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(7) ABSTRACT

A catalyst temperature estimating apparatus is provided,
capable of estimating the temperature of the catalyst
installed in an internal combustion engine on a vehicle by
providing various catalyst temperature estimating param-
eters, when the internal combustion engine is in an idle stop.
When it is determined that the internal combustion engine is
stopped by determining whether the internal combustion
engine is stopped, the temperature of the catalyst is esti-
mated based on temperature coefficients during the engine
stop. Estimation of the catalyst temperature even when the
engine is in an idle stop makes it possible to accurately and
promptly estimate the catalyst temperature when the engine
is restarted from the idle stop.
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CATALYST TEMPERATURE ESTIMATING
APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a catalyst tempera-
ture estimating apparatus for estimating the catalyst tem-
perature installed in the exhaust system of an internal
combustion engine, and particularly relates to a catalyst
temperature estimating apparatus capable of estimating the
catalyst temperature even when the internal combustion
engine is stopped.

[0003] 2. Background Art

[0004] Recently, in order to improve fuel consumption and
to reduce the emission of noxious components, an automatic
starting and stopping apparatus has been proposed, which
automatically stops the engine under certain driving condi-
tions, and automatically starts the engine when the driver
conducts a starting operation of the vehicle. An example of
this automatic starting and stopping apparatus stops the
engine when the engine is in idling operation, and the brake
pedal is depressed, and the shift position of th transmission
is at neutral position, and the vehicle speed is zero (herein-
after, this engine stop state is called as idle stop).

[0005] Particularly, in the case of a hybrid vehicle pro-
vided with an electric motor together with an internal
combustion engine as the driving power sources of the
vehicle, since the internal combustion engine can be driven
by the motor installed in the vehicle, the internal combustion
engine once stopped can be restarted easily, and such an idle
stop operation is adopted for hybrid vehicles.

[0006] In order to provide compatibility of protecting the
catalyst installed in the exhaust system of the internal
combustion engine and preserving the low fuel consumption
rate, for example, Japanese Unexamined Patent Application,
First Publication No. Hei 10-205375 proposes an apparatus
to estimate the temperature of the catalyst installed in the
exhaust system of the internal combustion engine and
increases fuel supply when the load becomes high. However,
the apparatus disclosed in the above Japanese Unexamined
Patent Application, First Publication No. Hei 10-205375
estimates that the temperature of the catalyst became suffi-
ciently lower and sets the estimated temperature to an initial
value when the engine is stopped and restarted.

[0007] However, when the above-described conventional
apparatus is applied to hybrid vehicles having the idle stop
function, the estimated catalyst temperature is set at the low
initial catalyst temperature even when the engine is restarted
before the catalyst temperature falls to the level of the low
initial temperature. As a result, the problems arise that the
estimated catalyst temperature includes an error and that it
takes time for the estimated temperature to catch up the
actual catalyst temperature.

SUMMARY OF THE INVENTION

[0008] 1t is therefore an object of the present invention to
provide a catalyst temperature estimating apparatus of the
internal combustion engine, which carries out estimation of
the catalyst temperature at every predetermined intervals by
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further providing parameters for calculating the catalyst
temperature during the idle stop operation.

[0009] In order to attain the above object, a catalyst
temperature estimating apparatus of the present invention
comprises a driving state detection device (in the embodi-
ment, the absolute pressure sensor 8 in an intake pipe, the
engine coolant temperature sensor 10, the crank angle sensor
11, etc.) for detecting a driving state of an internal combus-
tion engine (in the embodiment, the engine 1), a catalyst (in
the embodiment, the three way catalyst 15) installed in the
exhaust system (in the embodiment, the exhaust pipe 14) of
the internal combustion engine, a temperature estimation
apparatus (in the embodiment, step S19) for estimating a
temperature of the catalyst based on the output of the driving
state detecting device, and a determination device for deter-
mining whether the internal combustion engine is operating
or stopping, wherein the temperature estimating device
estimates the temperature of the catalyst based on predeter-
mined values (in the embodiment, TCTMIS and CTCTIS)
used at the time of the engine stop when it is determined by
the determination device that the internal combustion engine
is stopping.

[0010] Furthermore, the catalyst temperature estimating
apparatus according to the first aspect is capable of execut-
ing an idle stop.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a block diagram showing the schematic
structure of a internal combustion engine and a control
device of the engine according to an embodiment of the
present invention.

[0012] FIG. 2 is a flow-chart showing the engine stop
execution determination flow according to the embodiment.

[0013] FIG. 3 is a flow-chart showing the catalyst tem-
perature estimation flow according to the embodiment of the
present invention.

[0014] FIG. 4 is a diagram showing TCTM map which
stores the catalyst temperature map values TCTM.

[0015] FIG. 5 is a graph showing the atmospheric pres-
sure correction coefficient KTCTPA.

[0016] FIG. 6 is a graph showing the suction air tempera-
ture correction constant DTCTTA.

[0017] FIG. 7 is a graph showing the ignition timing
correction constant DTCTIG.

[0018] FIG. 8 is a graph showing the engine coolant
temperature correction constants DTCTTW.

[0019] FIG. 9 is a CTCT table for determining a catalyst
temperature-dependent correction coefficient CTCT.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] Hereinafter, a catalyst temperature estimating
device applied to a control device of a hybrid vehicle
according to one embodiment of the present invention will
be described with reference to the attached drawings.

[0021] In the following description, an explanation is first
provided about conditions, under which the idle stop opera-
tion of an internal combustion engine is executed, and then
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the next explanation is provided about various processes
executed by the catalyst temperature estimation apparatus of
the internal combustion engine in response to various engine
conditions such as the idle stop operation.

[0022] Referring first to FIG. 1, there is illustrated the
whole arrangement of the internal combustion engine (here-
inafter simply referred to as “the engine”) and a fuel supply
control system thereof according to an embodiment of the
present invention.

[0023] In the figure, reference numeral 1 designates an
internal combustion engine, which has a cylinder block to
which is connected an intake pipe 2. A throttle valve 3 is
arranged in the intake pipe 2. A throttle valve opening (TH)
sensor 4 is connected to the throttle valve 3, and electrically
connected to an electronic control unit (hereinafter, referred
to as “the ECU”) 5 for supplying an electric signal indicative
of the sensed throttle valve opening TH to the ECU 5.

[0024] Further electrically connected to the ECU 5 are a
throttle actuator 23 for driving the throttle valve 23 and an
accelerator pedal position (AP) sensor 25 for detecting the
position AP of an accelerator pedal, not shown, of a vehicle
in which the engine is installed. The ECU § controls the
operation of the throttle actuator 23 in response to the
accelerator pedal position AP detected by the accelerator
pedal position sensor 25.

[0025] Fuel injection valves 6, only one of which is
shown, are inserted into the intake pipe 2 at locations
intermediate between the cylinder block of the engine 1 and
the throttle valve 3 and slightly upstream of respective
intake valves, not shown. The fuel injection valves 6 are
connected to a fuel pump, not shown, and electrically
connected to the ECU 5 to have their valve opening periods
controlled by signals therefrom.

[0026] On the other hand, an intake pipe absolute pressure
(PBA) sensor 8 is communicated with the interior of the
intake pipe 2 via a conduit 7 at a location immediately
downstream of the throttle valve 3 for sensing absolute
pressure or intake pressure (PBA) within the intake pipe 2,
and is electrically connected to the ECU § for supplying an
electric signal indicative of the sensed absolute pressure
PBA to the ECU 5. Further, an intake air temperature (TA)
sensor 9 is inserted into the intake pipe at a location
downstream of the PBA sensor 8 for supplying an electric
signal indicative of the sensed intake air temperature TA to
the ECU 5.

[0027] An engine coolant temperature (TW) sensor 10,
which may be formed of a thermistor or the like, is mounted
in the cylinder block of the engine 1 which is filled with
engine coolant for supplying an electric signal indicative of
the sensed engine coolant temperature TW to the ECU 5.

[0028] A cylinder-discriminating sensor (hereinafter,
referred to as “the CYL sensor”) 13, a TDC sensor 12, and
a crank angle (CRK) sensor 11 are arranged in facing
relation to a crankshaft or a crankshaft of the engine 1,
neither of which is shown. The CYL sensor 13 generates a
signal pulse (hereinafter, referred to as “a CYL signal
pulse”) at a predetermined crank angle of a particular
cylinder of the engine 1. The TDC sensor 12 generates a
signal pulse (hereinafter, referred to as “a TDC signal pulse)
at each of predetermined crank angles (e.g. whenever the
crank shaft rotates through 180 degrees when the engine is
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of the 4-cylinder type) which each corresponds to a prede-
termined crank angle before a top dead point (TDC) of each
cylinder corresponding to the start of the intake stroke of the
cylinder. The CRK sensor 11 generates a signal pulse
(hereinafter, referred to as “a CRK signal pulse) at one of
predetermined crank angles (e.g. whenever the crank shaft
rotates through 30 degrees) with a predetermined repetition
period shorter than the repetition period of TDC signal
pulses. The CYL signal pulse, TDC signal pulse, and CRK
signal pulse are supplied to the ECU §.

[0029] A spark plug 19 is arranged in each cylinder of the
engine 1 and electrically connected to the ECU § through a
distributor 18.

[0030] Further electrically connected to the ECU 5 are a
vehicle speed sensor 24 for detecting the traveling speed
(vehicle speed) VP of the vehicle and an atmospheric
pressure sensor for detecting atmospheric pressure (PA).
Signals indicative of the sensed vehicle speed VP and the
atmospheric pressure PA are supplied to the ECU §.

[0031] A three way catalyst (catalytic converter) 15 is
arranged in an exhaust pipe 14 of the engine 1 for purifying
noxious components of exhaust gases emitted from the
engine 1, such as HC, CO, and NOx. An oxygen concen-
tration sensor (hereinafter, referred to as “the O, sensor”) 16
as an air-fuel ratio sensor is arranged in the exhaust pipe 14
at a location upstream of the catalyst 15, which detects the
concentration of oxygen present in exhaust gases and sup-
plies an electric signal indicative of the sensed oxygen
concentration to the ECU 5.

[0032] Furthermore, the ECU 5 receives, in addition to the
above-described information concerning the engine 1, infor-
mation from component of the hybrid vehicle, such as each
information from respective control devices for controlling
a motor (not illustrated), a high voltage battery (not illus-
trated) for supplying electric power mainly to the motor, a
12V battery (not illustrated) for supplying power to the
vehicle auxiliary accessories (for example, a state of charge
of the battery, and the operating state of the motor). Based
on above-described information and other parameters, the
ECU 5 identifies the engine operating states such as a fuel
cut, an idle stop, and the engine is starting, and also
estimates the temperature of the three way catalyst and
controls the fuel injection period of the fuel injection valve
6.

[0033] Next, among engine operating states determined by
the engine ECU §, the idle stop determination flow will be
described hereinafter with reference to FIG. 2.

[0034] Instep S101 in FIG. 2, the state of the engine stop
control execution flag F_ FCMG which indicates the idle
stop execution is determined. When the engine stop control
execution flag F_FCMG is “0”, that is, when it is determined
that the idle stop control is not executed, then the step
proceeds to step S102, wherein it is determined whether the
motor start propriety determination flag F MOTSTB is “17,
that is, it is determined whether the motor start is appropri-
ate.

[0035] When it is determined that the motor start propriety
determination flag F_MOTSTB is “17, that is, when it is
determined the start by the motor is appropriate, the flow
proceeds to step S103. In step S103, it is determined whether
the energy storage zone determination flag F_ESZONE is
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“17, that is, it is determined whether the state of charge of
the battery SOC is in the over-discharged region (for
example, less than 20%).

[0036] When it is determined in step S103 that the energy
storage determination flag F_ESZONE is “0”, that is, the
state of charge is not in the over-discharged zone, it is
determined in the subsequent step S104 whether the present
coolant temperature TW is equal to or higher than the lower
limit coolant temperature TWFCMG (for example, 40° C.)
for executing the engine stop.

[0037] When it is determined that the coolant temperature
is equal to or higher than the lower limit coolant temperature
TWCMG, that is, when TWZTWCMG, it is determined in
the subsequent step S105 whether the suction air tempera-
ture TA is less than the upper limit suction air temperature
TAFCMG (for example, 40° C.). When it is determined that
the suction air temperature is less than the upper limit
suction air temperature for executing the engine stop, that is,
when TA=TAFCMG, the flow proceeds to step S106.

[0038] In step S106, it is determined whether the shift
position is in a reverse R (back) position. When it is
determined that a reverse switch flag F_RVSSW is “0”, that
is, when it is determined that the shift position is not the
reverse position, the flow proceeds to step S107, wherein it
is determined whether the restart possibility determination
flag F_ FCMGBAT is “1”. When it is determined that the
restart is possible, the flow proceeds to step S108.

[0039] In step S108, it is determined whether the throttle
full close determination flag F_THIDLMG is “1”. When it
is determined whether the throttle full close determination
flag F_THIDLMG is “0”, that is, when it is determined that
the throttle is fully closed, that flow proceeds to step S109.

[0040] Instep S109, the states of a neutral switch OK flag
F_OKNSW, a clutch switch OK flag F_OKCLSW, and a
brake switch OK flag F_OKBRKSW are determined. The
above-described flags are used for determining whether
these switches are normally operating and when these
switches are in normal conditions, these flags are set to “1”.
When it is determined that these switches are normal, the
flow proceeds to step S110.

[0041] Instep S110, the present vehicle speed is compared
with an idle stop execution determination vehicle speed
VIDLST (for example, 3 km/h). Because of this comparison,
the fuel cut operation continues when the vehicle is moving
(that is, after step S111), and when the vehicle is determined
that it is stopping, the idle stop operation is executed. The
above processes make it possible to improve the fuel con-
sumption.

[0042] When it is determined that the vehicle speed V is
lower than the idle stop execution determination vehicle
speed VIDLST, the flow proceeds to step S118, wherein the
state of a flag F_IDLREST for executing restart by opening
throttle is determined. When it is determined that the flag
F_IDLREST for executing restart by opening the throttle is
“07, the flow proceeds to step S119. In step S119, the state
of the neutral gear position holding determination flag
F_NDLY is determined. When it is determined that the
neutral gear position holding determination flag F_NDLY is
“07, that is, it is determined that the neutral gear position is
not held for a predetermined period of time, the flow
proceeds to step S120.

Jan. 24, 2002

[0043] In step S120, the state of a flag F_ FCMGV is
determined for determining whether the vehicle speed
exceeds a predetermined vehicle speed after restarting the
starter. Here, the phrase “after restarting the starter” means
that the vehicle is restarted (the same meaning below). When
it is determined that the flag F FCMGYV for determining
whether the vehicle speed exceeds a predetermined vehicle
speed after restarting the starter is “1”, the flow proceeds to
step S121, and the state of a flag F_ NGRMG for determining
whether the gear positions excluding the first gear position
are used is determined. When it is determined that the flag
F_NGRMG for determining whether the gear positions
excluding the first gear position are used is “17, that is, it is
determined that the vehicle is moving using a gear position
excluding the first position, the flow proceeds to step S122,
wherein the state of the clutch pedal depression holding
determination flag F_CLON is determined.

[0044] When it is determined that the clutch pedal depres-
sion holding determination flag F_CLON is “1”, the flow
proceeds to step S123, wherein an engine stop control
execution flag F_FCMG is set to “1”. Thereby, the engine
stop is executed when the vehicle is stopped while the clutch
pedal is depressed and shift position is not on the first or
reverse gear positions.

[0045] In step S110, it is determined whether the present
vehicle speed V is lower than the idle stop execution
determination vehicle speed VIDLST, and when it is deter-
mined the present speed V is lower than the idle stop
execution determination vehicle speed VIDLST, the flow
proceeds to step S111, wherein a flag F_FCMGYV, which
indicates that the present vehicle speed exceeds a predeter-
mined vehicle speed after starting the starter, is set to “17,
and the flag F_JIDLREST for executing restart by opening
throttle is set to “07, then the flow proceeds to step S112.

[0046] In step S112, a comparison is made between the
present vehicle speed V and the upper limit vehicle speed
VFCMGST for continuing the fuel cut during deceleration
(for example, 20 km/h). When it is determined that the
present vehicle speed V is lower than the upper limit vehicle
speed VECMGST for continuing the fuel cut during decel-
eration, the flow proceeds to step S113, wherein the state of
a neutral gear position holding determination flag F_NDLY
is determined.

[0047] When it is determined that the neutral gear position
holding determination flag F_NDLY is “1”, the flow pro-
ceeds to step S123, wherein an engine stop control execution
flag F_FCMG, which indicates that the engine stop can be
executed, is set to “1”. In contrast, when it is determined that
the neutral gear position holding determination flag
F_NDLY is “0”, the flow proceeds to ste S114. In step S114,
the state of the flag F_ NGRMG for determining whether the
gear positions are not in the first gear position. When it is
determined that the flag F NGRMG for determining
whether the gear positions is not in the first gear position is
used, is “1”, the flow proceeds to step S115, wherein the
state of a low engine rotation speed determination flag
F_FCLINE at the time of depressing the clutch is deter-
mined.

[0048] When the flag F_FCLINE, which indicates the
result of the comparison between the engine rotation speed
NE at the time of depressing the clutch pedal with a
predetermined value, is “1”, that is, when the clutch is
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disconnected when the engine rotation speed NE is lower
than a predetermined engine rotation speed NE, the fuel cut
during deceleration is continued, and in subsequent step
S116, the state of the flag F_FCBRK, which indicates that
the brake is not depressed while continuing the fuel cut
during deceleration, is determined.

[0049] In step S116, when the flag F_FCBRK, which
indicates that the brake is not depressed while continuing the
fuel cut during deceleration, is “07, it is determined in step
S117 whether the brake switch is “ON” or “OFF”. When it
is determined that the brake switch is “ON”, the flow
proceeds to step S123, wherein the engine stop control
execution flag F_FCMG which indicates that the idle stop
can be executed, and the flow is returned.

[0050] It is noted that when the condition is not fulfilled in
each step of the above flow, the flow proceeds to return and
the flow from step S101 is executed. These processes are
repeatedly executed at a predetermined interval by the
engine ECU §.

[0051] When conditions are fulfilled in all steps, the
engine stop control execution flag F_FCMG is set to “1” and
the idle stop is executed.

[0052] Next, a flow for estimating the catalyst temperature
of the three way catalyst 15 according to the present embodi-
ment will be described with reference to FIG. 3. This flow
is carried out by the ECU §, similar to the flow for deter-
mining the idle execution determination.

[0053] First, it is determined at step S1 whether the engine
is in the starting mode. If the engine is in the starting mode,
the catalyst temperature determination flag FCATWOT is set
to “1” at step S2, followed by terminating the present
routine.

[0054] On the other hand, if the engine 1 is not in the
starting mode, it is determined at step S3 whether or not a
fail-safe action for a sensor (e.g. abnormality of the PBA
sensor 8 and/or the CRK sensor 11) has been detected. If any
fail-safe action has been detected, estimation of the catalyst
temperature is difficult to carry out, and therefore the pro-
gram proceeds to the step S2, wherein the catalyst tempera-
ture determination flag FCATWOT is set to “17, followed by
terminating the present routine.

[0055] The present process of FIG. 3 is executed at
predetermined time intervals (e.g. 0.5 sec) and therefore it is
determined at step S4 whether or not the count value of a
downcounting timer tmCATWOT is equal to 0. The timer
tmCATWOT is set to 0.5 sec as an initial value, and the
count value of the timer tmCATWOT is subtracted from the
initial value with the lapse of time. If the count value of the
timer tmCATWOT is not equal to 0, the program is imme-
diately terminated, whereas if the count value is equal to O,
the timer tmCATWOT is reset to the initial value (0.5 sec)
at step S3.

[0056] Then, it is determined at step S6 whether or not an
engine stop control execution flag F_FCMG (see FIG. 2) is
“17, that is, whether or not the idle stop is being carried out
If the engine stop control execution flag F_FCMG is not “17,
indicating that the idle stop is not being carried out, the flow
proceeds to step S7.

[0057] 1If the idle stop is being carried out, it is determined
at step S7 whether or not the fuel cut flag FDECFC is set to

Jan. 24, 2002

“1”, which, when set to “1”, indicates that the fuel cut is
being carried out during deceleration of the engine 1,
assumes 1. If the fuel cut flag FDECFC is equal to 0, a
TCTM map, shown in FIG. 4 is retrieved to determine a
catalyst temperature map value TCTM according to the
engine rotational speed NE and the intake pipe absolute
pressure PBA at step S8.

[0058] FIG. 4 shows the TCTM map as temperature value
memory means in which values of the catalyst temperature
map TCTM are set. The TCTM map is prepared by actually
measuring the catalyst temperature ranging from 0° C. to
1020° C., assumed when the engine is actually operated with
the engine rotational speed NE and the intake pipe absolute
pressure PBA set to different values, to thereby set the
measured values as the map values. In the present embodi-
ment, the map values TCTM are each set to a value higher
by a predetermined amount (e.g. 50° C.) than an actually
measured value of the catalyst temperature at the same NE
and PBA values.

[0059] Further, the catalyst temperature map value TCTM
determined at step S8 may be corrected according to the
atmospheric pressure PA, the intake sir temperature TA, the
engine coolant temperature TW, and an ignition timing
correction amount IGC at a step S9, by use of the following
equation (2):

TCTM<TCTM*KTCTPA+DTCTTA+DTCTIGDTCTTW @

[0060] where, KTCTPA represents an atmospheric pres-
sure-dependent correction coefficient, DTCTTA an intake
air temperature-dependent correction variable, DTCTIG an
ignition time-dependent correction variable, and DTCTTW
an engine coolant temperature-dependent correction vari-
able, respectively.

[0061] FIG. 5 shows a graph for determining the atmo-
spheric pressure-dependent correction coefficient KTCTPA.
As shown in FIG. 5, the correction coefficient KTCTPA is
set to a smaller value as the atmospheric pressure PA is
higher. For example, when the engine is operating at 0 m
above the sea level, i.e. when the PA value assumes 760
mmHg, the KTCTPA value is set to 0.

[0062] FIG. 6 shows a graph for determining the intake air
temperature-dependent correction variable DTCTTA. As
shown in FIG. 6, the correction variable DTCTTA is set to
a larger value as the intake air temperature is higher. For
example, when the TA value assumes 25° C., the DTCTTA
value is set to 0.

[0063] FIG. 7 shows a graph for determining the ignition
timing-dependent correction variable DTCTIG. As shown in
FIG. 7, the correction variable DTCTIG is set to a larger
value as the ignition timing correction amount IGC is set to
a more retarding side. For example, when the ignition
correction amount IGC is 0, the DTCTIG value is set to 0.

[0064] FIG. 8 shows a graph for determining the coolant
temperature-dependent correction variable DTCTTW. As
shown in FIG. 8, the correction variable DTCTTW is set to
a larger value as the engine coolant temperature TW is
higher. For example, when the TW value assumes 80° C., the
DTCTTW is set to 0.

[0065] As shown above, when the catalyst temperature is
corrected using respective correction variables in step S9, it
is determined at the subsequent step S10 whether or not a
high load determination flag FWOT which, when set to “1”,
indicates that the engine is in the high load condition (WOT
condition) and hence execution of the fuel supply increase
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control is permitted, is set to “1”. If the high load determi-
nation flag FWOT assumes “17, it is determined at step S11
whether or not the catalyst temperature map value TCTM-
WOT is equal to or higher than a predetermined value
TCTMWOT (e.g. 900° C.).

[0066] If TCTMZTCTMWOT holds, the catalyst tem-
perature map value TCTM is set to the predetermined value
TCTMWT at step S12. In the subsequent step S13, a
temperature-dependent correction coefficient CTCT is set to
a predetermined value CTCTWOT (in the present embodi-
ment, 0.06).

[0067] On the other hand, if the high load determination
flag FWOT is not equal to “1” at step S10, or if the catalyst
temperature map value TCTM is lower than the predeter-
mined value TCTMWOT, a CTCT table, shown in FIG. 9,
is retrieved to thereby determine the temperature-dependent
correction coefficient CTCT according to the engine rota-
tional speed NE and the intake pipe absolute pressure PBA
at step S14, and the flow proceeds to step S19.

[0068] As shown in FIG. 9, the CTCT graph is set such
that the temperature-dependent correction coefficient CTCT
is set to a larger value as the engine rotational speed NE is
higher and/or the intake pipe absolute pressure PBA is
higher.

[0069] On the other hand, if it is determined at step S7 that
the fuel cut flag FDECFC which, when set to “1”, indicates
that fuel cut is being carried out during deceleration of the
engine, is “1”, the catalyst temperature map value TCTM is
set to a predetermined value TCTMFC suitable for fuel cut
(e.g. 600° C.), and at step S16, the temperature correction
coefficient CTCT is set to the predetermined temperature
correction coefficient CTCTFC (in the present embodiment,
0.004) and the flow proceeds to step S19.

[0070] On the other hand, if it is determined at step S6 that
the value of the fuel stop control execution flag F FCMG
(see FIG. 2) is “17, that is, it is determined that the fuel cut
is being carried out, the flow proceeds to step S17, wherein
the catalyst temperature map value TCTM is set to a value
TCTMIS (in the present embodiment, 650° C.), which is set
to a value higher than the predetermined value at the time of
fuel cut TCTMFEC (in the present embodiment 600° C.). In
the subsequent step S18, a predetermined temperature cor-
rection coefficient CTCTIS (in this embodiment, 0.002)
employed during the idle stop operation is set, which is a
value smaller than the predetermined temperature correction
coefficient CTCTFC (in this embodiment, 0.004) employed
during the fuel cut operation, and the flow proceeds to step
S19.

[0071] 1t is noted that the predetermined temperature
TCTMIS employed during the idle stop operation and the
predetermined temperature correction coefficient CTCTIS
employed during the idle stop operation correspond to
predetermined values for stopping the internal combustion
engine. In addition, the reason for setting the predetermined
temperature TCTMIS during the idle stop operation to a
larger value than the predetermined temperature TCTMFC
during the fuel cut operation and the reason for setting the
predetermined temperature correction coefficient CTCTIS
during the idle stop operation to a smaller value than the
predetermined temperature correction factor CTCMFC dur-
ing the fuel cut operation are based on the fact that the
temperature of the three way catalyst decreases rapidly
during the fuel cut operation due to the air flowing through
the three way catalyst, whereas, during the idle stop opera-
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tion, the temperature of the three way catalyst decreases
gradually because there is no air stream flowing through the
three way catalyst.

[0072] Then, at step S19, the estimated catalyst tempera-
ture TCT is calculated based on the catalyst temperature map
value TCTM and the temperature-dependent correction
coefficient CTCT determined as described above in response
to each driving condition by use of the following equation
2

TCT(n)=TCT(n-1)+(TCTM-TCT(n-1))*CTCT 2
[0073] where, n represents the present value of the esti-
mated catalyst temperature TCT, and n-1 represents the last
value of the TCT value. Further, the initial value TCTM of
the TCT is set to 200° C., when the coolant temperature TW
is equal to or below 50° C., while it is set to 500° C. when
the coolant temperature TW is higher than 50° C.

[0074] Further, the initial value TCTI is corrected accord-
ing to a coolant temperature initial value-dependent correc-
tion variable DTCTTWI shown in FIG. 8 and an intake air
temperature initial value-dependent correction variable
DTCTTAI shown in FIG. 6 by use of the following equa-
tion.

TCTI<TCTI+DTCTTAIDTCTTWI (©)]

[0075] A series of the estimated catalyst temperatures are
accurately calculated based on parameters depending on
various driving conditions by repeating execution of the
above-described series of processing.

[0076] The estimated catalyst temperature is used as
parameters to determine the timing for increasing fuel at the
time when a high load is imposed on the internal combustion
engine 1 and to determine the increasing fuel amount for
increasing fuel.

[0077] Regarding a detection of deterioration of the three
way catalyst, it is necessary to detect when the catalyst is in
the active state. Accordingly, deterioration of the three way
catalyst is usually detected using the estimated catalyst
temperature obtained by the above-described process as a
parameter.

What is claimed is:
1. A catalyst temperature estimating apparatus compris-
ing:
a driving state detection device for detecting a driving
state of an internal combustion engine;

a catalyst installed in the exhaust system of the internal
combustion engine;

a temperature estimating device for estimating a tempera-
ture of the catalyst based on the output of the driving
state detecting device; and

a determination device for determining whether the inter-
nal combustion engine is operating or stopping;

wherein the temperature estimating device estimates the
temperature of the catalyst based on predetermined
values used at the time of the engine stop when it is
determined by the determination device that the inter-
nal combustion engine is stopped.
2. A catalyst temperature estimating apparatus according
to claim 1, wherein said internal combustion engine is
capable of executing an idle stop.
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