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PREFACE.

The preparation of this book has occupied most of the author’s
spare time for a number of years. Originally the matter was not
intended for publication, but the manuscript has grown so large and
complete, which consideration, combined with many repeated re-
quests, has induced the writer to publish the matter in book form.

Let every Engineer make his own 1ndicator book as he proceeds
in his study and practice, and it will prove invaluable in after years.
The present work has been compiled in this way, from data contin.
unally obtained during the author’s professional career, extending over
a third of a century.

The  introduction of algebraical formules have been avoided.
These are readily found in the many valuable mechanical Pocket-
Books. The writer has endeavored to discuss the principle and use of
the Indicator in as plain common sense words as the subject and the
English language will admit of.

Special attention has been given to the requirements of the young
progressive student in Steam Engincering. The preparation of the
following chapters has been a work of pleasure to the author, and if
they prove beneficial to his fellow-workmen, he will be amply repaid.
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CHAPTER 1.

BRIEF HISTORY OF THE INDICATOR.

The idea embodied in this important and instructive little
‘instrument, was originated by the celebrated James Watts dur-
ing the latter part of the last century, at a very early period
in the history of the steam engine, and it has since then in its
improved forms, materially contributed to the perfection and
efficiency of our modern steam engines, not only by enabling
the engineer to ascertain the exact values of the forces from
which the power is derived, but also by pointing out the pre-
cise periods, in relation to the different parts of the stroke, at
which these elements of power come into action. The original
machine of Watts, consisted simply of a cylinder, about six
inches long and one inch in diameter, in which there was a
closely fitted piston: and was attached to the engine cylinder
by means of a suitable pipe, fitted with a valve to open or close
communication between them. A long open coiled spring was
used, of which one end was fastened to the piston, and the
other to the cover of the indicator cylinder; this spring resist-
ed the pressure of the steam, in one direction, and also the
pressure of the atmosphere in the other.
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A pointer was connected to the piston, and moved directly
with it and served to locate the atmospheric line, or zero; and
all motion of the pointer was above or below that point.
There was no paper drum; the pointer merely indicating on a
scale, the highest and lowest pressure in the engine cylinder,
measured from the atmospherlc line. Animprovement on this
instrument was made by adding a flat slide to which a sheet of
paper was secured and giving it a coincident motion, on a re-
duced scale, with the engine piston, by attachmg a cord from
it to the crosshead or some other moving part of the engine,
and returning the same by means of a counterweight. The
machine in this improved form, though crude in comparison
and less compact in construction, was almost identical in prin-
ciple of its operation, to the many different instruments now

50 extensively in use, and it enabled him to ascertain the exact
mean effective steam, pressure throughout the sstroke; and' also
the proportion which the vacuum in the cylinder, at different
parts of the stroke, bore to that in the condenser, in order to
determine the dimensions of cylinder required for.any given
power, as also the relative proportion proper to be given to the
steam and exhaust ports, of the slow speed engines of his ex-
periments. AT SN

Having attained the objects, he left for succeedmg engin-
eers to devise, improve, and put into such a compact and por-
table form, as to be easily applicable to steam engines of every
description; to such an extent as we find the modérn indicator
of today.

One of the first to improve on the 1nstrument of Watts,
and nearly one-half a.century later, was' Wm.:Macnaught of
Glasgow, who constructed an. instrument represented at one-
quarter actual size in elevation, Fig. 1, andin plan, Fig. 2.

Unlike the indicators of to-day, that have a parallel. and
multiplied movement of the pencil as .compared with the pis-
ton; in this instrument the movement of both are coincident,
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that is, . whatever motion is imparted to the piston by the steam,
the penc:1I moves precisely the same distance either way. "As

constructed in this way, the spiral spring op-
posing the force of the steam against the pis-
ton, is liable to disarrangement, and uneven-
ness; on account of the greater length of
spring necessary to obtain cards of a conven-
ient height for computation.

Its consequent general adoption has led
to many very important, and decided im-
provements in the construction of the instru-
ment, and very materially aided in elevating
the standard of duty of steam engines, and
also demonstrated the economy resulting from
a liberal use of the expansive power of steam.

From a glance at Figure 1, it will be per-
ceived that the Indicator is neither more nor
less than a small single acting steam engine
with the addition of a spiral spring on the op-
posite side of the steam piston, to res1st the
force of the steam.

The many treatises at the present day on
the steam engine indicator, leaves little to be
said in reference to the actual manipulation of
the instrument in practice: and we now find
almost all of the Stationary, Locomotiye,

Marine, and other engineers imbued with the necessity of un-
derstanding the working of the indicator in all its details, not
only in the interest of their employers, but particularly for
their own personal benefit, in acquiring a knowledge of the
intricate working of steam, or other operating forces, of their
engines, in all their various details, and which becomes neces-
sary to enable them to reach a place in the hlgher ranks of en-
gineering science.
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The principal parts of an indicator, of the most complete
construction, consists of an outside cylinder, or body, inside of
which is secured an inner or working cylinder; with a nicely
fitting piston, of exactly one-half of a square inch in area,
equal to about .7978 of an inch in diameter, working therein.

The piston is so closely fitted to the working cylinder of
the indicator, that at the pressures of from two to three hun-
dred pounds per square inch, there is but a very small amount
of steam that can pass by or through it; but all indicators are
subject to a certain amount of leakage of the piston, and for
which ample means are always provided for its escape; in or-
der to avoid any unnecessary back pressure on the side of the
piston opposite the steam pressure.

Where the indicator is to be used for obtaining cards, from
pressures ranging from four to six hundred pounds per square
inch, it is advisable to use a reduced size of working cylinder
and piston; the area of which, shall only be one-fourth of a
square inch; equal to about .5641 of an inch in diameter, thus
avoiding the use of indicator springs of a very high tension.
The different sizes of the working cylinders, and their pistons,
are made interchangeable in the indicator, so that either can
be removed at any time, and the other substituted.

One end of the piston rod is connected to the piston, by a
ball connected joint, and the opposite end to some part of a
pencil mechanism, for producing a so-called parallel, or straight
line movement of the pencil, up and down, in reference to the
paper drum.

The parallel motion is another beautiful and ingenious in-
vention of Watts, as he applied it to steam engines, for the
purpose of guiding the piston rod, back and forth in a straight
line; and without the intervention of any guides, or other
means, for the purpose; thereby eliminating friction to a great
extent; with smooth working, and providing a mechanism that
has since been used in various modified forms, and adapted, to
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a certain extent, to different kinds of machinery where a motion
of this principle is desired.

The parallel motion, as applied to his engines, was consid-
ered by Watts, notwithstanding his other inventions, to be the
one which gave him the greatest satisfaction and pride, as it
performed its mission with the best practical results; even
though not absolutely mathematically correct in some respects.
In most of our modern indicators this principle of mechanism,
for their pencil movement has been almost universally adopted
in its various and possible modified forms, and constant efforts
in this direction are being made, with a view of eliminating
the slight inaccuracies that are known to exist in the original
parallel motion; particularly in the constant varying ratio of
the movement, that exists between the piston and the extreme
end of the system or the point at which the pencil is located.

The parallel or straight line movement of the pencil is
usually produced by a system of levers and links of definite
lengths, and pivoted in such a manner that by any movement
of the system, up or down, the end of the lever carrying the
pencil is always expected to move in a straight line, and also
in some exact ratio to the movement of the indicator piston.
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CHAPTER II

PURPOSE OF THE INDICATOR.

The Steam Engine Indicator is an instrument originally
designed for recording the varying pressure of steam in an en-
gine cylinder; at ary, and all points during the revolution of
the engine, and has subsequently been applied under many,
and various other circumstances, wherever the record, and
measure of an irregular pressure has been desired.

The production of this record is the result of two motions,
and is traced by the indicator pencil upon paper that is secured
te a light cylinder, called the paper drum.

To this drum is imparted a rotary oscillating motion upon
its axis, at right angles to the motion of the pencil; such mo-
tion being derived from the cross head, or any part of the en-
gine having a movement coincident with it.

The motion of the pencil is produced by the varying pres-
sures of steam acting against the indicator piston; in opposi-
tion to the strength of a spring of known tension. Conse-
quently, an indicator properly attached too, and communicating
with the interior of the cylinder of a steam engine in operation,
and the drum given a motion (on a reduced scale) correspond-
ing to that of the engine piston, will, (on bringing the pencil
in contact with the paper upon the drum, during its oscilla-
tion), trace the outline of an irregular figure upon the paper,
which is usually known as, and called an Indicator Diagram,
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an example of which is represented in Fig. 3, C. D. E. F. B. B.
and shows the varying pressure acting against one side only of

2 i

A A

v v
Fia. 3.
the piston, during a revolution of the engine; and such pres-
sures can be properly located, and correctly measured.

S T upper line C. D. E. F. of the diagram represents the
force of the steam impelling the piston during its forward
stroke; while the back pressure line B. B. shows its retardation
on the return stroke; the average height of each being meas-
ured, (by the scale of the spring), from the atmospheric line
A. A,

The difference between their average height, represents
the Mean Effective Pressure, usually designated the M. E. P.
of the diagram.

The atmospheric line A. A, isalso drawn by the indicator
but at a time when steam communication between it, and the
engine cylinder is closed; and consequently subjecting both
sides of the Indicator Piston to atmospheric pressure only.
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To show the pressure on the other side of the engine pis-
ton, another diagram must be taken from the opposite end of
the cylinder.

In most calculations of the diagrams, it becomes desirable
to draw, by hand, additional lines, from and by which, the
actual lines may be compared.

First, the straight line V. V. is drawn to represent the ab-
solute vacuum, or absence of all pressure.

Second, the line V. O., represents the clearance volume,
and is drawn at right angles, (or perpendicular), to the atmos-
pheric line.

Third, the line O. O. is drawn to show the full boiler
pressure in order that it may be seen on the diagram how near
that pressure has been realized.

The different lines, and events of the stroke, as shown by
the diagram during a revolution of the engine, and the name
by which they are designated will be noted, and explained in
a later chapter.

Diagrams taken from different engines, and under vary-
ing conditions, will present themselves in an almost endless
variety. of forms, depending entirely upon circumstances con-
nected with the operation.

The earlier forms of the instrument, (although the same
in principle), were crudely constructed, the moving parts ex-
ceedingly heavy; inducing vibrations, sufficient to vitiate, and
distort the diagrams; also causing more or less tardiness at
the different events of the stroke, such as admission of steam,
point of cut-off, and also compression; because of the heavy
parts being unable to respond so promptly to change of pres-
sure; thereby making them unreliable, and.imperfect in their
action, to an extent depending upon the weight of the pencil
mechanism, rapidity of rotative speed, and also suddenness of
change of pressure; and therefore preventing their being suc-
cessfully adaptable, on/y to enginesof very low rotative speeds.
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The prevalence of many high speed engines in use at the
present time, renders the use of the old type of indicators al-
most useless, and wholly unsuited for high speed, where any
reliable results are expected, as many details which gave little
trouble at low speed, seriously affect the results at the higher
speeds.

The present improved construction of some of the various
modern indicators, in which perfection is attained as near as
can be expected, consists principally in superior designs, sim-
plified construction, a better adaptation of the pencil mechan-
ism, also finer adjustment, convenience of manipulation, and
especially extreme lightness of the moving parts, thereby
practically eliminating the effects of inertia, and momentum of
these parts.

These qualities in any Indicator are absolutely indispensa-
ble in order to secure accurate and reliable results from high
speed engines.

The information that may be derived from-a careful and
attentive application of the Indicator to engines of all descript-
ions, is almost incalculable to the engineer; because many
facts are accurately determined by its use, that cannot be ob-
tained in any other way, with any great degree of satisfaction
or correctness; consequently its use has enabled the engineer to
discover many unforseen, and necessarily unknown defects ex-
isting in the engine, that have formerly been veiled in mystery,
and at the present time, its value is so universally recognized,
and relied upon, that most manufacturers of high grade en-
gines, make provision for its application; and do not consider
their engines complete until the valves have been correctly ad-
justed by the use, and assistance of the indicator, and set in
such manner, as that the maximum efficiency of the engine
shall have been attained.
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CHAPTER III.

DEFINITIONS OF TECHNICAL TERMS.

The many terms, generally used in connection with the
study of steam engineering, are all measurable; each with
reference to some established #zsz, and by which they are clear-
ly defined, and their correctness recognized.

Some of these are indispensable to the engineer, a few of
which are briefly described, and explained as follows:

The Unit of Work is equal in amount to the power required
to lift one pound, one foot high, and is called the Foot Pound.

The Unit of Heat, or Thermal unit, is the quantity of heat
necessary to raise the temperature of one pound of water, one
degree, or from 39° to 40° Fah.

Also, one unit of heat is equal to 772 foot pounds or units
of work. _

The Sensible Heat of any body, as Air, Water, or Steam, is
the heat that is sensible to our touch, and in extent is as shown,
and measured by the thermometer.

Latent Heat of steam is the quantity of heat, (expressed in
heat units), required to vaporize water, that has previously
been heated to a temperature equal to the resulting steam, of
vaporization.

Specific Heat is the quantity of heat measured in thermal
units, necessary to raise one unit of weight of the substance,
through one degree of temperature.
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Saturated, or Dry Steam, is steam confined under pressure
in contact with the water from which it is formed, and contains
just sufficient heat to maintain the water in a state of steam,
and will vary in pressure, and density corresponding to vary-
ing temperatures.

When saturated steam suffers any loss of heat, a condensa-
tion of some of the steam also takes place.

Superheated Steam is steam containing an excess of heat.

If to saturated steam more heat be added, its temperature
will increase, and the steam is said to be superheated, because
its temperature will be greater than that corresponding to sazur-
ated steam of the same pressure. This excess may be parted
with,” without condensation.

Horse Power (H. P.) is the standard used for measuring
the power of a steam engine, and is equal to lifting 33,000
pounds one foot high in one minute of time, or 550 pounds in
one second, or any equivalent thereof in opposition to the force
of gravity.

Indicated Horse Power, (1. H. P.) is the horse power of an
engine as computed from the Indicator Diagram.

If the mean area of the piston in square inches be
muitiplied by the mean effective pressure in pounds per square
inch exerted against it, and also by its speed in feet per min-
ute; this product on being divided by 33,000, will be the
indicated horse power of the engine.

Net Horse Power is the indicated horse power of an engine
less the horse power which is consumed in overcoming its own
friction.

Boiler Pressure is the pressure above atmosphere, or the
pressure as shown by a correct steam gauge. :

Initial Pressure is the pressure in the cylinder acting
against the piston, at or near the commencement of the stroke
of the engine. :

Absolute Pressure is the pressure of the steam calculated
from absolute vacuum.
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It is the pressure as shown by a steam gauge, with the
pressure or weight of the atmosphere added thereto.

Terminal Pressure is the pressure above the line of abso-
lute vacuum that would exist in an engine cylinder, provided
the release of the steam had not taken place until the end of
the stroke had been reached.

Usually the release happens earlier, and in such case its
position may be located by continuing the expansion curve by
hand from any point of release, to the end of the diagram.

The terminal pressure must always be measured from the
vacuum line; consequently it is the absolute terminal pres-
sure.

Mean Effective Pressure (M. E. P.) is the average of all the -
varying pressures at different parts of the stroke, exerted
against the engine piston to impel it forward; Zess all the
pressure that acts on the opposite side of the piston to retard
its progress.

Back Pressure Line, in a non-condensing engine, represents
the loss that occurs, from the retardation of the escaping steam ;
due to atmospheric or other pressure

It is indicated on the diagram by its height above the at-
mospheric line, and is expressed in pounds per square inch.

On the diagram of a condensing engine it is indicated by
its height above a lifie drawn by hand to represent the absolute
or perfect vacuum. '

Total Back Pressure is represented on the diagram by its
height above the line of Absolute Vacuum.

Initial Expansion is the fall of pressure along the steam
line; which often happens in an engine cylinder, between ini-
tial pressure, and the point at cut-off.

Compression is a result caused by the action of the piston
in compressing into the clearance space, all steam remaining
in the.cylinder after the exhaust valve closes.
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Clearance is all of the space or waste room between the
piston at the end of its stroke, and the face of the valve.

Its volume or amount is usually expressed in its per cent-
age of the piston displacement.

Piston Displacement is the distance passed over by the
piston in traversing a single stroke.

Its volume is equal to the area of the piston in square
inches, multiplied by the length of stroke, in inches, the pro-
duct is the volume of displacement in cubic inches.

Wire Drawing is a term sometimes applied to the action
of steam, and arises in consequence of very restricted steam
passages, also dilatory valve motion, thereby reducing more or
less, the pressure in the engine cylinders, and usually consid-
ered to be a loss in the matter of economy.

Valve Lap is the excess of length of the valve at each
end: (when at the middle of its stroke) over the extreme outer
edge of the steam ports; and is designed to serve as a cut-off
valve within certain limits.

Valve Lead is the amount of opening of the steam port,
(which is regulated by the valve) for the admission of steam
to the cylinder, just as the piston arrives at the corresponding
extreme end of the stroke; the entering steam thereby serving
as a cushion for the reciprocating parts of the engine.

Water or Steam Consumption is the amount of steam ac-
counted for by the indicator, per horse power per hour; and is
a measure of the economy of the engine.

98
X4
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CHAPTER IV.

CONSTRUCTION OF THE INDICATOR.

The principal difference in the construction of the various
indicators on the market to-day lies in the pencil movement
mechanism. The main objects sought in the design of this
mechanism are as follows:
1st, the nearest possible
approach to straight line
vertical movement of pen-
cil parallel to the axis of
the steam cylinder. 2nd,
constant ratio of move-
ment, pencil to piston. 3rd,
lightness of moving parts,
thereby reducing the mo-
mentum of these parts to a
minimum. 4th, accessibil-
ity of the partsand conven-
ience in handling same to
take diagrams.

For our intent and purpose, it is not necessary to describe
more than one of the various instruments in the market to-day,
and we have in preference to all others,.selected the well known
improved new style Tabor Indicator, as shown in Figs. 4, 5 and
6 as being the instrument more nearly fulfilling all the con-
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ditions and requirements named; and which are absolutely
necessary for the production of the most accurate results in
Indicator practice, including lightness of moving parts; there-
by reducing momentum; and also for ease and convenience to
the operator in handling the instrument while taking diagrams.

In order that the particular advantages of this instru-
ment may be thoroughly understood, it is necessary that a
brief description of its construction,
and arrangement of parts, should be
given here.

The principal and most impor-
tant peculiarity of this instrument
from all others, lies in the method
employed to communicate a straight
line motion to the pencil, and at the
same time of producing an exactly
equal ratio of movement between
the piston of the Indicator and the
pencil; both of which are perfectly
accomplished by means of a steel
plate, through which there is a slot (as shown, full size, in Fig.
7), of such contour, or shape, as to exactly counteract the ten-
dency to a radial movement of the pencil bar; this slotted platc
is attached in an upright position on the swivel plate of thc
instrument, and upon which the whole pencil mechanism is
self-contained. The swivel plate is in turn secured to the cyl-
inder cover of the instrument; said cover serving as a center,
upon which the entire pencil movement can be revolved “in
either direction, until it comes in contact with the paper drum.
In order to make this slot in the plate available for the pur-
pose, a small stud is secured on the pencil bar, upon which
there is mounted a hardened steel roller, fitted so as to travel
in the slot from one extreme to the other; and in doing this,
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the pencil is caused to move in astraight line up and down the
paper drum, in an exact ratio, throughout any and all parts of
the movement, of exactly five times the distance moved by the
indicator piston.

The radial slot in the plate is an irregular curve and devi-
ates slightly from a true circle; the irregularities existing in
the curve, just compensating for the error that would occur in
case a radial link were substituted, and corresponding in length
to the average radius of the slot; where one end of said link
is pivoted to a stationary point and the other to some part of
1 O the pencil mechanism; a method now employed

- in 4 number of the well known indicators at the
present time, and the results are, that the lines
made by the pencil, which are supposed to be

straight, are not so, nor are the ratios of piston
and peneil equal.

A radial link, the end of which always
moves in a true circle, is therefore not a success-
ful substitute for accuracy, as compared with
the irregular curve in the slot plate of the Tabor
Indicator, as said slot which guides and con-
@70 i trols every movement of the pencil being so

2.0 O | formed as to give the most accurate results, in
Fre. 1. every position the pencil bar may assume.
There is another plate of exactly the same outline, as the

slot plate (but without slot) and secured coincident with it;
the roll stud in the pencil bar projecting far enough through
it to make contact with said plate, and serves to receive any
pressure that may occur when the pencil is brought in contact
with the paper drum in the act of taking diagrams; and it also
prevents the torsional strain that would otherwise come on the
center and back links, thereby reducing the friction from this
cause to a minimum.

| i
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These plates are provided with a projecting part on their
lower ends, which are drilled and tapped to provide for ascrew
passing through, to regulate the pressure of the pencil upon
the paper drum, said screw coming in contact with a standard
secured to the body of the instrument: A small upright pro-
jection on the swivel plate, serves as a fulcrum for the lower
end of the back link, the upper end being connected to one end
of the pencil bar.

The back and center links are made of a fine grade of steel
as also the pencil bar, which is hardened and carefully drawn
toa Sprmg temper, highly polished and all given a blue finish.

The piston rod is of steel and made hollow in order
to reduce weight, its upper end is connected to the cen-
ter link, and the lower is made solid and terminates in
a ball; this ball is provided with a universal cap and
socket and to which, in turn, the indicator piston is
attached by means of a thumb nut.

The piston rod is formed of three pieces; the body,
shank and ball; and upon the shank there is formed a
. collar as shown at A, Fig. 8, full size, a little larger in
diameter than the body, and serves as a safety stop for
the pencil movement, by coming in contact with the
under side of the cylinder cover just before the pencil
bar reaches its extreme height, thereby preventing any
further movement of the piston rod, which would be
Fie. 8. likely to result in injury to the pencil movement in case
of breakage of a spring when in use, or by a mistake of using
too light a spring for the steam pressure.

The piston is made very light, of a hard bronze metal,
truly turned, grooved on its periphery, to act as a water pack-
ing, and lapped perfectly round and straight on its face to an
exact size.

On the projecting arm of the instrument is secured a steel
center stud, extending to the top of the paper drum, and around
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which all moving parts of the drum mechanism oscillate. The
spring case has a threaded hub and is permanently secured to
the stud, and rests directly on the top surface of the arm and
is secured thereto by a nut underneath. '

A flanged disc, or pulley, which carries the paper drum
has a projecting hub on both top and bottom, which insures a
long and accurately fitting bearing on the stud, working almost
frictionless.

There is a hook secured to the bottom hub, which engages
one end of a plain flat spiral spring, while the other end of the
spring connects to a similar hook in the spring case. A part
formed on the disc, is made to come in contact with a stop
secured to the projecting arm of the instrument and serves to
always locate it in a positive position, when alone under the
tension of the spring. R ‘

The lower hub of the disc rests directly on the spring case,
while the opposite hub is'in contact with a knurled thumb nut,
screwed and pinned to the central stud, just sufficient to give
a slight amount of end motion to the disc.

This thumb nut also serves as a convenient means of reg-
ulating the tension of the spring, as by loosening the nut that
secures the spring case to the arm of the instrument, said
thumb nut can be turned in either direction until the desired
tension is obtained, and then tightening the nut.

The lower part of the disc is formed with a groove, wide
enough to receive about two turns of the cord; one end of the
cord being made fast to, and encircling the groove, and the
other attached to a pantograph, pendulous lever, or some sort
of a reducing gear that has a movement generally derived from
the motion of the engine crosshead, and which causes the disc
to rotate in one direction; the motion in the opposite direction
is accomplished by the retraction of the spring connecting the
disc with the spring case, and its oscillations are thereby made
coincident with the movement of the engine piston.
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The drum upon which the paper is placed in taking cards
is a very light cylindrical tube, mounted on the disc, and moves
in unison with it: It has a guide permanently secured on the
inside, and which fits in corresponding recesses in the disc, in
order to serve as a carrier, and also to locate it in its proper
position in reference to the pencil bar, for either right or left
hand indicators. The %op is
closed and fitted with a sleeve
that provides a bearing in
contact with the central stud,
and which serves as a guide
for it, and prevents any irreg-
ular motion at that point. A
clip is attached for securely
holding the paper, one leg of
which is made shorter than
the other to facilitate the
matter of adjusting the paper
upon the drum.

One end of a plate of
suitable outline, is shown in
full size Fig. 9, and called the
cord guide-base, is secured to

Fig. 9. the under side of the arm of
the instrument by a nut for that purpose, and said plate can
be turned in any desired position parallel to it. The other end
supports the cord-guide, which consist of a small grooved pul-
ley mounted on a pin within the periphery of a circular disc,
both being encircled by a clamp having a threaded stem, which
projects through the plate, and is secured thereto in any desired
position by a small thumb-nut, and the combination of the
adjustment enables the cord to be correctly guided around the
pulley and on to the flanged disc from any direction.

|
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The cock tube is securely screwed in the body of the in-
strument at the bottom, and the connection which secures the
indicator to the cock is made with a single thread, and secures
correct attachiment at once without the annoyance of different
trials, as is often necessary with connections made with two
threads. ,

The indicator cock has a stop, which limits its range in
either direction to full open or closed, and also has holes pro-
vided for the release of all steam that may remain between the
indicator piston and cock, after operating. In taking cards
where two indicators are being used, one on each end of the
steam cylinder, the straight cocks shown in Fig. 14, Chapter s,
are all that are necessary for the production of cards from each
on separate sheets but in the case of only one indicator being
used there is considerable trouble and annoyance, as well as
time lost to the operator, in changing the instrument from one
end of the cylinder to the other..
All this may be entirely obvi-
ated by the use of the three-way
cock shown in Fig. 10, this cock
being interposed about midway
of the steam cylinder in a line
of pipe connecting the twe
straight cocks at the ends of the
cylinder. This three-way cock
furnishes an easy and convenient means of taking cards from
each end of the cylinder, and within a few seconds of each
other; also on the same sheet of paper; and therefore admits
at once of a ready comparison between the cards. At all other
times than applying the indicator, the cocks near the cylinder
should be kept closed.
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'Fig. 11is a
sectional view of
the three-way
cock represented
in Fig. 10.

A very sim-
ple and efficient
cord attachment
is shown in Fig.

Fia. 11. "~ 12, providing a
convenient and easy means of adjusting the length of the actu-
ating cord between the reducing gear and the indicator, the
hook that is fastened on the cord from indicator connecting in
the hole at the end of the attachment.

Up to a comparatively recent date all indica-
tors have been designed so that the piston spring
comes more or less in contact with steam and hot
vapors. This increases the temperature of the
spring and tends to expand same thereby tending
to increase the height of the diagram more than
warranted by the steam pressure alone. To over-
come this tendency the springs for the ordinary or
inside spring type of indicator are graduated and
calibrated to give correct pencil movements when
subjected to these higher temperatures. The in-
. crements of temperature are variable under dif-

Fia. 12. ferent working conditions, and, while the inside
spring type of indicator as shown in Figs. 5 and 6 will give
reasonably accurate results with properly calibrated springs,
it is obvious that a better construction would be to so locate
the spring as to have it practically free from all such disturb-
ing influences. The Tabor indicator is now made -of both the
inside spring type as shown in Figs.-5 and 6 and of the outside

L Tashuun L LR WA
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spring type as shown in Fig. 13. An examination of this cut,
together with Fig. 13A will show that the spring is mounted

Fic. 18, .

above the top cylinder cap where the temperature is but very
little higher than the surrounding air. This construction is
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desitable for high pressure steam work and especially for gas
engine work where the temperatures run very high tending to
make the spring unreliable and to suffer deterioration in the
inside type of indicator. It will also be noted that with this
construction the spring can be much more easily
changed and without handling any very hot
parts. It is not necessary to disturb the pencil
motion or allow the indicator to cool off in order
to change springs.

It will be noted from the above that springs
for outside and inside types of indicator vary.
The general con-
struction of the
spring is practi-
cally the same for
both designs of
indicator. See
Fig. 13B. Each
spring consists of
two-distinct coils -
of wire balancing
each other, and
both ' mounted
with brass screw-

ed ends.
Spring for Inside Spring for Outside VA
Spring Style Spring Style The principal

Indicator. Indicator. requisites for a

L it reliable and cor-
rect spring are, that the wire should be of an exact size, and
coiled on a special arbor of such a size that will give the proper
tension to the spring for the different denominations. They
should be evenly hardened and temper drawn uniformly all
over, and in finishing should be made perfectly straight and
ttue, thereby reducing to a minimum all the chances of any
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side strain or buckling of the spring, which always tends to
force the indicator piston against one side of the cylinder,
thereby creating a friction on the piston that will surely cause
all results from it to be unreliable. The springs of the Tabor
Indicator are made of different lengths, according to the denom-
ination of the spring, the low pressure or light ones being the
shorter, and from these continue to increase in length until
the highest pressures have been reached. The principal object
in making the springs of different lengths is that each may
cause the pencil to mark the atmospheric line on the paper
drum in an exact position in reference to itself, so as to have
an ample range of movement of the pencil either above or be-
low the line for both pressure and vacuum. This variation in
the length of the spring obviates the annoyance and neeessity
of adjusting the length of the pencil connection to locate the
position of the atmospheric line in cases where all springs are
of the same length, as in some makes of indicators.



And Its Appliances. 35

CHAPTER V.
INDICATOR APPLIANCES.

It has been found advisable, in order to obtain the best
results in indicator practice, to so construct the instrument
that the piston shall have only a small amount of motion, and
that the movement of the pencil shall bear a certain exact ratio
to the movement of the piston.

This ratio varies in different indicators; in some, the pencil
has four times, while others have five or six times the piston
movement. _ .

This difference in ratio, as a general thing being a matter
of selection, or convenience, of the makers in the designing of
their indicators.

One of the principal reasons for having the piston move
but a short distance as compared with the pencil movement, is
that a greater part of the friction between the piston and cylin-
der, due to a long and rapid movement, is eliminated ; and
consequently the results obtained from a short movement of
the piston are much more accurate.

By this it is not to be inferred that the shorter the piston
movement the greater the accuracy; as there are circumstances
connected with the matter that prevent the realization of any
theoretical conclusions, in reference to it; because the ratio
between the piston might be made so great that the slightest
loss motion in the piston connections would be so multiplied
at the pencil as to vitiate all efforts to obtain correct results.
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On the other hand, by making the ratio too small wouid
tend toward the original principle; where the piston and pencil
had equal movement; therefore, the best compromise between
the two extremes becomes desirable, and an experience with
different proportions seems to indicate that a pencil movement
of five times that of the piston, is best adapted to average the
imperfections that become involved in either a greater or less
ratio.

An important requisite, however, in this respect is, that
whatever this ratio may be, is that the pencil shall move ex-
actly that many times the distance moved by the piston
throughout its entire range. This result has been perfectly
accomplished in the Tabor Indicator through its specially de-
signed pencil mechanism, which causes the pencil to move at
any and every part of its travel of exactly five times the dis-
tance moved by the piston, and this in connection with the
straight line movement of the pencil, as well as the lightness
of the moving parts and absence of friction always insures the
accuracy of the diagram.

Preparatory to taking indicator diagrams, it is well to see
that the piping that connects the engine cylinder with the
indicator has been properly done, and in the most convenient
position to enable the operations to be performed successfully
and with the least amount of anxiety and trouble to the opera-
tor. The location of the indicator will, of course, depend
somewhat upon the construction of the engine to which it may
be applied, but the principal of its operation will always be the
same in whatever position it may be placed.

In the indicator piping on the side of horizontal engine
cylinders, care should be taken that the holes for the pipe are
drilled outside of the point reached by the extreme travel of
the engine piston at each end of the cylinder. This precaution
is taken to insure that the piston does not close,.or even partly
close, communication between the inside of the steam cylinder
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and indicator piston; which would result in showing, in many
cases, a late initial pressure on the card, and otherwise cause
it, to a certain extent, to be erroneous. It is also important,
in all styles of engines, that these holes should be located as
far from the steam ports of the engine as convenient, as there
are instances in which a close proximity to said ports has to
some extent influenced the pencil from indicating correctly,
from the beginning of the stroke to the point of cut off; this
being due to the rapid inflowing of the steam through the ports
and past the end of the pipe that communicates with the piston
of the indicator; thereby causing it to indicate a lower pressure
than actually exists in the steam cylinder.

The pipes, preferably of brass, should be as direct as pos-
sible anl without any unnecessary bends, and in cases where
the regular straight indicator cock, shown
in Fig. 14, is used at the centre, it is ad-
visable to use straight way valves at the
ends of the cylinder.

There should be no apprec1ab1e dif-
ference in the mean effective pressure,
shown by the cards (under the same con-
ditions), whether the indicator is located
at the end or centre of the cylinder, that
would be due to any difference in the
length of pipe, within the limit of the
, length of the cylinder. A close com-

Fie. 14. parison of the card from the centre would
only reveal a slight increase in the water consumption per
horse-power over one taken at the end, and which is entirely
due to the added clearance to the cylinder which would ensue
from the greater length of pipe in use when the indicator is
placed at the centre.

The next matter of importance is in the selection of the
best means of giving the paper drum an exact motion coincident
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with the motion of the engine piston and cross head, on a suf-
ficiently reduced scale, that will come within the limits of its
motion; this distance being limited by the stop formed on the
disc (that carries the drum) for that purpose. This entire dis-
tance is never utilized in practice, as there must always be a
certain amount of allowance at each end of its motion, to guard
against any accident that might occur by coming in contact
with the stop.

There are various devices for the purpose of giving motion
to the paper drum; an example of the most usual ones being
shown here in the illustrations, some of which are theoretically
correct, while others are only an approximation. The length
of the card to be taken, as well as its height, depends some-
what upon the speed or number of revolutions the engine may

- be running per minute.

In the slow speeds a long and high card may be taken,
whereas in the higher speeds a short and low diagram is
necessary, in order to avoid as much as possible the effects of
inertia of the paper drum, and also of the pencil movement.
With the new style Tabor Indicator, diagrams can be taken five
inches long and two and a half inches in height if desirable,
but with the ordinary speeds up to 100, and from that to zoo
revolutions per minute, a length of card of 4 inches in the first
instance, and 334 in the latter, will show well proportioned
diagrams. As a guide in this matter it is recommended that
with speeds up to 300 revolutions per minute the length of the
card may be 314 inches: of 400, 3 inches; of 500, 2% inches;
and of 600, about 2 inches long, which will insure reliable re-
sults. The piston spring should also be of a higher tension
(that is, a stronger spring), because, as the speed is increased,
it becomes advisable to decrease the height of the diagram in
about the same proportion as the length is shortened.

Diagrams taken in these proportions seldom require any
change of tension of the drum spring between the highest and
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lowest speeds. The lazy tongs shown at about !4 actual size
in Fig. 15 is one of the appliances frequently used to obtain the
necessary coincident motion (on a reduced scale) between the
paper drum and cross head, and which it accomplishes in an
accurate and satisfactory
manner, provided the
device is well made and
free from all lost motion
in its many pivoted con-
nections. It is usually
pivoted at the end (B)
by a stud and winged
thumb-nut to a block of
wood, or an angle iron,
secured to the floor of
the -engine room or in
some other convenient
position, while the end
(A)1is fitted in a suitable
piece secured to the
cross-head of the engine.
The actuating cord from the indicator is attached to the cord
pin (E) on the cross bar (C D); said cross bar may be moved in
different positions with relation to the centre (B), by changing -
the screws C and D, which hold it in place, but the cord pin
(E) must a/ways be placed in a line with the centres (A) and (B).
The position of the cross bar C D, in relation to B, deter-
mines the length of travel of the cord pin E, and consequently
the length of the diagram. No special care is necessary to
locate the position of B, in reference to the cross-head of the
engine, so long as the device works perfectly free throughout
its range. One of the principal advantages of the Lazy Tongs
over some of the other forms lies in its adaptability to the
various different conditions so often found in indicator practice.

Fi1a. 15.



40 Steam Engine Indicator

Fig. 16 represents one way of attaching it to an engine,
when the indicators are placed on the side of the cylinder. In
this case it is worked in a horizontal (or flat) position, one end

is supported by a standard secured to the floor, and of sufficient
[ JH,, VO ....)

F1a. 16.
height to just bring the cord pin (E)on a level with the cord
guide on the indicator; consequently, in this case, the cord will
run direct from the cord pin to the udicator.

They may also be used in a vertical position with equally
good results, where the end B is attached to a low block or
bracket secured to the floor, and directly below the engine
cross-head. In this position it becomes necessary (in order to
insure coincidence between the cross-head and paper drum) to
use a small carrying pulley, over which the cord »uss pass from
the cord pin, E, and thence to the indicator. Said pulley may
be mounted on an additional suitable block that will admit of
its being placed exactly on a level with, and a short distance
from the cord pin, E.

There are various other ways of applying the Lazy Tongs,
as circumstances may require, which will suggest themselves
to the engineer, all depending entirely upon occurring condi-
tions.

Proportion of Lazy Tongs. In orderto enable the engineer
wishing to construct an accurate device similar to that shown
in the illustration, the following data will need to be carefully
observed to insure an accurate motion.
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The instrument is constructed principally of strips of
thoroughly seasoned cherry wood about one and ~ne-eighth
(124) inches wide, by three-eighths (34) inch in thickness.

The distance apart of the outer holes in the long strips is
sixteen (16) inches, while the length of the short strips con-
necting their ends are only one-half of that, or eight (8) inches
between similar holes.

In the cross bar C. D. there are eleven additional holes,
one-half (}4) of an inch apart, placed equidistant from each
end, and are threaded to admit of the cord pin E, being screwed
therein in its various positions on the cross bar.

In one of each of the long and short strips are also eleven
threaded holes, one-half (5) inch apart and exact duplicates of
those in the cross bar C. D. and to which the cross bar is secured
by screws in any desired position, as shown in the illustration.

The pivoted joints are constructed of brass tubing about
five-sixteenths (5-16) inch outside diameter, by three-sixteenths
(3-16) inch inside, and of sufficient length to go through the
joints and be riveted over iron washers on each end.

This construction also provides a means of tightening the
pivots in case they become loose from wear, by a further rivet-
ing over of the tubing. :

There is also placed upon the pivot between each joint,
two thin brass separating washers to prevent the strips of wood
coming in contact with each other while in operation; thereby
obviating the friction that would otherwise take place.

The studs A and B are shown one-half size in Fig. 17 and
are made of round steel, seven-sixteenths (7-16) of an inch in
diameter, and three and one-half (31%) inches long. In the
middle of their length is secured a collar three-quarters inch in
diameter and one-quarter of an inch ‘in thickness. Each of
these studs on one side of the collar are made with nut and
washer, and serve as pivots to connect.the ends of the device.



42 Steam Engine Indicator

The opposite end of stud A is made either straight or
tapering as occasion requires, to connect with the cross-head;
while the opposite end of stud B, is threaded, and provided
with winged nut, for the purpose of attaching to the fulcrum,
or to whatever the device may be
suspended ; as before mentioned.

In order that the cross bar may
not come in contact with the nut and
washer of the stud B, when the de-
vice is closed, the bar is elevated by
means of two wooden washers, one

Fre. 17. at each end, made of the same mate-
rial as the strips, and the screws for securing the same are of
sufficient length to reach through both, and screw into the
drilled strips underneath.

It is exceedingly important that all correspondlng holes in
the strips be layed out and drilled with extreme accuracy, and
also the pivots made a close fit therein, to insure its perfect
working at all points, from its closure to the full extension.

In this construction of the Lazy Tongs, the location of the
holes, their distance between centres, and the position of the
cross bar in relation to the stud B, determines the ratio (that
occurs in each case) in the amount of motion of the cord pin E,
as compared with the amount of motion of the stud A.

The holes being one-half inch apart, a change of the cross
bar from one hole to the next, results in a change of motion of
the cord pin E, of one-forty-eighth.

For instance; If the cross bar be secured in the holes that
will bring it nearest to the stud B, and if the cord pin E, there
be placed in the hole that comes in line between the studs A
and B, the reduction of motion of the cord pin will be three-
forty-eighths, or one-sixteenth of that of the stud A; in the
second hole the reduction is four-forty-eighths, or one-twelfth;
in the third hole, it is five-forty-eighths; in the fourth hole
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it is six-forty-eighths, or one-eighth and so on, to the farthest
holes from B, where the motion of the cord pin becomes thir-
teen-forty-eighths of that of the stud A. .

From this it will be seen that each position of the cross bar
has its own ratio of movement between the cord pin, and stud
A, as above, whatever the length of stroke of the engine may
be.

In every position of the cross bar C. D. (if made according
to directions), there is elways one of its holes on an exact line
between the centres of the studs A and B, and into which the
cord-pin E, must always be placed in order that it may move in
an exact straight line parallel to the motion of the stud A.
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CHAPTER VI.

INDICATOR APPLIANCES CONTINUED.

An accurate and simple form of pantagraph is shown in
Fig. 18, in which the end, A, is connected with the engine
cross-head by means of a
pin or other suitable con-
nection ; while the end, B,
is pivoted to a bracket, C;
said bracket also serving
as a support for the guide
pulley, E, and upon which
it may be adjusted at a
level to coincide with the
cord pin, D.

The length of travel of
the cord pin depends en-
tirely upon the distance
the cross-bar, F, may be
placed in relation to the fulcrum, B. There is a slot in this
cross bar which admits of an adjustment, and the securing of
the cord pin, D, in any required position within the length of
the slot; and in whatever position the cross bar may be placed,
the cord pin must a/ways be moved and secured by means of
the thumb nut, on aline between the points A and B in order
to insure an exact straight movement of the pin, D, and paral-
lel with the engine cross-head.
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This instrurﬁent, like the Lazy Tongs, may be used in
either a horizontal or vertical position; it has a less number of
pivoted connections and accomplishes equal accuracy; but has
not quite the same range of application under all circumstances.
In all cases and with either instrument, where they are placed
in a position requiring the use of a carrying pulley, care must
be taken that said pulley, E, be located a short distance from
the instrument, and in such position that the actuating cord
will move parallel with A, from the cord pin, D, to the pulley,
E, and thence in any desired direction to the Indicator.
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Fig. 19 represents the pantagraph in its application to an
engine cylinder, where the indicators are placed upon the side
of the cylinder. In this case blocks of wood or iron is shown,
secured to the floor, to serve as supports for the instrument, as
well as the carrying pulleys; this arrangement answers the
purpose, but the bracket, C, in Fig. 18, is much more me-
chanical.

A simple method of obtaining the drum motion, and very
frequently used by engineers (in the absence of a more accurate
device), is the pendulous lever, A B, shown in Fig. 20, which
consists of a strip of wood, about 4 inches wide, by 74 inches
thick, and suspended from a bracket, G, which is secured to
the ceiling or any overhead framing; the lever being of suffi-
cient length from its point of suspension, so that its lower end,
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A, may connect to one end of the connecting bar, C, while the
opposite end of said bar is attached to the engine cross-head,

Fra. 20.
In this device it is necessary to pass the cord from the pin, E,

D. The length of the lever, A B,
should be such that the end, A,
should be as far éelow the line of
movement of the cross-head, when
on its center of travel, as it will
be above the line at its extreme
end of stroke.

The cord pin, E, (to which one
end of the indicator cord is at-
tached), is located at such a dis-
tance from the point of suspen-
sion, B, as will rotate the paper
drum, an amount that will give the
desired length of the diagram.

over the guide pulley, F, and thence
to the indicator. In connecting the
device, it is important that the cross-
head, D, should be at its center of
travel, when the lever, A B, is in a
vertical position.

This reducing motion may be easily
and cheaply constructed and set up by
any engineer, and will be found a con-
venient means of giving motion to the
paper drum; but although not mathe-
matically correct, will give fair results.

Fig. 21 shows another device, the
same in principle, but instead of the
cord pin there is substituted a segment

of a circle, having its center at B, and with a radius necessary
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Fia. 21.

to give the paper drum the desired amount of motion.
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In place of the connection, C, as in Fig. 20, the lower end
of the lever at A is slotted and is worked by a stud, secured to
the engine cross-head, D. Whenever this device can be placed
in a direct line with the indicator, the guide pulley can be dis-
pensed with, and the cord encircling the segment may be run
from it directly to the indicator.

As the relative length of the lever in this arrangement is
constantly changing throughout its stroke, it is therefore as to
the matter of inaccuracy about equal to Fig. zo.

The plan of suspended lever, shown in Fig. 22, is an im-
provement on the previous ones shown, and was proposed by
Mr. Frank Richards in
an article published in
the American Maclkinist
several years ago, in
~ whichhe gives a number

\of modifications of the
same principle, whereby
perfect theoretical ac-
curacy is attained. It
consists of an ordinary
suspended lever, with
the lower end, A, slotted
and driven by a pin se-
cured to the engine cross-
head; the end, B, being
pivoted to the bracket,
G, which may be secured to the ceiling or some suitable frame
work (or it may be used in a horizontal position if desired);
the other element of the lever at C also being slotted, and giv-
ing motion to a sliding bar, ¥, by means of a pin fastened to
said bar, and working freely in the slot in the lever. The bar,
F, slides in hangers secured in the same manner as the bracket,
G, and in a line parallel to the line of the cross-head. The
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cord, attached to the sliding bar, passing in a line over a suita-
ble guide pulley and thence to the indicator. By thisarrange-
ment the relative length of the elements of the lever, A B, al-
ways remains the same, and consequently insures coincidence
and accuracy of the drum movement, throughout its entire
range.

The various different modifications of this principle, to at-
tain accuracy of the drum motion, depends upon the use of the
sliding bar, F, in each instance, and it is evident, as well as
readily seen, that it makes no difference (so far as accuracy is
concerned), whether the lever, A B, is slotted, or instead of the
slots, we substitute two permanent pins in the lever, and have
each pin work in slots formed in both sliding bar, F, and in a
suitable slotted piece secured to the engine cross-head.

Figs. 20, 21, and 22 show the position of the lever, A B,
when engine cross-head is at the center of its stroke. In order
to determine the proper distance (of the point on the lever to
which the cord is attached), from the fulcrum, B, to take any
desired length of card, it is necessary first to divide the stroke
of the engine cross-head, in inches, by the desired length of
the card required; then divide the total length from center to
center of the lever, A B, by that quotient, which will give the
distance of the point in inches from the fulerum, B, to the pin,
E, or where the cord must be attached. For example, sup-
pose the stroke of the cross-head to be 24 inches, the length of
the lever, A B, between centres to be 48 inches; and we desire
to produce an indicator card 4 inches long; then 24 inches di-
vided by 4 inches, the length of the desired card, is equal to 6,
and by dividing the length of the lever, A B, which is 48
inches by 6, gives us 8 inches, which is the proper distance
from the fulcrum, B, to a point on the lever to which the cord
must be attached to produce a card 4 inches in length.

A slight discrepancy will sometimes appear in the length
of cards, computed from any rules, owing to incorrect meas-
urements, stretching of the cord, inertia of the paper drum, &c.
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Fig. 23 shows another modification of the lever and slid-
ing bar, F, in which the
slots in the lever have been
dispensed with, the lever
being attached to the cross-
head and bar F by means
of the connections A H
and CE. An important
matter in this construction
is that the lengths of the
two connecting links must
bear the same ratio to each
other, as the ratio between
the two elements of the
lever, A B and BC; there-
fore AB:BC:: AH:CE. The pins on the cross-head and the
sliding bar must be so located that lines drawn through the
centres of the connections A H and C E, will be parallel with
each other in any position
the lever may assume. In
the arrangement shown in
Fig. 24 the fulcrum of the
lever is at the pin, C, of
the sliding bar, F, while

the ends are each made in it
the form of a fork, the end, 1
A, being moved by and s /
sliding upon a pin secured o OF

to the cross-head, the end, A
B, moving on a pin fasten- Fia. 24.

ed to the bracket, G. In Figs. 23 and 24 the cross-head is
represented at the extreme end of the stroke.
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These are modifications of Fig. 22, but without claiming
any particular advantage for one over the other. In all cases
where this principle is accurately applied, it will be found that
. the elements of the lever, A B, are always in a line at a right
angle to the line of movement of the engine cross-head, at the
time the cross-head is at the centre of its travel.

The sliding bar principle may also be well adapted to en-
gines where the end of the engine shaft is accessible. By in-
serting a stud, A, in the end of the shaft, as shown in Fig. 23,
at a proper distance from the centre, C, to give the desired
length of card, and connecting it to a sliding bar, F, by means
of a short connection,
To—t A B, will insure a per-

i fect coincident motion
1 of the engine cross-head
on a reduced scale. The
bar may be extended to any desired length to secure conven-
ience in connecting with the indicator. A necessary requisite,
to insure correctness by this arrangement, is that the length of
the connection, A B, relative to the distance of the end, A,
from the centre, C, must bear the same proportion that the
main crank of the engine bears to its own connecting rod. It
is not necessary in this case that the slide move parallel with
the movement of the cross-head, as it may be moved in any desir-
ed direction, but great care must be taken that stud A be placed
in such position on the shaft that the sliding bar, F, will be on
its extreme throw at the same exact time that the engine crank
is at its extreme movement, and both at the same end of the
stroke. Where the end of the shaft is not accessable, the same
results may be accomplished by means of an eccentric placed
in a convenient position on the shaft.

A reducing arrangement, that gives good results at high
speeds, is a plain lever swinging on a pin above (or it may be
below) the cross-head, having a pin in the end which slides up
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and down in a slotted piece of metal fastened to the cross-head
as shown in Fig. 26. This method gives a fairly accurate
motion. A segment of a grooved pulley is fastened to the

L
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F1a. 26.
upper end of the lever, and from this the cord extends to the
indicator. '

The whole device should be made of wood as light as pos-
sible, (consistent with strength), in order to reduce the inertia
to a minimum. A heavy reducing gear on a high speed engine
will wear very quickly and create inaccuracies in the diagram.

When indicating High Speed Engines or Locomotives, the
driving cord for hooking on the indicator should be continued
beyond the loop, and fastened to a spring or an elastic band
attached to the carrier pulley of the indicator.

This band or spring is intended to always keep a tension
on the driving cord, whether the indicator is in operation or
not, and prevents entanglement and breakage of cord when
the indicator is unhooked.

The cut in Fig. 27 shows the arrangement as described,
and which operates in a perfect satisfactory manner, as dia-
grams can be taken with as little difficulty at high speeds, as
on slow speed engines.
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The hook, A, on the indicator cord connects into the loop,
B, on the driving cord when the indicator drum is in operation;
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the loop, B, is made long enough to be held with the hand
when hooking on the indicator.

To disconnect, merely catch the hook and hold it station-
ary for a second, and the loop will come off. The rubber band
then takes the motion and keeps the cord taut.

Whatever arrangement is employed, it is desirable to avoid
the use of long stretches of cord on account of its sagging and
stretching. Small wire may be used to good advantage on
vertical lengths except where the line passes over pulleys.

Whatever the style of reducing motion that may be em-
ployed for giving motion to the indicator drum, its accuracy
can easily be tested, and ascertained in the following manner:
Lay off a number of points on the cross-head guides, at say %4,
Y%, 38, %, 5 in. etc., of the stroke.

Connect the Indicator with the reducing motion in the
same manner as for taking diagrams. When the cross-head

Fia. 27.
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is on either dead centre, bring the pencil in contact with the
paper on the drum and make a short vertical line.

In the same manner make other lines on the paper, as the
cross-head is moved to each successive eighth point on the
guide. gt

Then if the lines on the paper are exactly at eighths, the
motion of the cross-head has been accurately reduced.

These directions given for reducing motions are general;
some special cases require special modifications.
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CHAPTER VII

INDICATOR REDUCING MOTION.

There are a number of devices under different names, all
designed for the purpose of giving the necessary accurate mo-

Fia. 28.

tion to the paper drum;
and each consiructed on
principles in which long
swinging levers are dis-
pensed with, the actuating
cord from these devices
being connected either
directlytotheengine cross-
head, or to some moving
part that has a motion in
exact unison with it; while
another and separate cord
connects the device with
the indicator. If, in the
act of operating the indi-
cator with any of these

I ‘ﬁ =¥ devices, it becomes desir-

ous of stopping the mo-
tion of the paper drum, it
is necessary to disengage,

or unhook, either one or the other of the cords that give it mo-
tion; a matter with some of them, requiring considerable
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practice to accomplish with ease and assurance especially on
engine having high rotative speed. This operation of unhook-
ing is usually performed on the cord connecting the device
with the Indicator. Some of these attachments are constructed
so as to be attached to the indicator by means of a bracket,
adapted to the particular
indicator to which it is to
be applied; while others
are so made, that may be
secured away from the in-
dicator, to some part of the
cylinder or engine framing
by means of set screws or
bolts; in many cases re-
quiring considerable labor
to secure them in a con-
venient position.

The particular Reducing Gear, of which we shall give a
description in this article, is one that is constructed with and
forms a complete part of the well known Tabor Indicator,
as illustrated in Fig. 28. After securing the indicator
in position on the pipe connecting with the engine cylinder,
and attaching the end of the actuating cord to a stud
screwed in the cross-head, the instrument may be used during
the time of any experiment, without the necessity of connect-
ing and disconnecting the’ actuating cord, in order to start or
stop the motion of the per drum.

The principal parts of this Reducing Gear consists of sup-
porting base K, Fig. 29, with two short standards, B, and B'.
The standard B! is fitted with a hardened steel center P, Fig.
30, which serves as a pivot bearing for the end of the worm
shaft R, 'Fig. 31, and which receives the entire thrust of the
shaft R, thus reducing the friction from that factor to a mini-
mum ; the other bearing being in the standard B. The base.

Fic. 29.
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K is connected direct to the Indicator, upon the projecting
arm that supports the paper drum B, and the teeth of the
worm shaft, R, engage directly with the teeth on the drum car-
rier g, thereby
making a posi-
tive connec-
tion therewith,
nd forming a
part of the In-
dicator, (see
Fig.28). Tothe
; base K, is also
connected the spring case D, Fig. 32, permanently secured
thereto, by means of screws passing through holes as shown in
the spring case, and corresponding with holes tapped into the
standard B, (as shown) of base K, and so located thereon that
its centre shall be common with the center of the worm shaft R.
Upon the worm shaft R, is secured
by means of a set screw, the collar A,
through which freely slides the clutch
pin I, one end of which is securely fas-
tened to the thumb piece U, by which the |
pin is operated. The whole mechanism
of that part is shown complete in Fig. 33. L
The flanged pulley O, Fig. 34, rotates Frc. 32.
freely and independently forward and back on the worm shaft
R. It has its outer hub formed in the shape of
a double cam clutch, with steel pins X, X, in-
W serted to prevent wear upon their faces, while
y the opposite side has a hole in which the pin A,
of the spring case cover S, Fig. 35 engages.
One end of the actuating cord is attached to the
pulley O, (a hole being shown in the figure for that purpose)
while the other is secured either to the engine cross-head; a

F1a. 30.
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standard bolted to the same, or to any other part that has an
exact similar movement, and should be connected from the
pulley O, in a line parallel to the movement of the cross-head.

The length of the actuating cord should be such, that when
connected to the cross-head, at the commencement of the outward
stroke of the engine, there should also be
about six or seven turns of the cord encir-
cling the pulley O, which will always in-
sure the requisite amount of cord, and ob-
viate the liability of breaking.

Enclosed in the spring case D, Fig. 32,
(not shown in the illustration) is a small plain
Spiral Spring; one end of which is secured
to the spring case by means of a slot F, shown in the figure,
while the other end connects with the hook C of the spring
case cover S, Fig 35. This spring operates to return the pul-
ley O, back to its starting point, after it has been revolved in
one direction, by the outward movement of the engine cross-
head; therefore as this pulley O, has an independent rotating
forward and back motion on the worm shaft, R, the necessity
of unhooking the cord in order to stop the motion of the paper
drum B, after the diagram has been taken, will be entirely
overcome, as explained further on.

The paper drum B, is rotated forward
by means of the pulley O, through the
worm shaft R, engaging with the teeth of
the gear g, on the drum carrier; andin the
opposite direction by the action of its own
retracting spring. On the top of the drum B, is a knurled
thumb-piece, with a projecting pin on its under side, for the
purpose of engaging with a similar pin, secured in the top of
the drum, and is to be used by the operator when in the act of

Fia. 34.

starting the drum; for the purpose of moving it slightly for-
ward before the clutch pin I, is pushed in engagement with
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the cam hub of the pulley O, thereby preventing the drum
carrier from striking against its stop on the return motion.

With this reducing gear the stopping of the drum motion
becomes a very simple matter, and is accomplished by taking
hold of the thumb piece U, and withdrawing the engagement
between the clutch pin I and the clutch hub of the pulley O.

The knurled thumb piece on the top of drum B, also fur-
nishes another very convenient (and preferable) means of stop-
ping the motion of the drum; as by holding it so as to retard
the motion of the drum on its return stroke, it will thereby
cause the cam face of the pulley O, (which is constantly in mo-
tion) to automatically force the clutch pin I out of contact with
the clutch hub of the pulley O. The starting or stopping of
the paper drum, af any time, will have no effect on the motion
of the pulley O, which will continue to revolve independently
while the engine is in motion. When desirous of starting the
drum B, it will be necessary to agasz make the engagement be-
tween the clutch pin I and the clutch hub of the pulley O, and
which must be done by the combined means of the thumb
piece U, and the thumb piece on top of drum B, as follows:
The pulley O, being in constant motion; with one hand take
hold of the thumb piece on top of drum B, and turnitin a
direction from right to left, until it carries the drum and its
carrier a short distance from its stop, (say about 14 inch).
While holding the drum in this position, take hold of the
thumb piece U, with the other hand and gently press it toward
the clutch hub of the pulley O, and it will be found that when
the engine cross-head arrives at its extreme inner stroke, that
the engagement between the clutch pin I and the clutch hub of
pulley O will a/ways take place at that particular point, and
with the least amount of difficulty in the operation.

The thumb pieces are so constructed that they may be
readily held in the hand while running; therefore no difficulty
is experienced in throwing the clutch pin in or out of gear. In
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preparing to use this Reducing Gear, the first and very im-
portant matter for consideration is in the selection of the pul-
ley O, which shall be of such size in relation to the stroke of
the engine as will give the requisite length of the Indicator
Diagram.

A ready and mental means of ascertaining this, is by divid-
ing the length of the stroke of engine (in inches), by twelve,
which will give the diameter (in inches), of the pulley O, that
is, the stroke of the engine being 12 inches will require the
pulley O to be one inch in diameter; a stroke of 18 inches, 114
inch; of 24 inches, 2 inch; and of 36 inches a pulley of 3
inches in diameter, &c.; and it is also well in this connection
to bear in mind that for eack complete revolution of the worm
shaft R, there will a corresponding pencil line (when in con-
tact), marked on the paper drum horizontally, about one suck in
length; consequently, two revolutions mark two inches; three
revolutions gives three inches, length of card, &c.

It must be understood that this calculation of the size of
pulley O, has reference to engines having low rotative speed,
say up to 120 revolution per minute, and where a long card is
desired; but when the speed is increased from this to 500 or
600 revolutions per minute, the size of the pulley O will have
to be in accordance with the recommendation (in chapter V)
in reference to the /feight and lengtZ of diagram advisable,
where the rotative speeds are gradually increased up to 600
revolutions per minute, and producing a card two inches in
length.

After selecting the pulley required, remove the clutch from
the worm shaft R, by slacking the set screw shown in collar A,
and place the pulley thereon, taking care that the pin-hole on
the inner side of the pulley (not shown in cut), engages with
the projecting pin A, of the spring case cover S, Fig. 35, then
replace the clutch on the shaft as far as it will go and secure it
firmly in place by the set screw in collar A.
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Place the indicator in position, and attach the actuating
cord as already described.

The tension of the spring in the spring case D, must be
sufficient at all times to just keep the cord taut, and this may
be regulated by taking more or less extra turns of the cord
around the pulley O, until it results in the desired tension.
The alignment of the Indicator, in order to have the cord run
evenly, is a matter to be observed; and if upon starting the
engine the cord should run unevenly on the pulley O, it may
be entirely remedied by slacking the indicator connection a
trifle, and turning the Indicator slightly in the necessary direc-
tion until a perfect and uniform winding of the cord is ob-
tained, and which can (by this means) a/ways be accomplished.

The peculiar construction of the angular teeth on the worm
shaft R, and also on the drum carrier G, enables each to be-
come the driver of the other; that is, on the outward stroke of
the engine, the drum carrier is driven by the worm shaft;
while on the return or inward stroke, the worm shaft is driven
by the drum carrier g, through the action of its retracting
spring; said spring a/ways serving to return both of themn back
to their normal positions, at the extreme inner stroke of the
cross-head, at each revolution while in operation.

In the absence of a proper understanding of the principles
of manipulating some of the various Reducing Motions in the
market, some engineers that have had no particular experience
with them, look upon a// suck devices as complicated and gener-
ally troublesome to operate and are satisfied to continue the
use of the more antiquated pantagraph and lever ‘movements.

In our own experience and that of engineers who have
been using the positive Reducing Gear, described and illus-
trated in this article, it may be said to have given entire satis-
faction in all cases, and a return to any of the old methods.
(after becoming familiar with this) could not be contem-
plated under any circumstances.
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CHAPTER VIII.
DRUM STOP MOTION AND ELECTRICAL APPLIANCE.

In using the different lever and pantagraph devices, that
have been illustrated in a previous chapter (or any modifications
of them), for the purpose of giving motion to the paper drum:
it becomes necessary with any and all of them to connect and
disconnect the actuating cord leading from the device to the

indicator, in order to start or
stop the paper drum whenever
necessary, for either adjusting
or the removal of the paper
from the drum. In slow speed
engines, the matter of hooking
and “unhooking the actuating

F1a. 86.

but with engines of high rotative speed, it becomes more diffi-
cult and requires much more skill and experience on the part
of the operator to perform the operation successfully and with
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ease. An efficient and very simple attachment, which may be
adapted to different styles of indicators, for the purpose of
starting and stopping the paper drum at all times without the
necessity of unhooking the actuating cord, when used in con-
nection with any of the pantagraph styles of reducing motion,
is illustrated in Fig. 36, attached in this case to a Tabor Indi-
cator; and whereby the usual handling of the actuating cord
(that otherwise becomes necessary), to stop the motion of the
paper drum, is entirely obviated at any and all speeds.

The device is shown in Flg 37 detached from the indica-

: tor, and consists of an
arm A, which may be
secured to a part X of
the indicator, by means
, of the set screw B. Up-

Fic. 37. on the arm A, Fig. 37,
is a glide C, which may be adjusted to any desired position on
the arm and secured thereto by the knurled nut E and washer
F. On the slide C is mounted the cord pulley D for the pur-
pose of directing the actuating cord (from any form of reduc-
ing motion), around the said pulley and thence on to the paper
drum carrier to the indicator.

The method of determining the proper length of the actu-
ating cord. is as follows: set the slide C, to its extreme inner
position on the arm A, and place the engine on its extreme
outer stroke, then bring the cord from the drum carrier around
the cord pulley D, and thence in the required direction to the
point of attachment on the reducing motion, which will give
the necessary length of the actuating cord. Atany convenient
position on the actuating cord and near the cord pulley D,
there is superposed an elastic band, shown in Fig. 36, for the
purpose of taking care of the slack of the cord, that will appear
when the engine is in motion and the paper drum at rest.
This slack is owing to the length of the actuating cord being
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taken when the engine is at its extreme outer stroke; conse-
quently on its arrival at the inner stroke there is an amount of
cord to be taken care of, equal to the presumed length of the
indicator diagram, and the intervention of the elastic band is
for that purpose only.

While the slide C is at its inner position no motion will be
transmitted to the paper drum; but by moving the slide C out-
ward upon the arm A, it will at once cause the paper drum to
rotate forward and back, and the slide may be secured in any
desired position on the arm by means of the knurled nut E,
therefore in order to start, or stop the motion of the paper
drum at any time when the engine is in motion, it is only nec-
essary to change the position of the slide C on the arm A,
which is accomplished most satisfactorily, by means of the
knurled nut E.

To start the paper drum, move the slide outward on the
arm and secure it by the nut E, and to stop, move it to its ex-
treme inner position, the actuating cord continuing its usual
motion during the time the engine is in motion.

To Take Diagrams Simultaneously. - In order to make com-
plete and reliable tests of steam power from the various com-
pound and multiple cylinder engines, or whenever it is desirous
to take diagrams simultaneously from a number of steam cylin-
ders (in which as many indicators are used), it becomes neces-
sary to provide some sure means of operating the indicators,
by which an operator can accomplish the object alone, without
the aid of assistants and with the certainty that a// diagrams
taken at any particular stroke of the engine or engines, will
all commence and leave off simultaneously with each other, and
thereby dispensing otherwise with the number of attendants
necessary to operate the different indicators at some decided
upon signal; a plan whereby an exact coincidence of the dia-
gram at any particular stroke is very rarely obtained owing to
tlre almost impossible concerted action between the operators.
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The taking of diagrams from two or more cylinders at the
same exact stroke of the engine or engines, may be accom-
plished successfully in different ways that will oft-times, as oc-
casion requires, suggest themselves to the engineer. An ar-
rangement sometimes used with fair success, consists of a small
reservoir of compressed air from which the pressure is com-
municated to a small piston within a cylinder secured to each
indicator; one end of the piston rod being in contact with some
part of the pencil mechanism, consequently any movement of
the piston is communicated directly to the said mechanism,
which results in a contact (when under pressure from the reser-
voir), between the pencil and paper drum; and a withdrawal
of the pencil, (through the action of a spring) when the pres-
sure is released. These small cylinders are connected to the
reservoir by means of rubber tubing in which there is a cock
for admitting and releasing the air pressure upon the piston.
The operation of the device being about as follows: after seeing
that the parts are properly connected, start the pencil mechan-
ism of the indicators in motion, by opening the cock connected
to each, then by opening the cock from the reservoir the pres-
sure from that source (through the small piston and its rod),
will force the pencil in contact with the paper drum and against
the resistance of the spring. The time of contact between the
pencil and paper drum is supposed to be during one complete
revolution of the engine, unless an average card is desired from
a number of revolutions. The instantaneous release of the air
pressure against the small pistons, takes place in the act of
closing the cock ; it being provided with an escape hole for that
purpose, thereby admitting of the spring to at once move the
pencil out of contact with the paper drum.

In the absence of a reservoir of compressed air, the same
results may be obtained in this device, by using a jet of steam
through a small pipe leading from the boiler, steam pipe, or from
any convenient place where a pressure of steam may be
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obtained. Other improvised means depending upon circumstan-
ces and the ingenuity of the engineer, may be used to produce
the desired result. The most successful, simple, and satisfactory
results, may however, be ob-
tained by the use of the
electric current. A very neat
and simple electrical attach-
ment to enable an operator
to produce diagrams, from
any number of cylinders dur-
ing the same stroke of the
l] engine by simply pressing a
button to close the electrical
circuit is represented in Fig.
38, as attached (in connection
with the reducing motion),
to the well known Tabor In-
dicator.
The attachment consists of
Fia. 38. a specially constructed mag-
net M, mounted on and secured to a support S, which encircles
the body of the indicator, and is held in position by the clamp-
ing screw E. Also secured to the support are the binding
screws C and the spring D,
these parts being shown sepa-
rate from the indicator in Fig.
39.

The stud B, Fig. 40, is screw-
ed into the upright on the
swivel plate that carries the
pencil mechanism of the indi-
cator and serves as a support Fre. 39.
for the armature A, Fig. 41, and to which it is secured by a
small set screw for that purpose; therefore any movement of
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the armature A, in either direction, relative to the magnet M,
produces a similar motion of the pencil (in the opposite direct-
ion), to or from the paper drum of the indi-
cator. i
The spring D, Fig. 39, is formed so as to [
hold the armature within the field of the mag-
net, before the current is established, and also
to quickly release it when the current from
the battery is broken. The magnet M, consists of a
single spool of soft iron, wound in the usual manner with
insulated magnet wire, and enclosed by a soft iron shell, the
combination thereof establishing the two poles of the magnet,
when subjected to the effect of an electric current passing
through the wire. The armature A is also constructed of a
soft grade of iron and is finished to a diameter the same as the
magnet shell, and is adjustable on the stud B, to exactly coin-
cide with the magnet M. On the side facing the magnet are
two small brass pins for the purpose of assisting in the instan-
taneous release of the armature, from the magnet after the cur-
rent is broken. This electrical device is easily attached or de-
tached in a few seconds, and its connection with the indicator,
does not in any way interfere with the usual manipulations of the
operator, in adjusting the paper to, or removing it from the
paper drum; changing of the springs in the instrument, or any
minor operations that may become necessary, as the pencil
mechanism is free to be revolved in any convenient position.
It is represented in Fig. 38, as being attached to a Right-
‘hand Indicator, but it may be used on a Left-hand instrument
with equal facility. The change from one to the other is easily
and readily made in the following manner: first unscrew the
cap (that carries the pencil mechanism), and take it complete
from the indicator, then by loosening the clamping screw E,
the support S may be readily removed, and it only remains to
unscrew the magnet M, from the support S, and change the

Fie. 41.

Fia. 40.
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location to directly the opposite side of the support and secure
it in that position, by means of the small screws for that pur-
pose. The binding screws, as well as the spring D, will also
need reversing on the support S; the parts all being provided
with means by which it may (if necessary) be easily and readily
accomplished. Replace the device on the indicator in a re-
versed position and secure it by the clamping screw E. Where
the circuit is short the device may be operated in connection
with a single indicator, by any one of the well known batteries
in the market, (either dry or liquid).

In our own experience, and in all cases where such an ap-
pliance is desired, and where accuracy is necessary, this simple
electrical device seems to meet all requirements, being easily
attached or detached, without any change in the mechanism of
the indicator; instantaneous in its action, and can be relied up-
on at all times to give correct results, with the least amount of
labor and anxiety to the operator.

Mq a2
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CHAPTER IX.
CARE AND USE OF INDICATOR.

Before attaching the indicator, open the cock and allow
steam to blow through the pipes for the purpose of removing
any scale or dirt that may remain in the pipe after fitting up;
as it is of the greatest importance that all parts of the indicator
be kept in good working order, where a close degree of accu-
racy is expected. The most important of these parts, are the
cylinder and piston; to which especial attention should be
directed as to their condition; because the accumulation of de-
posit, or dirt of any description between their surfaces of con-
tact, (however minute) will produce irregularities, and distor-
tions in the diagram, to such an extent, as will render it almost
impossibe to secure the information a diagram is intended to
convey; therefore it becomes very essential at frequent intervals
to remove the piston from the cylinder; (which can be done by
simply unscrewing the cap upon which the whole mechanism
is attached, and lifting from the instrument) and thoroughly
clean both, by the use of. cotton cloth, waste, or some other
suitable material. ‘

This being accomplished, lubricate these parts with some
good cylinder oil, and replace them again in the instrument.

‘"The pivots or joints of the pencil movement, should also
be kept clean, and oiled occasionally with some light machine oil



And Its Appliances. 69

that will not gum or become sticky; a bottle of wh1ch usually
accompanies the instruments of all makers.

This should be used sparingly as a very small amount
suffices for the purpose, and any surplus should be cleaned off.

It is absolutely necessary that there be perfect freedom in
'the peneil mechanism ; (and when not subject to the action of a
spring) the pencil bar on being raised to its highest position,
should from its own weight, fall with the utmost freedom to
its lowest position, and this requirement is very essential in
order to insure correct diagrams. A further test of its correct-
ness may also be made by again raising the pencil bar to its
extreme height, and covering (with the thumb or finger) the
hole through which the steam is admitted against the indicator
piston ; and if the mechanism be not impeded in any way, ex-
cept only by the air contained within the indicator cylinder,
the pencil will descend slowly and uniformly until it reaches
its lowest position. Should this be found otherwise than as
stated, it may become necessary to disconnect the parts of the
movements from the piston, and test each part separately until
the cause of the trouble is located.

The Paper Drum also requires attention, it being in
constant motion, and subject to considerable wear; conse-
quently should be examined from time to time, and the
bearing cleaned, and thoroughly lubricated, using the same
light machine oil, as for the pencil movement.

With the ordinary paper on the drum the Siberian lead
pencil about grade H. H. H. H. should be used in taking the
diagrams; the pencil being sharpened to a fine round point
with a knife or fine file.

A more satisfactory result of the tracings may be obtained
by the use of a chemically prepared paper, (called metallic
paper), upon the drum, and using a point made of common
brass, or preferably silver wire suitably sharpened for the trac-
ing point.
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One sharpening of the metallic pencil will give good re-
sults on a large number of diagrams, and the general character
of the work will be much more satisfactory than with the lead
pencil. The paper should be placed upon the drum in such a
manner that it will be perfectly smooth. This may best be
done by first folding one end, and slipping it under the longer
clip; then pass the paper around the drum and bring the loose
end under the short clip; taking the two ends thus located,
between the thumb and finger, and with the other hand by a
slight pressure at the Z9p of the card, slide the whole down the
drum ; the outer edge may then be folded back over the clip if
needed.

Adjust the stop screw so that the pencil will bear lightly
on the paper, otherwise the friction between the pencil and
card will cause the diagram to be irregular, and will not repre-
sent the true action of the steam within the cylinder.

Paper Drum Motion. The motion of the paper drum may
be derived from various different parts of the engine, but what-
ever point is selected, it is essential that the motion of the
drum shall coincide in miniature, exactly with that of the en-
gine piston, at every part of the stroke.

Owing to the irregular motion of the engine piston, dur-
ing the stroke, caused by the varying angularity of the con-
necting rod, it is often uncertain, and difficult to select a point
(other than the engine cross-head), that shall fulfill the exact
conditions required ; but if such other point should be chosen,
careful attention as to its location becomes necessary, in order
that the motion resulting therefrom, may in no wise vitiate
the diagram.

The Cross-Head being directly connected to the piston
rod, consequently moves at every part of the stroke, and
under all circumstances in exact unison with the engine piston ;
therefore, it is the part usually selected from which to obtain
the motion of the drum ; as being the most direct, reliable, and
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convenient for the purpose; but the amount of its movement,
(whatever that may be), must be reduced to suit the range of
the paper drum, or the length of the diagram to be taken; and
this reduction must be in an exact proportion, throughout the
stroke, to the movement of the cross-head.

Where special reducing wheels are used for this purpose,
a stud is generally screwed in the cross-head, of sufficient
length, such as will cause the cord from the reducing wheel,
when attached, to be in a direct and parallel line with its
motion. :

It often happensthat this plan cannot always be successfully
accomplished, owing to the various different construction of
engines; hence in such cases a resort to the use of small carry-
ing pulleys will be necessary.

Carrying Pulleys. 1t is always desirable to avoid these pul-

-leys wherever possible, as their use are often detrimental; in
that they increase the tension on the cord; cause the cord to
become dirty from the oil used in lubricating the pulley;
which W111 in a short time render it unfit for further use; they

also create a friction that becomes an additional
tax upon the drum spring, and in many ways
| becomes a source of annoyance to the opera-
tor.

Nevertheless occasions often occur, where
their use becomes indispensable, and in such
cases they should be located at such points, as
will suggest themselves to the ingenuity of the
engineer, as best, for obtaining the desired re-
sults. The style shown in Fig. 42 is universal
and meets all requirements.

: Various devices, and methods for reducing

Fia. 42. the amount of movement of the engine cross-
head to any desired length of diagram, will be found repre-
sented aud described in Chapters 5, 6 and 7.
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The Indicator Cord. 'The usual manner of imparting mo-
tion from the engine cross-head to the drum, is through the
medium of a hard braided linen cord; and sometimes a metal-
lic cord (such as fine piano wire), may be used to advantage in
connection with it, under circumstances where an unusual
length of cord is required.

Cord of all kinds especially when new, is possessed of a
certain amount of elasticity, of which it becomes necessary to re-
move as near as possible, before using, in order to avoid any
further stretch when in use; so that coincidence of motion be-
tween the cross-head, and the reduced motion of the paper
drum shall be practically uniform.

The most simple and ready method, and the plan usually
adopted for removing this elasticity is by suspending the cord
from one end, and attaching sufficient weights to the other;
allowing it to remain so suspended from 12 to 24 hours; or un-
til it becomes apparent that any further stretching may result
in injury to the cord.

The cord that is intended especially for indicator work is
usually stretched by the manufacturers until its elasticity is
eliminated, and therefore will not stretch, when in use under
ordinary circumstances, to any extent that would seriously in-
terfere with the accuracy of the diagrams.

A simple, light, and exceedingly convenient cord adjust-
er is represented in Fig. 12, Chapter IV, for adjusting the
length of the cord between the indicator and reducing gear.

The hook on the cord from the indicator, should be at-
tached as close to the indicator as possible; (to prevent any
swaying of the cord), and connect into the ring of the cord ad-
juster, while the small holes in the adjuster receive the cord
from wherever the motion is derived.

The Indicator Spring. The denomination of the spring to be
used in any particular case, depends principally upon the boil-
er pressure. A book usually accompanies most indicators,
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which gives the necessary information, (either by a table di-
rect, or by a computation rule), for the selection of the most
suitable denomination of spring, for any given boiler pressure.

In indicators which have a range of pencil movement of
from 2% to 3 inches in height, a 40 pound spring is a good
standard for pressures between 8o and go pounds, and a 5o
pound spring for boiler pressures from 100 to 120 pounds per
square inch. Each indicator spring is numbered to correspond
with the pressure per square inch required to compress it an
extent, sufficient to cause a vertical movement of the pencil of
exactly one inch.

For example: In case a 50 spring, as shown in Fig. 13,
Chapter 1V, is used, a pressure of 50 pounds per square inch
in the engine’ cylinder, will raise the pencil one inch, or a
pressure of one pound will raise the pencil 4 of an inch; the
same rule applying to all other denomination of springs.
After use, the spring ought never be allowed to remain in the
instrument, but should at once be removed, and wiped perfect-
ly dry; otherwise it is liable in a very short time to become
corroded and pitted to such an extent, as to render it quite in-
accurate; at the same time the inside of the indicator cylinder
and piston, should also before laying away be made perfectly
clean, and free from all moisture arising from condensed
steam.

Clean by means of cotton waste, or cloth, used in connec-
tion with a wooden stick.

o 40 .
4070 THE unci

Fic. 43.
Indicator Scales. For convenience and greatly facilitating
the measuring of the diagrams, special boxwood scales, as
shown in Fig. 43, are provided, upon which the inches are
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divided into units; each unit representing pounds pressure
per square inch, corresponding to the number of the spring in
use. v

The edge upon which the graduations are performed,
is beviled, in order that the marking may be near the paper,
and consequently be more readily observed; hence their use
will be found much more convenient, than the steel scales
sometimes in use.

The Drum Spring. The tension on the drum spring illustrat-
ed in Fig. 44, is a matter that depends upon the good judg-
=5 ment of the engineer, and should be just suffi-
i W;m"}:ﬂ”‘“w\\\\ cient to keep the cord taut on the backward

('l
A v\f% § or inner stroke of the engine. The best re-
il sults are obtained where the highest tension
Fie. 4. is employed, consistent with good work. As
the speed of the engine is increased, it is sometimes necessary
to increase the tension on the drum spring to counteract
the effect due to the inertia of the drum at the higher speed,
and provisions are usually made on most indicators, and in-
structions given whereby the tension on the spring may be
varied to suit the higher speeds wherever necessary.
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CHAPTER X.

TO TAKE DIAGRAMS.
> ’

The desired pressure spring being placed in the instru-
ment, and the paper in place upon the drum, connect the cord
from the indicator to whatever form of reducing motion there
may be at hand, (thereby starting the drum in motion), then
open the cock.on the pipe communicating between the steam
engine cylinder and the indicator piston, (which in turn starts:
the pencil movement) until a few revolutions of the engine
have been made, or until the instrument is heated to a temper-
ature due to the steam pressure present. During this motion,
examine the pencil mechanism to see that it is moving freely,
which may be ascertained by placing the finger directly against
and over the top of the piston rod, and by following its motion
up and down; the presence of any grit between the indicator
cylinder and its piston, can readily be detected. If such
should be found to be the case it will be necessary to stop the
motion of the indicator, and remove the pencil mechanism
with the piston and thoroughly clean and oil, before again
replacing in the indicator. Again set the Indicator in motion,
and after a few revolutions of the engine have been made,
swing the pencil until it comes in contact with the paper on
the drum and hold it there during one complete revolution of
the engine. Withdraw the pencil and close the indicator
cock, and immediately return the pencil to the paper
in order to trace the atmospheric line. This should always
be done as soon as possible after tracing the card, so that
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it may be drawn under about the same conditions (as to
temperature, etc.) as when the card was taken. When
power is to be measured, it is a good plan to keep the
pencil in contact with the paper during a number of revol-
utions of the engine; and in measuring the diagram, to take a
line most nearly representing the average. Diagrams should
always be taken from both ends of the cylinder where correct
conclusions are expected.

Although’”a diagram from one end of the cylinder may
prove satisfactory, it is not safe to infer that one from the
opposite end will be equally so; but on the contrary there will
often be found a great difference between diagrams taken from
each end of the cylinder, owing to the varying conditions of
pressure, etc., usually found in practice. Very often this
difference results from improper or uneven valve setting;
wherein the period of opening or closing the valve, and also
the point of cut-off differ at each end in relation to the stroke
of the engine; and may be partly due to rough and tortuous
steam passages. \

Sometimes the load may suddenly change during the in-
terval between the taking of the first and second diagram,
causing a disparity between them that might prove misleading,
in that, it would give the appearance similar to that of an un-
even valve adjustment, consequently after a careful consider-
ation from a number of diagrams, it becomes a requisite of the
engineer to use his best judgment in deciding the cause
and applying the remedy for any irregular or unusal appear-
ance of the diagram. This information can only be derived
from a careful application of the indicator and a study of the
diagrams.

Where two indicators are used and placed at each end of
the cylinder, the diagrams (if desired) may readily be taken
simultaneously; but in case of only one indicator at hand, it
must be changed from one end of the cylinder to the other;
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in order to obtain diagrams from both, a matter requiring
considerable time and trouble; therefore it will be found most
convenient in such case to place the indicator in connection
with a three-way cock (previously described), at the middle of
the cylinder, thereby admitting steam from each end, so that
diagrams can be taken from either end of the cylinder, by
simply turning the handle of the three-way cock to the required
position. This arrangement greatly facilitates the labor, and
it also enables the operator to produce diagrams from each end
of the cylinder, upon the same sheet of paper, and in the short-
est possible time; it being very essential that the second
diagram be taken as quickly as possible after the first, in order
that the conditions of speed, load, and pressure may remain
more nearly alike during the time occupied for both tracings.

It is also more satisfactory to the engineer to take diagrams
from both ends of the cylinder, upon the same paper as it en-
ables him a# once to make a discernable comparison of the pres-
sures exerted on the opposite sides of the piston, throughout
onerevolution of theengine. Afterall required adjustments,that
become necessary have been made, and a satisfactory diagram
obtained, stop the motion of the drum and remove the paper
therefrom. Make memorandum on the paper of as many of
the facts, as may be required, such as the style of engine,
where located, the diameter of cylinder, length of stroke,
diameter of piston rod, the number of revolutions per minute,
which end of cylinder, the scale of the spring, the vacuum
in the condenser, the boiler pressure, the day and hour of tak-
ing the diagram, and any other factors that may enter into,
and become .necessary for an accurate consideration and solu-
tion of the diagrams.

For convenience of writing in the data, and also for filing
away for future reference, the paper used upon the drum is us-
ually in the form of printed blanks of suitable dimensions to
fit the drum of the indicator, for which they are designed, and
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contain the heading of the different principal factors necessary
for computing from the diagram, the horse power, water con-
sumption, etc., of the engine. For very expert tests, these

Di: from Engine at
Diameter of Cylinder___..___; Diameter.of Rod ... s Stroke ... ....; Clearance.... ...
Date__........ s Time ........; Ead of Cylinder.........; bal. of Spring. fs
Boller Gauge ..o § Vamum Gauge.. o Revyper minute
- Style Indicat. = 3 MEL., P O I 1 e R e I
B .
3
i
v
2
A ot
A 30
-g .
v v o
Fre. 45.

blanks may be printed in various forms, to suit any required
data necessary; but the above as shown in Fig. 45 will be found
sufficiently elaborate for any ordinary indicator practice.

%,
:

DA
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CHAPTER XL
INDICATOR DIAGRAMS.

The important and essential knowledge to be derived from
a careful investigation and study of indicator diagrams is in-
valuable to the engineer, as they enable him to easily ascertain
and establish various facts concerning the use of steam, that by
any other method would prove complicated and unsatisfactory;
of which the following may be stated.

First. It shows whether the valves of an engine are cor-
rectly and evenly timed; and also serves as a guide in all
necessary adjustments of the same that may be required, in
order to insure the best distribution of the steam working with-
in the cylinder; and thereby securing the maximum economy,
and efficiency of the engine.

Second. The indicator power developed in the cylinder of
an engine, may be determined ; also the quantity of power lost
in various ways; such as leakage of valves, back pressure, too
early release, and incorrect adjustment of valves.

Third. It indicates whether the steam ports, and passages
are adequate in size, and a diagram taken from the steam chest,
will also show whether the steam pipe and its connections are
of sufficient size.

Fourth. It indicates the condition of the valves and pis-
ton in reference to leakage.

Fifth. In connection with a feed water test, (showing the
actual amount of steam consumecd) the economy with which the
engine works may be determined.

-
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To ascertain with accuracy, each and every item of infor-
mation here mentioned, it is absolutely essential that the dia-
gram should truly represent the motion of the piston; and also
the pressure exerted on both sides of it, at every point of its
stroke.

The general features of a diagram, that indicates a proper
distribution of the steam in an engine cylinder, is represented
in Fig. 46, the attainment of which, (as near as possible)
should be the endeavor of an engineer in setting the valves of

2 2

=4

A A
Fra. 46.
his engine. A. A. is the atmosphere line, and B. B. represent-
ing boiler pressure.

In this diagram the initial steam pressure, which is the
highest pressure realized in the cylinder, is fully maintained up
to the commencement of cut-off ; indicating ample size of steam
pipes, ports, and other passages in the engine.

The expansion curve is good, and the release of the steam
is sufficiently early to secure a free exhaust, also low, and uni-
form back pressure.

The exhaust valve closes on the return stroke, in time to
provide the necessary compression, (or cushion), and thereby
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counteracting in part the effects of enertia and momentum of
the piston, cross head, and other reciprocating parts, at the end
of the stroke.

The admission of steam takes place promptly ; and projects
the admission line to initial pressure at right angles (or per-
pendicular) to the atmospheric line.

These qualities in a diagram being an especial requisite
under any circumstances, to insure an economical working
engine.

In practice however, there will be a great difference in the
outline and appearance of the cards from different engines,
and even from the same engine; arising from numerous cir-
cumstances and conditions connected with it.

The diagram as before stated simply shows the pressure of
steam existing in the cylinder at each part of the revolution of
the engine, and it is the province of the engineer to determine
whether these pressures at each and every point are the correct
ones; and if such is not the case to ascertain wherein the fault
lies, that causes the error; then determine upon, and apply the
remedy.

It must be understood, that in a great majority of cases,
the shape or outline of the diagram, depends principally upon
the manner in which the steam is admitted to, and released
from the engine cylinder.

Therefore, by careful investigation and measurement of
these outlines, and turning the varied information which they
furnish to practical advantage, the real value of the indicator is
readily made apparent. :

As a preliminary to the study of the diagrams, suppose we
knew that at a certain part of the stroke the full boiler pressure
should be realized ; now if this does not appear to be the case
on the diagram there is evidently imperfections existing, either:
from an incorrect adjustment of the valves, or may be due to
inadequate capacity of the steam pipes, and passages between
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the boiler and engine cylinder; and almost invariably happens
also with engines having insufficient, or extremely light loads.

Adversely, the diagram may show oo great a pressure, at
other certain points, when we know that there should be Zess in
order that the demands for good economy and efficiency in the
engine be obtained.

This latter circumstance may also proceed partly from in-
correct valve adjustment; although.it is principally caused by
leakage through the admission valves after cut-off ; in combina-
tion with the re-evaporation of steam previously condensed
within the cylinder in the early part of the stroke.

Any derangement of valve mechanism of the engine, such
as incorrect position of the eccentric, on the shaft or an uneven
adjustment in the length of the valve rods and connections,
will in consequence, be revealed in the diagram, by late admis-
sion or release, by low initial, or high back pressure, also by
absence of compression ; either of which in performing an equal
amount of work will result in an increased consumption of
steam.

Consequently where discrepancies of any kind occur, a
thorough investigation, study, and reasoning of the diagram
first becomes necessary, in order to intelligently locate the
cause of the defect, and make changes, and corrections accord-
ingly until the diagram shows a proper distribution of steam
pressure throughout the stroke of the engine.
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CHAPTER XII.

STUDY OF DIAGRAMS.

To the Steam Engine Indicator (it may be said), belongs
the credit of furnishing a great part of the information that
has enabled scientific engineers, (and others who have studied
the subject) to apply intelligently and successfully, and has
hereby contributed in a great measure to the present perfec-
tion of our modern steam engines. :

~ The most correct and best means of obtaining a knowledge
of the internal workings of the steam in a cylinder under differ-
ent circumstances of loads and pressures is, by a careful study
of what are designated as Indicator Diagrams.

A diagram from one end of a steam engine cylinder shows
the exact pressure acting upon the engine piston, at any and
every part of its movement, during the time of one complete
revolution on both forward and return stroke of the engine;
and to show a corresponding pressure on the other side of the
piston, another diagram must be taken from the opposite end
of the cylinder.

The outline of the figure traced by the pencil upon the paper
of the indicator drum, depends upon the variable pressure of
steam in the cylinder, acting upon the engine piston, through-
out one complete revolution of the engine, in combination
with the horizontal length of the figure produced by the rota-
tive motion of the paper drum.
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If the steam be admitted to the cylinder at the commence-
ment of the stroke and continued at a uniform pressure, and
exhausted at the extreme end, and from thence returning to
its beginning, it will have traced a figure on the paper, bearing
a close approximation to a parallelogram, or rectangle.

If the admission of steam had been cut off, after only a
part of the stroke had been completed, (leaving the amount to
expand to the end of the stroke) the diagram will assume a
shape somewhat similar to that represented in Fig. 47.

¢ , In the matter of
details these two rep-
resentative forms may
have innumerable
modifications.
We have selected
E Fig. 47 as exhibiting
<. the essential features
‘fand events (during
the stroke of the en-
Fia. 47. gine), of a well pro-
portioned diagram, showing the action and pressures of steam
that usually take place in the engine cylinder. This diagram
shows that the admission of steam commences at A and con-
tinues to the point C, where cut-off commences, and is com-
plete at D; the expansion is from D to E; the exhaust begins
to open at E and closes at G; the back pressure is represented
by the line from F to G, and continu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>