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MULTICYLINDER PETROL ENGINE WITH
VARIABLE ACTUATION OF THE VALVES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to multicylinder petrol
engines provided with a system for variable actuation of the
valves.

The applicant has already proposed, 1n 1ts U.S. Pat. No.
6,237,551, an internal-combustion engine of the type com-
prising:

at least one intake valve and at least one exhaust valve for

cach cylinder, each valve being provided with respective
clastic return means, which push the valve towards a
closed position for controlling respective intake and
exhaust pipes; and

at least one camshatit, for actuating the intake and exhaust

valves ol the engine cylinders by means of respective
tappets;

in which each intake valve 1s controlled by the respective

tappet against the action of the aforesaid elastic return
means by interposition of hydraulic means that include a
pressurized tluid chamber;

said pressurized fluid chamber being designed to be con-

nected by means of a solenoid valve to an exhaust chan-
nel 1n order to uncouple the valve from the respective
tappet and bring about fast closing of the valve as aresult
of the respective elastic return means;

clectronic control means for controlling each solenoid

valve so as to vary the time and the opening stroke of the
respective intake valve according to one or more oper-
ating parameters of the engine.

SUMMARY OF THE INVENTION

The purpose of the present invention 1s to further improve
the previously proposed engine 1n order to provide a petrol

engine that affords a series of advantages as regards control of

combustion, reduction of consumption, reduction of harmiul

exhaust gases, and, 1n general, improvement of efficiency of

the engine.

With a view to achieving the above purpose, the subject of

the present mvention 1s a petrol engine of the known type
referred to above, characterized 1n that:
the engine 1s provided with second electronic control
means for keeping the exhaust valves closed;
the aforesaid electronic control means are pre-arranged for
keeping the intake valves of one or more selected cylin-
ders of the engine closed during the normal operating
cycle, simultaneously with the activation of the afore-

said second means, which keep the exhaust valves of

said selected cylinders closed, so as to inhibit operation
of said selected cylinders, thus obtaiming an engine with
displacement that can be varied with modularity.

It should be considered that the concept of modularity,

taken in 1tself, 1n petrol engines 1s known. The de-activation of

one or more cylinders of the engine 1s performed, in general,
to achieve a reduction 1n specific consumption, thanks to a
decrease 1n the work of pumping of the cylinders that are not
in the combustion phase, and a decrease 1n the organic losses,
combined with an improvement 1n combustion efficiency. In
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this way, a vanation 1n engine displacement, which 1s con-
trolled according to the torque requirement of the vehicle, 1s
obtained.

The system according to the invention enables adjustment
of engine load without the use of a throttle valve and, 1n 1tself,
thus tends to minimize pumping losses. In addition to the
above advantage, the system according to the invention,
which envisages simultaneous closing both of the intake
valves, via a hydraulic system of variable control of the
valves, and of the exhaust valves, enables the atoresaid result
to be achieved with higher efficiency using relatively simple
and inexpensive means. The aforesaid means, which are
designed to keep the exhaust valves closed, may be obtained
in any known way, for example, by means of tappets of the
so-called “collapsible’” type, produced by the German firm
INA.

In the case where the engine has an even number of cylin-
ders, modularity 1s obtained, according to the invention, by
de-activating one half of the cylinders of the engine. In this
way, a number of disadvantages are achieved: given the same
mean elfective pressure (MEP) of the engine, an MEP of the
active cylinder 1s found to be twice as high. This determines
an improvement 1n the combustion etficiency of the cylinders
in firing, with a consequent reduction 1n specific consump-
tion. By de-activating one half of the cylinders, also a reduc-
tion 1n losses due to friction 1s obtained. This result 1s justified
by the fact that, in the modular configuration, there 1s no
longer any absorption caused by the cycles of compression
and release of the springs of the intake valves and by the fact
that the loads acting on the crank mechanism, on the pistons,
and on the corresponding segments are considerably reduced.
Owing to the fact that, 1n the modular configuration, also the
exhaust valves are closed, there 1s further obtained a greater
reduction 1n losses due to friction, 1n so far as, added to the
reduction 1n losses due to friction on account of closing of the
intake valves, there 1s the reduction 1n losses corresponding to
the de-activation of the exhaust valves, whilst, above all, the
increase 1n losses due to pumping, which 1s proper to the
modularity obtained with just the inhibition of the intak
valves, does not occur.

In the case where the number of cylinders of the engine 1s
odd, the system envisages an inhibition of operation, by turns,
of all the cylinders of the engine. In fact, if the aim 1s to
maintain uniformity of staggering between the individual
combustion phases, 1n order to obtain a balanced engine, 1t 1s
not possible to resort to the permanent de-activation of just
certain predetermined cylinders. If it 1s considered that five
cylinders are present having the order of fining 1, 2, 4, 5, 3,
this, 1n the case of fixed de-activation of the cylinders, could
become 1, (2), 4, (5), 3, where the numbers 1n brackets indi-
cate the mactive cylinders. It 1s evident that, whilst between
the combustions 1-4 and 4-3 there are 288° of engine angle,
between the ones corresponding to the sequence 3-1 there are
only 144°. The system according to the mmvention makes 1t
possible to overcome this type of problem easily, by provid-
ing an eight-stroke cycle. In practice, once again with refer-
ence to the example of five cylinders, the order of firing 1, 2,
4,5, 3 becomes 1, (2), 4, (5), 3, (1), 2, (4), 5, (3), where, as
above, the numbers 1n brackets indicate the iactive cylinders.
It may be seen that 1n this case the periodicity of the cycle 1s
twice that already specified above 1n the case of engines with
an even number of cylinders.

According to a further peculiar characteristic of the mnven-
tion, the aforesaid electronic control means with which the
engine 1s provided are pre-arranged for performing an adjust-
ment of the effective compression ratio (ECR) 1n order to
obtain a control of combustion.
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The phenomenon of combustion 1s controlled by the values
of pressure and temperature that are reached at the end of the
compression phase. Complete tlexibility 1n management of
the angle of closing of the intake valves, which 1s proper to the
system of variable actuation of the valves with which the
engine according to the invention 1s provided, enables a com-
bustion cycle to be obtained 1n which the effective compres-
s1on ratio (ECR) 1s independent of the geometrical compres-
sion ratio (GCR). A system that enables variation of the
end-of-compression temperature, given the same pressure,
through management of the effective compression ratio
(ECR) 15 a system that can control combustion.

The engine according to the mnvention achieves the above
purpose 1n two ditferent possible modes:

1) by anticipating closing of the intake valve prior to bot-

tom dead centre (early intake-valve closing); and

2) by retarding closing of the intake valve to exceed the

angle of maximum volumetric efficiency of the engine
(late intake-valve closing).

The system according to the invention affords the possibil-
ity of having a variable efiective compression ratio and one
that 1s used for every point of operation of the engine, and, at
the same time, a geometrical compression ratio that 1s higher
than the one normally to be found in petrol engines that adopt
conventional distribution systems. In fact, the two compres-
s10n ratios are mdependent of one another 1n that closing of
the intake valves 1s not mechanically phased to the crank
mechanism of the engine. The above 1s an advantage in so far
as, 11, on the one hand, the high partial loads ECR and GCR
improve engine emission (faster and more stable combustion
due to higher temperatures 1n the combustion chamber, and a
smaller amount of unburnt fuel in the combustion chamber)
and consumption (or efliciency of the cycle), on the other
hand, thanks to the hydraulic system of variable control of the
valves, 1t 1s possible, at full load, to set an ECR value such that
the performance of the engine 1s not limited by the phenom-
enon ol spark knock. This may occur, as mentioned previ-
ously, according to the two different modes described above.
According to the first mode, associated to the early-intake-
valve-closing strategy, to the reduction in the effective com-
pression ratio, and to the consequent reduction 1n the end-oi-
compression temperature deriving therefrom, 1s an increase
in the density of the fresh charge introduced through the use
of a compressor. The charge drawn 1n will, at the end of the
compression phase, be at a pressure similar to that of a con-
ventional cycle, but since 1ts temperature 1s lower (on account
of the smaller effective compression ratio), 1t will enable a
greater quantity ol drawn charge to be entrapped and will be
unfavourable to the onset of spark knock, with obvious ben-
efits in terms of engine performance.

According to the second mode mentioned previously, the
reduction 1n the efiective compression ratio 1s obtained by
retarding closing of the intake valve. The effect produced 1s
similar to that of the first mode mentioned above.

According to a further preferred characteristic of the inven-
tion, the camshaft comprises cams with a profile such as to
enable opening of the respective intake valves controlled by
them not only during the conventional opening phase within
the normal operating cycle of the engine, but also 1n some
additional phases of the cycle. The aforesaid electronic con-
trol means are designed to cause opeming of each solenoid
valve so as to keep the respective intake valve closed during
the above-mentioned conventional phase and/or during one
or more of said additional phases 1n which the respective cam
would tend to cause opening of the valve, so that the engine
may be made to function selectively according to different
operating modules by controlling said solenoid valves.
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Preferably, the electronic control means are designed to
enable a second opening of the intake valve during the
exhaust phase of a given cylinder so as to obtain intake of the
hot gases that have flowed into the intake pipe during the
subsequent induction phase, with consequent exhaust-gas
recirculation (EGR).

The flexibility 1n management of the valves guaranteed by
the hydraulic system of variable actuation of the valves makes
it possible to manage exhaust-gas recirculation (EGR) at
intake by means of the second opening of the intake valve
during the exhaust phase. In this way, an internal EGR 1s
obtained in so far as the engine exhaust gases, which have
flowed 1nto the intake pipe, are re-introduced 1nto the com-
bustion chamber 1n the course of the subsequent induction
phase. The re-opening of the intake valve during the exhaust
phase 1s obtained by profiling the cam with a second appro-
priately phased cam. Thanks to the hydraulic system of vari-
able actuation of the valves, i1t 1s possible to activate/de-
activate said second opening of the intake valve according to
the different engine requirements. In practice, the second
opening of the intake valve will be active at partial loads, 1n
order to reduce harmful exhaust emissions, whilst outside the
cycle area and 1n the power curve 1t will be de-activated 1n
order not to penalize combustion and engine performance.
The maximum amount of gas recirculated will be obtained by
controlling the solenoid valves of the hydraulic system of
variable actuation of the valves 1n order to enable the intake
valve to follow completely the profile of the second cam (full
lift), whilst, by appropriately de-energizing the solenoid
valve, 1t will be possible to reduce/vary said amount as
desired, thus obtaining an extremely fine adjustment of the
internal EGR.

Thanks to the use of the aforesaid hydraulic system of
variable actuation of the valves, the engine according to the
invention 1s moreover able to implement different strategies
that enable the desired eflects to be obtained in terms of
reduction 1n consumption and 1n harmiul exhaust emissions,
etc., 1 a petrol engine.

BRIEF DESCRIPTION OF THE DRAWINGS

These and further details will emerge from the ensuing
description, with reference to the attached drawings, which
are provided purely by way of non-limiting example, and 1n
which:

FIGS. 1 and 1A are schematic illustrations of the atoresaid
hydraulic system of variable actuation of the valves, of the
type used in the engine according to the present invention; and

FIGS. 2 to 11 1llustrate various modes of adjustment of the
two imtake valves of an engine cylinder.

DETAILED DESCRIPTION OF THE INVENTION

In the drawing of FIG. 1, the reference number 1 designates
as a whole the intake valve associated to a respective intake
pipe 2 made 1n a cylinder head 3 of a petrol engine.

The valve 1s recalled nto 1its closed position (upwards, as
viewed 1n FIG. 1) by a spring 4, whilst 1t 1s forced to open by
a piston 5 acting on the top end of the stem of the valve. The
position 3 1n turn 1s controlled, via o1l under pressure, which
1s present inside a chamber 6, by a piston 7 which supports a
cup or bucket 8 co-operating with a cam 9 of the camshatt 10.
Thecup 8 1s held by a spring 11 in sliding contact with the cam
9. The pressure chamber 6 may be connected to a pipe 12,
which 1n turn communicates with a pressure accumulator 13
iva the open-close element 14 of a solenoid valve 15, which 1s
controlled by a electronic control means 300 according to the
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operating conditions of the engine. When the solenoid valve
15 1s opened, the o1l under pressure, which 1s present 1n the
chamber 6, 1s discharged, so that the valve 1 closes rapidly
under the action of the return spring 4.

When the solenoid valve 15 1s closed, the o1l present in the
chamber 6 transmits the movements from the piston 7 to the

piston 5 and consequently to the valve 1, so that the position
of the valve 1 1s determined by the cam 9. In other words, the

cam 9 normally controls opening of the valve 1 according to
a cyclethat depends upon the profile of the cam, but the intake
valve can be disabled, whenever required, by opeming the
solenoid valve 15 so as to interrupt the connection between
the piston 7 and the valve 1. The present invention refers to the
application of a system of variable actuation of the valves of
the type described above to a multicylinder petrol engine.

As already mentioned previously, the electronic control
means can be pre-arranged for obtaining a modular operation
of the engine by imnhibiting one or more selected cylinders by
means of closing of the intake valves, using a hydraulic sys-
tem ol variable actuation of the valves, and of the exhaust
valves 400 (FIG. 1A) by means of an electronically controlled
actuator 401. In addition, as has also already been amply
illustrated previously, the electronic control means are pre-
arranged for achieving a control of combustion by adjustment
of the effective compression ratio (ECR) and a control of
internal exhaust-has recirculation (EGR) by means of a sec-
ond opening of the intake valve, which 1s obtained by exploit-
ing a second cam 9a (see FIG. 1) of the cam 9 (not present 1n
FIG. 1).

The electronic control means are moreover pre-arranged
for obtaining a plurality of different adjustments of the intake
valves. Fach intake valve may undergo three adjustments:
retarded opening, anticipated closing, and retarded openming,
plus anticipated closing. IT two intake valves are provided for
cach cylinder, the atoresaid three possible basic adjustments
can be combined together 1n various flexible ways, giving rise
to ten different modes of valve management, which are cho-
sen according to the desired adjustments in terms of pumping,
turbulence inside the combustion chamber, and motions
inside the combustion chamber.

Obviously, 1n the case of cylinders with three or more
intake valves, the possible combinations increase. In what
tollows, the ten different modes of adjustment of the two
intake valves associated to each cylinder are specifically
described.

1) Anticipated closing of both intake valves: closing of
both intake valves 1s anticipated and with equal lift (see FIG.
2). This mode enables low values of pumping and of turbu-
lence 1n the combustion chamber to be achieved and conse-
quently a reduction 1n consumption and 1n NO_ at exhaust.

2) Anticipated closing of both intake valves with different
valve lift (see FI1G. 3). This mode enables a motion of inclined
swirl to be created 1n the combustion chamber and to manage
it with the valve that has the lower lift, at the same time,
however, keeping the pumping values low.

3) Alternate anticipated closing of the intake valves (see
FIG. 4): both of the intake valves undergo anticipated closing,
but only one of them opens alternately for each engine cycle.
This mode enables a slight increase 1n turbulence 1n the com-
bustion chamber, generating a motion of inclined swirl, but
without the possibility of managing 1t. The advantage derives
from the possibility of controlling the air with just one intake
valve, thus halving consumption of electricity, reducing the
torque absorbed by the distribution and at the same time using,
a double-jet injector and separate intake pipes. The value of
the work of pumping 1s 1n any case kept low.
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4) Retarded opening of the intake valves (see FIG. 5):
opening ol both valves 1s retarded, after which the valves
follow the cam profile, performing full lifts according to the
angle of opening set. This mode enables high pumping values
to be achieved and 1s useful for managing the engine brake.
Thanks to the small values of valve lift, a laminar motion 1s set
up through the valve, generated by the high pressure difier-
ential between upstream of the valve and downstream thereof.
The management of the angle of opening of the valve during
1dling enables a more stable control of the running conditions
and a reduction in noise.

5) Retarded opening of the intake valves with different
valve lift: opening of both valves 1s retarded but with different
valve lifts (see FIG. 6). This mode enables a motion of
inclined swirl to be created in the combustion chamber, asso-
ciated, 1n the presence of small lifts of a valve, to a laminar
motion. It 1s possible to control these motions with the valve
that has the lower lift. This management moreover enables a
reduction 1n noise at idling and a high pumping.

6) Alternated retarded opeming of the intake valves (see
FIG. 7): opening of both valves is retarded, but only one valve
1s opened alternately per engine cycle. This mode enables a
motion of mclined swirl to be created in the combustion
chamber, but without the possibility of managing 1it. The
advantage derives from the possibility of controlling the air
with just one 1intake valve, thus halving consumption of elec-
tricity and, at the same time, using a double-jet injector and
separate intake valves. This management moreover enables a
reduction in noise at 1dling and a high pumping.

7) Mixed control: retarded opening of one intake valve (see
FIG. 8), and anticipated opeming of the other intake valve.
This mode bestows extreme tlexibility on the system. In fact,
with retardation in valve opening, for small valve lifts, there 1s
obtained a laminar motion of the charge through the valve,
whereas anticipated closing of the valve enables setting-up of
a motion of swirl. The combination of these two motions
improves the etficiency of combustion, with consequent ben-
efits 1 terms of fuel consumption.

8) Retarded opening/anticipated closing: both valves are
managed by imposing both a retarded opening and an antici-
pated closing, performing the same valve lift (see F1G.9). The
retarded opening generates a slight pumping, but also turbu-
lence 1n the combustion chamber, which improves efficiency
of combustion, with consequent benefits 1n terms of fuel
consumption.

9) Retarded opening/anticipated closing with different
valve lifts (see FIG. 10): both valves are managed by impos-
ing both a retarded opening and an anticipated closing, but
performing different valve lifts because, between the two
valves, the angles of opening and/or closing are different. The
retarded opening generates a certain amount of pumping, but
also turbulence 1n the combustion chamber, which improves
elficiency of combustion, with consequent benefits 1n terms
of fuel consumption.

10) Alternate retarded opening/anticipated closing (see
FIG. 11): both valves are managed by imposing both a
retarded opening and an anticipated closing, but only one
valve 1s opened alternately per engine cycle. The retarded
opening generates a certain amount of pumping, but also
turbulence 1n the combustion chamber, which improves effi-
ciency of combustion, with consequent benefits in terms of
tuel consumption. A further advantage derives form the pos-
sibility of controlling the air with just one 1ntake valve, thus
halving consumption of electricity and, at the same time,
using a double-jet injector and separate intake pipes.

FIGS. 2 to 11 show the diagrams of valve lifts 1n the
different modes of operation described above. The dashed
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line indicates the theoretical diagram of valve lift (valve dis-
placement as a function of engine angle) due to the geometry
of the cam. The solid line indicates the diagram of the effec-
tive valve lifts.

Of course, without prejudice to the principle of the mnven-
tion, the details of construction and the embodiments may
vary widely with respect to what 1s described and illustrated
purely by way of example, without thereby departing from
the scope of the present invention.

What is claimed 1s:

1. A multicylinder petrol engine, comprising:

at least one 1ntake valve and at least one exhaust valve for

cach cylinder, each valve being provided with respective
clastic return means, which push the valve towards a
closed position for controlling respective intake and
exhaust pipes; and

at least one camshaft, for actuating the intake valves and

exhaust valves of the engine cylinders by means of
respective tappets;

in which each intake valve 1s controlled by the respective

tappet against the action of the elastic return means by
interposition of hydraulic means that include a pressur-
1zed fluid chamber:;

said pressurized fluid chamber being designed to be con-

nected by means of a solenoid valve to an exhaust chan-
nel 1n order to uncouple the valve from the respective
tappet and bring about fast closing of the valve as aresult
of the respective elastic return means;

clectronic control means for controlling each solenoid

valve so as to vary the time and the stroke of opening of
the respective intake valve according to one or more
operating parameters of the engine;

wherein said engine comprises second electronic control

means for keeping the exhaust valves of pre-set engine
cylinders closed, and in that said electronic control
means are pre-arranged for keeping the intake valves of
selected cylinders of the engine closed, simultaneously
with the activation of the means for keeping the exhaust
valves closed, so as to inhibit operation of said selected
cylinders.

2. The engine according to claim 1, wherein said engine has
an even number of cylinders and 1n that said electronic control
means are pre-arranged for deactivating one half of the engine
cylinders.

3. The engine according to claim 1, wherein said engine has
an odd number of cylinders and said electronic control means
are pre-arranged for deactivating, by turns, all the cylinders of
the engine 1n such a way as to maintain the uniformity of
staggering between the individual combustion phases.

4. The engine according to claim 1, wherein said electronic
control means are pre-arranged for adjusting the effective
compression ratio of the engine by anticipating closing of the
intake valve prior to bottom dead centre and by retarding
closing of the intake valve to exceed the angel of maximum
volumetric efficiency of the engine.

5. The engine according to claim 1, wherein the cam of the
camshaft of the engine, which controls each intake valve, has
a profile such as to tend to bring about opening of said intake
valve not only during the conventional opening phase within
the normal operating cycle of the engine, but also 1n at least
one additional phase of the cycle, and 1n that said electronic
control means are pre-arranged for enabling said second
opening of the mtake valve during the exhausts phase, so as to
obtain an induction into the combustion chamber of the hot
gases that have flowed 1nto the intake pipe during the subse-
quent induction phase.
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6. A multicvlinder petrol engine that can use gasoline or
diesel fuel, comprising:

at least one intake valve and at least one exhaust valve for

each cyvlinder, each valve being provided with rvespective
elastic return means, which push the valve towards a
closed position for controlling vespective intake and
exhaust pipes;

at least one camshaft, for actuating the intake valves and

exhaust valves of the engine cylinders by means of
respective tappets,
wherein each intake valve is controlled by the vespective
tappet against the action of the aforesaid elastic veturn
means by intevposition of hvdraulic means that include
a pressurized fluid chamber;

said pressurized fluid chamber being designed to be con-
nected by means of a solenoid valve to an exhaust chan-
nel in order to uncouple the valve from the respective
tappet and bring about fast closing of the valve as a
result of the respective elastic veturn means,

electronic control means for controlling each solenoid

valve so as to vary the time and the stroke of opening of
the vespective intake valve according to one ov more
operating parvameters of the engine;

said engine comprises electronic control means in pre-

arranged fashion for adjusting the effective compression
ratio of the engine by anticipating closing of the intake
valve prior to bottom dead centre or by retarding closing
of the intake valve to exceed the angle of maximum
volumetric efficiency of the engine;

said electronic control means being adapted for a second

control function for adjusting the effective compression
ratio in orvder to control combustion;

wherein said engine comprises second electronic control

means for keeping the exhaust valves of pre-set engine
cviinders closed, and in that said electronic control
means ave pre-arranged for keeping the intake valves of
selected cylinders of the engine closed, simultaneously
with the activation of the means for keeping the exhaust
valves closed, so as to inhibit operation of said selected
cylinders.

7. The engine according to claim 6, wherein said engine
has at least two intake valves for each cylinder, and in that
said electronic control means are pre-arranged such that
each intake valve may undergo three adjustments: (1)
retarded opening, (2) anticipated closing, and (3) retarded
opening plus anticipated closing, so that the aforesaid three

possible basic adjustments can be combined together in vari-

ous flexible ways, giving rise to different modes of valve
management which arve chosen accorvding to the desired
adjustments in terms of pumping, turbulence inside the com-
bustion chamber, and motions inside the combustion cham-
ber.

8. The engine according to claim 7, wherein said electronic
control means ave pre-arranged for carrying out one or more
of the following strategies of control of the intake valves of
each cvlinder: anticipated closing of both intake valves with
the same valve lifts; anticipated closing of the intake valves
with different valve lifts; alternate anticipated closing of the
intake valves, opening just one valve per engine cycle alter-
nately; rvetarded opening of both intake valves with the same
valve lifts; retarded opening of the intake valves with diffevent
valve lifts; alternate vetarded opening of the intake valves,
opening just one valve per engine cycle alternately; retarded
opening of one valve and anticipated closing of the other
valve; retarded opening and anticipated closing on each of
the two valves with the same valve lifts; vetavded opening and
anticipated closing on each of the two valves with diffevent
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valve lifts; and retarded opening/anticipated closing on each
valve, opening, however, just one valve per engine cycle alter-
nately.

9. The engine according to claim 6, wherein said engine
comprises second electronic control means for keeping the
exhaust valves of pre-set engine cylinders closed, and in that
said electronic control means arve pre-arranged for keeping
the intake valves of selected cylinders of the engine closed,
simultaneously with the activation of the aforesaid means for

keeping the exhaust valves closed, so as to inhibit operation of 10

said selected cylinders.

10. The engine according to claim 9, wherein said engine
has an even number of cylinders and in that said electronic
control means are pre-arranged for deactivating one half of
the engine cylinders.

11. The engine according to claim 9, wherein said engine
has an odd number of cvlinders and in that said electronic

5

10

control means are pre-arrvanged for deactivating, by turns, all
the cylinders of the engine in such a way as to maintain the
uniformity of staggerving between the individual combustion
phases, thus obtaining an eight-stroke operating cycle.

12. The engine accovding to claim 9, wherein the cam of the
camshaft of the engine, which controls each intake valve, has
a profile such as to tend to bring about opening of said intake
valve not only during the conventional opening phase within
the normal operating cycle of the engine, but also in at least
one additional phase of the cycle, and in that said electronic
control means arve pre-arranged for enabling said second
opening of the intake valve during the exhaust phase, so as to
obtain an induction into the combustion chamber of the hot
gases that have flowed into the intake pipe during the subse-

15 gquent induction phase in ovder to obtain an internal EGR.
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