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Description

SCOPE

[0001] The present invention relates to an internal
combustion engine and aims to improve one of the most
critical aspects of any internal combustion engine for
which a certain amount of air, i.e. volumetric/pumping
efficiency, is necessary.

[0002] In particular, in conventional engines, both Otto
cycle and diesel cycle, the passage of air for combustion
and its expansion is regulated by reciprocating poppet
valves which, for obvious constructive and geometricrea-
sons, generate significant bottlenecks and obstacles,
thus limiting the amount of entering and exiting air, thus
forcing the engine to work more for the expulsion of com-
bustion gases.

[0003] The solution proposed in this patent has as its
main scope high performance engines or high/very high-
power engines where, for various reasons, both con-
structive and regulatory (as in the case of sporting appli-
cations), it is not possible to further increase the power
delivered by means of known systems. This does not
mean that the present invention may not also be applied
to more conventional engines, even for non-sports ap-
plications, in order to increase the volumetric and/or
pumping efficiency of the endothermic propulsion sys-
tem.

PRIOR ART

[0004] As is well known, the prior art in engine appli-
cations is undoubtedly represented by the numerous
sports applications where the maximum power possible
is required. Depending on the formula or category, the
relevant technical regulation almost always sets limits to
reduce or make it more difficult to obtain high powers:
limits on maximum engine displacement, cylinders, in-
take restrictors, maximum supercharge pressure, maxi-
mum fuel capacity, and the like. Increasing, therefore,
the engine’s efficiency leads an increase in the available
power.

[0005] Without going too far into the details, the most
commonly adopted technical solution (and at times im-
posed by the regulation itself, as in the case of F1) con-
sists in the use of four valves per cylinder with a circular
cross-section with alternate axial movement, actuated
by a suitable distribution system that may be either a cam
mechanism or, in more sophisticated cases, pneumatic,
hydraulic or electrical. In the conventional engine, two
valves are used for intake and two for exhaust.

[0006] High-performance engines maximize the pas-
sage area by means of high-diameter, large "raised"
valves with "aggressive" phasing (wide cross phase).
This all clearly has physical and constructive limits de-
termined by the space available onthe engine head (bore
of the cylinder) and the structural resistance of the valves
themselves, especially at high engine rotation speeds,
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and thus at very high accelerations and inertias to which
the same valves are subjected in the continuous inver-
sions of rectilinear motion.

PRESENTATION OF THE INVENTION

[0007] In light of the foregoing, it is apparent that the
known solutions, in order to increase the volumetric and
pumping efficiency, employ supercharger systems
which, while having a number of advantages in terms of
performance, also involve a multitude of disadvantages
in terms of constructive complexity, costs and tuning. The
need is therefore perceived to resolve the drawbacks and
limitations cited with reference to the known art. Such
requirement is satisfied by an endothermic engine ac-
cording to claim 1.

DESCRIPTION OF THE DRAWINGS

[0008] Furtherfeatures and advantages of the present
invention will become more understandable from the fol-
lowing description of the preferred and non-limiting em-
bodiments thereof, wherein:

figure 1 represents a partial sectional view of an en-
dothermic engine comprising a partial dual distribu-
tion intake system (DDP-A) according to a possible
embodiment of the present invention;

figure 2 is a partial sectional view of an endothermic
engine comprising a partial dual distribution exhaust
system (DDP-S) according to a possible embodi-
ment of the present invention;

figures 3a, 3b represent partial sectional views of an
endothermic engine comprising a full dual distribu-
tion system (DDI) according to possible embodi-
ments of the present invention;

figures 4-11 represent partial sectional views of a
sequence of phases of a complete intake-exhaust
cycle of an endothermic engine comprising a full dual
distribution system (DDI)according to a possible em-
bodiment of the present invention.

[0009] The elements or parts of elements in common
between the embodiments described hereinafter will be

indicated at the same numerical references.

DETAILED DESCRIPTION

[0010] With reference to the aforementioned figures,
a total schematic view of an endothermic engine accord-
ing to the present invention is collectively indicated at 4.
[0011] For the purposes of the present invention, the
type, power and/or displacement of the endothermic en-
gine, as well as the type of vehicle, motorcycle, watercraft
or aircraft to which it is intended, are not relevant, even
though, as described, the present invention is preferably,
but not exclusively, for automotive, motorcycling or other
disciplines involving the use of an endothermic engine.
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[0012] The endothermic engine 4 comprises at least
one cylinder 8 which houses and drives, according to a
reciprocating rectilinear motion, a piston 12 operatively
connected to a drive shaft according to a connecting
rod/crank mechanism 16, in a known manner.

[0013] The cylinder 8 is provided with at least one first
main intake valve 20 and at least one first main exhaust
valve 24, each adapted to close the access to the cylinder
8 and inserted at least partially in a relevant first main
manifold 28. Typically, the first main intake and exhaust
valves 20, 24 are poppet valves, provided with recipro-
cating rectilinear motion. The actuation of said poppet
valves is usually achieved by camshafts 32, in a known
manner.

[0014] According to the present invention, at least one
of said first main intake and/or exhaust valves 20,24 is
fluidically connected to a first main manifold 28 that forks
into an intake channel 36 intercepted by a secondary
intake valve 40 and into an exhaust channel 44 intercept-
ed by a secondary exhaust valve 48.

[0015] The intake channel 36 is fluidically connected
to an intake system of the engine (not shown) and the
exhaust channel 44 is fluidically connected to an exhaust
system of the engine (not shown).

[0016] It should be noted that depending on the type
of cylinder configuration/architecture of the engine
(whetherin-line, V, Boxer and the like), the intake channel
36 (or intake channels 36) and the exhaust channel 44
(or exhaust channels 44) may be shared, for example,
by each cylinder bank of the engine.

[0017] Generally, an intake system is typically an air
duct that draws air from the outside environment and
conducts it into the combustion chamber through said
intake channel 36 of the first main manifold 28, after fil-
tering the air. The filter may be placed, for example, in a
suitable filter box upstream of the first main manifold 28.
[0018] For example, said exhaust system comprises
one or more combustion gas collectors that are intro-
duced into an expansion compartment which may, for
example, contain one or more treatmentdevices for com-
bustion gases prior to introducing them into the atmos-
phere. The combustion gas treatment may also be ab-
sent, for example, from vehicles intended for competi-
tions.

[0019] Advantageously, the secondary intake and ex-
haust valves 40,48 are kinematically connected in syn-
chronism with the respective first main intake and/or ex-
haust valve 20,24 so as to cyclically allow the additional
entry of air into the cylinder 8 through the intake channel
36, connected to the first main exhaust valve 24, at least
partially simultaneously with the inlet of air from the first
main intake valve 20, and/or to allow the additional exit
of combustion gases from the cylinder 8 through the ex-
haust channel 44, connected to the first main intake valve
20, at least partially simultaneously with the exit of com-
bustion gases through the first main exhaust valve 24.
[0020] The present invention provides, as better de-
scribed below, the possibility of using a secondary dis-
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tribution, comprising the aforementioned intake and ex-
haust valves 40,48 upstream of the primary distribution
comprising the intake and exhaust valves 20,24.

[0021] Such solution may be achieved by a partial dual
distribution intake system (DDP-A; figure 1), by a partial
dual distribution exhaust system (DDP-S; figure 2) and
by a full dual distribution system (DDI, figure 3) .

[0022] In particular, according to a first embodiment,
in said partial dual distribution intake system (DDP-A;
figure 1), the first main intake valve 20 is fluidically con-
nected to a main intake duct 52, while the first main ex-
haust valve 24 is fluidically connected to a first main man-
ifold 28 that forks into an intake channel 36 intercepted
by a secondary intake valve 40 and into an exhaust chan-
nel 44, intercepted by a secondary exhaust valve 48.
[0023] Said secondary intake and exhaust valves
40,48 are kinematically connected in synchronism with
the first main intake valve 20 so as to cyclically allow the
additional entry of air in the cylinder 8 through the intake
channel 36, atleast partially simultaneously with the entry
of air from the first main intake valve 20 through the main
intake duct 52, and to allow the exit of combustion gases
from the cylinder 8 through the exhaust channel 44.
[0024] In particular, according to a further embodi-
ment, in said partial dual distribution exhaust system
(DDP-S; figure 2), the first main exhaust valve 24 is flu-
idically connected to a second main manifold 56, while
the first main exhaust valve 20 is fluidically connected to
a first main manifold 28 that forks into an intake channel
36 intercepted by a secondary intake valve 40 and into
an exhaust channel 44 intercepted by a secondary ex-
haust valve 48.

[0025] Said secondary intake and exhaust valves
40,48 are kinematically connected in synchronism with
the first main exhaust valve 24 so as to cyclically allow
the additional exit of combustion gases from the cylinder
8 through the exhaust channel 44, at least partially si-
multaneously with the exit of combustion gases from the
firstmain exhaust valve 24 through the second main man-
ifold 56, and to allow the entry of air in the cylinder 8
through the intake channel 36.

[0026] Preferably, the engine 4, as shown, comprises
a full dual distribution system (DDI; figure 3) which pro-
vides for the use of first main manifolds 28 which engage
at both the first main intake valve 20 and the first main
exhaust valve 24, each of which forks into an intake chan-
nel 36 and into an exhaust channel 44. Therefore, each
first main manifold 28 is capable by means of the respec-
tive intake and exhaust channels 36,44 to provide an
additional inlet air flow and outlet flow for combustion gas
with respect to the normal allowed flow of the intake and
exhaust valves 20,24.

[0027] The foregoing applies both to engines 4 having
two valves per cylinder, i.e. an intake valve and an ex-
haust valve, and to engines having three, four or even
more valves per cylinder. Therefore, for the purposes of
the scope of protection of this patent, embodiments hav-
ing at least two valves per cylinder are protected.
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[0028] The figures provided in the patent always show
an intake valve and an exhaust valve for convenience
and greater intelligibility of the figures.

[0029] A preferred embodiment provides for the appli-
cation of the present invention to an engine having four
valves per cylinder.

[0030] For example (figure 3b), the cylinder 8 is pro-
vided with at least one second main intake valve 120 and
at least one second main exhaust valve 124, wherein at
least one of said second main intake and/or exhaust
valves 120, 124 is connected fluidically to a second main
manifold 128 which is forked into a second intake channel
136 intercepted by a secondary intake valve 40 and into
a second exhaust channel 144 intercepted by a second-
ary exhaust valve 48.

[0031] The second intake channel 136 is fluidically
connected to the intake system of the engine, along with
the intake channel 36.

[0032] The second exhaust channel 144 is fluidically
connected to the exhaust system of the engine, along
with the exhaust channel 44.

[0033] Advantageously, said secondary intake and ex-
haust valves 40,48 are kinematically connected in syn-
chronism with the respective second main intake 120
and/or exhaust 124 valve so as to cyclically allow the
additional entry of air into the cylinder through the second
intake channel 136, connected to the second main ex-
haust valve 124, at least partially simultaneously with the
entry of air from the second main intake valve 120, and/or
to allow the additional exit of combustion gases from the
cylinder through the second exhaust channel 144, con-
nected to the second main intake valve 120, at least par-
tially simultaneously with the exit of combustion gases
through the second main exhaust valve 124.

[0034] As seen, the main valves are preferably poppet
valves.

[0035] The secondary intake and exhaust valves 40,
48 are preferably rotary valves.

[0036] For example, said rotary valves comprise a cy-
lindrical or spherical body 60 defining an inner channel
64 rotating integrally with the body. Said inner channel
64 has a lumen 68 of a dimension similar to the lumen
72 of the intake channel 36,136 or the exhaust channel
44,144 within which the valve is inserted; in this way,
during the rotation of the body 60, the inner channel 64
cyclically passes from an angular orientation where it is
at least partially aligned with the related lumen 72 of the
intake channel 36,136 or exhaust channel 44,144 at an
angular orientation wherein it is totally misaligned with
respect to the latter.

[0037] Itis evident that the alignment, even partial, is
configured as the opening of the rotary valve and allows
the incoming air or outgoing exhaust gas to pass through,
while the full misalignment is configured as the closing
of the rotary valve.

[0038] It should be noted that the outer diameter and
the passage diameter of the rotary valves are suitably
calibrated and calculated inasmuch as the closing or
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opening of the duct depends on their relative ratio.
[0039] The system lends itself to being easily adopted
in multi-cylinder engines simply by using a cylinder where
the through-holes are properly rotated according to the
respective crank angle.

[0040] The rotary valves are not subject to strong pres-
sures because the totality of the sealing work remains
dependent on the main valves. Therefore, no particularly
sophisticated seals are required.

[0041] According to a possible embodiment, said rota-
ry valves are controlled by a main distribution apparatus
of the engine comprising at least one camshaft 32. Pref-
erably, the same camshaft or camshafts 32 control both
the main valves 20, 120, 24, 124 and the secondary
valves 40, 48.

[0042] Forexample, the secondaryintake and exhaust
valves 40, 48 are rotary valves actuated at the same ro-
tational speed of at least one camshaft 32 which controls
the actuation of the main valves. In the case of symmet-
rical rotary valves, the rotation speed of the same could
also be reduced to 2 of the camshaft’s rotation speed.
[0043] Advantageously, the first and second main
manifolds 28, 128 of each main valve 20, 120, 24, 124
are separated so thatthey do not provide any direct fluidic
connection. This avoids the hold time of gas in a shared
volume or buffer between the same ducts.

[0044] It should be noted that in the case of an engine
with 4 valves per cylinder (typically two intake valves and
two exhaustvalves), the two main exhaust valves 24 may
have a first common duct intercepted by the same sec-
ondary exhaust valves 48; only subsequently to such first
common duct will the same duct fork into two branches
that will each merge into a single valve.

[0045] Preferably, the secondary valves are positioned
within the respective manifolds 28 so as to be away from
the corresponding intake 20,120 and/or exhaust 24,124
valves atthe minimum possible distance, compatible with
the construction and cooling requirements.

[0046] Preferably, the secondary valves 40, 48 of a
same first main manifold 28 are mutually phased so as
to have a cross phase, i.e. at least a partial opening at
the same time, so as to facilitate the emptying of the
gases inside the same duct.

[0047] In effect, during the exhaust phase, a combus-
tion flow portion may remain trapped in the buffer zone.
In order to prevent this air mass from being re-aspirated
by the engine, an adequate cross phase is necessary so
that the downstream depression of the secondary ex-
haust valve 48 may empty the buffer.

[0048] Inthe case of multi-cylinder engines with intake
and exhaust ducts shared among the various cylinders,
the arrangement of exhaust ducts and phasing of the
valves will be suitable in order to avoid that the passive
cross phase (i.e. with the main valves closed) coincides
with an active exhaust phase (i.e. with the main valves
open) of another cylinder having a shared duct.

[0049] Finally, in a known manner, the engine 4 com-
prises fuel injector devices (not shown) arranged down-
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stream of said secondary intake valves 40.

[0050] In effect, since a certain amount of air could
pass from the secondary intake valve 40 to the exhaust
without passing through the engine 4, in order to assure
that the buffer ("overflow") is empty, the fuel should only
be injected downstream of the secondary intake valve
40 and only when the exhaust valve is completely (or
nearly) closed.

[0051] Preferably, said injector devices are arranged
so as to inject the fuel directly into the cylinder; in this
way the problem is completely solved.

[0052] The operation of an endothermic engine ac-
cording to the present invention will now be described.
[0053] It should be noted that the phasing angles, the
lifts and the opening/closing angles of the secondary
valves are purely indicative and, in this context, serve
solely to better define the operation of the present inven-
tion.

[0054] Reference will be made to figures 4-11 relating
to a sequence of phases of a complete intake-exhaust
cycle of an endothermic engine comprising a full dual
distribution system (DDI) according to a possible embod-
iment of the present invention. It is evident that the fol-
lowing also applies to the embodiments of endothermic
engines comprising partial dual distribution intake (DDP-
A) and/or exhaust (DDP-S) system according to the
present invention.

[0055] In particular, figure 4 illustrates the beginning
ofthe intake phase, coinciding with the end of the exhaust
phase. The main valves are in the maximum lift state,
the secondary rotary intake valves are in the opening
state (about 5 degrees), and the secondary rotary ex-
haust valves are in the opening state (about 25 degrees).
[0056] Figure 5 continues with the intake phase and
reaches the end of the exhaust phase. The main valves
are in maximum lift state, the secondary rotary intake
valves are in opening state (about 25 degrees), while the
secondary rotary exhaust valves are in closing state. It
should be noted that, in the passage from the exhaust
phase to the intake phase, the main valves have re-
mained motionless in the open position, thus maximizing
the passage area of the fluids.

[0057] Figure 6 again illustrates the intake phase. In
particular, the main valves are in maximum lift state and
beginning of closure, the secondary rotary intake valves
are in the maximum opening state (in other words, the
respective inner channel is aligned parallel to the related
intake duct in order to allow the maximum lumen of the
air passage), while the secondary rotary exhaust valves
are closed. As shown, for the purpose of the closing state,
it is sufficient that the inner channel of a valve is not, even
partially, aligned with the respective channel wherein the
rotary valve is inserted.

[0058] Figure 7 shows the end of the intake phase and
the beginning of the compression phase. In particular,
the main valves are closed, the secondary rotary intake
valves are in the closing phase, open about 25 degrees;
however, such position is irrelevant as the main valves
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are closed whereby the duct is fluidically separated from
the cylinder. The secondary rotary exhaust valves are
closed: also in this case their position is irrelevant. Figure
8illustrates the end of the compression phase. The main
valves are closed, the secondary rotary intake valves and
the secondary rotary exhaust valves still have an irrele-
vant position.

[0059] Figure 9 illustrates the end of the expansion
phase coinciding with the beginning of the exhaust
phase. The main valves are in the opening state, while
the secondary rotary intake valves are in the closing
state. The secondary rotary exhaust valves are instead
in the opening state.

[0060] Figure 10 shows the exhaust phase. In partic-
ular the main valves are in the maximum lift state, the
secondary rotary intake valves are closed, while the sec-
ondary rotary exhaust valves are in the maximum open-
ing state.

[0061] Finally, figure 11 shows the end of the exhaust
phase. The main valves are in the maximum lift state,
the secondary rotary intake valves are in the opening
state, while the secondary rotary exhaust valves are in
the closing state (approximately 25 degrees).

[0062] Obviously, the foregoing description refers to
the more complex full dual distribution system (DDI), but
it may obviously also be extended, with the due omis-
sions, to simpler partial dual distribution intake (DDP-A)
and exhaust (DDP -S) solutions.

[0063] Asmay be appreciated fromthe description, the
endothermic engine according to the invention over-
comes the disadvantages of the prior art.

[0064] In particular, the endothermic engine allows the
improvement of the volumetric and pumping efficiency
with respect to the prior art solutions.

[0065] In the case of a full dual distribution system
(DDI), the gas transfer area, both in intake and exhaust,
virtually doubles with respect to a standard solution. Even
considering the complexity of the system and some loss
due to the possible heat exchange with the warmer parts,
a conservative estimate could suggest a 10%-15% vol-
umetric increase, as well as a better pumping efficiency
in the case of turbocharged engines.

[0066] In the case of a partial dual distribution intake
system (DDP-A), the intake passage area virtually dou-
bles, while the exhaust area remains unchanged, the op-
posite occurs in the case of the partial dual distribution
exhaust system (DDP-S). In the first case (DDP-A), only
volumetric efficiency is increased: this improvement is
certainly notable and useful in case of use on aspirated
engines, i.e. not supercharged.

[0067] In any case, the partial dual distribution intake
system (DDP-A), with respect to the full dual distribution
system (DDI), has greater constructive simplicity, is light-
er, and is suitable, as is seen in aspirated engines as
well as in those cases where the exhaust outlet of the
engine is constrained by constructive or regulatory re-
quirements.

[0068] In the second case of a partial dual distribution
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exhaust system (DDP-S), only pumping efficiency is in-
creased: such improvement is notable and useful in tur-
bocharged engines.

[0069] Inany case, the partial dual distribution exhaust
system (DDP-S), with respect to the full dual distribution
system (DDI), has greater constructive simplicity, is light-
er, and is suitable, as seen in turbocharged engines.
[0070] A person skilled in the art, in the object of sat-
isfying contingent and specific requirements, may make
numerous modifications and variations to the engines
described above, all of which are within the scope of the
invention as defined by the following claims.

Claims
1. Endothermic engine (4) comprising

- at least one cylinder (8) that receives and
guides, according to a reciprocating rectilinear
motion, a piston (12) operatively connected to a
drive shaft according to a connecting rod/crank
mechanism (16), the cylinder (8) being provided
with at least one first main intake valve (20) flu-
idically connected to a first main manifold (28),
and at least one first main exhaust valve (24)
fluidically connected to a second main manifold
(56), wherein

atleast one of the firstand second main manifold
(28, 56) forks into an intake channel (36) and
into an exhaust channel (44),

- wherein the intake channel (36) is fluidically
connected to an intake system of the engine (4),
and the exhaust channel (44) is fluidically con-
nected to an exhaust system of the engine (4),
characterized in that

the intake channel (36) is intercepted by a sec-
ondary intake valve (40) and the exhaust chan-
nel (44) is intercepted by a secondary exhaust
valve (48),

- said secondary intake and exhaust valves
(40,48) being kinematically connected in syn-
chronism with the respective first main intake
and/or exhaust valve (20,24) so as to cyclically
allow:

- the additional entry of air in the cylinder (8)
through the intake channel (36), connected to
said first main exhaust valve (24), at least par-
tially simultaneously with the entry of air from
said first main intake valve (20), and/or to allow
- the additional exit of combustion gases from
the cylinder (8) through the exhaust channel
(44), connected to said first main intake valve
(20), at least partially simultaneously with the
exit of combustion gases through said first main
exhaust valve (24).

2. Endothermic engine (4) according to claim 1, where-
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in the first main intake valve (20) is fluidically con-
nected to a main intake duct (52), wherein the first
main exhaust valve (24) is fluidically connected to a
first main manifold (28) that forks into an intake chan-
nel (36) intercepted by a secondary intake valve (40)
and into an exhaust channel (44) intercepted by a
secondary exhaust valve (48),

- said secondary intake and exhaust valves
(40,48) being kinematically connected in syn-
chronism with the first main intake valve (20) so
as to cyclically allow the additional entry of air
in the cylinder (8) through the intake channel
(36), at least partially simultaneously with the
entry of air from the first main intake valve (20)
through the main intake duct (52), and to allow
the exit of combustion gases from the cylinder
(8) through the exhaust channel (44).

Endothermic engine (4) according to claim 1 or 2,
wherein the first main exhaust valve (24) is fluidically
connected to a second main manifold (56), wherein
thefirstmain intake valve (20)is fluidically connected
to a first main manifold (28) that forks into an intake
channel (36) intercepted by a secondary intake valve
(40) and into an exhaust channel (44) intercepted by
a secondary exhaust valve (48),

- said secondary intake and exhaust valves
(40,48) being kinematically connected in syn-
chronism with the first main exhaust valve (24)
so as to cyclically allow the additional exit of
combustion gases from the cylinder (8) through
the exhaust channel (44), at least partially simul-
taneously with the exit of combustion gases from
the first main exhaust valve (24) through the sec-
ond main manifold (56), and to allow the entry
of air in the cylinder (8) through the intake chan-
nel (36).

Endothermic engine (4) according to any of the pre-
ceding claims, wherein the cylinder (8) is provided
with at least one second main intake valve (120) and
at least one second main exhaust valve (124),
characterized in that

- at least one of said second main intake and/or
exhaust valves (120,124) is fluidically connect-
ed to a second main manifold (128) that forks
into a second intake channel (136) intercepted
by a secondary intake valve (40) and into a sec-
ond exhaust channel (144) intercepted by a sec-
ondary exhaust valve (148),

- wherein the second intake channel (136) is flu-
idically connected to an intake system of the en-
gine (4) and the exhaust channel is fluidically
connected to an exhaust system of the engine

4),
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- said secondary intake and exhaust valves
(40,48) being kinematically connected in syn-
chronism with the respective second main in-
take (120) and/or exhaust (124) valve so as to
cyclically allow the additional entry of air in the
cylinder (8) through the second intake channel
(136), connected to the second main exhaust
valve (124), at least partially simultaneously with
the entry of air from the second main intake valve
(120), and/or to allow the additional exit of com-
bustion gases from the cylinder (8) through the
second exhaust channel (144), connected to the
second main intake valve (120), at least partially
simultaneously with the exit of combustion gas-
esthrough the second main exhaust valve (124).

Endothermic engine (4) according to any of the pre-
ceding claims, wherein the main valves
(20,120,24,124) are poppet valves, provided with a
reciprocating rectilinear motion, and wherein the
secondary valves (40, 48) are rotary valves.

Endothermic engine (4) according to claim 5, where-
in said rotary valves (40,48) are controlled by a main
distribution apparatus of the engine (4) comprising
at least one camshaft (32).

Endothermic engine (4) according to claim 5 or 6,
wherein said rotary valves (40,48) comprise a cylin-
drical or spherical body (60) that delimits an internal
channel (64)thatrotates integrally with the body (60),
said internal channel (64) having a lumen (68) of
similar dimension to the lumen (72) of the intake (36,
136) or exhaust (44,144) channel inside of which the
valve is inserted, so that, during rotation of the body
(60), the internal channel (64) cyclically passes from
an angular orientation wherein it is at least partially
aligned with the respective lumen (72) of the intake
(36,136) or exhaust (44,144) channel to an angular
orientation wherein it is totally misaligned with re-
spect to the latter.

Endothermic engine (4) according to any of the pre-
ceding claims, in which all the main (20,120,24,124)
and secondary (40,48) valves are mechanically con-
nected to the same main distribution apparatus for
the respective actuation.

Endothermic engine (4) according to any of the pre-
ceding claims, wherein which the secondary valves
(40, 48) are rotary valves driven at the same speed
of rotation, or at 2 of the speed of rotation of at least
one camshaft (32) that controls the actuation of the
main valves (20,120,24,124).

Endothermic engine (4) according to any of the pre-
ceding claims, wherein the first main manifolds (28)
of each main valve (20,120,24,124) are separated
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1.

12.

13.

from each other so as not to provide any direct fluidic
connection.

Endothermic engine (4) according to any of the pre-
ceding claims, wherein which the secondary valves
(40, 48) of a same first main manifold (28) are mu-
tually phased in a suitable manner, so as to facilitate
the emptying of the gases inside the first main man-
ifold (28) itself.

Endothermic engine (4) according to any of the pre-
ceding claims, wherein the secondary valves (40,48)
are phased so as to provide an intersection phase,
i.e., of at least partial simultaneous opening.

Endothermic engine (4) according to any of the pre-
ceding claims, wherein the engine (4) comprises fuel
injection devices disposed so as to inject the fuel
directly into the cylinder (8).

Patentanspriiche

1.

Ein endothermer Motor (4), der Folgendes umfasst:

- mindestens einen Zylinder (8), der, gemaR ei-
ner hin- und hergehenden geradlinigen Bewe-
gung, einen Kolben (12) aufnimmt und fihrt, der
gemal eines Verbindungsstangen- / Kurbel-
Mechanismus’ (16) funktionsfahig mit einer An-
triebswelle verbunden ist, wobei der Zylinder (8)
mit mindestens einem ersten Haupteinlassventil
(20) versehen ist, das mit einem ersten Haupt-
verteiler (28) fluidisch verbunden ist, und min-
destens einem ersten Hauptauslassventil (24),
das mit einem zweiten Hauptverteiler (56) flui-
disch verbunden ist,

wobei

mindestens einer der Hauptverteiler eins und
zwei (28, 56) in einen Einlasskanal (36) und in
einen Auslasskanal (44) abzweigt,

- wobei der Einlasskanal (36) mit einem Einlass-
system des Motors (4) fluidisch verbunden ist,
und der Auslasskanal (44) mit einem Auslass-
system des Motors (4) fluidisch verbunden ist,
dadurch gekennzeichnet, dass

der Einlasskanal (36) durch ein sekundares Ein-
lassventil (40) unterbrochen wird (intercepted)
und der Auslasskanal (44)durch ein sekundares
Auslassventil (48) unterbrochen wird,

- wobei die genannten sekundaren Ventile fir
Einlass- und Auslass (40, 48) kinematisch syn-
chron mit dem jeweiligen ersten Haupteinlass-
und/oder Auslassventil (20, 24) verbunden sind,
um zyklisch Folgendes zu erméglichen:

-den zusatzlichen Lufteintrittin den Zylinder
(8)durchden Einlasskanal (36), der mitdem
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genannten ersten Hauptauslassventil (24)
verbunden ist, zumindest teilweise gleich-
zeitig mit dem Lufteintritt aus dem genann-
ten ersten Haupteinlassventil (20),
und/oder um Folgendes zu ermdglichen:

- den zusatzlichen Auslass von Ver-
brennungsgasen aus dem Zylinder (8)
durch den Auslasskanal (44), der mit
dem genannten ersten Haupteinlass-
ventil (20) verbunden ist, zumindest
teilweise gleichzeitig mit dem Auslass
von Verbrennungsgasen durch das ge-
nannte erste Hauptauslassventil (24).

Der endotherme Motor (4) nach Anspruch 1, wobei
das erste Haupteinlassventil (20) mit einem Haupt-
einlasskanal (52) fluidisch verbunden ist, wobei das
erste Hauptauslassventil (24) mit einem ersten
Hauptverteiler (28) fluidisch verbunden ist, der in ei-
nen Einlasskanal (36) zweigt, der von einem sekun-
daren Einlassventil (40) unterbrochen wird, und in
einen Auslasskanal (44), der von einem sekundaren
Auslassventil (48) unterbrochen wird,

- wobei die genannten Ventile fiir Einlass- und
Auslass (40, 48) kinematisch synchron mit dem
ersten Haupteinlassventil (20) verbunden sind,
um zyklisch den zuséatzlichen Eintritt von Luft in
den Zylinder (8) durch den Einlasskanal (36) zu
ermdglichen, zumindest teilweise gleichzeitig
mit dem Eintritt von Luft aus dem ersten Haupt-
einlassventil (20) durch den Haupteinlasskanal
(52), und um den Austritt von Verbrennungsga-
sen aus dem Zylinder (8) durch den Auslasska-
nal (44) zu ermdglichen.

Der endotherme Motor (4) nach Anspruch 1 oder 2,
wobei das erste Hauptauslassventil (24) mit einem
zweiten Hauptverteiler (56) fluidisch verbunden ist,
wobei das erste Haupteinlassventil (20) mit einem
ersten Hauptverteiler (28) fluidisch verbunden ist,
der in einen Einlasskanal (36) abzweigt, der von ei-
nem sekundaren Einlassventil (40) unterbrochenen
wird, und in einen Auslasskanal (44) abzweigt, der
von einem sekundaren Auslassventil (48) unterbro-
chen wird,

- wobei die genannten sekundaren Ventile fur
Einlass- und Auslass (40, 48) kinematisch syn-
chron mit dem ersten Hauptauslassventil (24)
verbunden sind, um zyklisch den zusatzlichen
Auslass von Verbrennungsgasen aus dem Zy-
linder (8) durch den Auslasskanal (44), zumin-
dest teilweise gleichzeitig mit dem Austritt von
Verbrennungsgasen aus dem ersten Hauptaus-
lassventil (24) durch den zweiten Hauptverteiler
(56), zu ermoglichen und den Eintritt von Luft in
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den Zylinder (8) durch den Einlasskanal (36) zu
ermoglichen.

Derendotherme Motor (4) nach irgendeinemder vor-
stehenden Anspriiche, wobei der Zylinder (8) mit
mindestens einem zweiten Haupteinlassventil (120)
und mindestens einem zweiten Hauptauslassventil
(124) versehen ist,

dadurch gekennzeichnet, dass

- mindestens eines der genannten zweiten Ven-
tile fir Einlass- und Auslass (120, 124) fluidisch
mit einem zweiten Hauptverteiler (128) verbun-
den ist, der in einen zweiten Einlasskanal (136)
abzweigt, der von einem sekundéren Einlass-
ventil (40) unterbrochen wird, und in einen zwei-
ten Auslasskanal (144) abzweigt, der von einem
sekundaren Auslassventil (148) unterbrochen
wird,

- wobei der zweite Einlasskanal (136) mit einem
Einlasssystem des Motors (4) fluidisch verbun-
denistund der Auslasskanal mit einem Auslass-
system des Motors (4) fluidisch verbunden ist,
- wobei die genannten sekundéaren Ventile fir
Einlass- und Auslass (40, 48) kinematisch syn-
chron mit dem jeweiligen zweiten Haupteinlass-
(120) und/oder Auslassventil (124) verbunden
sind, um zyklisch den zuséatzlichen Eintritt von
Luft in den Zylinder (8) durch den zweiten Ein-
lasskanal (136) zu ermdglichen, der mit dem
zweiten Hauptauslassventil (124) verbunden
ist, zumindest teilweise gleichzeitig mit dem
Lufteintritt aus dem zweiten Haupteinlassventil
(120), und/oder um den zusatzlichen Austritt
von Verbrennungsgasen aus dem Zylinder (8)
durch den zweiten Auslasskanal (144) zu er-
moglichen, der mit dem zweiten Haupteinlass-
ventil (120) verbunden ist, zumindest teilweise
gleichzeitigmitdem Auslass von Verbrennungs-
gasen durch das zweite Hauptauslassventil
(124).

Derendotherme Motor (4) nach irgendeinemder vor-
stehenden Anspriiche, wobei die Hauptventile (20,
120, 24, 124) Tellerventile (poppet valves) sind, die
mit einer hin- und hergehenden geradlinigen Bewe-
gung versehen sind, und wobei die Sekundarventile
(40, 48) Drehventile sind.

Der endotherme Motor (4) nach Anspruch 5, wobei
die genannten Drehventile (40, 48) durch eine
Hauptverteilungsvorrichtung des Motors (4) gesteu-
ert werden, die mindestens eine Nockenwelle (32)
umfasst.

Der endotherme Motor (4) nach Anspruch 5 oder 6,
wobei die genannten Drehventile (40, 48) einen zy-
lindrischen oder kugelférmigen Korper (60) umfas-
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sen, der einen internen Kanal (64) begrenzt, der sich
integral mit dem Korper (60) dreht, wobei der ge-
nannte interne Kanal (64) ein Lumen (68) mit einer
ahnlichen Abmessung wie das Lumen (72) des Ein-
lass- (36, 136) oder Auslasskanals (44, 144) auf-
weist, in den das Ventil eingesetzt ist, sodass wah-
rend der Drehung des Kérpers (60) der interne Kanal
(64) zyklisch von einer Winkelorientierung, bei der
er zumindest teilweise mit dem jeweiligen Lumen
(72) des Einlass- (36, 136) oder Auslasskanals (44,
144) ausgerichtet ist, zu einer Winkelorientierung
Uibergeht, bei der er in Bezug auf Letztere vollig fehl-
ausgerichtet ist.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, bei dem alle Hauptventile
(20, 120, 24, 124) und sekundéren Ventile (40, 48)
fur die jeweilige Betatigung mechanisch mit dersel-
ben Hauptverteilungsvorrichtung verbunden sind.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, wobei die sekundaren Ven-
tile (40, 48) Drehventile sind, die mit der gleichen
Drehgeschwindigkeit oder mit der > Drehgeschwin-
digkeit von mindestens einer Nockenwelle (32) an-
getrieben werden, die die Betatigung der Hauptven-
tile (20, 120, 24, 124) steuert.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, wobei die ersten Hauptver-
teiler (28) jedes Hauptventils (20, 120, 24, 124) von-
einander getrennt sind, um keine direkte fluidische
Verbindung herzustellen.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, wobei die sekundaren Ven-
tile (40, 48) eines selben ersten Hauptverteilers (28)
zueinander auf geeignete Weise phasenverschoben
sind, um die Entleerung der Gase innerhalb des ers-
ten Hauptverteilers (28) selbst zu erleichtern.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, wobei die sekundaren Ven-
tile (40, 48) so phasenversetzt sind, dass sie eine
sich Uberschneidende Phase (intersection phase),
d.h. eine zumindest teilweise gleichzeitige Offnung,
bilden.

Derendotherme Motor (4) nach irgendeinem der vor-
stehenden Anspriiche, wobei der Motor (4) Kraftstof-
feinspritzvorrichtungen umfasst, die so angeordnet
sind, dass sie den Kraftstoff direkt in den Zylinder
(8) einspritzen.

Revendications

1.

Moteur endothermique (4) comprenant
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- au moins un cylindre (8) qui regoit et guide,
selon un mouvement rectiligne alternatif, un pis-
ton (12) relié de maniére fonctionnelle aun arbre
d’entrainement selon un mécanisme bielle-ma-
nivelle (16), le cylindre (8) étant pourvu d’au
moins une premiére soupape d’admission prin-
cipale (20) reliée de maniére fluidique a un pre-
mier collecteur principal (28), et au moins une
premiére soupape d’échappement principale
(24) reliée de maniere fluidique a un second col-
lecteur principal (56),

dans lequel

aumoins I'un du premier etdu second collecteur
principal (28, 56) se divise en un canal d’admis-
sion (36) et en un canal d’échappement (44),

- dans lequel le canal d’admission (36) est relié
de maniere fluidique a un systéme d’admission
du moteur (4), et le canal d’échappement (44)
est reli¢ de maniere fluidique a un systeme
d’échappement du moteur (4),

caractérisé en ce que

le canal d’admission (36) est intercepté par une
soupape d’admission secondaire (40) etle canal
d’échappement (44) est intercepté par une sou-
pape d’échappement secondaire (48),

- lesdites soupapes d’admission et d’échappe-
ment secondaires (40, 48) étant reliées de ma-
niére cinématique en synchronisation avec la
premiére soupape d’admission et/ou d’échap-
pement principale (20, 24) respective de fagon
a permettre de maniére cyclique :

- ’entrée additionnelle d’air dans le cylindre
(8) a travers le canal d’admission (36), relié
a ladite premiere soupape d’échappement
principale (24), au moins en partie simulta-
némentavec I'entrée d’air depuis ladite pre-
miére soupape d’admission principale (20),
et/ou a permettre

- la sortie additionnelle de gaz de combus-
tion depuis le cylindre (8) a travers le canal
d’échappement (44), relié a ladite premiére
soupape d’admission principale (20), au
moins en partie simultanément avec la sor-
tie de gaz de combustion a travers ladite
premiére soupape d’échappement princi-
pale (24).

Moteur endothermique (4) selon la revendication 1,
dans lequel la premiere soupape d’admission prin-
cipale (20) est reliée de maniére fluidique a un con-
duit d’admission principal (52), dans lequel la pre-
miere soupape d’échappement principale (24) est
reliée de maniére fluidique a un premier collecteur
principal (28) qui se divise en un canal d’admission
(36) intercepté par une soupape d’admission secon-
daire (40) et en un canal d’échappement (44) inter-
cepté par une soupape d’échappement secondaire
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(48),

- lesdites soupapes d’admission et d’échappe-
ment secondaires (40, 48) étant reliées de ma-
niére cinématique en synchronisation avec la
premiére soupape d’admission principale (20)
de fagon a permettre de maniere cyclique I'en-
trée additionnelle d’air dans le cylindre (8) a tra-
vers le canal d’admission (36), au moins en par-
tie simultanément avec I'entrée d’air depuis la
premiére soupape d’admission principale (20) a
travers le conduit d’admission principal (52), et
a permettre la sortie de gaz de combustion de-
puis le cylindre (8) a travers le canal d’échap-
pement (44).

Moteur endothermique (4) selon la revendication 1
ou 2, dans lequel la premiere soupape d’échappe-
ment principale (24) est reliée de maniére fluidique
a un second collecteur principal (56), dans lequel la
premiere soupape d’admission principale (20) estre-
liée de maniére fluidique a un premier collecteur prin-
cipal (28) qui se divise en un canal d’admission (36)
intercepté par une soupape d’admission secondaire
(40) et en un canal d’échappement (44) intercepté
par une soupape d’échappement secondaire (48),

- lesdites soupapes d’admission et d’échappe-
ment secondaires (40, 48) étant reliées de ma-
niére cinématique en synchronisation avec la
premiére soupape d’échappement principale
(24) de fagon a permettre de maniére cyclique
la sortie additionnelle de gaz de combustion de-
puis le cylindre (8) a travers le canal d’échap-
pement (44), au moins en partie simultanément
avec la sortie de gaz de combustion depuis la
premiére soupape d’échappement principale
(24) atravers le second collecteur principal (56),
et a permettre I'entrée d’air dans le cylindre (8)
a travers le canal d’admission (36).

Moteur endothermique (4) selon l'une quelconque
des revendications précédentes, dans lequel le cy-
lindre (8) est pourvu d’au moins une seconde sou-
pape d’admission principale (120) et d’au moins une
seconde soupape d’échappement principale (124),
caractérisé en ce que

- au moins l'une desdites secondes soupapes
d’admission et/ou d’échappement principales
(120, 124) est reliée de maniére fluidique a un
second collecteur principal (128) qui se divise
en un second canal d’admission (136) intercep-
té par une soupape d’admission secondaire (40)
et en un second canal d’échappement (144) in-
tercepté par une soupape d’échappement se-
condaire (148),

- dans lequel le second canal d’admission (136)
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estrelié de maniére fluidique a un systeme d’ad-
mission dumoteur (4) etle canal d’échappement
est relié de maniere fluidique a un systeme
d’échappement du moteur (4),

- lesdites soupapes d’admission et d’échappe-
ment secondaires (40, 48) étant reliées de ma-
niére cinématique en synchronisation avec la
seconde soupape d’admission principale (120)
et/ou d’échappement principale (124) respecti-
ve de fagon a permetire de maniére cyclique
I’entrée additionnelle d’air dans le cylindre (8) a
travers le second canal d’admission (136), relié
a la seconde soupape d’échappement principa-
le (124), au moins en partie simultanément avec
I'entrée d’air depuis la seconde soupape d’ad-
mission principale (120), et/ou a permettre la
sortie additionnelle de gaz de combustion de-
puis le cylindre (8) a travers le second canal
d’échappement (144), relié a la seconde soupa-
pe d’admission principale (120), au moins en
partie simultanément avec la sortie de gaz de
combustion a travers la seconde soupape
d’échappement principale (124).

Moteur endothermique (4) selon I'une quelconque
des revendications précédentes, dans lequel les
soupapes principales (20, 120, 24, 124) sont des
soupapes champignons, pourvues d’un mouvement
rectiligne alternatif, et dans lequel les soupapes se-
condaires (40, 48) sont des soupapes rotatives.

Moteur endothermique (4) selon la revendication 5,
dans lequel lesdites soupapes rotatives (40, 48) sont
commandées par un appareil de distribution princi-
pal du moteur (4) comprenant au moins un arbre a
cames (32).

Moteur endothermique (4) selon la revendication 5
ou 6, dans lequel lesdites soupapes rotatives (40,
48) comprennent un corps cylindrique ou sphérique
(60) qui délimite un canal interne (64) qui tourne so-
lidairementavecle corps (60), ledit canal interne (64)
ayant une lumiére (68) de dimension similaire a la
lumiere (72) du canal d’admission (36, 136) ou
d’échappement (44, 144) a I'intérieur duquel la sou-
pape est insérée, de sorte que, durant la rotation du
corps (60), le canal interne (64) passe de maniéere
cyclique d’une orientation angulaire dans laquelle il
est au moins en partie aligné avec la lumiere res-
pective (72) du canal d’admission (36, 136) ou
d’échappement (44, 144)a une orientation angulaire
dans laquelle il est totalement désaligné par rapport
a celle-ci.

Moteur endothermique (4) selon I'une quelconque
des revendications précédentes, dans lequel toutes
les soupapes principales (20, 120, 24, 124) et se-
condaires (40, 48) sont reliées mécaniquement au
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méme appareil de distribution principal pour I'action-
nement respectif.

Moteur endothermique (4) selon l'une quelconque
des revendications précédentes, dans lequel les
soupapes secondaires (40, 48) sont des soupapes
rotatives entrainées a la méme vitesse de rotation,
ou a la moitié de la vitesse de rotation d’au moins
un arbre a cames (32) qui commande I'actionnement
des soupapes principales (20, 120, 24, 124).

Moteur endothermique (4) selon l'une quelconque
des revendications précédentes, dans lequel les
premiers collecteurs principaux (28) de chaque sou-
pape principale (20, 120, 24, 124) sont séparés I'un
de l'autre de fagon a ne fournir aucune liaison fluidi-
que directe.

Moteur endothermique (4) selon l'une quelconque
des revendications précédentes, dans lequel les
soupapes secondaires (40, 48) d’'un méme premier
collecteur principal (28) sont mutuellement mises en
phase de maniére appropriée, de fagon a faciliter
I'évacuation des gaz a l'intérieur du premier collec-
teur principal (28) lui-méme.

Moteur endothermique (4) selon l'une quelconque
des revendications précédentes, dans lequel les
soupapes secondaires (40, 48) sont mises en phase
de facgon a fournir une phase d’intersection, c’est-a-
dire d’au moins une ouverture simultanée partielle.

Moteur endothermique (4) selon 'une quelconque
des revendications précédentes, dans lequel le mo-
teur (4) comprend des dispositifs d’injection de car-
burant disposés de fagon a injecter le carburant di-
rectement dans le cylindre (8).

10

15

20

25

30

35

40

45

50

55

1"

20



EP 3 315 736 B1

60,48

Y
AR \

24 36

64

56

48,60

\\\\
\/

12



EP 3 315 736 B1

13



EP 3 315 736 B1

40,60 20,120
4\ 24.124 68 36,136

28,128 28,128

14



EP 3 315 736 B1

40,60 40,60
. 24 124 20,120 ,
\_ 36,136
36,136
28 128
28 128 =t
! - 44,144
\8
44,144 _ 4 48,60
4860 -
\12
7 16
—
\ FIG.6
28,128
28,128
24 124 20,120 36,136
36,136
40,60 40,60
= 44,144
44144
\8
48,60
48,60 | —_
12

i

FIG.7

15



4\ 40,60
36,136
48,60
44,144
28,128
4
w« 28,128
36,136
40,60
4
1,144
48,60

EP 3 315 736 B1

20,120
24124

16

40,60
36,136
28,128
48,60
44,144
40,60
36,136
28,128
44,144
48,60



EP 3 315 736 B1

40,60 40.60

4 68 ,
\ 36 20,120 N
24 124
48.60
28 128

44 44
K
28,128 yay \1\\8 48,60
— §
=7
FIG.10
4\ 40,60 68 40,60

2412 20,120

'//'/// ’///7//‘/ 36,136
36,136 ‘ ~
////a ,'/////// 68
\Y]

48,60 /
4 DAl 2
72 { / | /"‘ f'\ 48,60

44,144

\ 44,144
8

17



	bibliography
	description
	claims
	drawings

