correctly traced in the figure
by the eye of the reader, these will be found to
increase as the load increases, by the carrying
of steam further on the stroke. In other respects,
the lines corroborate the outline, making a work-
ing which should be very satisfactory, both as
regards speed and economy. As a general rule,
engineers do not pay attention enough to what
seems to them trifling indications of variation.
Every retardation of the exhaust upon the small-
est diagram, is multiplied, as the amount of steam is let into the cylinder
to overcome an increased resistance; and the little points should be carefully
attended to, in order that they shall not become serious ones with the increase
of the load. The cushioning, or compression, is quite too little upon this
engine, and if the amount of motion at the commencement of the exhaust is
put upon the end of the exhaust, or, in other words, if the exhaust is opened
earlier, it will close as much earlier as it is opened. You will therefore reduce
the back pressure at the commencement of the exhaust, and increase the

FiaG. 21,
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amount of compression by the closing of the exhaust, bath of which are
advantageous in economy, and are certainly advantageous to the good
working of the machine. In the smaller cards, or those which indicate the
smallest load, the amount of steam used by the head end is motré than that
used by the crank end. If this were balanced, the engine would work
smoother, and there is no difficulty in balancing it if you have Indicators and
a little patience. And the nearer right this can be done, the better production
will be obtained regularly from the engine. Little matters are the important
ones wherever steam power is used, and in no case is it more essentially
important than in noticing little variations by the Indicator, when it is applied.
The width of a pencil line upon the Indicator diagram does not appear to be
much. At the same time, it may be an important feature in determining
where the trouble lies, and should be watched very closely, and no changes
should be made without carefully considering whether everything is tight and
just right; for the value of an Indicator diagram increases precisely in the
ratio that you give it care or attention in the manipulation, and valuable in
results only as you are accurate and correct in obtaining them.

LESSON VIIL

THE examples in this lesson answer an often repeated question, Are simul-
taneous diagrams of any especial value over those which are not simultaneous?
The diagrams which we represent are not simultaneous diagrams for the whole
set. Each pair of diagrams were taken at the samle time, but not upon each
cylinder of the engine at the same time. There is, therefore, more variation
than there would be if they were simultaneous diagrams. But these diagrams
represent another important feature. They were taken from a Corliss engine
which has been in use nearly or quite seven years, the valves of which have
never been bored, turned, or changed. It is, therefore, a very fair expression
of the value of the Corliss engine, in reference to the valves remaining tight
while doing the constant regular work.

In the next lesson we shall produce diagrams from high-speed engines,
taken from both ends of a pair of engines, and from each one of the engines
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at the same instant of time. A comparison will aptly illustrate the value of
simultaneous diagrams, which are very much underestimated by engineers in
general, as well as by engine builders, and their men who set up and start
engines.

LESSON IX.

THE diagrams, Figs. 22 and 23, are from the Social Mills, Woonsocket,
R. 1. The cylinders are 30 X 72 inches, 48 revolutions per minute, with a 40
spring, working three-quarters condensing. The figures in each one of the
cards represent the area as measured by the planimeter. These figures may,
for comparison, be called horse-power; for, if reduced to horse-power, the
amounts would represent precisely the same ratio that these figures do. The
left-hand engine is doing the most work, as the cards are taken, if they were
simultaneous, but the load may have varied between them. The left-hand
machine works all condensing. The back end shows 490, the front end, 513;
while the right-hand back end condensing is 488, the right-hand front end
high pressure is 376. The right-hand engine is working with about the same
amount of cut-off, and the front end, high pressure, is doing almost the same
amount of work as the back end without the vacuum. This could be very
easily adjusted by the use of the Indicator, if it was desired so to do. Let it
carry steam a trifle longer and it would do as much as the back end; but all
these points are practically those of fancy, with the average engineer, though
not in a practical sense fanciful points.

There are some especial features about these cards. The valve gear upon
this engine has not, perhaps, the same delicacy of adjustment as the motion
Mr. Corliss is now building ; therefore the toe of the vacuum is not so abrupt,
and the engine is not working with as much perfection as would be desirable
if the valve gear could work to an exact adjustment. We say exact adjust-
ment, for if an engine has been working several years, the valves seat them-
selves; and if the throw or travel of the valves should be changed, the engine
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