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To all whom it muay conceri:

Be it known that I, SPENCER OTIS, a citizen
of the United States, residing at Chicago, in
the county of Cook and State of Illinois, have
invented certain new and useful Impmve-
ments in Fluid-Pressure Engines, of which
the following 1s a Speelﬁeatlon.

This invention relates to fluid-pressure en-

oines that are operated by steam, compressed
air, or other motive fluid, and particularly to
the means and methods employed for operat-
ing the controlling-valves therefor, all of
which will more fully hereinafter appear.
- The prineipal objeet of the invention 1s to
provideasteam orother fluid-pressure engine
with simple, economical, and controlling-
valve mechanism by which the admission and
exhaust of steam from the operating-cylinder
are governed or controlled.

Further objects of the invention will ap-
pear from an examination of the drawings
and the following description and claims.

The invention consists principally in the

combination of a fluid-pressure engine pro-

vided with a main cylinder having a piston
movably mounted therein, valve mechanism
for controlling the admission, cut-off, and ex-
haust of motive fluid to and from the main
cylinder, and supplementary-piston mechan-
ism arranged to be operated by fluid under
pressure to move the controlling-valve.

Theinvention consists, farther,in the com-
bination of a fluid-pressure engine provided
with & main cylinder and a piston movably
mounted therein, valve mechanism for con-
trolling the admlsswn cut-off, and exhaust
of motive fiuid toand from the main cylinder,
and a plurality of supplementary pistons con-
nected with the controlling-valve mechanism
and arranged to be operated by fluid under
pressure.

Theinvention consists, farther, in the com-
bination of a fluid-pressure enmue in which
there is combined a main cyhudel having a
piston movably mounted therein, a recipro-

cating valve for controlling the admission,
cut-off, and exhaust of the motwe finid to :zmd
from the main cylinder, a valve-stem con-
nected with such reciprocating controlling-
valve, and a plurality of supplementary pis-
tons mounted on such valve-stem and ar-

anged to be operated by fluid under pressure

formovingthesame withitscontrolling-valve.

The invention consists, further, in the com-
bination of a flunid-pressure engine In which
there is combined a main cylinder provided
with a movable piston, a remprocatlnﬂ valve
for controlling the admission, cut-off, and ex-
haust of the motive fluid to aJnd from bhe main
c¢ylinder,a valve-rod connected with such con-
trolling-valve, a fixed piston attached to the
valve-rod, and two floating pistons slidingly
mounted on such rod mld arranged to be op-
erated by fluid under pressure to move the
controlling-valve.

The invention consists, fmthel' and finally,
in the features, eombummouﬁ;,
of construction hereinafter described and
claimed. | |

In the accompanying drawings, Figure 11s
a sectional elevation taken longitudinally
through the cylinder and valve-chest of a
fluid-pressure engine, showing my improve-
ments as they appear when used-in connec-
tion therewith; Fig. 2, an enlarged sectional
view of a portion of the mechanism, taken on

line 2 of Fig. 1, looking in the direction of the

arrow; IFig. 3, a longitudinal sectional view
taken through the supplementary-valve rod

on line 3 of Fig. 4; Iig. 4, a cross-sectional

view taken on line 4 of Fig. 3; Kig. 5, an en-
larged cross-sectional view of the tripping
cam-block, taken on line 5 of Fig. 2,looking
in-the direction of the arrow; Ifig. 6, a sec-
tional elevation taken on line 6 of IKig. §;
Fig. 7, a sectional elevation taken on line 7
of Ifig. 5 looking in the direction of the arrow;
Fig. 8, a sectional view ol the controlling-
valve with its operating mechanism shown
in initial position or the position to admit
motive fluid to the main cylinder and at the
left of the movable piston; Iig. 9, a similar
view with the parts moved to position to cut
off the fluid under pressure; I'ig. 10, a simi-
lar view showing the parts moved into such
position as to permit the compression of the
remaining porticn of the motive fluid in the
left-hand end of the operating-cylinder; Iig.
11, a similar view showing the parts moved
to position to permit the introduction or inlet;
of steam to the right hand of the main eylin-

- der and the exhaust of the motive fluid from
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the other end; Fig. 12, a diagrammatic view | provide the walls thereof with passages 7 and

showing the construction and arrangement of
pistons that operate thecontrolling-valve and

1n one position; Fig. 13, a similar view show-

ing such pistons in a second position; Fig. 14,
a mmﬂar view showing such pistons in a third
position; and Kig. 15, a similar view showing
such pistons in a fourth position, that which
they assume before being moved back to the
initial position shown in Flﬂ' 12.

As above suggested, this 1nvent10n relates
particularly and is intended to be used in con-
nection with fluid-pressure engines, engines
in which steam is used as the motive fluid,
though it will be seen that compressed air
will also be used.

locomotives, all of which will be understood
by those skilled in the art.

In the art to which this invention relates,

and particularly when considering locomo-
tives, 1t 18 well known that link mechanism

is used and interposed between the eccentries |

and slide-valve of the engine for the purpose
of operating the same dnd which is capable

of being moved from one position to another i

in order to ‘““reverse” the locomotive that is
arranged to run it forwardly or backwardly.
This link mechanism is expensive to manu-
facture, assemble, and repair, as well as be-
ing liable to get out of order or be injured
during the use of the engine, all of which
renders 1ts use In a measure ob,]ecblonable
It is further well known that the regulation
of the cut-off of the steam cannot always be
made with the same degree of accuracy as is
required 1in other ﬂmd pressure engines..
This invention therefore is intended prinei-
pally to provide a simple and economical
valve motion or means for operating the con-
trolling-valve of a fluid-pressure engine, par-
ticularly a locomotive, so as to dlspense with
link mechanism, eccentrlcb &c., all of which
will more fully heremaftar appea,r

In illustrating and describing these im-

provements I have only-illustrat'ed and de- |

scribed that which I consider to be new, taken
in connection with so much that is old as will
properly disclose the invention to others and

enable those skilled in the art to practice the

same, leaving out of consideration other and
well-known mechanisms, which if illustrated
and described herein would only tend to con-
fusion, prolixity and ambiguity.

In construgcting a fluid-pressure engine and
fitting it with these improvements T provide
what I terma ‘“main” cylinder a of the desired |
size, shape, and streugth and having a re-
ciproeating piston b movably mounted there-
in, the piston-rod ¢ of which projects there-
from and 1s connected with the usual cross-

head d, in turn provided with the usual con-

necting-rod e, all arranged to be operated in
the ordinary and well-known manner. To

control the inlet, cut-off, and exhaust of mo-
tive fluid to and from the main cylinder, I

It is also designed with |
particular reference to use in connection with |

i

g, arranged to be used alternately as inlet
and exhausb passages. Immediately above
or adjacent to these ports or passages and
on the outside of the cylinder-walls 1s ar-
ranged a reciprocating controlling piston-
valve h, adapted to be reciprocated— that
is, moved backward and forward across said
openings—in such manner that when the
parts are in the position shown in Iig. 1
the flulid under pressure is permitted to pass
from the valve-chest ¢+ and through the pas-

sage f between the rear cylinder-head and

the movable piston to force such piston for-
wardly, while the motive fluid at the other
end 1s permitted tobe exhausted or forced out
through the passage ¢ in the usual manner.
I have not shown or described the connection
of the valve-chest with the supply and ex-
haust passages by which the steam i1s admit-
ted to the valve-chest and exhausted there-
from, as such arrangement is well known and
needs no detailed descri ption herein. To pro-

| videsimple,economical, and efficient mechan-
‘1sm for operating or moving this controlling-

valve the desired time or times, 1 provide it
with a stem orrod portion 7, rigidly connected

therewithand projectingoutthroughthewalls

at one end of the valve-chamber, as shown in
Fig.1. Thisvalve-stemisprovidedator near
its free end with a pluraiity of supplementary
compound pistons—viz., a fixed piston £, rig-
idly or immovably secured thereto, and two

floating pistous [/ and m, slidingly mounted
| thereon.

These pistons arearranged in what
I prefer to term for the sake of convenience a
““compound-supplementary-piston” chamber
made in stepped portions—a central small
chamber nn, an enlarged end chamber o at one
end, and a second enlarged chamber p at the
otherend. An examination of the drawings
willshow that the fixed piston.is smallerin di-
ameter—thatis,its end surfaceshaveasmaller
superficial area than the end surfaces of the
two floating or end pistons, the purpose of
which will be more fully hereinafterset forth.

It is necessary to provide means for thein-
troduction and exhaust of motive fluid to
and from the exact points of the supplemen-
tary-piston chamber and at the correct time
or times in such a manner as tomove the fixed
and floating pistons, and thus the control-
ling-valve, at the proper times or whenever 1t
is necessary. In order to accomplish this re-

70

75

30

QO

95

100

105

I1O

115

120

sult, a supplementary-piston valve ¢ 18 pro-

vided and interposed in the channels that
connect the supplementary-piston chamber
with the source of fluid-pressure supply and
its exhaust,as more fully hereinafterset forth.

 During the movements of the main piston of

the engine this supplementary-piston valve
is moved forward and backward in a step-by-
step manner by means hereinafter described,
S0 as to govern the inlet and exhaust of the
motive fluid to and from the supplementary-
piston chamber. When the parts are in the
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position shown in Figs. 1, 8, and 12, the sup-

plementary-piston valve is so arranged that
1t permits the exhaust of the motive fluid
from the supplementary - piston chamber
through the passages 1 and 2, thence aronnd
the annular passages 9 and 10 of the supple-
mentary-piston valve, and oat through the
openings 1l and 12 in the casinginto the sup-
plemeutary - valve chest 13, from whence it
passes out through the reversing-valve 14 to
the openair. Atthesametime motive fluid is
permitted to passthrough the reversing-valve
into the supplementary valve-chest and into
the chamber 15 of such chest, thence through
the passages 16 and 17, thencearound the an-
nularpassagesiSand 19 of thesupplementary-
piston valve,and then through passages 3and
4 to thesupplementary-piston chamber,where
it enters at the right-hand side of the fixed
piston £ and the floating piston m. This ac-
tion forces the fixed piston, with the valve-
stem and controlling-valve, to the left, as
shown in Figs, 1, 3, and 12, and the floating
piston m also to the left and against the
shoulder, asshown in thesame figures. Dur-
ing the movement of the main piston which
is now taking place the supplementary-pis-
ton valve is moved to the position shown in
Fig. 13, so that motive fluid is permitted to
exhaustfromthesupplementary-piston cham-
ber (see also Fig. 9) through the passages 1
and 5 from the right-hand side of both of the
floating pistons [ and m, while motive fluid
is permitted to enter the supplementary
chambers through the passages 3 and 6 to
the left of both of such floating pistons. In
this way the pressure acting on the superior
area of such pistons moves them both to their
extreme limit of motion and to the left, one
against the shoulder and the other against
the end of the supplementary-piston cham-
ber, thus forcing the fixed piston, with the
controlling-valve, to the position shown 1in
Fig., 9, thereby cutting off fluid under pres-
sare from further entering the main cylinder,
so that the pressure that has already passed
into such cylinder may be used expansively.
The next movement of the supplementary-
piston valve brings it to the position shown
in Iig. 14, where it covers and uncovers the
passages shown in such figure, as well as
those shown in Fig. 10, 1n such manner that
motive fluid is exhausted from the supple-
mentary-piston chamberthrough the passages
2 and 7 from the left-hand side of both float-
ing pistons and 1s permitted to enter such
chamber through passages 4 and & to the
right-hand side of such floating pistous. Dby
this action both floating (or loose) pistons are
moved to the left, one against the end wall
and the other against the shoulder, while at
the same time the motive fluid moves the
‘“fixed 7 piston tothe right againstthe floating
piston m, which forms a stop to limib its fur-
ther movement. This motion of the fixed
piston moves the controlling-valve to the po-

|

!

3

ab the right end of the operating-cylinder is
cut off and the motive fluid remaining in such
end is compressed. The supplementary-pis-
ton valve is now moved to the position shown
in Kig. 15, where it covers and uncovers the
passages shown in such figures and also 1n
Fig. 11. The motive fluid is now exhausted
from the supplementary - piston chamber
through passages 5 and 7 at both sides of the
floating piston m and admitted through pas-
sages 6 and 8 to both sides of the floating pis-
ton /, so that the fixed piston is now moved
to the extreme right and the floating piston
is also moved to the extreme right. Thisaec-
tion moves the controlling-valve to the posi-
tion shown in FFig. 11, where it uncovers the
exhaust at the left and opens the inlet at the
right end of the operating-c¢ylinder.

Sofarlhavedescribedthemovementsof the
controlling-valve and its operating mechan-
i1sms 1n one direction and the inlet of steam to
the right-hand end of the operating-cylinder.
T'he supplemetary piston-valve is now moved
in areverse manner step by step, so that the
passages 1, 2, 3, 4, 9, 6, 7, and 8 are covered
and uncovered in pairs to operate the fixed
and floating pistons, and thereby the control-
ling-valve, to cut off the movive fluid from the
operating-cylinder first, as shown in Figs. 10
and 14, then to compress the balance in the
left end of the main cylinder, as shown in
Figs. 9 and 15, and next, as shown in Figs.
3 and 12, to again admit the motive fluid
to the left-hand end of the operating-cylin-
der and exhaust it from the opposite end.
These operations are repeated over and over
again as long as the motive fluid is supplied
to the supplementary-piston valve and to the
controlling-valve or’until the motive fluid is
shut off from hoth of such valves.

It becomes necessary to provide means for
operating the supplementary-piston valve in
its step-by-step movements; and in order to
accomplish thisresult a sapplementary-valve

rod » 1s provided and mounted in suitable

movable bearing-blocks 33 and 34, in turn
mounted inlugs s, secured tosome immovable
part of the engine, preferably the cross-head
guides. T'his supplementary - valve rod is
made in a compound manner—that is, it is
provided with a ball-joint, as shown at { in
KFig. 1—to permit lateral movements of one
part and so that tiie same part may have a
rotary as well as rectilinear motion—that is,
a4 helical motion—without in any way injur-
ing theotherpart. Thesupplementary-valve
rod 18 also provided with a threaded portion
1, engaging a threaded opening in one of the
bearing-blocks 33, so that it may be given
the desired helical movement by means of
this thread—that i1s, when rotated in one di-
rection 1t also pulls the rod outwardly and

“when rotated in the other direction it forces

therod, and consequently the supplementary-
piston valve, inwardly. To accomplish these

‘movements of the supplementary - piston

sition shown in Fig. 10, so that the exhaust | valve, I provide a U-shaped cam-block v, as
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shown particularly in Figs. 1, 5, 6, and 7, and |

hollow 1t out, ag above suggested, so that 1t
may span such valve-rod, as shown particu-
larly in Fig. 5. "T'he recess of this cam-block
is provided with a plurality of inclined cams,
so that when the parts are in the position
shown in Figs. 1, 2, and 5 and during the for-
ward movement of the cam-block, which is se-
cured to the cross-head of the engine, the in-
clined cam 20 contacts the pin 21, as shown in
Fig. 2, and rotates the supplementary-valve
rod to the left against the movements of the
hands of a watch, and thereby draws such
valve - rod, with the supplementary - piston

15 valve, out one step. 'This moves the supple-
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mentary-piston valve to the position shown in
Fig. 13, so that the parts operate as described
in connection with such figure. The con-
tinued movementof the ecross-head carriesthe
cam-block to such a position that its inclined
cam 22 contacts the pin 23 tc rotate the sup-
plementary-valve rod anotherstep, which also
gives it another step 1n its rectilinear move-
ment and carries the supplementary-piston
valve into the position shown in Fig. 14, and
thereby the controlling-valve into the position

‘shown in Kig. 10—viz., the compressing posi-

tion. The continued movement of the cross-
head carries the cam-block to such position
thatitsinelined cam 24 contacts the pin 25 and
rotates the supplementary- piston valve the
finaistepinthisdirection. Thisaction moves
the supplementary-piston valve into the po-
sition shown in Fig. 15, which, as above de-
seribed, moves the controlling-valve to the
position shown in Fig. 11 to admit motive
fluid to the right-hand and exhaust it from
the left-hand end of the operating-cylinder.
The cross-head having reached 'its limit of
motion in one direction—viz., to the right—is
moved backwardly, so that the inclined cam

26 of the cam-block contacts the pin 27 to ro-

tate the supplementary - valve rod to the
right or in a reverse direction, consequently
forcing the supplementary-piston valve to
return one step and back to the position
shown in Fige. 14, with the resultant action
that motive fluid iscut off from the right-hand
end of the operating-cylinder. The contin-
ued retreat of the cross-head carries the cam-
block to such position that its inclined cam
28 contacts the pin 29 to further rotate the
supplementary-valve rod another step to the
richt and force the supplementary - piston
valve to the position shown in Fig. 13 and the
controlling-piston to the position shown in
Fig. 9—that is, where the compressing action
takes place at the left-hand end of the oper-
ating-cylinder. The continued movement of
the cross-head carries the cam-block so that

- its inclined cam 380 contacts the pin 31 to ro-

tate the supplementary-valve rod into the 1ni-

tial position above described, the result being
that the parts are in the position shown in
Figs. 1, 8, and 12, with the inlet of the main
operating-cylinder open at the left-hand end

713,675

In order to dispense with the link-motion,
it is desirable that some means be provided
for the reversal of the engine—that is, to ex-
haust the motive fluid from the supplemen-
tary-piston valve, where it has hitherto been

-admitted, and admit it where 1t has hitherto

been exhausted. In order to accomplish this
resulf, the reversing-valve 14, which 18 con-
structed and arranged as a ‘‘three-way”
valve, is rotated ninety degrees in such man-
ner that the motive fluid is supplied to the
passage 13 and exhausted from passage 15.
At the same time it is necessary to change
the position and rotations of the supplemen-
tary-valve rod r, so as to obtain the correct
phases of cut-off and compression to harmo-
nize with the reversal. To accomplish this
latter result, the lugs 3 are provided with a
pair of parallel bars 32, that are in turn pro-
vided with inclined surfaces or wedges en-
gaging corresponding inclines on the lugs.
The plane surfaces of these parallel bars en-
gage with the bearing-blocks 33 and 34, that
hold, guide, and govern in a large measure
the supplementary-valve rod and movements
thereof. In the positionshown in Fig. 1 these
parallel bars are in such position as to hold
the supplementary-valve rod, with its pins, In
the position shown in full lines in Fig. 5, so
that the pins above referred to on such valve-
rod will contact the desired cams at the lower
part of the cam-block. It is desirable, as
above suggested, that the position and rota-
tion of this supplementary - valve rod be
changed, and, further, that it be changed im-
mediately the position of the reversing-valve
14 is changed. To assist in obtaining this
movement, the cam-block v is made double—
that is, is provided with a set of inclined cams
at 1ts lower portion and a second set, the
counterpart of the first, arranged in a reverse
manner at the upper portion thereof. When
the valve 14 is reversed, it is reversed through
the action or movements of a rod 35, with
which it is connected, (see Fig. 2,) which rod
is also connected with a bell-crank 36, in turn
connected with the parallel bars by means of
a double erank 37, (see Figs 1 and 2,) so that
as the wvalve is changed into the position
shown in Fig. 1 the upper parallel bar is
moved to the right and the lower to the left,
thus raising the bearing-blocks 33 and 34,
and thereby laterally moving the supplemen-
tary-valverod. During the raising or lateral
movement of this supplementary-valve rod
the pin 39, which is the last one to be con-

tacted by the cam-block in the description of -
125

the cycles above given, contacts the upper
inclined cam 30 in such manner as to impart
a rotation to the supplementary-valve rod
equivalent to the entire number of its step
rotations which it receives during one entire
rectilinear movement of such cam - block.
This rotates the supplementary-valve rod to
the left, and consequently moves the supple-
mentary-piston valve to the position shown

and the exhaust open at the opposite end. |in Fig. 15. In this position (and with the
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understanding that the exhaust is now to the ! controlling the admission etit-off

rieht of such IFie. 15 and the inlet to the
left) the fixed and floating pistons are im me
diately moved, with the COHtIOHlI]U' valve
the position ShOWH in Figs. 8 and 12 thereb3
permitting the steam to enter at the left hand
side of the main operating-cylinder and ex-
haust from the right-hand side of the same,
while at the same time permitting the cor-
rect phases of e¢ut-off, compression, and inlet
and obtaining the reversal of the engine. It
will be understood, however, by those skilled
in the art that in the case of locomotives
there is always a pair of these engines bear-
Ing a quarter or nineby-degrees relation to
each other. The engine shown in Fig. 1 has
the parts shown in dead center, which would
not be the case with the engine coupled on the
other side, and such engine would therefore
be the one which would give the rotation In
a reverse manner. It will be unnecessary to
describe or show diagrammatically the fur-
ther eyclesofthesupplementary-pistonvalve,
the fixed and floa bing pistons, the contmllmm
valve, or the main operating-piston, for the
reason thatit can be readily followed and un-
derstood with the aid of the diagrams hereto-
fore given, all of which act to prevent confu-
sion and ambiguity, as would be the case it
further deseribed herein. Itisalsodesirable
that some means be provided to vary the point
of cut-off —thatis, to permittheengine totake
steam at as remote a point of the stroke as
is necessary to handle a heavy load or cut 1t
off early enonugh to carry the minimum load.
To accomplish this result, the cut-off pins 21
and 27 are secured to sliding racks 58 and 59,
movably mounted within the supplementary-
piston rod and engaged with each other by
means of a spur-pinion 40. (See Fig.3.) One
of these sliding racks is provided with a rod
41, extending out therefrom and which may
be led back toc any desired point in the en-
gine (stationary or locomotive) so as to be
adjusted readily and easily by a connecting-
governor (not shown) or by the engineer in
charge. When it is desired to lengthen the
point of cut-off and take steam as long as
possible, all that 1s neccessary 1s to pull out
the rod 41 to the limit of its movement, which
will actnate the spur-pinion 40 and move the
other rack 38 in the opposite but desired
manner, as will be readily understood from
an examination of the drawings.

I claim—-

1. In a fluid-pressure engine, the combina-
tion of a main c¢ylinder having a piston mov-
ably mounted therein, valve maehanism for
controlling the admission cut-off and exhaust
of the motive fluid to and from the main cyl-
inder, and supplementary-piston mechanism
arranged to be operated by fluid under pres-
sure to move the controlling-valve, substan-
tially as deseribed.

2. In a fluid-pressure engine, the combina-
tion of a main ¢ylinder having a piston mov-

ably mounted therein, valve mechanism for |

and exhaust
of motive fluid to and from the main eylinder,
and a plurality of supplementary pistons con-
nected with the controlling-valve for operat-
ing the same and arranged to be operated by
fluid under pressure, substantially as de-
sceribed.

3. In a fuid-pressare engine, the combina-
tion of & main eylinder provided with a pis-
ton movably mounted therein, a reciprocat-
ing valve controlling the admission cut-off
and exhaust of motive fluid to and from the
main cylinder, a valve-stem connected with
the reciprocating and controlling valve, and
a plurality of supplementary pistons mounted
on such stem arranged to be operated by fluid
undev pressure fDl‘ moving the controlling-

valve, substantially as desel‘lb(,d

4. In a fluid-pressure engine, the combina-
tion of a main cylinder havmﬂ a piston mov-
ably mounted therein, a mlw for controlling
the admission cut-off and exhaust of motive
fluid to and from the main ceylinder, a valve-

' rod connected with such controlling-valve,

and a plurality of supplementary pistons con-
nected with such valve-rod, one at least of
which is fixed thereto and all of which are
arranged to be operated by fluid-pressure and
move the controlling-valve, substantially as
described.

5. In a Auid-pressure engine, the combina-
tion of a main cylinder having a piston mov-
ably mounted therein, a controlling-valve for
coverning the admission cut-off and exhaust
of motive fluid to and from the main cylin-
der, a valve-rod connected with such control-
ling-valve, and a fixed piston and two float-

ing pistons on such valve-rod arranged to be

operated by fluid under pressure and move
the controlling - valve, substantially as de-
scribed., |

6. In a fluid-pressure engine, the combina-
tion of a main cylinder provided with a pis-
ton movably mounted therein, a reeiprocat-

ing piston-valve governing the inlet cut-oft

and exhaust of motive fluid to and from the
main eylinder, & valve-rod connected with a
controlling-valve,a fixed piston onsuch valve-
rod, and two floating pistonsslidingly mount-
ed on such valve-rod,one adjacenttoeach end
of the fixed piston—all arranged to be oper-
ated by fluid-pressure, substantially as de-
seribed.

7. In a fluid-pressure engine, the combina-
tion of a main cylinder provided with a pis-
ton movably mounted therein, a piston-valve
for governing and controlling the inlet cut-
off and exhaust of motive fluid to and from
the main eylinder, a valve-rod connected with
such controlling-valve, a fixed piston secured
to such valve- 1'0(1 and two floating pistons of
larger diameter slldmgly mounted on the
valve-rod, one at each end of the fixed pis-
ton—all arranged to be operated by motive
flunid and govern the movements of the con-

131011111‘**‘.731?6 substantially as described.
3. In a fluid- -pressure engine, the combina-
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tion of a main cylinder provided with a piston ] plementary-piston valve for opening and clos-

movably mounted therein, a piston-valve for
governing and contwllmwthemletcut- ffand
exhaust of motive fluid 130 and from the maln
cylinder, a valve-rod connected with such con-
trolling—valve, a fixed piston secured to such
valve-rod, two floating pistonsof larger diame-
ter slidingly mounted on the valve-rod, one at
each end of the fixed piston—all arranged to
be operated by motive fluid and govern the
movements of the ccntrolling-valve, and a
supplementary-piston valve arranged to be
operated by a-movable part of the engine and
govern the-inlet and exhaust of motive fluid
to the fixed and floating pistons, substantially
as described.

9. In afluid-pressure engine, the combina-
tion of a main c¢ylinder provided with a piston
movably mounted therein, a piston-control-
ling valve for governing and controlling the
inlet cut-off and exhaust of motive fluid to
and from the main cylinder, a valve-rod con-
nected with such controlling-valve, a fixed
piston secured to such valve-rod, two floating
pistons of larger diameter slidingly mounted
on the valve-rod, one at each end of the fixed

piston-—all arranged to be operated by motive

fluid and govern the movements of -the con-
trolling-valve, and a supplementary recipro-
cating piston-valve arranged to be operated
by a movable part of the engine and control
the inlet and exhaust of motive fluid to and
from the fixed and floating pistons, substan-
tially as described.

10. Ina fluid-pressure engine, the combina-
tion of a main c¢ylinder provided with a piston
movably mounted therein, a reciprocating
valve governing or controlling the inlet cut-
off and exhaust of motive fluid to and from
the main c¢ylinder, a fixed and two floating
pistons connected with the controlling-valve
and arranged to be operated by fluid-pressure
to move such controlling-valve, a reciprocat-
ing supplementary-piston valve arranged to
govern and control the inlet and exhaust of

motive fluid to and from the chamber in

which the fixed and floating pistons operate,
and means for operating the supplementary-
piston valve in a step-by-step manner during
the reciprocations of the main piston, sub-
stantially as described.

11. In a fluid-pressureengine, the combina-
tion of a main cylinder provided with a piston
movably mounted therein, a reciprocating
valve governing and controlling the inlet
cut-off and exhaust of motive finid to and

from the main cylinder, a valve-stem con-

- nected with such controlling-valve, a casing

6o

providing a supplementary-piston chamber
secured adjacent to the chamberin which the
controlling-valve operates, a fixed piston se-

cured to the controlling-valve rod in such.

supplementary-piston chamber, two floating
pistons slidingly mounted on such valve-rod,

one at each end of the fixed piston, means:
providing a plarality of passages toeach end
of the supplementary-piston chamber, a sup- |

“actions of the fixed and floating

ing such passages and governing the inlet
and exhaust of motive fluid from each end
of such supplementary-piston chamber, sub-
stantially as described.

12. Inafluid-pressure engine, the combina-
tion of amain cylinder provlded with a piston
movably mounted therein, a reciprocating
valve governing and controlling the inlet cut-
off and exhaust of motive fluid to and from

the main c¢ylinder, a valve-rod on such con-

trolling - valve, a casing providing a com-
pound supplementary - piston chamber of
large diameter at each end and small diame-
ter in the center, a small piston fixed to the

valve-rod and arranged in the small supple-

mentary-piston chamber, two larger floating
pistons slidingly mounted on such valve-rod,
one at each end of the fixed piston and in the
large supplementary-piston chambers, means
providing a plurality of passages to each end
of the supplementary-piston chamberand at
each side of the large pistons therein, a sup-
plementary-piston valve for covering and un-
covering the last-named passages to govern
the inlet and exhaust of motive fluid to the
compound piston-chamber and thereby the
actions of the fixed and floating pistons, and
means for operating the supplementary-pis-
ton valvein a step-by-step manner during the
reciprocations of the main piston, substan-
tially as desecribed.

13. Inafluid-pressure engine, the combina-
tion of a main eylinder provided with a piston
movably mounted therein, a reciprocating

piston-valve governing and controlling the in-

let cut-off and exhaust of motive fluid to and
from the main ceylinder, a valve-rod on such
controlling-valve, a casing providing a com-
pound supplementary - piston chamber of
large diameter at each end and small diame-
ter in the center, a piston fixed to the valve-
rod and arranged in the small supplementary-
piston chamber, two floating pistons slid-
ingly mounted on such valve-rod—oneateach
end of the fixed piston and in the large sup-
plementary-piston chambers, means provid-
ing a plurality of passages to each end of the

supplementary-piston chamber and at each
side of the large pistons therein, a supple-

mentary-piston valve for covering and uncov-
ering the last-named passages to govern the
inlet and exhaust of motive fluid to the sup-
plementary-piston chamber and thereby the
pistons, a
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supplementary-valve rod connected with the

supplementary - piston valve and provided

with a helical or threaded portion, and means
arranged on a movable part of the engine to

givethesupplementary-valverod arotary and

rectilinear motion, substantially as described.

14. Inafluid-pressureengine, the combina-
tion of a main cylinder provided with a recip-

rocating piston, a reciprocating valve govern-
ing or controlling the inlet cut-off and ex-

haust of motive fluid to and from the main
piston, a valve-rod on such controlling-valve,
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a fixed piston on such valve-rod, two floating
pistons slidingly mounted on such valve-rod,
one at each end of the fixed piston—all ar-
ranged to be operated by fluid-pressure, a sup-
plementary-piston valve for covering and un-
covering a plurality of passages—one being a
set, of inlet and the other a set of exhaust
passages leading to and from said valve to
and from the fixed and floating pistons, and
a valve for admitting a supply of motive fAuid
to and from the supplementary-piston valve
and arranged in connection therewith tosup-
ply or exhaust the motive fluid to and from
each set of passages leading to and from the
supplementary-piston valve to obtainamove-
ment of the engine in elther direction as de-
sired, substantially as described.
15. In a fluid-pressure engine, the combi-
nation of a main cylinder pmvided with a re-
ciprocating piston, a reciprocating valve gov-
erning or controlling the inlet eut-oft and ex-
hausb of motive fluid to and from the main
piston, a valve-rod on suech controlling-valve,
a fixed piston on such valve-rod, two floating
pistons slidingly mounted on such valve-rod,
one at each end of the fixed piston--all ar-
ranged to be operated by fluid pressure, a sup-
plementary-piston valve for covering and un-
covering a plarality of passages—one being a
set of inlet and the other a set of exhaust pas-
sages leading to and from said valve to and
from the ﬁxed and floating pistons, a valve
for admitting a supply of motive fluid to and
from the su pplemeutar'y piston valve and ar-
ranged in connection therewith to supply or
e\ha.ust the motive fluid to and from each
set of passages leading to and from the sup-
plementary-piston valve to obtain a move-
ment of the engine in either direction as de-
sired, a threaded valve-rod connected with
the supplementary-piston valve, a plurality
of pinson said rod, and a cam-block provided
with a plurality of cams mounted on a mov-
able part of the engine to contact the pins
and give the sapplementary-valve rod its
helical motion, substantially as described.
16. In a fluid-pressure engine, the combi-
nation of a main cylinder provided with &
reciprocating piston, a reciprocating valve
coverning or controlling the inlet cut-off and
exhaust of motive fluid to and from the main
cylinder, a valve-rod on such controlling-
valve, a fixed piston on such valve-rod, two
floating pistons slidingly mounted on such
valve-rod, one at each end of the fixed pis-
ton—all arranged to be operated by fluid-
pressure, a supplementary-piston valve for
covering and uncovering a plurality of pas-
sages-——one being a set of inlet and the other
a set of exhaust passages leading toand from
said valve to and from the chamber in which
the fixed and floating pistons operate, a valve
for admitting a supply of motive finid to and
from the supplementan -piston valve and ar-
ranged in connection therewith to supply or
exhaust the motive fluid to and from each

set of passages leading to and from the sup- |

7

| plementary - piston valve to obtain a move-
| ment of the engine in either direction as de-
sired, a Ihxeruled valve-rod connected with

the supplﬁmemaly-pislon valve, a plurality
of pins on said rod, a cam-Dblock provided
with a plurality of ecams mounted ou a mov-
able part of the engine to contact the pins
and give the supplementary - valve rod its
helical motion, and means for moving the
supplementary-piston-valve rod laterally to
bring its pinsinto contact with different cams
on the cam-block aud provide the desired
phases for a reversal of the engine, substan-
tially as described. |

17. Inafluid-pressure engine, the combina-
tion of a main eylmder prowded with a recip-
rocating piston, a reciproeating valve govern-
ing or contmllmﬂ the inlet cut-off and exhausb
of motive fluid to and from the main cylinder,
a valve-rod-on such controlling-valve, a cas-
ingproviding acompoundsupplementary-pis-
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ton chamber of different diameters, a fixed

piston in the smaller diameter of such cham-
ber and secured to the valve-rod, two float-
ing pistons loosely mounted on such valve-
rod and in the supplementary compound pis-
ton - chambers of larger diameter-—one at
each end of the fixed piston, means provid-
ing a plurality of exhaust and inlet passages
to and from said compound supplementary-
piston chamber, a supplementary - piston
ralve for covering and uncovering the last-
named passages, a reversing-valve 14 for ad-
mitting the supply of motive fluid to and from
the supplementary-piston valve and arranged
to reverse the inlet and exhaust thereto and
therefrom, a threaded supplementary-valve
rod pivotally connected with the supplemen-
tary-piston valve and mounted in movable
bearing-blocks, a plurality of radial pins se-
cured tosaid supplementary-piston-valverod,
a block mounted on a reciproecating part of
the engine and provided with a plurality of
inclined cams spanning sald valve-rod 80 as
to contact the pins thereon in two positions
and impart a heliecal motion tosaid valve-rod,
and a pair of wedge-shaped parallel bars for
moving the beannﬂ'-blocl{s and thereby the
Supplemenmry plston valve laterally, sub-
stantially as described.

18, In afluid-pressureengine,the combina-
tion of a main e¢ylinder provided with a recip-
rocating piston, a reciprocating valve govern-
ingorcontrolling the inlet cut-off and exhaust
of motive fluid to and from the main cylinder,
a valve-rod on such controlling-valve, a cas-
ing providinga compound supplementary-pis-
ton chamber of different diameters, a fixed
piston in the smaller diameter of such cham-
ber and secured to the valve-rod, two larger
floating pistons loosely mounted on such

valve-rod and in the larger supplementary
compound piston-chambers—one at each end
of the fixed piston, means providing a plu-
rality of exhaust and inlet passages to and
from said compound supplementary-piston
| chamber, a supplementary-piston valve for
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covering and uncovering the last-named pas-
sages, a reversing-valve 14 for admitting the
supply of motive fluid to and from the sup-
plementary-pisten valve arranged to reverse
the inlet and exhaust thereto and therefrom,
a threaded valve-rod pivotally connected with
the supplementary-piston valve and mount-
ed in movable bearing-blocks, a plurality of
radial pins secured to said supplementary-
valve rod, a cam-block mounted on a recip-
rocating partof the engine and provided with
a plurality of inclined cams spanning sald
valve-rod so as 1o eontact the pins thereon in

|
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| two positions and impart a helical motion to

said valve-rod, a pair of wedge-shaped par-
allel bars for moving the bearing-blocks and
thereby the supplementary-piston valve lat-
erally, and rod-and-lever mechanism con-

necting the reversing-valve and the parallel

- wedge-shaped blocks together so as to impart

a simultaneous movement thereto, substan-

tially as described.
SPENCER OTIns.
Witnesses: | -
THOMAS FRANCIS SHERIDAN,
HARRY IRWIN CROMER.
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