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To all whom it may concer:

. Be it known that I, FREDERICK A. SMALL, a

citizen of the Umted States, residing at Llue
Island, in the county of Cook and State of

: Ilhnms have invented a new and useful Im- |

provem entin Rotary Steam-Engines, of Whl@h

- the following is a spemﬁcatlon

- 20

direction of the arrows.

The obJeet of my invention is to prowde a
rotary steam-engine which shall be easily and

reliably operatwe by the expansive force of
~ steam without undue consumption of the

steam for the amount of work done and which

shall be reversible to adapt it to be worked in

either direction of rotation.
My i improvementisillustr atedin the aceoms-

panying drawings, in which—

Figure 1 is a view in sectional side eleva-
tion of my improved rotary engine, the sec-

tion bemﬂ' taken at the line 1 on Fig. 2 and

viewed in the direction of the arrow. Iigs. 2

and 3 are sections taken, respectively, on the

lines 2 2 and 3 3 of Fig. 1 and viewed in the

tional view of the steam zmd exhaust chest,
the section being taken on the line 4 of Fig. 5
and viewed in the direction of the arrow. I‘w*

5 18 a section taken on the lrleﬂ'ulur line 5 5

 of Fig. 4 and viewed in the direction of the

. arrows.
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- dir ectmn of the arrows.
35

.40

Fig. 6 is a view in elevation of the

steam—chest Flo* 7 is a section taken on the

line 7 of Ifig. 6 and viewed in the direction of

the arrow. TFig. 8 is a section taken on the
irregular line 8 8 of Fig. 4 and viewed in the
Fig. 9 1s a perspec-
tive view of a detail. Fig. 10 is a broken sec-
tional view showing a modlﬁcatlou in a de-
tail of eonstructwn | -

A is an annular.disk or wheel formed, pref—
erably, in two sections r and g, fastened flat-
wise together. The disk A containsa steam-
expansion chamber B, extending inward from
near its inner periphery and encireling the
Jatter and which is most readily formed by
grooving out each section on its inner side

near its inner periphery to form a recess of

semicircular shape in. eross-section, where-
by when the two sections are adjusted to-
gether the semicircular grooves will coincide
and form the circumferential chamber. The
chamber B is provided circumferentially with

- ing the inner periphery of the annular disk,)

Ifig. 4 is a cross-sec-

] a,nd this slot is mdened to form ports o and -
o', shown as two in number and diametrically

0pp051te each other, though they may be dif-

ferently disposed 1ela,t1vely :-md more than.

two in number.

- C and C’ are steam-chambers formed ra-
dially in the body of the disk A to correspond
with the ports ¢ and ¢’, thus being diametri-
cally opposite each other. In the respectwe
chambers are piston-heads n and 2’ on rods
m and m’, extending toward the chamber B
and carr yuw at their inner ends valves D and
D’, adapted by their form when brought to
the inner ends of their play to fit the cham-

ber B-transversely, and thus effectually close
Steam-

and obstruct the passage through it.
duets [ and !’ lead through the disk A from
(outside of) one side of the expansion-cham-

ber B, respectively, into the outer ends of the

chambels C and C’ or into them at least be-
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yond the outward limits of play of the piston-

ery of the d1sk, and similar ducts & and %’

heads therein, and open at the inner periph-

75

lead from the opposite side of the chamber

at or near the inward limits of play of the
piston-heads.

E is the steam and exhaust chest, which is
stationary, and forms with its suppmt here-
1inafter described, the axis about which the
disk Aisrotated. As shown, it has the form

of a short holiow cylinder, thus conforming

to the annular opening in the disk A, whmh
it fits. The cylinder E is formed with a pref-
erably-angular central chamber E’, Fig. 4, ex-
tending 10119'11311(1111&1137 through it from one
end to the other in a vertical partition 2, di-
vided longitudinally by the chamber E’, and
near one end of the chamber E’ is a t1_ans-
verse diaphragm ¢’, forming a separate com-
partment at one end thereof, divided by the
partition 7 into two chambers i /i/. Theends
of the cylinder are closed, as represented,
around the longitudinal angular chamber E’,
which, as will e seen, with the partition 2
divides the cylinder E lonmtudmaHy into two
separate chambers g and f, either of which
may be for steam and the other for exhaust,

B, respectively, into the chambers C and C'

30
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the first-named being provided in ifs perlph- |
ery with a port g’ an_d the other with a port
7', both of which are so disposed that in the
rotation of the disk A they will be passed
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communicates with the chamber f
diagonally-disposed duct e, Fig.

483,726

over by the ports 0 and o, leading to the ex-
pansion - chamber B. The . end chambel h
through a

S, and the
end chamber /i commumca.tes W 1th the cham-

ber g-by a similarly-disposed duct ¢’, Fig. 5,

the ducts beingformed through the dlapln agm
v’ near its center
- F is an abutment in the expa,nalon -cham-

ber B. Asshown, it involves the construction

I prefer for it of a head d, pivotally supported

between its ends on a rlﬂ*ld bracket d? ex-

tending into the chamber B from the per 1ph-
ery of the_bylmder I, and at each end of the
head d I fasten between washers, as repre-

sented In Fig. 1, a metal expansion-ring d’,
{or more than one such ring,) mvolvuw the
_uqaal construction of a dlaﬂ'onally tht ring

| and which is adapted to maintain its decslred

20

snug fit in the chambel B, even with increase

in its diameter by wear. To preventthe valves |
D and D’ from striking against the abutment

- 'F, say particularly When the disk A is being
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- band

turned around by hand to bring par ts of the
machine into desired Juxtapom:mn or af any

time when there is no steam on for operating
the valves in the manner hereinafter de-

seribed, and generally as a. precautionary |

means for protecting the valves against strik-
1ng the abutment, 1 provide the cam-guides ¢

at opposite ends of the abutment, employing.
as a means for their application a narrow |
ring ¢’, filling the slot p, and from the periph-

ery -of which the cams project, as shown, into
the chamber B, the ring surrounding the cyl-
mder E, and being severed, as shown at x in
Fig. 9, to abut at its severed ends against op-
posite sides of the bracket d-*.

|

-
]

In the exterior surface of the cylinder E, I |

form circumferentially thereof a recess b’ to
receive a band b, (which the ring ¢’ lmmedi-
ately caml(;)ul:lds;.) having openings o and o’ m
it to coincide, respectwely, with the ports g’
and 7’ in the cylinder E, the said openings
being so arranged 1e1a,twely that when one
completely covers one of said ports the other
extends only part way over the other port,
thereby to afford the full dimensions of the
exhausting-port for the exhaust anud to reduce
the ingress-port for the steam to afford a com-
par &twely small area for the supply-opening.
The band 0 is applied to the steam and ex-
haust chest to adapt it to be shifted to regu-
late automatically the ports for the purpose
described by providing to that end an abut-
ment 0% (see Fig. 7,) which entfers a counter-
sink or chamber 535 wider or longer than the
sald abutment and which is flanked by the
ports of duects O and 0°, communicating, re-
spectively, with the chambers % and 7’ in the
cylinder E. To permit the shifting of the

rounds the bracket d? is made aeeordingly
large, as Indicated in Fig. 1. The ring ¢’ fits
closely the mreumferentlal slot p in the base

b,the opening 6% in it, at which it sur-

entrance of steam into the chamber at pomts
otlier than the steam-inlet port.

. G is the stationary supporting-shaft for the
cylinder E. It is angular, as shown, where 1t

iscontainedin the cylinder within the angular

chamber E’, circular where it passes through
the héads H H,which are secured to opposite

sides of the wheel A to revolve with if, and -

to that end may, as represented in Fig. 2, sup-
port the disk on the rounded portions of the

75

shaft G, and again angular toward its oppo-

site ends where 1t 1s suppmtsd in angular
bearings fon standards I. Thus, as w i1l be
seen, the axis of the disk A, and which in-
cludes the cylinder I, is stationary, and it

80

may also suppmb the disk to be revolved

around its-saild axis.
however, not to support the disk on the shaft
&, but to provide a separate support for it,
which may be a forded by the eonbtruemon
illustrated in Fig. 10, wherein only one end of
the machine is shown because.the other end
is intended to 1nv01ve the same construction
and need not, therefore, be represenned In

that figure the bearing f on the upper end of

the standald I 1s cmcular to receive the exter-
nally-circular hub « of the head H, the hub

Itis deemed preferable,

QcC

closely fitting its bearing snd having the open- _

ing through 1t of larger d‘ ameter than the
pmtlon of the shaft G which passes through
it, and the square end of the shaft is sup-
ported in a bearing #' in a branch I’, extend-

ing from the St&ndard 1. The bhafL G also

eonta.-ns the ducts v and ¢/, leading into it

95
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from opposite ends toward its lonbltudma,l -

center, whence they are directed, respectively,

to openings w and 1’ in Oppomte sides of the

angular chamber E’, and which lead, respect-
welV? into the ehambels qgand 1.

The operation is as follows: Steam fromn the
supply (not shown) is admitted into the duct
v or the duet v’ to cause it to enter the cham-
ber g or the chamber f, depending on the di-

rection desired for the rotation of the wheel

A. Whenitisadmitted into one of the cham-
bers g or f, the other forms the exhaust-cham-
ber. For the purpose of the following ex-
planation of the operation of my 1mpr0ved
engine the rotation of the disk A may e re-
n‘mded as being in the direction in which it
Would be duven by steam admitted to the
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chamber g. Then by such admission the ini-

tial work of the steam will be to enter through
the duet ! the ehamber C and force the plStOll
n inward, thereby causing the valve D to en-
ter and close the passage throu'D‘h the expan-
sion-chamber I3, and it will also be to enter Lhe

120

end chamber A’ through the diagonal duct e’,

and thence gain access throurrh the duct /&’
to the chamber C’atthe inner side of the pis-
ton n” therein, thereby forcing that plﬁton fo

the valve D’ is withheld from obstructing the
chamber B. In the initial operation the rela-
tive positions of parts ane such as to cause

125

‘and holding it at its outer pos;l‘fmn ““fﬂeleny A

I30

of the steam- expanglon cha,mbel B topreclude | the ports o and ¢’ and o and f’/ to commde, |




_the port f

-the abutment 6% or.

-~ as“s,-me* -

_.theports g’ and o thedisk-chamber B, wheremf
it expands against the abutment F and valve )
D, and through the medium of the latter
causes rotary movement of the disk A, which
. In rotating moves its port o past the port ¢’,

- thereby. shuttmn‘ off the supply of steam to

15
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- outer side of the piston n and that at the in-
- ner side of the piston n’ to exhaust by bring-:
ing the duet [ to the exhaust-chamber f and;
' the duet &’ to the end chamber ki, which com-

10

the chamber B. The expansive force of the
steam turns the disk A around until its port
o reaches the port // in the exhaust-chamber

- J ot the eylmder E, into which the expanded

‘steam exhausts, fmd it also brings the duct !
to the steam-supply chamber ¢, the duct £"

to the end chamber %/, into which steam is

R admltted as aforesaid, throun*h the dlagonal
- duet ¢, thel eby foremw the plston n’ inward
and the piston n Gutward the movement hav-

ing, furthermore, permltted the steam at the

municates with the said exhaust-chamber
through the diagonal duct e. Such rotation
of the disk A likewise brings its port o’ into

- coincldence with the steam-inlet port ¢’ in

35

the chamber g of the cylinder E, thereby
again admitting steam into the expansion-
cha,mber B to expa,nd against the valve D',
then obstruecting the passage, and through the

- medium of the last-named valve eontmumﬂ'

L the rotation.

___40

.. . It willthusbe seen that the con-
tinued rotation of the disk is produced in the
manner already desecribed-—namely, by ad-
mitting steam to the chamber B successively

- through the ports 0 and 0" as they are brought

45

In succession to the steam-inlet port to cause
the steam to expand in that order against the
valves D and D’, which are simultaneously
reciprocated in the directions necessary to
cause one to close the expansion-chamber
while the other opens it, and by exhausting
the steam from behind one valve while fresh
steam 18 being admitted behind the other. By
using the chamber f as the steam-chamber
and the chamber g

- of rotation of the wheel A will be reversed.

55

While I have described and hereinafter

~eclaim my improved engine as operated by

steam, I intend its use with any other fluid as
the motive power, as gas, to beincluded within

 the spirit of my invention.

60

What I claim as new, and desire to secure

by Letters Patent, is—

1. A rotary steam-engine comprising, in

combination, a non-rotary cylinder divided

- internally into at least four chambers having

ports, one of each pair of said chambers form-:
ing a steam-chamber and the other an ex- |

for exhaust the direction

;r‘reSpectwely A further éffect of the. afore» spectively on different sides in the hollow
said steam admission is to cause it to enter.
‘the duct ?* (see Fig. 7) and operate against’
piston .on the band b to. |
~shift the latter in the direction to bring a,nd;
‘hold the opening -« part way over the port g’
~and the opening a’ entirely coincident with
The steam also enters through

axis and intercommunicating and the ex-
haust-chambers being similarly disposed and

it and containing an inner péripheral stéam-
expansion chamber provided with ports to
communicate with a pair ot the said steam

- I
;::' 2
M

7Q

intercommunicating, a rotary wheelsupported
independently of the said eylinder to surrou nd

73

and exhaust chambers in the cylinder, valves

supported to work in chambers on the wheel:

containing pistons and communicating from

opposite sides of the pistons, resl:)ectwely, with
the members of the said other pair of steam
and exhaust chambers in the hollow axis,

8o

and a stationary abutment in the said expan-:: '

sion - chamber supported from the cylmdel,
substantially as described. |
2. In arotary steam-engine having a wheel

and a non-rotary eylinder about which the
wheelissupported torotate and through which - -

the steam for driving the wheel is dlrected to

expand againstit, a steam-expansion chamber

sumoundmw the inner periphery of the wheel
and hawnﬂ' a circumferential slot—opemng, a

Q0

stationary “abutment inside the said expan-:

sion-chamber, and a ring-section surrounding

the cylinder and extendmn' into the said slot-

opening, snbstantmlly as &nd for the purnose-

set forth.

935

3. Ina rotary steam-en oine, thecombmatlon o

of a non-rotary cylinder divided internally

into chambers having ports, ducts leading to

the said chambers, an annular wheel sup-
ported to surround and be rotated about the
cylinder and containing a steam-expansion
chamber surrounding its inner periphery and
having ports, valves for the expansion-cham-

ber, a stationary abutment supported from

the eylinder in the expansion-chamber, and
means, substantlally as deseribed, for closing
the'said expansion-chamber to a steam-supply
port immediately after its port has passed the
latter, thereby utilizing the expansive force

of the steam in drwmﬂ- the wheel, substan-

tially as set forth.
4, In a rotary steam-engine, the combina-

tion of a non-rotary cylinder E, divided 1nter-
nally into chambers ¢ and 71, h&vmn‘ ports g’
and 7/, a dlaphraﬂ‘m v/, forming end cham-
bers i and A’ in the cyhnder communicat-
ing, 1espectwely, with the chambers f and g,

ducts v and 2/, an annular wheel A, supported

to surround and be rotated about the cylin-
der and containing a steam-expansion cham-
ber B, surroundmw 1ts inner periphery and

-havmfr ports o and o', chambers C and C’,

formed radially in the ‘wheel and conta,mmg
piston-heads n and n/, having valves D and
D’ connected with them, ducts % and %', lead-
ing into the said piston-chambers near the in-

ner ends of the play of the plston-hea,ds from

the plane of the chambers & and A, and a
stationary abutment F, supported from the

cylinder in the expansion-chamber, substan-

tially as described.
6. In a rotary steam-engine, the combina-

haust-chamber, the steam-chambers being re- | tion of a non- rotary eylinder E, divided 1in-

ICO
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IIo

I15

120

125

130
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R 'ternally into chambers
g’ and 1, a dla,phragm ?, , forming end cham-
- bers A and *’in the eyhnder commumcatmtr-
... through the diagonal ducts ¢ and ¢’ respect-_
5 fwely, with the chambers fandg, ducts v and
- v, leading to the chambers ¢ and £, an annu-
SRR lar wheel A, supported tosurround and be ro-

~ tated about the cylinder and containing a

-~ steam-expansion chamber B, surrounding lts'
0 I0

- Inder near one end, ducts £ and %’, leading
. 1into the piston- chambers near the inner ends
- of the play of the piston-heads from the plane
20
- abutment F, supported flOI]l the cylinder in |
- the expansion-chamber, substantially as de-f

. .-scrlbed o
6. In a rotary steam-engine, the combma-;
‘tion of a non- -rotary cylinder divided mter-i

o 2 5
- nallyinto chambels and having ports ¢’ and

__..:30

‘1nner periphery and havmn' ports ¢ and o', |
chambers C and C’, formed radially
. wheel and contalumg piston-heads n and n/,
~having valves D and D’ connected with them, |-
ducts 7 and I’, leading into the said
~chamber near the outerend of the play of the

. - piston-head and communicating with the cyl- | the cylmdel and provided with the steam-

| expanison chamber B, of the- r601procat1ntr=-~~--

of the chambers 2 and A/, and a stationary

~ f’, duets v and v, leading to the chambers, a

shifting band b, ha,vmﬂ' openings and sur- .
| roundlnﬂ' the eylmdel and provided with an
abutment b? extending into a chamber b®in |

and f; havmﬂ' ports

piston- |

488,726

| the outer side of the eylmdez ducts 6% and b4,
leading into the chamber b° at opposite sxdes
of thesaid abutmentand communicating with -

the chambers in the cylinder and an annular
wheel A, supported. fo surround and be ro-
tated about the cylinder, a steam-expansion
| chamber B in the wheel, surrounding the in-
ner periphery thereof &nd having portsoand

t 0/, valves D and D’ for the expa.nswn-cham-f RERRES
b }ber and a stationary abutment F, supported
in t e= |

35

| from the ¢ylinder in the expansmn chamber o
-substantlally as described. -

7. In a rotary steam-engine, the combma-' '

FREDERICK A, SMALL

I“—Presenceof—-:_:__.-.____
J. W. DYRENFORTH
M. J. FrostT. =

_ _tlon with the non-rotary eylinder K, wheel A,
| suppmted to surround and be rotated about 45

| valves D and D’ in the wheel, a stationary
abutment ¥, supported in the expanswn- o
| chamber from the cylinder, a ring ¢/, loosely 50

surrounding the cylmder K and formmg the
closure for the expansion-chamber B, and
| cam-guides ¢ on the ring at opposite ends of
the abutment substautlally as and for the
purpose set: forth o
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