
(19) United States 
US 20010015065A1 

(12) Patent Application Publication (10) Pub. N0.: US 2001/0015065 A1 
IDE (43) Pub. Date: Aug. 23, 2001 

(54) CONTROLLER FOR CYLINDER CUT-OFF 
TYPE INTERNAL COMBUSTION ENGINE 

(75) Inventor: Yutaka IDE, Saitama-ken (JP) 

Correspondence Address: 
ARENT FOX KINTNER PLOTKIN & KAHN, 
PLLC 
Suite 600 
1050 Connecticut Avenue, NW. 
Washington, DC 20036-5339 (US) 

(73) Assignee: HONDA GIKEN 
KABUSHIKI KAISHA 

KOGYO 

(21) 

(22) 

Appl. No.: 09/774,630 

Filed: Feb. 1, 2001 

(30) Foreign Application Priority Data 

Feb. 17, 2000 (JP) ..................................... .. 040003/2000 

mil? 

Publication Classi?cation 

(51) rm.c1.7 . ......... ..F01N 3/00 

(52) US. Cl. ............................................... .. 60/285; 60/274 

(57) ABSTRACT 
A controller for a cylinder cut-off type internal combustion 
engine is provided for ensuring an activated state of catalysts 
in cylinders, which are stopped during a partial cylinder 
operation, at all times to maintain favorable emission char 
acteristics upon switching from the partial cylinder opera 
tion to a full cylinder operation, and for maintaining a 
satisfactory fuel consumption rate by conducting the partial 
cylinder operation to the utmost. The cylinder cut-off type 
internal combustion engine can be switched between the 
partial cylinder operation and the full cylinder operation. 
Exhaust gas from cylinders in a right bank, which are 
switched off during the partial cylinder operation, and from 
cylinders in a left bank is puri?ed by two catalyst units in 
exhaust pipes independent of each other. The controller 
estimates an estimated catalyst temperature of the catalyst 
for the right bank, and disables the partial cylinder operation 
when the estimated catalyst temperature is below a prede 
termined temperature. 
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CONTROLLER FOR CYLINDER CUT-OFF TYPE 
INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a controller for a 
cylinder cut-off type internal combustion engine Which can 
sWitch a full cylinder operation Which operates all of a 
plurality of cylinders and a partial cylinder operation Which 
cuts off the operation of some of the plurality of cylinders, 
and puri?es exhaust gas from some cylinders and the 
remaining cylinders With catalysts provided in tWo exhaust 
systems independently of each other. 

[0003] 2. Prior Art 

[0004] A controller for a cylinder cut-off type internal 
combustion engine of the type mentioned above is knoWn, 
for example, in Laid-open Japanese Patent Application No. 
8-17742. This cylinder cut-off type internal combustion 
engine is sWitched in operation betWeen a full cylinder 
operation With all of a plurality (six) of cylinders and a 
partial cylinder operation With some (three) of the plurality 
of cylinders. The cylinder cut-off type internal combustion 
engine also comprises exhaust air pipes connected to some 
cylinders and the remaining cylinders, respectively, catalysts 
provided respectively in these tWo exhaust pipes, and a 
communication pipe for communicating the tWo exhaust 
pipes With each other at a location upstream of the catalysts. 
A valve mechanism is further disposed at a location doWn 
stream of the catalyst in the exhaust pipe associated With the 
remaining cylinders for opening and closing the exhaust 
pipe. 
[0005] This controller fully opens the valve during the 
full-cylinder operation such that exhaust gas from the some 
cylinders and the remaining cylinders through the respective 
exhaust pipes. During the partial cylinder operation, on the 
other hand, the controller reduces the opening of the valve 
such that a portion of exhaust gas from the remaining 
cylinders is exhausted through the exhaust pipes of the 
remaining cylinders, While the remaining portion of the 
exhaust gas is guided to the exhaust pipes of the some 
cylinders through the communication pipe, and exhausted 
therethrough. In this Way, the catalysts in the some cylinders 
are heated by the exhaust gas exhausted from the remaining 
cylinders to maintain its active state, so that the emission 
characteristics are maintained in a favorable state When the 
engine is sWitched from the partial cylinder operation to the 
full cylinder operation. 

[0006] HoWever, the foregoing conventional controller for 
a cylinder cut-off type internal combustion engine operates 
the valve even if the catalysts are fully activated, irrespective 
of the temperature of the catalysts in the some cylinders, 
causing extra poWer consumption. Also, a reduced opening 
of the valve results in a larger exhaust resistance and 
accordingly a loss of the engine poWer. As a result, the fuel 
consumption rate is degraded. Furthermore, the controller 
requires the communication pipe, the valve, and a mecha 
nism for driving the valve. 

OBJECT AND SUMMARY OF THE INVENTION 

[0007] The present invention has been made to solve the 
problems mentioned above, and its object is to provide a 
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controller for a cylinder cut-off type internal combustion 
engine Which is capable of ensuring an activated state of 
catalysts in cylinders, Which are stopped during a partial 
cylinder operation, at all times to maintain favorable emis 
sion characteristics upon sWitching from the partial cylinder 
operation to a full cylinder operation, and is also capable of 
maintaining a satisfactory fuel consumption rate by con 
ducting the partial cylinder operation to the utmost. 

[0008] To achieve the above object, the present invention 
provides a controller for a cylinder cut-off type internal 
combustion engine Which can be sWitched betWeen a full 
cylinder operation in Which a plurality of cylinders are all 
operated and a partial cylinder operation in Which some of 
said plurality of cylinders are prohibited from operating. The 
cylinder cut-off internal combustion engine adapted to 
purify exhaust gas from said some cylinders and from the 
remaining cylinders With ?rst and second catalysts provided 
respectively in tWo exhaust systems independent of each 
other. The controller includes catalyst temperature detecting 
means for detecting a temperature of said ?rst catalyst, and 
partial cylinder operation disabling means for disabling said 
partial cylinder operation When the detected temperature of 
said ?rst catalyst is loWer than a predetermined temperature. 

[0009] According to this controller for a cylinder cut-off 
type internal combustion engine, the partial cylinder opera 
tion is disabled When the detected temperature of the ?rst 
catalyst is beloW the predetermined temperature to transition 
to the full cylinder operation. As a result, the exhaust gas 
from the some cylinders and the remaining cylinders is 
supplied to the ?rst and second catalysts, respectively, 
thereby making it possible to prevent the temperature of the 
?rst catalyst from loWering to the inactive state. Since this 
ensures the activated state of the ?rst catalyst at all times, 
favorable emission characteristics can be maintained When 
the engine is sWitched from the partial cylinder operation to 
the full cylinder operation. Also, since the partial cylinder 
operation is performed unless the temperature of the ?rst 
catalyst is beloW the predetermined temperature, a favorable 
fuel consumption rate can be ensured. It should be noted that 
in this disclosure, “detection of the temperature of the 
catalyst” is not limited to directly detecting the temperature 
of the catalyst With a temperature sensor or the like, but 
includes estimating the temperature of the catalyst in accor 
dance With an operating state of the cylinder cut-off internal 
combustion engine. 

[0010] Preferably, the foregoing controller further 
includes operating state detecting means for detecting an 
operating state of said cylinder cut-off type internal com 
bustion engine, Wherein said catalyst temperature detecting 
means includes catalyst temperature estimating means for 
estimating the temperature of said ?rst catalyst based on the 
detected operating state. 

[0011] According to this controller, the temperature of the 
catalyst can be estimated in softWare Without the need for 
adding special parts, mechanisms and so on such as a 
temperature sensor for sensing the temperature of the cata 
lyst, a communication pipe, a valve and a driving mecha 
nism therefor, and so on, Which are required in the prior art, 
thereby making it possible to save the manufacturing cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram generally illustrating the 
con?guration of a controller according to one embodiment 
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of the present invention and a cylinder cut-off internal 
combustion engine in Which the controller is applied; 

[0013] FIG. 2 is a How chart illustrating an example of 
catalyst temperature estimation processing; 

[0014] FIG. 3 is a How chart illustrating an example of 
cylinder operation determination processing; 

[0015] FIG. 4 is a timing chart shoWing an example of 
hoW an estimated catalyst temperature changes When the 
cylinder operation determination processing is performed; 

[0016] FIG. 5 is a timing chart for explaining a sWitch-off 
control; and 

[0017] FIG. 6 is a timing chart for explaining a recovery 
control. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] A controller for a cylinder cut-off type internal 
combustion engine according to one embodiment of the 
present invention Will hereinafter be described With refer 
ence to the accompanying draWings. FIG. 1 generally 
illustrates the con?guration of a cylinder cut-off type inter 
nal combustion engine and a controller associated thereWith 
according to one embodiment of the present invention. As 
illustrated, the controller 1 comprises ECU (electronic con 
trol unit) 2 Which sWitches the cylinder cut-off internal 
combustion engine 3 (hereinafter referred to as the “engine 
3”) in operation betWeen a full cylinder operation and a 
partial cylinder operation, as Will be later described in detail. 
The ECU 2 implements catalyst temperature determining 
means, catalyst temperature estimating means, partial cyl 
inder operation disabling means, and an operation state 
detecting means. 

[0019] The engine 3 is a V-type six-cylinder DOHC 
engine Which comprises three cylinders #1, #2, #3 (some 
cylinders) disposed in a right bank 3R, and three cylinders 
#4, #5, #6 (remaining cylinders) disposed in a left bank 3L. 
The right bank 3R is also provided With a cylinder sWitch-off 
mechanism 4. 

[0020] The cylinder sWitch-off mechanism 4 is connected 
to a hydraulic pump, not shoWn, through passages 6a, 6b. 
Also, electromagnetic valves 5a, 5b are disposed betWeen 
the hydraulic pump and the cylinder sWitch-off mechanism 
4 for an intake valve and an exhaust valve, respectively. 
These electromagnetic valves 5a, 5b are both normally 
closed type ones Which are electrically connected to the 
ECU2, such that they open the passages 6a, 6b When they 
are turned ON by driving signals from the ECU 2. During a 
partial cylinder operation, the electromagnetic valves 5a, 5b 
are both turned ON to open the passages 6a, 6b to supply the 
cylinder sWitch-off mechanism 4 With a hydraulic pressure 
from the hydraulic pump. This causes the cylinder sWitch-off 
mechanism 4 to release couplings betWeen the intake valve 
and an intake cam and betWeen the exhaust valve and an 
exhaust cam (any of Which is not shoWn) in the cylinders 
#1-#3 in the right bank 3R, thereby bringing the intake valve 
and the exhaust valve into a drive-free state (closed state). 

[0021] During a full cylinder operation, on the other hand, 
the electromagnetic valves 5a, 5b are both turned OFF, 
contrary to the above, to close the passages 6a, 6b so that the 
cylinder sWitch-off mechanism 4 is not supplied With a 
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hydraulic pressure from the hydraulic pump. In this Way, the 
cylinder sWitch-off mechanism 4 couples betWeen the intake 
valve and the intake cam and betWeen the exhaust valve and 
the exhaust cam to bring the intake valve and the exhaust 
valve into a driving state. The cylinder sWitch-off mecha 
nism 4 as described above may be con?gured in a manner 
similar to that shoWn, for example, in Japanese Patent 
Application No. 11-268145. 

[0022] A throttle valve 8 is disposed in the middle of an 
intake pipe 7 of the engine 3. An actuator 8a is coupled to 
the throttle valve 8. The actuator 8a is electrically connected 
to the ECU 2 such that the actuator 8a is driven by the ECU2 
to vary an opening TH of the throttle valve 8 (hereinafter 
referred to as the “throttle opening TH”). The intake pipe 7 
is also provided With a throttle valve opening sensor 20 
Which detects the throttle valve opening TH and sends a 
detection signal indicating the same to the ECU 2. 

[0023] An intake pipe absolute pressure sensor 21 and an 
intake air temperature sensor 22 are further disposed at 
locations doWnstream of the throttle valve 8 in the intake 
pipe 7. The intake pipe absolute pressure sensor 21 (oper 
ating state detecting means), Which is comprised of a semi 
conductor pressure sensor or the like, detects an absolute 
pressure PBA (a parameter representative of an operating 
state) Within the intake pipe 7, and sends a detection signal 
indicating the same to the ECU 2. The intake air temperature 
sensor 22, in turn, is comprised of a thermistor, detects an 
intake air temperature TA Within the intake pipe 7 and sends 
a detection signal indicating the same to the ECU 2. 

[0024] The intake pipe 7 is also connected to the six 
cylinders #1-#6 through an intake manifold 7a, respectively. 
An injector 9 is disposed at each branch 7b of the intake 
manifold 7a to face an intake port, not shoWn, of an 
associated cylinder. These injectors 9 are driven in response 
to driving signals from the ECU 2 during the full cylinder 
operation of the engine 3 to inject a fuel into all the branches 
7b. During the partial cylinder operation, in turn, the three 
injectors 9 associated With the right bank 3R are controlled 
to refrain from fuel injection. 

[0025] An exhaust pipe 10R (exhaust system) is connected 
to the cylinders #1-#3 in the right bank 3R, While an exhaust 
pipe 10L (exhaust system) is connected to the cylinders 
#4-#6 in the left bank 3L. These tWo exhaust pipes 10R, 10L 
are independent of each other. In the middle of these exhaust 
pipes 10R, 10L, catalyst units 11R, 11R (?rst and second 
catalysts) are disposed respectively for the right bank 3R and 
the left bank 3L for purifying exhaust gas. These catalyst 
units 11R, 11L are comprised of a three-Way catalyst. 
HoWever, the catalyst units 11R, 11L are not limited to the 
three-Way catalyst, but may be comprised of a combination 
of a three-Way catalyst and a NOx adsorption catalyst, or the 
like. 

[0026] A Water temperature sensor 23 comprised of a 
thermistor or the like is attached to the body (not shoWn) of 
the engine 3. The Water temperature sensor 23 detects an 
engine Water temperature TW (engine temperature) Which is 
the temperature of a cooling Water circulating through a 
cylinder block of the engine 3, and sends a detection signal 
indicating the engine Water temperature TW to the ECU 2. 

[0027] The engine 3 is also provided With an accelerator 
opening sensor 24, an engine rotational speed sensor 25, a 
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vehicle speed sensor 26, and an atmospheric pressure sensor 
27. The accelerator opening sensor 24 and the vehicle speed 
sensor 26 detect a treading arnount AP of an accelerator 
pedal of a vehicle (both not shoWn) equipped With the engine 
3, and a vehicle speed VP, respectively, and send detection 
signals indicating them to the ECU2. Similarly, the engine 
rotational speed sensor 25 (operating state detecting means) 
and the atmospheric pressure sensor 27 detect an engine 
rotational speed NE (a parameter representative of an oper 
ating state) and an atmospheric pressure, respectively, and 
send detection signals indicating them to the ECU 2. 

[0028] The ECU 2 in turn is based on a microprocessor 
comprised of an I/O interface, a CPU, a RAM, a ROM and 
so on. The respective detection signals from the aforernen 
tioned sensors 20-27 are subjected to A/D conversion and 
waveform shaping in the I/O interface before they are input 
to the CPU. The CPU deterrnines an operating state of the 
engine 3 in accordance With these input signals, and 
eXecutes catalyst ternperature estirnation processing for esti 
mating the temperature of the catalyst unit 11R for the right 
bank 3R in accordance With a control program previously 
stored in the ROM and data stored in the RAM, as Will be 
later described. The CPU also eXecutes cylinder operation 
deterrnination processing for determining Whether the par 
tial cylinder operation or the full cylinder operation is 
conducted based on a catalyst ternperature TCT estimated in 
the catalyst ternperature estirnation processing (hereinafter 
referred to as the “estimated catalyst ternperature TCT”). 

[0029] Next, the catalyst ternperature estirnation process 
ing for calculating the estimated catalyst ternperature TCT 
Will be described With reference to FIG. 2. This processing 
is eXecuted every predetermined time (for example, every 
500 rnsec) through an interrupt by setting a program tirner. 

[0030] As illustrated in FIG. 2, the processing ?rst deter 
mines Whether or not the engine 3 is in a starting mode at 
step 1 (abbreviated as “S1” in FIG. 2. The same is applied 
to the folloWing steps) and Whether or not fail safe has been 
detected at step 2. These determinations are made to ascer 
tain that the engine 3 is in a stable operating state in Which 
the temperature of the catalyst unit 11R can be estimated. 
When the result of the determination at step 1 or step 2 is 
YES, the processing proceeds to step 17, regarding that the 
engine 3 is not in a stable operating state in Which the 
temperature of the catalyst unit 11R can be estimated, to set 
a catalyst ternperature deterrnination ?ag F-CATWOT to 
“1”, folloWed by termination of the processing. 

[0031] When the results of the determinations at steps 1 
and 2 are both NO, in other Words, When the engine 3 is in 
a stable operating state in Which the temperature of the 
catalyst unit 11R can be estimated, the processing proceeds 
to step 3 to determine Whether or not the engine is in the 
partial cylinder operation. This determination may be made, 
for example, by referencing the value of a ?ag Which is set 
based on open/close states of the electromagnetic valves 5a, 
5b. 

[0032] When the result of the determination at step 3 is 
YES, i.e., When the engine 3 is in the partial cylinder 
operation, the processing proceeds to step 4 to derive a map 
value TCTMCYS for the partial cylinder operation corre 
sponding to the estimated catalyst ternperature TCT. This 
map value TCTMCYS is set as a current map value TCTM 
for the estimated catalyst ternperature TCT. The map value 
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TCTMCYS for the partial cylinder operation is derived 
based on the engine rotational speed NE and the intake pipe 
absolute pressure PBA by referring to an estimated catalyst 
ternperature map for the partial cylinder operation, not 
shoWn. 

[0033] Next, the processing proceeds to step 5 to derive a 
temperature correction coef?cient CTCTCYS for the partial 
cylinder operation Which is set as a temperature correction 
coef?cient CTCT. The temperature correction coef?cient 
CTCTCYS for the partial cylinder operation is derived 
based on the engine rotational speed NE and the intake pipe 
absolute pressure PBA by referencing a temperature correc 
tion coef?cient CTCTCYS table for the partial cylinder 
operation, not shoWn. In the temperature correction coeffi 
cient CTCTCYS table, the temperature correction coeffi 
cient CTCTCYS for the partial cylinder operation is set to a 
larger value as the engine rotational speed NE is higher, and 
is set to a larger value as the intake pipe absolute pressure 
PBA is higher. 

[0034] NeXt, the processing proceeds to step 6 to calcu 
lates a current value TCT(n) for the estimated catalyst 
ternperature TCT in accordance With the folloWing equation 
using a previous value TCT(n-1) for the estimated catalyst 
ternperature TCT, and the current map value TCTM for the 
estimated catalyst ternperature TCT and the temperature 
correction coefficient CTCT Which have been derived at 
steps 4, 5, respectively, folloWed by termination of the 
processing. 

[0035] On the other hand, When the result of the determi 
nation at step 3 is NO, i.e., When the engine 3 is not in the 
partial cylinder operation, the processing proceeds to step 7 
to determine Whether or not a fuel cut ?ag F_DECFC is “1.” 

[0036] When the result of the determination at step 7 is 
YES, i.e., When the engine 3 is in a decelerated fuel cut 
operation (hereinafter referred to as the “F/ C operation”), the 
processing proceeds to step 8 to derive a map value TCT 
MFC for the F/C operation of the estimated catalyst tern 
perature TCT from the estimated catalyst ternperature map 
and set the value TCTMFC as a current map value TCTM 
for the estimated catalyst ternperature TCT, in a manner 
similar to the aforementioned step 4. 

[0037] NeXt, the processing proceeds to step 9 to derive a 
temperature correction coef?cient CTCTFC for the F/C 
operation from a temperature correction coef?cient 
CTCTFC table for the F/ C operation, and set the temperature 
correction coef?cient CTCTFC as a temperature correction 
coef?cient CTCT, in a manner similar to the aforementioned 
step 5. NeXt, the processing proceeds to step 6 to calculate 
a current value TCT(n) for the estimated catalyst tempera 
ture TCT in a manner similar to the above, folloWed by 
termination of the processing. 

[0038] On the other hand, When the result of the determi 
nation at step 7 is NO, i.e., When the engine 3 is not in the 
F/C operation, the processing proceeds to step 10 to derive 
a current map value TCTM for the estimated catalyst tern 
perature TCT based on the engine rotational speed NE and 
the intake pipe absolute temperature PBA by referencing a 
catalyst ternperature map, not shoWn. 

[0039] NeXt, the processing proceeds to step 11 to correct 
the current map value TCTM for the estimated catalyst 
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temperature TCT derived at step 10 based on the atmo 
spheric pressure PA, intake air temperature TA, engine Water 
temperature TW and an ignition time correction amount. 
More speci?cally, a correction coef?cient KTCTPA and 
three correction terms DTCTTA, DTCTTW, DTCTIG are 
derived based on the atmospheric pressure PA, intake air 
temperature TA, engine Water temperature TW and ignition 
time correction amount by referencing four tables, not 
shoWn. Then, the current map value TCTM derived at step 
10 is multiplied by the correction coef?cient KTCTPA, and 
the three correction terms DTCTTA, DTCTTW, DTCTIG 
are added to the resulting product to correct the current map 
value TCTM. The thus corrected value is set as the current 
map value TCTM. 

[0040] Next, it is determined at step 12 Whether or not a 
high load determination ?ag F_WOT is “1,” and at step S13 
Whether or not the map value TCTM corrected at step 11 is 
equal to or higher than a predetermined upper limit tem 
perature TCTMWOT. When the result of the determination 
either at step 12 or at step 13 is NO, i.e., When the engine 3 
is not in a high load state or When the estimated catalyst 
temperature TCT is not higher than the predetermined upper 
limit temperature TCTMWOT, the processing proceeds to 
step 16 to derive a temperature correction coef?cient CTCT 
based on the engine rotational speed NE and the intake pipe 
absolute pressure PBA by referencing the temperature cor 
rection coef?cient CTCT table in a manner similar to the 
aforementioned step 5. Next, the processing proceeds to the 
above step 6 to calculate a current value TCT(n) of the 
estimated catalyst temperature TCT, folloWed by termina 
tion of the processing. 

[0041] On the other hand, When the results of the deter 
minations at steps 12 and 13 are both YES, i.e., When the 
engine 3 is in a high load and high temperature state, the 
current map value TCTM is set to the upper limit tempera 
ture TCTMWOT, and the temperature correction coef?cient 
CTCT is set to a predetermined value CTCTWOT (steps 14, 
15). Then, the processing proceeds to the above step 6 to 
calculate a current value TCT(n) of the estimated catalyst 
temperature TCT, folloWed by termination of the processing. 

[0042] Next, description Will be made on cylinder opera 
tion determination processing for determining Whether the 
partial cylinder operation or the full cylinder operation is to 
perform based on the estimated catalyst temperature TCT 
calculated by the foregoing catalyst temperature estimation 
processing. FIG. 3 is a flow chart illustrating an example of 
the cylinder operation determination processing. This pro 
cessing is executed every predetermined time (for example, 
every 10 msec) through an interrupt by setting the program 
timer. 

[0043] In this processing, it is determined at steps 30-33, 
later described, Whether or not a cylinder sWitch-off condi 
tion is established, i.e., Whether or not the engine 3 is in a 
stable operating state in Which the partial cylinder operation 
can be performed. Speci?cally, at step 30, it is determined 
Whether or not the engine 3 is in a starting mode. 

[0044] When the engine is not in the starting mode as 
determined at step 30, the processing proceeds to step 31 to 
determine Whether or not the engine Water temperature TW 
is equal to or higher than a predetermined temperature 
TWCYS (for example, 50° C.). This predetermined tem 
perature TWCYS is set to provide hysteresis of a predeter 
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mined Width in order to prevent the control from hunting due 
to frequent changes in the result of the determination at step 
30. 

[0045] When TWZTWCYS at step 31, the processing 
proceeds to step 32 to determine Whether or not the vehicle 
speed VP is equal to or higher than a predetermined speed 
VPCYS (for example, 15 km/h) This predetermined speed 
VPCYS is also set to provide hysteresis of a predetermined 
Width in order to prevent the hunting, as is the case of the 
predetermined temperature TWCYS. 

[0046] When VPZVPCYS at step 32, the processing 
proceeds to step 33 to determine Whether or not the throttle 
valve opening TH is equal to or larger than a predetermined 
opening THCYS (for example, 20) With hysteresis. 
[0047] When THéTHCYS at step 33, i.e., When it is 
determined at the foregoing steps 30-33 that the engine 3 is 
in a stable operating state in Which the partial cylinder 
operation can be performed, and therefore the cylinder 
sWitch-off condition is established, the processing proceeds 
to step 34 to determine Whether or not the estimated catalyst 
temperature TCT is equal to or higher than a predetermined 
temperature TCTCYS. 

[0048] This predetermined temperature TCTCYS is set to 
a value (for example, 350° C.) such that the catalyst unit 11R 
is assumed to be in an activated state Without fail When the 
estimated catalyst temperature TCT is at or above this value. 
In addition. like the throttle valve opening TH and so on, the 
predetermined temperature TCTCYS is set to provide hys 
teresis of a predetermined Width (the Width betWeen an 
upper limit value TCTCYS (HIGH) and a loWer limit value 
TCTCYS (LOW) shoWn in FIG. 4) for preventing the 
hunting. 
[0049] When TCTZTCTCYS at step 34, i.e., When the 
catalyst unit 11R is assumed to be in the activated state 
Without fail, the processing proceeds to step 35 to execute 
the partial cylinder operation, folloWed by termination of the 
processing. In this event, When the partial cylinder operation 
has been performed in the preceding loop, the partial cyl 
inder operation is continued as it is. On the other hand, When 
a transition is made from the full cylinder operation to the 
partial cylinder operation in the current loop, a sWitch-off 
control is conducted for controlling the transition from the 
full cylinder operation to the partial cylinder operation, as 
described later. 

[0050] On the other hand, When the result of the determi 
nation at step 30 is YES, or When the result of the determi 
nation at either of steps 31-34 is NO, i.e., When the engine 
3 is in an unstable operating state in Which the partial 
cylinder operation cannot be performed, or When the catalyst 
unit 11R is assumed to be in an inactive state, the processing 
proceeds to step 36 to perform the full cylinder operation 
(disable the partial cylinder operation), folloWed by termi 
nation of the processing. In this event, When the full cylinder 
operation has been performed in the preceding loop, the full 
cylinder operation is continued as it is. On the other hand, 
When a transition is made from the partial cylinder operation 
to the full cylinder operation in the current loop, a recovery 
control is conducted for controlling the transition from the 
partial cylinder operation to the full cylinder operation, as 
described later. 

[0051] FIG. 4 shoWs an example of hoW the estimated 
catalyst temperature TCT changes When the cylinder opera 
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tion determination processing is performed as described 
above. As illustrated, While the cylinder sWitch-off condition 
is not established at steps 30-33 (up to time t1), the full 
cylinder operation is performed. Then, at the time (time t1) 
the cylinder sWitch-off condition is established, the partial 
cylinder operation is started due to the fact that the estimated 
catalyst temperature TCT is equal to or higher than the upper 
limit value TCTCYS(HIGH). Then, if the estimated catalyst 
temperature TCT becomes loWer than the loWer limit value 
TCTCYS(LOW) due to the partial cylinder operation (at 
time t2), the partial cylinder operation is disabled and the 
full cylinder operation is performed instead, even While the 
cylinder sWitch-off condition remains established (a period 
from time t1 to time t5). 

[0052] Next, When the performance of the full cylinder 
operation causes the estimated catalyst temperature TCT to 
increase to the upper limit value TCTCYS(HIGH) or higher 
(at time t3), the partial cylinder operation is resumed. 
Subsequently, When the performance of the partial cylinder 
operation causes the estimated catalyst temperature TCT to 
again decrease beloW the loWer limit value TCTCYS(LOW) 
(at time t4), the partial cylinder operation is disabled, and the 
full cylinder operation is performed instead, in a manner 
similar to the above. 

[0053] Referring next to FIGS. 5 and 6, description Will 
be made on the sWitch-off control for controlling a transition 
from the full cylinder operation to the partial cylinder 
operation and the recovery control for controlling a transi 
tion from the partial cylinder operation to the full cylinder 
operation. Speci?cally, these sWitch-off control and recovery 
control may be conducted in a manner similar to a sWitch-off 
control method and a recovery control method shoWn in 
Japanese Patent Application No. 11-268145 by driving the 
electromagnetic valves 5a, 5b for the intake valve and the 
exhaust valve, cylinder sWitch-off mechanism, injectors 9, 
and ignition plugs, not shoWn. 

[0054] As illustrated in FIG. 5, the sWitch-off control 
begins With an operation for increasing the throttle valve 
opening TH during the full cylinder operation (at time t6). 
Next, at a later timing (t7), a basic fuel injecting time Ti is 
set to Zero for the injectors 9 in the cylinders #1-#3 in the 
right bank 3R to start an F/C operation. Then, at a timing 
later than the timing at Which the F/C operation Was started 
(at time t7), the throttle valve opening TH begins to be 
gradually decreased. Next, at a later timing (time t8), the 
electromagnetic valve 5a for the intake valve is turned ON 
to sWitch off the intake value associated With the cylinders 
#1-#3 in the right bank 3R. 

[0055] Next, at a timing (time t9) later than the timing 
(time t8) at Which the electromagnetic valve 5a for the intake 
valve Was turned ON, the electromagnetic valve 5b for the 
exhaust valve is turned ON to sWitch off the exhaust valve 
associated With the cylinders #1-#3 in the right bank 3R. 
Then, at a timing later than the timing (time t9) at Which the 
electromagnetic valve 5b for the exhaust valve Was turned 
ON, the gradual decrease of the throttle valve opening TH is 
ended and maintained constant. In the foregoing manner, the 
cylinders #1-#3 in the right bank 3R are sWitched off to 
complete a transition from the full cylinder operation to the 
partial cylinder operation. By thus controlling the throttle 
valve opening TH, a step-like torque difference can be 
prevented When a transition is made from the full cylinder 
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operation to the partial cylinder operation. Also, the timings 
at Which the intake valve and the exhaust valve are sWitched 
off With respect to the timing at Which the F/C operation is 
started, as described above, are determined by correcting 
tWo delay times determined by the engine rotational speed 
NE With an oil temperature, in a manner similar to a control 
method shoWn in the above-cited Japanese Patent Applica 
tion No. 11-268145. In this Way, favorable emission char 
acteristics can be maintained When a transition is made from 
the full cylinder operation to the partial cylinder operation. 

[0056] On the other hand, in the recovery control, the 
electromagnetic valve 5b for the exhaust valve is ?rst turned 
OFF (at time t10) during the partial cylinder operation to 
recover the exhaust valve associated With the cylinders 
#1-#3 in the right bank 3R to a movable state. Next, at a 
timing (time tll) later than the timing (time t5) at Which the 
electromagnetic valve 5b for the exhaust valve Was turned 
OFF, the electromagnetic valve 5a is turned OFF to recover 
the intake valve associated With the cylinders #1-#3 in the 
right bank 3R to a movable state. Subsequently, at a timing 
(time t12) later than the timing (time tll) at Which the intake 
valve returns to operate, an ignition time IG in all the 
cylinders #1-#6 is retarded, for example, by an angle cal 
culated in accordance With the operating state. Simulta 
neously, a basic fuel injection time Ti for the fuel injection 
time TOUT in the cylinders #1-#3 in the right bank 3R is set 
larger than that in the cylinders #4-#6 in the left bank 3L. In 
other Words, the among of fuel supplied to the cylinders 
#1-#3 in the right bank 3R is increased. 

[0057] Subsequently (after time t12), the ignition timing 
IG is gradually advanced, While the cylinders #1-#3 in the 
right bank 3R are supplied With a gradually increased 
amount of fuel. In the foregoing manner, the operation of the 
cylinders #1-#3 in the right bank 3R are resumed to com 
plete the transition from the partial cylinder operation to the 
full cylinder operation. The ignition timing IG and the basic 
fuel injection time Ti controlled as described above can 
prevent a step-like torque difference from occurring When a 
transition is made from the partial cylinder operation to the 
full cylinder operation. In addition, the timing at Which the 
exhaust valve returns to operate and the timing at Which the 
ignition timing is retarded, With respect to the timing at 
Which the intake valve returns to operate, are also deter 
mined by correcting tWo delay times determined by the 
engine rotational speed NE With an oil pressure and an oil 
temperature, as is the case of the sWitch-off timing. In this 
Way, favorable emission characteristics can be maintained 
When a transition is made from the partial cylinder operation 
to the full cylinder operation. 

[0058] As described above, according to the controller 1 
of this embodiment, the partial cylinder operation is disabled 
When the estimated catalyst temperature TCT of the catalyst 
unit 11R for the cylinders #1-#3 in the right bank 3R is loWer 
than the loWer limit value TCTCYS(LOW) of the predeter 
mined temperature TCTCYS to perform the full cylinder 
operation. In this Way, exhaust gas from the cylinders #1-#3 
in the right bank 3R and from the cylinders #4-#6 in the left 
bank 3L is supplied to the catalyst units 11R, 11L for the 
right bank 3R and the left bank 3L, respectively, thereby 
making it possible to prevent the temperature of the catalyst 
unit 11R for the right bank 3R from loWering to an inactive 
state. As a result, the catalyst unit 11R for the right bank 3R 
can be ensured in an activated state at all times, so that the 
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favorable emission characteristics can be maintained upon a 
transition from the partial cylinder operation to the full 
cylinder operation. 
[0059] Also, When the cylinder sWitch-off condition has 
been established, the partial cylinder operation is performed 
unless the estimated catalyst temperature TCT of the catalyst 
unit 11R is beloW the loWer limit value TCTCYS(LOW) of 
the predetermined temperature TCTCYS, so that a favorable 
fuel consumption rate can be ensured. Further, since the 
estimated catalyst temperature can be derived by a control 
program (in softWare) Without using special parts, mecha 
nism and so on such as a temperature sensor for detecting the 
temperature of the catalyst, a communication pipe, a valve 
mechanism and so on Which have been required in the prior 
art, thereby making it possible to save the manufacturing 
cost. 

[0060] While the foregoing embodiment estimates the 
temperature of the catalyst unit 11R for the right bank 3R by 
means of a control program, a temperature sensor may be 
used instead to directly detect the temperature of the catalyst 
unit 11R. 

[0061] As described above, according to the controller for 
a cylinder cut-off internal combustion engine of the present 
invention, a catalyst for cylinders Which are sWitched off 
during a partial cylinder operation can be ensured in an 
activated state at all time, so that the emission characteristics 
can be maintained favorably When an engine is sWitched 
from a partial cylinder operation to a full cylinder operation. 
In addition, since the partial cylinder operation is performed 
to the utmost, a favorable fuel consumption rate can be 
ensured. 

Aug. 23, 2001 

What is claimed is: 

1. A controller for a cylinder cut-off type internal com 
bustion engine Which can be sWitched betWeen a full cyl 
inder operation in Which a plurality of cylinders are all 
operated and a partial cylinder operation in Which some of 
said plurality of cylinders are prohibited from operating, 
said cylinder cut-off internal combustion engine adapted to 
purify exhaust gas from said some cylinders and from the 
remaining cylinders With ?rst and second catalysts provided 
respectively in tWo eXhaust systems independent of each 
other, said controller comprising: 

catalyst temperature detecting means for detecting a tem 
perature of said ?rst catalyst; and 

partial cylinder operation disabling means for disabling 
said partial cylinder operation When the detected tem 
perature of said ?rst catalyst is loWer than a predeter 
mined temperature. 

2. A controller for a cylinder cut-off type internal com 
bustion engine according to claim 1, further comprising: 

operating state detecting means for detecting an operating 
state of said cylinder cut-off type internal combustion 
engine, 

Wherein said catalyst temperature detecting means 
includes catalyst temperature estimating means for 
estimating the temperature of said ?rst catalyst based 
on the detected operating state. 


