


INTRODUCTION

The purpose of this book is to enable any engineer, First,
To understand the design, construction and use of the
Crosby Steam Engine Indicator. Second, To make suitable
preparation for applying it to a steam engine, and attach-
ing the mechanism for operating the paper drum. Third,
To take diagrams, read them intelligently, and, after some
experience, to deduce from them such information concern-
ing the working of an engine as a good instrument skilfully
applied and handled is capable of revealing to the studious
and observing mind.

CrosBY STEAM GAGE AND VALVE CoMPANY

BosToN, July 1, 1919
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2 THE STEAM ENGINE INDICATOR

friction. The cylinder is open at the bottom and fitted so
that it may be attached to the cylinder of a steam engine
and have free communication with its interior, by which
arrangement the under side of the piston is subjected to the
varying pressure of the steam acting therein. The upward
movement of the piston — due to the pressure of the steam —
is resisted by a spiral spring of known resilience. A piston
rod projects upward through the cylinder cap and moves a
lever having at its free end a pencil point, whose vertical
. movement bears a constant ratio to that of the piston. A
drum of cylindrical form and covered with paper is attached
to the cylinder in such a manner that the pencil point may
be brought in contact with its surface, and thus record any
movement of either paper or pencil; the drum is given a
horizontal motion coincident with and bearing a constamt
ratio to the movement of the piston of the engine. It is
moved in one direction by means of a cord attached to the
crosshead and in the opposite direction by a spring within
itself. :

When this mechanism is properly adjusted and free com-
munication is opened with the cylinder of a steam engine in
motion, it is evident that the pencil will be moved vertically
by the varying pressure of steam under the piston, and as
the drum is rotated by the reciprocating motion of the en-
gine, if the pencil is held in contact with the moving paper
during one revolution of the engine, a figure or diagram will
be traced representing the pressure of steam in the cylinder;
the upper line showing the pressure urging the -engine
piston forward, and the lower the pressure retarding its
movement on the return stroke.

To enable the engineer to more correctly interpret the
nature of the pressures, the line showing the atmospheric
pressure is drawn in its relative position, which indicates
whether the pressure at any part is greater or less than that
of the atmosphere.
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From such a diagram may be deduced many particulars
which are of supreme importance to engine builders, engi-
neers, and the owners of steam plants.

WHAT IS THE GOOD OF AN INDICATOR?

This question was asked by a young engineer who had
come to examine and purchase a Crosby indicator, with a
view to rendering his services of greater value to his em-
ployer, by a knowledge and use of that instrument. His
question was overheard by the proprietor of a large estab-
lishment in the city of Worcester, Mass., who took occasion
to reply as follows:

T will tell you what good an indicator did at our works.
Our steam engine was not giving sufficient power for our
business, and we expected to be obliged to procure a larger
one. A neighbor suggested that we have our engine indi-
cated to see if we were getting the best service obtainable
from it. This was done with a Crosby indicator, and the
result was that when the valves were properly adjusted and
other slight changes made we had ample power, and the
improved condition of the engine made a reduction in our
coal bills during the following year of $500.”

Another case: An expert engineer was called to indicate
several locomotives just completed by one of our prominent lo-
comotive builders, who had in use a large Corliss engine, which
had been running only a.few months. 'When the locomotives
were indicated, the proprietor proposed that the indicator be
applied to the Corliss engine, the engineer of which remarked,
“ Guess you’ll find her all right, as she’s running fine.”

The first card showed that nearly all the work was being
done at one end of the cylinder. The valves were changed
and a great improvement was apparent in the running of
the engine, while the actual consumption of coal was reduced
from an average of 3,370 pounds per day, before the change
was made, to 2,338 pounds afterwards.
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These two instances are valuable in showing ¢ the good of
an indicator.”

Items of Information to be obtained by the use of the
Indicator

The arrangement of the valves for admission, cut-off,
release and compression of steam.

The adequacy of the ports and passages for admission
and exhaust, and when applied to the steam chest, the
adequacy of the steam pipes.

The suitableness of the valve motion in point of rapidity
at the right time.

The quantity of power developed in the cylinder, and the
quantity lost in various ways: by wire drawing, by back
pressure, by premature release, by mal-adjustment of valves,
by leakage, etc. )

It is useful to the designers of steam engines, as by prop-
erly combining the cards the effective pressure on the piston
at any point can be determined, and from this the rotative
effect or the rotating force acting at right angles to the
crank can be calculated.

Taken in combination with measurements of feed water
and the condensation and measurement of the exhaust steam,
with the amount of fuel used, the indicator furnishes many
other items of importance when the economical generation
and vse of steam are considered.

For every one of these purposes it is important that the
diagrams traced by the indicator should truly represent the
path of the piston and the pressure exerted on both sides of
the piston at every point of that path.

INDICATOR DIAGRAMS

The degree of excellence to which steam engines of the
present time have been brought is due more to the use of
the indicator than to any other cause, as a careful study of
indicator diagrams taken under different conditions of load,
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pressure, ete., is the only means of becoming familiar with
the action of steam in an engine, and of gaining a definite
knowledge of the various changes of pressure that take
place in the cylinder.

An indicator diagram is the result of two movements,
namely : a horizontal movement of the paper in exact corre-
spondence with the movement of the piston, and a vertical
movement of the pencil in exact ratio to the pressure exerted
in the cylinder of the engine; consequently, it represents by
its length the stroke of the engine on a reduced scale, and
by its height at any point, the pressure on the piston at the
corresponding point in the stroke. The shape of the diagram
depends altogether upon the manner in which the steam is
admitted to and released from the cylinder of the engine;
the variety of shapes given from different engines, and by
the same engine under different circumstances, is almost
endless, and it is in the intelligent and careful measurement
of these that the true value of the indicator is found, and no
one at the present day can claim to be a competent engineer
who has not become familiar with the use of the indicator,
and skilful in turning to practical advantage the varied
information which it furnishes.

A diagram shows the pressure acting on one side of the
piston only, during both the forward and return stroke,
whereon all the changes of pressure may be properly located,
studied, and measured. To show the corresponding pres-
sures on the other side of the piston, another diagram must
be taken from the other end of the cylinder. When the
three-way cock is used, the diagrams from both ends are
usually taken on the same paper, as in Fig. 2.

ANALYSIS OF THE DIAGRAM

The names by which the various points and lines of an
indicator diagram are known and designated are given on
the page following. Sece Fig. 1.



DIAGRAM LINES EXPLAINED

Y K The closed figure or dia-
D gram, C D E F G H is
drawn by the indicator,
and is the result of one in-
dication from one side of
the piston of an engine.
The straight line A B is

A . » &

(o]

Fic. 1

also drawn by the indicator, but at a time when steam con-
nection with the engine is closed, and both sides of the indi-
cator piston are subjected to atmospheric pressure only.

The straight lines O X, O Y, and J K, when required,
are drawn by hand as explained below, and may be called
reference lines.

DIAGRAM LINES EXPLAINED

The admission line C D shows the rise in pressure due
to the admission of steam to the cylinder by the opening of
the steam valve. If the steam is admitted quickly when
the engine is about on the dead-center this line will be
nearly vertical.

The steam line D E is drawn when the steam valve is
open and steam is being admitted to the cylinder.

The point of cutoff E is the point where the admission of
steam is stopped by the closing of the valve. It is some-
times difficult to determine the exact point at which the
cut-off takes place. It is usually located where the outline of
the diagram changes its curvature from convex to concave.
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equal to the boiler pressure shown by the steam gage. The
difference in pounds between it and the line of the diagram
D E shows the pressure which is lost after the steam has
flowed through the contracted passages of the steam pipes
and the ports of the engine.

The clearance line O Y is another reference line drawn
at right angles to the atmospheric line and at a distance
from the end of the diagram equal to the same per cent of
its length as the clearance bears to the piston travel or dis-
placement. The distance between the clearance line and
the end of the diagram represents the volume of the clear-
ance and waste room of the ports and passages at that end
of the cylinder. f

DERANGED VALVE MOTION

by

tale 50.

BACK END
axg JMNVH)
=

Fic. 2

In Fig. 2 the lighter lines show two diagrams, one from
each end of the cylinder of a single valve high pressure en-
gine. This valve admits the steam over its ends and ex-
hausts inside. The derangement is caused by the valve
stem being too long; consequently, at the back end the
diagram shows that the steam was admitted late, cut off
early, exhausted early, and the exhaust valve closed late, so
that there is little or no compression. The diagram at the
crank end shows the opposite defects, viz., steam is admitted
too soon and carried too far on the stroke, the exhaust valve
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The wunit of heat, or thermal unit, is the quantity
of heat required to raise the temperature of one pound
of water from 62° to 63° F. This is often called the
British Thermal Unit (written B. t. u.), to distinguish
it from the German and the French standard, which is
larger.

Mechanical equivalent of heat. It has been found by
experiment that if one pound of pure water at 62° F. be
raised to 63° F., energy is exerted equivalent to lifting
seven hundred and seventy-eight (778) pounds one foot high,
or one pound seven hundred and seventy-eight (778)
feet high. This energy is called the mechanical equivalent
of one thermal unit of heat, and it is usually deslg'nated
by the letter J, and its reciprocal or 545 by A.

Saturated steam. When steam is formed in a closed
vessel in contact with its own liquid, it is said to be satu-
rated and it will have a certain definite pressure and den-
sity corresponding to each different temperature. If, at the
same time, the steam contains no liquid in suspension, it is
said to be dry and saturated.

Superheated steam. 1If, after all the liquid has been
converted into steam, more heat be added, the temperature
will rise and the steam is said to be superheated, because its
temperature will be greater than that_cori'esponding to
saturated steam of the same pressure. This difference is
the number of degrees of superheat.

Priming. It is possible for saturated steam to hold
particles of water in suspension. The steam is then said to
be primed or wet. The amount of water so suspended may
vary from zero to 5 per cent. Almost all boilers in
which the steam is not in contact with the hot gases give
steam primed from 0.1 per cent to 3 per cent.

Thermal efficiency of an engine. An engine havmg a
thermal efficiency of 100 per cent would require 33940 —
42.42 B.t.u. per H. P. per minute. An engine which used
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250 B. t. u. per H. P. per minute thus has a thermal effi-
ciency of 4%42 = 0.169, or 16.9 per cent.

Mechanical effictency of an engine. This is the ratio
of the power delivered at the fly-wheel or shaft to that cal-
culated from the indicator cards. This ratio may be about
90 per cent.

Temperature. There are a number of different ther-
mometric scales. The Fahrenheit and the Centigrade are
the two most generally used. In the Fahrenheit system
melting ice is taken as 32°, and boiling water, or steam at
14.7 pounds pressure, is taken as 212° F. In the Centi-
grade system melting ice is taken as 0° and steam at 14.7
pounds pressure as 100° C. A Centigrade reading may be
converted into the Fahrenheit scale by multiplying the
Centigrade reading by § and then adding 32. The zero of
each of these two systems is purely arbitrary.

It is possible to construct a thermodynamic scale of
temperature based on thermodynamic laws. The zero of
this scale, called the absolute zero, is 459.5° below the zero
of the Fahrenheit scale and 273.1° below the zero of the
Centigrade scale. The zero obtained by what is known as
the air thermometer agrees very closely with the zero of
the thermodynamic scale. The absolute temperature corre-
sponding to 100° F. is 100 + 459.5 = 559.5°.

Isothermal expansion. If, while a substance expands,
an amount of heat sufficient to keep the temperature con-
stant be added, the expansion is said to be isothermal. The
pressure may or may not change during the expansion. In
the case of a mixture of water and steam the pressure would
remain constant as long as any water was present. In the
case of a perfect gas the pressure would decrease in the
same proportion as the volume increased.

Isothermal compression. This is the reverse of the ex-
pansion, and heat has to be abstracted during compression
in order to keep the temperature constant. An amount of
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work has to be done on the vapor or substance in compres-
sing it equal to that which would be obtained as useful
work during an isothermal expansion between the same
limits.

Adiabatic expansior. A reversible adiabatic expansion
is such an expansion as would take place between cut-off
and release in a steam engine or compressed air engine, if
there was no heat given to or taken from the metal form-
ing the cylinder and the piston. It is an expansion during
which no heat is either added or taken away as heat. As
work is done on the piston it must be paid for in some way.
This work comes from the internal energy the substance
had at the beginning of the expansion, and if during the
expansion 7,780 foot-pounds of external work or useful
work were done on the piston, then the internal energy at
the end of this expansion would be 7,780 foot-pounds less
than at the beginning.

During an adiabatic expansion both the pressure and the
temperature drop as the volume increases. If the sub-
stance, when compressed adiabatically, goes back over the
same path along which it expanded, the expansion or com-
pression takes place at constant entropy.

Entropy is the name given to a term representing the
value of a ratio, or the value of the summation of a
number of such ratios. This term appears frequently in
the calculation of engineering problems. An example will
illustrate. Suppose a gas to expand at a constant tempera-
ture of 100° F., and that during this expansion 5 B. t. u. are

5
m = 0.0089, and

is found by dividing the heat added by the constant abso-
lute temperature at which it was added.

Suppose that instead of the temperature remaining con-
stant, the temperature increased 10° while the 5 B. t. u. were
being added. An approximation to the increase in entropy

added. The increase in entropy is



CHAPTER II
THE CROSBY STEAM ENGINE INDICATOR

The Crosby Steam Engine Indicator is designed and
constructed to meet the exacting requirements of modern
steam engineering. During the last few years, under the
keen search and exhaustive tests of eminent engineers, the
practice in this department of science has undergone impor-
tant changes, tending to establish more correct methods and
thereby to reach more accurate results; especially is this
true in the use and scope of the indicator, so that the work
done with such instruments in former times seems coarse
and crude when compared with the more exact attainment
of the present.

Educators in the scientific schools of both Europe and
America have seen the importance of more exact knowledge
and instruction in the technical sciences; and the great
achievements of recent years in the construction of build-
ings, ships, armaments and machines attest the thoroughness
with which research in these departments has been prose-
cuted ; in none has there been greater progress made than
in mechanical and steam engineering.

A knowledge of these facts has kept us on the alert in
the manufacture of all our steain appliances, and especially
in that of the steam engine indicator. Within a recent
time we have made important improvements, which, as we
believe, place it far in advance of any other instrument of
its kind. Radical changes in design, more perfect me-
chanical construction, due to the use of improved and
specialized machinery, and careful selection of metals for
the different parts, have all contributed to this favorable
result.

16



18 . DESCRIPTION OF THE INDICATOR

CROSBY STANDARD STEAM ENGINE INDICATOR

The illustration on page 19 shows the design and arrange-
ment of its parts.

The cylinder, 4, in which the piston moves, is made of
a special alloy, exactly suited to the varying temperatures
to which it is subjected, and secures to the piston the same
freedom of movement with high pressure steam as with low ;
and as its bottom end is free and out of contact with all
other parts, its longitudinal expansion or contraction is
unimpeded, and no distortion can possibly take place.

Between the cylinder, 4, and the casing, b, is an annular
chamber, which serves as a steam jacket; and being open at
the bottom, can hold no water, but will always be filled with
steam of nearly the same temperature as that in the cylinder.

The piston, 8, is formed from a solid piece of the finest
tool steel. Its shell is made as thin as possible consistent
with proper strength. It is hardened to prevent any reduc-
tion of its area by wearing, then ground and lapped to fit
(to the twenty-thousandth part of an inch) a cylindrical
gage of standard size. Shallow channels in its outer sur-
face provide a steam packing, and the moisture and oil
which they retain act as lubricants, and prevent undue leak-
age by the piston. The transverse web near its center sup-
ports a central socket, which projects both upward and
downward ; the upper part is threaded inside to receive the
lower end of the piston-rod. The upper edge of this socket
is formed to fit nicely into a circular channel in the under
side of the shoulder of the piston-rod, when they are prop-
erly connected. It has a longitudinal slot, which permits
the straight portion of wire at the bottom of the spring,
with its bead, to drop to a concave bearing in the upper end
of the piston-screw, 9, which is closely threaded into the
lower part of the socket; the head of this screw is hexag-
onal, and may be turned with the hollow wrench which
accompanies the indicator.
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The pistonrod, 10, is of steel, and is made hollow for
lightness. Its lower end is threaded to screw into the
upper socket of the piston. Above the threaded portion is
a shoulder having in its under side a circular channel
formed to receive the upper edge of the socket, when these

parts are connected together. When making this connec-
tion de sure that the piston-rod is screwed into the socket as
far as it will go, that is, until the upper edge of the socket
is brought firmly against the bottom of the channel in the
piston-rod, before the piston-screw, 9, is tightened against the
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bead at the foot of the spring. This is very important, as it
insures a correct alignment of the parts and free movement
of the piston within the cylinder.

The swivel head, 11, is threaded on its lower half to
screw into the piston-rod more or less, according to the
required height of the atmospheric line on the diagram.
Its head is pivoted to the piston-rod link of the pencil
mechanism This adjustment of the position of the dia-
gram upon the card is a valuable advantage peculiar to the
Crosby indicator.

The cap, 2, rests on top of the cylinder, and holds
the sleeve and all connected parts in place. It has a cen-
tral depression in its upper. surface, also a central hole,
furnished with a hardened steel bushing, which serves as a
very durable and sure guide to the piston-rod. It projects
downward into the cylinder in two steps, having different
lengths and diameters; both these and the hole have a com-
mon center. The lower and smaller projection is screw-
threaded outside to engage with the like threads in the head
of the spring, and hold it firmly in place. The upper and
larger projection is screw-threaded on its lower half to
engage with the light threads inside the cylinder; the upper
half of this larger projection — being the smooth, vertical
portion — is accurately fitted into a corresponding recess in
the top of the cylinder, and forms thereby a guide by which
all the moving parts are adjusted and kept in correct align-
ment, which is very important but practically impossible to
secure by the use of screw threads alone.

The sleeve, 3, surrounds the upper part of the cylinder
in a recess formed for that purpose, and supports the pencil
mechanism ; the arm, X, is an integral part of it. It turns
around freely, and is held in place by the cap. The handle
for adjusting the pencil point is threaded through the arm,
and being in contact with a stop-screw in the plate, 1, may
be delicately adjusted to the surface of the paper on the
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drum. It is made of hard wood with a lock-nut to main-
tain the adjustment.

The pencil mechanism is designed to afford sufficient
strength and steadiness of movement, with the utmost light-
ness; thereby eliminating as far as possible the effect of
momentum, which is especially troublesome in high speed
work. Its fundamental kinematic principle is that of the
pantograph. The fulerum of the mechanism as a whole,
the point attached to the piston-rod, and the pencil point are
always in a straight line. This gives to the pencil point a
movement exactly parallel with that of the piston. The
mechanism is theoretically correct as well as mechanically
accurate ; the result is, therefore, mathematical precision in
the pencil movement, not merely an approximation. The
movement of the spring throughout its range bears a con-
stant ratio to the force applied; and the amount of the
movement of the piston is multiplied six times at the pencil
point. The pencil lever, links, and pins are all made of
hardened steel ; the latter — slightly tapering — are ground
and lapped to fit accurately, without perceptible friction or
lost motion.

Springs. In order to .obtain a correct diagram, the
height of the pencil of the indicator must exactly represent
in pounds per square inch the pressure on the piston of the
steam engine at every point of the stroke; and the velocity
of the surface of the drum must bear at every instant a con-
stant ratio to the velocity of the piston. These two essen-
tial conditions have been attained to a greater degree of
exactness in the Crosby indicator than in any other make,
by a very ingenious construction and nice adaptation of both
its piston and drum springs.

The piston spring is of unique and ingenious design,
being made of a single piece of the finest spring steel wire,
wound from the middle into a double coil, the ends of which
are screwed into a metal head having four radial wings
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All Crosby indicators (except some of the Standard Steam
Engine Indicators numbered below 3737) can be readily
changed from right-hand to left-hand instruments as occa-
sion may require.

CROSBY NEW STEAM ENGINE INDICATOR

This instrument is a departure from the ordinary steam
engine indicator. One difference is in the location of the
spring, which is of the same form and construction as the
one described and illustrated on page 22. This has been
removed from the inside of the cylindrical case near the
piston to the outside and affixed above the moving parts, ‘
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The cut represents the Crosby New Steam Engine Indi-
cator equipped with a drum for taking continuous dia-
grams. This drum can be applied to any indicator. It is
designed to use a roll of paper 2 inches wide and 12 feet
long, upon which the operation of the indicator traces a
series of diagrams which will continue until the roll is ex-
hausted, unless interrupted by the operator. The roll of
paper is located within an opening in the shell of the drum,
thence the paper passes around the outside of the drum and
inward to the central cylinder, to which it is attached. The
central cylinder is concentric with the drum, and after the
paper has been wound upon it, may be withdrawn through
the top and the paper easily detached. Upon the top of the
drum and cobperating with the central cylinder is a knurled
head loosely attached to the drum spindle, which controls
the distance between the diagrams so that by adjustment
they will vary in number from 6 to 100 per foot of paper.
This advantage of taking any number of diagrams on the
roll at the will of the operator is of importance, as he will
be able to regulate the duration of the test to the speed of
the engine in taking a less or greater number per foot of
paper. This feature is novel and is an improvement over
devices for taking diagrams of this character where the
number is fixed for all engine speeds; for it enables the
operator by limiting the number according to his own judg-
ment more easily to read and measure the diagrams taken.

The demand for an indicator with a drum for continuous
diagrams has been stimulated recently by its use in rolling
mills, and in other industries where there is an irregular
load on the steam engine, varying rapidly and in such se-
quence that knowledge of its continuous work could not be
obtained except by an unbroken series of diagrams, extend:
ing over a definite time of greater or less extent. But its
usefulness is not confined to such conditions. Its applica-
tion to any steam or gas engine will afford abundant exam-
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CONTINUOUS DIAGRAMS

BIATHA NOLCIS ONY WNTT NOSNINJLLS HLIM NIDNT ONISNIONOD THLNOZINOH ONISHIAIYW ONNOGNHOD WIONHL NIML &S X29-9C GNU29-9¢
‘SVINIS BT 0F “JUNEOIW MO

= e Sl My s A2 U V= 1
= 7

ONINIS G109 JUNGSIBI HMH

Rl U okl ]
"OIATWA NOLCId ONU WNTT NOSNIHYILS HIM INIDN3 -NON L ONIUIAIN FWWIS NIML 09X SC ONU SS

SECTIONS OF CONTINUOUS DIAGRAMS TAKEN WITH THE CROSBY
INDICATOR FROM ROLLING MILL ENGINES



32 DRUM FOR CONTINUOUS DIAGRAMS

ples of its action, continuously or intermittently at the will
or convenience of the engineer. It furnishes recorded
proof of such operation in a form that permits one diagram
to be compared with another, and the variations during a
cycle of operations to be intelligently observed in the
sequence of their occurrence.

The examples on page 31 reproduced from actual diagrams
taken on steam engines are given only to illustrate the fore-
going statement. Single isolated diagrams can also be
taken as with the ordinary drum.

THE LANZA CONTINUOUS DIAGRAM APPLIANCE
WITH CROSBY INDICATORS

Patented

This apparatus for taking an uninterrupted record of the
pressure changes occurring in any compression chamber or
in the cylinder of any steam engine, pump, or internal com-
bustion engine, is a device for accurately feeding a con-
tinuous strip of paper in one direction at velocities strictly
proportionate to the varying velocity of the piston or pump
plunger through as many consecutive strokes of the reciprocat-
ing parts as may be desired.

It is the invention of Professor Gaetano Lanza, Professor
of Theoretical and Applied Mechanics, Emeritus, of the
Massachusetts Institute of Technology.

The paper is drawn forward from a roll and wound after-
ward in form for convenient removal and study. The suc-
cessive diagrams or pressure records are not overlapping or
deformed in any way, but each pressure cycle is separately
developed in its true proportions. The horse power and
pressures can be conveniently measured by scale or plani-
meter and the actual location of the several events deter-
mined. ‘

A full description of this instrument and its uses is given
on page 196, in the Appendix.
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CROSBY HYDRAULIC INDICATOR
Patented

The Crosby Hydraulic Indicator differs from the one
shown in the cut in that it has no by-pass and in place of
the piston in the upper chamber a guide is substituted.

It is a strong and efficient instrument for indicating under
high pressure conditions in all liquids or gases. The piston
is Py of a square inch in area. The cylinder is constructed
in such a manner as to afford a uniform area of cross-section
below the piston, thus preventing pockets or enlargements.
The pencil mechanism is substantial and without appreciable
inertia effect.
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Fig. 6 represents the Circuit Closer, and is designed to
operate the electrically connected indicators, by closing the
circuit through them whenever the stylus or marking point
is put against the paper on the drum of the indicator to
which it is attached. This enables the engineer making the
test to control this indicator directly by hand —a feature
often desirable—and by its use one Sargent attachment
is dispensed with.

F1G. b

Tt consists of a bracket, H, with a tubular projection, I,
fastened to it which contains the circuit closing mechanism.
It is attached to the indicator plate by the thumb-screw, J,
in precisely the same way that the magnets are to the other
indicators, and is electrically connected in the same manner
through the binding posts, K, K.

To Attach the Sargent Improved Electrical Attachment

To get the position of the hole in the frame of the indi-
cator, take out the screw G (Fig. 5), and place the bracket
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holding the magnet against the plate of the indicator, so
that the hook F (Fig. 5), when placed horizontally, will
point to the middle of the arm A (Fig. 3); then scribe
through the screw-hole its location upon the plate of the
indicator ; remove the attachment, and drill a hole where
marked that will allow the screw G (Fig. 5) to pass through it.
Screw the attachment to
the plate and adjust it so
that there will be no loose-
ness, turning the screws
M M (Figs. 5 and 6), set-

ting them up gently.
Drop the hook F (Fig.
5) to a horizontal position,
and bring the arm A (Fig.
3) up to its working po-
sition, and mark on it the
center of the hole to be
FG. 6 drilled for a screw-eye.
This hole should be so
drilled that the latch will stand level with the plate when
in use. The size of the hole may be determined from the

screw-eye furnished. .

To Attach the Circuit Closer

The position of the hole in the indicator plate for attach-
ing the Circuit Closer, Fig. 6, is determined in the same
manner as for the electromagnet, taking care that the but-
ton L (Fig. 6) impinges the center of the arm A (Fig. 4)
when the sleeve is turned into the correct position for use.

The sleeve handle of the indicator is unscrewed far
enough to allow the button L (Fig. 6) in the end of the
projection I to go in as far as it will, then the marking
point must be adjusted until it makes the desired tracing on
th~ paper.
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To Operate the Sargent Improved Electrical Attachment
and Circuit Closer

For the purpose of illustrating the manner of operating
the attachment, assume that it is desirable to procure simul-
taneous diagrams from a compound engine, taking cards
from the ends of each cylinder. Attach the indicators to
the engine and arrange the drum motion in the usual man-
ner. On each indicator secure the electrical attachment to
its plate by means of screw G, as above described. Make
the conmnections with the battery, having all of the several
magnets and the circuit closer in series. Place the paper
upon the drum, and bring the pencil arm into such a posi-
tion as will allow the latch F to drop into the screw-eye
before mentioned.

Press the armature firmly against the magnet, and adjust
the marking point to the paper in the usual manner. The
sleeve handle must be unscrewed enough to allow the full
operation of the armature. The circuit should be closed
and the armature tension springs adjusted, so that the con-
nected attachments will work simultaneously. Everything
should now be in readiness to take diagrams. Connect the
drum motions, open the indicator cocks, and as soon as de-
sirable close the circuit, and instantly all of the pencils will
be brought against the papers and will remain there as long
as the circuit is kept closed.

In order to put on new papers, disengage the drum
motions, lift the latch, and swing the pencil arm out of
the way.

The EKlectric Battery

The amount of battery power required will vary with
circumstances, and will range from one to two or more cells
of a No. 2 Samson battery, or its equivalent.

The battery for operating the attachments is enclosed in
a neat hardwood box with a suitable handle for carrying it,
and is sealed so as to prevent slopping. It is very compact
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The detent device has its pawl attached to the base plate
of the indicator and is provided with a suitable handle for
operating it. The pawl engages the ratchet located at the
base of the drum. See also page 73.

PLANIMETERS

With Directions for Using the Planimeter on Indicator Diagrams

No. 1 PLANIMETER

This cut represents the No. 1 planimeter. It is the sim-
plest form of the instrument, having but one wheel, and is
designed to measure areas in square inches and decimals of
a square inch. The figures on the roller wheel D represent
units, the graduations on the wheel represent tenths, and the
vernier gives the hundredths.

No. 2 PLANIMETER

This cut represents the No. 2 planimeter, which is the
same as the No. 1, with the addition of a counting disc G,
the figures on which represent zens and mark complete revo-
lutions of the roller wheel. By this means areas greater
than ten square inches can be measured with facility. The
result is given in square inches and decimals, and the read-
ing from the roller wheel and vernier is the same as with

No. 1.
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the index line on the post J; from the roller wheel we
read 4 (units), for the last figure that has passed zero on
the vernier; we also read 7 (tenths), for that number of
graduations beyond 4 that have also passed zero on the
vernier (shown by the dotted line ), then from the vernier
we read 3 (hundredths), because the zAird graduation on the
vernier coincides with a graduation on the roller wheel.
The complete reading will then be 14.73 square inches.
When starting from zero the movement of the counting
disc need not be noted when measuring single indicator dia-
grams, as they are of less than ten square inches area.

Directions for Measuring an Indicator Diagram
with a No. 1 or No. 2 Planimeter

. Care should be taken to have a flat, even, unglazed sur-
face for the roller wheel to travel upon. A sheet of dull
finished cardboard serves the purpose very well.
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Set the weight in position on the pivot end of the bar P,
and after placing the instrument and the diagram in about
the position shown in the cut (Fig. 8), press down the needle
point so that it will hold its place; set the tracer point at
any given point in the outline of the diagram, as at F, and
adjust the roller wheel to zero. Now follow the outline of
the diagram carefully with the tracer point, moving it in the
direction indicated by the arrow, or that of the hands of a
watch, until it returns to the point of beginning. The result
may then be read as follows: Suppose we find that the larg-
est figure on the roller wheel D, that has passed by zero on
the vernier E, to be 2 (units), and the number of gradua-
tions that have also passed zero on the vernier to be
4 (tenths), and the number