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UNITED STATES

PATENT OFFICE.

WILLIAM C. KNIGHT, OF RICHMOND, VIRGINIA.

ROTARY STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 500,398, dated June 27, 1893.
Application filed October 10, 1892, Serial No. 448,386, (Nomodel.)

To all whom it may concern: -+

Be it known that I, WitLiaAM C. KNIGHT, a
citizen of the United States, residing at Rich-
mond, in the eounty of Henrico and State of
Virginia, have invented certain new and use-
ful Improvements in Rotary Steam-Engines,
of which the following specification, taken in
connection with the accompanying drawings,
is a fuall, clear, and exact deseription, such as
will enable those skilled in the art to make
and use the same.

My invention relates to that class of rotary
engines in which a rotary piston formed with
suitable paddles or buckets is rotatably sup-
ported in a cylindrical casing which is pro-
vided with swinging abutments adapted to co-
operate with the rotary piston head.

My invention consists first, in forming the
swinging abutments with two wings which
mutually brace each other and render it pos-
sible to run the engine either forward or back-
ward by a simple change in the position of
the steam and exhaust valves.

My invention consists secondly, in provid-
ing one less abutment than pistons or buck-

_ets in order to obviate “dead centers” and to
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have the engine run under a full head of
steam at every portion of its stroke.

My invention consists thirdly,in a new ar-
rangement of steam and exhaust ports and
the controlling valves and operating mechan-
ism.

My invention consists lastly, of various de-
tails of construction, all of which will first be

"described with reference to the accompanying

drawings and afterward particularly pointed
out in the annexed claims.

In said drawings:—Figure 1 is a front per-
spective view of my improved engine. Fig. 2
is a transverse sectional view of the same
taken on theline 2—2 of Fig. 5, forshowing the
arrangement of steam ports.  Fig. 3isa trans-
verse sectional view taken on the line 3—3.of
Fig. 5 for showing the arrangements of ex-
haust ports. Fig. 4 a transverse sectional
view taken on the line 4—4 of Fig. 5. Fig.5
is an enlarged longitudinal sectional view
taken on the line 5—5 of Fig. 2. Fig. 6 is an
enlarged sectional detail view showing the
construction of the abutments and arrange-
ment of ports. Fig. 7 is an enlarged detail
plan view of a section of the intermediate or

valve supporting cylinder, the exterior shell
being removed to show the arrangement of
Valves Tig. 8 is an inside elevatlon of the
cam which operates the abutments and cut-
off valves. Fig. 91is a detail sectional view of
one of the swinging abutments, taken through
one of the wings. Fig.10isa detail plan rep-
resentation of one of the cut-off valves and
operating cams.

I form the cylindrical casing of the engine
of three concentric shells or cylmders A B
and C arranged one within the other. The
inner eylinder A in which the piston head ro-
tates is formed much thicker and stronger

‘than the other two cylinders, and is provided

with cut-ont bulged portions A’ arranged equi-
distant around the circumference in which the
swinging abutments operate. The interme-
diate shell B, which surrounds the shell A, is
supported at intervals upon the cross-blocks
b for the purpose of affording space for the
bulged portions A’ and forming dead air
spaces b’ between the cylinders. The steam
supply and exhaust ports are formed through
the cylinders A and B; the ¢ylinder B serving
to support the valves which control said ports
and the operating devices, as will presently
appear.

D and D’ are parallel rings secured to the
intermediate shell B for the purpose of divid-
ing the space between said shell and the outer
shell C into the central annular steam space
E and the outer annular exhaust spaces E’
and E2

F? and F® are the inner dished cylinder
heads secured to the ends of the cylinders A
and B and projecting beyond said eylinders
to the outer cylinder C as shown in Fig.
The outer shell or eylinder C is formed con-
siderably wider than the inner cylinders A
and B, and is supported upon the dividing
rings D D’ and the inner cylinder heads F?
and F3 and provided at its edges with the
annular outturned flanges c.

I and F/ are the outer cylinder heads fit-
ting snugly against the ends of the outer eyl-
mdel Cand seculed to the ﬂanges ¢ by means
of the rivets-f.

F* and FS are stuffing boxes formed on the
outer faces of thecy lmde1 heads F and F’ re-
speetlvely

“The rotary piston consists of a cyllndrlcal
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body G formed integral with the core G’,the
radial paddles or buckets G* extending from
the body G, and the circular head plates G®
secured to the body G and inclosing the pad-
dles.

¢® are packing rings in the peripheries of
the head plates G® to form steam tight joints
with the dished edges of the cylinder heads
F? and FS. The core G’ is formed with a
squared opening g’ throngh it for the pas-
sage of the squared central portion of the
shaft 1. The paddles G* are each formed of
three flat metal plates 1, 2, 3, secured together
and inserted in one of the longitudinal kerfs
g formed in the periphery of the body G; the
central plate 2, being narrower than the outer
plates 1 and 3 so as to form a recess 4 at the
outer end of the paddle for the reception- of
the movable packing strip 5, which is held
normally out against the inner periphery of
the inner cylinder by the leaf spring 6 se-
cured to the central plate 2 and bearing
against said strip 5. On each of the outer
faces of the plates 1 and 3 are secured pads
7 to cushion the contact of the paddles with
the wings of the swinging abutments.

The piston head is journaled centrally in

‘the cylinder casing, and the radial paddlesor

buckets and the inclosing heads extend close
up to the inner periphery of the inner eylin-
der A and dished heads F?, F3, with which
they are concentrie, and form close steam
contact therewith.

The shaft His formed with contracted ends
I which are extended through and journaled
in the heads F and F’ and stuffing boxes F*
and I, H’is a power-pulley keyed on the
outer contracted end of said shaft from which
the driving belt extends to the machinery to
be driven.

I prefer to construct the piston by forming
the body G of a single casting, and then se-
curing the paddles, head-plates and shaft
thereto and revolving and turning it to a true
eylinder in a lathe.

I are the swinging abutments consisting of
the cross shafts ¢ extending the whole width
of the casing and having their ends passed
through the inner eylinder heads F? and F?
and journaled in the recesses 7’ formedin the
inner faces of the cylinder heads F and I/,
and the wings ¢, ¢* extending approximately
at right angles to each other and secured to
the shafts ¢ by means of the enlarged heads
#* whieh are securely bolted or otherwise fas-
tened to said shafts <. The shaft ¢, wings 3,
@, and enlarged heads ¢* are rigidly secured
together so asto move as a whole on the jour-
nal ends of the shaft, said shaft being jour-
naled out of the circle of rotation of the pis-
ton so as to allow it to pass. Xach wing of

the swinging abutment is formed of the
same width as the depth of the bucketssoas
to extend from the casing to the periphery of
the body G of the piston, and of such length’
as to fit in between the head plates 33; and is
constructed similarly to the paddles G2 of
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outer plates 10 and 12, and inner narrower
plate 11, secured together so as to form the
longitudinal recess 13 in which are supported
the packing strip 14 and its spring 15, and
the end recesses 16, 17, in which are support-

jo

ed the packing strips 18, and 19 and their -

springs 20 and 21. These packing strips and
springs operate the same as the strips 5 and
springs 6 of the piston paddles, and form
steam tight joints with the body G and head
plates G® of the piston. The bulged portions
A’ of the inner cylinder have the inuer re-
cesses @’ which are curved concentric with the
shaft ¢ for the enlarged heads ¢* to work in.

a® and o® are tranverse oblong recesses
formed in the inner periphery of the inner
cylinder A and extending from the opposite
sides of the curved recesses o’ and adapted to
receive the wings of the abutment when they
are folded up against the cylinder, whereby
they will not interfere with the rotation of
the piston. It will be observed that the bot-
tom walls of the recesses a* are inclined to-
ward the curved recesses a’, while the recesses
a® are curved concentric with the shaft H.
This is found necessary to accommodate the
wings, as the wings 4? extend from the shafts
7 on tangents, while the wings 4° extend ap-
proximatelyradially therefrom. In construect-
ing these double-winged abutments I have
found it most convenient to cast the shaft
and central portion of the enlarged head and
the wings separately, and securely bolt them
together by counter sunk bolts, the wings
being provided with right angle pieces 7°
formed integral with one of the plates 1 or 3
for this purpose.

J, J’ are the two live steam ports extending
through the cylinders A and B into the cen-
tral steam ring E at points on each side of the
center of said space and diagonally opposite
each other so asto lead into the oppositesides
of the recessed bulged portions A’. One of
said ports J is forsupplying steam for the for-
ward movement of the engine, and the other
port J’ is for supplying steam for the back-

ward movement, both of said ports extending

through said eylinder on an angle. Therela-
tive position of these ports is represented in
Figs. 5, 6, and 7.

K and K’ are steam ports passing through
the enlarged heads ¢! and registering respect-
ively with the ports J and J’ for supplying
steam on the opposite sides of the abutment
for running the engine in both directions.

I and &’ are slide valves covering the ports
K and K’ and curved to fit the eontour of the
cylinder B and confined to their seats by the
curved plates %2

K? are rings extending around the eylinder
and connected to the slide valves kand &’ for
operating them.

L, I’, I? and 1® are exhaust ports extend-
ing through the cylinders A and B into the
exhaust rings or spaces E’, and E? respeect-
ively, the ports L and 1.’ extending into the
exhaust space E’ on opposite sides of the
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abutment, and the ports L? and 13 extending
into the exhaust space E* on opposite sides of
the abutment, the ports on the same side of
the abutment being designed to be open for
exhaust at the same time when the engine is
operating as will hereinafter appear.

M is a series of slide valves covering the
ports L, I/, I? and L% and N are operating
rings extending around the cylinder B and
connected to all of said valves M by means
of which they are operated. The valves M
are connected at such points on the rings N
with relation to each other that those cover-
ing the ports L and L’ will be open when
those covering the ports 12 and L®are closed,
and vice versa. . . .

O is a series of flanged rings riveted to the
cylinder B for holding the valve covers M in
place. , ,

P are levers extending through the divid-
ing rings D and D’ and pivoted at their op-
posite ends to the operating rings N and slide
valves &k and %’ respectively. These levers
are pivoted to the cylinder B at %? and their
central portions are enlarged to form seg-
mental plates P’ with curved ends which pro-
vide steam tight joints with the rings D, D’,
and yet allow the levers to move back and
forth. v .

Qs a rock-shaft journaled in the casing C,
and Q' is a double crank arm keyed to said
rock-shaft and provided with elongated slots
q’ at its opposite ends which engage lugs ¢*
on the operating rings K% Q?is an operat-
ing hand-lever also keyed to the rock-shaft
on the outside of the cylinder C and extended
through the guide rack R as shown. By op-
erating the hand-lever Q7 the exhaust ports
and live steam ports are opened and closed
simultaneously, the proper exhaust ports be-
ing opened in conjunction with the proper
live steam ports, and the engine being run
forward or back according to which set of
ports is open. - =

S are cam arms keyed to and depending
from the ends of the abutment shafts 2in the
spaces between the outer eylinder heads F,
T’ and inner cylinder heads F?, F®, and &/, 8/
are cam wheels keyed to the main shaft H
between the inner and outer eylinder heads
and formed with radially projecting cams s,
which are adapted to engage the depending
arms S for operating the abutments and rais-
ing the wings slightly before they are engaged
and passed by the piston buckets.

T are sliding. cut-off valves seated in. the
recesses T/ cut in the bulged portions A’
across the steam supply passages J, and adapt-
ed to cut off the supply of live steam at in-
tervals in the forward movement of the en-
gine 80 as to allow the paddles to be driven
a portion of the distance between the abut-
ments by the expansion of the steam.

T?is a longitudinally movable rod support-
ed in gunitable bearings on the inner periphery
of the cylinder B and in the inner cylinder
heads F* and I%, and connected to the valve

T by means of two parallel links ¢, ¢ which
are pivotally attached to the rod and valve
as shown in Fig. 10. .

T? are radially extending bent operating

“levers pivoted at £ to the outer faces of the

cylinder heads F? ¥3 and engaging at their
upper ends the looped ends of the rods T? so
as to move them longitudinally when they
are rocked on their pivots.

*, are cams formed on the inner faces of the
cam-wheels 8/, 8’ in proper relation to the
pivoted levers T° to engage their lower ends
and operate them. The cams ! are arranged
intermittently on the inner faces of the oppo-
site cam-wheels so that a cam on one wheel is
half way between two cams on the opposite
wheel. . By this means each of the cut-off
valves is closed by a valve on one wheel (when
sufficient steam has entered between the
abutment and paddle) so as to allow the pad-
dle to be driven part of its stroke by the ex-
pansion of the confined steam, and opened by
the next succeeding eam on the opposite
wheel when the paddle has completed its
stroke and reaches its exhaust, so as to open
the steam supply for the next succeeding pad-
dle; the abutment eutting off the supply of
steam temporarily while the paddle is passing.

U is the steam supply pipe tapped into the
cylinder C so as to communicate with the cen-
tral live steam space E and U’ is the two-way
exhaust pipe also tapped into the eylinder C
S0 as to communicate with the two exhaust
spaces E” and E%. The proper live steam
ports and exhaust ports are always open to
the live steam spaces and exhaust spaces dur-
ing the operation of the engine, the live steam
being cut off from the engine by the globe
valve v? when it is desired to stop the engine.
During the operation the live steam is auto-
matically cut off from each paddle as it passes
its exhaust by the succeeding paddle coming
in contact with the depending wing of the
abutment and revolving it as illustrated in
Fig. 2.

V are oil cups and V' is a governor geared
up to the power-shaft H in any suitable
manner,

Wismyimprovedsupporting ecradle formed
of the horizontal semi-circular bars w, and
the vertical semi-circular bars 2’ secured to-
gether near the base, and having the engine
c¢ylinder supported in and secured toit. This.
has been found to be a very convenient form
of support for the engine especially when it
is employed as a marine engine.

It will be observed that I provide six pad-
dles or buckets and only five abutments, by
means of which dead centers are avoided and
the engine can alwaysbe run with a full head
of steam. The relative numbers of these
abutments may vary with the size of the en-
gine but there should always be one more
paddle than abutment to produce satisfac-
tory results. By providing each swinging
abutment with two wings extending approxi-
mately at right angles to each other, each
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serves as a brace for theother when in raised
position.

The operation of the engine isas follows:—
Assuming that the parts are in the position
indicated in Figs. 2 and 3 with the piston
traveling to the left. In this position all of
the exhaust ports 1° and L® are open except
when temporarily closed by a passing pad-
dle; and all of the live steam ports J, K are
also open except when intermittently closed
by the cut-off valves T or the rotation of the
abutments by a passing paddle. As each
paddle reaches the lowered wing of an abut-
ment it is raised, and at the same time the
cut-off valve at said abutment is opened;
the raising of the abutment cutting off the
steam for an instant until the paddle and
cam s’ have passed. The steam entering be-
hind each paddle expands against the face
of the depending abutment-wing and drives
the piston head around; the cut-off valve
being automatically closed by the cam when
the paddle has traveled about one half of the
distance between two abutments, so as to al-
low the remainder of its stroke to be made
by the expansion of the confined steam. All
the time the paddles are being driven for-
ward by the steam the spaces in front of
them have free communication with the ex-
haunst; the exhaust ports being arranged at
such points that they will be passed by a
paddle and opened into communieation with
the space in frontof the nextsucceeding pad-
dle at the same instant that the succeeding
paddle temporarily cuts off the live steam to
said space by rotating the abutment head in
passing as already explained. Thisaction is
continued for each paddle very rapidly, and
during the portion of the stroke that each
paddle is successively idle, (that is while each
paddle is traveling from the exhaust past the
abutment) it is carried forward by the re-
maining working paddles. Each abutment
is returned to its normal position as soon as
a paddle passes by the action of the steam
against the inner face of the wing which has
been raised to its recess, the recess being
thrown directly into communieation with the
live port K (or K’) as shown clearly in Fig. 2.

For changing the direction of the engine
the position of all the ports are changed by
the hand-lever Q? as already explained.

Cut-off valves are mnot provided for the
backward motion of the engine, as such mo-
tion is only temporarily used and can be ac-
complished by a full head of steam.

Having thus fully described the nature of
my invention and the manner of carrying the
same into practice, the following is what I
claim as new therein and desire to secure by
Letters Patent:

1. In a rotary engine, the combination of{

the cylindrical casing A, formed with a series
of recesses in its inner periphery, a series of
swinging abutments journaled in said recesses
and each consisting of a head and two abut-
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ment wings, a rotary piston head provided
with a series of buckets, a surrounding con-
centric casing B, suitable exhaust ports, and
the live steam ports K, K’ and J,J’, substan-
tially as set forth.

2. In a rotary engine, the combination of
the cylindrical casing formed with suitable
recesses and the steam ports J, J/, a series of
abutments journaled in said reeesses and
each consisting of an enlarged head having
steam ports I K’ therethrough and the two
wings extending at right angles therefrom,
suitable exhaust ports arranged on opposite
sides of the abutments, and a rotary piston
head formed with suitable actuating buck-
ets, substantially as set forth. ‘

3. In a reversible rotary engine, the combi-
nation of the cylindrical casing, recesses
formed in the inner periphery of said casing,
steam ports passing through said casing into
said recesses for supplying steam for the for-
ward and backward movements of the piston,
swinging abutments journaled in said re-
cesses and formed of suitable heads and pro-
jecting wings, steam ports extending through
said abutment heads and adapted to register
with the steam ports through the casing and
to be cut off by the movement of the abut-
ments, automatic cut-off valves controlling
the entry of steam into the cylinder for the
forward movement of the piston, suitable ex-
haust ports, a rotary piston head provided
with suitable buckets and concentrically
mounted in the casing, and main reversing
valves controlling the entry of the steam to
the steam ports for changing the direction of
the piston, substantially as set forth.

4. In arotary engine, the combination of the
concentric cylinders A, B and C, the swing-
ing abutments journaled in said inner cylin-
der A, the dividing rings D, D’ between the
cylinders B and C for forming the live steam
space E, and the exhaust spaces E’ and E?

live steam ports passing through said eylin--

ders A and B and communicating with said
live steam space E, exhaust ports also ex-
tending through said cylinders A and B and
communiecating with the exhaust spaces E’
and E% and a suitable rotary piston, substan-
tially as and for the purpose set forth.

5. In a rotary engine, the combination of a
suitable cylinder formed with exhaust and
live steam ports, suitable abutments, a pis-
ton, cut-off valves for the live steamn ports
confined in suitable recesses in the eylinder,
longitudinally movablerods supported in suit-
able bearings, parallel links pivoted to said
rods and cut-off valves, pivoted levers en-
gaging the ends of said longitudinally mov-
able rods, and cam-wheels adapted to actuate
said operating rods, substantially asset forth.

WILLIAM C. KNIGHT.

Witnesses:
J. P. FITZGERALD,
CLYDE SMITHSON,
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