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(57) ABSTRACT 
A control system for an internal combustion engine having 
an exhaust system provided With a catalyst is provided. The 
control system comprises a catalyst temperature rise accel 
erating control in Which the intake air amount is increased 
and the ignition timing is retarded according to the engine 
rotational speed. A transient control from the catalyst tem 
perature rise accelerating control to the normal control, is 
started When the speed of a vehicle driven by the engine 
reaches a predetermined vehicle speed or higher during the 

Appl, No; 09/769,278 catalyst temperature rise accelerating control. During the 
transient control, the intake air amount is gradually reduced 

Filed: Jan. 26, 2001 and the ignition timing is set according to the vehicle speed. 
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CONTROL SYSTEM FOR INTERNAL 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a control system 
for an internal combustion engine that performs catalyst 
temperature rise accelerating control for accelerating the rise 
in temperature of a catalyst used for exhaust gas puri?cation, 
and particularly to a control system that performs the control 
for the case in Which the vehicle driven by the internal 
combustion engine starts to creep during execution of the 
catalyst temperature rise accelerating control. 

[0003] 2. Description of the Prior Art 

[0004] The catalyst provided in an exhaust system of an 
internal combustion engine for purifying exhaust gases is 
inactive at loW temperatures. Consequently, the catalyst does 
not purify the exhaust gases at loW temperatures. Therefore, 
it is desirable to make the catalyst active early by rapidly 
increasing the temperature thereof immediately after start 
up of the engine. In this regard, there is knoWn a catalyst 
temperature rise accelerating control (disclosed in Japanese 
Patent Laid-open No. Hei 10-299631) in Which immediately 
after start-up of an internal combustion engine, the intake air 
amount supplied to the engine is made larger than the 
amount for normal idling operation and also the ignition 
timing is feedback-controlled in the retard direction so that 
the engine rotational speed coincides With a target rotational 
speed, to thereby accelerate the temperature rise of the 
catalyst While keeping the engine rotational speed at the 
target rotational speed. According to this control, the tem 
perature rise of the catalyst can be accelerated because the 
fuel supply amount becomes larger With the increasing 
intake air amount and thereby the heat generation amount 
becomes larger than that in the normal idling operation. 

[0005] The catalyst temperature rise accelerating control 
is ended after the vehicle driven by the internal combustion 
engine starts running. HoWever, if the control is immediately 
shifted to normal control, a torque shock occurs because of 
a rapid advance of the ignition timing as Well as a rapid 
reduction in intake air amount. To cope With such an 
inconvenience, a transient control for gradually reducing the 
intake air amount While continuing the feedback control of 
the ignition timing is generally executed. With this transient 
control, the ignition timing is gradually changed in the 
advance direction, and the feedback control is ended at a 
time When the ignition timing becomes closer to a normal 
control value. 

[0006] HoWever, if the above-described prior art control 
method is applied to an engine of a vehicle having an 
automatic transmission, there may be a case in Which a 
torque shock occurs due to a rapid change in the ignition 
timing When the catalyst temperature rise acceleration con 
trol is shifted to the normal control. 

[0007] To be more speci?c, When the automatic transmis 
sion is in an in-gear state (a shift position is in a drive range 
or reverse range) and braking is released, the vehicle starts 
creeping, that is, running at a loW speed. When the vehicle 
speed reaches a predetermined vehicle speed after the start 
of creeping, the catalyst temperature rise accelerating con 
trol is ended, and is shifted to a transient control for 
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gradually reducing the intake air amount. At this time, since 
the engine rotational speed is increased With an increase in 
vehicle speed, the ignition timing is controlled to be retarded 
more than the retard amount during execution of the catalyst 
temperature rise accelerating control in order to keep the 
engine rotational speed at a constant value, Which results in 
the condition that the ignition timing sticks to a value in the 
vicinity of the limit value on the retard side. As a result, there 
arises a problem that at the time When the vehicle speed is 
further increased and the feedback control of the ignition 
timing is ended, that is, When the normal control is started, 
a changed amount of the ignition timing in the advance 
direction becomes very large, resulting in a torque shock. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a 
control system for an internal combustion engine, Which is 
capable of preventing the occurrence of a torque shock, 
thereby maintaining good drivability in the case Where a 
vehicle having an automatic transmission starts creeping 
during execution of catalyst temperature rise accelerating 
control. 

[0009] To achieve the above object, according to a ?rst 
aspect of the present invention, there is provided a control 
system for an internal combustion engine having an exhaust 
system provided With a catalyst. The control system com 
prises intake air amount control means for controlling the 
intake air amount of the engine; ignition timing control 
means for controlling the ignition timing of the engine; and 
catalyst temperature rise accelerating means for increasing, 
after starting of the engine, the intake air amount and 
retarding the ignition timing according to the engine rota 
tional speed. The catalyst temperature rise accelerating 
means starts reduction of the intake air amount When the 
vehicle speed of the vehicle driven by the engine reaches a 
?rst predetermined vehicle speed or higher during operation 
of the catalyst temperature rise accelerating means, ends 
retard control of the ignition timing according to the engine 
rotational speed When the vehicle speed reaches a second 
predetermined vehicle speed higher than the ?rst predeter 
mined vehicle speed, and changes the retard limit value of 
the ignition timing according to the vehicle speed When the 
vehicle speed is betWeen the ?rst predetermined vehicle 
speed and the second predetermined vehicle speed. 
[0010] With this con?guration, the reduction in intake air 
amount is started When the vehicle speed reaches the ?rst 
predetermined vehicle speed or higher during operation of 
the catalyst temperature rise accelerating means, and the 
retard control of the ignition timing according to the engine 
rotational speed is ended When the vehicle speed reaches the 
second predetermined vehicle speed higher than the ?rst 
predetermined vehicle speed. Further, the retard limit value 
of the ignition timing is changed according to the vehicle 
speed When the vehicle speed is betWeen the ?rst predeter 
mined vehicle speed and the second predetermined vehicle 
speed. Accordingly, by setting the retard limit value of the 
ignition timing at an optimum value according to the 
increase in vehicle speed, it is possible to prevent the 
occurrence of a torque shock and hence to maintain good 
drivablity in the case Where a vehicle having an automatic 
transmission, starts creeping during execution of catalyst 
temperature rise control. 

[0011] The catalyst temperature rise accelerating means 
preferably advances the retard limit value a greater amount 
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as the vehicle speed becomes higher When the vehicle speed 
is between the ?rst predetermined vehicle speed and the 
second predetermined vehicle speed. 

[0012] With this con?guration, since the retard limit value 
of the ignition timing is advanced a greater amount as the 
vehicle speed becomes higher When the vehicle speed is 
betWeen the ?rst predetermined vehicle speed and the sec 
ond predetermined vehicle speed, it is possible to reduce the 
amount of change in the ignition timing at the time of ending 
the ignition timing control according to the engine rotational 
speed, to thereby prevent occurrence of torque shock. 

[0013] The operation of the catalyst temperature rise 
accelerating means is preferably started When the engine 
rotational speed is equal to or higher than a predetermined 
loWer limit rotational speed and the engine is in an idling 
condition. 

[0014] The control system preferably further includes 
engine coolant temperature detecting means for detecting 
the engine coolant temperature, and the operating period of 
the catalyst temperature rise accelerating means is set 
according to the engine coolant temperature at starting of the 
engine. 

[0015] The catalyst temperature rise accelerating means 
preferably sets the retard amount of the ignition timing so 
that the engine rotational speed coincides With the target 
rotational speed. 

[0016] According to a second aspect of the present inven 
tion, there is provided a control system for an internal 
combustion engine having an exhaust system provided With 
a catalyst. The control system comprises intake air amount 
control means for controlling the intake air amount of the 
engine; ignition timing control means for controlling the 
ignition timing of the engine; and catalyst temperature rise 
accelerating means for increasing, after starting of the 
engine, the intake air amount and retarding of the ignition 
timing according to the engine rotational speed. The catalyst 
temperature rise accelerating means starts a transient control 
shifted to a normal control When the speed of the vehicle 
driven by the engine reaches a predetermined vehicle speed 
or higher during operation of the catalyst temperature rise 
accelerating means, and gradually reduces the intake air 
amount and sets the ignition timing according to the vehicle 
speed during the transient control. 

[0017] With this con?guration, the transient control 
shifted to the normal control is started When a vehicle speed 
becomes the predetermined vehicle speed or higher during 
operation of the catalyst temperature rise accelerating 
means. During the transient control, the intake air amount is 
gradually reduced and the ignition timing is set according to 
the vehicle speed. Accordingly, by setting the ignition timing 
at an optimum value according to the increase in vehicle 
speed, it is possible to prevent occurrence of a torque shock 
and hence to maintain good drivablity in the case Where a 
vehicle having an automatic transmission starts creeping 
during execution of catalyst temperature rise control. 

[0018] The catalyst temperature rise accelerating means 
preferably advances the ignition timing a greater amount as 
the vehicle speed becomes higher during the transient con 
trol. 
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[0019] Other objects and features of the invention Will be 
more fully understood from the folloWing detailed descrip 
tion and appended claims When taken With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a block diagram of an internal combus 
tion engine and a control system therefor according to an 
embodiment of the present invention; 

[0021] FIG. 2 is a ?oWchart of a portion of a main routine 
for calculating a control amount (IFIR) for an auxiliary air 
control valve; 

[0022] FIG. 3 is a ?oWchart of another portion of the main 
routine for calculating the control amount (IFIR) for the 
auxiliary air control valve; 

[0023] FIG. 4 is a diagram shoWing a table used by the 
processing shoWn in FIG. 3; 

[0024] FIG. 5 is a ?oWchart of the process for determining 
Whether or not catalyst temperature rise accelerating control 
is executed; 

[0025] FIGS. 6A, 6B and 6C are diagrams shoWing tables 
used by the process shoWn in FIG. 5; 

[0026] FIG. 7 is a ?oWchart of a subroutine for calculating 
the control amount (IFIR) for the auxiliary air control valve; 

[0027] FIG. 8 is a How chart of a main routine for 
executing ignition timing control; 

[0028] FIG. 9 is a ?oWchart of the process for determining 
an executing condition for executing feedback control for 
controlling ignition timing; 
[0029] FIG. 10 is a ?oWchart of the process for executing 
the feedback control for controlling ignition timing; 

[0030] FIG. 11 is a diagram shoWing a table used by the 
process shoWn in FIG. 10; 

[0031] FIG. 12 is a ?oWchart of the process for setting an 
additive value (ENEFIR) for a target engine rotational speed 
in the catalyst temperature rise accelerating control; 

[0032] FIG. 13 is a How chart of the process for limiting 
a retard correction amount (IGFPI) of the ignition timing; 

[0033] FIG. 14 is a diagram shoWing a table used for the 
process shoWn in FIG. 13; and 

[0034] FIG. 15 is a time chart illustrating an operation for 
executing the catalyst temperature rise accelerating control. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] Some preferred embodiments of the present inven 
tion Will noW be described With reference to the draWings. 

[0036] Referring to FIG. 1, there is schematically shoWn 
a general con?guration of an internal combustion engine 
(Which Will be hereinafter referred to as “engine”) and a 
control system therefor according to a preferred embodiment 
of the present invention. The engine 1 is a four-cylinder 
engine, for example, and it has an intake pipe 2 provided 
With a throttle valve 3. A throttle valve opening (THA) 
sensor 4 is connected to the throttle valve 3, so as to output 
an electrical signal corresponding to an opening angle of the 
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throttle valve 3 and supply the electrical signal to an 
electronic control unit (Which Will be hereinafter referred to 
as “ECU”) 5. 

[0037] An auxiliary air passage 17 bypassing the throttle 
valve 3 is connected to the intake pipe 2. The auxiliary air 
passage 17 is provided With an auxiliary air control valve 18 
for controlling an auxiliary air amount. The auxiliary air 
control valve 18 is connected to the ECU 5, and its valve 
opening amount is controlled by the ECU 5. 

[0038] A fuel injection valve 6 is provided for each 
cylinder so as to inject fuel into the intake pipe 2. Thus, four 
fuel injection valves 6 Would be respectively provided for a 
four cylinder engine. The fuel injection valves 6 are con 
nected to a fuel pump (not shoWn), and electrically con 
nected to the ECU 5. A valve opening period of each fuel 
injection valve 6 is controlled by a signal output from the 
ECU 5. 

[0039] An absolute intake pressure (PBA) sensor 7 is 
provided immediately downstream of the throttle valve 3. 
An absolute pressure signal converted to an electrical signal 
by the absolute intake pressure sensor 7 is supplied to the 
ECU 5. An intake air temperature (TA) sensor 8 is provided 
downstream of the absolute intake pressure sensor 7 to 
detect an intake air temperature TA. An electrical signal 
corresponding to the detected intake air temperature TA is 
output from the sensor 8 and supplied to the ECU 5. 

[0040] An engine coolant ternperature sensor 9 such 
as a therrnistor is mounted on the body of the engine 1 to 
detect an engine coolant ternperature (cooling Water tern 
perature) TW. A ternperature signal corresponding to the 
detected engine coolant ternperature TW is output from the 
sensor 9 and supplied to the ECU 5. 

[0041] A crank angle position sensor 10 for detecting a 
rotational angle of a crankshaft (not shoWn) of the engine 1 
is connected to the ECU 5, and a signal corresponding to the 
detected rotational angle of the crankshaft is supplied to the 
ECU 5. The crank angle position sensor 10 consists of a 
cylinder discrirnination sensor for outputting a signal pulse 
at a predetermined crank angle position for a speci?c 
cylinder of the engine 1 (this signal pulse Will be hereinafter 
referred to as “CYL signal pulse”). The crank angle position 
sensor 10 also consists of a TDC sensor for outputting a 
TDC signal pulse at a crank angle position before a top dead 
center (TDC) by a predetermined crank angle starting at an 
intake stroke in each cylinder (at every 180 deg crank angle 
in the case of a four-cylinder engine), and a CRK sensor for 
generating one pulse With a constant crank angle period 
(e.g., a period of 30 deg) shorter than the period of genera 
tion of the TDC signal pulse (this pulse Will be hereinafter 
referred to as “CRK signal pulse”). The CY L signal pulse, 
the TDC signal pulse, and the CRK signal pulse are supplied 
to the ECU 5. These signal pulses are used to control the 
various tirnings, such as fuel injection timing and ignition 
timing, and for detection of an engine rotational speed NE. 

[0042] Each cylinder of the engine 1 is provided With a 
spark plug 11. The spark plug 11 is connected to the ECU 5, 
and a drive signal for the spark plug 11, i.e., an ignition 
signal, is supplied from the ECU 5 to the spark plug An 
exhaust pipe 12 of the engine 1 is provided With a three-Way 
catalyst 16 for removing components such as HC, CO, and 
NOx in exhaust gases. A proportional type air-fuel ratio 
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sensor (Which Will be hereinafter referred to as “LAF 
sensor”) 14 is mounted on the exhaust pipe 12 at a position 
upstream of the three-Way catalyst 16. The LAF sensor 14 
outputs a detection signal substantially proportional to the 
oxygen concentration (air-fuel ratio) in the exhaust gases, 
and supplies the detection signal to the ECU 5. 

[0043] A vehicle speed sensor 21 for detecting a running 
speed (vehicle speed) VP of a vehicle driven by the engine 
1 is connected to the ECU 5. An atmospheric pressure sensor 
22 for detecting an atmospheric pressure PA is also con 
nected to the ECU 5. A shift position sensor 23 for detecting 
a shift position of an automatic transmission in the vehicle 
is also connected to the ECU 5. Detection signals output 
from these sensors 21, 22, and 23 are supplied to the ECU 
5. 

[0044] The ECU 5 includes an input circuit 5a having 
various 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. ECU 5 also includes 
a central processing unit (Which Will be hereinafter referred 
to as “CPU”) 5b and storage means 5c. Storage rneans 5c 
prelirninarily stores various operational programs to be 
executed by the CPU 5b and stores the results of computa 
tion or the like made by the CPU 5b. Additionally, ECU5 
includes an output circuit 5d for supplying drive signals to 
the fuel injection valves 6, the spark plugs 11, etc. 

[0045] The CPU 5b deterrnines various engine operating 
conditions according to various engine pararneter signals as 
mentioned above, and calculates a fuel injection period 
TOUT for each fuel injection valve 6 to be opened in 
synchronisrn With the TDC signal pulse, in accordance With 
Eq. (1) and according to the above deterrnined engine 
operating conditions. 

[0046] TI is a basic fuel injection period of each fuel 
injection valve 6, and it is determined by retrieving a TI rnap 
set according to the engine rotational speed NE and the 
absolute intake pressure PBA. The TI map is set so that the 
air-fuel ratio of an air-fuel mixture to be supplied to the 
engine 1 becomes substantially equal to the stoichiornetric 
ratio in an operating condition according to the engine 
rotational speed NE and the absolute intake pressure PBA. 
Accordingly, the basic fuel injection period TI has values 
proportional to an intake air amount per unit time. Thus, an 
accurnulated intake air arnount pararneter GAIRSUM to be 
hereinafter described can be obtained by accumulating the 
basic fuel injection period TI. 

[0047] KCMD is a target air-fuel ratio coefficient, which is 
set according to engine operational parameters such as the 
engine rotational speed NE, the absolute intake pressure 
PBA, and the engine coolant ternperature TW. The target 
air-fuel ratio coef?cient KCMD is proportional to the recip 
rocal of an air-fuel ratio A/F, i.e., proportional to a fuel-air 
ratio F/A, and takes a value of 1.0 for the stoichiornetric 
ratio, so KCMD is also referred to as a target equivalent 
ratio. 

[0048] KLAF is an air-fuel ratio correction coef?cient 
calculated by PID control so that a detected equivalent ratio 
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KACT calculated from a detected value output from the 
LAF sensor 14 becomes equal to the target equivalent ratio 
KCMD. 

[0049] The CPU 5b further calculates an ignition timing 
IGLOG in accordance With Eq. 

[0050] IGMAP is a basic value of the ignition timing 
obtained by retrieving an IG map set according to the engine 
rotational speed NE and the absolute intake pressure PBA. 
The ignition timing is indicated by an advance amount from 
a top dead center. 

[0051] IGFPI is a retard correction term set to a negative 
value so that the engine rotational speed NE becomes equal 
to a target rotational speed NEFIR in eXecuting rapid Warm 
up retard control during Warming up of the engine 1. 

[0052] IGCR is a correction term other than the retard 
correction term IGFPI. (IGMAP+IGCR) corresponds to an 
ignition timing in the case of normal control Without the 
eXecution of the rapid Warm-up retard control. 

[0053] In the folloWing description, an operational mode 
in Which the rapid Warm-up retard control is eXecuted Will 
be referred to as “FIRE mode”. 

[0054] The CPU 5b supplies a signal for driving each fuel 
injection valve 6 according to the fuel injection period 
TOUT obtained above to each fuel injection valve 6, and 
also supplies a signal for driving each spark plug 11 accord 
ing to the ignition timing IGLOG obtained above. Further, 
the CPU 5b calculates a valve opening control amount 
ICMD for controlling the valve opening amount of the 
auxiliary air control valve 18 according to engine operating 
conditions, and supplies a drive signal corresponding to the 
valve opening control amount ICMD calculated above to the 
auXiliary air control valve 18. In the FIRE mode (and in a 
transient state immediately after the end of the FIRE mode), 
the CPU 5b calculates the valve opening control amount 
ICMD in accordance With Eq. The amount of air 
supplied through the auXiliary air control valve 18 into the 
engine 1 is proportional to the valve opening control amount 
ICMD. 

[0055] IFIR is a FIRE mode control term used in the FIRE 
mode (and in the transient state immediately after the end of 
the FIRE mode). ILOAD is a load correction term set 
according to Whether various loads such as an electrical 
load, a compressor load of an air conditioner, and a poWer 
steering load on the engine 1 are ON or OFF or Whether or 
not the automatic transmission is in an in-gear condition. 

[0056] KIPA and IPA are an atmospheric pressure correc 
tion coefficient and an atmospheric pressure correction term 
both set according to the atmospheric pressure PA, respec 
tively. 

[0057] FIGS. 2 and 3 are ?oWcharts shoWing a main 
routine for calculation of the FIRE mode control term IFIR 
in the FIRE mode and immediately after the end of the FIRE 
mode. This routine is eXecuted in synchronism With the 
generation of a TDC signal pulse in the CPU 5b. 

[0058] In step S11, FIRE mode determination processing 
shoWn in FIG. 5 is executed. The FIRE mode determination 
processing includes steps of setting a FIRE mode ?ag 
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FFIREON to “1”, indicating permission to transition to the 
FIRE mode or continuation of the FIRE mode. 

[0059] In step S12, it is determined Whether or not the 
FIRE mode ?ag FFIREON is “1”. If FFIREON is “0”, Which 
indicates that the transition to the FIRE mode or the con 
tinuation of the FIRE mode is not alloWed, then the program 
proceeds to step S26 (FIG. 3). When FFIREON is “1”, a 
transient control ?ag FFIRQUIT is set to “0” (step S13), and 
an IFIR calculation subroutine shoWn in FIG. 7 is eXecuted 
(step S14). The transient control ?ag FFIRQUIT of “1” 
indicates the duration of eXecution of transient control 
immediately after the end of the FIRE mode. Thereafter, it 
is determined Whether or not the FIRE mode control term 
IFIR calculated in step S14 is less than or equal to a loWer 
limit obtained by subtracting DIFIRL from ITW. DIFIRL is 
a predetermined value for loWer limit setting (e.g., a value 
corresponding to an air amount of 100 liters/min). ITW is an 
engine coolant temperature control term set according to the 
engine coolant temperature TW. The engine coolant tem 
perature control term ITW is a control term used for control 
of the auXiliary air control valve 18 in an engine operating 
condition such as an idling operation other than the FIRE 
mode (step S15). If IFIR is greater than ITW minus DIFIRL, 
the program is ended. When IFIR is less than or equal to 
ITW minus DIFIRL, the FIRE mode control term IFIR is set 
to the loWer limit (ITW-DIFIRL) (step S16) and the pro 
gram is then ended. 

[0060] In step S26 shoWn in FIG. 3, it is determined 
Whether or not the engine coolant temperature control term 
ITW is less than an upper limit initial value IFIRINIH (e.g., 
a value corresponding to an intake air amount of 600 
liters/min). If ITW is less than IFIRINIH, an initial value 
IFIRINI, used in step S64 shoWn in FIG. 7, is set to the 
engine coolant temperature control term ITW (step S27). 
When ITW is greater than or equal to IFIRINIH, the initial 
value IFIRINI is set to the upper limit initial value IFIRINIH 
(step S28). 
[0061] In step S29, a subtraction correction value IFIR 
DEC, updated in step S63 and used in step S65 both shoWn 
in FIG. 7, is set to “0”. Thereafter, it is determined Whether 
or not the transient control ?ag FFIRQU IT is “1” (step S31). 
If FFIRQUIT is “1”, Which indicates that the transient 
control is being performed, the program proceeds directly to 
step S35. If FFIRQUIT is “0”, Which indicates that the 
transient control is not being performed, it is determined 
Whether or not the FIRE mode ?ag FFIREON Was “1” at the 
preceding cycle (at the preceding eXecution of this process 
ing) (step S32). If the preceding FFIREON Was “1”, Which 
indicates a condition immediately after the end of the FIRE 
mode, the transient control ?ag FFIRQUIT is set to “1” (step 
S33), and the program proceeds to step S35. 

[0062] If the preceding FFIREON Was 0 in step S32, a 
FIRE mode on-counter CFIRON is set to “0” (step S34), and 
the transient control ?ag FFIRQUIT is set to “0” (step S39). 
CFIRON is a counter tht is incremented in step S50 shoWn 
in FIG. 5 to count the number of repetitions of the FIRE 
mode. Then, the program is ended. 

[0063] In step S35, it is determined Whether or not the 
retard correction term IGFPI of the ignition timing IGLOG 
is greater than a threshold IGFPIQH (e.g., —3 deg) for 
determination of ending of the transient control. If IGFPI is 
greater than IGFPIQH, Which indicates that the absolute 
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value of the retard correction term IGFPI is small (the retard 
amount is small), the program proceeds to step S39, so as to 
end the transient control. 

[0064] If IGFPI is less than or equal to IGFPIQH in step 
S35, a DFIRQU table shoWn in FIG. 4 is retrieved according 
to the engine coolant temperature TW to calculate a transient 
control subtraction value DFIRQU (step S36). The DFIRQU 
table is set so that the transient control subtraction value 
DFIRQU decreases With an increase in the engine coolant 
temperature TW. In FIG. 4, DFIRQUmax and DFIRQUmin 
are set to a value corresponding to an intake air amount of 
5 liters/min and a value corresponding to an intake air 
amount of 2 liters/min, respectively, for example, and 
TWDFO and TWDFl are set to 28 degrees Centigrade and 
62 degrees Centigrade, respectively, for example. 

[0065] In step S37, the FIRE mode control term IFIR is 
decremented by the transient control subtraction value 
DFIRQU. Thereafter, it is determined Whether or not the 
FIRE mode control term IFIR is less than or equal to the 
loWer limit obtained by subtracting the predetermined value 
DIFIRL from the engine coolant temperature control term 
ITW (step S38). If IFIR is greater than ITW minus DIFIRL, 
the program is ended. When IFIR is less than or equal to 
ITW minus DIFIRL, step S39 is executed and the program 
is then ended. 

[0066] As mentioned above, the processing shoWn in FIG. 
3 executes the steps of setting the initial value IFIRINI of the 
FIRE mode control term IFIR (steps S26 to S28), the steps 
of the transient control immediately after the end of the 
FIRE mode (steps S31 to S38), and the steps of initialiZation 
of the parameters used in the control to be hereinafter 
described (steps S29 and S34). By executing the transient 
control, the intake air amount increased in the FIRE mode is 
gradually returned to a value in the normal control. 

[0067] FIG. 5 is a ?oWchart shoWing the FIRE mode 
determination processing executed in step S11 shoWn in 
FIG. 2. In step S41, it is determined Whether or not a 
speci?ed failure has already been detected. If the speci?ed 
failure has not been detected, it is determined Whether or not 
the engine 1 is at starting (at cranking) (step S42). If the 
ansWer to either step S41 or S42 is affirmative (YES), a 
TFIREND table shoWn in FIG. 6A is retrieved according to 
the engine coolant temperature TW to determine a FIRE 
mode end time TFIREND referred in step S46 to be here 
inafter described (step S43). The TFIREND table is set so 
that the FIRE mode end time TFIREND decreases With an 
increase in the engine coolant temperature TW. In FIG. 6A, 
TFIRENDmax and TFIRENDmin are set to 50 seconds and 
2 seconds, respectively, for example, and TWO and TW1 are 
set to —10 degrees Centigrade and 75 degrees Centigrade, 
respectively, for example. 

[0068] In step S44, an end ?ag FFIREND is set to “0”, a 
value of “1” indicates the ending of the FIRE mode. There 
after, the FIRE mode ?ag FFIREON is set to “0” (step S56), 
and the program is ended. 

[0069] If the ansWers to steps S41 and S42 are both 
negative (NO), it is determined Whether or not the end ?ag 
FFIREND is “1” (step S45). If FFIREND is “1”, the 
program proceeds directly to step S56. When FFIREND is 
“0”, the value of an upcount timer TM20TCR is compared 
to the FIRE mode end time TFIREND calculated in step S43 
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(step S46). Upcount timer TM20TCR is started When engine 
1 is started (When cranking is ?nished) and measures the 
elapsed time since engine 1 started. When TM20TCR is 
greater than TFIREND, the end ?ag FFIREND is set to “1”, 
so as to end the FIRE mode (step S48), and the program 
proceeds to step S56. 

[0070] If TM20TCR is less than or equal to TFIREND in 
step S46, the end ?ag FFIREND is set to “0” (step S47), and 
it is determined Whether or not the engine rotational speed 
NE is greater than or equal to a predetermined loWer limit 
rotational speed NEFIRL (e.g., 700 rpm) (step S49). If NE 
is less than NEFIRL, the program proceeds to step S56. 
When NE is greater than or equal to NEFIRL, the FIRE 
mode on-counter CFIRON is incremented by “1” (step S50). 
Then a KMFIR table shoWn in FIG. 6B is retrieved accord 
ing to the value of the counter CFIRON to calculate a 
continuation time correction coef?cient KMFIR used in the 
processing shoWn in FIG. 7 (step S51). The KMFIR table is 
set so that the correction coef?cient KMFIR initially 
increases With an increase in the value of the counter 
CFIRON and after KMFIR reaching a maximum value, 
KMFIR may decrease With a further increase in the value of 
the counter CFIRON. In FIG. 6B, KMFIRmax and 
KMFIRmin are set to 2.625 and 1.0, respectively, for 
example, and n1 is set to 2000, for example. 

[0071] In step S52, a KTAFIR table shoWn in FIG. 6C is 
retrieved according to the intake air temperature TA to 
calculate an intake air temperature correction coef?cient 
KTAFIR used in the processing shoWn in FIG. 7. The 
KTAFIR table is set so that the correction coef?cient 
KTAFIR increases With an increase in the intake air tem 
perature TA. In FIG. 6C, KTAFIRmax and KTAFIRmin are 
set to 2.0 and 1.0, respectively, for example, and TAO and 
TA1 are set to —10 degrees Centigrade and 80 degrees 
Centigrade, respectively, for example. 

[0072] In step S53, it is determined Whether or not the 
vehicle speed VP is greater than or equal to a predetermined 
vehicle speed VFIRH (e.g., 5 km/h). If VP is less than 
VFIRH, it is determined Whether or not an idle ?ag FIDLE 
is “1”, this ?ag set to “1” indicates that engine 1 is idling 
(step S54). If VP is greater than or equal to VFIRH, Which 
indicates that the vehicle is running, or if FIDLE is “0”, 
Which indicates that the engine 1 is not in the idling 
condition, the program proceeds to step S56, in Which the 
FIRE mode ?ag FFIREON is set to “0”. On the other hand, 
if VP is less than VFIRH and the engine 1 is in the idling 
condition, the FIRE mode ?ag FFIREON is set to “1” (step 
S55), and the program is then ended. 

[0073] FIG. 7 is a ?oWchart shoWing the IFIR calculation 
subroutine of step S14 shoWn in FIG. 2. In step S61, it is 
determined Whether or not the occurrence of mis?re has 
been detected. The occurrence of mis?re is detected by a 
knoWn method according to ?uctuations in period of gen 
eration of the CRK signal pulse Which is generated at every 
crank angle of 30 deg. When the occurrence of mis?re has 
not been detected, it is determined Whether or not the 
ignition timing IGLOG is greater than or equal to a value 
obtained by adding a sticking determination value IGFIR 
DEC (e.g., 1 deg) and a loWer limit IGLGG (e.g., —20 deg) 
(step S62). When the occurrence of mis?re has not been 
detected and IGLOG is greater than or equal to the sum of 
IGLGG and IGFIRDEC, the program proceeds to step S64. 
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If the occurrence of mis?re has been detected or IGLOG is 
less than the sum of IGLGG and IGFIRDEC, Which indi 
cates that the ignition timing IGLOG sticks to a value in the 
vicinity of the loWer limit IGLGG, a subtraction correction 
value IFIRDEC (<0) used in step S65 is decremented by a 
predetermined amount DIFIRDEC (step S63), and the pro 
gram next proceeds to step S64. 

[0074] In step S64, a basic value IFIRBS of the FIRE 
mode control term IFIR is calculated in accordance With Eq. 

(4) 
IFIRBS=1FIRINI><[1+(KMF1R—1)><KTAFIR] (4) 

[0075] KMFIR and KTAFIR are the continuation time 
correction coef?cient and the intake air temperature correc 
tion coef?cient calculated in steps S51 and S52 shoWn in 
FIG. 5, respectively. The continuation time correction coef 
?cient KMFIR changes With time elapsed from the start of 
the FIRE mode (an increase in the value of the counter 
CFIRON) as shoWn in FIG. 6B, so that the intake air amount 
is basically controlled so as to gradually increase from the 
start of the FIRE mode, subsequently gradually decrease, 
and subsequently maintain a substantially constant value 
(see FIG. 15A). 
[0076] IFIRINI is the initial value set in step S27 or S28 
shoWn in FIG. 3. 

[0077] In step S65, the subtraction correction value IFIR 
DEC updated in step S63 is added to the basic value IFIRBS 
calculated in step S64 to calculate the FIRE mode control 
term IFIR. By adding the subtraction correction value IFIR 
DEC (<0), the intake air amount decreases When a mis?re is 
detected or When the ignition timing IGLOG sticks to a 
value in the vicinity of the loWer limit. Thereby avoiding the 
possibility that the discharge of unburned fuel may increase 
or that the retard correction of the ignition timing IGLOG 
may become impossible (the engine rotational speed NE 
cannot be made equal to the target rotational speed NEFIR). 

[0078] FIG. 8 is a ?oWchart shoWing ignition timing 
control processing, and this processing is executed in syn 
chronism With the generation of a TDC signal pulse in the 
CPU 5b. 

[0079] In step S71, a basic ignition timing IGMAP is 
calculated according to the engine rotational speed NE and 
the absolute intake pressure PBA. Thereafter, a correction 
term IGCR other than the retard correction term IGFPI is 
calculated (step S72). In step S73, a processing of determi 
nation of feedback (FB) control execution conditions, Which 
is shoWn in FIG. 9, is executed. This processing is per 
formed to determine execution conditions of feedback con 
trol for controlling the ignition timing so that the detected 
engine rotational speed NE coincides With the target rota 
tional speed NEFIR for the FIRE mode. If the execution 
conditions are satis?ed, a feedback control ?ag FFIRENEFB 
is set to “1”. 

[0080] In step S74, it is determined Whether or not the 
feedback control ?ag FFIRENEFB is “1”. If FFIRENEFB is 
“0”, the retard correction term IGFPI is set to “0” (step S75). 
When FFIRENEFB is “1”, Which indicates that the execu 
tion conditions are satis?ed, the feedback control is executed 
to set the retard correction term IGFPI according to the 
engine rotational speed NE (step S76). 
[0081] In step S77, the ignition timing IGLOG is calcu 
lated in accordance With Eq. (2) mentioned above. Then, the 
program is ended. 
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[0082] FIG. 9 is a ?oWchart shoWing the processing for 
determination of the FB control execution conditions 
executed in step S73 shoWn in FIG. 8. In step S91, it is 
determined Whether or not the FIRE mode ?ag FFIREON is 
“1”. If FFIREON is “0”, Which indicates that the FIRE mode 
is off, it is determined Whether or not the transient control 
?ag FFIRQUIT is “1” (step S103). When FFIRQUIT is “0”, 
Which indicates that the transient control is off, both the 
feedback control ?ag FFIRENEFB and a target rotational 
speed ?ag FNOENEFIR are set to “0” (Step 105). If the 
target rotational speed ?ag FNOENEFIR’s “1”, this indi 
cates that there Was no increase in the target rotational speed 
during the feedback control (see step S131 in FIG. 12). 
Then, the program is ended. 

[0083] If FFIRQUIT is “1” in step S103, Which indicates 
that the transient control is on, it is determined Whether or 
not the throttle valve opening THA is greater than or equal 
to a predetermined opening THFIR (e.g., 0.88 deg)(step 
S104). If THA is less than THFIR, Which indicates that the 
throttle valve is substantially fully closed, it is determined 
Whether or not the vehicle speed VP is higher than or equal 
to a second predetermined vehicle speed VFBE (e.g., 10 
km/h) Which is higher than the ?rst predetermined vehicle 
speed VFIRH (step S106). If VP is less than VFBE, the 
program is ended at once. If THA is greater than or equal to 
THFIR or VP is greater than or equal to VFBE, the program 
proceeds to step S105. 

[0084] When the program proceeds from step S104 to step 
S105 and is then ended at once, the feedback control frag 
FFIRENEFB is kept “1”, even if the FIRE mode ?ag 
FFIREON is “0”, and the feedback control is continued. 
When the vehicle speed VP reaches the predetermined 
vehicle speed VFBE in the state in Which the throttle valve 
3 is substantially full closed (that is, by creeping), or When 
the throttle valve 3 is opened, the feedback control ?ag 
FFIRENEFB is returned to “0”, and the feedback control is 
ended. 

[0085] If FFIREON is “1” in step S91, it is determined 
Whether or not the transient control ?ag FFIRQUIT is “1” 
(step S92). If FFIRQUIT is “1”, the feedback control ?ag 
FFIRENEFB is set to “0” (step S94), and the program 
proceeds to step S95. If FFIRQUIT is “0”, it is determined 
Whether or not the feedback control ?ag FFIRENEFB has 
already been set to “1” (step S93). If FFIRENEFB is “1”, the 
program is ended. When FFIRENEFB is “0”, the program 
proceeds to step S95. 

[0086] In step S95, it is determined Whether or not the 
value of an upcount timer TMOlACR is less than or equal 
to a predetermined time T1STFIR (e.g., 1 msec). If 
TMOlACR is less than or equal to T1STFIR, Which indi 
cates that the engine 1 has just started, an addition value 
NEFPIST for feedback control start determination, an addi 
tion value DNEFIR for target rotational speed correction, 
and a count value CFNEFBST for feedback control start 
determination are set to ?rst values NEFPI1 (e.g., 200 rpm), 
DNEFl (e.g., 1 rpm), and CFNEFBl (e.g., 200), respec 
tively (step S96). When TMOlACR is greater than 
T1STFIR, the addition value NEFPIST, the addition value 
DNEFIR, and the count value CFNEFBST are set to second 
values NEFPI2 (e.g., 200 rpm), DNEF2 (e.g., 12 rpm), and 
CFNEFB2 (e.g., 2), respectively (step S97). 
[0087] In step S98, it is determined Whether or not the 
engine rotational speed NE is higher than or equal to a value 










