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No. 751,584,

UNITED STATES

Patented February 9, 1904.

PAaTENT OFFICE.

FRANK J. WATERS, OF PROVIDENCE, RHODE ISLAND, ASSIGNOR OF TWO-
THIRDS TO WILLIS A. DREW, FRANK E. FARNHAM, ARTHUR C. FARN-
HAM, AND ALFRED HARRISON, OF PROVIDENCE, RHODE ISLAND, JAMES
GEE, OF CRANSTON, RHODE ISLAND, AND HENRY J. PAGE, OF WAR-

WICK, RHODE ISLAND.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Patent No., 751,584, dated February 9, 1904.
Application filed November 7, 1903, Serial No. 180,210, (No model.)

o all whom 7t muay coneermn:

Be it knownthat I, Fraxx J. WATERS, a citi-
zen of the United States, residing at Provi-
dence, inthe county of Providence and State of
Rhode Island, have invented certain new and
useful Improvements in Rotary Steam - KEn-
oines, of which thefollowing isa specification,

reference being had therein tothe accompany-

ing drawings.

Like numerals indicate like parts.

Figure 1 is a central longitudinal section of
a steam rotary engine provided with my in-
vention. Fig. 2 is a sectional view of the
same as seen on line ¢ ¢ of Fig. 1. Fig. 81is
a plan view of the bottom of the cylinder and
of the keeper constituting a part of my inven-
tion as seen on line 6 /) of Kig. 2. Figo. 4 1s
an end elevation of said keeper. Fig. 51is a
side elevation of the same. Fig. 6isa central
longitudinal section of one of the detachable
sides of the piston-hub constituting a part ot
my invention. Fig. 7 is a sectional view of
the same as seen on line ¢ ¢ of Fig. 6. Fig.
8 is an end elevation of thesame. Fig. 91sa
vertical longitudinal section of the piston-hub
and shaft. Fig. 10 1s an end elevation of the
same. Fig. 11 1s a sectional view of the same
as seen on lined ¢ of Fig. 9. Fie. 12 is a per-
spective view of one of the slotted pieces or

bearings used in connection with the piston-

hub. Fig. 13 1s a perspective view of one of
the shoes in position and the adjacent portion
of the piston-hub. Fig. 14 1s a central longi-
tudinal section of said shoe.
spective view of a piston or packing used in
connection with said shoe. Fig. 16 1s a sec-
tional view of the piston-hub and expansion-
piston blades as seen on line ¢ ¢ of Fig. 17.
Fig. 17 1s an end elevation of the expansion-
piston blades with the packing-bars on the
outer ends thereot. Fig. 18 1s a top plan of
one of said packing-bars. Fig. 19 1s a sec-

tional view as seen on line f / of Fig. 16.
Fig. 20 1s an enlarged view of said packing-

Figo. 15 is a per-

bar and adjacent parts as. seen on line ¢ ¢ of
Fig. 18. Fig. 21 1s a sectional view as seen
on line A A of Fig. 20. Figo. 22 1s an end ele-
vation of the parts shown 1in Fig. 21.

My invention relates to steam rotary en-
oines, and especially to the piston and piston-
hub thereof and to the keeper in the bottom
of the cylinder with which said piston and
piston-hub (being mounted eccentrically in
said cylinder) are in contact. -

My invention consistsin the novel construc-
tion and combination of the several parts here-
inatter described, and specifically set forth in
the claims.

My invention 1s an improvement on certain
portions of the steam rotary engine described
in Letters Patent of the United States, No.
733,777, granted tome,and dated July 14, 1903.
I will here very briefly describe such parts of
said rotary engine as are related to the piston,
piston-hub, eylinder, and keeper which con-
stitute my present invention.

In the drawings 1 represents the base, and

2 the steam-chest. The chest 2 1sdivided into
two compartments by a partition 3. The
steam-1nlet pipe 1s shown at 4 and the steam
outlet or exhaust pipe 1s shown at 5.

The steam-chest 2 1s covered by the table
or plate 6, having the ports7and 8. The cyl-
incer 9 has a base 10 with flanges 11. Bolts
12 pass through the flanges 11 and also through
the flanges 13 of the plate 6. The eylinder 9
has the heads 14 15. KEach cylinder-head has
the integral concentric tube or sleeve 16 and
the circular flange 17. A stuffiing-box 18 is
tastened to the flange 17 by bolts 19. The
main shaft 20 extends through the cylinder 9

eccentrically, as shown, and the fly-whee] 21

is mounted on said shaft. A gland 22, bolt-
ed to the stuffing-box 18, compresses a pack-
ing 23 in the well-known manner.

In the base 10 of the cylinder 9 are the
ports 24 25, which are continuous with the
ports 7 and 8, respectively. The ports 24 25
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have branch ports 26, and in the upper por-

tion of said ports 24 25 and in the branches

- 926 thereof ic the keeper 27.
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The keeper 27 has a series of integral arms
28 on opposite sides thereof. The arms 28
taper outwardly on their sides so as to extend
loosely into the branch ports 26, as seen 1n
Figs. 2 and 3, and said arms are slightly
curved, as seen in Figs. 2and 4. The branch
ports 26 are considerably wider than the arms
98, and so there i1s a sufficient steam-space
around sald arms respectively. The two cen-
tral branch ports, as seen in Fig. 3, are much
longer than the arms 28 which extend in them
respectively,and said two cenftral branch ports
extend, as seen in Fig. 2, up to the horizontal
diameter of the piston-hub. The lower por-
tion of the keeper 27 1s a rib, having straight
paralle]l sides and a loncrltuc inal channel or
oroove in the bottom. Tn this longitudinal
oroove are loosely mounted the two bars 29,
Iectanﬂular in cross-section, each of which
has a central longitudinal socket in its inner
end. A spiral spring in the said sockets ot

‘these two bars serves to keep them normally

apart. At the outer end of each of said bars
29 is an upward projection 30 shutting over
the outer adjacent end of the keeper 27 in
orooves of the latter, as seen in Figs. 3 and
5. 'The radius of the curvature of the upper
surface of the arms 28 is greater than the ra-

“dius of the curvature of the interior surtace

of the cylinder 9, as illustrated by dotted
Iines 1n Fig. 4. The lower part of the keeper
97 is mounted loosely in a channel or groove
in the central part of the base of the cyhndel
9 and rests upon a bow-spring 31, as seen 1n
Figs. 1 and 2. As shown in dotted lines 1n
Figs. 2 and 4, the lower surface of the cylin-

der 9 is concaved longitudinally at and near.

the intersection of the branch ports 26.
Integral with the main shaft 20 at the cen-
ter thereof is an enlargement which consti-

tutes the piston-hub, and the same 1s shown

at 32 in Figs. 9 and 10. It has two annular
flanges 33, leaving an annular groove 34 at
each end of the hub. The two opposite edges
of the piston-hub 82 are convex and of the

game curvature and concentric with the an-

nular cgroove 34 and the main shatt 20, as
illustrated in Fig. 10. At the bottom of each
annular channel 34 is a passage or port 35.
On opposite sides of the piston-hub are two
longitudinal ribs 36 37, as seen in Figs. 9, 10,
and 11. Tach of these ribs has a longitudinal

bore through it, as seen at 38 and 39, and also

hasatransverse circular aperture through each
side thereof. (Shown in Fig. 9.) In these

“two circular apertures are mounted circular

packings or pistons 40. Kach rib 36 37 has a
screw-threaded circular aperture through it

transversely for the reception of a circular
This piston-hub 32

screw-threaded plug 41.

has an oblong rectangular aperture 42, as seen

751,584

in Figs. 9 and 11. Said hub also has two
transverse grooves 43 in which, respectively,
are seated the slotted pieces or bearings 44.
At the closed ends of said grooves 43, respec-
tively, are circular sockets, Fig. 9, for the re-
ception of spiral springs, Figs. 1 and 9. On
the opposite sides of the aperture 42 the pis-
ton-hub has the parallel flanges 45, as seen 1n
Figs. 9 and 11.

The plug 41 has a screw--

65

70

threaded stem 46, on the end of which 1s en- .

caged the check-nut 47.

In Figs. 6, 7, and 8 is shown a side piece 48,
bavmﬂ_the ﬂ&nﬂes 49, plane adjacent sur faces
50, and a central Iongitudinal oroove 51. The
side piece 48 has 1n it .countersunk holes 52,

and screws pass through said holes into screw-

holes tapped therefor in the ribs 36 37. There
are two of these side pieces 48, which are put
on the opposite plane sides of the piston-hub
32. These side pileces 48 are convex on their
outer surfaces and the.curvatures are of the
same radius as indicated by the dotted lines

in Fig. 11.

A c1rcular boss 53 on each snde of the hub

32 surrounds the plug or disk 41, which 1s
screwed into a central aperture of said boss 53.
The position of said bosses 53 is indicated In

Fig. 9 by dotted lines.
In the side pieces 48 are the longitudinal

bores 54, which when the side pieces are se-

cured to the hub 32 are continuous with the

bores 38 39 thereof, respectively.
The piston-case 55, Figs. 19, 20, 21, is slid-

hub. Its parts are thus descr ibed: It hason
each edge the parallel flanges 56 and i 1S made
with two str alght apertures or ways 57, rec-
tangular crosswise, as seen in Fig. 19.
has a central partltlon 58 between said aper-
tures 57, and the same is provided with cross-
shaped steam passage-ways 59. On each side
of the piston-case 55 and between the flanges

It also
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| ably mounted in the aperture 19 of the piston-
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56 56 thereof a cylindrical stud or pr O]ectlon |

60 extends outwardly at a right angle, as seen
in Figs. 16, 17, and 19. The vends of the studs
or prOJectlonS 60 enter into the slots of the
pieces 44 on each side, as seen in Fig. 1, which
slotted pieces 44 serve as bea.lmﬂ‘s for said
studs 60. -
There are two piston-blades 61, the outer
end of which projects between the parallel
flanges 62 of the piston-case 55, Fig. 21. Kach
piston-blade 61 has two pamllel projections

63, Fig. 20, rectangular in cross-section and:

I1IO

115

of a size to fit loosely in the aperture 57 57 of

the piston-case 55. The inner ends of said
projections 63 of the two piston-blades 61 do

not come into abutment the one withthe other,

but are separated, as seen in Fig. 16. The
outer edge of each piston-blade 61 has a seat,

which is curved crosswise in the true arc of
a circle.in which seat is mounted an oscillat-
ing packing-bar 64, the same being made in
two parts, one palt with a mortise and the
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other part with a tongue 65, Fig. 18, loosely
fitting 1n said mortise. These packing-bars
have longitudinal sockets in their adjacent
ends, 1n which a spiral spring 66 is mounted.
At the outer end of each packing-bar 1t hasa
oroove or channel 67 in the arc of a circle.
Two side packing-plates 68 form the side
edoes of the piston comprising these several
parts.
aperture 69, through which the studs 60 pro-
ject, as seen in FKig. 16, and they each have
at both ends a concentric annular flange and
a concentric annular groove, by Whlch they
engage with the concentric annular groove
and concentric annular flange, respectively,
at the ends of the packing-bars 64, as illus-
trated 1n Fig. 20. Springs 70 have their in-
ner ends secured 1n the piston-blades 61 and
their bent outer ends freely press against the
inner surfaces of the side packing-plates 68,
as seen in rig. 16.

Across the mner surfaces of the piston-hub
32, Just above the circular packings 40, are
the slotted shoes 71, and against these shoes
the piston-case 55 slides. As seen in Fig. 2,
there are four packing bars or strips 72, of
which two are on each side of the piston-case
55 and bear against the same. There are two
ot sald packing bars or strips 72 at each end
of the piston-hub 32. Said packing bars or
strips 72 are pressed by bow-springs, as in-
dicated (but not numbered) in Fig. 2, which
are 1mserted 1in the spaces between said bars
or strips 72 and the inner surfaces of the side
pieces 48, respectively. These packing bars
or strips have a steam-ticht contact with the
piston-case 55, which slides between them.

From the inlet-pipe 4 are branch pipes T4
75, which are connected, respectively, by the
elbows 76 77 with the pipes 78 79.  The
flange of the stuffing-box 18 is radially bored,
as seen in Hig. 1, for the passage of the pipe
78 {or 79). The pipe T8 enters at its upper
end Into a radial bore 1n the flange of a collar
80. The steam 1s discharged from the upper
end of the pipe 78 Into an annular space,

plainly shown (but not numbered) in Fig. 1,

hetween said collar 80 and the main shaft 20,
and thence flows into a contiguous annular
passage between a port-sleeve 81, and thence
through two steam - passages (seen in Fig. 1)
in the piston-hub side pieces, and thence
through the ports 385 and the ports register-
ing therewith in the side pieces 48, thence
through the bores 54 of the side pieces 43,
thence through the bores 38 39 1n the ribs 36
37, thence through the circular packings 40,
thence into the space between the inner ends
of the piston-blades 61 61, and so spread said
piston-blades apart. In like manner the pipe
79 on the opposite end of the engine conducts

steam between the inner ends of the p1ston- |

blades, as seen in Fig. 1.
Having thus described the several parts of

and rotates the piston therein.

They each have a central transverse

my invention, I will now explain 1ts opera-
t1on.

The steam is admitted at boiler-pressure
through the pipe 4 into the steam -chest 2
and thence passes through the ports 7 and 24
and the branch ports 26 into the cylinder 9
The steam
in passing 1nto the cylinder 9, as just stated,
1s prevented from passing to the right by the
keeper 27, as seen in Fig. 2. because said
keeper 1s forced up into contact with the pis-
ton-hub 37 38 48 48 by means of the spring
31 beneath the keeper. Therefore the steam,
having passed through the port 24, moves,
as mdlmted by the arrow 73 1n Flg. 92, and
impinges against that one of the packing-
plates 68 (seen In Fig. 2) in the lower left-
hand portion of the evlmder and so causes
the plston-hub 39 and the main shaft 20, with
which it is integral, to move in the direction

indicated by the arrow # in Fig. 2. As the

steam passes between the inner ends of the
piston-blades 61 61 1t causes said blades to
press their respective packing-bars 64 64 out-
wardly against the inner surface of the cyl-
inder 9 and as the transverse convex curva-
ture of the packing 64 64 issuch as to exactly
fit the transverse concave curvature of the
cylinder it is seen-that said packing-bars os-
cillate 1n the longitudinal concave seats made
for them in the outer edge of the piston-blades
61 61. These packing-bars 64 are of a sufh-
cient width to exceed the width of the en-
trance of the exhaust-port, as seen in Kig. ©.
As soon as the exhaust-port has been uncov-
ered by the passage of the packing-bar 64 to
a position beneath it and as long as said ex-
haust-port remains so uncovered the exhaust-
steam passes into and through said exhaust-
port into the port 8 of the plate 6 and thence
through the chamber 2 and outlet-pipe 5 into
the outer air. The steam leaves the cylinder
through the interstices between the arms 28
of the keeper 27. In Fig. 4 1t 1s seen that
the curvature of the upper surface of the
arms 28 of the keeper 27 1son a larger radius
than that of the curvature of the cylinder 9,
(represented in sald figure by dotted lines.)
The result of this construction is that said
keeper and 1ts arms are out of the way of the
rapidly-rotating piston, and the piston thus
does not encounter any obstruction at that
place, and consequently there is no noise.
The spiral springs 66, Fig. 20, cause the lon-

coitudinal spreading apart of the packing-bars

64 to prevent the steam from passing by the
ends ot the piston-blades. The circular paclk-
ings 40, Figs. 9, 11, press the shoes 71 against
the piston-case 55. The spiral spring be-
tween the bars 29 of the keeper, Fig. 5, serves
to prevent leakage of steam between the ends
of the keeper and the cylinder. The springs

70, Fig. 16, arc for the purpose of keeping
the side packing-plates 68 in steam-tight con-
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tact with the ends of the cylinder. The os-
cillation of the packing-bars 64 and the fact
that their edge has a curvature exactly fitting
the curvature of the inner surface of the cyl-
inder 9 enable them to maintain a steam con-
tact with the inner surface of the cylinder in
whatever position they may be in said cylin-
der, as 1s apparent by an examination ot Fig. 2.

It 1s evident that in this engine there 1s no
““ dead-center ” and that the steam-pressure is
always applied to the piston at a right angle
and that there is no variation in the angle of
steam-pressure on the piston. For these rea-
sons this engine is especlally useful for and
aclapted to the propulsion of automobile ve-
hicles and steam-launches, while for millwork
or similar uses 1t 1s equally useful and may be
compounded merely by duplication and ap-
plying the power of several engines to the
same main shaft. '

I claim as a novel and useful invention and
desire to secure by Letters Patent—

1. In a steam-engine, the combination of a
tubular cylinder having an inlet-port and an
outlet-port and also having a base provided
with a longitudinal groove, a bow-spring in
the bottom of said groove, a packing-bar rest-
ing on sald spring, a keeper having a rib with
a groove therein in which sald packing-bar is
received, and a rotatable piston having recip-
rocating piston-blades mounted therein, whose
outer edges are in contact with the upper sur-
face of said keeper when passing the same,
substantially as described.

2. In a steam-engine, the combination of a

cylinder, a rotatable piston of less diameter

than said cylinder and mounted therein eccen-

trically thereto, a base constituting a part of

sald cylinder provided with a longitudinal
groove and with an inlet-port and with a se-
ries of branch ports communicating with said
inlet-port and a keeper having a longitudinal
rib adapted to fit loosely in said longitudinal
oroove and also having a series of arms pro-
jecting laterally therefrom into said branch
ports, which keeper and the lateral arms there-
of are concaved on their upper surfaces with
a curvature of a radius greater than the radius
of the curvature of said eylinder, substantially
as specified.

3. In a steam-engine, the combination of a
cylinder, a rotatable piston of less diameter
than saild cylinder and mounted therein eccen-
trically thereto, a base constituting a part of
sald cylinder provided with a longitudinal
oroove and with an inlet-port and with a series
of branch ports communicating with said 1n-
let-port, a keeper having a longitudinal rib
grooved 1n its lower side and adapted to fit
loosely in said longitudinal groove and also
having a series of arms projecting laterally
into said branch ports, which keeper and the
lateral arms thereof are concaved on their up-

“per surface with a curvature whose radius is

751,584

oreater than the radius of the curvature of said
cylinder, a packing-bar mounted in the groove
of the rib of the keeper made in two parts, a
spring adapted tospread said partslengthwise,
and a spring in the first-named groove adapted
to press said bar upwardly, substantially as
describedl. -

4. Inarotarysteam-engine, the combination
of a tubular cylinder having a base provided
with inlet and outlet ports, branch ports open-

ing laterally out of the first-mentioned ports,

a keeper located in said base between the said
inlet and outlet ports and having lateral arms

extending into said branch ports respectively,

substantially as described.

5. Inarotary steam-engine, the combination
of a tubular cylinder having a base provided
with inlet and outlet ports, a main shaft rota-
tably mounted in said eylinder but eccentric-
ally thereto, a piston-hub upon said shaft, pis-
ton-blades slidably mounted in said piston-
hub, branch ports opening laterally out of said
inlet and outlet ports of which branch ports

some extend up to a line in continuation of

the horizontal diameter of said shaft and hub,
a keeper located in sald base between the sald
inlet and outlet ports and provided with lat-
eral arms which extend into the branch ports
respectively, substantially as specified.

6. In a steam-engine, the combination of a
tubular cylinder, a main shaft extending
through said cylinder but mounted eccentric-
ally therein, a piston-hub constitufing a part

of said main shaft and provided with a cen-

tral rectangular aperture and with two longi-
tudinal bores and with fwo transverse circu-
lar apertures, a piston-case slidably mounted

in the rectanoular aperture of the piston-hub,

two piston-blades mounted slidably in said pis-
ton-case and provided with packing-bars on
their outer edoes which bars are adapted to
contact with the inner surface of said cylin-
der, two circular pistons mounted in the trans-
verse circular apertures of the piston-hub and

communicating with the longitudinal bores

thereof respectively, two slotted bearing-
plates or shoes inserted between said piston-
hub and piston-case and adapted tobe pressed
against the latter by steam passing through
said circular pistons respectively, a partition
in said piston-case having steam-passages ar-
ranged to receive steam from said circular pis-

tons and to conduct the same to the space be-

tween the inner ends of said piston-blades, a
steam-pipe connected with a steam-supply, a
stuffing - box having a radial bore through

which said steam-pipe passes, a collar sur-

rounding the main shaft and having a radial
bore into which the end of said steam-pipe 1S
inserted and also having a concentric annular
steam-space, a port-sleeve adjacent to said col-
lar and having a concentric annular steam-
space continuous with the annular steam-space
of said collar and also having two steam-pas-
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sages which communicate with the two longi-
tucdinal bores of the piston-hub, substantially
a5 specified.

7. In a steam-engine, the combination of a
main shaft, a piston-hub constituting a part
of said shaft, a piston-case slidably mounted
1n said piston-hub having two opposite closed
encls, two piston-blades shidably mounted in
sald piston-case and steam-passages adapted .
10 and arranged to conduct steam from a source

o

of supply to the interior of the piston-case
between the inner ends of the piston-blades,
substantially as specified. |

In testimony whereof 1 afix my signature in
presence of two witnesses.

FRANK J. WATLERS.

Witnesses: | |
Howarp A. LAMPREY,
WarreN R. PerceE.
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