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To all whom it may conecern:

Be it known that I, FERDINAND KRUGER a
subject of the German Emperor, residing at
Berlin, Germany, have invented new and use-
ful Improvements in Rotary Steam-Engines,
of which the following is a specification.

My invention relates to rotary steam-en-
gines in which a revolving piston is earried
by a piston-disk mounted on a shaft, the said
piston, piston-disk, and shaft being inclosed
1n a cueuler -casing; and the obJeets of my
invention are, first, to provide perfect and re-
liable packmcrs between the revolving parts
and the casing, so astoavoid escape of steam
second, to provide means for protecting the
sald packings against wear in order to per-
manently maintain the machine in a perfect
working condition, and, third, to simplifyits
construction:. I attain these ob,]eets by the
means illustrated in the accompanying draw-
ings, in which—

qure lisaside view of the entire machine ;
some of its parts being partially broken; Fig.
2, a vertical section thereof on the liﬂe @ of
Fig. 1 seen from the left; and Fig. 3, a front
view of Iig. 1, likewise seen from the left.
Figs. 4 to 7, inclusive, are detail and dia-
frra,mma,tical views hereinafter explained.

Similarf]
out the sev eral Views. |

The casing consists of two semi-annular
parts 1 2, forming hollow spaces 3 4, and of
two circular coversd 6, connected to the parts
1 2. A main driving-shaft 7 passes through
the center of the casing, and a piston-disk 8

18 mounted thereon and provided with a pro-

jecting arm 9, carrying a piston 10 11 12.
(Pla,inly represented in the detached view,
Fig. 4.) Thecasingis mounted upon a base-

plate 13, carrying at the same time supports

14 for the main driving-shaft.

The paeking of the piston consists of a
15, split at 16 in the well-known
L shape, surmundlnﬂ' with play the middle

‘reduced portion 11 of the piston and kept in

position by collars 1012, allowing likewise of
a slight play of the ring, so that steam can
ente1 between collar 10 and ring 15, as well
as between stem 11 and the ring.
isprovided with astud 17, Figs. 1&11(12 engag-
ing with a groove of a projecting part 18 of

guresrefertosimilarparts through-

The latter

disk 8, a turning of ring 15 on stem 11 thus
being prevented. Any other means may be
provided for accomplishing this purpose with-
out departure from my invention. Ring 15
is preferably covered with a layer 19 of soft
metal applied to its outer surface. By these
means when pressare of steam is applied to
the piston and the latter revolved in the di-
rection of arrow f, Fig. 1, ring 15 will be
closely pressed against collar 12 and at the
same time expanded so as to closely fit in the
hollow space 3 of the casing, provided that
the outer surface of ring 15 exactly conforms
to the curvature of the hollow space 3, the
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latter gradually changing from eeneamty_on .

1ts outer portion 20 to eonvexity on its inner
portion 21.
conformed asmuch as possﬂ)le to the peeulml
inner surface form of space 3 when casting
the soft metal around it, and then fitted there-

in by grinding.
In order o per manently maintain a close

fitting of the ring and a perfect working con-
| dltlon of the maehme, I have secured ring 15

against furning in 1ts revolving movement by
The ebeve-memioned stud 17. For the geo-
metrical condition of a smooth and free move-
ment of the ring within space 3, consisting in
that the ring be deprived of any tendency to
turn, if there were not provided means to pre-
vent this, clamping and wear by friction
would take place, so as to deform the con-
tact-surface of the ring and loosen the pack-
ing. There 1s another tendency to destroy
the piston-packing in rotary steam-engines of
this kind resulting from the usual arrange-
ment of the slide-valve for periodically clos-
ing the steam-chamber 3 of the casing. In
the drawings the said slide-valve 22 1s con-
trolled by a cam-disk 23, provided with a cam
26 and mounted on shaft 7, and by a spring-
actuated lever 24, bearing with a roller 25
against the cam-surface of cam-disk 23. Slide-
valve 22 is guided in a slot penetrating the
chamber-walls 1 2 and in a box 28, screwed
to the casing, as represented in Fig. 1, box
28 being removed in this figure, and in Fig.
2 1n dotted lines. 'T'he inner edge 34 of the

slide-valve is slightly excavated, so as to
closely bear against the edge of piston-disk 3
under the pressure of a flat spring 33.

A rod

To attain this, the ring will be
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31 passes loosely through a longitudinal slot
of the slide-body, takmﬂ' a,lonﬂ* with it the
slide by means of eollms 29 50 Rod 31 1is
connected to lever 24 by a link 32. DBy these
means slide 22 will be periodically shifted to-
ward the right of FFig. 3 in order to allow of
the passage of arm 9 and the piston and at
once driven toward the left by spring 27 in
order to close again the steam-chamber. A#®
the same time the usual steam-admitiing
valve provided in a steam-chest 35 is shifted
and live steam supplied. through opening 56
to chamber 3, and as the latter is closed by
slide 22 the pressure of the steam causes the
piston to travel around. The exhaust-steam
is discharged through an opening 87 and a
pipe 38. At each revolution piston-ring 15
will therefore pass once, the guide-slot of the
slide penetrating the chamber-walls 1 2. It
now, as usually and represented in the dia-

gram Fig. 5, slot 39 is radially directed to-

ward the center of revolution, ring 15 when
passing theslot will momentarily register with
the latter and therefore be caught by the slof,
as the ring expands by elasticity. A shock
will therefore arise whenever the ring passes
the slot and a perfect working condition can
never be attained. On the other hand, by the

repeated shocks the ring will be shortly de-

formed and worn out, so as to reduce the ef-
ficiency by escape of steam. Inordertoover-
come these inconveniences, I have disposed

- the said slot obliquely—that is, at an angle
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to a radial line—as represented in Kig. 1 and
diagrammatically shown in Fig. 6. Iromthe
latter figure it will appear that even though
the ring 15" should be of smaller size than the
width of slot 89" it never could be caught by
the slot, but will eross the same durlnn* 1ts

whole passage, so that there would be no mo- |

ment in which the ring should be fully re-
leased from the surrounding wall of the
casing. Dy this feature of my invention I
therefore attain and permanently maintain a
smooth and uniform working of the machine,
any shock being avoided and the piston-pack-
ing protected against wearing out and being
destroyed. |
Theabove-mentionedinconveniences could
be partially overcome by enlarging ring 15,
Fig. 5, beyond the width of slot 39; but as
slide 22 should preferably be made of a com-
paratively large width in order to present a
large packing-surface 34 to the edge of pis-
ton-disk 8 (and in consequence thereof the
slot likewise should be made as wide as pos-
sible) a still larger size of the ring should be
required. On the contrary, there are 1m-
portant reasons for making the ring as nar-
row as possible—first, in order to reduce the
resistance by frietion, and, second, to reduce
the weight of the ring, of the piston, and of

~arm 9,as these parts must be counterbalanced,

and care 1s to be taken to reduce as much as
possible the weight of the parts in any ma-
chine. While these conditions are at vari-

‘ance with each other in the arrangement rep-
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resented, Fig. 5, they fully harmonize in my
mventmn

I will now describe the pﬂeklﬂﬂ‘ between
the edge of piston-disk 8 and the correspond-
ing parts of the casing. Forthispurpose an-
nular grooves 40 41 are provided between the
parts 1 2 of the casing and either of the cov-
ers 5 6. The outer-sides of the said grooves

formed by the parts 1 2 are smooth, and rigid

rings 42 43 fit in the said grooves, so as tolie
with their ¢ylindrical outer surfaces in close
contact with the smooth sides of the grooves
and with their smooth inner sides in close
contact with the outer faces of the edge at
piston-disk 8. There are spaces left between
the cylindrical inner sides of the rings and
the opposite sides of the covers 5 6 and be-
tween the outside of the rings and the oppo-
site sides of parts 1 2. Rings 42 43 perform,
therefore, fully the funetwn of packing-rings,
and t_hey may be provided, too, with packing
spring-rings 44 45, as usual in pistons for
steam-engines. Thereareanumberofsprings
46 47 dlsposed along and bearing against the
packing-rings 42 43 and sli frhtly pressing the
same agamsb piston-disk §, the pressure of
the said springs being OHI}T'SI.lfﬁCient to over-
come the friction of packing-rings 44 45 and
not sufficient to establish heavy friction be-
tween rings 42 43 and piston-disk 8. By
these meansthe packing-rings42 43, although
always remaining 1n close contact with the
outer cylindrical sides of channels 40 41 and
with the piston-disk 8, are yet capable of
slight oscillations, following any slight lateral

oscﬂlauon of dlS]{ S in 1tq 1ev01v1nrr move-

ment.
In order to prevent.escape of steam 'betwe_en
the inside edges of the pistons 42 43 and disk
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8, for which purpose the sligcht pressure of

springs 46 47 might not suffice, the hollow
space 3 is brought into communication with
the space behind the packing-rings 42 43 by
means of narrow channels 48 49, Fig. 7, pro-
vided in the parts 1 2 and in proximity to the
steam -supplying opening 36, IFig. 7, repre-
senting a partial section through the casing
online 7/ of Fig. 1. (Seen asindicated by the
arrow.) DBy these meansthesteam islikewise

- allowed to enter the space behind the pack-

ing-rings 42 43, in which space therefore al-
ways the same pressure will be maintained
as in the space 3; but as the packing-rings
42 45 are rigid and solid the steam-pressure
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cannot expand them so as toincrease the frie-

tion on their outer cylindrical surface, but
only actuate them in that direction in which
they are free of giving way—=+. e., toward

piston-disk 8; but as the steam is forced by
the same pressure to enter between disk 8 and -

the inner edges of the packing-rings 42 43 the
latter will be actuated from oppositesides by
nearly the same pressure. In consequence
thereof the packing rings 42 43 are practically
released from the steam -pressure and sub-
Jected only to the slight pressure of springs
46 47, whatever pressure there may be main-
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tained in the_hollolw space 3 of the casing.
By these means I attain a perfect and per-

- manent packing of but lit{le resistance.

IQ

An escape of steam entering the space be-
hind packing-rings 42 43 between the covers

5 6 and disk 8 is prevented by stuffing-boxes

surrounding shaft 7, while cocks or valves
may be provided for removing from time to
time the water condensed therein.

What I do claim as my invention, and de-
sire to secure by Letters Patent, 1s—

A rotary engine, comprising a casing with
an annular chamber atits periphery, a radial
chamber communicating therewith, packing-
chambers located laterally of said radial
chamber, an inlet leading into the annular
chamber to admit the motive agent, a piston
mounted to revolve in said annular chamber,

R VY

' a disk rigid with the piston and rotatable in

the radial chamber, a packing surrounding
the piston and held against turning relatively
thereto, packing-rings held in said lateral
chambers, means for controlling the admis-
sion and exhaust of the motive agent, and
channelsleading behind the packing-ring pis-
ton from the back or outer portion of the lat-

“eral chamberstotheannular chamberin close

proximity to the inlet for the motive agent,
substantially as described.

In witness whereof I have hereunto signed
my name in the presence of two subscubmn

witnesses.
FERDINAND KRUGER.
Witnesses: -
CHARLES H. DAY,
[HENRY IHASPER.
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