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(57) ABSTRACT 

When rich spike control is executed in a diesel engine 
equipped With a NOX trapping catalytic converter, there are 
times When the amount of NOX desorbed is too little or too 
much. The rich spike control start timing is determined 
based on the NOX accumulation amount calculated during 
lean combustion operation and the rich spike control end 
timing is determined based on the NOX accumulation 
amount and the NOX desorption rate. Since the actual 
amount of NOX remaining in the NOX trapping catalytic 
converter can be estimated based on the NOX desorption rate 
during rich spike control, the rich spike control can be ended 
When the amount of remaining NOX reaches a prescribed 
target value. 
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ENGINE EXHAUST GAS CLEANING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to an engine 
exhaust gas cleaning apparatus for an engine. More speci? 
cally, the present invention relates to improvements to an 
engine exhaust gas cleaning apparatus for diesel engines 
having a NOx trapping catalytic converter provided in the 
exhaust system. 

[0003] 2. Background Information 

[0004] In internal combustion engines such as diesel 
engines, an exhaust gas recirculating system (EGR system) 
is Widely used Wherein a part of the exhaust gas is recircu 
lated to loWer the combustion temperature in order to reduce 
discharge of nitrogen oxide (NOx). The NOx trapping 
catalytic converter traps NOx in the exhaust gas When an 
air-fuel ratio in the exhaust gas is in a lean range and puri?es 
(releases) the trapped NOx When the air-fuel ratio is in a rich 
range. The NOx deposited in the NOx trapping catalytic 
converter is typically puri?ed When the amount of adsorbed 
and held NOx reaches a prescribed upper limit value. 

[0005] In the NOx trapping catalytic converter, When a 
certain amount of NOx has accumulated, the excess air ratio 
7» of the exhaust gas is temporarily changed to a rich value 
to desorb and deoxidiZe the NOx from the absorbing agent. 
Thus, control that temporarily shifts the value of the excess 
air ratio 7» to a rich value is called “rich spike control.” 
Diesel engines are normally operated in a lean combustion 
state using an excess air ratio 7» of approximately 2 to 3 
Which corresponds to a lean air fuel ratio. During rich spike 
control, the value of the excess air ratio 7» is changed to 
approximately 0.8. Rich spike control is normally executed 
With non-regular timing in response to engine operating 
conditions to treat the NOx accumulated in the NOx trap 
ping catalytic converter. In other Words, rich spike control is 
not executed in response to a request that is issued by the 
driver. 

[0006] A conventional rich spike control method is dis 
closed in Japanese Patent Publication No. 2600492. In this 
conventional rich spike control method, the amount of NOx 
accumulated in a NOx trapping catalytic converter during 
lean combustion operation is integrated in accordance With 
the engine operating conditions and When the result of the 
integral calculation of the NOx accumulation amount 
reaches a certain limit, a rich spike control is executed 
Whereby the excess air ratio is loWered for a period of time 
corresponding to the NOx accumulation amount. 

[0007] In vieW of the above, it Will be apparent to those 
skilled in the art from this disclosure that there exists a need 
for an improved engine exhaust gas cleaning apparatus. This 
invention addresses this need in the art as Well as other 
needs, Which Will become apparent to those skilled in the art 
from this disclosure. 

SUMMARY OF THE INVENTION 

[0008] It has been discovered that in conventionally sys 
tems, the period of time over Which rich spike control is 
executed is determined based on the result of the integral 
calculation of the NOx accumulation amount and the rich 
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spike control is executed by loWering the excess air ratio 7» 
for a ?xed period of time irregardless of the actual NOx 
desorption rate. In other Words, the rich spike control is 
executed Without regard to the amount of NOx remaining in 
the NOx trapping catalytic converter and, consequently, 
there are times When the NOx is over treated or under 
treated. 

[0009] One object of the present invention is to provide an 
engine exhaust gas cleaning apparatus that avoids these 
problems. In other Words, the engine exhaust gas cleaning 
apparatus of the present invention Was basically conceived 
for a diesel engine equipped With a rich spike control 
con?gured to loWer the excess air ratio of the exhaust gas in 
order to desorb the NOx that is trapped in the NOx trapping 
catalytic converter. 

[0010] In vieW of the forgoing, an engine exhaust gas 
cleaning apparatus is provided for an engine that basically 
comprises a NOx trapping catalytic converter, a NOx accu 
mulation amount computing section, a NOx desorption rate 
determining section and a rich spike control section. The 
NOx trapping catalytic converter is disposed in an exhaust 
passage of an engine. The NOx accumulation amount com 
puting section is con?gured to compute a NOx accumulated 
amount in the NOx trapping catalytic converter during a lean 
combustion state. The NOx desorption rate determining 
section is con?gured to determine a NOx desorption rate at 
Which accumulated NOx desorbs from the NOx trapping 
catalytic converter during a rich combustion state. The rich 
spike control section is con?gured to perform a rich spike 
control to desorb the accumulated NOx in the NOx trapping 
catalytic converter by reducing the excess air ratio of the 
exhaust gas. The rich spike control section is further con 
?gured to determine a starting timing for starting the rich 
spike control based on the NOx accumulation amount that 
Was computed, and to determine an ending timing for ending 
the rich spike control based on the NOx accumulation 
amount and the NOx desorption rate that Were computed. 

[0011] These and other objects, features, aspects and 
advantages of the present invention Will become apparent to 
those skilled in the art from the folloWing detailed descrip 
tion, Which, taken in conjunction With the annexed draW 
ings, discloses preferred embodiments of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Referring noW to the attached draWings Which form 
a part of this original disclosure: 

[0013] FIG. 1 is a diagrammatic vieW of an exhaust gas 
cleaning apparatus or system for an internal combustion 
engine, e. g., a diesel engine, in accordance With one embodi 
ment of the present invention; 

[0014] FIG. 2 is a ?rst ?oWchart shoWing the control 
operations executed by the control unit of the exhaust gas 
cleaning apparatus or system in accordance With the present 
invention in order to determine When to regenerate the NOx 
trapping catalytic converter; 

[0015] FIG. 3 is a second ?oWchart shoWing the control 
operations of the rich spike control executed by the control 
unit of the engine fuel injection control apparatus or system 
in accordance With the present invention in order to regen 
erate the NOx trapping catalytic converter; and 
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[0016] FIG. 4 is a stored map that is used to obtain the 
revision coef?cient Reg_spd_hos is based on the excess air 
ratio 7». 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] Selected embodiments of the present invention Will 
noW be explained With reference to the draWings. It Will be 
apparent to those skilled in the art from this disclosure that 
the following descriptions of the embodiments of the present 
invention are provided for illustration only and not for the 
purpose of limiting the invention as de?ned by the appended 
claims and their equivalents. 

[0018] Referring initially to FIG. 1, an exhaust gas clean 
ing apparatus or system is illustrated for an internal com 
bustion engine such as a supercharged diesel engine 1 in 
accordance With a ?rst embodiment of the present invention. 
The exhaust gas cleaning apparatus in accordance With the 
present invention can be applied to other internal combus 
tion engines used in automobiles and the like. 

[0019] As shoWn in to FIG. 1, the engine 1 includes a 
common rail fuel injection system including a common rail 
2, a plurality of fuel injection valves 3, and a high-pressure 
fuel pump (not shoWn) so as to be supplied With pressuriZed 
fuel. The fuel pump (not shoWn) pumps fuel to the common 
rail 2, Where the pressuriZed fuel accumulates, and high 
pressure fuel is delivered to the inside of the combustion 
chambers When the fuel injection valves 3 are opened. Thus, 
the fuel injection valves 3 inject fuel directly into respective 
combustion chambers (not shoWn) of each cylinder. 

[0020] The fuel injection valves 3 are con?gured and 
arranged to execute a pilot injection before the main injec 
tion or executing a post-injection folloWing the main injec 
tion. By changing the accumulation pressure of the common 
rail 2, the fuel injection pressure can be controlled in a 
variable manner. 

[0021] A turbocharger (supercharger) 4 having a compres 
sor 4a is arranged in an air intake passage 5 of the air intake 
system. The compressor 4a serves to pressuriZe the intake 
air. The compressor 4a is rotated by a turbine 4b that is 
driven by exhaust gas ?oWing through an exhaust passage 6. 
The supercharger 4 is positioned doWnstream of an air ?oW 
meter 7 in the air intake passage 5 of the engine 1. Prefer 
ably, the supercharger 4 is a variable-capacity type super 
charger having a variable noZZle provided on the turbine 4b. 
By using a variable-capacity type supercharger 4, the vari 
able noZZle can be constricted When the engine 1 is operating 
in a loW speed region to increase the turbine efficiency. The 
variable noZZle of the supercharger 4 can be opened When 
the engine 1 is operating in a high speed region to increase 
the turbine capacity. Thus, this arrangement enables a high 
supercharging effect to be obtained over a Wide range of 
operating conditions. 

[0022] An intake air throttle valve 8 is installed inside the 
air intake passage 5 at a location doWnstream of the com 
pressor 4a. The intake air throttle valve 8 serves to make it 
possible to control the quantity of intake air draWn into the 
engine 1. The intake air throttle valve 8 is, for example, an 
electronically controlled throttle valve Whose opening 
degree can be varied freely using a stepper motor. 

[0023] The exhaust passage 6 is provided With an exhaust 
gas recirculation (EGR) passage 9 that branches from a 
position betWeen the engine 1 and the turbine 4b. The EGR 
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passage 9 connects to the air intake passage 5 doWnstream 
of the intake air throttle valve 8. 

[0024] The exhaust system is provided With an exhaust gas 
recirculation (EGR) control valve 10 that is installed in the 
EGR passage 9. The EGR valve 10 serves to control the 
exhaust gas recirculation quantity in accordance With the 
engine operating conditions. The EGR valve 10 is electroni 
cally controlled using a stepper motor such that the opening 
degree of the EGR valve 10 regulates the How rate of the 
exhaust gas recirculated to the air intake system, i.e., the 
EGR quantity draWn into the engine 1. Preferably, the EGR 
valve 10 is feedback (closed-loop) controlled to regulate the 
EGR quantity in such a manner as to achieve an EGR ratio 
set in accordance With the operating conditions. For 
example, the EGR ratio can be feedback controlled by 
comparing a target intake air quantity to the actual intake air 
quantity that is measured and outputted by the air ?oW meter 
7. 

[0025] The exhaust system is also provided With an oxi 
dation catalytic converter 11 having an HC adsorbing func 
tion, a NOx trapping catalytic converter 12 having a NOx 
trapping function, and an exhaust gas ?ne particle capturing 
?lter (DPF=diesel particulate ?lter) 13 arranged in sequence 
in the exhaust passage 6 at a position doWnstream of the 
turbine 4b of the turbocharger 4. 

[0026] The oxidation catalytic converter 11 has the char 
acteristic of adsorbing exhaust HCs When the temperature is 
loW and releasing the HCs When the temperature is high and 
it functions to oxidiZe HCs and CO When in an active state. 
The NOx trapping catalytic converter 12 adsorbs or traps 
NOx contained in the exhaust gas When the excess air ratio 
7» is greater than 1, i.e., When the air fuel mixture is lean, and 
releases the NOx When the excess air ratio 7» is rich. The 
NOx trapping catalytic converter 12 also functions to deoxi 
diZe the NOx When in an active state. The particulate ?lter 
13 captures ?ne particles (PM=particulate matter) contained 
in the exhaust gas and the captured PM is combusted by 
raising the exhaust gas temperature using regeneration con 
trol. 

[0027] A control unit 20 is provided to control the exhaust 
gas cleaning apparatus of the present invention. In particular, 
the control unit 20 determines and sets the intake air quantity 
Qa, the fuel injection quantity Of and the injection timing IT 
based on detection signals from various sensors (described 
beloW) that serve to detect the operating state of the engine 
1 and executes the controls based on these signals. Thus, the 
control unit 20 also controls the drive of the fuel injection 
valve 3, controls the opening degree of the intake throttle 
valve 8 and the EGR valve 10 in response to detection 
signals from various sensors (described beloW). 

[0028] The control unit 20 is a microcomputer comprising 
of a central processing unit (CPU) and other peripheral 
devices. The control unit 20 can also include other conven 
tional components such as an input interface circuit, an 
output interface circuit, and storage devices such as a ROM 
(Read Only Memory) device and a RAM (Random Access 
Memory) device. The control unit 20 preferably includes an 
engine control program that controls various components as 
discussed beloW. The control unit 20 receives input signals 
from various sensors (described beloW) that serve to detect 
the operating state of the engine 1 and executes the afore 
mentioned controls based on these signals. It Will be appar 
ent to those skilled in the art from this disclosure that the 
precise structure and algorithms for the control unit 20 can 
be any combination of hardWare and softWare that Will carry 
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out the functions of the present invention. In other Words, 
“means plus function” clauses as utilized in the speci?cation 
and claims should include any structure or hardWare and/or 
algorithm or softWare that can be utiliZed to carry out the 
function of the “means plus function” clause. 

[0029] The intake air quantity Qa is detected by the air 
?oW meter 7, Which outputs a signal to the control unit 20 
that is indicative of the intake air quantity Qa. The control 
unit 20 is also operatively coupled to a rotational speed 
sensor 14, an accelerator position sensor 15, an engine 
coolant temperature sensor 16, a rail pressure sensor 17, a 
plurality of exhaust system temperature sensors 21, 22 and 
23, and an exhaust gas sensor or oxygen sensor 24. The 
rotational speed sensor 14 is con?gured and arranged to 
detect the engine rotational speed Ne of the engine 1, and 
output a signal to the control unit 20 that is indicative of the 
engine rotational speed Ne of the engine 1. The accelerator 
position sensor 15 is con?gured and arranged to detect the 
accelerator position APO, and output a signal to the control 
unit 20 that is indicative of the accelerator position APO. 

[0030] The coolant temperature sensor 16 is con?gured 
and arranged to detect the temperature of the engine coolant 
TW, and output a signal to the control unit 20 that is 
indicative of the temperature of the engine coolant TW. The 
rail pressure sensor 17 is con?gured and arranged to detect 
the fuel pressure (fuel injection pressure) inside the common 
rail 2, and output a signal to the control unit 20 that is 
indicative of the fuel pressure (fuel injection pressure) inside 
the common rail 2. The temperature sensors 21, 22 and 23 
are con?gured and arranged to detect the exhaust gas 
temperature in the general vicinity of the outlets of the 
oxidation catalytic converter 11, the NOx trapping catalytic 
converter 12, and the particulate ?lter 13, respectively. The 
temperature sensors 21, 22 and 23 are con?gured and 
arranged to output signals to the control unit 20 that are 
indicative of the exhaust gas temperature in the general 
vicinity of the outlets of the oxidation catalytic converter 11, 
the NOx trapping catalytic converter 12, and the particulate 
?lter 13, respectively. The exhaust gas sensor 24 is con?g 
ured and arranged in the exhaust passage 6 at a position 
upstream of the turbine 4b to detect the air fuel ratio or the 
oxygen concentration of the exhaust gas. The exhaust gas 
sensor 24 is con?gured and arranged to output a signal to the 
control unit 20 that is indicative of the air fuel ratio or the 
oxygen concentration of the exhaust gas. 

[0031] Accordingly, the control unit 20 controls the regen 
eration of the NOx trapping catalytic converter 12 and the 
particulate ?lter 13. The control unit 20 sets the fuel injec 
tion quantity Qf and the fuel injection timing IT based on the 
detection signals from the various sensors and controls hoW 
the fuel injection valves 3 are driven. The control unit 20 
also controls the opening degrees of the intake air throttle 
valve 8 and the EGR valve 10. The control unit 20 also 
controls the opening degrees of the intake air throttle valve 
8 and the EGR valve 10 in accordance With various engine 
operating conditions. In other Words, the control unit 20 
controls the fuel injection valves 3 to adjust the fuel injection 
quantity Qf delivered by the fuel injection valves 3, controls 
the fuel injection valves 3 to adjust the injection timing IT 
of the fuel injection valves 3, and controls the intake air 
throttle valve 8 and the EGR valve 10 to adjust the intake air 
quantity Qa. The control unit 20 is also operated in accor 
dance With various engine operating conditions (e.g., accel 
erator position). 

[0032] In particular, as relates to the present invention, the 
control unit 20 executes rich spike control to regenerate i.e., 
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desorb or release the NOx, the NOx trapping catalytic 
converter 12. As explained later, a rich spike control start 
timing is determined based on an NOx accumulation amount 
calculated during lean combustion operation and a rich spike 
control end timing is determined based on the NOx accu 
mulation amount and a NOx desorption rate. The NOx 
desorption rate is the quantity of NOx that desorbs per unit 
time and it can be calculated based on using at least of the 
engine rotational speed, the fuel injection quantity and/or 
other engine operating conditions during rich spike control. 
Thus, since the actual amount of NOx remaining in the NOx 
trapping catalytic converter 12 can be estimated based on the 
NOx desorption rate during rich spike control, the rich spike 
control can be ended When the amount of remaining NOx 
reaches a prescribed target value. Therefore, situations 
Where too much or too little NOx remains do not occur and 
the NOx trap ?lter can be used effectively at all times. 
Furthermore, since rich spike control can be conducted to 
the minimum degree necessary, the fuel ef?ciency and 
exhaust emissions can be improved. In relation to the present 
invention, the control unit 20 carries out the functions of the 
rich spike control section, the NOx accumulation amount 
computing section, and the NOx desorption rate determining 
section 

[0033] These control routines of FIGS. 2 and 3 are 
periodically executed in a cyclic manner at a prescribed 
?xed time interval When the engine 1 is operating in accor 
dance With certain predetermined engine operating condi 
tions, e.g., When the engine 1 is operating in a loW-load, 
loW-speed state, including idling. NoW, the control routines 
of FIGS. 2 and 3 Will be discussed for the executing the rich 
spike control by the control unit 20. 

[0034] In step S11, the control unit 20 reads in various 
signals from each of the sensors shoWn in FIG. 1 that 
represent engine operating conditions including, but not 
limited to, the engine rotational speed Ne, the accelerator 
position APO, the fuel injection quantity, and the engine 
coolant temperature. In other Words, the engine operating 
state, e.g., load condition and rotational speed condition, of 
the engine 1 is determined by the control unit 20 receiving 
signals from each of the sensors shoWn in FIG. 1. 

[0035] In step S12, the control unit 20 calculates the 
amount of NOx accumulated (adsorbed) in the NOx trapping 
catalytic converter 12 using theses signals from the sensors 
of FIG. 1. There are various knoWn methods of calculating 
the NOx accumulation amount. For example, the NOx 
quantity can be estimated based on signals indicating such 
operating conditions as the engine rotational speed Ne, the 
fuel injection quantity Of, and the coolant temperature TW, 
and/or the NOx accumulation amount can be calculated by 
integrating the NOx quantity in accordance With the opera 
tion history. 

[0036] In step S113, the control unit 20 compares the 
calculated NOx accumulation amount NOxO to a reference 
value NOx1. If the NOx accumulation amount NOxO is 
equal to or less than NOx1, then the control unit 20 ends the 
current cycle of the routine Without performing the rich 
spike control. If the NOx accumulation amount NOxO is 
greater than NOx1, then the control unit 20 proceeds to step 
S114 Where it sets the sp ?ag to a value of 1 to indicate that 
rich spike control is in progress. Then, in step S15, the 
control unit 20 executes the rich spike control routine. 

[0037] FIG. 3 shoWs the rich spike control routine. In step 
S21, the control unit 20 executes control to reduce the 
opening degrees of the intake air throttle valve 8 and the 
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EGR valve 10 in order to control the excess air ratio 7» of the 
engine 1 to a rich value below the stoichiometric air fuel 
ratio. In some cases, to satisfy the need to achieve the target 
excess air ratio 7», a post injection is executed in order to add 
fuel during the period betWeen late in the combustion stroke 
and the exhaust stroke. The NOx that accumulated in the 
NOx trapping catalytic converter 12 While the engine oper 
ated With lean combustion using a large excess air ratio 7» is 
desorbed from the NOx absorbing agent due to the enriched 
excess air ratio 7» value resulting from the rich spike control, 
and the desorbed NOx is cleaned by the deoxidiZing treat 
ment that occurs in the catalyst. 

[0038] In S22 (the NOx desorption rate determining sec 
tion), the control unit 20 calculates the NOx desorption rate 
Reg_spd. The NOx desorption rate Reg_spd is the amount of 
NOx that desorbs from the NOx trapping catalytic converter 
12 per interval or per unit time. In this embodiment, the unit 
of time is one control cycle. The NOx desorption rate is 
basically determined by the engine operating conditions, i.e., 
in this embodiment, the fuel injection quantity Qf and the 
engine speed Ne. Therefore, in this embodiment, the value 
of Reg_spd is found by searching a table or map of experi 
mentally prepared data that matches Reg_spd values With 
respect to the fuel injection quantity Qf and the engine speed 
Ne. 

[0039] In step S23, in order to obtain a more precise NOx 
desorption rate, the control unit 20 ?nds a revision coef? 
cient Reg_spd_hos based on the excess air ratio 7». The 
revision coefficient Reg_spd_hos is found by searching a 
pre-stored map that shoWn in FIG. 4 based on the excess air 
ratio 7». The revision coef?cient Reg_spd_hos is used to 
Weight the NOx desorption rate Reg_spd and its character 
istic is contrived such that the NOx desorption rate increases 
as the excess air ratio 7» decreases. The value of the excess 
air ratio 7» is detected directly With the air fuel ratio sensor 
24 or computed based on the engine operating conditions. 
The revision coef?cient Reg_spd_hos characteristic shoWn 
in the FIG. 5, hoWever, is merely a general characteristic 
and a more precise revision coef?cient Reg_spd_hos char 
acteristic depends on the engine characteristics and other 
factors. Thus, the revision coef?cient Reg_spd_hos charac 
teristic is shoWn as a linear function in FIG. 5 for the sake 
of simplicity. The revision coef?cient Reg_spd_hos charac 
teristic is preferably a non-linear function. The revision 
coef?cient Reg_spd_hos characteristic Will be experimen 
tally obtained on a case by case basis such that the regen 
eration control minimiZes over treating or under treating of 
the accumulated NOx. 

[0040] In step S24, the control unit 20 multiplies the 
calculated NOx desorption rate Reg_spd by the revision 
coef?cient Reg_spd_hos and subtracts the result, i.e., the 
amount of NOx that has desorbed at that point in time, from 
the NOx accumulation amount NOxO found in the routine 
shoWn in FIG. 2 to obtain a neW NOx accumulation amount 
(i.e., the amount of remaining NOx). The control unit 20 
then updates the value of the NOx accumulation amount 
NOxO by replacing it With a neW NOx accumulation amount. 

[0041] In step S25, the control unit 20 compares the NOx 
accumulation amount NOxO obtained by subtracting the 
NOx desorption amount in the previous step to an end 
reference value NOX2. If NOxO is larger than NOX2, the 
control unit returns to step S22 and repeats the decrement 
processing. The control unit 20 repeats the decrement pro 
cessing until NOxO is equal to or less than NOX2, at Which 
time it proceeds to step S26 and ends rich spike control. 
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After ending rich spike control, the control unit proceeds to 
step S27 and sets the sp ?ag to 0. Then the control unit 20 
returns to the routine shoWn in FIG. 2. 

[0042] Although in the previously described rich spike 
control the NOx desorption rate Reg_spd is revised by being 
Weighted With the revision coefficient Reg_spd_hos that is 
based on the excess air ratio 7», it is also possible to ?nd the 
NOx desorption rate using other methods. For example, a 
more precise NOx desorption rate can be obtained by 
executing a revision based on such NOx trapping catalytic 
converter 12 related parameters as the bed temperature, the 
outlet exhaust gas temperature, the exhaust gas ?oW rate, 
and the quantity of deoxidiZing agents (HC, CO, etc.) 
discharged. That is, since the NOx desorption rate folloWs 
characteristics Whereby it increases as the bed temperature 
and the outlet exhaust gas temperature increase or as the 
exhaust gas ?oW rate and the deoxidiZing agent discharge 
quantity increase, the revision can be executed based on 
these parameters. In other Words, the step S22 (the NOx 
desorption rate determining section) of the control routine of 
FIG. 3 can be substituted With an estimation step that 
estimates the NOx desorption rate based on either (1) an 
exhaust gas temperature in a general vicinity of an outlet of 
the NOx trapping catalytic converter during the rich spike 
control; (2) an exhaust gas ?oW rate during the rich spike 
control; or (3) an amount of reducing agent discharged 
during the rich spike control. 

[0043] The term “con?gured” as used herein to describe a 
component, section or part of a device includes hardWare 
and/or software that is constructed and/or programmed to 
carry out the desired function. Moreover, terms that are 
expressed as “means-plus function” in the claims should 
include any structure that can be utiliZed to carry out the 
function of that part of the present invention. The terms of 
degree such as “substantially”, “about” and “approximately” 
as used herein mean a reasonable amount of deviation of the 
modi?ed term such that the end result is not signi?cantly 
changed. For example, these terms can be construed as 
including a deviation of at least 15% of the modi?ed term if 
this deviation Would not negate the meaning of the Word it 
modi?es. 

[0044] This application claims priority to Japanese Patent 
Application No. 2003-282100. The entire disclosure of 
Japanese Patent Application No. 2003-282100 is hereby 
incorporated herein by reference. 

[0045] While only selected embodiments have been cho 
sen to illustrate the present invention, it Will be apparent to 
those skilled in the art from this disclosure that various 
changes and modi?cations can be made herein Without 
departing from the scope of the invention as de?ned in the 
appended claims. Furthermore, the foregoing descriptions of 
the embodiments according to the present invention are 
provided for illustration only, and not for the purpose of 
limiting the invention as de?ned by the appended claims and 
their equivalents. Thus, the scope of the invention is not 
limited to the disclosed embodiments. 

What is claimed is: 
1. An engine exhaust gas cleaning apparatus comprising: 

a NOx trapping catalytic converter disposed in an exhaust 
passage of an engine; 

a NOx accumulation amount computing section con?g 
ured to compute a NOx accumulated amount in the 
NOx trapping catalytic converter during a lean com 
bustion state; 
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a NOx desorption rate determining section con?gured to 
determine a NOx desorption rate at Which accumulated 
NOx desorbs from the NOx trapping catalytic converter 
during a rich combustion state; and 

a rich spike control section con?gured to perform a rich 
spike control to desorb the accumulated NOx in the 
NOx trapping catalytic converter by reducing the 
excess air ratio of the exhaust gas, 

the rich spike control section being further con?gured to 
determine a start timing for starting the rich spike 
control based on the NOx accumulation amount that 
Was computed, and to determine an end timing for 
ending the rich spike control based on the NOx accu 
mulation amount and the NOx desorption rate that Were 
computed. 

2. The engine exhaust gas cleaning apparatus as recited in 
claim 1, Wherein 

the NOx desorption rate determining section is con?gured 
to estimate the NOx desorption rate based on a fuel 
injection quantity and a rotational speed of the engine 
during the rich spike control. 

3. The engine exhaust gas cleaning apparatus as recited in 
claim 2, Wherein 

the NOx desorption rate determining section is con?gured 
to adjust the NOx desorption rate that Was estimated 
based on the excess air ratio during the rich spike 
control. 

4. The engine exhaust gas cleaning apparatus as recited in 
claim 3, Wherein 

the NOx desorption rate determining section is con?gured 
to adjust the NOx desorption rate by applying a 
Weighted adjustment such that as the excess air ratio 
becomes smaller during the rich spike control, the NOx 
desorption rate becomes larger. 

5. The engine exhaust gas cleaning apparatus as recited in 
claim 1, Wherein 

the NOx desorption rate determining section is con?gured 
to estimate the NOx desorption rate based on an 
exhaust gas temperature in a general vicinity of an 
outlet of the NOx trapping catalytic converter during 
the rich spike control. 

6. The engine exhaust gas cleaning apparatus as recited in 
claim 1, Wherein 

the NOx desorption rate determining section is con?gured 
to estimate the NOx desorption rate based on an 
exhaust gas ?oW rate during the rich spike control. 

7. The engine exhaust gas cleaning apparatus as recited in 
claim 1, Wherein 

the NOx desorption rate determining section is con?gured 
to estimate the NOx desorption rate based on an 
amount of reducing agent discharged during the rich 
spike control. 

8. The engine exhaust gas cleaning apparatus as recited in 
claim 1, Wherein 
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the rich spike control section is con?gured to end the rich 
spike control When the result obtained by subtracting an 
amount of NOx that has desorbed according to the NOx 
desorption rate that Was computed from the NOx 
accumulation amount that existed When the rich spike 
control Was started reaches or falls beloW a reference 
value. 

9. The engine exhaust gas cleaning apparatus as recited in 
claim 2, Wherein 

the rich spike control section is con?gured to end the rich 
spike control When the result obtained by subtracting an 
amount of NOx that has desorbed according to the NOx 
desorption rate that Was computed from the NOx 
accumulation amount that existed When the rich spike 
control Was started reaches or falls beloW a reference 
value. 

10. An engine exhaust gas cleaning apparatus comprising: 

NOx trapping means for trapping NOx from exhaust 
exiting an engine; 

NOx accumulation amount computing means for com 
puting the amount of NOx accumulated in the NOx 
trapping means during a lean combustion state; 

a NOx desorption rate computing means for computing a 
NOx desorption rate at Which accumulated NOx des 
orbs from the NOx trapping means during a rich 
combustion state; and 

a rich spike control means for performing a rich spike 
control to desorb the accumulated NOx in the NOx 
trapping means by reducing the excess air ratio of the 
exhaust gas, 

the rich spike control means determining a start timing for 
starting rich spike control based on the NOx accumu 
lation amount that Was computed, and determining an 
end timing for ending the rich spike control based on 
the NOx accumulation amount and the NOx desorption 
rate that Were computed. 

11. A method for cleaning exhaust gas of an engine 
comprising: 

trapping NOx from exhaust gas exiting the engine; 

computing a NOx accumulated amount that Was trapped 
during a lean combustion state; 

computing a NOx desorption rate at Which accumulated 
NOx desorbs during a rich combustion state; 

performing a rich spike control to desorb the accumulated 
NOx by reducing the excess air ratio of the exhaust gas; 
and 

determining a start timing for starting the rich spike 
control based on the NOx accumulation amount that 
Was computed, and determining an end timing and for 
ending the rich spike control based on the NOx accu 
mulation amount and the NOx desorption rate that Were 
computed. 


