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- UNITED STATES

PaTENT OFFICE.

HARRY E. SMALLBONE, OF CHICAGO, ILLINOiS ASSIGNOR OF ONE-FOURTH
TO WILLIAM J. URQUHART AND SAMUEL E. McDOWELL, OF CHICAGO,

ILLINOIS.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Pa.tent No. 686,482, dated November 12, 1901.
: Apphcatlonﬁled February 11, 1901 Serial No. 46,801, o model.)

To all whom it may concern:
Be it known that I, HARRY E. SMALLBONE,
a citizen of the United States, residing at Chl-
cago, in the county of Cook and State of Ti-
5 nois, have invented a new and useful Im-
provement in Rotary Engines, of which the
following is a specification. -

My 1nvent10n relates to 1tnplovements in

rotary multiple-piston engines of the type in

1o which the steam or other motlve fluid acts in
cyhndels against reciprocating pistons, which
in turn eﬁect rotary movement of the cylin-
ders, from which the power is taken.

My objectis toprovide improvementsin the

15 construction of engines of the above general
type in which the direct as well as the ex-
pansive force of steam may be utilized, in
the operation of which there shall be a prac-
tlcally—eontmuous unvarying foree exerted to

20 propel the moving parts with no dead-cen-
ters toovercome, and which shall be of a con-
struction adapting it for use upon motor ve-
hicles or wherever weight, dimensions, gen-
eral outline, and power are matters of im-

23 portance.

In the drawings, Figure 1 is a view in ele-
vation of my 1mproved engine; Fig. 2, a plan
view of the same; Fig. 3, a seétlon taken on
irregular line 3 in Fig. 1, showmv a valve for

30 startln , stopping, and reversing the engine;
Fig. 4, a section taken on lme 4 in Fig. 2;
Fig. 5, an enlarged broken section eorrespond-
ing Wlt,h the seetlon in Fig. 4, but showing
further details of constructlon Fig. 6,an en-

35 larged view in elevation of a Wabbhng disk
or frame with which the piston-rods and both

sets of eylinders are pivotally connected; and |

Figs.7,8,and 9, enlarged sections on lines 7,
8, and 9 in Fig.1 and viewed in the direction
40 of the arrows. :

A is a base plate or frame of angalar form,
as indicated, and can’ymo toward each end
outer standards a ¢ and inner standards b b.
On the standards o are journal-boxes o' for

45 the ends of shafts BB'. The shafts B B are
in the same per pendmular plane, but extend
toward a common centerin planes at an angle
to each other of pr eferably forty-five deurees
On the standards D are stationary motor,—ﬂuid

50 or steam chests C, also forming journals for
the shafts B B'. Leading into opposite sides

.of the steam - ehests are inlet and exhaust
pipes-C' C.  In thefurther description I will

designate pipe C'as the ‘‘inlet- pipe” and

plpe C? as the ‘“exhaust-pipe,” though in re- 55
versing the engine they will be reveraed as
hereinafter explmned At each steam-chest
the inlet-pipe communicates with a cored pas-
sage extending to a port ¢, and the exhaust- . .
pipe communicates with a porb ¢ t»hrough a 6o
cored passage. The ports ¢ ¢’ are in the ta-
pering convex face ¢* of the steam - chest,

against which the rear ends of the cyhnders

rotate, as hereinafter described. The port

¢ is at the center of a recess ¢® in the face 63

¢ and the port ¢’ is at the center of a re-
,ce'ss ¢* in the said face. It will be under-
stood that the cylinders rotate against the-
outer and inner ring-surfaces ¢° (bee Fig. 9)
of the steam-chests and also against segmen- 7o
tal surfaces ¢f, all-of which torrether form the
bearing - surfaces of the steam chests. The
serrment,a,l surfaces c® separate the recesses
S etat diametrically opposite points and form

stationary valves which open and close the 73

eylinder-ports as the cylinders rotate. On
shaft B is a set or pair of companion eylin-
ders D D', and on.the shaft B’ is a pair of
cylinders K E'. As the pairs of cylinders are
of similar construction, a deswiption of one
pair will suffice for the other The cylinders
of each pair are formed integral with a con-
necting boss or web f between them. The
web has a central opening f’ to fit over the
shaft which turns with and forms the axis of 85
rotation of the cylinders. Thecylinder-heads
of each pair are formed by a plate F, fitting
against and bolted to the cylinders and pre-
senting at its central portion a projecting disk
F' of the same diameter as the ring-surface
¢® of the steam-chest and having a frusto-
conical concave bearing-face coinciding with .
the convex face ¢ The face of the part F’
extends in the plane of the surfaces ¢5 ¢f or
bearing-face of the steam-chest and fits in 93
rotatin gcontactsteam-tight against thesame.
Extending through the part ¥’ into each eyl-
inder is a port ¢, which may be of the rela-
tive dimensions indicated by dotted lines in
Fig. 9. In the cylinders D D’ are similarly-
construected pistons G G, and in the cylin-
ders E E' are corresponding pistons. The
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pistons are of a common cylindrical construec-
tion with heads 7, and pivotally connected
with the pistons are the piston or connecting
rods h'. Between the adjacent open ends of
the cylinders is a wabbling disk or frame H,
which may be of the form shown in Fig. 6
and provided with four radial arms H' H? H?
H: At the outer ends of the arms are radi-
ally-extending trunnions ¢, and between their
ends the arms are provided with longitudi-
nally-extending slots ¢’. The piston-rods 7’
are pivotally connected at their free ends in
the slots ¢’ of the wabbling frame. The cyl-
inders D D’ extend in a plane transversely
of the machine at right angles to the cylin-
ders E E', so that their piston-rods connect
with the frame H at diametrically opposite
slots ', while the piston-rods of the eylinders
E E’ connect with the other diametrically op-
posite slots ¢'. Firmly secured to opposite
sides of the web £, between the cylinders DD’
are bracket-arms I I, and firmly secured to
the web between the cylinders E K’ are
bracket-arms K K’'. The bracket-arms are
all of the same length and project the same
distance beyond the ends of the eylinders.
In the free ends of the bracket-arms are
bearing-openings k& to receive the trunnions
1 of the wabbling frame. For additional
strength the bracket-arms are connected be-
tween their ends with the end portions of the
cylinders by meansof brace-bars, as shown.

L is a valve for starting, stopping, and re-
versing the engine. It is shown in the form
of a four-way plug-valve with a handle L/ .
The port m of the valve communicates with
a steam-supply pipe M, the port m' commu-
nicates with a steam-exhaust pipe M’, and
the ports m®m® communicate with the branch
pipes C' C? which extend to the steam-chests
of the engine, as before described. Asindi-
cated by the position of the valve in Fig. 3,
steam from the pipe M is flowing to the pipes
(,while the exhaust from the cylinders passes
through the pipes C? to the pipe M.

The operation is as follows: When the eyl-
inders extend in the relation to their steam-
chests indicated in Fig. 9, the ports g are
blanked or closed by the stationary valvesc®.
‘When the eylinders are revolved with their
shafts so that the ports ¢ are open to the re-
cesses ¢? ¢!, steam will enter that one of each
pair of the cylinders whose port registers
with the respective recess ¢®and exhaust from
the other of the pair of eylinders through the
recess ¢'. The figures show the piston G of
the cylinder D at the end of its outstroke,
the piston G’ of the cylinder D’ at the end of
its instroke, and the pistons of the cylinders
E E’ about midway of their strokes, one mov-
inginward and the other outward. The open-
ing and closing of ports g to the inlet and ex-
haust sides of the steam-chest is so timed
that when a piston on one side has moved
half a stroke in one direction the next piston
of the other pair of cylinders commences its
similar stroke either in or out, so that the

686,482

pistons act in rotation alternately from oppo-
site sides. In the outstroke of a piston its
connecting-rod moves the arm of the frame H
with which it is connected in the outer direc-
tion, which can only be accomplished, owing
to the relative angles of the shafts B B', by
turning the frame and both setsof cylinders
axially and osecillating the frame on the piv-
ots afforded by the bracket-arms. The out-
ward movement of the piston of one pair,
therefore, rocks the frame H in a manner to
force the piston of the other eylinder of the
same pair inward, producing the exhaust.
This operation takes place alternately at op-
posite sides of the frame H, produeing a con-
tinuous rotation of the frame, e¢ylinders, and
shafts B B’. Thus I produce a four-cylinder
engine, two of which at respectively opposite
sides are exerting power to rotate the shafts
B B’ while the other two cylinders are ex-
hausting. With this construction there are
no dead-centers, and no fly-wheel is neces-
sary,whilethe power exerted isapproximately
uniform and the moving parts well balanced.
As the ports g pass across the recesses ¢® and
ports ¢ the piston of the respective cylinder
is subjected to the directaction of the steam
entering from the port ¢, and while the port
is passing the surface ¢’ the steam admitted
to the cylinder has a chance to expand and
exert its expansive force, as is usual. The
surfaces c® thus perform the function of cut-
off valves. In theconstruction of the engine

the surfaces or valves ¢ may be of any de-

sired extent to regulate the cut-off.

When it is desired to reverse the engine,
the plug-valve L is turned to bring the steam-
pipe M into communication with the pipes C?
and the pipes C’'into communication with the
exhaust-pipe M’. This causessteam to enter
the valve-chests at the ports ¢’ and effect the
reversal in a well-known manner.

It will be understood that the valve L is
shown merely as an expedient, and any other
means for producing the same functions may
be substituted therefor.

While I have shown a construction of my
improvements adapting them for use with
steam as a motive fluid, obviously it may be
readily adapted with more or less slight va-
riations for use with other motive fluids.

Pulleys or gear-wheels may be provided
upon the shafts B B’, from which the power
may be taken. In applying my engine to a
motor-vehicle one of the shafts may extend
parallel with the driving-axle of the vehicle
and be geared thereto with straight gears or
driving-belts, while the other shaft may be
geared to the axle by means of bevel-gears or
the like.

The drawings show my improved engine of
one desirable construction; butthis construc-
tion may be changed to adapt it to different
purposes, and the various details of construe-
tion may be modified without departing from
tllle_' spirit of my invention as defined by the
claims,

70

75

8o

85

90

95

ICO

105

110

11§

I2Q

125

130



10

15

20

25

30

686,482

What I claim as new, and desire to secure
by Letters Patent, is—
1. Inaretaryengine, sets of companion cyl—

inders at an anwle to each other, pistons in.

said eylinders, aud a wabbling frame, between
the sets of cylinders, with which the pistons
are connected to operate, substantially as set
forth. .

2. Inarotaryengine, setsof companion cyl-
inders at an angle to each other, pistons in
said cylinders, and a wabbling frame, between
and pivotally connected with the sets of cyl-
inders, with which the pistons are pivotally
connected to operate, substantially as set
forth.

3. Ina rotary engine, two shafts extending
ioward a common center, a pair of companion
cylinders rotatably mounted en each said
shaft, a piston in each cylinder, and a wab-
bling frame, at said common center, with
which the pistons are connected to operate,
substantially as set forth.

4. In arotary engine, two shafts extending

toward a common center, a pair of companion
cylinders, rotatably mounted on each said
shaft, a piston in each eylinder, and -a wab-
bling frame, at said common center, pivotally
connected with each set of eylinders and with
which the pistonsare connected to operate,
substantially as set forth.

5. Inarotaryengine, setsof companion cyl~

3

inders at an angle to each other, pistons in
said cylinders, a wabbling frame, between the
sets of cylinders, with whieh the pistons are
connected, ports in said cylinders, and a sta-
tionary motor-fluid chest, for each set of ¢yl-
inders, having fluid inlet and exhaust ports
across which the cylinder-ports move, sub-
stantially as and for the purpose set forth.
6. In a rotary engine, the combination of
sets of companion cylinders, at an angle to

‘each other, pistons in-said cylinders, and a

wabbling frame, between the sets of eylin-
ders, provided with outer trunnions pivotally
connected with the cylinders, and pivotally

‘connected, within the trunnions, with the

pistons to operate, substantially as set forth.

7. In a rotary engine, the combination of
sets of companion cylinders, at an angle to
each other, pistons in said cylinders provided
with eonnecting-rods, bracket-arms on said
cylinders, a wabbling frame, between the sets
of eylinders, having radially-projecting trun-
nions pivotally connected with the bracket-
arms and connecting means within the trun-

40

45
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nions for the ends of the connecting-rods, -

substantially as and for the purpose set forth:
HARRY E. SMALLBONE.

In presence of—
ALBERT D. Bacci,
L. HEISLAR.



