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(54) HYBRID ROTARY ENGINE

(57) Hybrid rotary engine with tangential pistons
that can operate, without distinction, as a two-stroke heat
engine with spontaneous or controlled explosion or with
compressed air, in which modification of the method of
operation of the inlet valve (6) and the addition of a valve
(4) in the cylinder head and another in the rear chamber
(2), plus a fuel cut-off valve (3) and a distributor (5), in
addition to the corresponding pneumatic system, make
it possible for it to operate, without distinction, as con-
ventional heat engine or by means of compressed gases,
and the changeover from one type of operation to the
other does not require any transition, the valves being
able to operate pneumatically and/or electromechanical-
ly.
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Description

Object of the invention

[0001] The present specification refers to a rotary, two-
stroke engine, with tangential cylinders incorporating a
mechanism that enables it to work by means of com-
pressed gas. In this way, some of or all the cylinders can
work alternately as an internal combustion engine or by
means of compressed gas. In addition, it includes other
mechanisms that improve its performance.

Background to the invention

[0002] Rotary engines with tangential pistons, current-
ly under development, are heat engines with cylinders
placed tangentially to the axis of rotation. They are com-
prised of a block with cylinders, pistons and connecting
rods, as well as other elements for their control and reg-
ulation The crankshaft is placed in the centre of the as-
semblage and the cylinders are arranging tangent to the
axis of rotation. The pistons transmit movement to the
crankshaft by means of a lever articulated in two arms
which rotate on an intermediate shaft: the outer arm is
joined to the piston by means of a connecting rod and
the inner arm has a slot where the crankshaft pivot slides.
This arrangement causes the length of the arm’s lever
to vary continuously due to the rotation of the crankshaft,
thus modifying the relationship between both arms.
[0003] Also, since the block with all the elements, as
well as the crankshaft, rotate (but in opposite directions),
and they are joined by gears to a common shaft, consid-
erable effort is required to move the whole unit during
starting.
[0004] The present invention proposes to introduce a
mechanism that allows this type of engine to operate with
compressed gas. On the other hand, measures are pro-
posed to improve the effort relationship between the arms
of the articulated lever, and also to avoid the necessity
to pull the block including all its elements during starting.
[0005] The invention is based on the development of
the engine with tangential pistons: Patents P9200867,
CA9400571, P200401019 and requested
PCT/ES2005/070047.

Description of the invention

[0006] The working of this engine with two-stroke in-
ternal combustion, is as follows: on starting, the crank-
shaft, by means of the articulated lever and the connect-
ing rod, moves the piston forwards, drawing air into the
rear chamber through a one-way valve; this air becomes
pressurized when the piston inverts its motion, And then
it opens the admission valve, entering into the combus-
tion chamber. When the piston changes direction again,
this air, now inside the combustion chamber, is com-
pressed and, with the addition of fuel, starts the heat cy-
cle, with spark-ignition or compression-ignition.

[0007] The inlet valve, designed to operate as an in-
ternal combustion engine, in order to open and close,
works by pressure differential, since it incorporates a
spring in the closing direction, also it can be controlled
electro-mechanically.
[0008] In order to work as a hybrid motor, (internal com-
bustion-compressed gas) a mechanism, with several el-
ements normally operated by compressed gas, although
they can also be operated and/or controlled electro-me-
chanically, Ins been incorporated. This mechanism con-
sists of an outer pressurized gas circuit, with a shutoff
valve and a flow regulating valve, (worked by the accel-
erator for power control during operation with com-
pressed gas); a rotary joint coupled to the forward rotation
shaft where the gas enters the motor, and an internal
circuit with a distribution valve, a valve to relieve the pres-
sure in the cylinder’s rear chamber, a valve to cut off the
fuel to the engine, and a valve to allow the gas to enter
and leave the expansion chamber. The distribution valve
is controlled by a cam operated by the crankshaft and it
has two functions: to open and close the gas valve to the
expansion chamber at the right moment, and to allow the
residual gas to be expelled, in order to avoid any resist-
ance during the backward movement of the piston.
[0009] When the shutoff valve opens, the gas under
pressure enters the engine by an rotary union, and it
reaches the distribution valve, opens the valve which re-
lieves the pressure in the cylinder’s rear chamber, closes
the fuel shut off valve, and opens the gas inlet valve to
the cylinder. The distribution valve controls the gas flow
which acts on the piston, and this transmits the energy
to the crankshaft by means of the connecting rod and the
articulated lever. When the shutoff valve for the com-
pressed air is closed, the operation reverts to the previous
condition, and no transition is necessary to change from
one mode of operation to another.
[0010] A slot has been bored in the outer arm of the
articulated lever, which modifies the union of the con-
necting rod with the lever. This slot is orientated such
that, together with a lateral guide (the arc made by the
ann makes sliding easier), it determines the support point
of the connecting rod pivot, and means hat the arm of
the lever increases as its moves away from the cylinder
(expansion) and decreases during the return stroke
(compression), thus improving the performance of the
engine in both configurations.
[0011] The union of the crankcase and the crankshaft
is by means of a differential; therefore, both elements
can rotate at different speeds. It is proposed to connect
the crankcase with its transmission gear by means of a
one-way clutch; and this means that only the crankshaft
operates during starting, thereby reducing the power
needed. This mechanism allows maintenance opera-
tions to be carried out without any difficulty.

Description of the drawings

[0012] To complement the description, and in order to
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understand the characteristics of the invention better, a
set of drawings is attached to the present specification,
as an integral part thereof, with an illustrative and non-
limiting character, as follows:

Figure 1 shows a plan view of a two-cylinder hybrid
rotary engine with tangential pistons.
Figure 2 shows a section of a two-cylinder hybrid
rotary engine and the union gears of both shafts.
Figure 3 shows a scheme of the pneumatic system
and the elements necessary for the operation of the
engine with compressed air, arranged in both phas-
es: Expansion and Backward Movement.
Figure 4 shows a diagram of the location of the mech-
anisms and the position of the valves during the op-
eration as a heat engine, in four differentiated phas-
es.
Figure 5 shows a plan view of a two-cylinder hybrid
rotary engine with the position of the valves operated
with compressed air during the expansion stage.
Figure 6 shows a plan view of a two-cylinder hybrid
rotary engine with the position of the valves operated
with compressed air during the piston’s backward
movement phase.
Figure 7 shows a plan view of a hybrid rotary engine
with four cylinders, two equipped to operate as hy-
brids and two only as internal combustion, meaning
that two cylinders could work by compressed air and
two others with a heat cycle, or all four could work
in this latter way.
Figure 8 shows the way the crankcase’s shaft is con-
nected to the differential and the crankshaft by
means of two pinions.
Figure 9 shows a section of the rear chamber of the
cylinder with the lateral guides that define the support
point for the connecting rod shaft in the slot of the
outer arm of the articulated lever.

Preferred embodiment of the invention

[0013] As can be observed in the attached figures, the
preferred embodiment of a hybrid rotary engine, based
on the tangential piston engine, is comprised of a crank-
case, which contains the cylinders (10) where the pistons
are located (11) that are joined by a connecting rod (12)
to the outer arm of an articulated lever with two arms
(13), which rotates around the pivot (14), and pulls the
crankshaft pivot with its internal arm, that slides through
the slot (15) also located in the arm, thus transforming
the reciprocating motion of the piston to the rotary motion
of the crankshaft.
[0014] The crankcase turns to the left and the crank-
shaft turns to the right, and both are joined to the exit
shaft (16) by a gear train (17). A slot (28) has been bored
in the outer articulated lever’s arm and the crankcase
has a lateral guide (9), which means that the union with
the connecting rod is not at one fixed point but that the
shaft slides through the slot, positioned by the lateral

guide, thus varying the length of the lever arm according
to the position of the piston.
[0015] The one-way valve (7) is situated in the cylin-
der’s rear chamber and allows the air to enter into this
area through a filter (18), where there is also the depres-
surization valve (2); the exhaust nozzle (8) is located in-
side the cylinder at the end of the combustion chamber.
The compressed air inlet valve (4) is in the cylinder head
(19), and the admission valve (6) is connected by means
of a duct (20) with the cylinder’s rear chamber. For en-
gines with controlled ignition, the fuel injector (21) and a
valve (22) that regulates the air flow are in this duct, at
the inlet to the admission valve. The distribution valve (5)
is coupled to the motor’s crankcase, and this controls the
inlet of compressed air to the cylinder, which is operated
by a cam moved by the crankshaft, as well as the fuel
shutoff valve (3). The rotary union (1) is coupled to the
crankcase’s forward shaft, at which point the pressurized
gas enters, as well as the fuel feed. The clutch (24) that
is in the rear shaft, joins the crankcase to the wheel crown
(23) of the differential (17), which is connected by means
of pinions (25 and 26) to the crankshaft (16). The whole
unit rotates and is supported by the front bearing (27)
and by the differential’s housing.
[0016] A more extensive description than this one is
not considered necessary so that any relevant expert can
understand the scope of the invention and the advantag-
es it implies.
[0017] The terms under which this description has
been written will have to be taken in a broad unlimited
sense.

Claims

1. Hybrid rotary engine; that consists of a two-stroke
rotary engine with tangential pistons, which it is com-
posed of a block that contains two or more cylinders
arranged tangentially to the axis of rotation where
the pistons move and that transmit the movement to
the crankshaft by means of a lever articulated in two
arms; an outer one joined to the piston by means of
a connecting rod and another that has a slot where
the crankshaft pivot slides. The block with all the
components turns in one direction and the crankshaft
in another, and both are joined to a common shaft
by means of gears. Characterized because it is fitted
with a pneumatic mechanism that allows it to work
with compressed air. The air pressure circuit is con-
trolled by a shutoff valve and a regulator operated
by the accelerator that controls the power during op-
eration with compressed air, which passes into the
engine crankcase through a rotary joint via the for-
ward rotary shaft, acting on a pressure relief valve
that opens the cylinder’s rear chamber, a valve that
cuts the fuel to the motor, opens the air valve at the
entrance to the expansion chamber and provides
pressure to the distribution valve. The latter is con-
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trolled by a cam worked by the crankshaft and it has
two functions, to open and close the passage of air
to the expansion chamber at the right moment, and
allow the expulsion of the remaining air, thus avoid-
ing any resistance during the backward movement
of the piston. The inlet valve for the thermal cycle
operates by pressure differential (and is slightly un-
der load from a spring in the closing direction) and
its operation is cancelled when the depressurization
valve in the cylinder’s rear chamber opens. Opera-
tion with compressed air can revert to conventional
operation with a lack of air flow or due to closure of
the shutoff valve.

2. Hybrid rotary engine; according to claim 1, char-
acterized because a slot has been incorporated in
the outer arm of the articulated lever that modifies
the union of the connecting rod with the lever. The
slot has an inclination that, in conjunction with a lat-
eral guide, defines the support point of the connect-
ing rod shaft, in such a way that the arm of the lever
increases as it moves away from the cylinder and
becomes smaller during compression, thus improv-
ing the performance of the engine in both configura-
tions.

3. Hybrid rotary engine; according to claim 1, char-
acterized because the link of the block shafts and
the crankshaft carries out itself by means of an dif-
ferential and, as a consequence, both components
rotate at different speeds, with the relationship be-
tween them being adjusted as required, and the
block’s connection to its transmission gear is made
by means of a mechanism that allows rotation be-
tween them only in one direction, which means that
starting only acts on the crankshaft, thereby appre-
ciably reducing the effort needed, and valve opening
for operation with air is also reduced in the same
way. This mechanism makes it easy to service and
tune the engine.

4. Hybrid rotary engine; according to claims 1, 2 and
3, characterized because the control valves for op-
eration with compressed air, and the inlet valve, are
worked electro-mechanically.

Amended claims under Art. 19.1 PCT

1. Hybrid rotary engine; that consists of a balanced
rotary engine with the cylinders tangential to the axis
of rotation, which works as a two-stroke cycle, com-
posed of a block and two or more cylinders (10), in
which the pistons (11) move and operate the crank-
shaft by means of an articulated lever (13) with two
arms, which rotate on a shaft (14); the block is com-
prised of a central isolated chamber, where the
crankshaft and inner arms of the articulated levers

are situated, and two or more chambers, (one for
each cylinder) that conform to the rear part of the
cylinders, where the outer arm of the articulated lever
and the one-way air inlet valve (7) are situated, sep-
arated from the central chamber by the shaft where
the articulated lever rotates. The piston is joined to
the outer arm of the articulated lever by means of a
connecting rod (12) and the crankshaft’s pivot slides
through a slot (15) bored in the lever’s inner arm.
When movement starts, the sliding of the crankshaft
pivot through the inner arm’s slot causes an oscillat-
ing motion in the articulated lever, which turns on its
shaft, displacing the piston lineally; in its forward mo-
tion this causes air to be drawn into the rear of the
cylinder through a one-way valve (7) and when it
moves back, this air is compressed and injected into
the combustion chamber through a duct (20) and an
inlet valve (6) placed in the cylinder head that closes
the forward part of the cylinder. The fuel injector for
internal spontaneous combustion engines (diesel
cycle) or the mixture mechanism, including gas flow
regulation and the distributor, for spark ignition, are
in the cylinder head. The cylinder is supplied with an
exhaust nozzle (8) which allows the gases to escape
when the piston reaches the ending of its rearward
coursed but remains closed during the forward
course by the piston itself and an incorporated skirt,
specifically designed for this purpose.
The crankcase with all its constituent parts (cylin-
ders, cylinder head, pistons, connecting rods and
other mechanisms) turns in one direction and the
crankshaft turns in another, and both are joined to a
common shaft by means of gears. It is character-
ized because in the previously described engine,
some modifications and mechanisms have been in-
corporated that improve its performance and mean
that some or all of the cylinders can operate with
compressed gases, which is the aim of this invention.
Thus, the operation of the inlet valve (6), which works
mechanically and is designed for operation as a ther-
mal engine, has been modified in order to function
through a pressure differential and/or by an electro-
mechanical system, in order to control the cycle. In
each of the cylinders designed to operate with this
hybrid system, the following elements have been
added: an overhead valve (4) that allows the entry
of compressed gas into the cylinder with subsequent
discharge of the residual gas; a valve (2) situated in
the cylinder’s rear chamber, that avoids the pressur-
ization of this area, minimizing the resistance due to
piston displacement; a valve (3) to cut off the fuel
and a regulator valve (5), which controls the cycle of
the entry of compressed gas to the expansion cham-
ber and allows the exit of the trapped gas to the ex-
terior, when the piston closes the exhaust nozzle. In
addition, an external pneumatic system has been
added with a shutoff valve to activate and deactivate
the system, a regulator valve, connected to the ac-
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celerator for controlling the power during operation
with compressed gas and a rotary union (1), placed
on the forward shaft, which allows the entry of the
gas to the engine.

2. Hybrid rotary engine; according to claim 1, char-
acterized because a slot (28) has been bored in the
articulated lever’s outer arm that modifies the sup-
port point of the connecting rod with this lever. This
slot, because of its design and lateral guide (9), de-
fines the support point of the connecting rod shaft,
so that the arm of the lever increases as it moves
away from the cylinder (expansion) and decreases
during the return (compression), improving the per-
formance of the engine so much if it works like a
thermal engine or it is performed on by means of
compressed gas..

3. Hybrid rotary engine; according to claims 1 and
2, characterized because the union of the crank-
case (23) gear with its drive shaft is through a one-
way clutch (24), in such a way that the crankcase is
not pulled by the crankshaft’s axle, but it is allowed
to operate on it when it turns in the opposite direction.
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