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Lo all whom it may concermn:

Be it known that I, FRANK H. PIERPONT,
of Hartford, Connecticut, have invented new
and useful Improvements in Steam-Engine

Indicators, of which the following deseription -

and claims constitute the specification, and
which is illustrated by the accompanying two
sheets of drawings. o

~T'his invention embodies certain improve-
mentsin a steam-engine indicator constructed
for attachment to a steam-engine cylinder,
and in which the pressure of the steam in

the cylinder is caused to impart a vertical re- |

ciprocating movement to a pencil adjacent to
the surface of an oscillating drum, which is
caused to oscillate by a suitable connection
with the piston-rod of the engine. The func-
tion of the improved instrument consists in
graphically indicating on the surface of the

drum or on the surface of a card wrapped

around the draum the variations of pressure
in the steam-cylinder at the different parts
of the stroke of the piston.

Figure 1 of the drawings is a front eleva-
Kig. 2 is a central
vertical section of the body of the instru-

- ment. Fig. 31s aplan view of the instrument

with the oscillating drum removed. TFig. 4 is

- a central vertical section through the body
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of theinstrumentand through the oscillating
drum. Fig. 51s an enlarged view of the base
upon which that drum oscillates.
perspective view of an oscillating hook which
serves to hold the oscillating drum in posi-
tion under some circumstances hereinafter
explained. Fig. 7 is a perspective view of a
bushing which slides inside of the body of
the instrument. Figs. 8, 9, and 10 are en-
larged view of parts, showing how the steam-
cylinder of the instrument is secured and
fixed within the body of the instrument.
The numeral 1 indicates the steam-cylinder
of the instrument, which is fitted for connec-
tion with the cylinder of the steam-engine in
the usual manner, while the numeral 2 indi-

cates the usual piston in the steam-cylinder

1. Pivoted to the center of the upper side of
that piston is the link 3, and the upper end
of that link is pivoted to the lower end of the
link 4 and also to the free end of the flat
steel spring 5. The upper end of the link 4

IFig. 6 isa

e r—

of that lever 1s pivoted to the upper end of
the link 7, while the lower end of that link is
pivoted to the sleeveS. Thearm 9isintegral
with that sleeve, and its outer end supports
and carries the vertical guide 10. The end
of the longer arm of the lever 6 carries the
pencil 11, and that pencil moves up and down
in the guide 10 whenever the lever 6 rises
and falls, respectively. | _

The numeral 12 indicates a stud, which
limits the backward swing of the arm 9, while

the numeral 13 indicates a hole in that arm,

into which a wooden handle may be thrust
and used when the arm is to be swung for-
ward. S o -

The numeral 14 indicates the.oscillating
drum, the lower end of which isprovided with
a concave groove 15, from which a cord ex-
tends through the way 16 (see Fig. 3) and be-
tween the pulleys 17 and 18 to the eross-head
or other part moving with the piston of the
engine. The oscillating drum is provided in

| 1ts Interior with the reactive spring 19, the

lower end of which is fixed to the floor of the
interior of the drum and the upper end of
which is fixed to the cap 20. The square hole
in the center of that cap incloses the corre-
sponding square part of the upright rod 21,
and 1S heid in position by the nut 22 on the
upper end of that rod, while the lower end of
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that rod is fixed to the horizontal bracket 23. -

The spring 19 is so coiled and placed as to
tend to make the drum 14 turn in the direc-

tion of the arrow shown in Ifig. 5; but the

stud 24 projects downward from the under
side of the floor of the drum and limits the
oscillation of the latter by coming in contact
with the oscillating stop 25, as shown in Figs.

90

3, 4, and 5. That oscillating stop turns on

the pivot 26 and is turned by the handle 27,
and is provided with the hook-like projec-
tion 28, . |

The numerals 29 and 30 indicate a pair of-
| flat vertical springs, the lower ends of which
are fixed to the lowerend of the periphery of

the drum 14 and the bodies of which extend
upward close to that periphery and serve to
hold the ends of a card or other paper which
may be wrapped around the drum.

The general mode of operation of this in-
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strument is as follows: The pressure of steam

11s pivoted to the lever 6, and the shorter arm ! below the piston 2 in the eylinder 1 varies at
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different parts of the stroke of the piston in |
the cylinder of the steam-cengine, and those

variations are graphically represented onthe
card on the periphery of the drum 14, because
the steam-pressure forces the piston 2 more
or less upward against the resistance of the
spring 5, according as that pressure increases
or diminishes, and because the stroke of the
piston in the steam-engine eylinder simulta-
neously causes the drum 14 to oscillate, and
because, therefore, the pencil 11 makes a

- mark on the card on the periphery of the
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drum which will correspond in the degree of
its elevation above a base-line drawn on that
periphery at each particular part of the
length of that mark with the pressure of
the steam in the steam-cylinder and at the
corresponding part of the stroke of the pis-
ton in that cylinder. The hollow T-shaped
case 51 has the lower end of its transverse
part fastened around the cylinder 1 by the
indicated serew-thread in the interior of its
lower end and the corresponding serew-thread
on the exterior of that cylinder and by the

screw 32, as hereinafter more particularly de-
scribed. The upper end of the transverse

part of the case3lissurrounded by thesleeve
8 and is surmounted by the hollow conical
nut 33, the flange of which keeps the sleeve
8 from ricing and the body of which closes
the upper end of the case, except that the
opening through the center of the hollow nut
is large enough to enable the rod 4 to move
freely upward and downward.

The horizontal body of the case 31 is pro-
vided with the horizontal bracket 23, project-
ing therefrom and carrying the drum 14, as
before described. The flat steel spring 5
works 1n the horizontal body of the case 31,
1ts free end being pivoted tothe upper end of
the link 3 and the lower end of the link 4
and its fixed end being rigidly fastened to
the case 31, as shown in Fig. 2.

The split bushing 34 is adjustably placed
within the body of the case 31 and is pro-
vided with the longitudinal recess 35 for the
reception of the spring 5 and with the lhori-
zontal cylindrical hole 30 for thereception of
the hardened steel pin 37 and with the ver-
tical threaded hole 38 forthe reception of the
set-screw 39, and the lower side of the body
of the case 31 is provided with the longitudi-
nal slot 40, through which the body of the set-
serew 39 passes and along which it is moved
when the bushing 34 is adjusted. The hard-
steel pin 37 and the set-screw 39 impinge
upon the spring 5 at opposite places, and
those places are so narrow and so small that
the portion of the spring 5 which 1s permitted
to vibrate can be adjusted to any desired
length with absolute precision. If a broad
bearing were employed 1n place of the pin 37
or In place of the set-screw 39, or both of
them, thisaccurate adjustability of the length
of the vibrating part of the spring would be
unattainable. |

In instruments like this it is necessary to |
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make the cylinder 1 separable from the case
51, and it is important to provide means for
locking them firmly together when they are
united. 7To this latterend I insert the serew
32 in the position shown in Ifigs. 2, §, and Y,
Iin which position it prevents the secrew-
threaded union between the cylinder 1 and
the case 31 from being unscrewed. When
it is desired to unscrew those parts, the screw
32 18 turned one-half of a revolution, so that
its recessed side is upward, and in that posi-
tion it interposes no obstacle to the unscrew-
ing of the eylinder from the case.

In order that steam-engine indicators like
this may be applicable to widely varying de-
orees of boiler-pressure, the spring & must
be adjustable to correspondingly varying de-
orees of tension. T'o thisend the split bush-
ing 84, with its hardened steel pin 57 and set-
screw 89, may be adjusted at varying posi-
tions relatively to the length of the spring,
according to one or the other of the scales
shown on the face of the case 51 in IFig. 1.
The upper one of those scales is intended for
use with a spring 5 of a suitable strength,and
the lower one of those scales is intended for
use with a substitute spring 5 of greater
strength. Where the instrument is to be at-
tached to a steam-engine having a boiller-
pressure of from ten to twenty-five pounds,
the wealker of those springs is used in the in-
strument and the upper one of the two scaies
shown in Fig. 1 is applicable, and where the
instrument is to be atiached to asteam-engine
having a boiler-pressure of from thirty to
seventy pounds the stronger of those springs
is substituted for the other and the lower
scale shown in Fig. 1 is available. In either
case the resistance offered by the spring 5
and the npward movement of the piston 2 1s
increased by moving and fixing the split
bushing 34 at the left and is diminished by
moving and fixing it at the right. Whenthe
split bushing is moved to the proper position
on the length of the spring to secure a par-
ticular tension, the screwing up of the set-
screw 389 first operates to fasten the split
bushing within the case 31 by pressing its
sides apart against the insides of that case

and then operates to clamp the spring 5 be-

tween the inner end of the set-screw and the
side of the steel pin 37. The result is that
the spring 5 is held with absolute rigidity
within the case 31 at the precise place where
the inner end of the set-screw 39 and the pin
37 are opposite to each other.

Steam-engine indicators of this class re-
quire to have an arm which vibrates and cau-
ries a pencil through a straight course on its
freeend; and thisinvention employs the posi-
tive guide 10 to cause the pencil at the free
end of the lever to move 1n a straight course,
and it employs the link 7 so that the fulerum
of the lever may be sufficiently movable to
enable the free end of that lever to follow its
aguide.

In inventions of this class it is necessary in
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removing the completed diagram and insert-
ing fresh paper for the next diagram’ to hold
the oscillating dram 14 at rest. This is con-
veniently done by holding it against the ten-
sion of the spring 19 at the extreme position
to which it is drawn by the cord which aects
against that spring. This can be imperfectly
done by simply holding that cord in the hand;
but I have added to the instrument the ro-
tating stop 25, provided with the handle 27,
and the hook-like projection 28. When it
1s desired to hold the drum in the extreme
position to which it is turned against the
resistance of the spring 19, the handle 27 of
the oscillating stud 25 is turned from its di-
rect position shown in Fig. 5 to its diagonal
position shown in that figure, and that turn-
ing turns the hook-like projection 28 from its
full-line position shown in Fig. 5 to its dotted
position shown in that figure, where it engages

~the stud 24, which projects downward from

the under side of the floor of the rotating
drum 14, and thus prevents that drum from
being drawn back by the spring 19 until the
stud is disengaged by returning the handle
27 to its former position. |

1 attach importance to the fact that the
bushing 34 is split horizontally, because that

construction enables a single set-serew or
pinching-screw 39 to serve both to pinch the
spring and to hold it firmly to the bushing at
any desired point in its length, and also by
distending or separating the two parts of the
bushing cause them to be set very firmly in
the required position in the case 31.

I claim as my invention— |

1. The combination of the case 31, the
spring 5, rigidly held at one of its ends with-
in that case, and the split bushing 34, the
hard-steel pin 37, and the set-screw 39, ar-
ranged to perform the functions of holding
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the spring at any desired point and of rigidly

holding the bushing at any particular point
within the case,all substantially as described.

2. The combination of the slotted case 31,

the spring 5, rigidly held at one of its ends
within that case, the split bushing 34, and the
set-screw 39, arranged to perform the funec-
tions of holding the spring at any desired
point and of rigidly holding the bushing at
any particular point within the case, all sub-
stantially as deseribed. |

FRANK H. PIERPONT.

Witnesses: _
H. R. WILL1AMS,
P. A. PHELPS.
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