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(57) A two stroke combustion engine comprising at
leastone combustion cylinder (13) having a cylinder cent-
er axis (19), a combustion piston (12) movable within the
combustion cylinder (13), the combustion piston (12)
having a first compression direction (CD) along the cyl-
inder center axis (19). The two stroke combustion engine
further comprising atleastone separate piston pump (3a)
having a piston pump cylinder (3b) with a piston pump
center axis (20b) and a pump piston (25) movable within
the piston pump cylinder (3b). The separate piston pump
(3a) is in movable mechanical connection (18) with the
combustion piston (12). The two stroke combustion en-
gine further comprising an air inlet (10) having an air inlet
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center axis (20a). The separate piston pump (3a), the air
inlet (10) and the combustion cylinder (13) are in fluid
connection with each other by a transfer channel (11),
and the piston pump center axis (20b) intersects a cylin-
der plane (X-19) extending from the cylinder center axis
(19), and the intersection defines a ray (19’) extending
from the intersection in the first compression direction
(CD). A normal axis (N) extends perpendicularly from the
cylinder plane (X-19), the normal axis (N) intersects the
piston pump center axis (20b). An angle, measured from
the intersection between the ray (19’) and a point on the
piston pump center axis (20b), located in the piston pump
cylinder (3b), is between 30° and 160°.
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Description

Field of the invention

[0001] The presentinvention relates to a high perform-
ance two stroke engine with a piston pump and crankcase
lubrication.

Background art

[0002] The current two stroke technology is character-
ized by engines with low weight and relatively few parts
compared to other existing engine technologies such as
the typical four stroke engine. Due to that the two stroke
engine has twice as many combustions per engine rev-
olution compared to a four stroke engine it has a high
potential for a performance advantage. The relatively
simple design of the two stroke engine makes it interest-
ing for many applications where cost and available space
are important factors. However, the current two stroke
technology has some drawbacks limiting the further uti-
lization of this technology. To lubricate a conventional
two stroke engine, oil is needed to be added to the air/air-
fuel mixture to lubricate the engine parts such as the bear-
ings on the crankshaft and to act as lubrication between
the piston and the cylinder walls. This added oil will give
higher emissions. Due to the configuration of a two stroke
engine using the crankcase for pressurizing the air/air-
fuel mixture to act as an air pump it has been difficult to
use a separate crankcase lubrication principle.

[0003] The conventional two stroke engine with the
crankcase pump principle has an airflow path design from
the air inlet into the combustion cylinder which is not fa-
vorable due to some important reasons: The air primarily
enters the crankcase before entering the combustion cyl-
inder and will have to make sharp angle turns and change
of flow directions. The flow is also negatively affected by
the moving parts in the crankcase such as the conrod.
Furthermore, in a conventional two stroke engine the air
flow, for each cycle into the engine, is normally much less
than the crankcase volume. Consequently, the air is typ-
ically not transferred to the combustion cylinder until sev-
eral additional cycles after entering into the crankcase
and there is more time for the air to heat up inside of the
crankcase. The surfaces in the crankcase are heated by
the gearbox oil, conduction from the combustion cylinder,
bearing friction and hot exhaust gases that enters the
crankcase. The air/air-fuel temperature therefore rises
and the density decreases which give a less efficient en-
gine with lower power output.

[0004] Performance is to a large extent depending on
the air mass flow into the engine and air mass flow is
improved by higher air speed and increased air density
into the engine. With a lower air inlet temperature and a
higher pressure the air density is increased and conse-
quently the power output.

[0005] Engines with piston pumps have beendesigned
to make it possible to utilize the possibility of supercharg-
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ing and crankcase lubrication and not having to add oil
directly to the air/air-fuel mixture.

[0006] The prior art piston pump engines usually have
a design where the piston pump is mounted relatively far
away from the combustion cylinder and/or has the piston
pump outlet mounted such that the outflow is not primarily
towards the combustion cylinder/transfer ports. One of
the reasons for this is that the piston pump is driven by
a con rod mounted to the combustion engine crankshaft
making itimpossible to have the crown of the pump piston
to be directed towards the combustion cylinder.

[0007] In addition, prior art solutions have long flow
lengths, and most often different types of sharp bends.
Also, valves and area restrictions are used when guiding
the air flow into the combustion cylinder. This imposes
flow resistance that gradually increases with the engine
RPM and this limits the possibility to utilize the engine
concept for high performance high RPM engine con-
cepts.

[0008] Another problem with long flow lengths is the
drawback that the air/air-fuel mixture has more time to
heat up in contact with the channel/engine walls, with a
following power output decrease.

[0009] Other solutions for piston pump engines have
been to utilize the supposedly compressed air in the
crankcase to move a separate piston to act as a pump.
It is not likely that this type of arrangement will be suc-
cessfulin rendering a high performance high rpm engine.
Somewhere along the rpm increase there will be a delay
and/or resonance in the way the pump piston synchro-
nization versus the combustion cylinder piston works and
the effect will be lost power and efficiency.

[0010] Another problem is that it is doubtful there will
actually build up enough pressure in the crankcase to
effectively move the piston and the piston without me-
chanical guidance.

[0011] Itis the purpose of the invention to make it pos-
sible to enable an improved power output compared to
existing conventional piston pump two stroke technology.

Summary

[0012] Itis an object to mitigate, alleviate or eliminate
one or more of the above-identified deficiencies in the art.
[0013] An objectofthe Invention is to enable increased
power outputlevels compared to existing two stroke tech-
nology using solutions for isolating the crankcase from
the air/air-fuel mixture using the piston pump principle.

[0014] According to one embodiment, the two stroke
combustion engine comprising at least one combustion
cylinder having a cylinder center axis, a combustion pis-
ton movable within the combustion cylinder, the combus-
tion piston having a first compression direction along the
cylinder center axis. The two stroke combustion engine
further comprising at least one separate piston pump
having a piston pump cylinder with a piston pump center
axis and a pump piston movable within the piston pump
cylinder. The separate piston pump is in movable me-
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chanical connection with the combustion piston. The two
stroke combustion engine further comprising an air inlet
having an airinlet center axis. The separate piston pump,
the air inlet and the combustion cylinder are in fluid con-
nection with each other by a transfer channel, and the
piston pump center axis intersects a cylinder plane ex-
tending from the cylinder center axis, and the intersection
defines a ray extending from the intersection in the first
compression direction. A normal axis extends perpen-
dicularly from the cylinder plane, the normal axis inter-
sects the piston pump center axis. An angle, measured
from the intersection between the ray and a point on the
piston pump center axis, located in the piston pump cyl-
inder, is between 30° and 160°.

[0015] According to one embodiment, the angle be-
tween the first compression direction and air inlet center
axis is less than 150°.

[0016] Accordingtoone embodiment, the airinletcom-
prises a one directional valve substantially allowing air
to flow in an air inlet direction and hindering air from flow-
ing in a direction opposite to the air inlet direction. This
gives the possibility to enabling the potential of a high
performance exhaust system to help the suction of fresh
cold air/air-fuel through the one directional valve, enabled
to be positioned close towards the combustion cylinder.
This is also a solution used in a conventional two stroke
engine but here the air flow will not be spread out into a
crankcase volume and stay there for a number of revo-
lutions before entering into the transfer ports. An alter-
native embodiment, for increased long term valve dura-
bility and tuning for a more limited RPM range compared
to the one directional valve is to use an inlet valve that
opens and closes when the combustion piston is at two
specific positions in the cylinder. One such valve could
be of the rotational type as known in the art.

[0017] According to one embodiment, the movable
mechanical connection between the piston pump and
crankshaft comprises at least one of: a belt drive, gear
drive and a chain drive.

[0018] According to one embodiment, the movable
mechanical connection is based on a Skotch yoke de-
sign. Compared to a conventional piston-conrod-crank
pump the Skotch yoke has lower side forces and less
friction surface area to the pump cylinder wall. In addition,
the Skotch yoke principle gives the possibility to a more
compact engine

[0019] According to one embodiment, the movable
mechanical connection is based on a crankshaft-conrod-
piston design.

[0020] According to one embodiment, the movement
of the combustion piston and the pump piston is synchro-
nized by means of at least one of; electrical motor, elec-
trical solenoid, hydraulic motor, hydraulic solenoid, air
motor, air solenoid or a combination thereof.

[0021] By usinga separate piston pump positioned and
designed to be enabled to push air from the piston pump
outlet into a less resistance air flow path towards the
transfer channels and transfer ports, into the combustion
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cylinder. This will increase the flow efficiency and power
output. At higher RPMs it is increasingly important to de-
crease flow resistance through an engine to improve per-
formance and power output. The piston pump mechan-
ical drive secures that it is always is synchronized with
the combustion piston position such that after one com-
plete engine revolution the pump piston comes back to
the starting point. A variable phasing mechanism may
also be enabled to change the engine characteristics.
[0022] Having both the piston pump and the one direc-
tional valve close to the combustion cylinder the system
can be enabled to be further optimized for a short air/air-
fuel to hot surface contact time. This reduces the heating
of the air/air-fuel and increases its density. This contrib-
utes to enable higher power outputs.

[0023] The invention may enable a higher primary
compression, in combination with a lower primary com-
pression volume, which may be used at certain RPMs to
enable a delay of the air/air-fuel mixture flow into the com-
bustion cylinder such that it has less time to escape out
through the exhaust port. This delay can be enabled by
allowing a higher combustion cylinder pressure at trans-
fer port opening. This could for example be done by de-
creasing the timing of the exhaust port such that it opens
later. This will also allow that more usable work is created
before the exhaust opens and the pressure in the com-
bustion cylinder is released.

[0024] The higher primary compression can decrease
the level of hot exhaust gas spill out into the transfer
channels at certain RPMs and load levels. This will further
assist to keep the temperature of the fresh air/air-fuel
lower and thereby increase its density.

[0025] It should be noted that elements from the de-
scribed embodiments can be used in combination as long
as this is not clearly contradictory. The description of the
elements in connection with different embodiments
should be seen as a way of facilitating the understanding
and not as limiting to the ways the elements can be com-
bined.

Brief descriptions of the drawings

[0026] The invention will by way of example be de-
scribed in more detail with reference to the appended
schematic drawings, on which:

Fig. 1. Exemplary layout of the invention design prin-
ciple,

Fig. 2a. Exemplary layout of the invention design
principle using a belt driven Skotch yoke type piston

pump,

Fig. 2b. Definition of Piston pump compression
stroke projection towards the combustion cylinder,

Fig 3. Exemplary layout of the invention design prin-
ciple using a belt driven piston-con rod-crank type
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piston pump,

Fig 4. Exemplary embodiment with a design principle
of a Skotch yoke piston pump mechanism,

Fig. 5. Layout of the Lotus Engine Simulation soft-
ware v.5.05 used for simulating how a more straight
flow path can increase the power output for an em-
bodiment of the invention,

Fig. 6. Simulation results showing an increase of
power output as the piston pump compression stroke
flow is better directed towards the transfer channels
and transfer ports.

Detailed description

[0027] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which currently preferred embodiments
of the invention are shown. This invention may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided for thorough-
ness and completeness.

[0028] Although the invention is described hereinafter
with more particular reference to a single cylinder engine
the invention is not in any way restricted thereto and is
also applicable to for example two stroke in-line or V-
engines with more than one cylinder as well as engines
with two cylinders with pistons sharing a common com-
bustion chamber.

[0029] Theinvention can enable a higher primary com-
pression pressure, and a comparably lower temperature
of the air/air-fuel mix to other conventional two stroke
engines and with a possibility to at certain RPMs and
load levels enable a faster inflow with higher air/air-fuel
density into the combustion cylinder. At higher RPMs it
is increasingly important to decrease flow resistance
throughoutan engine to improve performance and power
output.

[0030] The invention uses a lubrication principle found
in four stroke engines, and piston pump two stroke en-
gines, with a better direct access for the oil to the cylinder
walls and the piston compared to conventional two stroke
engines. This makes it possible to enable a higher power
output due to the possibility for better sustained engine
lubrication. The definition "piston pump engine" is gen-
erally used here for engines with a separate piston pump
that is used for pumping air into the engine and to the
combustion cylinder instead of using the lower side of
the combustion piston as a "pump piston" instead of the
upper pump piston crown.

[0031] Theinvention has a piston pump mounted close
to the combustion cylinder and is characterized as being
mounted in direct contact with the transfer channels by
means of having its own separate piston pump driving
mechanism. In Fig. 1. a schematic exemplary embodi-
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ment of the engine layout can be seen. In Fig. 2a and
Fig.3 exemplary piston pumps 21,24 of the invention de-
sign are shown mounted directly to the combustion cyl-
inder 13. In addition to eliminating the crankcase 26 flow
for the air/air-fuel mix, where it spends several cycles
before moving into the transfers channels 11 as the vol-
ume of the crankcase is normally several times the com-
bustion cylinder volume, this position of a piston pump
enables the possibility to use a very efficient flow path
for the air as it is pushed towards the transfer channels
and transfer ports 47 in an lower (straighter) flow resist-
ance air flow path compared to prior art. Longer air flow
paths, contractions and bends as seen on prior art piston
pump engines can be avoided and thereby the air/air fuel
volume has a shorter contact time with the hotter engine
surfaces and this lowers the intake temperature which
gives a higher power output, compared to prior art con-
ventional and piston pump two stroke engines.

[0032] The interface 1b between the pump piston 25
crown face 27 and the transfer channels 11 is character-
ized in that, in addition to that the flow length between
piston pump and combustion cylinder can be minimized,
it can be enabled such that it has no airflow restriction
induced by a valve or a pipe section of reduced area to
the pump piston crown face area. For a lower power em-
bodiment of the invention a restriction plate or other
means of narrowing the area of the interface between
the pump piston crown and transfer channels can be uti-
lized.

[0033] Inanother embodiment of the invention the pis-
ton pump and combustion cylinder and crankcase are
arranged with one or more liquid cooling circuits, this will
further assist to lower the induction temperature.

[0034] The piston pumpis giving one compression and
one suction stroke per combustion cylinder revolution.
[0035] Not all air/air-fuel volume goes to and from the
separate pump cylinder 3 before entering the transfer
ports 47. Flow can pass directly from the air inlet, passing
the transfer channels 11 towards the transfer ports 47
and a tuned exhaust pipe 5 may assist this flow, as is
known in the art.

[0036] A Skotch yoke type piston pump design may be
enabled for less friction losses and a more compact de-
sign. Other solutions that could be enabled can for ex-
ample be a piston-con rod-crank design. Any mechanism
that precisely can, without variations depending on en-
gine revolutions per minute, move the pump piston in a
1:1 relation to the combustion piston motion could poten-
tially be utilized.

[0037] Compared to a conventional piston-conrod-
crank pump the Skotch yoke has less side forces and
less friction surfaces to the pump cylinder wall. In addi-
tion, the Skotch yoke design principle gives the possibility
to a more compact engine as seen comparing the design
of 21 and 24. The scotch yoke mechanism gives essential
an axial movement, with limited side forces, on the pump
piston 25 in the piston pump cylinder. This reduces the
friction work for the piston pump. The pump is in one
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embodiment of the invention enabled to be lubricated by
oil/oil mist from the crankcase using a tube arrangement
from the crankcase. In another embodiment of the inven-
tion the piston pump can have its own internal lubrication
system.

[0038] The piston pump center axis 20b is positioned
at an angle position to the combustion cylinder center
axis 19 at a for the specific engine layout suitable angle
B, as seen in Fig.2a. in the range of 30°<B°<160°. Pref-
erably the angle B should be intherange of 70°<B°<140°.
The air inlet center axis angle 20a is positioned to the
combustion cylinder center axis 19 at a for the specific
engine layout suitable angle A° to the combustion cylin-
der center axis in the range of 0°<B°<180°, preferably in
the range of 0°<B°<150°.

[0039] InFig 2b. the definition of the piston pump cent-
er axis 20b and the projection of the piston pump 61
compression stroke P is defined; the piston pump center
axis 20b intersects a cylinder plane X-19 extending from
the cylinder center axis 19, and the intersection defines
aray 19’ extending from the intersection in the first com-
pression direction CD, and a normal axis N extends per-
pendicularly from the cylinder plane X-19, the normal axis
N intersects the piston pump center axis 20b, character-
ized in that an angle B°, measured from the intersection,
between the ray and a point on the piston pump center
axis 20b, located in the piston pump cylinder 3b, is be-
tween 30° and 160° but preferably in the range of
70°<B°<140°.

[0040] As stated above the crankcase 26 volume as a
part of the primary compression volume is eliminated in
the invention and this makes it possible to enable a higher
primary compression. The primary compression is de-
fined as: (Piston pump cylinder volume+ Volume down-
stream of air inlet to the transfer ports)/ (Volume down-
stream of air inlet to the transfer ports).

[0041] The higherprimary compression that can be en-
abled, due to the close mount of the piston pump and
one directional valve to the transfer channels, can be
used to enable a higher pressure at the transfer ports
and transfer channels 11 representing the primary com-
pression volume. The comparably small volume of the
same, makes it more difficult for a higher combustion
cylinder 13 pressure, at transfer port opening, to cause
a severe combustion gas to spill deep into the transfer
channels and cause a more uncontrollable mix with the
fresh air/air-fuel mix before the pressure in the transfer
channels and cylinder is equalized and the spill outflow
can stop and the flow reverses. If the combustion gas
mix with the fresh air/air-fuel it will be heated up and will
get a decreased purity. It will also heat up the transfer
channel surfaces causing heat up of the air/air-fuel mix-
ture in the next coming cycles. This leads to a less effi-
cient engine function. The embodiment can allow com-
bustion gas in a more controlled way into a part of the
transfer channels volume, pressurizing the smaller total
primary compression volume more quickly and to a high-
er pressure. The gas volume closest to the transfer port
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in the narrow transfer channels closest to the transfer
ports will therefore at certain RPMS and load levels, have
a high combustion gas content and this gas will at re-
versal flow be first to go out into the exhaust in case of
short cutting when the gas enters the cylinder. This will
limit the amount of short cut of fresh air/air-fuel volume
and more of its volume will stay inside of the combustion
cylinder and increase the power output.

[0042] The increase of the pressure in the transfer
channels due to the relatively more controlled spill out of
a part of the combustion gas will increase the pressure
and could be enabled to assist to a quicker reentering of
the following air/air-fuel mixture. The high pressure will
cause a faster reentering and the higher speed will cause
a higher turbulence and better mix of air and fuel. In ad-
dition, as the flow is faster, a stronger suction pulse be-
hind may enable a comparably lower pressure in the
transfer channels at the point when the transfer ports are
closing. This will then assist in the next cycle to give a
stronger suction pulse signal to the one directional valve
9 which will flow better and more efficiently fill the transfer
channels and piston pump cylinder volume with fresh
air/air-fuel volume. The effect may be further assisted by
an efficient tuned exhaust system.

[0043] During the delay of the flow from the transfer
ports into the combustion cylinder, the exhaust gas in the
combustion cylinder will have a longer time to leave the
cylinder before the air/air-fuel mixture starts to flow. As
stated earlier, the first gas from the transfer ports can at
certain RPMs and loads have the possibility to be enabled
to be of high combustion gas content.

[0044] The enabling of a high primary compression in
combination with a lower primary compression volume
may allow for optimizing the exhaust port configuration
compared to prior art. Due to the earlier explained delay
of outflow of air/air-fuel into the combustion chamber the
exhaust port 6 can be enabled to open later and the port
6 size can be made smaller. This is because there is
more time for the exhaust to leave the combustion cham-
ber before air/air-fuel is entering. This improves the fuel
efficiency and power output of the engine due to that
more air/air-fuel is trapped in the combustion cylinder but
also due to that more usable work is created before the
exhaust port opens and the pressure in the combustion
cylinder is released.

[0045] Due to the design of the invention where the
piston pump drive is not using the combustion cylinder
conrod or an additional conrod mounted on the engines
crankshaft, or any believed unpredictable gas crankcase
pressure, itis easy to adjust the phasing position between
the combustion cylinder and pump piston. The phasing
can alter the pumps suction and pushing timings versus
for example transfer ports openings such that the power
and characteristics of the engine can change. When we
have lower load and relatively lower RPM on the engine
it can for example be to an advantage to decrease the
pressure in the transfer channel at transfer port opening
to delay or decrease the inflow of the air/air-fuel flow into
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the combustion cylinder such thatit has less time to short
circuit out through the exhaust port and exhaust channel
and be lost for combustion work.

[0046] A phasing mechanism can be utilized in an em-
bodiment of the invention such that the phasing can be
changed continuously in the interface between a piston
pump crank 34 and, in one embodiment, a piston pump
crankshaft drive wheel 38. One possibility for such a gear
function is to use the centrifugal force to push weights
radially in between two attached wheels, a driving wheel
and a driven wheel, where both wheels have angled
tracks such that the wheels are phased differently de-
pending on rotational speed, when the weights are mov-
ing in and outradially and to some extent axially. To each
wheel a drive shaft is mounted such that the angle phase
between the shafts changes. Such a solution is present-
ed in patent application US-2016/0010517-A1 "Valve
gear for engine", Suzuki Motor Corporation®

[0047] In another embodiment of the invention the pis-
ton pump cylinder position, the pump piston interface 1b,
can be manually or continuously and automatically
moved in or out in relation to the transfer channel 11.
This will make the primary compression variable such as
to have the possibility to enable an optimized efficiency
and power output for each RPM and load level. For ex-
ample it can be to an advantage to decrease the primary
compression to make engine start easier as the primary
compression is lower. In such an embodiment, the piston
pump cylinder needs to be possible to slide in and out in
relation to the transfer channel. The piston pump drive
mechanism must also be made such that it can compre-
hend the piston pump movement.

[0048] In another embodiment of the invention, as an
alternative, or a compliment to an embodiment with the
variable position of piston pump cylinder and mechanism,
at least one separate chamber is added to the transfer
channels volume. Such a volume chamber is regulated
with a valve to let air flow in and out. The purpose of the
chamber is to change the primary compression volume
to further optimize performance characteristics and pow-
eroutput. It can also be used to decrease the force need-
ed for starting up the engine. Such a system is described
in for example patent EP-1018596-B1 "Method of mod-
ulating the power of a two stroke internal combustion
engine with a resonator connected to the crankcase."
The term crankcase shall be interpreted as the "transfer
channels" used in the current invention.

Simulation of the power output of one exemplary em-
bodiment of the engine

[0049] To verify the importance of the positioning and
alignment of the piston pump for the power output the
simulation program Lotus Engine simulation v.5.05 has
been used. The simulation includes the mounting of the
piston pump to the combustion cylinder with the piston
pump outlet directions variated to show the power output
improvement for a less bent and more straight air flow
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path towards the combustion cylinders transfer channels
and transfer ports.

[0050] In Fig.5 the schematic simulation set up is vis-
ualized with graphics taken from the simulation program.
[0051] As can be seen from the diagram the power
output increases when the bending angle on the section
between the piston pump outlet and the transfer chan-
nels, leading to the cylinder, decreases and the flow path
straightens. The flow loss decreases as the piston pump
has a straighter line to push the air through, towards the
transfer ports. The improvement is most noticeable at
the higher RPMs where an improvement in power output
of up to 40-45% can be seen.

Detailed description of the engine and engine parts
of one embodiment

[0052] An embodiment of a piston pump two stroke
internal combustion engine shall now be described in
more detail in conjunctions with Figs. 1-5. As illustrated
in e.g. Fig. 1-5 the engine comprises:

On top of the cylinder 13 a cylinder head 8 is positioned.
The cylinder head has a spark plug. In another embodi-
ment, atleastone directinjection valve could be mounted
in the cylinder head to substitute or assist a carburetor 4
or fuel injection valves, or elsewhere upstream of the
exhaust port 6. In the cylinder wall of the combustion
cylinder are transfer ports 47 positioned. At least two
transfer ports are distributed around the circumference
of the combustion cylinder inner wall and are arranged
in an annular configuration.

[0053] A piston 12 movable within the combustion cyl-
inder between, as seen in Fig. 2a, a top position; the top
dead center 14 and a bottom position; the bottom dead
center 15. In the top dead center, a cylinder volume of
the combustion cylinder has a minimum value and in the
bottom dead center, the cylinder volume has its largest
value, as is known in the art.

[0054] The piston has at least one circumferential
groove for a piston ring seal 22 and at least one annual
positioned lubrication hole below this piston ring where
oil from the crankcase using crankcase pressure can pro-
trude to lubricate the cylinder wall.

[0055] The groove with the piston ring seal 22 is posi-
tioned at a higher part of the combustion piston, i.e. near
the piston crown of the piston. One or a second seal and
piston ring grooves are added to the lower part of the
piston at 23 to force excessive oil down from the cylinder
walls during the piston down stroke and limit the blow-by
of oil and gases.

[0056] The lower part of the cylinder wall will receive
oil moisture from an oil bath in the crankcase. One or
more than one transfer channels 11 envelops the cylinder
and connects to the cylinder transfer ports. At a suitable
distance downstream of the one directional valve 9 the
transfer channel is divided into several separate transfer
channels, each leading to at least one transfer port 47.
The transfer channels connect to at least one air inlet
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port 10. The transfer channels and air inlet are separated
to the crankcase 26.

[0057] The one directional valve 9 is mounted in the
air inlet 10. To the one directional valve the carburetor 4
is mounted. As an alternative, or complement to the car-
buretor, in an embodiment with a fuel injection, a throttle
valve can be mounted into the air inlet. A fuel injection
also needs an air speed/flow or air mass flow metering
function.

[0058] The one directional valve is characterized by
the function to allow the air/air-fuel only to essentially
pass into the engine. When the pressure is higher up-
stream of the valve than downstream, air moves into the
engine. When the pressure is higher downstream of the
valve, in the transfer channels volume, than upstream of
the valve, the valve function principle is to not let air move
in the upstream direction, out of the engine.

[0059] At least one piston pump 3a,21,24 is directly
linked to the volume around the cylinder that the transfer
channels 11 create.

[0060] The piston pump sucks air through a one direc-
tional valve on its up stroke, as seen in Fig. 2a, moving
towards its highest position 17 and compresses and
sends a pulse of air/air-fuel mix towards the transfer
channels and transfer ports on its down stroke towards
its lowest position 16.

[0061] The air on the underside of the combustion pis-
ton 12 is therefore not used for direct scavenging of the
air fuel mix into the combustion cylinder 13. The under-
side of the combustion piston is the surface of the piston
which is faced away from the earlier mentioned cylinder
volume, i.e. is not the surface of the piston which is in
direct contact with the combustion cylinder combustion
volume.

[0062] The piston pump is positioned such that its full
piston face in one embodiment of the invention can be
enabled to be in direct contact with the combustion cyl-
inder enveloping transfer channels 11 which have the
transfer ports 47 leading into the combustion cylinder.
To enable a lower power output the interface area 1b
can use a contraction to limit flow.

[0063] The piston pump 21 can be enabled using a
scotch yoke mechanism. An alternative can be a piston-
con rod-crank solution and/or include a pneumatic-, hy-
draulic-, electrical or other alternative mechanical mech-
anisms.

[0064] The piston pump is driven by a synchronous
belt drive 18 connecting the piston pump and crankshaft
and the combustion piston crankshaftin a 1:1 relation. It
can be expected that the belt drive has an efficiency of
about 96-98% which causes losses that are well below
the expected level that would significantly influence the
power output advantage to compared prior art. As an
alternative to a synchronous belt drive for example a gear
drive or chain drive can be used.

[0065] The Skotch yoke principle pumping phasing
and characteristics can in one embodiment be changed
by changing the path of the track slope 31 Fig.4 for the
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mechanism.

[0066] The pump piston has a piston crown 27 and one
or more sealing ring grooves with a seal 29.

[0067] Atleastoneexhaustoutletport6 with aseparate
exhaust outlet channel 7 is provided which extends
through the cylinderto the exhaust system 5. The exhaust
port opens before the transfer ports such that the com-
bustion (exhaust) gases flows out from the combustion
cylinder to the exhaust.

[0068] The bottom end is essentially mechanically as
per a conventional high performance two stroke engine
butwith a crankcase lubrication as seen by prior art piston
pump engines.

[0069] The crankcase of the engine and the piston
pumps are well ventilated such as to minimize pumping
losses.

Principal function of the exemplary embodiment

[0070] The crankshaft drives the synchronous belt
drive 18 which drives the piston pump 21. When the pump
piston is rising inside the piston pump cylinder towards
its highest position 17 from its lowest position 16 the air
pressure in the transfer channels 11 and in the piston
pump cylinder is decreasing. At the same time the com-
bustion piston 12 is moving from the region of the bottom
dead center 15 towards the top dead center 14. When
the pump piston has moved some distance into the piston
pump cylinder the transfer ports 47 are covered by the
raising combustion piston. The low pressure being pro-
duced, by the moving piston pump in the transfer chan-
nels, causes the ambient air to flow through the carbu-
retor 4 and through the one directional valve 9. A negative
pressure pulse from the exhaust could also contribute to
a lower pressure in the transfer channels before closing
of the transfer ports.

[0071] When the pump piston has continued to move
to the highest position 17, and the combustion piston is
close to its top dead center, the air/air-fuel mix is ignited
by the spark plug and is combusted. When the pump
piston then continues and moves towards the lowest po-
sition 16 it compresses the air/air-fuel mix in the piston
pump cylinder and the transfer channels. And the efficient
pumping action and straight flow path towards the trans-
fer channels and transfer ports contributes to efficiently
fill up the volume there with air/air-fuel mass.

[0072] Theair/air-fuelmix can due toflow inertia effects
still be flowing through the one directional valve for some
time after the pump piston has started to move down. As
the compression is rising this flow will finally stop. Atone
point during the descending of the pump piston towards
its lowest position 16 the combustion piston has moved
down and the exhaust port 6 opens and the combustion
gas flows out through the exhaust port and through the
exhaust outlet channel 7 and into the exhaust system 5.
When the piston pump is closer to the lowest position 16
the combustion piston opens the transfer ports 47 into
the combustion cylinder and depending on the load level
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and RPMs the flow into combustion cylinder will start at
a different time after opening. The compressed air/air-
fuel mix begins to flow into the cylinder 13 when the pres-
sure becomes lower in the cylinder compared to the
transfer channels and the outflow, due to inertia forces,
from the cylinder has stopped. The air/air-fuel mixture,
and any combustion gas, is helping to push out the com-
bustion gas from the cylinder and fills it with air/air-fuel
mixture. The combustion piston is now moving towards
the lowest position 16 and a new cycle can begin.

Figure reference identifications
[0073]

1a. Combustion cylinder piston crown

1b. Pump piston interface to transfer channel
2. Combustion cylinder wall

3a. Piston pump

3b. Piston pump cylinder

4. Carburetor

5. Exhaust system

6. Exhaust port

7. Exhaust outlet channel

8. Cylinder head

9. One directional valve

10. Air inlet

11. Transfer channels/transfer channel volume
12. Combustion piston

13. Combustion cylinder

14. Combustion piston Top dead center (TDC)
15. Combustion piston Bottom dead center (BDC)
16. Pump piston lowest position

17. Pump piston highest position

18. Crankshaft to Piston pump driving mechanism
19. Combustion cylinder center axis

20a. Air inlet center axis (angle A)

20b. Piston pump center axis (angle B)

21. Piston pump (Skotch yoke)

22. Combustion piston upper seal

23. Combustion piston lower seal

24. Piston pump (piston-con rod-crank type)
25. Pump piston

26. Crankcase

27. Pump piston crown

28. Pump piston body

29. Pump piston seal

30. Pump piston body sliding surface

31. Track slope for slider ring

32. Skotch yoke track slider ring

33. Bearing

34. Crank

35. Bearing pin

36. Balancing wheel

37. Crank bearings

38. Belt drive wheel

47. Transfer ports

60. Exemplary Skotch yoke pump mechanism layout
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61. Piston pump compression stroke P projection on
XY-Z Plane

19'. Ray fromintersection point 61 in the CD direction
CD. Combustion piston 12 compression direction
P. Compression direction for the pump piston
X-19. The intersection plane for the piston pump
compression direction P to combustion cylinder
center axis 19.

N. A normal plane to plane X-19.

[0074] Additionally, variations to the disclosed embod-
iments can be understood and effected by the skilled
person in practicing the claimed invention, from a study
ofthe drawings, the disclosure, and the appended claims.

Claims
1. A two stroke combustion engine comprising:

at least one combustion cylinder (13) having a
cylinder center axis (19), a combustion piston
(12) movable within the combustion cylinder
(13), the combustion piston (12) having a first
compression direction (CD) along the cylinder
center axis (19), a closed crankcase (26) sealed
off from the combustion cylinder (13) and the
transfer channels (11) by the combustion piston
(12),

at least one separate piston pump (3a) having
a piston pump cylinder (3b) with a piston pump
center axis (20b) and a pump piston (25) mov-
able within the piston pump cylinder (3b), where-
in the separate piston pump (3a) is in syn-
cronized movable mechanical connection (18)
with the combustion piston (12), and

an air inlet (10) having an air inlet center axis
(20a), wherein:

the separate piston pump (3a), the air inlet
(10) and the combustion cylinder (13) are
in fluid connection with each other by a
transfer channel (11),

the piston pump center axis (20b) intersects
a cylinder plane (X-19) extending from the
cylinder center axis (19), and the intersec-
tion defines a starting point (61)ofaray (19’)
extending from the intersection (61) in the
first compression direction (CD), and

a normal axis (N) extends perpendicularly
from the cylinder plane (X-19), the normal
axis (N) intersects the piston pump center
axis (20b), characterized in that the pump
piston has its compression direction to-
wards the plane (X-19), and towards the
combustion cylinder, and wherein an angle
(B), measured from the intersection be-
tween the ray (19’) and a point on the piston
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pump center axis (20b), located in the piston
pump cylinder (3b), is between 30° and
160°.

The two stroke combustion engine according to the
claim 1, wherein the air inlet comprises a one direc-
tional valve (9) substantially allowing air to flow in an
air inlet direction and hindering air from flowing in a
direction opposite to the air inlet direction.

The two stroke combustion engine according to any
one of claims 1-2, wherein the movable syncronized
mechanical connection (18) between the piston
pump (3a) and crankshaft comprises at least one of:
a belt drive, gear drive and a chain drive

The two stroke combustion engine according to
claim 3, wherein the movable mechanical syn-
cronized connection (18) is connected to a piston
pump driving mechanism based on a Skotch yoke
design.

The two stroke combustion engine according to
claim 3, wherein the movable mechanical syn-
cronized connection (18) is connected to a piston
pump driving mechanism based on a crankshaft-
conrod-piston design.

The two stroke combustion engine according to any
one of claims 1-5, wherein the movement of the com-
bustionpiston (12) and the pump piston (25) is syn-
chronized by means of at least one of; electrical mo-
tor, electrical solenoid, hydraulic motor, hydraulic so-
lenoid, air motor, air solenoid or a combination there-
of.

The two stroke combustion engine according to any
one of the preceding claims, further comprising a
variable phasing mechanism.

The two stroke combustion engine according to any
one of the preceding claims, wherein the angle (B),
measured from the intersection between theray (19’)
and a point on the piston pump center axis (20b),
located in the piston pump cylinder (3b), is between
70° and 140°.

The two stroke combustion engine according to any
one of claims 1, 2 and 4 - 8, wherein the air inlet
comprises an opening and closing valve, wherein
the opening and closing valve is adapted to:

open when the combustion piston is in a first
position in the combustion cylinder, and
closed when the combustion piston is in a sec-
ond position in the combustion cylinder.
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Figure 2b.

12



EP 3771812 A1

203

20b

Figure 3.
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Figure 5.
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Power Level

Power Level Prediction - Piston pump center axle(20b) angle (B) to cylinder center
axle {19) versus engine RPM as per model in Fig.5.
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