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(57) ABSTRACT 

The present invention has its object to judge the establish 
ment of conditions in?uencing on the evaluation of perfor 
mance of a NOx catalyst, Whereby When being established, 
the evaluation of performance of the NOx catalyst is stopped 
to thereby prevent the performance of the NOx catalyst from 
being erroneously judged. 

The aforementioned object is realized by an engine exhaust 
purifying apparatus comprising a NOx trap Which is pro 
vided in an exhaust passage of an engine to trap NOx in 
exhaust gases by adsorption or absorption When the air/fuel 
ratio of a mixture gas is lean, and to release or reduce NOx 

When the air/fuel ratio is rich, and NOx trapping quantity 
judging means for evaluating the exhaust purifying perfor 
mance including the NOx trapping quantity of the NOx trap, 
Wherein the operating state of the NOx trap is measured 
directly or indirectly, and When the measured operating state 
is judged to be beyond a predetermined range, the purifying 
performance evaluation of the NOx trap is inhibited or 
stopped. 

Further, the aforementioned object is realized by an engine 
exhaust purifying apparatus comprising a NOx trap Which is 
provided in the engine exhaust passage to trap such as 
adsorption or absorption NOx of exhaust gases When the 
air/fuel ratio of exhaust gases is lean, and to release or 
reduce NOx When the air/fuel ratio is rich, and NOx trapping 
quantity judging means for evaluating the exhaust purifying 
performance including the NOx trapping quantity of the 
NOx trap, characterized in that the operating state of the 
NOx trap is measured directly or indirectly, and When the 
measured operating state is judged to be beyond the prede 
termined range, the purifying performance evaluation of the 
NOx trap is inhibited or stopped. 

According to the present invention, since the release of 
oxygen stored and the timing of the release of NOx trapped 
are detected separately by the output of the air/fuel ratio 
sensor at the downstream of the NO trap for trapping NOx, 
it is possible to provide an engine exhaust purifying appa 
ratus capable of detecting the NOx trap quantity and the 
oxygen storage capacity separately With good accuracy. 
Under the circumstances that the aforesaid detection accu 
racy cannot be secured, it is possible to prevent an erroneous 
detection by inhibiting or stopping the detecting operation. 
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ENGINE EXHAUST PURIFYING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an engine exhaust 
purifying apparatus. 

[0002] There has been proposed technology, for improv 
ing the fuel consumption of the engine, for making air 
excessive (hereinafter referred to as lean) than that in a 
stoichiometric air/fuel ratio (hereinafter referred to as sto 
ichiometry) to lean-burn fuel. 

[0003] For example, a system for injecting fuel near an 
intake port of an intake pipe portion (port injection) in Which 
the lean combustion at air/fuel ratio of about 20 to 25 is 
realiZed, and a cylinder direct fuel injection system (cylinder 
injection) in Which a strati?ed mixture is formed to realiZe 
the extremely lean combustion at air/fuel ratio of 40 to 50 
have been used. In these technologies, it is possible to 
increase the lean combustion, that is, the intake air amount 
to thereby reduce the pumping loss and heat loss, thus 
improving the fuel consumption. 

[0004] HoWever, in case of combustion at stoichiometry, 
HC, CO and NOx in exhaust gases can be oxidiZed and 
reduced simultaneously by a three-Way catalytic converter to 
cleanse them, Whereas in the lean combustion, the reduction 
of NOx is difficult because the exhaust gases are excessive 
in oxygen. Therefore, there has been proposed an engine 
exhaust purifying apparatus in Which an NOx absorbent is 
arranged in an exhaust passage to absorb NOx When the 
air/fuel ratio of a mixture is lean, and to release NOx When 
the air/fuel ratio is rich (excessive fuel), so that the air/fuel 
ratio is temporarily changed from lean to the stoichiometric 
air/fuel ratio or rich in a predetermined period to release and 
reduce the NOx absorbed in the NOx absorbent. 

[0005] In the exhaust purifying apparatus as described 
above, it is desirable, in a sense of reducing the fuel 
consumption and the exhaust components such as HC in the 
exhaust gases, to temporarily change the air/fuel ratio to the 
stoichiometry or rich only for a period corresponding to the 
quantity of NOx absorbed. 

[0006] As the technology for judging the completion of 
release of NOx When the air/fuel ratio is temporarily 
changed to the stoichiometry or rich, Japanese Patent No. 
2692380 (WO94/17291) has been proposed. In this patent, 
When the air/fuel ratio detected by an air/fuel ratio sensor 
mounted at the doWnstream of a NOx trap is changed from 
lean to rich after the air/fuel ratio has been sWitched from 
lean to the stoichiomtry or rich, the completion of the release 
of NOx is to be judged. This is based on the fact that since 
HC and CO in the exhaust gases flown in from the upstream 
are consumed for reduction of NOx until NOx absorbed in 
the NOx trap is released and reduced even if the air/fuel ratio 
at the upstream of the NOx trap becomes the stoichiometry 
or rich, the air/fuel ratio detected by the air/fuel ratio sensor 
mounted at the doWnstream of the NOx trap becomes 
someWhat lean, and the air/fuel ratio detected by the air/fuel 
ratio sensor becomes rich after the release and reduction of 
the NOx absorbed in the NOx trap have been completed. 

[0007] As the similar technology, Japanese Patent Laid 
Open No. 10-128058 (corresponds to US. Pat. No. 5,743, 
084) discloses the technology in Which the quantity of NOx 
is estimated, Which is trapped by a time difference until the 
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air/fuel ratio detected by the air/fuel ratio sensor mounted at 
the doWnstream of the NOx trap is sWitched from lean to 
rich after the air/fuel ratio has been sWitched from lean to the 
stoichiometry or rich, thereby monitoring the performance 
of the NOx trap. 

[0008] HoWever, for example, an output Waveform of the 
air/fuel ratio sensor mounted at the doWnstream of a NOx 
trap or a trapping device (hereinafter referred to as “NOx 
trap”) is affected by the oxygen storage capacity even if the 
quantity of NOx trapped in the NOx trap is the same. This, 
hoWever, has not been taken into consideration in the 
aforementioned prior art. 

SUMMARY OF THE INVENTION 

[0009] The present invention has its object to judge the 
establishment of conditions in?uencing on the evaluation of 
performance of a NOx catalyst, Whereby When being estab 
lished, the evaluation of performance of a NOx catalyst is 
stopped to thereby prevent the performance of a NOx 
catalyst from being erroneously judged. 

[0010] The aforementioned object is realiZed by an engine 
exhaust purifying apparatus comprising an exhaust compo 
nent trap Which is provided in an exhaust passage of an 
engine and having a trapping function to adsorb or absorb an 
exhaust component and means for evaluating the perfor 
mance of said exhaust component trap, Wherein When at 
least one of an operating state of an engine system, the 
operating state of said exhaust component trap, and said 
means for evaluating the performance of said exhaust com 
ponent trap is judged to be beyond a predetermined oper 
ating range, the performance evaluation of said exhaust 
component trap is inhibited or stopped. 

[0011] Further, the aforementioned object is realiZed by an 
engine exhaust purifying apparatus comprising a NOx trap 
Which is provided in an exhaust passage of an engine to trap 
NOx in exhaust gases by adsorption or absorption When the 
air/fuel ratio of a mixture gas is lean, and to release or reduce 
NOx When the air/fuel ratio is rich, and NOx trapping 
quantity judging means for evaluating the exhaust purifying 
performance including the NOx trapping quantity of said 
NOx trap, Wherein the operating state of said NOx trap is 
measured directly or indirectly, and When said measured 
operating state is judged to be beyond a predetermined 
range, the purifying performance evaluation of said NOx 
trap is inhibited or stopped. 

[0012] According to the present invention, it is possible to 
provide an engine exhaust purifying apparatus in Which 
since the release of oxygen stored and the release timing of 
NOx trapped are separately detected from an output of the 
air/fuel ratio sensor at the doWnstream of the NOx trap for 
trapping the exhaust gas component, for example, NOx, the 
NOx trapping quantity and the oxygen storage capacity can 
be separately detected With high accuracy. Under the cir 
cumstances that said detection accuracy cannot be secured, 
the detecting operation is inhibited or stopped to thereby 
enable prevention of erroneous detection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs a schematic vieW of an engine 
exhaust purifying apparatus according to the present inven 
tion; 
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[0014] 
sensor; 

[0015] FIG. 3 is a constitutional vieW of ECU; 

[0016] FIG. 4 is a map of a target equivalent ratio every 
operating region; 

FIG. 2 is a characteristic vieW of an air/fuel ratio 

[0017] FIG. 5 is a vieW for explaining a relationship 
betWeen an output Waveform of an air/fuel ratio at the 
doWnstream of a NOx trap When a NOx purge is controlled 
and a difference in NOx trap; 

[0018] FIG. 6 is a vieW for explaining a judging method 
for an oxygen storage quantity and a NOx trapping quantity 
based on an output Waveform of an air/fuel ratio at the 
doWnstream of a NOx trap When a NOx purge is controlled; 

[0019] FIG. 7 is a vieW shoWing a relationship betWeen 
T2 and the NOx trapping quantity; 

[0020] FIG. 8 is a vieW shoWing a relationship betWeen 
T1 and the oxygen storage quantity; 

[0021] FIG. 9 is a vieW for explaining a judging method 
for an oxygen storage quantity and a NOx trapping quantity 
based on an output Waveform of an air/fuel ratio at the 
doWnstream of a NOx trap When a NOx purge is controlled, 
in prior art; 

[0022] FIG. 10 is a vieW shoWing a relationship betWeen 
Tx and the NOx trapping quantity, in prior art; 

[0023] FIG. 11 is a vieW for explaining the NOx purge 
control, the deterioration judging timing, and so on; 

[0024] 
process; 

[0025] FIG. 13 is a ?oW chart for explaining a NOx purge 
control process; 

[0026] FIG. 14 is a ?oW chart for explaining a deteriora 
tion judging process; 

[0027] FIG. 15 is a ?oW chart for inhibiting a NOx 
catalyst (trap) diagnosis; and 

[0028] FIG. 16 is a ?oW chart for judging the abnormality 
of an engine system. 

FIG. 12 is a ?oW chart for explaining a fuel control 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] For example, When a NOx trap itself has O2 storage 
capacity, or When a catalyst or the like having O2 storage 
capacity is arranged at the upstream and doWnstream close 
to the NOx trap, oxygen is stored during operation at a lean 
operation, and When the air/fuel ratio is sWitched from lean 
to stoichiometric air/fuel ratio or rich, the oxygen is 
released. Accordingly, an output of an air/fuel ratio sensor 
mounted at the doWnstream of the catalyst or the like having 
O2 storage capacity is affected by oxygen released there 
from. 

[0030] Accordingly, Where the quantity of NOx trap 
absorbed in the NOx trap and the trapping performance are 
estimated by the air/fuel ratio sensor, a great error possibly 
results. For example, When the oxygen storage quantity is 
great, When the air/fuel ratio is temporarily sWitched 
changed from lean to the stochiometric air/fuel ratio or rich, 
the time When the output of the air/fuel ratio sensor mounted 
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at the doWnstream of the NOx trap indicates lean becomes 
longer. Because of this, the NOx quantity is erroneously 
judged to be great. Conversely, When the oxygen storage 
quantity is small, When the air/fuel ratio is temporarily 
sWitched changed from lean to the stochiometric air/fuel 
ratio or rich, the output of the air/fuel ratio sensor mounted 
at the doWnstream of the NOx trap indicates rich early. 
Because of this, the NOx trap quantity is erroneously judged 
to be small. 

[0031] If the lean operation is carried out, the oxygen 
storage quantity reaches oxygen storage capacity in a short 
time, but since the oxygen storage capacity itself becomes 
uneven due to the deterioration or the like, the erroneous 
judgment as described above possibly occurs. 

[0032] Further, the NOx trap having oxygen storage 
capacity or the catalyst and so on having oxygen storage 
capacity arranged at the upstream and doWnstream close to 
the NOx trap are subjected to oxidiZing reaction of unburnt 
HC, CO based on the oxygen storage capacity. Accordingly, 
if the oxygen storage capacity loWers, the oxidiZing and 
reducing reactions thereof become Weaken so that Nox trap 
and the catalyst having the oxygen storage capacity arranged 
at the upstream and doWnstream close to the NOx trap 
becomes deteriorated, and it is therefore desired that the 
oxygen storage capacity be detected independently. Also in 
this case, separation from the quantity of NOx trap is 
necessary as described above. The performance of the NOx 
trap is greatly affected by the state of the NOx trap itself. For 
example, they are the temperature of NOx trap, the O2 
storage quantity, the performance of a three-Way catalytic 
converter and so on. Further, the engine exhaust component 
(construction ratio of components), the exhaust quantity, the 
exhaust temperature, the air/fuel ratio and so on also exert 
in?uence on the performance of the NOx trap. Furthermore, 
also Where the performance of sensing means for evaluating 
the performance of the NOx trap is deteriorated, it exerts 
in?uence on the result of evaluation for the performance of 
the NOx trap. 

[0033] According to the present invention, judgment is 
made of the fact that the conditions for exerting in?uence on 
the result of evaluation for the performance of the NOx trap, 
and When being established, evaluation for the performance 
of the NOx trap is stopped to thereby prevent the perfor 
mance of the NOx trap from being erroneously judged. 

[0034] The embodiments of the present invention Will be 
explained hereinafter With reference to the draWings. 

[0035] FIG. 1 is a constitutional vieW of an air/fuel ratio 
control device of the engine according to one embodiment of 
the present invention. In the present embodiment, an illus 
tration is given of the cylinder injection system. An intake 
system 23 of an engine 1 comprises an air cleaner 2, an air 
?oW sensor 3 for detecting the quantity of intake air, a 
throttle valve 4 for regulating the quantity of intake air, a 
throttle valve driving means 5, a throttle opening-degree 
sensor 5a, a sWirl control valve 6, a sWirl control valve 
driving means 7, and an intake valve 8. The sWirl control 
valves 6 are provided directly before the intake valve 8 With 
respect to each cylinder and constituted for integral opera 
tion. A combustion chamber 9 of the engine 1 comprises a 
fuel injection valve 10 for injecting fuel into the combustion 
chamber 9 directly, an ignition plug 11, and a cylinder 
pressure sensor 12. An exhaust system 24 of the engine 1 
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comprises an exhaust valve 13, a ?rst air/fuel ratio sensor 14, 
a NOx trap 15, and a second air/fuel ratio sensor 25. The 
air/fuel ratio control device further comprises a sensing plate 
16 mounted on a crank shaft of the engine 1, a crank angle 
sensor 17 for detecting a projecting portion thereof to 
thereby detect a rotational speed and a crank angle, and an 
accelerator sensor 19 for detecting an angle of an accelerator 
pedal. 
[0036] The detected values of the respective sensors are 
input into an electronic control unit (hereinafter referred to 
as ECU) 20, Which ECU 20 detects or computes an angle of 
an accelerator, an intake air quantity, an engine speed 
(rotational speed), a crank angle, a cylinder pressure, a 
throttle opening-degree, etc. On the basis of results there 
from, the quantity of fuel supplied to the engine 1 and the 
timing are computed to output a driving pulse to the fuel 
injection valve 10, the opening degree of the throttle valve 
4 is computed to output a control signal to the throttle valve 
driving means 5, and the ignition timing or the like is 
computed to output an ignition signal to the ignition plug 11. 
Further, for example, Where judgment is made that the NOx 
trap 15 is deteriorated, a signal is output to an alarm lamp 26 
for giving Warning to an operator. 

[0037] Fuel is fed under pressure by a fuel pump from a 
fuel tank not shoWn, and is maintained at predetermined 
pressure (approximately 5 to 15 MPa) by means of a fuel 
pressure regulator and supplied to the fuel injection valve 
10. A predetermined quantity of fuel is directly injected to 
the combustion chamber 9 in response to a driving pulse 
output by the ECU 20. Operating modes of the engine 1 
include a stoichiometric operation, a homogenous lean 
operation, a strati?ed operation and so on. In the homog 
enous lean operation, fuel is injected in the intake stroke to 
mix With air and burn a homogenous mixture. In the 
strati?ed operation, fuel is injected in the compression 
stroke to distribute fuel in strati?ed form into the mixture, 
and fuel is gathered near the ignition plug 11 (to provide a 
rich mixture). 
[0038] Intake air regulated by the throttle valve 4 ?oWs 
into the combustion chamber passing through the intake 
valve 8. At that time, the sWirl strength is controlled by the 
sWirl control valve 6. Normally, it is set so that in the 
strati?ed operation and in the homogenous lean operation, 
the sWirl strength is high, and in other operations, the sWirl 
strength is loW. Particularly, in the strati?ed operation, fuel 
is not spread over the Whole combustion chamber 9 but 
gathered near the ignition plug 11 due to the aforementioned 
fuel injection timing, the air ?oW caused by the sWirl, and 
the shape of a cavity 22 provided in the upper surface of the 
piston 21. 

[0039] A mixture of fuel and intake air is ignited by the 
ignition plug 9 and burns. Exhaust gases after combustion 
are discharged to the exhaust system 24 through the exhaust 
valve 13. The exhaust gases ?oW into the NOx trap 15 
arranged in the exhaust system 24. 

[0040] The ?rst air/fuel ratio sensor 14 outputs a signal 
corresponding to concentration of oxygen in the exhaust 
gases at the upstream of the NOx trap 15 to enable detection 
of the actual air/fuel ratio from the output. On the basis of 
the actual air/fuel ratio detected by the ?rst air/fuel ratio 
sensor 14, the air/fuel ratio of the mixture supplied so as to 
have a target air/fuel ratio is feedback-controlled. 
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[0041] The second air/fuel ratio sensor 25 outputs a signal 
corresponding to concentration of oxygen in the exhaust 
gases at the doWnstream of the NOx trap 15 to enable 
detection of the actual air/fuel ratio from the output. The 
quantity of NOx trapped by the NOx trap 15 is judged on 
The basis of the actual air/fuel ratio detected by the second 
air/fuel ratio sensor 25. 

[0042] While in the present embodiment, as the second 
air/fuel ratio sensor 25, a so-called O2 sensor is used, in 
Which as shoWn in FIG. 2, the air/fuel ratio is changed 
suddenly in the vicinity of stoichiometry to output a binary 
value, the sensor is not limited thereto. For example, a 
so-called Wide air/fuel ratio sensor may be employed in 
Which a substantially linear output is generated according to 
the air/fuel ratio on the basis of concentration of oxygen in 
the exhaust gases. 

[0043] A passage and an EGR valve not shoWn are pro 
vided from the exhaust system 24 to the intake system 23. 
Particularly, in strati?ed operation, a large quantity of EGR 
is introduced in order to suppress the generation of NOx and 
in order to suppress the combustion speed. 

[0044] FIG. 3 shoWs the construction of an ECU 20. 
Signals 3s, 5s, 12s, 14s, 25s, 17s, and 19s of the aforemen 
tioned air ?oW sensor 3, the throttle valve opening-degree 
sensor 5a, the cylinder pressure sensor 12, the ?rst air/fuel 
ratio sensor 14, the second air/fuel ratio sensor 25, the crank 
angle sensor 17 and the accelerator sensor 19, and a signal 
of a cylinder discrimination sensor 27 not shoWn are input 
into an input circuit 31. A CPU 30 reads, on the basis of a 
program and a constant stored in a ROM 37, the input 
signals through an input/output port 32 to carry out arith 
metic processing. 

[0045] As the results of the arithmetic processing, the 
ignition timing, the injector driving pulse Width and timing, 
the throttle valve opening-degree instructions, and the sWirl 
control valve opening-degree instructions are output from 
the CPU 30 to an ignition output circuit 33, a fuel injection 
valve driving circuit 34, a throttle valve driving circuit 35, 
and a sWirl control valve driving circuit 36 through the 
input/output port 32 to execute the ignition, the fuel injec 
tion, the throttle valve opening-degree control, and the sWirl 
control valve opening-degree control. Further, for example, 
Where judgment is made that the NOx trap be deteriorated, 
an alarm lamp 26 is turned on by an alarm lamp driving 
circuit 37. ARAM 38 is used to store values of input signal, 
results of operation and so on. 

[0046] On the basis of a program and a constant stored in 
the ROM 37, the fuel injection time Ti is calculated, for 
example, by the folloWing equation, and fuel is injected 
from the fuel injection valve 10 and supplied to the engine 
1. 

[0047] Wherein K is the coef?cient based on the charac 
teristic of the fuel injection valve 10 or the like, Qa is the 
quantity of intake air, Ne is the engine speed, TGFBA is the 
target equivalent ratio of a mixture to be supplied to the 
engine 1, and ALPHA is the feedback correcting coefficient. 
Kr is the air/fuel ratio correcting coefficient in the air/fuel 
ratio changing control (hereinafter referred to as NOx purge 
control) for temporarily changing the air/fuel ratio of 
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exhaust gas from lean to the stoichiometric air/fuel ratio or 
rich at a predetermined period. 

[0048] If the target equivalent ratio TGFBA equals 1, a 
mixture supplied to the engine 1 is stoichiometric. On the 
other hand, if TGFBA is smaller than 1, a mixture supplied 
to the engine 1 is lean, and if TGFBA is larger than 1, a 
mixture supplied to the engine 1 is rich. The target equiva 
lent ratio TGFBA is stored in the ROM 37 in advance, for 
example, as shoWn in FIG. 4, as a map of the engine speed 
Ne and a load (for example, a target torque calculated on the 
basis of a signal of the accelerator sensor 19 for detecting an 
angle of the accelerator pedal 18). That is, in the operating 
area of a load loWer than the solid line L, TGAF is lean; in 
the operating area betWeen the solid line L and the solid line 
R, TGFBA equals 1, that is, stoichiometric; and in the 
operating area of a load higher than the solid line R, TGFBA 
is larger than 1, that is, rich. Further, in the operating area of 
a load loWer than the solid line L, and in the operating area 
of a load loWer than the dotted line S, a strati?ed mixture is 
formed to realiZe the combustion by a mixture Which is 
extremely lean, at the air/fuel ratio of 40 to 50 (strati?ed lean 
operation). In the operating area betWeen the solid line R and 
the dotted line S, combustion of a mixture Which is homo 
geneous and lean, at the air/fuel ratio of 20 to 25, is realiZed 
(homogenous lean operation). 

[0049] In the stoichiometric operation (TGFBA=1, Kr=1), 
the feedback control is made so that the air/fuel ratio is 
correctly stoichiometric on the basis of the actual air/fuel 
ratio detected by the ?rst air/fuel ratio sensor 14, and the 
feedback correcting coef?cient ALPHA is calculated to be 
re?ected on the fuel injection time Ti. ALPHA reduces When 
the actual air/fuel ratio is rich and increases When the actual 
air/fuel ratio is lean, and normally moves up and doWn about 
1.0. ALPHA is ?xed to a predetermined value or a learning 
value in the operations other than the stoichiometric opera 
tion. 

[0050] In the lean operation (TGFBA<1, Kr=1), NOx in 
exhaust gases is trapped in the NOx trap 15. When the 
quantity of NOx trap assumes a predetermined quantity (in 
a predetermined period), TGFBA=1, Kril, that is, the 
air/fuel ratio is sWitched to a state that concentration of 
oxygen in stoichiometric or rich is loW (NOx purge control), 
so that NOx trapped by adsorption or absorption in the NOx 
trap 15 by HC or CO in the exhaust gases is reduced or 
reduced after release. While in the case of the cylinder 
injection type engine in the present embodiment, When the 
air/fuel ratio is sWitched to stoichiomeric or rich, the throttle 
valve 6 is mainly operated in the closing direction by the 
throttle valve driving means 5 to reduce the quantity of 
intake air and to control the quantity of fuel supplied, 
thereby changing the air/fuel ratio, it is to be noted that it is 
not limited to such a method as described above. 

[0051] The NOx trap 15 is constituted so as to have both 
the so-called three-Way catalyst performance in order to 
secure the NOx trapping at the time of lean and the exhaust 
purifying performance at the time of stoichiometry. For 
example, alumina is made to serve as a carrier, and alkaline 
metal and alkaline earth such as sodium Na, barium Ba or 
the like, and noble metal such as platinum Pt and rhodium 
Rh are carried. Further, cerium Ce having the oxygen 
storage capacity in order to enhance the so-called three-Way 
performance at stoichiometry is sometimes carried. The 
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NOx trap 15 adsorbs or absorbs the NOx for trapping When 
the air/fuel ratio of exhaust gases flown in is lean, and the 
Nox having been adsorbed reacts With HC or NOx in the 
exhaust gases and is reduced When the concentration of 
oxygen in the exhaust gases loWers (for example, at sto 
ichiometric or rich). The NOx having been absorbed reacts 
With HC or CO in the exhaust gases, for example, by the 
catalyst action of platinum Pt after the NOx has been 
released and is reduced. In this manner, the quantity of NOx 
released into the atmosphere can be reduced. Further, in the 
stoichiometric operation, HC and Co in the exhaust gases are 
oxidiZed, for example, by the catalyst action of platinum Pt, 
and NOx is reduced, thus enabling the reduction of the 
exhaust gas components. Some Nox traps have the effect of 
reducing a part of NOx by HC or CO in the exhaust gases 
even if the air/fuel ratio of the mixture flown in is lean, 
depending on the kind of the NOx trap. 

[0052] As described above, When the air/fuel ratio of the 
mixture is lean, NOx is trapped in the NOx trap. HoWever, 
there is a limit in the NOx trapping capacity of the NOx trap. 
If the NOx trap traps Nox until the trapping capacity 
becomes saturated, NOx can not be absorbed any longer, and 
NOx passes through the Nox trap and is released to the 
atmosphere. Therefore, it is necessary to release NOx from 
the NOx trap 15 before the NOx trapping capacity of the 
NOx trap 15 becomes saturated. So, it is necessary to 
estimate hoW much NOx is trapped in the NOx trap 15. 
Next, a method for estimating the quantity of trapping NOx 
of the NOx trap 15 Will be explained beloW. 

[0053] If the quantity of NOx (per unit time) in the exhaust 
gases discharged from the engine 1 increases, the quantity of 
NOx (per unit time) trapped by adsorption or absorption in 
the NOx trap 15 also increases. Since the quantity of NOx 
(per unit time) in the exhaust gases discharged from the 
engine 1 is substantially determined based on the engine 
speed of the engine 1 and the load, the quantity of NOx (per 
unit time) trapped in the NOx trap 15 is a function of the 
engine speed of the engine 1 and the load. Accordingly, the 
quantity of NOx (per unit time) NOAS trapped in the NOx 
trap 15 is measured in advance as a function of the engine 
speed of the engine 1 and the load and stored in advance in 
the ROM 37 in the form of a map. 

[0054] The quantity TNOA of NOx estimated to be 
trapped in the NOx tap 15 can be obtained by accumulating 
NOAS every predetermined time as in the folloWing equa 
tion during continuation of lean operation. 

[0055] In the present embodiment, before the quantity 
TNOA of NOx estimated to be trapped in the NOx trap 15 
reaches the saturated trapping quantity TNOAMX, the air/ 
fuel ratio of the mixture is temporarily made stoichiometric 
or rich so that NOx is released or reduced from the NOx trap 
15. 

[0056] Since the quantity of NOx (per unit time) NOAS 
trapped in the NOx trap 15 is affected Where the ignition 
timing and the fuel injection time are changed, it is therefore 
preferable that the quantity thereof be corrected by these 
parameters. Further, the quantity of NOx (per unit time) 
trapped in the NOx trap 15 is affected also by the quantity 
of NOx already trapped in the NOx trap 15. Accordingly, 
With the quantity of NOx (per unit time) trapped in the NOx 














