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(54) TWO-STROKE COMBUSTION ENGINE
(67)  The invention relates to a two-stroke combus-
tion engine comprising:

- a first and second toroid sector shaped combustion
chamber having a common main axis of revolution and
toroidal axis, wherein the first and second combustion
chamber are arranged mirror symmetrical relative to a
plane through the main axis of revolution, wherein each
combustion chamber has on one end an inlet port ar-
ranged in the toroidal wall and on the other end an outlet
port arranged in the toroidal wall;

- two pairs of piston heads coaxially arranged with the
toroidal axis of the first and second combustion chamber,
wherein the two piston heads of each pair are mounted
fixedly on opposite sides of an arc-shaped base element,
which base element is mounted fixedly with a center part
to one end of a lever, which is rotatable around the main
axis;

and wherein of the first pair one piston head is positioned
in the first end of the first combustion chamber and the
other piston head is positioned in the first end of the sec-
ond combustion chamber and wherein of the second pair
one piston head is positioned in the second end of the
first combustion chamber and the other piston head is
positioned in the second end of the second combustion
chamber, such that the piston heads are movable in the
respective combustion chamber and along the toroidal
direction;

- a crankshaft mechanism and two drive rods rotatably
connected with one end to the crankshaft mechanism
and with the other end to one of the levers for transforming
the reciprocating movement of the pair of piston heads
into a rotating motion of the crankshaft mechanism; and
- at least two spark plugs each extending into one of the

first and second combustion chambers.

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 368 822 A1 2

Description

[0001] The invention relates to a two-stroke combus-
tion engine.

[0002] A typical two-stroke combustion engine has a
cylindrical combustion chamber, which is closed on one
end by a cylinder head, in which at least a spark plug is
arranged.

[0003] Inside the combustion chamber, a piston is
movable up and down by a drive rod, which is rotatably
arranged between the piston and a crankshaft. On op-
posite sides of the combustion chamber, aninlet portand
an outlet port are arranged.

[0004] By movement of the piston, a mixture of air and
fuel is sucked into the combustion chamber, compressed
by the stroke of the piston, ignited by the spark plug. The
air and fuel mixture then combusts and expands driving
the crankshaft via the piston and drive rod. Finally, the
combustion gases are expelled through the outlet port,
which also causes the suction of a new mixture of air and
fuel.

[0005] Adisadvantage of this known two-stroke engine
is that the inlet port and outlet port are positioned near
the bottom dead center of the piston. At that position of
the piston, the expanding combustion gases need to flow
out of the combustion chamber and a fresh mixture of air
and fuel enters the combustion chamber. Due to this ar-
rangement of inlet and outlet ports, a part of the combus-
tion gases remain in the combustion chamber near the
cylinder head.

[0006] Another disadvantage of the known two-stroke
combustion engine is that the drive rod is connected to
the piston via a bearing. Due to the combustion in the
combustion chamber, the piston becomes hot and as a
result the bearing is also subjected to substantial heat.
This requires sufficient lubrication and cooling to reduce
resistance in the bearing, which will reduce the efficiency
of the engine.

[0007] Itis an object of the invention to reduce or even
remove the above mentioned disadvantages.

[0008] This object is achieved according to the inven-
tion with a two-stroke combustion engine comprising:

- afirst and second toroid sector shaped combustion
chamber having a common main axis of revolution
and toroidal axis, wherein the first and second com-
bustion chamber are arranged mirror symmetrical
relative to a plane through the main axis of revolution,
wherein each combustion chamber has on one end
an inlet port arranged in the toroidal wall and on the
other end an outlet port arranged in the toroidal wall;

- two pairs of piston heads coaxially arranged with the
toroidal axis of the first and second combustion
chamber, wherein the two piston heads of each pair
are mounted fixedly on opposite sides of an arc-
shaped base element, which base elementis mount-
ed fixedly with a center part to one end of a lever,
which is rotatable around the main axis;
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and wherein of the first pair one piston head is posi-
tioned in the first end of the first combustion chamber
and the other piston head is positioned in the first
end of the second combustion chamber and wherein
of the second pair one piston head is positioned in
the second end of the first combustion chamber and
the other piston head is positioned in the second end
of the second combustion chamber, such that the
piston heads are movable in the respective combus-
tion chamber and along the toroidal direction;

- acrankshaft mechanism and two drive rods rotatably
connected with one end to the crankshaft mecha-
nism and with the other end to one of the levers for
transforming the reciprocating movement of the pair
of piston heads into a rotating motion of the crank-
shaft mechanism; and

- atleast two spark plugs each extending into one of
the first and second combustion chambers.

[0009] With the engine according to the invention two
pistons are provided in each combustion chamber. These
pistons move towards each other and away from each
other to compress an air and fuel mixture and to expand
the combustion gasses.

[0010] Because the inlet port and outlet port are pro-
vided on opposite sides of the each combustion chamber,
the combustion chamber can be fully flushed with a new
mixture when both pistons are at their most distant posi-
tion relative to each other. This ensures for a more effi-
cient combustion of the fuel.

[0011] Furthermore, with the combustion engine ac-
cording to the invention, the toroid sector shaped com-
bustion chambers allow for the pistons to rotate around
the main axis, while moving in the combustion chambers
to compress the mixture and let the combustion gases
to expand. By combining the two toroid sector shaped
combustion chambers it is possible to directly convert
the combustion forces in one chamber to the compres-
sion in the other chamber, without having to transfer
these forces via bearings, drive rods and crankshaft,
such as with known conventional two-stroke engines. As
a result of the lack of a bearing, lubrication is also no
longer necessary. Furthermore, due to the lack of a bear-
ing, the friction between the piston and the cylinder wall
is reduced as the piston cannot tilt relative to the cylinder
wall.

[0012] Also the mass inertia of the pistons at an ex-
pansion is used for the pistons at a compression in the
other combustion chamber. This increases the efficiency
of the two-stroke combustion engine according to the in-
vention.

[0013] Thetoroid sector shaped combustion chambers
furthermore allow for any bearings to be positioned well
outside of the combustion chamber, compared to con-
ventional two stroke engines, in which a bearing is re-
quired in the piston.

[0014] Atoroidis a surface of revolution of a circle. The
surface of revolution has a hole in the middle. The main
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axis of revolution passes through the hole and so does
not intersect the surface. A toroid sector is the surface
of a part of the revolution of the circle.

[0015] The term toroidal direction refers to a direction
relative to a torus of reference. The toroidal direction fol-
lows a large circular path around the main axis of the
torus.

[0016] In a preferred embodiment the two-stroke com-
bustion engine according to the invention, the inlet port
and outlet port of a combustion chamber are positioned
on an axis, such that a linear channel is formed through
the inlet port, through the combustion chamber and
through the outlet port.

[0017] By positioning the inlet port and outlet port such
that they form part of a linear channel, the inflowing mix-
ture and the outflowing combustion gases experience as
little resistance as possible, which is beneficial for the
efficiency of the engine according to the invention.
[0018] Inafurtherembodiment of the engine according
to the invention the distance between the spark plug and
the inlet port of a combustion chamber is larger than the
distance between the spark plug and the outlet port of
said combustion chamber.

[0019] This positioning ensures, that the outlet port is
opened by the respective piston earlier than that the inlet
port is opened by its respective piston. As a result the
expanding combustion gases leave the combustion
chamber via the outlet port somewhat earlier than the
fresh air and fuel can enter the combustion chamber via
the inlet port. The expanding gases also cause an airflow
from the inlet port to the outlet port ensuring a good flush-
ing of the combustion chamber.

[0020] In a preferred embodiment of the two-stroke
combustion engine according to the invention a fuel in-
jector is arranged adjacent to each spark plug, which fuel
injector extends into the respective combustion chamber.
With a fuel injector, the amount of fuel can easily be con-
trolled depending on varying circumstances and be op-
timized on the amount of air flowing into the combustion
chamber via the inlet port.

[0021] In still a further embodiment of the two-stroke
combustion engine according to the invention the crank-
shaft mechanism comprises a main axle arranged par-
allel to and at a distance of the main axis and a gear set
of at least three gears engaging in series on each other,
wherein afirst gear is arranged on the main axle, wherein
a second gear is arranged on a secondary axle parallel
to the main axle and wherein one of the two drive rods
is rotatably arranged near the circumference of the sec-
ond gear, and wherein a third gear is arranged on a third
axle parallel to the main axle and wherein the other of
the two drive rods is rotatably arranged near the circum-
ference of the third gear.

[0022] The gear set ensures that the movements of
the first pair of pistons and second pair of pistons is syn-
chronized and that in one combustion chamber the com-
pression stroke is performed, while in the other combus-
tion chamber the power stroke takes place.
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[0023] In order to further balance the forces, it is pos-
sible to embody the crankshaft mechanism double, such
that on both sides of the first and second toroid sector
shaped combustion chambers a gear set is provided, of
which the first gears are arranged on the same main axle.
[0024] In still a further embodiment of the two-stroke
combustion engine according to the invention the second
and third gear are provided with an identical number of
teeth.

[0025] These and other features of the invention will
be elucidated in conjunction with the accompanying
drawings.

Figure 1 shows a schematic view of an embodiment
of the two-stroke combustion engine according to
the invention in the intake position.

Figure 2 shows the engine of figure 1 in the com-
pression motion.

Figure 3 shows the engine of figure 1 in the combus-
tion position.

[0026] Figure 1 shows a schematic view of an embod-
iment of a two-stroke combustion engine 1 according to
the invention. The engine 1 has a first toroid sector
shaped combustion chamber 2 having a main axis of
revolution 3 and toroidal axis 4. Mirror symmetrical rela-
tive to a plane 5 through the main axis of revolution 3 is
a second toroid sector shaped combustion chamber,
which is not shown for clarity.

[0027] The engine 1 has further two pairs of piston
heads (6, 7; 8, 9) coaxially arranged with the toroidal axis
4. The piston heads 6, 7 are mounted on opposite sides
of an arc-shaped base 10, which is fixedly mounted with
a center part to one end of a lever 11, which is rotatable
around the main axis 3. Also the second pair of pistons
8, 9 has an arc-shaped base 12 mounted onto a lever 13.
[0028] The lever 11 is on the other end connected to
a drive shaft 14, which is also rotatably connected to a
gear 15. The lever 13 is connected to a drive shaft 16,
which is rotatably connected to a gear 17. The gears 15,
17 engage on each other to synchronize the movement
of both pairs of pistons (6, 7; 8, 9) and to drive a third
gear connected to an output shaft (not shown).

[0029] The toroid sector shaped combustion chamber
2 has on one end an inlet port 18 and on the opposite
end an outlet port 19. These inlet port 18 and outlet port
19 are arranged on an axis such that a mixture M can
flow straight into the combustion chamber 2 and the com-
bustion gases G of a previous cycle can flow straight out.
This improves the efficiency.

[0030] Figure 2 shows the engine 1 in a compression
motion for the first toroid sector shaped combustion
chamber 2, wherein the piston 6 and piston 8 move to-
wards each other. This is assisted by an expansion move-
ment in the second toroid sector shaped combustion
chamber, which drives the piston 7 and piston 9 away
from each other.

[0031] Due to this movement the gears 15, 17 are ro-
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tated and a output shaft engaging via a third gear on one
of the gears 15, 17 is driven.

[0032] Figure 3 shows the engine 1 inthe compression
position, in which the piston 6 and piston 8 are brought
into the closest position. In this position a mixture of air
and fuel is fully compressed, or only air is compressed
and fuel is injected between the two pistons 6, 8 via hole
20. The pistons 7, 9 are at the most distant position rel-
ative to each other, similar to the intake position of pistons
6, 8 as shown in figure 1.

[0033] A spark plug is also positioned inside hole 20
to ignite the fuel and air mixture, such that the combustion
causes the pistons 6 and 8 to move away from each
other, while the pistons 7, 9 perform a compression mo-
tion in the second toroid sector shaped combustion
chamber as described in relation to figure 2.

[0034] By repeating the steps shown in figures 1 - 3
the engine 1 will run and drive an output shaft through
the gears 15, 18.

Claims
1. Two-stroke combustion engine comprising:

- a first and second toroid sector shaped com-
bustion chamber having a common main axis of
revolution and toroidal axis, wherein the first and
second combustion chamber are arranged mir-
ror symmetrical relative to a plane through the
main axis of revolution, wherein each combus-
tion chamber has on one end an inlet port ar-
ranged in the toroidal wall and on the other end
an outlet port arranged in the toroidal wall;

- two pairs of piston heads coaxially arranged
with the toroidal axis of the firstand second com-
bustion chamber, wherein the two piston heads
of each pair are mounted fixedly on opposite
sides of an arc-shaped base element, which
base element is mounted fixedly with a center
part to one end of a lever, which is rotatable
around the main axis;

and wherein of the first pair one piston head is
positioned in the first end of the first combustion
chamber and the other piston head is positioned
in the first end of the second combustion cham-
ber and wherein of the second pair one piston
head is positioned in the second end of the first
combustion chamber and the other piston head
is positioned in the second end of the second
combustion chamber, such that the piston
heads are movable in the respective combustion
chamber and along the toroidal direction;

- a crankshaft mechanism and two drive rods
rotatably connected with one end to the crank-
shaft mechanism and with the other end to one
of the levers for transforming the reciprocating
movement of the pair of piston heads into a ro-
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tating motion of the crankshaft mechanism; and
- at least two spark plugs each extending into
one of the first and second combustion cham-
bers.

Two-stroke combustion engine according to claim 1,
wherein the inlet port and outlet port of a combustion
chamber are positioned on an axis, such thatalinear
channel is formed through the inlet port, through the
combustion chamber and through the outlet port.

Two-stroke combustion engine according to claim 1
or 2, wherein the distance between the spark plug
and the inlet port of a combustion chamber is larger
than the distance between the spark plug and the
outlet port of said combustion chamber.

Two-stroke combustion engine according to any of
the preceding claims, wherein a fuel injector is ar-
ranged adjacent to each spark plug, which fuel in-
jector extends into the respective combustion cham-
ber.

Two-stroke combustion engine according to any of
the preceding claims, wherein the crankshaft mech-
anism comprising a main axle arranged parallel to
and at a distance of the main axis and a gear set of
atleast three gears engaging in series on each other,
wherein a first gear is arranged on the main axle,
wherein a second gear is arranged on a secondary
axle parallel to the main axle and wherein one of the
two drive rods is rotatably arranged near the circum-
ference of the second gear, and wherein a third gear
is arranged on a third axle parallel to the main axle
and wherein the other of the two drive rods is rotat-
ably arranged near the circumference of the third
gear.

Two-stroke combustion engine according to claim 5,
wherein the second and third gear are provided with
an identical number of teeth.
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