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| ”  Application filed July 13, 1900, Serial No 23,645, (No model.

Ta all whom it ??’m,y COTLCETT:

Be it known that we, CHARLES FISHER and

- HARRY F. KRUEGER, citizens of the United
States, residing at MIleUk@E‘ in the county
5 of Milwaukee and State of WISCOHSID have
invented certain new and useful Improve-
‘ments in Steam-Engines, of which the follow-
ing 18 a specification, reference being had to
'the aceompanying drawings, forming a part

10 thereof.

- OQOurinvention relates to new and useful im-
plm.ements in the construction of steam-en-
gines, and relates more particularly to that
class of steam-engines commonly known as

15 the ““rotary” type; and our said invention
consists in the matters hereinafter described,

~and pointed out in the appended claims.

One object of our invention is to provide

- an improved form of rotary engine which
20 shall be at onceof simple, str ong, and durable
~construction and which shall by its peculiar-
1ty of construction be capable of economical
use of steam and the development therefrom
of the highest posmble efficieney in horse-
25 power from a given volume of steam under a
- given pressure.

A further object of our 1mp10vement 18 to
“enable us to construct engines of '‘a rotary
type that will be capa,ble of perfect and ac-

- 30 curate government and to apply thereto suit-
‘able automatic cut-off mechanism whereby

 the engines may be enabled to satisfactorily

opemte by the expansion of steam.

- A further object of our invention is to en-

- 38 able us to construct rotary engines of com-
- pound character in which the SBE‘(LI]] may be

repeatedly expanded from one ¢vlinder to an-

‘other and the full efficiency of the steam thus
utilized, the steam being eventually dis-
40 char n*ed into a condenser, therebj, obtaining
the ddditlﬂndl effective pr esc,nre derived from
- the vacuum thus formed.
" The various features of our invention will
- Dbe hereinafter fally deseribed with reference
: '. 45 to the accompanying drawings, in which—
| Figure lisa plan view, partly in section, of
~a triple-expansion rotary engine constructed
1n accordance with our 111\"61’11}1011 Fig. 2 is a
. horizontal longititdinal sectional view of the

i
\

1

]

broken away to betterillustrate the construc-
tion. Fig. 4 is a broken transverse sectional
view of the same. Fig. 5 is a detail trans-
verse vertical sectional view illustratinyg the 53
construction of one of the cylinders, together
with the valve mechanism for controlling the
admission of steam thereto. Fig. 6 is a simi-
far view showing a changed position of the
parts. Fig. 7 is a broken detail elevation of 6o
one portion of the device. Fig. 81is a detail
transverse sectional view taken onliue 8 8 of
Fig. 5. Fig. 9 is an end elevation of one of
the rotary pistons. Fig. 10 is a side eleva-
tion of the same. Fig. 11 is an enlarged de- 65
tail elevation showing the end of the valve-
rod and the connected trip mechanism for au-
tomatically controlling the movements of the
same by means of the governor. FKig. 12184
plan view of the same.

In carrying out our invention we arrange
one, two, three, or more cylinders or chmn-
ber*ﬁ upon the shaft in such a manner that
revoluble pistons secured to sald shaft may
be caused to rotate within said cylinders or 75
chambers, the pistons engaging in an opera-
tive manner with the inner surfaces of the
cylinders or chambers, as will be presently
described.

We will first describeourimprovement with 8o
relation to a single eylinder only, it being of
course understood that the piston mechanism
shall be duplicated for each additional cylin-
deremployed in case the device is constructed
as a compound or multiple-expansion engine. 83
The device illustrated in Figs. 5 and 6 shows
more particularly the construction of a single
cylinder and a revoluble piston therein and
a rocking valve for governing the admission
of steam to the eylinder.

Referring by letter to said drawings, A des-
ignates the eylinder, within which is revolu-
bly supported a shaft B, extending length-
wise of the eylinder, and said shaft carrying
a suitable hub or drum C, which latter is pro- 93
vided with a wing-piston D, extending out-
ward and operatively engaging with the in-
ner surface of the eylinder or casing. An in-
et port or passage K is arranged to commau-

70
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nicate with the interior of the eylinder or cas- 100
ing A at a suitable point, and an exhaust
opening or port I¥ also communicates with the

- 5o same, taken on line 2 2 of Fig. 3. Fig. 3isan
end elevation of the same, showing parts |
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sald eylinder at another point and is conven-
iently arranged near to the port or inlet E.
Between the inlet-port E and the exhaust-
port K 1s conveniently placed a movable abut-
ment or slide G, adapted to normally rest at
1t8 lower edge upon the surface of the hub or
drum C, which carries the wing - piston D.
This abutment G when in the position indi-
cated in Kig. 5 serves to confine the steam
which enters the casing between the wing-
piston D and the abutment, but when raised
from 1ts seat upon the hub or drum C opens
communication between the exhaust-port F
and the inlet side of the cylinder or casing.
One or more suitable cams H H are pro-
vided upon the hub ordrum and are arranged
to engage with the lower edge of the abut-
ment G at certain periods in the rotation of
the hub or drum, so as to elevate said abut-
ment and establish communication between
the exhaust port or passage and the inlet side

of the eylinder or casing.

A valve I 1s provided for governing the ad-
mission of steam to the inlet-port E, and this
valve may be of any desired form, the par-
ticular style of valve shown in the drawings
being the oscillating or rocking valve. It is
of course essential that the valve shall be con-
nected with a suitable actuating device—
such, for ingtance, as an eccentric—by means
of which its movements may be regulated so
as to admit steam to the cylinder or casing
when the wing-piston reaches a position such

as 18 shown in Fig. 5 and to cut off steam be- -

fore or by the time when the cams H H begin

to lift the abutment G. Now supposing the

parts to be in the positions indicated in Fig.
9, steam being admitted through the valve I
and the port K to the cylinder, it is obvious

that steam-pressure bearing directly upon the |

wing-piston D and reacting against the abut-
ment G will serve to impart rotation to the
wing-piston D, the hub or drum C, and the
shatt B, actuated thereby. It also follows
that when the piston, together with the drum
and shaft, have revolved to such a point as
to bring the cams H H into engagement with

‘the lower edge of the abutment, so as to be-

gin to lift the same from its seat upon the
hub or drum, steam will begin to exhaust
from the cylinder or casing through the pas-

- sage L.

55
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Thecams H H may be made of any desired -

shape and proportions to insurea steady and
gradual lifting of the abutment G and may
be made to engage with said abutment at any
desired point in the rotation of the shaft and
the drum and are conveniently made to ex-
tend outward as far as the outer edge of the
wing-piston, so that as the piston and the

-~ drum revolve the wing-piston will pass freely
“beneath the lower edge of the abutment.

- Theabutment G issuitably supported with-

'in a housing G’ and is freely movable verti-

cally therein, and said abutment may either

be arranged so as to be returned to its nor-

mal position by gravity or may be provided |
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with actuating-rods g ¢, extending to the out-
side of the housing G', normally drawn or
pressed downwardly by means of suitable
springs ¢' ¢’, so as to assist in quickly return-
ing the abutment to its normal position. The
rods ¢ g are conveniently connected together
by ayokeorbar G*,with which the springs ¢’ ¢’
are connected.

If desired, the wing D may be made as
shown in Figs. 5, 6, and 9 of the drawings, in

‘which said wing is inclined somewhat out of

a radial position with ‘respect to the hub or
dram, or, as shown in Kig. 4, said wing may
be made radial with respect to the said hub
or drum. When the wing D is inclined out
of aradial position, 1t will present an inclined
surface for engagement with the lower edge
of the abutment after the outer edge of the
wing has passed from under said abutment,
and the abutment bearing upon said ineclined
surface will descend more or less slowly and
gradually as the wing and the drum revolve.
When the wing is made radial, it will of
course permit a relatively quicker return of
the abutment to its normal position.

In order to insure a substantially noiseless
operation of the abutment, we may provide
any suitable means for cushioning the abut-
ment upon its return movement, and for this
purpose we find it convenient to provide a
suitable dash-pot G® upon the housing, which
engages with a piston carried by the yoke or
bar G*in an obvious manner. It follows,
therefore, that by this construction the move-

ments of the abutment may be rendered prac-

tically noiseless, the return movement, while
being assisted and facilitated by the weight
of the abutment and also by thesprings ¢' ¢/,
being partially arrested and cushioned by
means of the dash-pot G

Any suitable means may be provided for
keeping the wing-piston tight within the cyl-
inder, and for this purpose we find it conven-
lent to provide upon the outer edge of the
wing a suitable wearing-shoe or gib D’ for en-
gagement with the inner surface of the cvl-
inder or casing in the manner shown in the
drawings.

As shown in Figs. 4 and 9, additional gibs
D? D?®* may be provided for satisfactorily elos-
ing the space between the ends of the wing
D and the hub ordrum C and the ecylinder-
heads, s0 as to prevent leakage of steam past
the ends of the wing or drum. Suitable

‘means may also be provided for rendering
the sliding abutment G steam-tight within

the housing—such, for instance, as the gib
g*, letintoa groove in the housing and bearing
against the abutment in the manner shown.

The actuating-rods g g are conveniently
carried up through stuffing-boxes g° ¢® upon
the housing, which serve to maintain a steam-
tight joint around said rods.

In order to insure ease of operation of the
abutment, we prefer to chamber or recess the
hounsing G, as indicated at G%, so as to admit
steam from the exhaust side of the cylinder
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to the interior of the hot:lsihg,
surround the abutment, and thereby *‘bal-
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ance’’ the abutment.
When our improved engine is constructed

as a multiple-expansion engine, a desired

number of cylinders, as the eylmdets A, A,

and A% are placed end to end upon the same

1O

- struection of multiple-expansion engines.

shaft B, the cylinder A’ being larger than the
eylinder A and the ecylinder A® being larger
than the cylinder A’, as is commmon in the con-
As
shown more particularly in Fig. 2, one cylin-
der-head a may be used to close the adjacent

‘ends of both of the cylinders A and A', and

a similar head ¢’ may be used to close the ad-

jacent ends of the eylinders A’ and A%, there-
by enabling the eylinders to be placed very

c¢lose together and insuring a very compact

20

30
fore, that as the steam exhausts from the first

form of eonstt'uehlon Asis shown more par-

ticularly in Fig. 1 of the drawings, the ex-

haust port or passage B from one (-ylmder
may readily be carried through the dividing-

‘head and arranged to communicate with the

next cylinder of the. series, it being only nec-
essary in order to dcoompllsh the desired re-
sult to deflect said passage so as to communi-

cate with the next cylinder upon the inlet

side thereof, and to thus admit steam thereto

between the wing-piston and the abutment

when the latter is-closed. It follows, there-

cylinder it will enter directly into the second

-~ cylinder unpon the inlet side of the abutment,

- 35

50 as to act against the wing-piston in the
second (,}lmder and the construection of the
abutment Gand the actuating-cams HH being

the same in each cylinder it follows that when

. the steam exhausts from the second into the
~third cylinder it will similarly act upon the

40_
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wing-piston in the third cylinder and finally

- exhaust from the last cylinder of the series.
 When desired, a pipe F' may be arranged to

communicate with the exhaust-port of the last
cylinder of the series and to connect with a

- condenser in the ordinary manner, so as to
produce asuction upon theexhaustside of the

wing-piston in the last eylinder. In this man-
ner our improved engine may be constructed

~as a multiple-expansion engine, being pro-

vided with the usual high-pressure, mterme-

diate, and low-pressure G}Tlmders, and,.if de-
sired, a greater number of cylinders than are

shown in the drawings might be employed.

It will of course be understood that whereﬂ

a multiple-expansion engine is constructed in

- accordance with oar mvenbmn the valve for

“governing the admission of steam will be pro-
~ vided only upon the first eylinder and that no

.. 60_.

regulating-valve need be applied to the inlet
ports or passages of the intermediate or the
low-pressure cylinders.

- In constructing a triple-expansion engine
according to our invention it is desirable that

‘the wing-pistons in the several cylinders be
80 disposed about the shaft that they will
‘successively reach the points of steam-inlet
-and the pomi;s of exhaust at different periods

so a8 to nearly | in the rotation of the shatt.

venient in this construction to arrange the
wing-pistons so as to stand substantially at
angles of one hundred and twenty degrees
with respest to each other, this arrangement
producing successive exhausts of the three
cylinders at equidistant periods in the rota-
tion of the engine-shaft. It will be seen by
reference to Figs. 2 and 4 of the drawings
that when the parts are in the positions illus-
frated therein the wing-piston in the first or
high-pressure cylinder has just passed the
exhaust - port, the exhaust-port being now
separated from the inlet side of the cylinder
by the wing-piston, theabutment being raised
to the uppermost limit of 1ts movement, and
that the high-pressure cylinder has been ex-
bausting into the intermediate ¢ylinder for
the period ¢f time during which the eams
H H have held the abutment out of engage-
ment with the hub or drum C and until the

We find it con-.
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space between the inlet and the exhaust side

of the high-pressure eylinder is closed by the
wing-piston D. It will also be seen that the
wing-piston in the interinediate cylinder has
traveled one-third of the distance from the
abutment, while the piston in the low-pres-
surecylinder has reached a position in which
the cams H H are just ready to engage with
and lift the abutment fo permit the exhaust
of steam from the low-pressure cylinder into
the condenser. DBy thus arranging the pis-
tons upon the shaft soas to take aud exhaust
steam at equidistant pointsin the rotation ot
the shaft the effective pressure will be ap-
plied to the piston of the high-pressure cyl-
inder at the timme when the low-pressure cyl-
inder is exhausting and during the time In
which the low-pressure cylinder is receiving
steam from the intermediate eylinder, the
effective pressure being applied to the piston
in the intermediateceylinderdaring the period
of the exhaust from the high-pressure eylin-
der and while steam received 1nto the low-
pressure cylinder during the preceding rota-
tion of the shaft is expanding preparatory to
its final exhaust from thelow-pressure cylin-
der. Itwill furthermore be seen that the ex-
hauast-passage of each c¢ylinder being always
open into the nextcylinder the suction of the
condenser when the avutment of the low-pres-
sure cylinder is raised will act directly npon
the wing-piston in the intermediate ¢ylinder,
this action continuing throughout one-third
of the rotation of the shaft, and the suction
of thecondenser acting upon the wing-piston
in the low-pressure c¢ylinder duriug the re-
maining third of the rotation. It will fur-

thermore he seen that when the abutmentin

the internmediate eylinder 1s raised, both of
the abutments in the high-pressure and the
low-pressure ¢ylinders being closed, a direct
communication 1s established between the
high and the low pressure eylinders through
the intermediate cylinder, thereby permit-
ting a quick relief of the pressure from the
high - pressure cylinder and equalizing the
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pressurein the intermediate and low-pressure
cylinders, this condition continuing during
one-third of the rotation in which the abut-
ment in the intermediate eylinder is raised.
During the remaining part of the rotation of
the shaft before the abutment in the high-

pressure cylinder is raised the steam in front

of the wing-piston in the high-pressure cyl-
inder is free to pass into the intermediate
cylinder. By thus arranging the wing-pis-
tons upon the shaft a uniform, continuous,
and steady operation of the shaft is insured,
pressure being continuously applied toone or
more of the pistons and pressure being al-
ways applied to two of the pistons while the
other cylinder is exhaunsting.

By the described arrangement of the wing-
pistons to travel around within the respec-
tive cylindersthe pressure of the steam which
1s admitted to the cylindersis transmitted di-
rectly to the shaft, so as to produce the de-
sired rotation thereof without the interven-
tion of any reciprocating pistons, eross-heads,
and connecting-rods, such as are commonly
nsed in reciprocating engines. It will fur-
thermore be observed that by the arrange-
ment of the wing-pistons atsubstantially right
angles to the shaft the pressure is applied
substantially at right angles to the shaft in
the most effective manner possible to produce
rotation of the latter and that this pressure
1s continuous, causing a steady rotation of the
shaft without any dead-points in said rota-
tion.

Any suitable or desired means may be pro- |

vided for antomatically regulating the speed
of the engine and automatically regulating
the admission of steam to the cylinders ac-
cording to the speed attained or the load car-
ried by the engine, and to this end the actu-
ating-stem I' of the valve I may have an op-
erative connection with any convenient form
of governor mechanism—such, for instance,
as thatshownin Figs. 3, 11, and 12 of the draw-
ings. The particular form of governor mech-
anism illustrated in said drawingsisone form

-of the well-known “‘ Corliss” type of governor,

and in this particular form of construction

we have shown a suitable bonnet extending

outward from the end of the valve-chamber
and forming a bearing in its outer end for the
valve-stem I'. The valve-stem T’ is of course
carried outward through a suitable gland or
stuffing-box I, which prevents the escape of
steamn from the valve-chamber. The outer
end of the bonnet J is turned down or re-
duced 1n diameter, so as to form a bearing 4
for a rock-arm K, carrying a trip-hook K’,
and a valve-arm L is conveniently keyed to
the outer end of the valve-stem I', as shown,
and is provided with a projecting ledge L./,
adapted for engagement with the nose k of
the trip-hook K'. An eccentric M is located
upon the shaft B, and its strap m is con-
nected by means of an eccentric-rod M’ with
the rock-arm K, so that the rotation of the

669,458

[ the eecentrie-fod M’ to oscillate the rock-

arm K upon its bearing on the outer end of
the bonnet J, the trip-hook K’ engaging with
the projection I upon the valve-arm, and
thus serving to alternately depress the end
of said arm and permit its return upward
movement. The opposite end of the valve-
arm L is conveniently connected with a rod
N, carrying a piston, which engages within a
dash-pot N', the stuction of the dash-pot serv-
ing to return the valve-arm, together with the
valve, to its normal position. A governor O
18 actuated from the shaft B in a familiar
manner by means of a belt o, passing over
the governor-pulley O, the governor-shaft ¢’,
carrying the usual governor-arms O? O2 hav-
ing the weights or balls 0® 0® at their extremi-
ties, and said arms being linked to the usual
collar O% which is caused to rise and fall by
the movements of the governor-arms 02 Q2
due to the centrifugal force developed by the
rotation of the governor-shaft. A sunitable
yoke P has an operative connection with the
collar O° and is connected by a link p with a
stationary part of the governor-supporst, its
other end being connected by means of a con-
necting-rod P’ with a bell-erank lever P2
Upon the bearing 7’ on the extremity of the
bonnet J is located a trip-plate Q, having an
operating-lever g,which isconnected by a trip-
rod Q with one arm of the bell-crank lever P2
A cam Risarranged upon the trip-plate Q and
is arranged to engage withanarm %' upon the
trip-hook arm K', said arm k' being normally
pressed against the trip-plate by a spring k2.
It follows from this construetion that as the

- speed of the engine increases and the gov-

ernor-balls 0° 0® rise the rod P’ will actuate the
bell-cranklever P?, the connecting-rod Q',and
the trip-lever ¢, so as to adjust the trip-plate
Q and move the cam R nearer to the free end
of the arm £', so that as the rock-arm K is
turned downward by the eccentric-rod M’ the

extremity of the arm £’ will ride up onto the

surface of said cam and force the nose k of
the trip-hook out of engagement with the
ledge L' upon the valve-arm. Assoon as the
valve-arm is freed by the hook the dash-pot,
acting upon the piston-rod N, will serve to
instantaneously return the valve-arm and
the valve to their normal positions. It there-
fore follows from this construction thata fur-

|- ther increase in speed of the engine would,

through the governor mechanism, operate to
adjust the trip-cam R into a position to sooner
engage with the arm of the trip-hook and

thus cut off steam from the cylinder at an

earlier period in the rotation of the shaft.
By this means the governor mechanism will
automatically control and regulate the admis-
sion of steam, and when the load islight and
the speed becomes excessive the steam is cut
off at an early period in the rotation and the
piston permitted to operate by the expansion
of steam. On the other hand, when the load
is heavy or in first starting the engine the

shaft B will cause the eccentric to actuate | trip-hook may remain in constant engage-
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‘at a later period in the rotation, in accord-

ance with the speed at which the engine is
running.

By our improved construction we are en-
abled not only to construct an engine by
~means of which steam-pressure is applied in

~ ‘the most direet and effective manner to the

10

engine-shaft, but we are also enabled to con-

struct engines which are capable of very close

and accurate government or regulation and

- which will be very economical in the use of

- steam, developing a proportionately high effi-
~clency 1n horse-power from the steam used.

By our improvement, moreover, we are en-
abled to accomplish the desired regulation of
the admission of steam toa plurality of cylin-

“ders by means of asingle valve,whereas in the

~ordinary types of multiple-expansion engines

20

one valve is provided forgoverningeach inlet-

~ port and each exhaust-port for each cylinder,

thus making four valves to each c¢ylinder, or

- twelve valvesin all, for a triple-expansion en-

gine. By the described arrangement of the
wing-pistons to produce acontinuous uninter-
rupted rotation of the hubs or drums and the
shaftinstead of the employment of the usual
reciprocating pistons we are enabled to dis-

. pense with all mechanism between the high

~ tween theintermediate and the low pressure,
~¢ylinders.  Furthermore, by the described

pressure and theintermediate, as well as be-

construction of the eylinders and the wing-

s

~ pistons therein no special provision is neces-

sary for draining or removing water of con-

densation from the cylinders, as is necessary

in ordinary types of engines, it being of

- eourse understood that any water of conden-
sation which acecumulates in either one of the

- 40

cylinders would be swept around to the ex-
haust port or passage by the wing-pistons and

~ would pass freely from one c¢ylinder to an-

other and be ultimately discharged into the

eondenser.

o
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In case one cam H is employed it may be
constructed with a continuous bearing-sur-
face to fit against the inner end of the abut-
ment G, and thus prevent the passage of
steam from the inlet-port L to the exhaust-
port K between the hub C of the piston and

said abutment. In this case steam would be
released from the eylinder only when the

wing-piston D passes and uncovers the ex-

haust-port I.

- Various changes in minor details of con-
struction and arrangement of parts may be
made without departing from the spirit and
intended scope .of our invention.

- Having thus described our invention, what

we claim as new, and desire to secure by Let-
ters Patent of the United States, is—

1. In a steam-engine the combination with
a sunitable evlinder having inlet and exhaust

- ports, of a shaft extending lengthwise of the

eylinder, a wing-piston carried by the shaft
and operatively engaged with the interior of

-

ment with the valve-arm or may be actnated | for normally preveniling communication be-

tween the inlet and the exhaust ports, and

- suitable means carried by the shafv tfor en-

gaging with said movable abutment to peri-
odically elevate the same and permit steam
to pass beneath the abutment to the exhaust-
port, substantially as deseribed.

9. In a steam-engine the combination with
a suitable eylinder or casing having inletand
exhaust ports and a shaft extending length-
wise thereof and provided with a hub, of a
wing-piston extendingoutward from said hub
and having an operatlive engagewment with the
interior of the eylinder or casing, a movable
abutment adapted to norimally engage with

| said hub and to prevent commaunlication be-

tween the inlet and the exhaust ports, and
suitable ecams carried by said hub for peri-
odically elevating said abutment from the
surface of the hub to permit the passage of
steam from the inlet side of the cylinder or
casing to the exhaust-port between the abut-
ment and the hub, substantially as described.

3. In a steam-engine the combination with
the eylinder having the inlet and exhaust
ports, of the shaft earrying a hub, a wing-

piston upon said hub fitting within said cyl-

inder, a movable abutment between the in-
let.and exhaust ports for normally excluding
steam from the exhaust-port, one or more
suitable cams carried by the shaft and adapt-
ed to periodically engage with said abutment
to elevate the rame and permitsteam to pass
beneath it to the exhaust-port, and a valve
operated from said shaft and adapted to be
periodically opened at certain points in the
rotation of the shaft to admit steam to the
cylinder, substantially as described.

4. In a steam-engine the combination with
the eylinder or casing provided with inlet and
exhaust ports, of a shaft extending length-
wise therethrough, a wing-piston supported
upon said shaft and operatively engaged with-
in said cylinder or casing, a movable abut-
ment adapted to normally prevent communi-
cation between the inlet and exhaust ports,
suitable cams carried by the shaft and adapt-
ed to periodically engage with said abutment
to elevate the same and permit the steam to
pass from the inletside of the cylinder to the
exhaust-port beneathsaid abutment,andsuit-
able means havingoperativeengagement with
said abutment for automatically returning
the same to its normal position when released
from engagement with said cams, substan-
tially as described.

5. In a steam-engine the combination with
the eylinder or casing provided with inlet and
exhaust ports, of a shaft extending length-
wise therethrough and carrying a wing-pis-
ton operatively engaged with the interior of
the cylinder or casing and provided upon 1ts
outer edge with an adjustable wearing-shoe,
a movable abutment for normally preventing
communication between the iniet side of the
cylinder and the exhaust-port, and one or

the cylinder or casing, a movable abutment | more cams carried by the shaft and extend-
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ing outward as far as the outer edge of the | ports, a shaft extending through all of said

wing-piston and adapted to periodically en-
gage with the movable abutment to elevate
the same and permit the exhaust of steam

from the eylinder beneath the abutment, sub-

stantially as described. |

6. In a steam-engine the combination with
the eylinder having inlet and exhaust ports,
the shaft, the drum carried thereby, the wing-
piston upon the drum, the cams extending
outward to the outer edge of the wing-piston,
and the movable abutment for normally pre-
venting communication between theinletside
of the cylinder and the exhaust- port, but

adapted to be elevated periodically by said

cams to permit steam ro pass beneath it to
the exhaust-port, of suitable means for auto-
matically returning said abutment to its nor-
mal position, and suitable means for cushion-
Ing the return movement of said abutment,
substantially as described. |

7. In asteam-engine, the combination with
the eylinder having inlet and exhaust ports,
the shaft provided with the.-hub carrying a
wing - piston having operative engagement
within the cylinder or casing, the cams ex-

‘tending outward firom said hub, and the valve

for regulating the admission of steam to the
inlet-port, of a movable abutment between
the inlet and exhaust ports and adapted to
normally rest upon said hub to prevent the
passage of steam from the inlet side of the
cylinder to the exhaust-port, and to be peri-
odically elevated by the cams so as to permit
steam to pass beneath it to the exhaust-port,
one or more actuating-rods extending out-
ward from said abutment, one or more springs
operatively engaged with said actuating-rods
to normally depress the abutment, and a suit-
able dash-pot for cushioning the return move-
ment of the abutment, substantially as de-
scribed. |

3. The combination with the cylinder hav-
ing inlet and exhaust ports, the shaft carry-
ing the hub provided with a wing-piston fitted
within the c¢ylinder, and the cams extending
outward to the outer edge of the wing-piston,
of a suitably-chambered housing upon the
cylinder, a sliding abutment operatively en-
gaged within said chambered housing and
adapted to normally rest upon the hub and
to be periodically elevated by the cams to per-
mit steam to pass beneath it to the exhaust-
port, a suitable gib for maintaining a steam-
tight joint or packing around said abutment,
actuating-rods extending outward from the
abutment through glands upon the housing
and yoked together by a cross-bar, one or
more springs operatively engaged with said
cross-bartonormally depressthe same,a dash-
pot upon the housing, and a piston carried by
sald cross-bar for cushioning the return move-
ment of the abutment, substantially as de-
seribed.

9. A multiple-expansion steam-engine com-
prising a plarality of cylinders arranged in

tially as deseribed.

cylinders and provided in each eylinder with
a revolable hub or drum carrying a wing-pis-
ton and one or more lifting-cams, a movable
abutinent adapted to normally extend into
each cylinder and to rest upon the hub or
drum therein, and to be periodically lifted by
said cams to permit steam to pass between it
and the drum to the exhaust-port, and a sin-
gle controlling-valve for regalating the ad-
mission of steam to the first e¢ylinder of the
series, substantially as deseribed.

10. In a multiple-expansion engine, a piu-
rality of eylinders of suceessively-increasing
capacities arranged end to end and in aline-
ment, and each provided with inlet and ex-
haust ports, a shaft extending centrally
through all of said cylinders and provided in
each cylinder with a revoluble hub or drum
carrying a wing-piston and one or more lift-
ing-cams, a housing upon each cylinder, a
sliding abutment within each of said housings
adapted to normally rest upon the hub within
the cylinder and to be periodically elevated
by said eams to permit steam to pass between
1t and the drum to the exhaust-port, a single
valve for governing the admission of steam
to the inlet-port of the first or high-pressure
cylinder, and suitable means actuated by the
shaft for aatomatically regulating the move-
ments of said valve, substantially as de-
seribed.

11. In a multiple-expansion engine, a plu-
rality of eylinders of successively-increasing
capacities arranged end to end and in aline-
ment, and each provided with inlet and ex-
haust ports, a shaft extending centrally
through all of said cylinders and provided in

each cylinder with a reveluble hub or drum

carrying a wing-piston and one or more lift-
ing-cams, a housing upon each ecylinder, a
sliding abutment within each of said housings
adapted to normally rest upon the hub within
the cylinder and to be periodically elevated
by said cams to permiti steam t0 pass between
it and the drum to the exhaust-ports, a single
valve for governing the admission of steam
to the inlet-port of the first or high-pressure
cylinder, the exhaust-port of the first eylin-
der communicating directly with the inlet-
port of the intermediate eylinder, and the ex-

| haust-port of the intermediate cylinder simi-

larly communicating with the inlet-port of
the low-pressure eylinder, and suitable means
actuated by the shaft for antomatically regu-
lating the movements of said valve, substan-

12. In a multiple-expansion engine, a plu-
rality of cylinders of successively-increasing
capacities arranged end to end and in aline-
ment, and each provided with inlet and ex-
haust ports, a shaft extending centrally
through all of said eylinders and provided in
each cylinder with a revoluble hub or drum
carrying a wing-piston and one or more lift-
ing-cams, a housing upon each cylinder, a

alinement and each having inlet and exhaust | sliding abutment within each of said housings

-
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and adapted to normally rest upon the hub |

within the eylinder and to be periodically ele-
vated by said cams to permit steam to pass
between it and the drum to the exhaust-port,
a single valve for governing the admission of
steam to the inlet-port of the first or high-
pressure cylinder, the exhaust-port of the

first c¢ylinder communicating directly with

.10

the inlet-port of the intermediate cylinder,
and the exhaust-port of the intermediate cyl-

inder similarly communicating with the in-

let-port of the low-pressure cylinder, and the

-~ exhaust - port of the low-pressure cylinder

e

communicating with a condenser, and suit-
able means actuated by the shaft for auto-
matically regulating the movements of sald
valve, substantially as described.

13. In a multiple-expansion engine, a plu-

rality of cylinders of successively-increasing

20

30

35

capacities arranged end to end and in aline-
ment, and each provided with inlet and out-

let ports, a shaft extending centrally through

all of said eylinders and provided in each cyl-
inder with a revoluble hub or drum carrying

‘a wing-piston and one or more lifting-cams,

a housing upon each cylinder, a sliding abut-
ment within each of said housings adapted
to normally rest upon the hub within the cyl-
inder and to be periodically elevated by said
cams to permitsteam to pass between 1t and
the drum to the exhaust-port, a single valve
for governing the admission of steam to the
inlet-port of ‘the first or high-pressure cylin-
der,the exhaust-port of the first eylinder com-
municating directly with the inlet-port of the
intermediate cylinder, and the exhaust-port

. ~of the intermediate cylinder similarly com-

municating with the inlet- port of the low-
pressure cylinder, and suitable means actu-
ated by the shaft for automatically regulat-
ing the movements of said valve, the wing-

~ pistons in the several cylinders being so dis-
‘posed upon the shaft as to pass the inlet-ports

45

of the respective cylinders at successive pe-
riods of the rotation of the shaft, substan-

tially as described.

14. In asteam-engine the combination with

a suitable eylinder or casing having inlet and

50

exhaust ports, a shaft extending lengthwise
therethrough and provided with a hub carry-

7

ing a wing - piston and one or more lifting-
cams, of a suitable housing upon the cylin-
der or ecasing, a sliding abutment movable
apon said housing and adapted to normally
engage with said hub and adapted to be pe-
riodically elevated by said cams to permib
steam to pass from the inlet side of the cyl-
inder and between the abutment and the hub
to the exhaust-port, said housing being suit-
ably echambered and provided with one or
more steam -ducts communicating with the
cylinder for admitting steam to said housing
so a8 to surround said abutment and equal-
ize the pressure upon all sides thereot, sub-
stantially as deseribed.

15. Inasteam-engine thecombination with
a snitable ecylinder or casing having inlet and
exhaust ports and a shaft extending length-
wise therethrough and provided with a huab,
of a wing-piston extending outward from said
hub and having operative engagement with
the interior of the cylinder or casing, a mov-
able abutment adapted to normally engage
with said hub and to prevent communication
between the inlet and exhaust ports, and a
suitable eam carried by said hub for period-
ically moving said abutment outward and
permitting the wing - piston to pass it, sub-
stantially as and for the purposes set forth.

16. A multiple-expansion engine compris-
ing a plurality of cylinders arranged in aline-
mentand each havinginlefand exhaust ports,
a shaft extending through all of said c¢ylin-
ders and provided in each cylinder with a
hub carrying a wing-piston and a cam, a mov-
able abutment normally extending into each
cylinder against the hub therein, and adapted
to be periodically moved outward by the cam
on the hub in said eylinder to allow the wing-
piston to pass, and a single valve controlling
the admission of steam to the first cylinder
of the series, substantially as and for the
purposes set forth.

In witness whereof we hereto affix our sig-

natures in presence of two witnesses,
CHARLES FISHER.

. HARRY F. KRUEGER.
Witnesses:
CHAS. L. GO0sS,
CHARLES A. WERGIN.
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