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To all whom it may concern:
Be it known that I, LINFORD ELLSWORTH

KROTZ, a citizen of the United. States, resid-

ing at Vlctm in the county of Teller a,nd State

of C‘olm ado, have invented certain new and |

useful Improvementb in Rotary Steam-En-

gines; and I do declare the following to be a-

full, clear, and exact description of the inven-
tlon such as will enable others skilled in the

art to which it %ppeltams to make and use
the same. '

This invention relates to lmptovementb in

rotary steam-engines, and has for its object

the production of an engine of this character
which will use steam e*cpanswel y in an effect-

ive manner, which embodies 1mpr0ved fea-
tures of construction capable of employment
1in a single or duplex high-pressure or com-
pound engine, and which is reversible and de-

signed to give both high power and speed.

The invention consmt.s in certain novel fea-'
tures of construction, combination, and ar-
rangement of parts,as will be heremafter more .
_fully described, and partwulmly pomted out
1in the a,ppended claims.
In the accompanying drawings, Flﬂ‘l"lle 1 ls"

~a side elevation of a robary engine embodymﬂ'
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‘myinvention. Hig.2isa ve‘rtieal longitudinal
section of thesameonline 22 of Fig. 4. HKig. 3

is a vertical transverse section of the same on-
- line33of Fig.2,showing the piston at theinter-
- mediate point in the revolution of the inner

—eccentric cylinder.

Fig. 4 1s a similar view
showing the piston at the starting-point at
which both the supply and exhaust of steam
are cut off. Fig. 5 isan enlarged detail longi-
tudinal sectional view through the piston-
chambers and inner eccentric cylinders on

line 5 5 of Fig. 3 looking toward the exhaust |

side. Kig. 61sa similar view looking toward
the inlet side. Iig. 7 isa vertical transverse
section on line 7 7 of Fig. 2. FKig. 3 1s an en-

larged detail longitudinalsection through the

governor - chamber, showing the governor

mechanism. Fig. 9is a perspective viewof a
piston-wing.,

Fig. 10is a longitudinal section
thereof. Fig. 11 is a detail view of parts of
the reversing mechanism. Figs. 12 and 13

are sections through the piston-wing casing,
showing the positions of the reversing-valves
“in the rotation of the piston in both direc-

.

' tions.

9, located adjacent to the head 8.

trolling - valve 16.

(No model.)

Fig. 14 is a detail pelspectwe view of

the inner adJustable head and flange, the lat-

ter being partly broken away to %how the ad-
Justable paltltlon therein. .
Referring now more particularly to the

55

drawings, the numerals 1 and 2 represent

standdrds or pillow - blocks, in which are

‘mounted stationary tubular journals 3 and 4,

on which the outerengine-cylinderor evolves
This eylinder comprises in its construction an
annular body 6, closed at each end hy heads

7 and 8, which are removably applied thereto,
and provided uponitsinterior, adjacent to the

head 7, with a fixed annular end wall or head
9, Loncaved upon its outer face toform anin-
tet vening space or chamber 10 between 1t and

‘said head 7 and formed upon its inner face
‘with an annular groove 11.
extends the outer edge of a cylindrical ﬁanﬂ'e
1 12, projecting from the inner face of a lonﬂ*l-

Into this groove

tudinally-adjustableannularend wall or head
The outer

face of this wall or head 9' is concaved to

form between it and the head 8 a space or

chamber 10’, corresponding: to the chamber

10. '"Thé_-_head 9" and its flange 12 fit steam-
tight within the cylinder and are adjustable

toward the head 9 by means of screws or other

‘suitable adjusting devices 13, working in the
head 8.
‘bular JOHI‘IIdl 4 and in open communication
therewith is a steam-chest 14, to which 1s con-

Connected to or formed upon the tu-

nected a steam-supply pipe 15 having a con-
The joumal 4 being in
communication with the steam-chest serves
as a conductor whereby live steam is con-
veyed to the engine,while the 30umal 3 serves
as an exhaust.

An adjustable annular partition 17 fits
steam-tight upon the interior of the cylin-

drical flange 12 and separates the interior of
‘the outer c¢ylinder 5 into high and low pres-

sure steam or piston chambers 18 and 19, in
which are disposed the high and low preqsule

‘inner cylinders 20 and Zl mounted upon a

60
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hollow shaft 22 ,extending throuc"h said steam- '

chambers and bhrouwh the dpeltllleS in the

heads or walls 9 and 9" and journaled at its
ends in boxings 23 and 24, formed or provided

upon the inner ends of the tubular journals

_3' and 4 and located in the said chambers 10

100
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within the boxing 24, with a restricted feed-
port 25 in communication with the journal 4

and through which steam is conducted to the

steam- cha,mbers 1819 in the manner herein-

- after described. An automatic cut-off valve

10

20

26, pivoted at its upper end, is adapted to
Swmg across and open and close the port and
may be adjusted to regulate the supply of

steam by means of a bell-crank lever 27, hav-
‘ing one of its arms connected by a link 28to
the valve anditsotherarm jointed tothe upper
end of an intermediately-pivoted vertical op-
A sliding rod 301is connect-

erating-lever 29.
ed at its inner end to said lever and extends

to the exterior through the tubular journal 4

and a stuffing-box 31 in the steam-chest 14
and is prowded at its outer end with an oper-
ating key or handle 32. By operating this

handle by pulling it outwardly or shoving it

inwardly the valve 26 may be thrown to elther

 side of the center of the shaft 22 to codperate

- with the valve: mech&msm

according to the
direction of motion of the piston-cy hnders

Fig. 7 shows. the position in which the valve
stands when the engine is rotating to the left.

- From this it will be seen that valve 26 will
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close port 25 at about a three-quarter revolu-
tion. The pistons being in the same position
as this port, no steam is admitted through
this port for the balance of the travel of the
pistons in the steam-chambers on that revo-
lution. Upon reversing the engine to rotate

to the right, with the valve i in the same posi-

tion, the port 25 will be closed on the first

quarter—revolutlon and open on.the last three-

quarters; hence the necessity for shifting

the valve over from one to the other 51de of-'
the port when the engine is reversed. .
,  The hollow shaft 22 is mounted. eecentrlc-*
~ally to the axis of the outer cylinder 5 and is
‘adjustably supported in bearings 33 in the
boxings 23 and 24, each of whwh bearings is

prov1ded with an ad311st1ntr—screw 35, and said

shaft is formed at one end with gear- teath 36, |

which mesh with teeth 37 upon the inner cir-

camference of the head or wall 9, whereby
said cylmdel is caused to rotate with the shaft.
The inner or piston cylinders 20 and 21 are
mounted adjustably and concentr icallyonthe |
shaft, and consequently eccentrie to the axis

of the outer cylinder 5, so that a portion of

the perimeter of each piston-ecylinder nor-
mally lies in contact with the inner ¢ircum-

ference of theouter cylinder. In the present

instance the parts are soarranged as to bring

each piston-cylinderinto coutact with the in-

terior surface of the outer cylinder at the

point @ along & line at the top of each and
in a vertical plane through their axes.

The interior of each inner or piston cylin-
der is divided by a partition 38, extending |

transversely of the shaft 22 into bupply and
exhaust chambers 39 and 40, and is p10v1ded
at one point with a radial plStOH casing 41,
extending through the parmtmn and ACTOSS

This shaf't ;is'prtwided at its inner end,

‘may be.
‘sockets and act to press the piston-wings out-

l
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qald chambers and from the hollow shaft 29
through the perimeter of the cylinder. In
this casing is slidably mounted a piston-wing

41*, formed with recesses 1in which are dis-

--'posed packing-strips 41°, forming a steam-
‘tight connection between the piston-wing and
inner surface of the outer cylinder 5 dnd said

wing and the walls of the casing 41. Each
piston-wing is held within its casing by keys
41¢, slidably fitted in sockets 419 therein and
formed at their outer ends with laterally-ex-
tending toes 0r bit portions 41°, which are
adapted to play in openings in the ends of the
wing and to fit within and traverse grooves

411, formed in the head 9 and paltltlon 17 or

the head 9" and said partition, as the case
Springs 418 are disposed within the

wardly to hold the outer edge thereof at all

cyllnder 5. The side walls of the piston-cas-
ing are provided in the sapply. and exhaust
chambers 39 and 40 of each inner or piston

t{ eylinder 20 and 21 w‘i_th-_dhplieate supply and
1-exhaust ports 42 42'43 43', which are located
| at the outer end of the casing and codperate
with feed grooves or recesses 44 44' 45 45', ar-
-rauged in the opposite sides of the plston-

wing, the grooves 44 44’ ecoacting with one set

of supply and exhaust ports 19 42 and the
grooves 45 45’ with the other set of supply and

exhaust ports 43 43'. Steam is supplied to
the chambers 18 and 19 thr ough supply-ports

46 47 and exhausts thelefrom through com-
panion exhaust-ports 46 47" in the hollow
shatt 22.
|-at dla,metneally opposite sides of the shaft,
~and thé ports of each sét are separated by
| partitions or diaphragms 48 and 49, the sup-
Pply- port 46 being separated from the exhaust-
port 46’ by the partltlon or diaphragm 48 and
‘the supply-ports 47 from the exhaust-ports
47 by the partition or diaphragm 49..

Thege ports are arranged in pairs

The piston-cylinders in the compound en-

-gine herein shown are formed or keyed upon

the shaft 22 and rotate at the same speed and

in the same direction and are necessarily of
different relative areas to secure approxi- .

mately equal pressure. I have shown this
form of engine as best adapted to illustrate

‘the construetlon and principle of operation
of my invention; but it will of course be un-

derstood that the same may be embodied in
a single or duplex high-pressire engine by
chan oes in the construction falling wwhm the
spirit and scope of the invention. In the sin-
gle form of engine the piston-cylinder 20 and
coOperating parts would alone be employed;

| but the conbtructlon of the cylinder would be
| substa,ntmlly the same.

In the duplex high-

pressure engine piston-cylinders of approxi-
‘mately the same area would be employed and
arranged at diametrically opposite points, so
| as to secure the direct pressure of steam
throughout each entire revolution, and the
censtruetlon of the hollow shatt and outel cyl-

70
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‘times in contact with the inner surface of the -
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inder would be approximately the same as in |
the present case. Idonottherefore desire to
limit the invention to the specific construc-
tion and arrangement of parts herein shown
5 for purposes of illustration only, as the fore-
going and other changes may be made with-
~out departing from the spirit of the invention.
Theengineis provided with reversing mech-
anism and with governor mechanism. The

1o reversing mechanism is arrangedin duplicate

in each eylmdel and each set comprises in
its construction two pairs of slide-valves 50
51 50" 51'.

42 43 in one side of the valve-casing 41, but

15 on opposite sides of the partition 17, the valve

50 being disposed in the supply-chamber 18
and the valve 51 in the exhaust-chamber 19,
These valves are connecled by a stem or rod
52, extending ‘through said partition 33, to

20 move in unison and to-alternately open and

- close the ports 42 43, the valves being so ar-

ranged that when the valve 50 uncovers the
port 42 the valve 51 covers the port 43, as
- shown in Fig. 6, and vice versa. The valve‘s

25 50" 51', on the other hand, control the ports
42" 43 in the opposite side of the valve-casing |

41and on oppositesidesof said partition 383and
~are connected by a stem or rod 53, extending
through the partition, so as to a,ltemdtely

30 close the ports 42’ 43', the movement of the
valves in one dne(,tlon closing the port 42' |
and opening the port 43, as shown in Fig. 5,

~and in the reverse dnectlon opening b&ld
port 42" and closing said port 43'. The ports

! ' 35 42 42" coact with each other to-form supply
| and exhaust ports when the engine is run-.

~ ning in one direction, while’ the ports 43 43’
mmﬂarl" coact when the engine is running
in the reverse direction.

partition 17, as shown in Fig. 12. Thus it
‘will be understood that the valves ‘50 50’ and
,51 51" are companion valves and simultane-
ously open or close the ports governed there-

435 by. The two pairs or sets of valves of each
cylinder are operated through the medium of |
“pivoted levers 54 and 53, which are mounted

to swing in a direction lonﬂ'ltudma]ly of the
hollow sha,ft 22 and are connected at their

ro outer ends to one of the valves of each set

~and provided at their inner ends with pivoted
or knuekle - jointed shifting lugs 56 and 57,
which project through the p@r'_t.s 16 46' or 47
47', as the case may be in the hollow shaft 22

_55 dlld are bifurcated to sbmddle disks 53 and

59 upon a rod 60, extending longitudinally
through said %haft As will be readily under-
stood, the lugb 56 and 57 project through the
ports 46 46' and ports 47 47" at dmmetneall;

6 opposite sides of the shaft and are simultane-

- ously operated by the movement of the rod.

The lugs 56 and 57 loosely engage the disks
53 and 59, so as to turn freely about the
same when the engine is running. The rod

65 60 slides 10nwltudmdlly in boxes in the shaft

The valves 50 51 control the ports.

These ports are di-
40 agonally dmpo&ed on - oppomte sides of the

outer cylinder.

42"
18 deslred to have the enu'me rotate 1n the 19-

3

exterior through the latter. The outer end of
the rod 1s pwotallv connected to the upper
end of a lever 61, fulerumed to the standard

1,whichis eonnected to an operating-lever 62
throun'h the medium of a connecting-rod 63,
extendmﬂ' through the standards 1 and 2 be-
low the engine- eylmders This operating-le-

ver 18 pivoted to a segment-rack 64 upon the
steam-chest 14 and is provided with a pawl

to engage the teeth of the rack to hold the
parts “fixedin adjusted position. The opera-
tion of this mechanism will be clear fr om the

foregoing description.

The governor mechanism is clearly shown
in Figs. 7 and 8 and is mounted in a cham-
bered extension of the boxing 24 and com-
prises a vertically-sliding rod 65, connected
at its upper end to a ball-governor 66 and at
its lower end to a link 67, which is jointed
thereto and to the valve 26. A bevel-gear 63

is carried by the governor and meshes with

a pmlon 69 on one end of a counter-shaft 70,
which is provided at its opposite end with a
spur-gear 71, meshing with a gear-ring or an-

nulus 72 on the inner suﬁle of the head 8 of the |
The rod 65 slides up and

70

75

80

90

down as the balls of the governor mmove in and

‘out and operate the valve 26 in an obvious

manner to eontml the passage of steam to the

port 2.

The opemtlon of the engine is as followu
The reversing mechanlsm is operated to set
the 1eversmtr-valves to control the passage of
steam accor dmu' to the direction in which 1t
is desired to have the engine rotate. When
it is desired to have the engine rotate in the

direction of  the arrow ghowu in Figs. 3 and

4, or to the left the reversing meehamsm 1S

opela,ted to eause the valves 50 50’ 51 51’ to

close the ports 43 43" and open the ports 42
as shown in Fig. 12. When, however, it

verse direction. or to the rwhh the valves are

| reversed from the position stated to close the
por ts 42 42"and open the pmts 4343', asshown
Now assuming that the valves

the

in Fig. 13.
are qet in the former position to rotate
engine to the left and the piston-wing is In
the position shown in Fig. 3, steam is ddmltted
to the supply-chamber 39 of the high-pressure
piston-eylinder 20 through the ports 46 and
fills said ¢hamber. It then flows outwardly

95

100

105

[1O

(1§

through the port 42" in the piston- -casing 41

and feed -groove 44" in the piston nto the

high-pressure chamber 18 of the outer ¢ylin-
der 5 and fills the space a' behind the piston
and between the same and contacting portion

a of the two ceylinders 5 and 20, and thereby

exerts pressure on the piston, forcing the
same upwardly and around to the left and ro-
tating the cylinder 20 and also the cylinder

D thrmwh the meshing gear-teeth thereof in

the same direction. As the piston-cylinder
continues to revolve and thedistance between
it and the wall of the cylinder 5 decreases the

120

Izs

_130 |

22 and hollow Jonrna,l 3 and extends to the | piston-wingisgraduallyforcedinward against
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the tension of its springs, cutting off the flow
of steam, and the cylinder revolves by mo-
mentum past the contacting point a.. On

moving past this point the piston is again

gradually forced out, and the steam confined

in the chamber 18 pas&e% through the port 42
and feed-passage 44 into the chamber 40 on
the exhaust side of the inner drum or eylin-

“der and thence exhausts through the port 46’

into the hollow shaft 22. From this point the
steam then passesinto the low-pressure cham-

“ber 19 and takes the same course throu cgh the

20

N

wut

ports and feed-passages thereof asin the case
of the high-pressure cylinder and finally ex-
hausts throu gh the port 47’ to the hollow shaft

and from thence through the tubular journal

3 to the atmosphere. Thus both the impact

~and expansive force of the steam is ntilized.
- During the exhaust through the port 42 and.
feed-passage 44 the steam is admitted behind |

the piston through the port 42’ and feed-pas-
sage 44', whereby a continuous supply and ex-
haust of steam oceurs.

in the reverse direction, or to the right, it will

'be clear from the fmeo'omg description that
steam enters throungh the ports 43 and feed-

. passages 45 and exhausts through the portg
-~ and passages 43’ and 45'.

30

: "40.';

~While the engine is primarily lntended for

‘use with steam as the impelling agent, com-

pressed air, gas, or other expansive fluids
may be efficiently employed. Power may be
derived from the engine for driving machin-

~ery of any desired Kind by means of a belt !
: passed around the eylinder 5 or sleeve 5% or
through the medium of suitable gearing.

- Having thus fully described my invention,

what I GL‘:L]II] and deswe to secure by Lettersl

P&tent 1S-—

1. A rotary engme compmsmw an outer ro--

tary eylinder, an inner rotary cylinder pro-

vided with supply and exhaust chambers and
+ -ports communicating with said chambers, a
~ hollow shaft carrying said inner cylinder and

45

having supply and exhaust ports communi-
cating. ~ther ewith, and a piston carried by said

~ ~inner eylmdel and controlling the passage of

59

steam through the ports Lherem substa,n-

| bmlly as set forth

2. A rotary engine compmsmw inner and

‘outer rotating oylmders a piston carried by
the inner 'cylinder, a hollow shaft carrying
| the inner ¢ylinder, and reversing mechanism

- having operating means extending through

55

sald shaft, subsbantmlly as set forth.
3. Ina rotary engine, the combination of an

o inclosing cylinder provided at one end with a
- stationary internal-head, a movable internal

'-'60

head having a eylmdrleal extension engaging

the fixed head and forming therewith a piston-
chamber, means for adjusting said movable

head and extension, and a piston rotatably

mounted in said plston chamber, substan-

tially as set forth.
4, In arotaryengine, the (,ombmamon of an

. -melosmg cylmder removable heads closing

In driving the engine

i
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the ends of the cylinder, a stationary 1n-
‘ternal head near one end of the cylinder, a
‘movable internal head near the opposite end

of the cylinder and provided with a cylin-
drical flange or extension slidably engaging
said stationary head and forming therewith
a piston-chamber, adjusting devices upon the

adjacent removable head of the eylinder for

adjusting said movable internal head and ex-
tension, and a piston rotatably mounted in
said plston chamber, substa,nmally as set
forth.

5. In arotary engine, the combmat.lon of a

rotary outer inclosing cylinder, a rotary ec-

centric internal cylinder having supply and
exhaust chambers, a hollow shaft having sup-
ply and exhaust ports communicating with
said chambers, and supporting said internal
cylinder, and a piston controlling the passage
of steam through said ports and chambers of

the inner cylinder, substantlally as set forth.

6. In a rotary engine, the combination of a
rotary outer mdoemg cylinder, a rotary ec-
centric internal cylinder having a partition
forming supply and exhaust chambers and a
piston-wing casing provided with communi-
cating ports, a ,hollow feed-shaft supporting

_said_intemal cylinder and havingsupplyand

exhaust ports communicating therewith, and
a piston-wing mounted in said casing and

| having feed - grooves eooperatmﬂ' wwh the
.ports substantially as set forth. -

7. In a rotary engine, the combination of a:
_rotary outer inclosing cylinder, a rotary ec-

centric internal cylinder havmﬂ' a partition
forming Supply and exhaust ehambers and a,

‘piston-wing easing provided with communi-
cating ports, reversing-valves governing said

ports, a hollow feed-shaft supporting said in-
ternal cylinder and having supply and ex-
haust ports communicating therewith, and a
piston-wing mounted in said casing and hav-

‘Ing feed-grooves coodperating with the ports,

and mechanism for operating said reversmg—
valves, substautlally as set forth.
8. In a rotary engine, the combination of a

rotating outer inclosing eylinder having high-
and Iow. pressure chambers, high and low

pressure eccentric rotating internal cylinders

mounted in said chambers and provided with

supply and exhaust chambers and porbs com-

municating therebetween, piston- wings car-

ried by the inner cyhnders and governing the
feed of Steam through said ports and a hol-
low feed-shaft carrying the inner eylinders
and having independent sets of supply and

-exhaust ports communicating with the cham-

bers thereof, substantially as set forth.
9. Inarotary engine, the combination of an

outer inclosing rotating eylinder, an inner ec-
centric rotating cylinder having supply and
exhaust chambers and a piston-casing pro-
vided with ports communicating therembh

reversing-valves controlling said ports, a pis-
ton having feed-grooves, a hollow shaft hav-
ing ports, pivoted levers for operating the
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valves, a rod extending through the shaft,
and carrying disks, pivoted lugs on the le-
vers loosely straddling the disks, and operat-
ing means connected to the rod, substantially
as set forth. |
- 10. In a rotary engine, an outer rotating
cylinder, an innerrotating cylinder, a hollow
feed-shaft, and a piston carried by the inner
- ¢ylinder and controlling the supply and ex-

{

| haust of steam to and from said outer cylin- 10

der, substantially as set forth.

In testimony whereof I have hereunto set
my hand in presence of two subseribing wit-
nesses.

LINFORD ELLSWORTH KROTZ.

Witnesses:
" ROBERT SCHINDLER,
ANNA FRECKER.
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