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Description

[0001] The present invention relates to internal com-
bustion engines with multiple cylinders, of the type com-
prising:

- atleast one intake valve and at least one exhaust
valve for each cylinder, each provided with respec-
tive spring return means which bias the valve to-
wards a closed position, to control respective intake
and exhaust conduits,

- atleast one camshaft, to actuate the intake and ex-
haust valves of the engine cylinders by means of
respective tappets,

- inwhich each intake valve is actuated by the respec-
tive tappet, against the action of the aforesaid spting
returnmeans, by the interposition of hydraulic means
including a pressurised fluid chamber, into,which
projects a pumping piston connected to the tappet
of the intake valve,

- said pressurised fluid chamber being able to be con-
nected by means of a solenoid valve with an exhaust
channel, in order to uncouple the intake valve from
the respective tappet and cause the rapid closure of
the valve by effect of the respective spring return
means,

- electronic control means for controlling each sole-
noid valve in such a way as to vary the time and
travel of opening of the respective intake valve as a
function of one or more operative parameters of the
engine.

[0002] Engines of the type specified above have been
described and illustrated in various prior patents by the
same Applicant. By way of example, see European Pat-
ent Application EP 1 344 900 A2.

[0003] In his European Patent Application EP 0 894
956A2, the applicant has disclosed an engine of the
above indicated type having the features indicate in the
precharacterizing portion of claim 1.

[0004] Anobjectoftheinventionisto provide anengine
having the characteristics set out above, having an ex-
tremely simple structure with reduced bulk. An additional
object is to provide an engine of the type specified above
which is characterised by high levels of efficiency and
reliability.

[0005] In view of achieving these and other objects,
the invention relates to an engine as defined in the ac-
companying claim 1. Additional preferred and advanta-
geous characteristics of the invention are specified in the
dependent claims.

[0006] The invention shall now be described with ref-
erence to the accompanying drawings, provided purely
by way of non limiting example, in which:

- Figure 1 is a section view of an engine according to
the priorart, of the type described in European patent
EP 0 803 642 B1 by the same Applicant,
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- Figure 2 shows a first embodiment of the invention,
applied to a gasoline engine,

- Figure 3 is an enlarged view of a detail of Figure 2,

- Figure 4 is an even more enlarged view of a detail
of Figure 3,

- Figure 5 is a simplified view of a variant, in which for
the sake of greater clarity only the various parts of
the device foractuatingthe engine valves are shown,
without illustrating the structure that supports them,

- Figure 6 shows some of the parts of Figure 5 asthey
are visible from above,

- Figure 7, Figure 8 and Figure 9 are a lateral view, a
perspective enlarged scale view, and a top view of
the parts constituting the valve actuation device, in
a second embodiment of the invention, relating to an
application to a Diesel engine, and

- Figure 10 is a diagram of the device of Figures 7-9.

[0007] Withreference to Figure 1, the internal combus-
tion engine described in European patent EP 0 803 642
B1 by the same Applicant is a multi-cylinder engine, for
instance an engine with four cylinders in line, comprising
a cylinder head 1. The head 1 comprises, for each cyl-
inder, a cavity 2 formed by the base surface 3 ofthe head
1, defining the combustion chamber, into which end two
intake conduits 4, 5 and two exhaust conduits 6. The
communication of the two intake conduits 4, 5 with the
combustion chamber 2 is controlled by two intake valve
7, of the traditional mushroom type, each comprising a
stem 8 slidably mounted in the body of the head 1. Each
valve 7 is returned towards the closed position by springs
9 interposed between an inner surface of the head 1 and
an end cup 10 of the valve. The communication of the
two exhaust conduits 6 with the combustion chamber is
controlled by two valves 70, also of a traditional type,
whereto are associated springs 9 for the return towards
the closed position. The opening of each intake valve 7
is controlled, in the manner described below, by a cam-
shaft 11 rotatably mounted around an axis 12 within sup-
ports of the head 1, and comprising a plurality of cams
14 for actuating the intake valves 7.

[0008] Each cam 14 which controls an intake valve 7
co-operates with the washer 15 of a tappet 16 slidably
mounted along an axis 17 which, in case of the example
illustrated in the aforementioned prior document, is di-
rected substantially at 90° relative to the axis of the valve
7. The washer 15 is returned against the cam 14 by a
spring associated thereto. The tappet 16 constitutes a
pumping piston slidably mounted within a bushing 18
borne by a body 19 of a pre-assembled set 20, incorpo-
rating all the electrical and hydraulic devices associated
with the actuation of the intake valves, as described in
detail hereafter. The pumping piston 16 is able to transmit
a thrust to the stem 8 of the valve 7, in such a way as to
cause the opening thereof against the action of the spring
means 9, by means of pressurised fluid (preferably oil
from the engine lubrication loop) present in a pressure
chamber C into which projects the pumping piston 16,
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and by means of a piston 21 mounted slidably in a cylin-
drical body constituted by a bushing 22 which is also
borne by the body 19 of the subgroup 20. In the known
solution shown in Figure 1, the pressurised fluid chamber
C associated to each intake valve 7 can be placed in
communication with an exhaust channel 23 by means of
a solenoid valve 24. The solenoid valve 24, which can
be of any known type, suited to the function illustrated
herein, is controlled by electronic control means, sche-
matically designated by the number 25, according to sig-
nals S indicative of engine operating parameters, such
as the position of the accelerator pedal and the number
of engine revolutions per minute. When the solenoid
valve 24 is open, the chamber C comes incommunication
with the channel 23, so the pressurised fluid present in
the chamber C flows into said channel and an uncoupling
is obtained of the cam 14 and of the respective tappet
16 from the intake valve 7, which then rapidly returns to
its closed position under the action of the return springs
9. By controlling communication between the chamber
C and the exhaust channel 23, it is therefore possible to
vary at will the time and stroke of the opening of each
intake valve 7.

[0009] The exhaust channels 23 of the various sole-
noid valves 24 all end in a same longitudinal channel 26
communicating with pressure accumulators 27, only one
of which is visible in Figure 1.

[0010] Allthe tappets 16 with the associated bushings
18, the pistons 21 with the associated bushings 22, the
solenoid valves 24 and the related channels 23, 26 are
borne and formed from the aforesaid body 19 of the pre-
assembled set 20, to the advantage of the rapidity and
ease of assembly of the engine.

[0011] The exhaust valves 70 associated to each cyl-
inder are controlled, in the embodiment illustrated in Fig-
ure 1, in traditional fashion, by a respective cam shaft
28, by means of respective tappets 29, although in prin-
ciple, inthe case of the prior document mentioned above,
an application of the hydraulic actuation system to com-
mand the exhaust valves is not excluded.

[0012] With reference to Figure 1, the variable volume
chamber defined inside the bushing 22 and facing the
piston 21 (which in Figure 1 is shown in its minimum
volume condition, the piston 21 being in its upper top
stroke end position) communicates with the pressurised
fluid chamber C through an opening 30 obtained in an
end wall of the bushing 22. Said opening 30 is engaged
by an end nose 31 of the piston 21 in such a way as to
obtain a hydraulic braking of the motion of the valve 7 in
the closing phase, when the valve is near the closed po-
sition, since the oil present in the variable volume cham-
ber is forced to flow into the pressurised fluid chamber
C passing throughthe play existing betweenthe end nose
31 and the wall of the opening 30 engaged thereby. In
addition to the communication constituted by the opening
30, the pressurised fluid chamber C and the variable vol-
ume chamber of the piston 21 communicate with other
by means of internal passages formed in the body of the
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piston 21 and controlled by a check valve 32 which allows
the passage of fluid only from the pressurised chamber
C to the variable volume chamber of the piston 21.
[0013] Duringthe normal operation of the prior art en-
gine illustrated in Figure 1, when the solenoid valve 24
excludes the communication of the pressurised fluid
chamber C with the exhaust channel 23, the oil present
in this chamber transmits the motion of the pumping pis-
ton 16, imparted by the cam 14, to the piston 21 that
commands the opening of the valve 7. In the initial phase
of the opening movement of the valve, the fluid coming
from the chamber C reaches the variable volume cham-
ber of the piston 21 passing through the check valve 32
and additional passages which place in communication
theinner cavity of the piston 21, which has tubular shape,
with the variable volume chamber. After a first displace-
ment of the piston 21, the nose 31 comes out of the open-
ing 30, so the fluid coming from the chamber C can pass
directly into the variable volume chamber through the
opening 30, which is now free.

[0014] Intheinverse movement of closure ofthe valve,
as stated, during the final phase the nose enters into the
opening 30 causing the hydraulic braking of the valve, to
prevent any impacts of the body of the valve against its
seat, for instance subsequently to an opening of the so-
lenoid valve 24 which causes the immediate return of the
valve 7 to the closed position.

[0015] Asanalternative to the hydraulic braking device
illustrated in Figure 1, the Applicant has also already pro-
posed (see European patent application EP 1 344 900
A2) an alternative solution in which the piston 21 actuat-
ing the engine intake valve lacks the end nose and the
check valve 32 instead of being formed in the body of
the piston 21, is formed in a fixed part. Moreover, in the
wall of the bushing within which is slidably mounted the
piston 21 end one or more passages, directly communi-
cating with the pressure chamber C. Said passages are
shaped in positioned in such a way thatthey are progres-
sively shut by the piston 21 in the final closure phase of
the engine valve, to achieve a narrowing of the fluid pas-
sage section, with the consequent hydraulic braking ef-
fect. In the solution proposed in the European patent ap-
plication EP 1 344 900 A2, moreover, between the piston
21 which actuates the engine valve and the stem of the
engine valve is interposed an auxiliary hydraulic tappet.
[0016] The first embodiment of the invention, illustrat-
ed in Figures 2-4, shall now be described. In these fig-
ures, the parts corresponding to those of the known so-
lution illustrated in Figure 1 are designated by the same
reference number.

[0017] A first fundamental difference of the solutions
illustrated in Figures 2-4 relative to the one in Figure 1
resides in the fact that in the latter both the intake valves
7 and the exhaust valves 70 of the engine are controlled
by a single camshaft 110. The camshaft 110 bears a
plurality of cams distributed along its length, some of
which, designated by reference 7a, individually control
the opening a respective intake valve 7, whilst the re-
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maining ones, designated by the reference 70a, individ-
ually control the opening of a respective exhaust valve
70. The cams 70a controlling the exhaust valves 70 ac-
tuate said exhaust valves mechanically, in the conven-
tional manner. In the example illustrated in Figures 2-4,
each cam 70a is in direct contact with a tappet 29 which
actuates the opening of a respective exhaust valve 70
against the action of the spring means 9. Each cam 7a,
instead, actuates the respective intake valve 7 by means
of an electronically controlled hydraulic device of the type
described above with reference to Figure 1. However,
each cam 7a is not in direct contact with the washer 15
ofthe pumping piston 16, but instead actuates said wash-
er, against the action of a spring 15a, by means of a
rocker arm member 60. In the example illustrated in Fig-
ures 2-4, the rocker arm members 60 associated to the
intake valves 7 are all borne by a shaft mounted oscillat-
ing around its axis 61 on the structure ofthe engine. Each
rocker arm member 60 has an end bearing a freely ro-
tating roller 62, which is in contact with the respective
cam 7a of the camshaft 110, whilst the other end 63 of
the rocker arm member 60 co-operates with the washer
15. The fact that the element co-operating with the cam
7ais aroller is advantageous, because it avoids the risk,
which instead arose in the known solution of Figure 1,
that the cam may transmit by friction transverse thrusts
which may cause an inclination of the pumping piston 16
relative to its theoretical axis, with consequent difficulties
in sliding.

[0018] The pumping piston 16 controls the opening of
the intake valve 7 by means of the electronically control-
led hydraulic device.

[0019] An additional difference of the invention with
respect to the prior art solution described above resides
in the fact that over the head 2 is mounted a block 190
whereon are borne not only all the elements and parts
of the electronically controlled hydraulic device, as in Fig-
ure 1, but also the supports within which the camshaft
110 is rotatably mounted, as well as the supports for the
rocker arm members 60.

[0020] Yet another important characteristic of the in-
vention resides inthe fact that each of the solenoid valves
24 associated to the hydraulic means for controlling the
engine intake valve is mounted "dry", outside the block
190, i.e. each solenoid valve 24 is inserted in a seat ob-
tained in the block 190 and is not exposed to the lubri-
cated environment, defined between the block 190 and
a lid 200, in which are instead contained the camshaft
110, the rocker arm members 60 and the guide bushings
of the pumping pistons 16. This arrangement is advan-
tageous, since the solenoid valves are thereby cooled
by the airand are not directly exposed to the overheating
caused by the hydraulic device in its operation.

[0021] The whole structure constituted by the block
190 and by the various parts mounted thereon can be
pre-assembled before the final mounting on the head 2
of the engine.

[0022] With reference to the electronic hydraulic de-
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vice which actuates the opening of each intake valve 7,
said device, in accordance with the prior art solution, has
a pressure chamber C facing the pumping piston 186,
which communicates with a channel 65 that can be
placed in communication with an exhaust channel 23
through the respective solenoid valve 24. When the so-
lenoid valve 24 is closed the motion of the rocker arm
member 60 actuated by a cam 7a, corresponding to a
determined intake valve 7, determines the motion of the
pumping piston 16, against the action of the spring return
means 15a. The moticn of the pumping piston 16 causes
a passage of pressurised fluid from the chamber C to the
variable volume chamber (designated by the reference
21ain Figure 4) which faces the piston 21 actuating the
intake valve 7.

[0023] As in the prior art solution, the piston 21 is sli-
dably mounted in a bushing 22, which is mounted within
the block 190.

[0024] Atthe side opposite the chamber21a,the piston
21a has an end (the lower end in Figures 2-4) which
actuates (through an auxiliary hydraulic tappet 80, de-
scribed below) the stem of valve 7. Figures 3, 4 show the
piston 21 in its maximum raised position, corresponding
to the closed condition of the intake valve 7. In this con-
dition, the variable volume chamber 21a facing the piston
21 is at its minimum volume and communicates with the
pressure chamber C through a conduit 66 formed in the
body 190 and a check valve 32, borne by a fixed body
32a (see Figure 4), which allows only the passage of fluid
from the pressure chamber C to the variable volume
chamber 21a facing the piston 21.

[0025] In the case of the solution illustrated in Figures
2, 3, the check valve 32, similarly to what is already pro-
posed in the European patent application EP 1 344 900
A2 is borne by a body 32a which is fixed relative to the
block 190. When the piston 21 is sufficiently far away
from its end position corresponding to the closed condi-
tion of the valve 7, the variable volume chamber 21a fac-
ing the piston 21 communicates with the pressure cham-
ber C through an additional conduit 67 and through one
or more passages (not shown in the figures) obtained in
the wall of the bushing 22, similarly to what is illustrated
in EP 1 344 900 A2.

[0026] As described above with reference to prior art
solutions, in operation, assuming that the solenoid valve
24 is closed and that the intake valve 7 is closed, a rota-
tion of the camshaft 110 causes an oscillation of the rock-
er arm member 60 and a consequent actuation of the
pumping piston 16. The lower of the piston 16 (with ref-
erence to Figures 2-4) causes a passage of fluid from
the pressure chamber C to the variable volume chamber
21a facing the piston 21. The latter thus moves down-
wards (with reference to Figures 2-4) causing the open-
ing of the valve 7. Inthefirst phase of the opening motion,
the fluid passes only from the chamber C through the
passage 66 and the check valve 32. When the piston 21
has moved a sufficient distance away from its initial po-
sition, it frees the openings obtained in the bushing 22
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communicating with the passage 67, so a greater quan-
tity of fluid can pass from the chamber C to the chamber
of the piston 21. During the closing motion of the intake
valve 7, the fluid which is thrust by the piston 21 outside
the variable volume chamber 21a returns into the pres-
sure chamber C. This passage cannottake place through
the check valve 32, but only through the openings com-
municating with the passage 67. Said openings are
shapedand arranged for example accordingtothe teach-
ings of EP 1 344 900 A2, in order progressively to reduce
the fluid passage section in the terminal closing phase
of the valve, to obtain a hydraulic braking effect of the
valve.

[0027] Naturally,in accordance with prior art solutions,
the solenoid valve 24 is controlled by an electronic control
unit 25 (similar to the one shown in Figure 1) on the basis
of signals S indicating the operating parameters of the
engine, to vary the time and amplitude of the opening of
the intake valve during the operation of the engine, inde-
pendently of the profile of the cam 7a. Every time the
solenoid valve 24 is opened, the pressure chamber C is
emptied and the intake valve 7 closes rapidly, under the
action of the respective return springs 9, any violent im-
pact of the valve within its seat being in any case pre-
vented by the hydraulic brake effect obtained with the
device described above. Also in accordance with EP 1
344 900 A2, to prevent an excessive hydraulic braking
effect when the fluid (which is the engine lubricating oil)
is too viscous, for instance when starting the engine un-
der low temperature conditions, an additional calibrated
hole can be provided which places in communication the
variable volume chamber of the piston 21 with the pres-
sure chamber C.

[0028] An important advantage of the invention de-
scribed above is that, combining the use of a single cam-
shaft to control both the intake and the exhaust valves,
with an electronically controlled hydraulic command to
control the intake valves, and providing the rocker arm
organs 60 to transmit the motion of the cams 7a to the
pumping pistons 16 which control the intake valves 7, an
engine can be obtained, which, while having all the ad-
vantages of an operation of the intake valves that is pro-
grammable at will, according to times and openings
which may vary as a function of the different operating
conditions, also has a relatively simple structure and
above all a size that is substantially comparable to that
of a traditional engine with two camshafts mechanically
controlling the intake valves and the exhaust valves. The
additional arrangement of all the elements and parts of
the hydraulic system for the variable actuation of the in-
take valves, as well as of the single camshaft 110 and of
the rocker arm members 60 which actuate the intake
valves, on a single block 190 separate fromthe head and
mounted over it, provides readily apparent advantages
from the viewpoint of simplicity of construction and as-
sembly.

[0029] The arrangement ofthe solenoid valves 24 over
the block 190, but outside it, allows to assure a cooling
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of said solenoid valves, even though the operation of the
hydraulic system causes heating.

[0030] Moreover, the solution described above allows
to position the cams 7a actuating the intake valves 7 and
the cams 70a actuating the exhaust valves 70 relatively
close to each other along the shaft 110, without any risk
of interference between the parties co-operating there-
with (thanks in particular to the use of a hydraulic system
to control the intake valves), and maintaining the relative
position and the orientation of the intake and exhaust
valves, which are necessary for a correct operation of
the engine.

[0031] It should be noted that, in the case of the solu-
tion illustrated in Figures 2-4, the camshaft 110 is in con-
tact on one side with the tappets 29 controlling the ex-
haust valves 70, and substantially on the opposite side
with the rollers 62 of the rocker arm members 60 which
control the intake valves. The interposition of the hydrau-
licmeans betweenthe rocker armorgan 60 andthe intake
valves, as stated, allows to maintain exhaust valves and
intake valves in the same positions as in a conventional
engine, without particular construction complications.
[0032] An additional advantage of the solution de-
scribed above derives from the fact that the hydraulic
device actuating each intake valve is controlled by a rock-
er arm member which has a roller 62 co-operating with
the respective cam 7a of the camshaft 110. As stated,
said solution allows the additional important advantage,
with respect to the known solution illustrated in Figure 1,
of preventing a rubbing contact of the cam against the
washer of the pumping piston of the hydraulic device.
Said rubbing contact may cause, by friction, transverse
thrusts on the washer which, under particular conditions,
may compromise the correct sliding of the pumping pis-
ton within the respective guide bushing.

[0033] Also with reference to Figure 4, it should be not-
ed that between the actuating piston 21 and the stem of
the intake valve 7 is interposed an auxiliary hydraulic
tappet 80, which has a first bushing 81, closed at an end,
slidably mounted within the bushing 22 which guides the
piston 21, and a second bushing 82 slidably mounted
within the bushing 81. The first bushing 81 has its closed
end in contact with the stem of the intake valve 7. The
second bushing 82 has an end in contact with the lower
end (with reference to Figure 4) of the actuating piston
21. A first chamber 83 is defined between the second
bushing 82 and the piston 21 and is in communication
with a passage 84 formed in the body 190 through holes
84a (only one of which is shown in Figure 4) obtained in
the wall of the bushing 22, to feed pressurised oil to said
chamber 83. A second chamber 85 is defined between
the first bushing 81 and the second bushing 82. A check
valve 86, constituted by a ball shutter attachedto a return
valve 86, controls a passage 86a in a transverse wall of
the second bushing 82, to allow the passage of fluid only
from the first chamber 81 to the second chamber 82.
[0034] Duringthe operation of the engine, the pressu-
rised oil coming from the channel 84 of the |ubricating
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loop arrives into the chamber 83 and from there it passes
into the chamber 85 through the check valve 86, thereby
compensating for any play in the chain transmitting thrust
from the piston 21 to the valve 7.

[0035] Figures 5, 6 (which are simplified views, show-
ing only the parts of the valve actuation system, without
showing the structure of the engine whereon they are
borne) refer to a variant which differs from those of Fig-
ures 2-4 solely because therein each rockerarmmember
60 is pivotally engaged to a n end 60a on the block 190
by means of yielding supports 60b, known in themselves,
and bears in its intermediate area the rotating roller 62
which co-operates with the cam 7a. The other end 61 of
the rocker arm member actuates the pumping piston 16.
Figure 6 clearly shows that the cams 7a which control
the intake valves of each cylinder of the engine and the
cams 70a which control the exhaust valves of the same
cylinder, axially very close to each other in twos. This
notwithstanding, the actuating systems of the intake
valves and of the exhaust valves do not interfere with
each other. This is due first of all to the fact that the intake
valves 7 are actuated by a hydraulic system, which allows
to transmit motion from the single camshaft 110 to the
intake valves 7, leaving said valves in their conventional
position (with reference in particular to the inclination of
their axis which is optimal for a correct operation of the
engine). In this case the camshaft 110 is in contact on
one side with the tappets 29 of the exhaust valves, whilst
it co-operates with the roller 62 of the rocker arm member
60 actuating the intake valve 7 in a position about 90°
relative to the tappets 29.

[0036] In the case of the solution of Figures 5,6, more-
over, every interference of the cams 7a actuating the
intake valves with the tappets 29 of the exhaust valves
is avoided, in spite of the close position between cams
7a and cams 70a, because along any outgoing radial
direction from the axis of the camshaft 110, the radial
dimension of the exhaust cam 70a is always greaterthan
the dimension of the cam 7a. In other words, the section
profile of the cam 7ais wholly contained within the profile
of the cam 70a (see Figure 5).

[0037] Figure 6 also shows that, like the solution of
Figures 2-4, use of the hydraulic device for actuating the
intake valve allows to maintain the intake valves and the
exhaust valves in twos with their axes in a same plane,
orthogonal to the axis of the single camshaft, although
the respective actuating cams are axially distanced from
each other.

[0038] Therefore, the cam 7a controlling each intake
valve 7 and the pumping piston 16 associated thereto
are in a plane that is distanced from the plane containing
the axis of the respective intake valve and orthogonal to
the axis of the shaft 110.

[0039] Figures 7-10 refer to a second embodiment of
the invention, relatingto anapplicationto a Diesel engine.
[0040] Inthis case, the camsforcontrollingthe exhaust
valves 70a actuate said valves mechanically, but by
means of rocker arm members 90 mounted oscillating at
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one end 91 on support 92 (known in themselves) mount-
ed in the structure of the engine, each bearing a freely
rotating roller 97 in correspondence with their intermedi-
ate portion, said roller co-operating with the respective
cam 70a and having the opposite end to the end 91,
designated by the reference number 93, acting against
the stem of the respective exhaust valve 70a. The cam-
shaft 110 co-operates with the rocker arm members 60
actuating the intake valves 7 substantially on the side
opposite the one co-operating with the rocker arm mem-
bers 90.

[0041] The particular arrangement described above
enables to maintain an orientation of the intake valves 7
and of the exhaust valves 70 that is substantially parallel
or in any case slightly inclined (at most by an angle of
about 2°) relative to the axis of the cylinder, without com-
promising the complexity of the system and without re-
quiring a large bulk. This arrangement is optimal for the
good operation of the Diesel engine.

[0042] With reference again to said second embodi-
ment, it comprises a system for venting the air that is
formed in the hydraulic device for actuating the intake
valves as a result for instance of a prolonged stop of the
vehicle with its engine shut down. When the engine is
started, the oil from the engine lubrication circuit reaches
the pressure chamber C (see Figure 10) after passing
through a first supplementary tank or silo 120, a check
valve 121, asecond supplementary tank or silo 122, com-
municating with an accumulator 123 and the passage 23
controlled by the solenoid valve 24. The tanks 120 and
122 respectively have vents 120a and 122a. It should be
notedthat a system for ventingthe air presentin the valve
actuating device has already been proposed in the Ap-
plicant’s prior European application EP 1 243 761 B1.
However, the system illustrated herein has the novelty
of providing a simple capacity (the tank 120) upstream
of the check valve 121 (with reference to the direction of
the flow of fluid when the engine is started, when the oil
from the lubrication loop fills the hydraulic loop controlling
the intake valves) with the arrival of the inflow channel
230 into the top part of the tank 120 and the outlet from
the tank, obtained in its bottom.

[0043] Figure 10 of the accompanying drawings is a
simplified diagram of the hydraulic loop, which shows the
manner in which air is vented when the engine is started.
The oil from the channel 230 arrives into the top part of
the silo 120 venting through the hole 120a communicat-
ing with the atmosphere. In the practical embodiment il-
lustrated in Figures 7-9, said hole 120a is obtained in a
remote position relative to the silo 120. The oil fed to the
silo 120 flows in the direction of a conduit 130 which
branches from the bottom of the silo 120 letting the air
containedtherein ventintothe atmosphere. After passing
through the non return valve 121, the oil arrives into the
second silo 122, where any additional air present therein
vents to the atmosphere through an opening 123 (which
inthe practical embodiments shown in Figures 7-9 is also
situated in remote position relative to the silo 122. The
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silo 122 is in communication through a channel 124 with
a hydraulic accumulator 123, known in itself, whose ca-
pacity is filled displacing a piston 123b against the action
ofaspring 123a. Fromthe bottom ofthe silo 122 branches
the channel 23, which can be placed in communication
with the pressure chamber C of the device for actuating
the intake valve, through the solenoid valve 24.

[0044] It should be noted that the arrangement of the
silo 120 with the passage 120a for venting air to the at-
mosphere, in an area positioned upstream of the check
calve 121 of the hydraulic loop is an innovative element
which could also be adopted independently of the ar-
rangement forming the subject of the appended claim 1.
[0045] Naturally, without altering the principle of the
invention, the construction details and the embodiments
may be widely varied relative to what is described and
illustrated purely by way of example herein, withoutthere-
by departing from the scope of the present invention as
claimed in the appended claims.

Claims

1. A multi-cylinder internal combustion engine, com-
prising:

- at least an intake valve (7) and at least an ex-
haustvalve (70) foreach cylinder, each provided
with respective spring return means (9) which
thrust the valve towards a closed position, to
control respective intake (4, 5) and exhaust (6)
conduits,

- at least a camshaft (110), for actuating the in-
take valves (7) and the exhaust valves (70) of
the engine cylinders by means of respective tap-
pets (16, 29),

- in which each intake valve (7) is actuated by
the respective tappet (16), against the action of
the aforesaid spring return means (9), by the
interposition of hydraulic means including a
pressurised fluid chamber (C), which is faced by
a pumping piston (16) connected to the tappet
of the intake valve (7),

- said pressurised fluid chamber (C) being able
to be connected by means of a solenoid valve
(24) with an exhaust channel (23), in order to
uncouplethe intake valve (7) fromthe respective
tappet (16) and cause the rapid closure of the
valve (7) by effect of the respective spring return
means (9),

- electronic control means (25) for controlling
each solenoid valve (24) in such a way as to
vary the time and travel of opening of the re-
spective intake valve (7) as a function of one or
more operative parameters of the engine,

wherein :

10

15

20

25

30

35

40

45

50

55

- both the intake valves (7) and the exhaust
valves (70) of the engine are actuated by re-
spective cams (7a, 70a) carried by asingle cam-
shaft (110) of the engine,

- the exhaust valves (70) of the engine are ac-
tuated mechanically by the respective cams
(70a) of the single camshaft (110),

- the intake valves of the engine have the re-
spective pumping pistons (16) actuated by the
respective cams (7a) of the single camshaft
(110) by means of rocker arm members (60) co-
operating with said cams (7a) of the intake
valves (7),

characterised inthatthe pressurised fluid chamber
(C) communicates through said solenoid valve (24)
with a fluid feeding circuit in which a non return valve
(121) is interposed, which allows fluid passage only
in the direction of the pressurised fluid chamber (C)
and at least a tank (120), vented at its top to the
atmosphere, located upstream (with referenceto the
direction of feeding of the fluid) of said, check valve
(121),

and in that said tank (120) has an inflow channel
(230) which ends at its summit and an outflow chan-
nel (130) which starts from its bottom.

An engine as claimed in claim 1, characterised in
that the exhaust valves (70) of the engine are actu-
ated by the respective cams (70a) of the single cam-
shaft (110) by means of elements (29;90) co-oper-
ating with said cams (70a) on a side of said single
camshaft (110) angularly offset relative to the side
of said camshaft (110) co-operating with elements
(60) for actuating the intake valves (7).

An engine as claimed in claim 1, characterised in
that eachcylinderofthe engine has atleast an intake
valve (7) and at least an exhaust valve (70) posi-
tioned with their axes in a same plane, orthogonal
to the axis of said single camshaft (110) and control-
led by respective cams (7a, 70) of said single cam-
shaft (110) which are axially distanced from each
other.

An engine as claimed in claim 3, characterised in
that each pumpingpiston (16) has the axis contained
in a plane that is orthogonal to the axis of the cam-
shaft (110), which is distanced from said plane con-
taining the axes of the intake valve (7) and of the
exhaust valve (70).

An engine as claimed in claim 2, characterised in
that said camshaft (110) co-operates with elements
(60) for actuating the intake valves (7) and with ele-
ments ’(29;90) for actuating the exhaust valves (70)
respectively on two sides thereof, mutually offset by
an angle of 90°.
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An engine as claimed in claim 2, characterised in
that said camshaft (110) co-operates with elements
(60) for actuating the intake valves (7) and with ele-
ments (29;90) for actuating the exhaust valves (70)
respectively on two sides thereof, mutually offset by
an angle of about 180°.

An engine as claimed in claim 1, characterised in
that the support of the single camshaft (110), the
supports forthe aforesaid rocker arm members (60),
thetappets (16) ofthe intake valves andthe elements
(29;90) co-operating with the exhaust valves (70),
as well as the aforesaid hydraulic means for control-
lingthe intake valves (7) and the solenoid valves (24)
associated therewith are all borne on a single block
(190) mounted on the engine head.

An engine as claimed in claim 1, characterised in
that for each outgoing radial direction from the axis
of the single camshaft (110), the radial dimension of
the cam (7a) actuating the intake valve (7) is smaller
than the radial dimension of the cam (70a) actuating
the exhaust valve (70).

An engine as claimed in claim 1, characterised in
that the aforesaid hydraulic means comptise a pis-
ton (21) for actuating each intake valve (7), slidably
mounted in a guide bushing (22),

said actuating piston (21) facing a variable volume
chamber (21a) communicating with the pressurised
fluid chamber (C) both through first communication
means controlled by a check valve (32) which allows
only the passage of the fluid from the pressurised
fluid chamber (C) to the variable volume chamber,
and through second communication means (67)
which allow the passage between the two chambers
in both directions;

- said hydraulic means further comprising hy-
draulic brakingmeans able to cause a harrowing
of said second communicationmeansinthe final
phase of closure of the engine valve.

An engine as claimed in claim 9, characterised in
that between actuating piston (21) of each intake
valve (7) and the stem of the intake valve (7) is in-
terposed a hydraulic tappet (80).

An engine as claimed in claim 10, characterised in
that said hydraulic tapped (80) comprises:

-afirstouterbushing (81) slidably mounted with-
in the guide bushing (22) of the actuating piston
(21) and having an end wall in contact with an
end of the stem of the intake valve (7),

- a second inner bushing (82) slidably mounted
within said first outer bushing (81) and having
an end in contact with a corresponding end of
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said actuating piston (21),

- a first chamber (83) defined between said
bushing (82) and said actuating piston (21),
which is in communication with a passage (84)
for feeding the pressurised fluid to said first
chamber (83),

- a second chamber (85) defined between said
first bushing (81) and said second bushing (82),
and

- a non return valve (86) which controls a pas-
sage in a wall of said second bushing (82) to
allow the passage of fluid only from said first
chamber (83) to said second chamber (859 of
said auxiliary hydraulic tappet (80).

An engine as claimed in claim 1, characterised in
that the cams (70a) which actuate the exhaust
valves (70) co-operate with tappets (29) that are di-
rectly associated to the exhaust valves (70).

An engine as claimed in claim 1, characterised in
that the cams (70a) that actuate the exhaust valves
(70) actuate said valves by means of rocker arm
members (90) mounted oscillating on the engine
structure.

An engine as claimed in claim 1, characterised in
that said rocker arm members (60) interposed be-
tween the cams (7a) for actuating the intake valves
and the pumping pistons (16) associated with the
various intake valves (7) are pivotally engaged cen-
trally and have an end which bears a freely rotating
roller (62) co-operating with the respective cam (7a)
and the opposite end (63) which controls the respec-
tive pumping piston (16).

An engine as claimed in claim 1, characterised in
that said rocker arm members (60) interposed be-
tween the cams (7a) for actuating the intake valves
and the pumping pistons (16) associated with the
various intake valves (7) have an end (60a) which is
mounted oscillating on the structure of the engine,
an intermediate position that supports in freely rotat-
ing fashion aroller (62) co-operating with the respec-
tive cam (7a) and the opposite end (61) which co-
operates with the respective pumping piston (16).

Patentanspriiche

1.

Mehrzylinder-Brennkraftmaschine, umfassend:

- mindestens ein Einlassventil (7) und minde-
stens ein Auslassventil (70) flur jeden Zylinder,
wobei jeder mit entsprechenden Federriick-
kehrmitteln (9) versehen ist, welche das Ventil
in Richtung auf eine geschlossene Position
drangen, um jeweilige Einlassleitungen (4, 5)
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und Auslassleitungen (6) zu steuern,

- mindestens eine Nockenwelle (110) zum Be-
ttigen der Einlassventile (7) und der Aus-
lassventile (70) der Motorzylinder mittels jewei-
liger StéBel (16; 29),

- wobei jedes Einlassventil (7) durch den jewei-
ligen StéBel (16) gegen die Wirkung der oben
genannten Federriickkehrmittel (9) durch die
Zwischenschaltung von Hydraulikmitteln beta-
tigt wird, welche eine unter Druck stehende
Fluidkammer (C) enthalten, die gegenliber ei-
nem Pumpkolben (16) angeordnet ist, der mit
dem StdBel des Einlassventils (7) verbundenist,
- wobei die unter Druck stehende Fluidkammer
(C) in der Lage ist, mittels eines Magnetventils
(24) mit einem Auslasskanal (23) verbunden zu
werden, um das Einlassventil (7) von dem je-
weiligen StdBel (16) zu entkoppeln und das
schnelle SchlieBen des Ventils (7) durch die Wir-
kung der jeweiligen Federriickkehrmittel (9) zu
bewirken,

- elektronische Steuermittel (25) zum Steuern
jedes Magnetventils (24) dergestalt, dass die
Zeitund der Hub des Offnens des jeweiligen Ein-
lassventils (7) als eine Funktion von einem oder
mehreren Betriebsparametern des Motors vari-
iert wird,

wobei:

- sowohl die Einlassventile (7) als auch die Aus-
lassventile (70) des Motors durch jeweilige Nok-
ken (7a, 70a), betétigtwerden, die von einer ein-
zigen Nockenwelle (110) des Motors getragen
werden,

- die Auslassventile (70) des Motors mecha-
nisch durch die jeweiligen Nocken (70a) der ein-
zigen Nockenwelle (110) betétigt werden,

- die Einlassventile des Motors die jeweiligen
Pumpkolben (16) durch die jeweiligen Nocken
(7a) der einzigen Nockenwelle (110) mittels Kip-
parmelementen (60), die mit den Nocken (7a)
der Einlassventile (7) zusammenwirken, betati-
gen,

dadurch gekennzeichnet, dass die unter Druck
stehende Fluidkammer (C) durch das Magnetventil
(24) mit einem fluidzuflihrenden Kreislauf kommuni-
zZiert, in dem ein Ruckschlagventil (121) zwischen-
geschaltet ist, welches den Fluiddurchlass nurin der
Richtung der unter Druck stehenden Fluidkammer
(C) und mindestens einem Tank (120) erméglicht,
welcher an seiner Oberseite zur Umgebung hin be-
lGftet ist und stromaufwérts (mit Bezug auf die Zu-
fuhrrichtung des Fluids) des Riickschlagventils (121)
positioniert ist,

und dass der Tank (120) einen Einstrémkanal (230),
der an seinem Scheitelpunkt endet, und einen Aus-
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strémkanal (130), der von seinem Boden ausgeht,
aufweist.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die Auslassventile (70) des Motors durch die
jeweiligen Nocken (70a) der einzigen Nockenwelle
(110) mittels Elementen (29, 90) betatigt werden, die
mit den Nokken (70a) auf einer Seite der einzigen
Nockenwelle (110) zusammenwirken, welche be-
zuglich der Seite der Nokkenwelle (110), die mit den
Elementen (60) zum Betatigen der Einlassventile (7)
zusammenwirkt, winkelmaBig versetzt ist.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass jeder Zylinder des Motors mindestens ein Ein-
lassventil (7) und mindestens ein Auslassventil (70)
aufweist, welche mit ihren Achsen in derselben Ebe-
ne positioniert sind, die orthogonal zu der Achse der
einzigen Nockenwelle (110) verl&uft und die durch
jeweilige Nokken (7a, 70) der einzigen Nockenwelle
(110) gesteuert sind, welche axial voneinander be-
abstandet sind.

Motor nach Anspruch 3, dadurch gekennzeichnet,
dass jeder Pumpkolben (16) die Achse in einer Ebe-
ne enthalten hat, die orthogonal zu der Achse der
Nockenwelle (110) verlauft, welche von der Ebene,
die die Achsen des Einlassventils (7) und des Aus-
lassventils (70) enthélt, beabstandet ist.

Motor nach Anspruch 2, dadurch gekennzeichnet,
dass die Nockenwelle (110) mit Elementen (60) zum
Betétigen der Einlassventile (7) und mit Elementen
(29, 90) zum Betatigen der Auslassventile (70), je-
weils an beiden Seiten davon und gegeneinander
um einen Winkel von 90° versetzt, zusammenwirkt.

Motor nach Anspruch 2, dadurch gekennzeichnet,
dass die Nockenwelle (110) mit Elementen (60) zum
Betétigen der Einlassventile (7) und mit Elementen
(29, 90) zum Betatigen der Auslassventile (70), je-
weils an beiden Seiten davon und gegeneinander
um einen Winkel von 180° versetzt, zusammenwirkt.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass der Trager der einzigen Nockenwelle (110),
die Trager der Kipparmelemente (60), die StoBel
(16) der Einlassventile und die Elemente (29, 90),
die mit den Auslassventilen (70) zusammenwirken,
sowie die oben genannten Hydraulikmittel zum Steu-
ern der Einlassventile (7) und der ihnen zugeordne-
ten Magnetventile (24) alle auf einem einzigen Block
(190), der am Kopf des Motors montiert wird, getra-
gen werden.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass fir jede von der Achse der einzigen Nocken-
welle (110) ausgehende Radialrichtung die Radial-
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dimensionen des Nockens (7a), der das Einlassven-
til (7) betatigt, kleiner sind als die Radialdimensionen
des Nockens (70a), der das Auslassventil (70) be-
tatigt.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die oben genannten Hydraulikmittel einen Kol-
ben (21) zum Betétigen jedes Einlassventils (7) um-
fassen, welcher gleitbar in einer Flhrungsbuchse
(22) montiert ist,

wobei der Betatigungskolben (21) einer Kammer mit
variablem Volumen (21a) gegenlberliegt, die mitder
unter Druck stehenden Fluidkammer (C) kommuni-
ziert, sowohl Uber erste Kommunikationsmittel, die
durch ein Absperrventil (32) gesteuert werden, wel-
ches nur den Durchgang des Fluids von der unter
Druck stehenden Fluidkammer (C) zu der Kammer
mit variablem Volumen gestattet und iber zwei Kom-
munikationsmittel (67), die den Durchgang zwischen
den beiden Kammern in beide Richtungen gestatten,

- wobei die Hydraulikmittel ferner hydraulische
Bremsmittel umfassen, die inder Lage sind, eine
Verengung der zweiten Kommunikationsmittel
in der Endphase des SchlieBens des Motorven-
tils zu bewirken.

Motor nach Anspruch 9, dadurch gekennzeichnet
dass zwischen dem Betétigungskolben (21) jedes
Einlassventils (7) und dem Schaft des Einlassventils
(7) ein HydraulikstéBel (80) zwischengeschaltet ist.

Motor nach Anspruch 10, dadurch gekennzeich-
net, dass der HydraulikstéBel (80) Folgendes um-
fasst:

- eine erste AuBenbuchse (81) die gleitféhig in
der Fuhrungsbuchse (22) des Betatigungskol-
bens (21) montiert ist und eine Endwand auf-
weist, die sich in Kontakt mit einem Ende des
Schafts des Einlassventils (7) befindet,

- eine zweite Innenbuchse (82), die gleitfahig in
der ersten AuBenbuchse (81) montiert ist und
ein Ende aufweist, das sich in Kontakt mit einem
entsprechenden Ende des Betatigungskolbens
(21) befindet,

- eine erste Kammer (83), die zwischen der
Buchse (82) und dem Betatigungskolben (21)
definiertist, die sich in Kommunikation mit einem
Durchgang (84) zum Zufiihren des unter Druck
stehenden Fluids zu der ersten Kammer (83)
befindet,

- eine zweite Kammer (85), die zwischen der
ersten Buchse (81) und der zweiten Buchse (82)
definiert ist und

- ein Rickschlagventil (86), das einen Durch-
gang in einer Wand der zweiten Buchse (82)
steuert, um den Durchgang von Fluid nur von
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der ersten Kammer (83) zu der zweiten Kammer
(85) des HilfshydraulikstdBels (80) zugestatten.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die Nocken (70a), die die Auslassventile (70)
betatigen, mit StéBeln (29) zusammenwirken, die
den Auslassventilen (70) direkt zugeordnet sind.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die Nocken (70a), die die Auslassventile (70)
betétigen, die Ventile mittels Kipparmelementen (90)
betatigen, die oszillierend an der Motorstruktur mon-
tiert sind.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die Kipparmelemente (60), die zwischen die
Nocken (7a) zum Betétigen der Einlassventile und
die Pumpkolben (16), die den verschiedenen Ein-
lassventilen (7) zugeordnet sind, zwischengeschal-
tet sind, mittig schwenkbar in Eingriff genommen
sind und ein Ende aufweisen, das eine frei rotierende
Walze (62) tragt, die mit dem jeweiligen Nocken (7a)
und dem gegeniberliegenden Ende (63), das die
jeweiligen Pumpkolben (16) steuert, zusammen-
wirkt.

Motor nach Anspruch 1, dadurch gekennzeichnet,
dass die Kipparmelemente (60), die zwischen die
Nocken (7a) zum Betétigen der Einlassventile und
die Pumpkolben (16), die den verschiedenen Ein-
lassventilen (7) zugeordnet sind, zwischengeschal-
tet sind, ein Ende (60a) aufweisen, das oszillierend
an der Struktur des Motors montiert ist, wobei eine
Zwischenposition, die auf frei rotierende Art eine
Walze (62) stltzt, mit dem jeweiligen Nocken (7a)
und dem gegeniberliegenden Ende (61), das mit
dem jeweiligen Pumpkolben (16) zusammenwirkt,
zusammenwirkt.

Revendications

1.

Moteur & combustion interne a cylindres multiples,
comprenant :

- au moins une soupape d’admission (7) et au
moins une soupape d’échappement (70) pour
chaque cylindre, chacune prévue avec un
moyen de rappel par ressort (9) respectif, qui
pousse la soupape vers une position fermée,
afin de commander des conduits d’admission
(4, 5) et d’échappement (6) respectifs,

- au moins un arbre (110) a cames, destiné a
actionner les soupapes d’admission (7) et les
soupapes d'échappement (70) des cylindres du
moteur au moyen de poussoirs (16, 29) respec-
tifs,

- dans lequel chaque soupape d’admission (7)
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estactionnée parle poussoir (16) respectif, con-
tre laction du susdit moyen de rappel par ressort
(9), par l'interposition d’'un moyen hydraulique
comportant une chambre a fluide sous pression
(C), a laquelle fait face un piston de pompage
(16) raccordé au poussoir de la soupape d’ad-
mission (7),

- ladite chambre a fluide sous pression (C) étant
apte & étre raccordée au moyen d’une soupape
asolénoide (24) a un canal d’échappement (23)
afin de découplerla soupape d’admission (7) du
poussoir (16) respectif et amener la fermeture
rapide de la soupape (7) par I'effet du moyen de
rappel par ressort (9) respectif,

-unmoyen de commande électronique (25) des-
tiné & commander chaque soupape a solénoide
(24) defagon afaire varierla durée etle parcours
d’une ouverture de la soupape d’admission (7)
respective, en fonction d’un ou de plusieurs pa-
ramétres de fonctionnement du moteur,

- a la fois les soupapes d’admission (7) et les
soupapes d’échappement (70) du moteur sont
actionnées par des cames (7a, 70a) respectives
portées par un arbre (110) & cames unique du
moteur,

- les soupapes d’échappement (70) du moteur
sont actionnées mécaniquement par les cames
(70a) respectives de larbre (110) a cames uni-
que,

- les soupapes d’admission du moteur voient les
pistons de pompage (16) respectifs actionnés
par les cames (7a) respectives de l'arbre (110)
a cames unique au moyen d’éléments (60) de
culbuteur coopérant avec lesdites cames (7a)
des soupapes d’admission (7),

caractérisé en ce que la chambre a fluide sous
pression C communique au travers de ladite soupa-
pe a solénoide (24) avec un circuit d'alimentation en
fluide dans lequel une soupape antiretour (121) est
interposée, qui autorise un passage de fluide uni-
quement dans la direction de la chambre a fluide
sous pression (C) et au moins un réservoir (120), 2
évacuation au niveau du haut de celui-ci vers I'at-
mosphére, situé en amont (en se référant a la direc-
tion d’alimentation en fluide) de ladite soupape an-
tiretour (121),

eten ce que ledit réservoir (120) a un canal d’écou-
lement d’entrée (230) qui se termine au niveau de
sonsommet et un canal d’écoulement de sortie (130)
qui démarre au bas de celui-ci.

Moteur selon la revendication 1, caractérisé en ce
que les soupapes d’échappement (70) du moteur
sont actionnées par les cames (70a) respectives de
Farbre (110) & cames unique au moyen d’organes
(29 ; 90) coopérant avec lesdites cames (70a) sur
un c6té dudit arbre (110) a cames unique décalé de
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1

maniére angulaire relativement au cété dudit arbre
(110) a cames coopérant avec des organes (60)
d’actionnement des soupapes d'admission (7).

Moteur selon la revendication 1, caractérisé en ce
que chaque cylindre du moteur a au moins une sou-
pape d'admission (7) et au moins une soupape
d’échappement (70) positionnées avec leurs axes
dans un méme plan, orthogonal par rapport a I'axe
dudit arbre (110) & cames unique et commandé par
des cames respectives (7a, 70) dudit arbre (110) &2
cames unique qui sont écartées axialement entre
elles.

Moteur selon la revendication 3, caractérisé en ce
que chaque piston de pompage (16) a 'axe contenu
dans un plan qui est orthogonal par rapport a I'axe
de l'arbre (110) a cames, qui est écarté dudit plan
contenant les axes de la soupape d’admission (7) et
de la soupape d’échappement (70).

Moteur selon la revendication 2, caractérisé en ce
que ledit arbre (110) & cames coopére avec des or-
ganes (60) destinés & actionner les soupapes d’'ad-
mission (7) et avec des organes (29 ; 90) destinés
a actionner les soupapes d'échappement (70), res-
pectivement sur les deux cbtés de celui-ci, décalés
mutuellement d’un angle de 90°C.

Moteur selon la revendication 2, caractérisé en ce
que ledit arbre (110) & cames coopére avec des or-
ganes (60) destinés & actionner les soupapes d’'ad-
mission (7) et avec des organes (29 ; 90) destinés
a actionner les soupapes d'échappement (70), res-
pectivement sur deux cotés de celui-ci, décalés mu-
tuellement d’'un angle d’environ 180°.

Moteur selon la revendication 1, caractérisé en ce
que le support de I'arbre (110) & cames unique, les
supports destinés aux susdits éléments (60) de cul-
buteur, les poussoirs (16) des soupapes d’admission
etles organes (29 ; 90) coopérantavec les soupapes
d’échappement (70), ainsi que le susdit moyen hy-
draulique destiné & commander les soupapes d’ad-
mission (7) et les soupapes a solénoide (24) asso-
ciées aveccelles-cisonttous portés surunbloc (190)
unique monté sur la culasse du moteur.

Moteur selon la revendication 1, caractérisé en ce
que pour chaque direction radiale sortante depuis
I'axe de I'arbre (110) a cames unique, la dimension
radiale de la came (7a) actionnant la soupape d’ad-
mission (7) est plus petite que la dimension radiale
de lacame (70a) actionnant la soupape d’admission
(70).

Moteur selon la revendication 1, caractérisé en ce
que le susdit moyen hydrauliqgue comprend un pis-
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ton (21) destiné a actionner chaque soupape d’'ad-
mission (7), monté de maniére a pouvoir coulisser
dans une douille de guidage (22),

ledit piston d'actionnement (21) faisant face a une
chambre a volume variable (21 a) communiquant
avec la chambre a fluide sous pression (C) a la fois
au travers d’un premier moyen de communication
commandé par une soupape antiretour (32) qui auto-
rise uniquement le passage du fluide depuis lacham-
bre a fluide sous pression (C) jusqu’a la chambre &
volume variable, et au travers d’un second moyen
de communication (67) qui autorise le passage entre
les deux chambres dans les deux directions ;

- ledit moyen hydraulique comprenant en outre
un moyen de rupture hydraulique apte a amener
un rétrécissement dudit second moyen de com-
munication dans laphase finale de fermeture de
la soupape du moteur.

Moteur selon la revendication 9, caractérisé en ce
qu’entre un piston d’actionnement (21) de chaque
soupape d’admission (7) et la tige de la soupape
d’admission (7) est interposé un poussoir hydrauli-
que (80).

Moteur selon la revendication 10, caractérisé en ce
que ledit poussoir hydraulique (80) comprend :

- une premiere douille externe (81) montée de
maniére a pouvoir coulisser a l'intérieur de la
douille de guidage (22) du piston d’actionne-
ment (21) et ayant une paroi d’extrémité en con-
tact avec une extrémité de la tige de la soupape
d’admission (7),

- une seconde douille interne (82) montée de
maniére a pouvoir coulisser a l'intérieur de ladite
premiére douille externe (81) et ayant une ex-
trémité en contact avec une extrémité corres-
pondante dudit piston d’actionnement (21),

- une premiére chambre (83) définie entre ladite
dovuille (82) et ledit piston d’actionnement (21),
qui est en communication avec un passage (84)
destiné a alimenter ladite premiére chambre
(883) en fluide sous pression,

- une seconde chambre (85) définie entre ladite
premiére douille (81) et ladite seconde douille
(82), et

- une soupape antiretour (86) qui commande un
passage dans une paroi de ladite seconde
douille (82) pour autoriser le passage d'un fluide
uniquement depuis ladite premiére chambre
(83) jusqu’a ladite seconde chambre (85) dudit
poussoir hydraulique auxiliaire (80).

Moteur selon la revendication 1, caractérisé en ce
que les cames (70a) qui actionnent les soupapes
d’échappement (70) coopérent avec des poussoirs
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(29) qui sont directement associés aux soupapes
d’échappement (70).

Moteur selon la revendication 1, caractérisé en ce
que les cames (70a) qui actionnent les soupapes
d’échappement (70) actionnent lesdites soupapes
au moyen d’éléments (90) de culbuteur montés en
oscillation sur la structure du moteur.

Moteur selon la revendication 1, caractérisé en ce
que lesdits éléments (60) de culbuteur interposés
entre les cames (7a) pour actionner les soupapes
d’admission et les pistons de pompage (16) associés
aux diverses soupapes d’admission (7) sont mise en
prise en pivotement, de maniére centrale, et ont une
extrémité qui porte un galet & rotation libre (62) coo-
pérant avec la came (7a) respective et I'extrémité
opposée (63) qui commande le piston de pompage
(16) respectif.

Moteur selon la revendication 1, caractérisé en ce
que lesdits éléments (60) de culbuteur interposés
entre les cames (7a) destinés a actionner les sou-
papes d’admission et les pistons de pompage (16)
associés aux diverses soupapes d’admission (7) ont
une extrémité (60a) qui est montée en oscillation sur
lastructure du moteur, une position intermédiaire qui
supporte de fagon rotative libre un galet (62) coopé-
rant avec la came (7a) respective et 'extrémité op-
posée (61) qui coopére avec le piston de pompage
(16) respectif.
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