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JOHN VINCENT DAVIS, OF NEW YORK, N. Y., ASSIGNOR TO THE CHALLENGE -
HIGH SPEED ENGINE COMPANY, OF LEXINGTON, KENTUCKY.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Patent No. 516,431, dated March 1 3, 1884.
Application filed June 13,1893, Serial No, 477,417, (No model.)

To all whom it may concern:

Be it known that I, JoEN VINCENT DAVIS,
of New York, inthe county of New York and
State of New York, have invented certain
new and useful Improvements in Rotary En-

gines, Concentric Pistons; and I do hereby

declare that the following is’a full, clear, and
exact description thereof, reference being had
to the accompanying drawings, and to the let-
ters of reference marked thereon, which form
part of this specification. o |
This invention is an improvement in ro-
tary engines of the concentrie piston type,
and its object is to produce an automatie cut-
off, direct acting, rotary engine, in whichthe
pressure of live steam on the operative parts

- will be perfectly balanced, and lateral thrust
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25

on the main shaft be obviated, by making

the steam balance the piston on the shaft at.

the same .time that it acts to rotate the pis-
ton and shatt.

Another object is to prevent asubstantially
uniform amount of abutmentsurfacefor the
steam to act against in driving the piston;
and another object is to provide inovel valve
mechanism for directly controlling the ad-

~ mission and emission of steam from the pis-
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ton chamber or eylinder. |
My improved engine hasan undulatingsur-

faced piston formed with an unequal number |

of longitudinal alternating lobes or projeec-
tions and intermediate depressions. The pis-

ton 1s so formed that its diameters are equal,

taken through its axis from any point, the

depressions gradually merging into the lobes
It a1s0 has an

or projections and vice versa.
equal number of abutment valves, exactly
twice as many as there are lobes on the pis-
ton, or one for each lobe and each depression
on the piston, and these abutment valves are
arranged at equal distance apart radially of
and exterior to the piston. The dianietri-
cally opposite abutment valves are connected
together at their ends, and owing to theshape
of the piston, one of the valves in a pair will
be cpposite a depression iu the piston, when
the other 1s opposite a lobe, and vice versa at
all times. The inner edges of the abutment

valves fit neatly against the piston, and as

"tlw diametrically opposite valves are con-

nected they are both kept in proper contact

50

with the surface of the piston, as the latter

|'actsasacam,and when one valveis forced out-
‘ward by a lobe of the piston moving therepast,

the opposite valve is drawn inward in to the
depression in the valve diametrically oppo-
site such lobe. 'The piston is thus made to
actuafe the abutment valves without the em-

ployment of springs, steam pressure, cams, or-

other auxiliary means, and each abutment
valve actuates the diametrically opposite
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abutment valve andisin turnshifted thereby.

The piston is axially centered in a cylinder
whose intérior diameter is such that its out-
ermost portions of thelobesfit closely against
the inner wall of the eylinder, so that a se-

ries of longitudinal chambers are formed in.

the cylinder between the lobes of the piston.
4 hese chambers are again longitudinally di-
vided by alternate abutment valves. These
abutment valves are non-rotatable and play
through longitudinal slotsin the cylinder, be-
ing housed 1in, so that steam cannot eseape
from the eylinder through theslots, and suit-
able packings may be employed at the joints

of the housings and cylinder and on the sides

and inner edges of the abutment valves to
prevent leakage of steam. 1t will be under-
stood howeverthat thesteam chambers above
mentioned are not constant in position - Dhe-
cause the piston rotates and the abutment
valves in succession divide the chambers.

In operating the engineg, steam is admitted
between every alternate pair of abutment
valves, and simultaneously exhausted VLe-
tween every other alternate pair of abutment
valves, the steam inlet and exhaust ports be-
Ing at opposite ends of the engine. Inother
words steam is admitted at one side of each
abutment valve occupying a depression of
the piston, and simultaneously exhausted at
the opposite sides of such valves, conse-
quently the steam expandingbetween theeyl-
inder, abutment valves, and lobes of the pis-
ton will cause the piston to rotate sufficiently
to move the lobes past the abutment valves
which were on top thereof when the engine
started, and then the steam is admitted be-
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tween such valves and the lobes, and as soon | main engine shaft and rotates with the pis-

as the pressure of steam between and against
anytwo adjoining abutment valves is equal-
ized, the inlét valve is closed and the outlet
port opened, thusin an engine having athree
lobed piston, and six abutment valves, 1 first
admit steam at three or more equidistant
points simdltaneously, and exhaust steam at

three or more intermediate equi-distant

points, and then exhaust steam at the first
three points, and admit it at the latter three
points during each complete revolution of
the piston, and so on during the operation of
the engine.

has three impulses given it for each revolu-
tion. The steam being admitted at three or

more equidistant points, it will be obviousthat

the radial pressure of the steam in the cham-
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bers npon the shaft or axis of the piston Iis

mutually connteracted, and consequently lat-

eral thrust of the shaft or pisicn is prevent-
ed, and there is no wear on the journals pro-
duced by such radial pressure. This radial
pressure is one of the great .defects in ordi-
nary rotary engines wherein the steam is al-

The piston in such engine thus ;

F ]
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|
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ternately admitted at opposite sides of the

piston, as theradial pressure ol steam on one
side of the piston not being counteracted by
an equal pressure on other sides, or equi-dis-
tant points, has to be borne by the piston
journals, or main shaft, and thus excessive

wear is engendered, and the piston scon be-

rins to “ wabble,” and the engine always jars
and trembles in action. This i8 especially
true of rotary engines employing eccentric
arranged pistons. In my engine these defeets
are obviated and the piston is actually coun-
terbalanced gud floated by the working steam
pressure in the eylinder. It will be under-
stood that when steam is working againsi one
valve, it is exhausting in front of the con-
nected diametrically opposite valve. As the
piston turns however, this connected valve s
moved inward at the same speed and to the
same extent that the first valve is moved out-
ward, and as soon as the lobe has moved past
the inlet port beside the second valve, steam
ig adinitted thereagainst; thus the amount of
abutment valve surface against which the
live steam is working is substantially main-
tained at all times, as the amount of abut-
ment surface presented by one of each pair
of diametrically opposite valves is increased
in the exaet ratio that the amount ot abut-
ment surface presented by the other of such
valves is diminished, and vied versa. In my
engine I employ a novel valve mechanism
composed of three disks; the outer and inner
disks have a series of equi-distant slots cor-
responding in number to theabutment valves
of the engine, and the slots of the inner disk

 communicate with ports leading through the

cylinder wails beside the respective abutment
valves. The intermediate disk has half as
many equi-distant perforations in 1t as the
other disks have slots and it is fixed on the

i
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or non-rotatable. These disks are inclosed in

ton, while the outer and inner disks are fixed,

a steam chest on the end of the cylinder in
such manner that no steam can enter the eyl-
inder ports except through the openings in
the disks. The slots in the outer and inner
disks coincide and when the openings in the
intermediate disks coincide with the slots in
the other disks steam can enter the cylin-
der. As there are only half as maay perfo-
rations in the intermediate disk as there are
slots in the other disks it will be obvious that
steam will enter the cylinder only through
every other port, at one time, but that all the
ports will be opened once during the revolu-
tion of the piston. The same valve mechan-
ism can be used for the inlet and exhaust
ports, by applying a set of the disks at oppo-
site ends of theergine, In order towegulate
the admission of steam to the engine the in-

ner disk may be made slightly -rotatable so

that it ean be partially turned so as to vary
the register of its slots with those of the outer
disk, and consequently the length, of time
when the perforations of the inner disk coin-
cide with the slots in the inner and outer
disks. A governor can be used to controi the
position of the inner disk, aud thus the sap-
nly of steam be automatically controlled by
the speed of the engine. |

The accompanying drawings illustrate a
vood form of working engine and the valve

‘mechanism, and referring thereto by lettersof

reference for a more detailed description of
my invention, Figure 1 represents a perspec-
tive view of the complete engine,
jongitudinal verticalsection throughthesame;
Fig. 2* a detail longitudinal section showing
the valve ports. Fig. 3 is a face view of the
valve mechanism partly in section. Fig.41s
an end view of the eylinder with head removed
showing interior parts. Fig 5isa perspective
view.of an abutinent valve, Fig. 6is a detail
view of the inner face £ one of the valves.
Figs. 7 and 8 are detaei -1 views of the valve
disks. S |
1 have illustrated an engine having a three

Jobed piston, and consequently six abutment
valves. | | o .

A designates a cylinder mouanted on a suit-
able base. |

I3, B, are the eylinder headsrigidly secured
to the ends of the cylinder, each having an
annular chamber b on their exterier faces in
which are fitted the valve disks, and a cen-
tral opening for the passage of the main shaft
¢, The chambers b are closed by removable
plates D which are provided with stufling
boxes d,in which shaft Cis journaled. "The
piston E is roughly trefoil-shaped, having
three lobes e and three intermediate depres-
sions €’. - | |

I, I, designate the abutment valves, six
in number arranged at equi-distant points
around the piston, and playing through lon-
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- K thereof is fixed on shaft Cso that its open-
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shown.

valves are rigidly united by méans of bars f

which are fastened to the ends of the valves
and work in radial grooves b’ in the inner
faces of heads B, and are slotted as at
the passage of shaft C, and to permit the lon-
gitudinal movement -of the bars. These bars
cause the opposite valves to alternately and
simultaneously move in and out, as the piston
rotates, the surface of the piston acting as &
cam to move the valves. At one side of each
abutment valve, a longitudinal inlet port G
is made in the walls of the eylinder, said port
being closed at one end, but communicates at
the other end with one of the ports g in one
head B. At the opposite side of each abut-
ment valve is a similar exit port H, closed at
theend adjoining ports g, but commumcatmﬂ'
at the other end with one of the exit ports A
in the opposite head B. Tle inlet valve con-
sists of three annular disks J, K, L; disk J is
centered on the end of shaft C within cham-
ber b, and is provided with six transverse
equi-distant slots 7, adapted to register with
ports g. T'his disk does not turn with the
shaft C. The disk K is similar in size to disk
J, but has a hub &£ by which it is splined on
shaft € as shown. It also has butthree open-
ings &’ much smaller than the slots [. Disk
L is similar to disk J, having six slots /, and
is mounted on the hub of disk K but is kept
from rotating by a set screw I.” tapped through

the wall of the chamber as shown. Only disk

K rotates, and it revolves with the piston;
consequently as it rotates, its openings % reg-
ister with three alternate slots 7, and [, alter-
nately. When the openings in disks J, K, LL
register, steam is admitted into the cylinder
and theengineisoperated, as above described.

Theexhaustvalvemechanismisconstructed
like the inlet valve, but the intermediate disk

ings stand intermediate the openings in the
dlsk I of the inlet valve mechanism, conse-
quently steam will be exhausted from oneside |
of the abutment valves simultaneously with
its admission at the other side thereof, or in
other words, steam will be admitted between
alternate pairs of abutment valves, and simul- |
taneously exhausted between the intermedi-
ate alternate paitrs of abutment valves, as in-
dicated by the arrows in Fig. 4.
It will be clear from the foregomg descrip-
tion that the simple rotation of one valve
disk controls the admission of steam intothe
cylinder at six equi-distant points, during one
rotation of the piston, and that steam is ad-
mitted at but three equi-distant pointsatone
time. The piston therefore is countinusally

balanced, and lateral thrust of the main shaft

is prevented. Steam 18 admitted to and ex-

hausted from the opposite chambers b, 0, by |

pipes S, s.
In mdel to automa.tlcally regulﬂte the ad-

f’ for

|

‘gitudinal slois in the cylinder and protected ' mission of steam into the engine, the disk of
by housings F’ attached to the eylinder as ; the inlet valve mechanism is made partly ro-
Each pair of diametrically opposite f tatable, and is provided with a segmental

rack J”at a convenient peint of its periphery.
This rack is meshed by a small pinion m on

| the inner end of a stub shaft M journaled. in
‘the head and plate as indicated i the draw-

ings, and a small pinion m’ is fixed on the
outer end of said shaft, and is' meshed by a
segmental rack N pwoted on a suitable sup-
port and connected in any suitable manner

with a governor n which is driven fmm the.

main shaft.

The coustruction of the governor and of
connections between it and shafLM and main
shaft, whereby it is caused to rock shaft M
is not of the essence of the invention, and
may be of any suitable construetion. As
shown, the governor tends to rock shaft M
when the speed reaches the maximum point,
and by so doing it causes the slight rotation
of disk J, and consequently alters the posi-
tion of its slots with relation to those in disk
L, and conseauently the length of time when

70
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the perforation in disk % will register simul- .
taneously with slots in disks L and J is short-

ened, and the supply of steam to the engine
diminished. Thus in & simple and effective
manner I provide an automatic cut-off for
the engine and am enabled fo perfectly con-
trol it. By using similar valve mechanism
for the inlet and outlet ports I can reverse

‘the engine by admitting steam at the ex-

haust side and exhausting it from the inlet
side.
shaped, having the slots and perforations in
their rims, arid as steam can pass freely be-
tween the spokes thereof there is very little
frietional-contact surface between the disks.
The piston may have a greater but unequal
number of lobes, and must be of equal diam-
eter in any cross Section through its axis.
The engine must have an equal number of
abutment valves in order that the diametri-

The -disks J, K, L, are really wheel-

95
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cally opposite valves may be eonneeted and

operated as above described.

When it is not desired to make the engine
reversible, the outlet valve mechanism may
be modified, by making disk J fast to the
head, or by omitting said disk and dressing
the bottom of chamber 6 and the ends of the
cylinder ports so that the latter correspond

11'5 _

to the slots in disk J, and disk KX works

against the head in the bottom of chamber b.
ThlS would be equivalent to making disk J
integral with the head. I would therefore
consider such changes as equivalents for my
valve mechanism and as embraced in my

1 claims, excepting ‘where the cut-off feature

of the valve mechanism is included. |
- Having desceribed my invention, what I
claim as new, and desire to secure by Letters

Patent thereon, is—

1. A rotary steam engine hcwmo' a concen-
tric piston of equal dmmeter thmughout

formed with an odd number of longifudinal
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lobes, in combination with a series of equi- j
distant abutment valves arranged in diame-

trically opposite pairs, one pair for each lobe
of the piston, the opposite valvesin each pair

being rigidly united so as to move synchro- |
nousiy,and operated.only by their direct con-

tact with the piston and conrection to each
other, substantially as described. |

2. In g rotary engine the combination of
the eylinder, a piston having an odd nimber
of longitudinal lobes, and similar number of
intermediaté depressions, and a series of
abutment valves, one for each lobe and de-
pression of the piston, with means for admit-
ting steam at one side of three or mors alter-
nate valves at atime, until all the valves have

- been in active work once during each revolu-
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tion of the piston,substantially ags described.

3. The combination of the ecylinder and
piston therein, and abutment valves; with
¢ho inlet ports beside each valve, and valve
mechanisnd subsiantially as deseribed for ad-
mitting steam successively into alternate

norts, and to three or more such ports at a

rime, substantially as deseribed.

4, In a rotary engine the combination of
the eylinder, a piston having an odd number
of longitudinal lobes, and similar number of

intermediate depressions, and a series of

abutment valves, one for each lobe and de-
pression of the piston, with means for admit-

ting steam at one side of three or more alter-.

nate valves at atime, until all the valves have
been in active work once during each revo-
lntion of the piston, and means for simulta-

neouslv exhausting steam at one side of such

valves simultaneously with the admission of

steam against the other side, substantially as

deseribed.

5. A rotary steam engine having a concen-
tric
formed with an odd number of longitudinal

lobes, in combination with a series of equi-

distant abutment valves arranged in diamet-

‘rically opposite pairs, one pair for each lobe

of the piston, the opposite valves in each pair
being rigidly united so as to move synchro-
nously, and operated only by their direct con-

tact.with the piston and connecticn to each-

other, and mechanism for admitting steam

against one valve of each pair, and exhaust-

ing it in front of the opposite vaive, substan-
tially as and for the purpose specified.
- 6. The combination of the ¢ylinder, the se-
ries of radial abutment vaives, the outlet and

irlet poris at each side of each abutment |

valve,and the piston having an odd number of
lobes and depressions the sum of which equals
the number of abutment valves, and valve
mechanism whereby steam is admitted succes-

- sively into alternate inlét ports; and to three

or more such ports at a time substantially as
described. | | | ,

odd number of lobes but of equal diameter
in crosssection throughout; with the cylinder,

piston of equal diameter throughout .

516,431

che c'ylinder heads, the 'a,'hu,'tment valves ar-

ranged in diametrically opposite pairs, one
pair for each lobe on the cylinder, and the
70

valvds in each pair being connected together
30 as to move synchronously; with inlet and
exhaust ports on opposite sides of each abut-

ment valve, and mechanism substantially as .

deseribed forsimultareously admitting steam
at one side of ome valve in each pair, and
then admitting it at one side of the opposite
valve in each pair, and simultaneously ex-
hausting steam at the opposite sides of such
valves, substantially as and for the purpose
specified. - o -

8. The herein described valve niechanism
for rotary engines consisting of three disks,
the outer and inner disks having correspond-
ing slots, and the intermediate disk a perfora-

‘tion adapted to intermittently register with

those of the outer and inner disks, the outer
and inner disks.being non-rotatable, while

the intermediate disk rotates, substantially

as deseribed. |

9. The combination of an engine cylinder
having an even number of inlet ports, with a
rotating disk having half as many openings
adapted to simultaneously register with alter-
nate ports, substantially as and for the pur-
pose described. -

10. The combination in the rotary engine

of the cvlindler haviig an even number of
equi-distant poris, and a piston therein; with
a rotating disk adapted to revolve synchro-

| nously with the pisten provided with equi-dis-

tant openings adapted to simultaneously reg-
ister with threg or more alternate cylinder
ports, and to register with all the cylinder
ports cnee during each revolution thereof sub-
stantially as deseribed. _
11. The combination of the cylinder, its
equi-distant inlet ports, the rotating piston,
the disk mountedon the piston shaft having
equi-distant openings adapted to register
with three or more alternate eylinder ports
simultaneously, and diametricaily opposite

75

80

9"3.

95

100

105

11O

abutment valves intermediate the eylinder

ports, the opposite valves being connected sub-
stantially as described. -

12. The combination of the eylinder, its in-
let ports and the piston and main shaft; with
the valve mechanism coiisisting of three disks,
the inner and outermost disks being station-
ary having corresponding slots equal in nvm-
ber to the ports of the cylinder, and the slots

of the inner disk communicating with said:
ports, and an intermediate rotating disk hav-

ing openings adapted to register with alter-
nate openings in the other disks, and mech-
anisni whereby the inner disk may be slightly
rotated so as to vary the length of register
between the openings in the intermediate
disk and the slots in the outer and inner

,_ {'disks, substantially as described. |
7. The combination of the piston having an :

13. The herein described engine consisting”

of the eylinder, the piston having an odd

. number of lobes, the diametrically opposite
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but conneeted abutment valves, one pair for | 1In testimony that I claim the foregoing as
each lobe of the eylinder, the inlet and out- | myown I affix my signature in presence of two
let ports on opposite sides of each abutment witnesses. . |
~valve, and the chambered cylinder heads, | JOHN VINCENT DAVIS.
with the valve mechanisms in the chambers Witnesses: |
of said heads, constructed and operated sub- | AUGUSTA TILESTON,

stantially as herein shown and described. |~ C. W. MERRIAM.
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