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To all whom 7t may concern:

Be it known that I, Groree H. Gross, 2
citizen of the United States, residing at Har-
risburg, in the county of Dauphin and State
of Pennsylvania, have invented new and use-
ful Improvements in Rotary Engines, of

-

which the following is a specification.

My present invention relates to improve-'

ments in rotary engines and more particu-
larly to the class adapted to use steam as a
motive fluid and it has for its object pri-
marily to provide an improved engine of
this type which is capable of operating effi-
ciently by utilizing the steam expansively,
1t preferably embodying a centrifugally con-
trolled governor.for varying the point of
cut off automatically whereby uniform speed

may be maintained and economy of steam ef--

fected, and the invention also involves the
counterbalancing of the piston abutments or

rotors and the piston itself whereby friction.

of the parts is minimized and end thrust is

prevented. -

Further objects of the invention are to-

provide a reversible rotary engine of the
type above mentioned svhich may operate
with equal facility in either direction, auto-
matically operative reversing valves being
provided for controlling the feed and ex-
haust of the steam or motive fluid to and
from the piston. '

To these and other ends the invention con-
sists 1n certain improvements and combina-
tions and arrangements of parts, all as will
be hereinafter more fully described, the
novel features being pointed out particu-
larly in the claims at the end of the specifi-
cation.

In the accompanying drawings: Figure 1
represents a central vertical section of a re-
versible rotary engine constructed in accord-
ance with the present invention, the section

being taken parallel to the plane of rotation

of the piston. Fig. 2 represents an axial sec-
tion of the engine on the line 2—2 of Fig. 1.

Fig. 3 represents a side elevation of the en-
' heads removed.

gine with one of the casin |
Fig. 4 is a side elevation of the piston show-

ing the gears for timing the rotation of the

piston abutments or rotors. Fig. 5 shows in
detail one of the casing heads as viewed
from 1ts inner side, this casing head being
adapted to fit upon that side of the casing
shown in Fig. 8. Fig. 6 is a view similar to
Fig. 5, showing the opposite casing head
which carries the internal rack that coGper-

}

‘ing showing

-stant speed of the engine and also

ates with timing gears for the piston abut-

ments, as shown in Fig. 4. Fig. 7 represents
a rotary section through a portion of the en- -

gine casing showing one of the steam con-
trolling valves, this valve being shown in
position to admit steam to the piston. Fig.
8 represents a section of a portion of the cas-

valves as applied to a reversible engine, the
upper valve being shown in position to ex-
haust steam from the casing while the lower
valve 1s in position to admit steam thereto.

Fig. 9 1s a collective view of the several ele- -

ments composing one of the steam control-
ling valves. Fig. 10 is a perspective view'
of one of the piston abutments or rotors.
Fig. 11 is a diagrammatic view showing a

a pair of steam controlling

60
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modified arrangement of timing gears which

may be used, should two piston abutments
or rotors be employed instead of three, as
shown in the preceding figures. Tig. 12 is
a view similar to Fig. 11, showing a centrif-

point-of inlet and cut off to maintain a con-
_ showing a,
modified form of timing
represents the controlling valve as viewed

from the under side to show the ports

‘thereof. _ | . |
Similar parts are designated by the same -

reference characters in the several views.

The present invention embodies improve-
ments in rotary engines of the type com-

prising a revolving piston having a suit-
able number of abutments or rotors which

ugal governor for automatically varying the

75 |

80

gear; and Fig. 13 -

85

90

are rotatable in seats formed in the periph-

ery of the piston and codperate with sta-
tionary abutments or ribs arranged at suit-

able intervals around the inner circumfer-
ence of the cylinder or casing, these rotata-

95

ble piston abutments having a rolling con-

tact with the inner circumference of the cyl-

inder or casing and being driven by gearing

or other means whereby they may be ap-
propriately timed.

100

In the accompanying drawingé I have

rotary engine. 'Certain features of the in-
vention, however, are applicable to rotary

englries either of the reversing. or the non-

'shown.the invention applied to a reversible - -

105

reversing type and it will be understood |

that the invention is therefore not limited
to the specific form of engine as embodied
in the drawings, as I contemplate certain
modifications and changes which may
made in order to adapt the invention to the

110
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best advantagé_ according to the circum-

stances or requirements in each particular

case. | |
In the present instance, the engine 1s

shown as comprising an outer casing 1
which is bored to form in effect a cylinder,-
the casing in the present instance having a |

base 2, whereby it may be bolted or other-
wise secured to an appropriate support.
Extending around the casing and inclosed
within it is an exhaust channel 3 provided
with an outlét 4 and at the top of the cas-
ing means is provided for admitting the
steam or motive fluid to the engine. In the
present instance I have shown a reversible
engine and the casing is therefore provided
with a pair of steam conducting passages. 9
and 6 which lead toward the opposite heads

7 and 8 respectively, of the casing.. Steam

is admitted to one or another of these pas-
sages according to the direction m which
the piston rotates. Different means may be
provided for directing the steam into the
appropriate passage. I prefer to employ a
valve such as that disclosed in Figs. 1 and
9, it consisting of a valve casing 9, the up-
per end of which has a_relatively wide
steam inlet 10, while its lower portion 1s
provided with branch passages which com-
municate respectively with the passages o
and 6 of the engine casing. A valve 11 1s
turnable within the valve casing 1, having
a handle or other appropriate means for ad-
justing it from the exterior, and this valve
has a tapered port 12, the upper portion of
which is widened while its lower portion 1s
narrowed to approximately the size of one or

another of the passages 5 and 6. By rotat-
ing the valve 11 a short distance, steam may

be introduced into one or another of the pas-
sages 5 and 6, according to the direction in

which the engine is to turn, the widened

formation of the passage or port in the

valve maintaining it in communication with

the source of steam supply.
The casing heads 7 and 8 are provided

~ with bearings in which a shaft 18 is jour-

naled so that this shaft may revolve rela-

~ tively to the casing and its heads. To the

o0

shaft 18 is fixed a revoluble piston 14, the
of which is concentric with the

periphery
shaft and with the cylindrical inner circum-

- ference of the casing. The revoluble piston

59

60
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carries a suitable number of abutments 15,
three being shown as an example in Figs.
1 to 4 inclusive. Around the inner circum-
ference of the casing are also located sta-
tionary abutments or ribs 16, these station-
ary abutments or ribs preferably corre-

sponding in number to those of the abut-
‘ments on the

piston. The stationary-abut-
ments divide, in effect, the interior of the
casing into individual compartments into
which the steam is introduced and expanded

while acting upon the piston, and the abut-

068,853

ments carried by the piston form surfaces
against which the steam acts and expands.

" These abutments are therefore formed cyhin-

!

drically whereby their peripheries may have
a rolling and steam-tight contact with the
inner circumferences of the casing. In the
present instance, the peripheries of the abut-
ments are each formed as a portion of a
cylinder and in order that the abutments
carried by the piston may clear the sta-
tionary abutments or ribs secured withi
the casing, a portion of the circumterence
of each abutment 1s formed with a recess

17 which forms an interruption whereby

each movable abutment may bridge the ad-
jacent stationary abutment. It may also
be preferable to form each abutment with
a concentric cylindrical surface 18 which 1s
adapted to have a rolling contact upon the
inner surface of each stationary abutment

“while one abutment is passing the other 1n

order that communication between two ad-
jacent compartments within the casig may
be prevented. This feature, however, may
be omitted if desired. : '

- To insure an appropriate timing in the
movements of the
spect, to the stationary abutments, 1 pro-

vide each piston abutment with a shaft 19,

one end of which may be journaled in an end
plate of disk 20 secured by appropriate
means to one end of the piston and the oppo-
site end of each shaft 19 carries a gear 21,
the several gears meshing with an internal
rack .22 suitably secured to one of the cas-
ing heads, the head 8 in the present instance.
The pitch line of the gears and rack is pret-
erably of the same diameter as the internal
bore of the casing whereby the periphery of
the piston abutments may have a true roll-
ing engagement with the casing wall. As
the piston and its abutments revolve in the

piston abutments with re-

70

79

80

90

9.5

100

105

present instance while the casing and 1its

abutments are stationary, the gears 21 will
have a planetary movement within the 1n-
ternal rack, the gears and rack being so ad-
justed that the recessed or interrupted por-
tions of the several abutments will register
with or span the stationary abutments at
appropriate intervals.

Should 1t be

timing gear may be used either as shown 1n
Eig. 11 or in Fig. 12. In that form shown
in Fig. 11, a relatively smaller gear 23 1s

fixed to the shaft of the piston abutment so

that it does not directly codperate with the

rack 22, a supplemental gear 24 engaging
supplemental gear has a

the rack, whi
pinion 25 revoluble therewith, and an in-
termediate gear 26 connects the pinion 25
to the gear 23 whereby the abutment may
revolve at a relatively slower speed. In
Fig. 12 an internal gear 27 is fixed to the

desirable to employ two pis-
ton abutments instead of three, as shown
in Figs. 1 to 4 inclusive, a modified form ot

110
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shaft 19 of the piston abutment, a gear 28 | ber 45 having a pair of

cooperates with the rack and this gear car-
ries a smaller ge
meshes with the internal gear 27, whereby
a relatively slower speed of rotation of each
piston abutment is obtained. |

At appropriate intervals, pairs of valves
30 and 31 are located around the circumfer-
ence of the casing, the valves of each pair
being placed at opposite sides of a station-
ary abutment 16. Each valve chamber is
directly conneeted to the exhaust channel 3
by a relatively wide port 32, while it may be
placed in communication with
chamber of the casing either through a pair
of ports 83 and 34 which are open during
the admission of steam, or through the two
ports just named and the suppleiental ex-
haust port 35. One valve of each pair is
adapted to admit steam to the piston cham-
ber and the other valve of each pair to ex-
haust steam therefrom while the piston re-
volves in one direction, the relation of the
valves being reversed when the direcfion of
rotation of the piston is reversed. To effect
this result, the steam inlet passage 5 is con-

nected to one steam controlling valve of

each pair while the steam inlet
communicates with the remaining valves of
the several pairs. In the present instance
the casing head 7 is provided with a seg-
mental steam feeding groove 36 having an
inlet 37 which, when the casing head is ap-
lied to the casing, registers with the steam
eeding passage 5 and the segmental groove
in the head is provided at appropriate sides
with inwardly extending ports 88. The
plate or disk 20 which is attached to and
_ provided at
corresponding intervals with steam inlet
ports 39 which register with the ports 38
of the casing head at appropriate intervals
while the piston revolves. The passage 5,
the steam feeding i
and the ports 39 serve to supply steam to
the valves 81 of each pair to revolve the
piston In one direction. A duplicate steam

passage 6

- feeding arrangement, however, is provided

50

09

60

65

for reversing the direction of rotation of
the piston, the opposite end of the piston
carrying a disk or plate 40 having suitably
spaced ports 41 therein arrangeﬁ to pass
ports 42 formed at appropriate intervals at
the corresponding side of the casing, these
ports 42 all communicating with a eommon
steam feeding channel 43 which is formed
in the head 8, and has an inlet 44 which
registers with the steam feeding passage 6
when the said head is applied to the casing.
These valves which control the feeding and
exhaust of steam with respect to the piston,
are preterably operatrve automatically when
the valve 11 1s adjusted. In the present in-
stance I have shown valves, each of which

comprises a rotatable port controlling nem- |

gear or pinion 29 which

the piston

groove 36, the ports 38

47 adapted to control the ports 32 and 35
respectively, this member being fixed to a
supporting shaft 48, one end of which is
journaled in a bearing 49, the latter fitting

closely within the cylindrical valve chamber
50 and closing the rear end thereof. The

opposite end of the shaft 48 is rotatably
supported in a cage 51 which fits tightly
within the valve chamber 50 -but has suitable
steam passages 52 extending therethrough.
That end of the shaft 48 adjacent to the
cage 51, 1s provided with threads 53 of
considerable pitch, and codperating with the
threaded end of the shaft is a cap 54, the
outer end of which is closed, said cap hav-
Ing a pair of projections 55 which are slid-
able axially in slots 56 formed in the hub
of the cage 51. Upon the admission of
steam into the inlet end of the valve cham-

ber 50 through the port 89 or 41, as the case

may be, such steam acts upon the end of the
cap 94, pressing it to the right, in Fig. 7,
and as this cap is held from rotation but is
permitted to move longitudinally, the thread
connection between the cap and the shaft
will cause the latter to turn and thereby
shift the sides 46 and 47 of the valve mem-
ber 45 into the position shown in
whereby these sides will close the main ex-
haust port 32-and the supplemental exhaust
port 35, the ports 33 and 34, however, being
left open to receive steam. The companion
valve 1s of a duplicate construction but is re-
versed in 1its position, as shown in Fig. 8,
and each valve is provided with means
whereby the exhausting of steam from the
piston chamber will automatically shift the
valve so as to establish communication be-
tween the piston chamber and the exhaust
channel 3 by the opening of the exhaust
ports 32 and 35. In the present instance the
means for setting the valve in exhaust po-

‘sition consists of a collar 57 which is fixed to

propeller
being shown as

These blades have a helical

the shaft and carries one or more
blades 58, two of the blades
an example.

Fig. 7,

closed sides 46 and

70

.75

‘80

.
0

95.
100

103

110

pitch with respect to the shaft and the

steam exhausting from the piston chamber
through the ports 83 and 34 will 1mpinge
upon these blades and thereby turn the shaft
S0 as to set the valve member in a position
to uncover the ports 32 and 35.
rangement just described not-only sets the
valves 1n position to feed or exhaust steam

~with respect to the piston chamber, but when
steam 1s being exhausted from the piston
chamber a larger port area is provided by -
of the supplemental port

125

the uncovering |
35, which port, as shown in Fig. 7, is closed
during the admission of live steam into the
piston chamber.

115

The ar-

120

In order to minimize friction due to the
revolving of the piston abutments, I pro-

vide means for admitting steam between

130
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~ them and their respecfive seats whereby they

“are formed in the seat for each
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are substantially balanced or in equilibrium.
In the present instance recesses 59 and 60
piston abut-
ment, a centrally located rib 61 separating

or dividing the Tecesses, and a steam feed-
 ing passage 62 leads

| to each recess 60, these
steam feeding. passages 62 being exposed at
the outer side of the plate or disk 20, and
the casing head 7 is provided with a set of
ports 63 which are arranged toward the
center and are adapted to
full pressure to the said recesses through a
supplemental or branch steam feeding pas-
snge. 64, the ports 63 being connected by a
steam feeding channel 65 which has an inlet
66 which communicates with the steam feed-
ing passage 64. In a reversible turbine the

head 8 will be correspondingly ported to

receive steam from a branch passage leading
from the main steam feeding passage o,
whereby steam at full pressure may be in-

troduced into the recesses 09 and 1 both

cases the pressure of the steam acting upon
one side of the piston abutments to turn
them, will be balanced in so far as the fric-
tion is concerned; by the steam introduced
into the recess formed in the seat for the
abutment, a suitable steam-tight fit, how-
ever, being formed between each piston
abutment and its seat to prevent the escape
of steam introduced for balancing’purposes
into the piston chamber. ' |

By forming the ports 39 and 42 in the
disks or plates 20 and 40 of .a relatively
short circumferential length, it will be ob-
pressure 1s ad-
mitted only during a fraction of the move-
ment of each piston abutment through 1ts
respective compartment, and hence the
steam will be worked expansively. I pref-
erably . provide, however, a centrifugally
controlled governor for varying the point

" of cut off whereby a constant speed may be

45
50
55
60

65

easlly
governor in I'ig. 12, it consisting of a plate 67
which is dove-tailed or otherwise fitted into
the inner face of one or both of the plates or
disks 20 or 40 at the ends of the piston, one
of these governors being provided for each
steam feeding port, the plate being shidable
outwardly or toward the circumference of
the disk or plate, and its outer end is ar-
ranged to project into the steam feeding
port whereby the length of this port may

be increased or diminished. The plate. 67

is normally held inwardly under the yield-
ing action of a set of four tension springs
68 arranged in diamond form and located
in a chamber 68 within the disk, they
being attached at two corners to stationary
projections 69 upon the plate or disk, while
at the other corners they are attached to
projections 70 on the slidable plate. As the
speed of the piston increases, the increased

supply steam at

maintained. I have shown such a

1

088,653

centrifugal force acting upon the plate 67

will move it outwardly in opposition to the

action of the restraining springs, the length
of each port which feeds steam to the piston

being thereby diminished, and conversely,

“as the speed of the engine diminishes the

centrifugal force acting upon the plate 67
will diminish, the springs being then able
to draw the said plate inwardly and there-
by increase the length of each port through
which steam at full pressure is admitted to
the several compartments of the piston
chamber.
may also be varied by a second governor
plate 77. . |
By admitting the
piston chamber at one end of the piston and

‘simultaneously admitting the counterbal-

ancing fluid at the opposite end of the pis-
ton, the end thrust upon the piston 1s neu-
tralized. In order to admit the counterbal-

The point of admission of steam

‘actuatin-g fluid to the

70

79

80

ancing fluid to the right hand end of the
piston in Fig. 2, a branch feed passage 1.

Jeads from the valve 9 for the actuating
| _ 90
head -8, such latter passage leading to a set

fluid, to the passage 72 formed in the casing

of ports 78 which are arranged toward the
center of this head, such ports being
nected by an annular channel 74 and are

arranged to communicate at appropriate In-

tervals with a corresponding set of ports

75 which are formed in a disk 76 which 1s

appropriately counterbored to fit over the
gears 21, these ports 75 leading to the re-
cesses 59 in the respective abutment seats

of the piston. Filling pieces 78 are placed
between the gears and the disk 76, as shown.

What is claimed 1s: |

1. A rotary engine comprising '-_a, casing

provided with abutments and ports com-
municating with a piston chamber therein,
a piston revoluble therein and having ro-

con- .

95

100

105

tary ‘abutments seated therein, and means -
attached to and revoluble with the piston

for supplying motive fluid to the ports in
the casing leading to the .piston chamber
whereby
upon the piston abutments.

9. A rotary engine comprising a casing
having ports for admitting motive fluid to

‘a piston chamber therein and a piston rev-
ing ports

oluble within the casing and having
arranged to admit motive fluid to the ports

“in the casing and for cutting off said fluid.

and causing it to act expansively upon the
piston. -

3.- A rotary engine com_prisi'ng a 'cé,Sing

provided with stationary abutments: and
ports communicating directly with a piston.

chamber therein, a piston revoluble in the

casing and having recessed rotary abutments

110

such fluild may act expansively .

115

120

125

seated in its periphery, said recessed abut-

ments being arranged to roll within the cas-

ing and to bridge the stationary abutments

thereof, and means. carried by the piston

130
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for admitting motive fluid to said ports of |

the casing communicating with the piston
chamber whereby said fluid may act ex-
pansively on said abutments.

4. A rotary engine comprising a casing
provided with- stationary abutments and
ports therein communicating directly with
a piston chamber therein, a piston revolu-
ble in.said casing and having rotary abut-
ments seated therein, the peripheries of the
rotary abutments being adapted to roll with-
in the casing and having recessed portions
to bridge the stationary abutments, the walls

~of said recesses being coi}perative with the

stationary abutments to form a Mluid-tight
joint to prevent communication between
posite sides of each stationary abutment,
piston for
admitting motive fluid to said ports of the
casing communicating with the piston cham-
ber and for causing such fluid to act ex-
pansively on said abutments. |

9. A rotary engine comprising a casing,
a piston revoluble therein and having ro-
tary abutments seated in its periphery, means

for causing motive fluid fo act upon one

side of each abutment, and means for ad-

mitting fluid to the opposite side of each
abutment to counterbalance it.

6. A rotary engine comprising a casing,
a piston revoluble therein, seats formed in
the periphery of said piston and having

" fluid receiving recesses, rotary abutments
- mounted In said seats, means for admitting
on said abutments to.

drive the piston, and means for admitting
fluid to the recesses of said abutments to
counterbalance  the effect of the motive fluid
which acts to propel the piston. -
7. A reversible rotary engine comprising
a casing having a set of abutments, a pair of
controlling valves for each abutment, the
valves of each pair being arranged at op-
posite sides of the respective abutment, a
piston revoluble in the casing and carrying
rotary abutments, and means for admitting
motive fluid to the piston chamber through
one valve of each pair and exhausting fluid
from said chamber through the other valve
of each pair. o
‘8. A reversible rotary engine comprising a
casing provided with ported heads, the ports
of said heads having individual motive fluid
supply passages, a piston revoluble in the
casing and having ports for conducting

ports of one or, another of said heads and 2
reversing valve for controlling the flow of
steam under pressure to either of said heads.

9. A reversible rotary engine eomprising
a casing provided with a piston chamber

and stationary abutments, pairs of control-

ling valvés, one pair for each abutment, the
valves of each pair being arranged at “op-

matically adr itting and cutting off

op-

communicate, heads applied

piston chamber from the

>

_pos_ité sides of the respective abutment,

heads for the casing having ports, the ports:

of said heads having individual motive fQuid
supply passages, the valves being adapted to
communicate alternately with the ports in
the respective heads and a piston revoluble

65

70

In the casing and having means for auto-

the sup-

ply of motive fluid to the piston chamber -

through one set of valves. -

10. A reversible rotary engine comprising

a casing having stationary abutments with-
in its piston chamber, pairs of controlling
valves, the valves of_-eacﬁ pair being located
at opposite sides of an adjacent abutment,
the casing also having an exhaust passage
with which all of said valves are adapted to
to the casing
having ports adapted to communicate with
alternate valves and a piston revoluble in
the casing and having means for controlling
the admission of motive fluid
as communicate with the ports of one head.

11. A reversible rotary engine comprising
a casing having abutments, a pair of valves,
sald valves being located at opposite sides
of the abutment and having their inlets ar-
ranged toward opposite ends of the casing,
heads applied to the casing, each head hav-
Ing motive fluid receiving ports arranged
to communicate with the inlets of the re-
spective valves, the casing having an exhaust
passage constructed to receive exhausted mo-
tive fluid from the piston chamber through

79

80

85

to such valves

90

95

either valve and a piston revoluble in the -

casing, said valves being provided with

‘means whereby one valve will automatically

close its outlet to the exhaust passage and

100

the other will automatically establish com-

munication between the piston chamber and
the exhaust passage.

- 12. In a reversible rotary engine, the com-
bination of a casing having supply and ex-

haust passages and a piston chamber, and a

piston revoluble in - said chamber, a valve
fitted in the casing and embodying a rotary
valve member capable of establishing and
cutting off communication between the pis-
ton chamber and the exhaust passage, a cap
arran%ed to be actuated by motive fluid to
turn the valve member and cut off communi-

cation between the exhaust passage and the

piston chamber when the motive fluid flows
through the valve and into the piston cham-
ber, and also embodying means operative to
establish communication between the piston

105

110

116

120

chamber and exhaust passage when such .

fluid is exhausted from
through the valve.
13. A rotary engine comprising a casing
having a piston chamber and motive fluid
supply ports formed therein and leading to
the piston chamber and a piston revoluble

| In said casing and carrying a disk provided

the piston chamber

125
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‘ports in the casing.

with ports for automatically admitting and
cutting off the flow of motive fluid to said
. 14. A rotary engine comprising a casing
provided with a piston chamber and motive

fluid supply 1ports leading to said chamber,
u

a piston revoluble in the piston chamber and
carrying a notched disk for controlling the
supply of motive fluid to said ports and cen-

trifugally controlled means for varying the |

circumferential length of the notches in said
disk whereby the point of admission or cut
off may be varied and the speed of the en-
gine controlled.

15. A rotary engine comprising 2 casing |

rovided with a piston chamber and motive

uid supply ports leading thereto, a piston |

- revoluble in the chamber ind cartying a disk
having notches through which the motive

restrained plate

_— e

68,653

fluid 1s supplied to said ports and a spring-
movable toward and from
the periphery of said disk and capable of
varying
of the fluid-feeding notch.therein whereby

the point of cut off of the motive fimud may

be varied.

In testimony whereof I have hereunto set

the effective circumferential length

20

20

my hand in presence of two subscribing wit-

NEeSSES.

GEORGE H. GROSS.

Witnesses:
CLARENCE A. BATEMAN,

Cuas. S. HYER.
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