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[57] ABSTRACT »
An internal combustion engine comprises a cylinder in

the general form of a ‘Figure eight,” and comprises
two engine cylinder portions, for example, of toroidal
form arranged side by side and interconnected cen-
trally so that the toroids intersect at an intermediate
portion common to both. Pistons are centrally rotat-
ably mounted in each associated cylinder portion and
operate through a path which moves them through the
associated adjacent cylinder portion. The pistons are
timed for rotation at a substantially 180° phase differ-
ence so that they alternately and cyclically run
through the common intermediate portion. The cylin-
ders advantageously rotate with parallel arranged
shafts interengaged by appropriate gearing to provide
for the necessary phase difference operation. The con-
struction includes a rotary valve for timing the open-
ing and closing of inlet and outlet ports which are con-
nected to the respective cylinder parts and which reg-
ulate the inlet air flow from a compressor and the ex-
haust of gases from the cylinder. Each cylinder part is
provided with a port which leads to a small sized com-
bustion chamber and the rotation of the pistons’ is
such that the fuel and gas mixture is directed into each
combustion chamber during each revolution, where it
is ignited in the chamber and the compressed combus-
tion gases are directed outwardly behind the pistons to
provide the driving power. '

10 Claims, 15 Drawing Figures ‘
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lNTERNAL COMBUSTION ENGINE HAVING TWO
PISTONS ROTATABLE THROUGH SEPARATE
INTERSECTING CIRCULAR PATHS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to the construction
of internal combustion engines and in particular to a
new and useful rotary engine having two rotating piston
members which rotate in respective cylinder portions
of a cylinder member having side by side parts with a
common intersecting part, and wherein pistons are
geared to run-180° out of phase.

2. Description of the Prior Art

It is well known in the internal combustion field that
engines having rotary moving pistons run more quietly
and have better mechanical efficiency than engines
having pistons which reciprocate and which are con-
nected through a crank drive. The practical develop-
ment of such engines has lagged due to various struc-
tural difficulties. For example, in respect to gas tur-
bines the turbine rotor which is designed for operation
from about 10,000 to 50,000 rpm requires costly re-
duction gearing and they cannot react to a sudden
change in speed. In addition, they require a great deal
of time for starting and stopping. The so-called Wankel
engine has a disadvantage that it is very difficult to seal
it because the pressure boundary is given by the lines
like an apex seal. It is also very difficult to operate at
very slow speeds.

SUMMARY OF THE INVENTION

In accordance with the present invention there is pro-
vided a rotary engine which may be made very compact
and lightweight and has a high output and quiet running
characteristics. The invention includes a rotary engine
which combines the air tightness of a piston crank en-
gine and the mechanical advantage of direct circular
movement which is one of the principal advantages of
the gas turbine, but it operates without noise or vibra-
tion, such as gas shudder which might be encountered
in an engine such as a gas turbine.

The invention comprises a rotary engine which oper-
ates with two sector pistons arranged to rotate about
rotation axis which define two intersecting circles, and
which operate in two cylinder portions which are ar-
ranged with an intersecting common part in the form
of a figure 8. Each piston is mounted to rotate within

each circle and in so doing they move through a path °

which is common to’'each circular part of the cylinder.
The pistons turn-in circles in respective opposite direc-
tions and- they are arranged to operate at 180° phase
difference. They transmit their torque to two parallel
shafts which are advantageously interconnected by
gearing to provide for the phase operation of the pis-
tons. The output can be taken from either shaft or, for
example, from a. central shaft which 1s connected
thereto by gearing.

In a preferred form, the rotary engine includes two
toroidal cylinder parts which are arranged together in
the form of a figure 8 and include a common intersect-
ing part. The inner end of each toroid is provided with
a slot and the flange portion of the sector piston slide
along the slot thereby causing the rotatable shaft at the
flange turning center to rotate. Each cylinder part is
equipped with a suction port and an exhaust port for a
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fuel and air mixture, and each is provided with a con-
necting combustion chamber into which the mixed gas
is directed during the rotation of the pistons and com-
pressed therein, and subsequently ignited. The opera-
tion of the pistons is such that one of the pistons allows
the mixed gas into the combustion chamber when the
other piston rotates and each piston in turn is subse-
quently driven when the gas explosion occurs in the as-
sociated combustion chamber portion. Because of the
180° phase difference of operation, each piston car act
as a gas shutter or valve which cuts off communication
between the next adjacent cylinder portion and pre-
vents back spurting of high pressure combustion gases.

Accordingly, it is an object of the invention to pro-
vide an improved rotary piston engine, comprising two
rotatable pistons which rotate through circular paths in
cylinder portlons which are formed together in the gen-
eral outline of a figure 8 and wherein the pistons are in-
terconnected so that they rotate at 1807 out of phase
from each other and pass through a common connect-
ing portion of the two cylinder parts.

A further object of the invention is to provide a ro-
tary piston engine having a housing or cylinder part
formed of two intersecting toroid sections in the form
of a figure 8 with the intersecting part forming-a com-
mon passage therebetween which is-alternately blocked
or uncovered by the piston associated with each cylin-
der part, and wherein each cylinder part is connected
to a separate small combustion chamber through a port
so that the rotating pistons drive the gas and air mixture
into the combustion chamber where it is ignited for
moving the associated pistons.

A further object of the invention is to provide a com-
bustion chamber which is simple in design, rugged in
construction and economical to manufacture.

For an understanding of the principles of the inven-
tion, reference is made to the following description of
typical embodiments thereof s illustrated in the accom-
panying drawings:

BRIEF DESCRIPTION OF THE DRAWING

In the drawing: .

FIG. 1 is an axial sectional view of a rotary engme
constructed in accordance with the invention;

FIG. 2 is a section taken along the line II—II of FIG.
1

FIG. 3 is a partial perspective view showing the cylin-
der portions and a cylinder ring associated therewith;

FIG. 4 is a partial perspective view' indicating the
combustion chamber connections to the cylinder parts;

FIG. § is a partial exploded perspective view of the
engine shown in FIG. 1;

FIGS. 6a, 6b, 6c, and 6d are schematic axial sectional
views showing the operation of the engine;

FIGS. 7a, 7b, 7c and 7d are transverse sectional views
taken along line VII—VII of FIG. 1 of various embodi-
ments of sector pistons usable with the engine.

FIG. 8 is a detail sectional view of a modification of
the invention. )

FIG. 9 is a detail sectional view of a further modifica-
tion of the invention.
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GENERAL DESCRIPTION OF THE PREFERRED
EMBODIMENT

- Referring to the drawings in particular the invention
embodied therein in FIGS. 1 to 6 comprises a rotary in-
ternal combustion engine which includes two sector
pistons 5§ and 6, of substantially the same shape which
are rotatably mounted at shaft portions 3 and 4 for ro-
tation about axis which are spaced apart and substan-
tially parallel. The pistons 5 and 6 move through sepa-
rate circular paths which intersect and they are oper-
ated 180° out-of-phase to permit such rotatable move-
ment. To ensure the defined out of phase rotation of
180° the shafts 3 and 4 carry gears 1 and 2, respec-
tively, which intermesh.

Both the shafts 3 and 4 and the associated gears 1 and
2 are rotatably supported in a housing or frame 26,
which includes separate engine cylinder parts 264 and
26b, which, in the embodiment shown, include substan-
tially toroidal cylinder areas which intersect and which
define a common communicating engine cylinder part
26¢. The pistons 5 and 6 move around in their asso-
ciated cylinder parts 26a and 265, and alternately move
through the common connecting part 26c¢.

Valve means in the form of rotary disks or valve
plates 9 and 10 are connected to the associated shafts
3 and 4 for rotation therewith, and they open or close
periodically respective suction ports 11 and 12, and ex-
haust ports 14 and 15. The suction and exhaust ports
open to the inside of the associated cylinder parts 264
and 26b, and they are either opened or closed by the
position of the associated pistons 5 or 6. The suction
ports are connected through a suction valve assembly
to the carburetor of a supercharger 13. The exhaust
ports 14 and 15 are connected through an exhaust
valve externally to a muffler.

The inventive engine includes relatively small sized
combustion chambers 16 and 17 which are formed on
the exterior of the cylinder parts 26a and 265, and are
equipped with a suitable ignition means such as a spark
plug 33. Each combustion chamber 16 and 17 is con-
nected directly to the cylinder parts 26a and 26b and
also through a connecting passage 31, 31’ to respective
combined gas and air mixture inlets and compressed
combustion gas discharges 18 and 19, which communi-
cate with the cylinder spaces in the parts 26a and 265,
respectively. '

A water cooling system includes a water supply pipe
20, which directs cooling water through a space in the
cylinder jacket wall. A drain pipe 21 is provided to
drain the system.

Each shaft 3 and 4 is rotatably mounted on bearings
23, 23’ which are supported in housing 26. Each piston
has a piston ring 24 near each end. It is also advisable
to install a cylinder ring 25 at the central portion of the
communicating part 26¢. The cylinder ring 25 is advan-
tageously split into two parts and it carries exteriorly
located springs which permit it to be placed in position.

The valve mechanism in the embodiment shown
comprises disk valves 9 and 10 which are mounted on
the associated shafts 3 and 4, and they are made to slide
in close contact with the suction ports 11 and 12 and
the exhaust ports 14 and 15, in order to permit open-
ings thereon to move periodically to a position overly-
ing respective ports for opening them and to move be-
yond the ports for closing them for timing the suction
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and exhaust. This valve mechanism is shown by way of
example but any suitable type of valve timing arrange-
ment may be employed with the engine.

In FIG. 4 the connection between the combustion
chamber cylinder parts 26a and 26b together with the
compressed gas.ports 18 and 19 and the combustion
chambers 16 and 17 are shown in detail. The com-
pressed gas ports 18 and 19 open into the cylinder wall
and each cycle of movement of the associated pistons
§ or 6 as indicated by the dotted line 7 and 8. The com-
bustion chambers 16 and 17 are connected through
pipes 31 and 31’ to the associated gas ports 18 and 19
respectively. Midway between the ports 18 and 19 and
the chambers 16 and 17 there is installed a non-return
valve 32 which permiits passage only in one direction.
It should be appreciated that it is possible to use a ro-
tary disk valve such as the valves 9 and 10 in place of
the non-return valve for the same purpose.

As best shown in FIG. 5, each piston includes a boss
28 which is shown connected to piston 6 which extends
to the shaft 4. The circular piston portion 6 is shaped
to ride in the toroidal cylinder chambers and the boss
28 rides in the annular slot 27 formed on the internal
surface. The boss 28 includes a flange part 29 which
rides in sliding engagement to provide an operating seal
and the necessary clearance for slight relative shaft dis-
placement. :

The operation of the device is as follows:

Rotation of the pistons 5 and 6 is accompanied by a
pressure air drop in the cylinder on the suction side of
each. The suction valve may be designed to open under
the effect of pressurized suction air and permit the in-
jection of mixed gas and air alternately through the suc-
tion ports 11 and 12. This gas and air is advantageously
admitted under pressure from a supercharger but may
of course be supplied from a carburetor. The gas and
air mixture is compressed by movement ahead of the
associated pistons and moved cyclically through gas
ports 18 or 19 and communicating pipes 31 or 31’ to
the associated combustion chambers 16 or 17. The gas
in the combustion chambers 16 and 17 is exploded in
timed relationship to the rotation of the pistons by a
spark plug 33. This gas moves backwardly into the
combustion chamber 16 and 17 and communicates to
the interior of their associated spaces 26a and 26b to
fully expose these spaces to a high pressure burning gas
to cause the rotation of the associated piston. As the
gas fully expands it continues to turn the piston and it
forces open the exhaust valve at the exhaust port 14 or
15 which releases the exhaust gases through a muffler
into the atmosphere. The pistons are operated at 180°
phase difference so that one piston always acts as a gas

. shutter by cutting off the cylinder path of the other pis-
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ton and causing the high pressure burning gas to work
on only the rotating end face of the associated piston
without being ejected in an opposite direction.

The exhaust scavenging condition of operation of this
rotary engine is similar to that of a two-cycle engine
where the inlet gas and air mixture is pressurized.

The pressure energy created by the burning of mixed
gas is transformed into a dynamic mechanical energy
through piston rotation and this energy which drives
the rotatable shafts 3 and 4 in mutual opposite direc-
tions is taken as a large output from the connection 22.
The engine can be operated in any desired operation of
engine output, revolution, etc., through modifications
of the opening and closing of the timing valves for both
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suction and exhaust, and for adjusting the mixing ratio
in the carburetor.

The detailed operation shown in FIGS. 6a to 64
includes with reference to 6a, a condition in which the
mixed gas is forced into the chamber 16 by the action
of the piston 6, and it explodes to cause a rapid pres-
sure build up at the location A behind the piston 5 to
cause movement of the piston in the direction of the
arrow indicated. At the same time the piston 6 blocks
off the communication between the common connect-
ing passage 26 and the adjacent cylinder portion 26b.
The suction port 11 and the exhaust port 14 are both
closed in the condition indicated in FIG. 6a.

In the state shown in FIG. 6b, the end B of the piston
5 is moved to a point in which it has completed the
forcing of the gas mixture through the compressed gas
port 18 into the chamber 17 on the opposite side 26b.
The suction port 11 and the exhaust port 14 are also
closed. The piston 6 has already allowed the mixed gas
in through the suction port 12 and, with the exhaust
complete, it turns in the direction of the arrow indi-
cated. '

In FIG. 6c the left piston § is in a position in which
it is ready to drive out the burning gas through the ex-
haust port 14. Approximately the same time, the fuel
mixture is introduced through the suction port 11 in
order to help expel a portion of the burning gas and is
also to fill the cylinder with the mixed gas. This action
is identical to a scavenging step of a two-cycle engine.
In the meantime the right piston 6 is.in a . position in
which the explosive combustion takes place in the com-

bustion chamber 17 and the fuel mixture is compressed.

by the piston 6 at the end of B'.

IN FIG. 6d while the end B of the left piston 5 is car-
rying the fuel gas mixture in the direction of the arrow,
the end B’ of the piston 6 has just forced the mixture
into the opposite combustion chamber 16 of the cylin-
der part 26a.

It can thus be seen that with the rotary engine of the
invention one of the pistons is made to turn by the ex-
plosion which takes place in the combustion chamber
into which the mixed gas has been forced by the other
piston. Thus one end of the piston forces the fuel gas
mixture into the opposite combustion chamber while
the fuel gas mixture which is introduced through the
suction port helps the expulsion of the burning gas, and
it fills the cylinder in the same way as in a scavenging
process of a two-cycle engine. In the meantime, cycli-
cally, the mixed gas, is forced into each combustion
chamber by the opposite piston. Both pistons are con-
nected for rotation together in a definite spaced rela-
tionship. By rotating the pistons out of phase and by siz-
ing them properly the communication between one cyl-
inder part 26a and the other cylinder part 265 is period-
ically cut off.

FIGS. 7a, 7b, 7c¢ and 7d show various embodiments
of pistons 5, 5, 5'' and 5’’’ respectively. It is obvious
that different shapes may also be employed but these
are given by way of example only. ‘

As indicated in FIG. 8, when the present invention is
applied to a diesel type internal combustion engine, the
fuel jet valve the.expression or nozzle 37 to be con-
nected to the fuel jet pump 36, and which is not shown
in the present case, is. connected to the combustion
chambers 16 and 17. In the suction phase of the opera-
tion of the pistons 5 and 6, only air is drawn to the suc-
tion ports 11 and 12, and just before or after the com-
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pletion of the compression step, the fuel is ejected from
the jet valve into the combustion chamber 16 or 17.
FIG. 9 shows a fuel jet valve or nozzle 37 mounted
upon each of the suction ports 11 and 12.

In the case of a very large output engine the piston
may be designed in the form of a 90° sector and it is es-
sential that both pistons be of substantially the same
configuration,

While ‘specific embodiments of the invention have
been shown and described in detail to illustrate the ap-
plication of the principles of the invention, it will be un-
derstood that the invention may be embodied other-
wise without departing from such principles.

What is claimed is:

1. A rotary engine comprising an engine housing
forming first and second annular .cylinder portions
which are arranged side by side and include a single in-
tersecting common portion, first and second segment
pistons rotatably mounted about respective parallel
axes for rotation through first and second cylinder por-
tions and alternatively through said common intersect-
ing portions thereof, suction and exhaust port means
connected to each of said annular cylinder portions op-
erable in timed relationship to rotation of said pistons
for supplying a burnable fuel mixture to, and for dis-
charging exhaust gases from said cylinder portion,
means comprising a first and second combustion cham-
ber housing having respective communications with
said first and second cylinder portions, a cross-
connection from said first combustion chamber hous-
ing to said second cylinder portion, and from said sec-
ond combustion chamber housing to said first ¢ylinder
for the inlet of a fuel mixture to the respective combus-
tion chambers whereby to define an inlet which is
ahead of the rotative movement of one piston of one of
said cylinder portions to cause the fuel mixture to be
directed thereby through said cross connection to the
combustion chamber of the other of said eylinder por-
tions; and means for igniting the fuel mixture which is
directed to said combustion chambers by the rotation
of said pistons and. for directing combustion gases
which are generated against said pistons for rotating
said pistons.

2. A rotary engine according to claim 1, wherein said
engine housing includes an inner slot extending around
the interior of each of said annular cylinder portions,
said first and second pistons having a connecting boss
extending through said slot and a widened piston por-
tion located within the associated cylinder portion.

3. A rotary engine according to claim 1, wherein said
pistons are of a size such that they close the intersecting
common portion when they are rotated to a closing po-
sition.” ‘ :

4. A rotary engine according to claim 1, including
gear means connected between said first and second
pistons for operating said pistons in fixed spaced rela-
tionship 180° out-of-phase.

. A rotary engine according to claim 1, including a

‘shaft connected to each of said pistons and centrally

arranged in respect to said cylinder portions, a gear
fixed to each of said shafts of said first and second pis-
tons arranged in meshing engagement and maintaining
said pistons 180° out-of-phase.

6. A rotary engine according to claim 1, wherein said
first and second pistons each include a shaft, a web por-
tion extending outwardly from said shaft to said annu:
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lar cylinder portions and a piston portion riding in said
combustion chamber cylinder portions.

7. A rotary engine according to claim 1, wherein
each of said pistons are segments of substantially 90°,

8. A rotary engine according to claim 1, wherein
each of said pistons are segments of 180°.

9. A rotary engine, according to claim 1, including a
non-return valve in the passage connecting said com-
bustion chambers with the associated first and second
opposite combustion chamber cylinder portions.

10. A rotary engine according to claim 1, wherein
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said suction and exhaust port means includes a suction
opening for drawing in only air, means defining a sepa-
rate combustion chamber having a connection to each
of said first and second cylinder portions and also hav-
ing a cross connection to the opposite one of said first
and second cylinder portions, said fuel being injectable
into said combustion chamber, said pistons alternately
pressurizing the respective associated cylinder portions
and directing the air therein to the other of said cylin-

der portions through said connecting passage. .
s * * * * *



