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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a control sys-
tem for an internal combustion engine, and particularly
to a control system for an internal combustion engine
having a configuration wherein an intake passage
branches out to two passages respectively communicat-
ing with a combustion chamber, and exhaust gases are
recirculated to one of the two branch passages.

Description of the Related Art

[0002] As shown in FIG. 6, a configuration wherein an
intake passage 102 of an internal combustion engine 101
branches out to branch passages 102A and 102B re-
spectively communicating with a combustion chamber is
shown in Japanese Patent Laid-open No. 2001-73881.
In this configuration, a swirl control valve 104 is disposed
in the branch passage 102B, an exhaust gas recirculation
passage 105 is connected to the other branch passage
102A.
[0003] Further, a configuration in which an intake shut-
ter valve 103 for controlling an intake air flow rate is dis-
posed upstream of the branch passages 102A and 102B
is also conventionally known.
[0004] When an exhaust gas recirculation valve 106 in
the exhaust gas recirculation passage 105 is opened and
the exhaust gas recirculation is being performed, the in-
take shutter valve 103 is normally opened. However,
there is a case where the intake shutter valve 103 may
be closed when performing the exhaust gas recirculation
in a specific engine operating condition. In this case, the
recirculated exhaust gases pass near the intake shutter
valve 103 and flow around into the branch passage 102B
from the branch passage 102A. Therefore, some com-
ponents in the exhaust gases adhere to the swirl control
valve 104, which may cause sticking of the valve.
[0005] US 2003196636 (A1) comprises at least two in-
dependent intake ports connected to a combustion
chamber, two intake valves, and two exhaust valves. Up-
per and lower channels which are defined by a partition
wall, and an intake control valve for opening and closing
the lower side channel are provided in the interior of the
first intake port. An intake control valve for opening and
closing the first intake port is also provided. The invention
further comprises a controller for controlling the opening
and closing of the intake control valves, and the degree
of opening of these intake control valves and is controlled
in accordance with the operating conditions.

SUMMARY OF THE INVENTION

[0006] The present invention is made in order to solve
the above-described problem, and an object of the in-

vention is to provide a control system for an internal com-
bustion engine, which can prevent the recirculated ex-
haust gases from flowing into the branch passage where
the swirl control valve is disposed, when the exhaust gas
recirculation is being performed and a closing operation
of the intake shutter valve becomes necessary.
[0007] In order to attain the above object, the present
invention provides an internal combustion engine having
an air supply passage (7) for supplying air to the engine
and a control system. The air supply passage includes
a first and a second branch passages (7A, 7B) respec-
tively communicating with a combustion chamber of the
engine. The engine further includes exhaust gas recircu-
lation means (25) for recirculating a part of exhaust gases
discharged from the combustion chamber to the first
branch passage (7A), a first control valve (26) for con-
trolling an amount of the exhaust gases recirculated by
the exhaust gas recirculation means (25), and a second
control valve (22) disposed upstream of the first and the
second branch passages(7A, 7B) for opening and closing
the air supply passage (7). Said second branch passage
is provided with a swirl control valve for generating a swirl
in said combustion chamber. The control system is char-
acterized by including valve operation control means for
reducing an operation speed of the second control valve
(22) when closing the second control valve (22) during a
valve opening operation of the first control valve (26).
[0008] With this configuration, when closing the sec-
ond control valve during execution of the exhaust gas
recirculation by opening the first control valve, the oper-
ation speed of the second control valve is controlled to
decrease. Therefore, the recirculated exhaust gases are
prevented from flowing around from the first branch pas-
sage to the second branch passage. Consequently, if the
swirl control valve is, for example, disposed in the second
branch passage, the problem that sticking of the swirl
control valve may easily occur can be avoided.
[0009] Preferably, the valve operation control means
reduces the operation speed of the second control valve
(22) as an opening of the second control valve (22) de-
creases.
[0010] With this configuration, the operation speed of
the second control valve is controlled so as to decrease
as the opening of the second control valve decreases.
The recirculated exhaust gases flow around into the sec-
ond passage more easily as the opening of the second
control valve decreases. Therefore, by reducing the op-
eration speed of the second control valve as the opening
decreases, the recirculated exhaust gases are surely
prevented from flowing into the second passage when
the opening of the second control valve is comparatively
small. On the other hand, a rapid control of the second
control valve can be performed when the opening of the
second control valve is comparatively large and the re-
circulated exhaust gases hardly flow into the second
branch passage.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 shows a configuration of an internal combus-
tion engine and a control system therefor according
to one embodiment of the present invention;
FIG. 2 is a flowchart of a process for performing an
opening control of the intake shutter valve;
FIG. 3 shows a table referred to in the process of
FIG. 2;
FIG. 4 is a flowchart of a process for setting a flag
referred to in the process of FIG. 2;
FIG. 5 is a time chart illustrating an operation exam-
ple of the opening control of the intake shutter valve;
and
FIG. 6 shows a known configuration of an engine.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Preferred embodiments of the present invention
will now be described with reference to the drawings.
[0013] FIG. 1 is a schematic diagram showing a con-
figuration of an internal combustion engine and a control
system therefor according to one embodiment of the
present invention. An internal combustion engine 1 (here-
inafter referred to as "engine") is a diesel engine in which
fuel is injected directly into cylinders, wherein each cyl-
inder is provided with a fuel injection valve 6. The fuel
injection valve 6 is electrically connected to the electronic
control unit 5 (hereinafter referred to as "ECU"). A valve
opening time period and a valve opening timing of the
fuel injection valve 6 are controlled by the ECU 5.
[0014] The engine 1 has an intake pipe 7, an exhaust
pipe 8, and a turbocharger 9. The turbocharger 9 includes
a turbine and a compressor connected to the turbine
through a shaft. The turbine is rotationally driven by the
kinetic energy of exhaust gases. The turbocharger 9
pressurizes (compresses) the intake air of the engine 1.
[0015] An intercooler 11 is provided downstream of the
compressor in the intake pipe 7, and an intake shutter
valve 22 (hereinafter referred to as "ISV") is disposed
downstream of the intercooler 11. The ISV 22 is config-
ured so as to be opened and closed by an ISV actuator
23. The ISV actuator 23 is connected to the ECU 5.
[0016] The intake pipe 7 branches out to intake pipes
7A and 7B downstream of the ISV 22, and further branch-
es out corresponding to each cylinder. FIG. 1 shows a
configuration corresponding to only one cylinder. Each
cylinder of the engine 1 is provided with two intake valves
(not shown) and two exhaust valves (not shown). Two
intake ports (not shown), which are opened and closed
by the two intake valves, are connected respectively to
the intake pipes 7A and 7B.
[0017] Further, the intake pipe 7B is provided with a
swirl control valve (hereinafter referred to as "SCV")
which restricts an amount of air inhaled through the intake

pipe 7B to generate a swirl in the combustion chamber
of the engine 1. The SCV 19 is configured so as to be
opened and closed by a SCV actuator 20. The actuator
20 is connected to ECU 5.
[0018] The SCV actuator 20 includes a motor which
can rotate in normal and reverse directions. The SCV 19
is actuated in the opening direction by driving the motor
in the normal direction, and actuated in the closing direc-
tion by driving the motor in the reverse direction.
[0019] An exhaust gas recirculation passage 25 for re-
circulating exhaust gases to the intake pipe 7A is provid-
ed between the exhaust pipe 8 and the intake pipe 7A.
The exhaust gas recirculation passage 25 is provided
with an exhaust gas recirculation control valve 26 (here-
inafter referred to as "EGR valve") for controlling an
amount of exhaust gases that are recirculated. The EGR
valve 26 is configured to be opened and closed by an
EGR actuator 27, and the EGR actuator 27 is connected
to the ECU 5. The EGR actuator 27 includes a motor
which can rotate in normal and reverse directions. The
EGR valve 26 is actuated in the opening direction by
driving the motor in the normal direction and actuated in
the closing direction by driving the motor in the reverse
direction.
[0020] The ECU 5 supplies a driving control signal of
a variable duty ratio to the EGR actuator 27 and the SCV
actuator 20, and performs opening controls of the SCV
19 and the EGR valve 26 through the EGR actuator 27
and the SCV actuator 20.
[0021] An intake air flow rate sensor 31 for detecting
an intake air flow rate GA and a boost pressure sensor
32 for detecting a boost pressure PB are disposed in the
intake pipe 7. Further, an ISV opening sensor 34 for de-
tecting an opening IS of the ISV 22, a SCV opening sen-
sor 35 for detecting an opening SC of the SCV 19, and
an EGR valve opening sensor 36 for detecting an opening
(lift amount) LACT of the EGR valve 26 are provided.
The detection signals of these sensors 31 to 36 are sup-
plied to the ECU 5.
[0022] An accelerator sensor 37 for detecting an op-
eration amount AP (hereinafter referred to as "accelera-
tor pedal operation amount") of an accelerator pedal of
the vehicle driven by the engine 1, an engine rotational
speed sensor 38 for detecting an engine rotational speed
NE, a coolant temperature sensor 39 for detecting an
engine coolant temperature TW, and an ambient tem-
perature sensor 40 for detecting an ambient temperature
TA are connected to the ECU 5. The detection signals
of these sensors are supplied to the ECU 5.
[0023] The ECU 5 includes an input circuit having var-
ious functions including a function of shaping the wave-
forms of input signals from the various sensors, a function
of correcting the voltage levels of the input signals to a
predetermined level, and a function of converting analog
signal values into digital signal values. The ECU 5 further
includes a central processing unit (hereinafter referred
to as "CPU"), a memory circuit, and an output circuit. The
memory circuit preliminarily stores various operating pro-
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grams to be executed by the CPU and the results of com-
putation or the like by the CPU. The output circuit supplies
drive signals to the various actuators.
[0024] FIG. 2 is a flowchart of a process for calculating
an opening command value ISCMD of the ISV 22. This
process is executed by the CPU in the ECU 5 at prede-
termined time intervals (e.g., 20 milliseconds).
[0025] In step S11, a basic ISV opening command val-
ue ISCMDB(%) is calculated according to the accelerator
pedal operation amount AP and the engine rotational
speed NE. In step S12, it is determined whether or not a
speed reduction flag FVRED is equal to "1 ". The speed
reduction flag FVRED is set to "1" by the process of FIG.
4 described below when the engine 1 is in a predeter-
mined operating condition.
[0026] If the answer to step S12 is negative (NO), the
process immediately proceeds to step S17. If FVRED is
equal to "1" in step S12, a reduction control command
value ISCMDR is calculated in order to perform a control
for reducing the ISV opening (step S13). The reduction
control command value ISCMDR is set so that the ISV
opening is gradually reduced.
[0027] In step S14, a TC table shown in FIG. 3 is re-
trieved according to the reduction control command value
ISCMDR, to calculate a filter time constant TC. The TC
table is set so that the filter time constant TC increase
as the reduction control command value ISCMDR de-
creases. Predetermined preset values TC1 and TC2
shown in FIG. 4 are set, for example, to 0.15 seconds
and 0.01 seconds, respectively.
[0028] In step S15, a filtering, specifically, a first-order
delay filtering of the reduction control command value
ISCMDR is performed. The filter time constant TC is ap-
plied to the first-order delay filtering. By performing the
filtering, the reduction speed of the reduction control com-
mand value ISCMDR is decreased. In step S16, the basic
ISV opening command value ISCMDB is set to the re-
duction control command value ISCMDR, and the proc-
ess proceeds to step S17.
[0029] In step S17, the basic ISV opening command
value ISCMDB is corrected according to the engine cool-
ant temperature TW, to calculate the ISV opening com-
mand value ISCMD.
[0030] The calculated ISV opening command value IS-
CMD is supplied to the ISV actuator 23, and the ISV 22
is controlled so that the ISV opening IS coincides with
the ISV opening command value ISCMD.
[0031] FIG. 4 is a flowchart of a process for setting a
speed reduction flag FVRED which is referred to in step
S12 of FIG. 2. This process is executed by the CPU in
the ECU 5 in the same cycle as that of the process of
FIG. 2.
[0032] In step S21, it is determined whether or not the
engine operating condition is in a predetermined EGR
region where the exhaust gas recirculation is performed.
Specifically, it is determined whether or not the detected
coolant temperature TW and the detected ambient tem-
perature TA are in the predetermined EGR region. If the

answer to step S21 is negative (NO), the EGR valve 26
is closed (step S22) to stop the exhaust gas recirculation.
The process proceeds to step S26, in which the speed
reduction flag FVRED is set to "0".
[0033] If the answer to step S21 is affirmative (YES),
the EGR valve 26 is opened to perform the exhaust gas
recirculation (step S23). In step S24, it is determined
whether or not the coolant temperature TW is equal to
or less than a predetermined water temperature TWL
(e.g., 60 degrees centigrade). If the answer to step S24
is affirmative (YES), it is determined whether or not the
fuel cut operation in which the fuel supply to the engine
1 is interrupted, is being performed. (step S25).
[0034] If the answer to step S24 or S25 is negative
(NO), the process proceeds to the above-described step
S26. On the other hand, if the answer to step S25 is
affirmative (YES), i.e., if the coolant temperature TW is
equal to or less than the predetermined water tempera-
ture TWL and the fuel cut operation is being performed,
the speed reduction flag FVRED is set to "1" (step S27).
[0035] As described above, in this embodiment, when
the fuel cut operation is being performed in the state
where the coolant temperature TW is equal to or less
than the predetermined water temperature TWL during
execution of the exhaust gas recirculation, the control for
reducing the opening of the ISV 22 is performed. In the
reducing control, the filtering for decreasing the reducing
speed of the ISV opening is performed. According to this
control of the ISV opening, the recirculated exhaust gas-
es are prevented from flowing around into the intake pipe
7B from the intake pipe 7A.
[0036] Further, the filter time constant TC is set to a
greater value, i.e., the reduction speed of the ISV opening
is set to a smaller value as the reduction control command
value ISCMDR decreases. Therefore, the recirculated
exhaust gases are surely prevented from flowing around
into the intake pipe 7B when the ISV opening is compar-
atively small. On the other hand, a rapid control of the
ISV opening can be performed when the ISV opening is
comparatively large and the recirculated exhaust gases
hardly flow into the intake pipe 7B.
[0037] FIG. 5 is a time chart for illustrating an example
of the control operation of the ISV opening in this em-
bodiment. The solid line shows changes in the ISV open-
ing when the filtering is performed. The dashed line
shows changes in the ISV opening when the filtering is
not performed (only the solid line is shown in the portion
of the dashed line overlapped with the solid line). As
shown in FIG. 5, the reduction speed of the ISV opening
is controlled so as to decrease as the reduction speed
of the ISV opening decreases during the periods TR1
and TR2 in which the speed reduction flag FVRED is set
to "1" and the filtering is performed.
[0038] In this embodiment, the intake pipe 7 corre-
sponds to the air supply passage. The intake pipes 7A
and 7B respectively correspond to the first and the sec-
ond branch passages. The exhaust gas recirculation pas-
sage 25 and the EGR valve 26 respectively correspond
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to the exhaust gas recirculation means and the first con-
trol valve. The intake shutter valve 22 corresponds to the
second control valve. Further, the ECU 5 constitutes the
valve operation control means. Specifically, the process
shown in FIGs. 2 and 4 correspond to the valve operation
control means.
[0039] The present invention is not limited to the em-
bodiment described above, and various modifications
may be made. For example, the process for decreasing
the reduction speed of the ISV opening is not limited to
the first-order delay filtering but other methods of the low
pass filtering can be applied.
[0040] The present invention can be applied to a con-
trol system for a watercraft propulsion engine such as an
outboard engine having a vertically extending crankshaft.

Claims

1. An internal combustion engine (1) having:

an air supply passage (7) for supplying air to
said engine (1), said air supply passage (7) in-
cluding a first and a second branch passages
respectively communicating with a combustion
chamber of said engine (1), exhaust gas recir-
culation means (25) for recirculating a part of
exhaust gases discharged from the combustion
chamber to the first branch passage (7A), a first
control valve (26) for controlling an amount of
the exhaust gases recirculated by said exhaust
gas recirculation means (25), and a second con-
trol valve (22) disposed upstream of said first
and the second branch passages for opening
and closing said air supply passage (7), wherein
said second branch passage is provided with a
swirl control valve for generating a swirl in said
combustion chamber, and
a control system,
said control system being characterized by in-
cluding
valve operation control means for reducing an
operation speed of said second control valve
(22) when closing said second control valve (22)
during a valve opening operation of said first
control valve (26).

2. An internal combustion engine (1) according to claim
1, wherein said valve operation control means re-
duces the operation speed of said second control
valve (22) as an opening of the second control valve
(22) decreases.

3. An internal combustion engine (1) according to any
of the preceding claims, further comprising coolant
temperature detecting means for detecting a coolant
temperature of said engine (1),
wherein said valve operation control means is ar-

ranged to close said second control valve (22) when
said first control valve (26) is opened, if the detected
coolant temperature is less than or equal to a pre-
determined temperature and if the fuel supply to said
engine (1) is interrupted.

4. A control method for an internal combustion engine
(1) having an air supply passage (7) for supplying
air to said engine (1), said air supply passage (7)
including a first and a second branch passages re-
spectively communicating with a combustion cham-
ber of said engine (1), an exhaust gas recirculation
mechanism for recirculating a part of exhaust gases
discharged from the combustion chamber to the first
branch passage (7A), a first control valve (26) for
controlling an amount of the exhaust gases recircu-
lated by said exhaust gas recirculation mechanism,
and a second control valve (22) disposed upstream
of said first and the second branch passages for
opening and closing said air supply passage (7),
wherein said second branch passage is provided
with a swirl control valve for generating a swirl in said
combustion chamber,
said control method being characterized by includ-
ing the step of reducing an operation speed of said
second control valve (22) when closing said second
control valve (22) during a valve opening operation
of said first control valve (26) thereby avoiding stick-
ing of the swirl control valve.

5. A control method according to any of the preceding
claims, wherein the operation speed of said second
control valve (22) is reduced as an opening of the
second control valve (22) decreases.

6. A control method according to any of the preceding
claims, further including the step of detecting a cool-
ant temperature of said engine (1),
wherein said second control valve (22) is closed
when said first control valve (26) is opened, if the
detected coolant temperature is less than or equal
to a predetermined temperature and if the fuel supply
to said engine (1) is interrupted.

Patentansprüche

1. Verbrennungsmotor (1) mit:

einem Luftzuführungskanal (7) zum Zuführen
von Luft zu dem Motor (1), wobei der Luftzufüh-
rungskanal (7) einen ersten und zweiten Ver-
zweigungskanal aufweist, die jeweils mit einer
Verbrennungskammer des Motors (1) in Verbin-
dung stehen, Abgasrückführungsmittel (25)
zum Rückführen eines Teils von aus der Ver-
brennungskammer ausgegebenen Abgasen an
den ersten Verzweigungskanal (7A), ein erstes
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Steuerventil (26) zum Steuern einer Menge der
Abgase, die vom Abgasrückführungsmittel (25)
zurückgeführt wurden, und ein zum ersten und
zweiten Verzweigungskanal stromaufwärts an-
geordnetes zweites Steuerventil (22) zum Öff-
nen und Schließen des Luftzuführungskanals
(7), wobei der zweite Verzweigungskanal mit ei-
nem Wirbelsteuerungsventil zum Generieren ei-
nes Wirbels in der Verbrennungskammer vor-
gesehen ist, und
ein Steuersystem,
wobei das Steuersystem dadurch gekenn-
zeichnet ist, dass es aufweist
Ventilbetriebssteuermittel zum Verringern einer
Betriebsgeschwindigkeit des zweiten Steuer-
ventils (22), wenn das zweite Steuerventil (22)
während eines Ventilöffnungsbetriebes des ers-
ten Steuerventils (26) geschlossen wird.

2. Verbrennungsmotor (1) nach Anspruch 1, wobei das
Ventilbetriebssteuermittel die Betriebsgeschwindig-
keit des zweiten Steuerventils (22) senkt, wenn eine
Öffnung des zweiten Steuerventils (22) verringert
wird.

3. Verbrennungsmotor (1) nach einem der vorherge-
henden Ansprüche, der weiterhin aufweist ein Kühl-
temperatur-Erfassungsmittel zum Erfassen einer
Kühltemperatur des Motors (1),
wobei das Ventilbetriebssteuermittel angeordnet ist,
um das zweite Steuerventil (22) zu schließen, wenn
das erste Steuerventil (26) geöffnet wird, wenn die
erfasste Kühltemperatur kleiner oder gleich einer be-
stimmten Temperatur ist und wenn die Benzinzufuhr
zum Motor (1) unterbrochen wird.

4. Steuerverfahren für einen Verbrennungsmotor (1)
mit einem Luftzuführungskanal (7) zum Zuführen
von Luft zu dem Motor (1), wobei der Luftzuführungs-
kanal (7) einen ersten und zweiten Verzweigungs-
kanal aufweist, die jeweils mit einer Verbrennungs-
kammer des Motors (1) in Verbindung stehen, einen
Abgasrückführungsmechanismus zum Rückführen
eines Teils von aus der Verbrennungskammer aus-
gegebenen Abgasen an den ersten Verzweigungs-
kanal (7A), ein erstes Steuerventil (26) zum Steuern
einer Menge der vom Abgasrückführungsmechanis-
mus zurückgeführten Abgase, und ein zum ersten
und zweiten Verzweigungskanal stromaufwärts an-
geordnetes zweites Steuerventil (22) zum Öffnen
und Schließen des Luftzuführungskanals (7), wobei
der zweite Verzweigungskanal mit einem Wirbel-
steuerungsventil zum Generieren eines Wirbels in
der Verbrennungskammer vorgesehen ist,
wobei das Steuerverfahren dadurch gekennzeich-
net ist, dass es einen Schritt der Verringerung einer
Betriebsgeschwindigkeit des zweiten Steuerventils
(22) enthält, wenn das zweite Steuerventil (22) wäh-

rend eines Ventilöffnungsbetriebs des ersten Steu-
erventils (26) geschlossen wird, wodurch ein Fest-
sitzen des Wirbelsteuerventils vermieden wird.

5. Steuerverfahren nach einem der vorhergehenden
Ansprüche, wobei die Betriebsgeschwindigkeit des
zweiten Steuerventils (22) verringert wird, wenn eine
Öffnung des zweiten Steuerventils (22) abnimmt.

6. Steuerverfahren nach einem der vorhergehenden
Ansprüche, das weiterhin den Schritt des Erfassens
einer Kühltemperatur des Motors (1) aufweist,
wobei das zweite Steuerventils (22) geschlossen
wird, wenn das erste Steuerventil (26) geöffnet wird,
wenn die erfasste Kühltemperatur kleiner oder gleich
einer bestimmten Temperatur ist und wenn die Ben-
zinzufuhr zum Motor (1) unterbrochen wird.

Revendications

1. Moteur à combustion interne (1) comportant :

un passage de fourniture d’air (7) pour fournir
de l’air audit moteur à combustion interne (1),
ledit passage de fourniture d’air (7) comprenant
des premier et deuxième passages de branche-
ment communiquant respectivement avec une
chambre de combustion dudit moteur à combus-
tion interne (1), des moyens de recirculation de
gaz d’échappement (25) pour faire recirculer
une partie des gaz d’échappement déchargé de
la chambre de combustion vers le premier pas-
sage de branchement (7A), une première sou-
pape de commande (26) pour commander une
quantité des gaz d’échappement remis en cir-
culation par lesdits moyens de recirculation de
gaz d’échappement (25), et une deuxième sou-
pape de commande (22) disposée en amont
desdits premier et deuxième passages de bran-
chement pour ouvrir et fermer ledit passage de
fourniture d’air (7), dans lequel ledit deuxième
passage de branchement est pourvu d’une sou-
pape de commande de tourbillon pour générer
un tourbillon dans ladite chambre de combus-
tion, et
un système de commande,
ledit système de commande étant caractérisé
en ce qu’il comprend
des moyens de commande d’actionnement de
soupape pour réduire une vitesse d’actionne-
ment de ladite deuxième soupape de comman-
de (22) lors de la fermeture de ladite deuxième
soupape de commande (22) pendant une opé-
ration d’ouverture de soupape de ladite premiè-
re soupape de commande (26).

2. Moteur à combustion interne (1) selon la revendica-

9 10 
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tion 1, dans lequel lesdits moyens de commande
d’actionnement de soupape réduisent la vitesse
d’actionnement de ladite deuxième soupape de
commande (22) alors qu’une ouverture de la deuxiè-
me soupape de commande (22) diminue.

3. Moteur à combustion interne (1) selon l’une quelcon-
que des revendications précédentes, comprenant
en outre des moyens de détection de température
de fluide de refroidissement pour détecter une tem-
pérature de fluide de refroidissement dudit moteur à
combustion interne (1),
dans lequel lesdits moyens de commande d’action-
nement de soupape sont agencés pour fermer ladite
deuxième soupape de commande (22) lorsque ladite
première soupape de commande (26) est ouverte,
si la température de fluide de refroidissement détec-
tée est inférieure ou égale à une température pré-
déterminée et si la fourniture de carburant au dit mo-
teur à combustion interne (1) est interrompue.

4. Procédé de commande pour un moteur à combus-
tion interne (1) comportant un passage de fourniture
d’air (7) pour fournir de l’air au dit moteur à combus-
tion interne (1), ledit passage de fourniture d’air (7)
comprenant des premier et deuxième passages de
branchement communiquant respectivement avec
une chambre de combustion dudit moteur à com-
bustion interne (1), un mécanisme de recirculation
de gaz d’échappement pour faire recirculer une par-
tie des gaz d’échappement déchargés de la chambre
de combustion vers le premier passage de branche-
ment (7A), une première soupape de commande
(26) pour commander une quantité des gaz d’échap-
pement remis en circulation par ledit mécanisme de
recirculation de gaz d’échappement, et une deuxiè-
me soupape de commande (22) disposée en amont
desdits premier et deuxième passages de branche-
ment pour ouvrir et fermer ledit passage de fourniture
d’air (7), dans lequel ledit deuxième passage de
branchement est pourvu d’une soupape de com-
mande de tourbillon pour générer un tourbillon dans
ladite chambre de combustion,
ledit procédé de commande étant caractérisé en ce
qu’il comprend l’étape de réduction de la vitesse
d’actionnement de ladite deuxième soupape de
commande (22) lors de la fermeture de ladite deuxiè-
me soupape de commande (22) pendant une opé-
ration d’ouverture de soupape de ladite première
soupape de commande (26), évitant de ce fait le col-
lage de la soupape de commande de tourbillon.

5. Procédé de commande selon l’une quelconque des
revendications précédentes, dans lequel la vitesse
d’actionnement de ladite deuxième soupape de
commande (22) est réduite alors qu’une ouverture
de la deuxième soupape de commande (22) dimi-
nue.

6. Procédé de commande selon l’une quelconque des
revendications précédentes, comprenant en outre
l’étape de détection d’une température de fluide de
refroidissement dudit moteur à combustion interne
(1),
dans lequel ladite deuxième soupape de commande
(22) est fermée lorsque ladite première soupape de
commande (26) est ouverte, si la température de
fluide de refroidissement détectée est inférieure ou
égale à une température prédéterminée et si la four-
niture de carburant au dit moteur à combustion in-
terne (1) est interrompue.
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