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(57) ABSTRACT 

A method and system for controlling the operation of a 
lean-burn engine Whose exhaust gas is directed through an 
emission control device and a downstream reductant-con 
centration sensor, Wherein a stored value for the device’s 
instantaneous capacity to store a selected exhaust gas con 
stituent, such as NOX, is periodically adaptively updated 
When the sensor’s output signal falls outside a predeter 
mined range during a device purge event. A device purge 
event is scheduled When an accumulated measure of instan 
taneous feedgas NOX concentration during lean engine 
operation exceeds the stored NOX-storage capacity value. 
The purge event is discontinued When the sensor’s output 
signal exceeds the upper limit of the predetermined range, or 
When a determined value representing a cumulative amount 
of excess fuel supplied to the engine during the purge event 
exceeds a threshold value calculated based upon previous 
values for stored NOX and stored oxygen. 
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METHOD AND SYSTEM FOR REDUCING 
LEAN-BURN VEHICLE EMISSIONS USING A 
DOWNSTREAM REDUCTANT SENSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to methods and systems for 
the treatment of exhaust gas generated by “lean burn” 
operation of an internal combustion engine Which are char 
acteriZed by reduced tailpipe emissions of a selected exhaust 
gas constituent. 

[0003] 2. Background Art 

[0004] Generally, the operation of a vehicle’s internal 
combustion engine produces engine exhaust that includes a 
variety of constituent gases, including carbon monoxide 
(CO), hydrocarbons (HC), and nitrogen oxides (NOX). The 
rates at Which the engine generates these constituent gases 
are dependent upon a variety of factors, such as engine 
operating speed and load, engine temperature, ignition 
(“spark”) timing, and EGR. Moreover, such engines often 
generate increased levels of one or more constituent gases, 
such as NOX, When the engine is operated in a lean-burn 
cycle, i.e., When engine operation includes engine operating 
conditions characteriZed by a ratio of intake air to injected 
fuel that is greater than the stoichiometric air-fuel ratio, for 
example, to achieve greater vehicle fuel economy. 

[0005] In order to control these vehicle tailpipe emissions, 
the prior art teaches vehicle exhaust treatment systems that 
employ one or more three-Way catalysts, also referred to as 
emission control devices, in an exhaust passage to store and 
release selected exhaust gas constituents, such as NOX, 
depending upon engine operating conditions. For example, 
US. Pat. No. 5,437,153 teaches an emission control device 
Which stores exhaust gas NOX When the exhaust gas is lean, 
and releases previously-stored NOX When the exhaust gas is 
either stoichiometric or “rich” of stoichiometric, i.e., When 
the ratio of intake air to injected fuel is at or beloW the 
stoichiometric air-fuel ratio. Such systems often employ 
open-loop control of device storage and release times (also 
respectively knoWn as device “?ll” and “purge” times) so as 
to maximiZe the bene?ts of increased fuel ef?ciency 
obtained through lean engine operation Without concomi 
tantly increasing tailpipe emissions as the device becomes 
“?lled.” 

[0006] The timing of each purge event must be controlled 
so that the device does not otherWise exceed its capacity to 
store the selected exhaust gas constituent, because the 
selected constituent Would then pass through the device and 
effect an increase in tailpipe emissions. Further, the timing 
of the purge event is preferably controlled to avoid the 
purging of only partially ?lled devices, due to the fuel 
penalty associated With the purge event’s enriched air-fuel 
mixture. Moreover, When plural emission control devices 
are deployed in series, excess feedgas HC and CO during the 
purge event are typically initially consumed in the upstream 
device to release stored oxygen, Whereupon the excess 
feedgas HC and CO ultimately “break through” the 
upstream device and enter the doWnstream device to thereby 
effect a both an initial release of oxygen previously stored in 
the doWnstream device and then a release of stored selected 
exhaust gas constituent. 
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[0007] The prior art has recogniZed that the storage capac 
ity of a given emission control device is itself a function of 
many variables, including device temperature, device his 
tory, sulfation level, and the presence of any thermal damage 
to the device. Moreover, as the device approaches its maxi 
mum capacity, the prior art teaches that the incremental rate 
at Which the device continues to store the selected constitu 
ent, also referred to as the instantaneous efficiency of the 
device, may begin to fall. Accordingly, US. Pat. No. 5,437, 
153 teaches use of a nominal NOX-retaining capacity for its 
disclosed device Which is signi?cantly less than the actual 
NOX-storage capacity of the device, to thereby provide the 
device With a perfect instantaneous NOX-absorbing ef? 
ciency, that is, so that the device is able to absorb all 
engine-generated NOX as long as the cumulative stored NOX 
remains beloW this nominal capacity. A purge event is 
scheduled to rejuvenate the device Whenever accumulated 
estimates of engine-generated NOX reach the device’s nomi 
nal capacity. Unfortunately, hoWever, the use of such a ?xed 
nominal NOX capacity necessarily requires a larger device, 
because this prior art approach relies upon a partial, e.g., 
?fty-percent NOX ?ll in order to ensure retention of engine 
generated NOX. 
[0008] The amount of the selected constituent gas that is 
actually stored in a given emission control device during 
vehicle operation depends on the concentration of the 
selected constituent gas in the engine feedgas, the exhaust 
?oW rate, the ambient humidity, the device temperature, and 
other variables including the “poisoning” of the device With 
certain other constituents of the exhaust gas. For example, 
When an internal combustion engine is operated using a fuel 
containing sulfur, the prior art teaches that sulfur may be 
stored in the device and may correlatively cause a decrease 
in both the device’s absolute capacity to store the selected 
exhaust gas constituent, and the device’s instantaneous 
constituent-storing ef?ciency. When such device sulfation 
exceeds a critical level, the stored SOX must be “burned off” 
or released during a desulfation event, during Which device 
temperatures are raised above perhaps about 650° C. in the 
presence of excess HC and CO. By Way of example only, 
US. Pat. No. 5,746,049 teaches a device desulfation method 
Which includes raising the device temperature to at least 
650° C. by introducing a source of secondary air into the 
exhaust upstream of the device When operating the engine 
With an enriched air-fuel mixture and relying on the resulting 
exothermic reaction to raise the device temperature to the 
desired level to purge the device of SOX. 

[0009] Thus, it Will be appreciated that both the device 
capacity to store the selected exhaust gas constituent, and the 
actual quantity of the selected constituent stored in the 
device, are complex functions of many variables that prior 
art accumulation-model-based systems do not take into 
account. The inventors herein have recogniZed a need for a 
method and system for controlling an internal combustion 
engine Whose exhaust gas is received by an emission control 
device Which can more accurately determine the amount of 
the selected exhaust gas constituent, such as NOX, stored in 
an emission control device during lean engine operation and 
Which, in response, can more closely regulate device ?ll and 
purge times to optimiZe tailpipe emissions. 

SUMMARY OF THE INVENTION 

[0010] Under the invention, a method is provided for 
controlling an engine operating over a range of operating 
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conditions including those characterized by combustion of 
air-fuel mixtures that are both lean and rich of a stoichio 
metric air-fuel ratio, and Wherein exhaust gas generated 
during engine operation is directed through an exhaust 
puri?cation system including an upstream emission control 
device and a doWnstream sensor operative to generate an 
output signal representing a concentration of reductants, i.e., 
excess hydrocarbons, in the exhaust gas exiting the device. 
The method includes determining a ?rst value representing 
a cumulative amount of a selected constituent of the engine 
feedgas, such as NOX, generated during an engine operating 
condition characteriZed by combustion of an air-fuel mixture 
lean of the stoichiometric air-fuel ratio (“a lean operating 
condition”). The method also includes determining a second 
value representing an instantaneous capacity of the device to 
store the selected constituent, Wherein the second value is 
determined as a function of a characteristic of the output 
signal generated by the reductant sensor during an engine 
operating condition characteriZed by combustion of an air 
fuel mixture having an air-fuel ratio rich of the stoichiomet 
ric air-fuel ratio (“a rich air-fuel ratio”), and a predetermined 
reference value. The method further includes selecting an 
engine operating condition as a function of the ?rst and 
second values. 

[0011] More speci?cally, in a preferred embodiment in 
Which the selected exhaust gas constituent is NOX, the ?rst 
value is estimated using a lookup table containing mapped 
values for engine-generated NOX as a function of engine 
operating conditions, such as instantaneous engine speed 
and load, air-fuel ratio, spark and EGR. The lean operating 
condition is discontinued, and a rich operating condition 
suitable for purging the device of stored feedgas NOX is 
scheduled, When the ?rst value representing accumulated 
feedgas NOX exceeds the second value representing the 
instantaneous device NOX-storage capacity. The second 
value is a previously stored value Which is periodically 
adaptively updated based upon a comparison of the ampli 
tude of the reductant sensor’s output signal With the prede 
termined reference value during a subsequent device purge 
event. In this manner, the storage of NOX by the device and, 
hence, the “?ll time” during Which the engine is operated in 
a lean operating condition, is optimiZed. 

[0012] In accordance With another feature of the inven 
tion, the method preferably includes calculating a third value 
representing the amount of fuel, in excess of a stoichiometric 
amount, Which is necessary to purge the device of both 
stored selected exhaust gas constituent and stored oxygen, 
based on the ?rst value representing accumulated exhaust 
gas constituent present in the engine feedgas and a previ 
ously stored fourth value representing the amount of excess 
fuel necessary to purge only stored oxygen from the device. 
The method also preferably includes determining a ?fth 
value representing a cumulative amount of fuel, in excess of 
the stoichiometric amount, Which has been supplied to the 
engine during a given rich operating condition; and discon 
tinuing the purge event When the ?fth value representing the 
supplied excess fuel exceeds the third value representing the 
necessary excess fuel to purge the device of all stored 
selected constituent and stored oxygen. In this manner, the 
invention optimiZes the amount of excess fuel used to purge 
the device and, indirectly, the device purge time. 

[0013] In accordance With another feature of the inven 
tion, the method preferably includes selecting an engine 
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operating condition suitable for desulfating the device When 
the second value representing the device’s instantaneous 
capacity to store the selected exhaust gas constituent falls 
beloW a minimum threshold value. The method further 
preferably includes indicating a deteriorated device if a 
predetermined number of device-desulfating engine operat 
ing conditions are performed Without any signi?cant 
increase in the second value. 

[0014] In accordance With a further feature of the inven 
tion, the fourth value representing the oxygen-only excess 
fuel amount is periodically updated using an adaption value 
Which is itself generated by comparing the amplitude of the 
reductant sensor’s output signal to a threshold value during 
a scheduled purge. 

[0015] The above object and other objects, features, and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the invention When taken in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic of an exemplary system for 
practicing the invention; 

[0017] FIG. 2 is a ?oWchart illustrating the main control 
process employed by the exemplary system; and 

[0018] FIGS. 3-5 are ?oWcharts illustrating the control 
process for three adaptive algorithms for updating previ 
ously stored values utiliZed by the exemplary system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0019] Referring to FIG. 1, an exemplary control system 
10 for a four-cylinder, direct-injection, spark-ignition, gaso 
line-poWered engine 12 for a motor vehicle includes an 
electronic engine controller 14 having ROM, RAM and a 
processor (“CPU”) as indicated. The controller 14 controls 
the operation of a set of fuel injectors 16, each of Which is 
positioned to inject fuel into a respective cylinder 18 of the 
engine 12 in precise quantities as determined by the con 
troller 14. The controller 14 similarly controls the individual 
operation, i.e., timing, of the current directed through each 
of a set of spark plugs 20 in a knoWn manner. 

[0020] The controller 14 also controls an electronic 
throttle 22 that regulates the mass How of air into the engine 
12. An air mass ?oW sensor 24, positioned at the air intake 
of engine’s intake manifold 26, provides a signal regarding 
the air mass ?oW resulting from positioning of the engine’s 
throttle 22. The air ?oW signal from the air mass ?oW sensor 
24 is utiliZed by the controller 14 to calculate an air mass 
value Which is indicative of a mass of air ?oWing per unit 
time into the engine’s induction system. 

[0021] A ?rst oxygen sensor 28 coupled to the engine’s 
exhaust manifold detects the oxygen content of the exhaust 
gas generated by the engine 12 and transmits a representa 
tive output signal to the controller 14. The ?rst oxygen 
sensor 28 provides feedback to the controller 14 for 
improved control of the air-fuel ratio of the air-fuel mixture 
supplied to the engine 12, particularly during operation of 
the engine 12 at or near the stoichiometric air-fuel ratio 
Which, for a constructed embodiment, is about 14.65. A 



US 2002/0189246 A1 

plurality of other sensors, including an engine speed sensor 
and an engine load sensor, indicated generally at 29, also 
generate additional signals in a knoWn manner for use by the 
controller 14. 

[0022] An exhaust system 30 transports exhaust gas pro 
duced from combustion of an air-fuel mixture in each 
cylinder 18 through an upstream catalytic emission control 
device 32 and, then, through a doWnstream catalytic emis 
sion control device 34, both of Which function in a knoWn 
manner to reduce the amount of engine-generated exhaust 
gas constituents, such as NOX, that reach the vehicle tailpipe 
36. A second oxygen sensor 38 is positioned in the exhaust 
system 30 betWeen the upstream and doWnstream devices 
32,34. In a constructed embodiment, the ?rst and second 
oxygen sensors 28,38 are “switching” heated exhaust gas 
oxygen (HEGO) sensors; hoWever, the invention contem 
plates use of other suitable sensors for generating a signal 
representing the oxygen concentration in the exhaust mani 
fold and exiting the upstream device 32, respectively, 
including but not limited to exhaust gas oxygen (EGO) type 
sensors, and linear-type sensors such as universal exhaust 
gas oxygen (UEGO) sensors. 

[0023] In accordance With the invention, a reductant sen 
sor 40 is positioned in the exhaust system 30 doWnstream of 
the doWnstream device 34. The reductant sensor 40 gener 
ates an output signal RECON Which is representing the 
instantaneous concentration of reductants, i.e., excess 
hydrocarbons, in the exhaust gas exiting the doWnstream 
device 34. 

[0024] A ?oWchart illustrating the steps of the control 
process 100 employed by the exemplary system 10 is shoWn 
in FIG. 2. Upon engine startup, indicated at block 102, the 
controller 14 sets both a ?ll-purge cycle counter PCNT and 
a desulfation ?ag DSOXFLG to logical Zero (blocks 104 and 
106). Then, after checking the value of the desulfation ?ag 
DSOXFLG against a reference value indicative of an irre 
coverably-deteriorated doWnstream device 34 (at block 
108), the controller 14 initialiZes lean-burn operation, i.e., 
enables selection by the controller 14 of a lean engine 
operating condition, at block 110 by resetting the folloWing 
stored values to Zero: a value MNOx representing cumula 
tive feedgas NOX generated during a given lean operating 
condition; a value XSF representing an amount of fuel in 
excess of the stoichiometric amount that has been supplied 
to the engine 12 during a purge event; and values AMLl and 
AML2 representing cumulative air mass ?oW into the 
engine’s intake manifold 26 during a given lean operating 
condition. The controller 14 also resets (at block 110) a ?ag 
ADFLG1 indicative of the state of a plurality of adaption 
algorithms, the operation of each of Which is described 
beloW in connection With FIGS. 4, 5, and 6. 

[0025] The controller 14 then checks to see if a lean ?ag 
LFLG is set to logical “1” (block 112). If the lean ?ag LFLG 
is set to “1,” indicating that lean engine operating condition 
has been speci?ed, the controller 14 initiates lean engine 
operation (at block 114) by adjusting the fuel injectors 16 
and electronic throttle 22 so as to achieve a lean air-fuel 
mixture having an air-fuel ratio greater than about 18 While 
further responding to instantaneous vehicle poWer require 
ments, as derived from sensed values for engine speed, 
engine load, vehicle speed and vehicle acceleration. After 
updating values AMLl and AML2 With the current air mass 
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How rate AM, as obtained from the system’s air mass ?oW 
sensor 24 (at block 116, later used to de?ne a time period 
Within Which the adaptive algorithms look for a sloW 
response from the reductant sensor 40), the controller 14 
determines a value FGNOx representing the instantaneous 
concentration of “feedgas” NOX, i.e., the concentration of 
NOx in the engine exhaust as a result of the combustion of the 
air-fuel mixture Within the engine 12 (at block 118). The 
value FGNOx is determined in a knoWn manner from 
instantaneous engine operating conditions, Which may 
include, Without limitation, engine speed, engine load, EGR, 
air-fuel ratio, and spark. By Way of example only, in a 
preferred embodiment, the controller 14 retrieves a stored 
estimate for instantaneously feedgas NOX concentration 
from a lookup table stored in ROM, originally obtained from 
engine mapping data. 
[0026] At block 120 of FIG. 2, the controller 14 updates 
the value MNOx representing the cumulative amount of 
feedgas NOX Which has been generated by the engine 12 
during the lean operating condition. The controller 14 com 
pares the current value PCNT for the ?ll-purge cycle counter 
to a reference value PCNT_MAX (at block 122). The 
purpose of the ?ll-purge cycle counter is to enable the 
controller 14 to periodically break-out of a lean operating 
condition With only a partially-?lled doWnstream device 34, 
in order to adaptively update a previously stored maximum 
threshold value MNOx_MAX representing the instanta 
neous NOX-storage capacity of the doWnstream device 34 
(as described more fully beloW). 

[0027] If the counter PCNT does not equal the reference 
value PCNT_MAX, the controller 14 compares the cumu 
lative feedgas NOX value MNOx to the maximum threshold 
value MNOx_MAX (at block 124). If the cumulative 
feedgas NOX value MNOx is not greater than the maximum 
threshold value MNOx_MAX, the controller 14 determines 
(at block 126) Whether an adaption ?ag ADFLG1 is set to 
logical “1.” If the adaption ?ag ADFLG1 is set to logical 
“1,” the controller 14 continues to enable the selection of a 
lean engine operating condition, by returning to block 112 as 
illustrated in FIG. 2. If the adaption ?ag ADFLG is not set 
to logical “1,” the controller 14 then executes either of tWo 
adaption algorithms 174,176 based upon the current value of 
the purge cycle counter PCNT, as discussed beloW in con 
nection With FIGS. 5 and 6. 

[0028] If, at block 124, the controller 14 determines the 
cumulative feedgas NOX value MNOx is greater than the 
maximum threshold value MNOx_MAX, the controller 14 
discontinues the lean operating condition and then compares 
the cumulative feedgas NOX value MNOx to a ?rst minimum 
threshold value MNOx_THR (at block 128). The ?rst mini 
mum threshold value MNOx_THR represents a minimum 
acceptable level of NOX storage and, hence, a failure of the 
cumulative feedgas NOX value MNOx to exceed the ?rst 
minimum threshold value MNOx_THR is indicative of a 
threshold level of device deterioration requiring a response, 
such as the scheduling of a desulfation event (the control 
process for Which is generally illustrated in FIG. 3, 
described beloW). If the cumulative feedgas NOX value 
MNOx is greater than the ?rst minimum threshold value 
MNOx_THR (at block 128), the controller 14 schedules a 
doWnstream device purge event at the ?rst opportunity. 

[0029] When initiating a purge event, the controller 14 
?rst updates the value PCNT representing the number of 
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downstream device ?ll-purge cycles since the last doWn 
stream device desulfation event (at block 130). The control 
ler 14 then operates the fuel injectors 16 and the electronic 
throttle 22 so as to sWitch the air-fuel ratio of the air-fuel 
mixture supplied to one or more cylinders 18 to a selected 
purge air-fuel ratio (at block 132). The controller 14 then 
updates the value XSF representing the amount by Which the 
fuel ?oW F supplied during the purge event exceeds that 
Which is required for stoichiometric engine operation (at 
block 134). 

[0030] The controller 14 then compares the output signal 
RECON generated by the reductant sensor 40 to a prede 
termined maximum threshold value RECON_MAX (at 
block 136). As noted above, the sensor output signal 
RECON is representative of the instantaneous concentration 
of reductants, e.g., excess CO, H2 and HC, in the exhaust gas 
exiting the doWnstream device 34. If the sensor output signal 
RECON is greater than the maximum threshold value 
RECON_MAX, indicating an excess amount of hydrocar 
bons in the exhaust gas exiting the doWnstream device 34, 
the doWnstream device 34 must already be substantially 
purged of both stored NOX and stored oxygen, thereby 
further indicating that the previously stored maximum 
threshold value MNOx_MAX is too loW. Accordingly, the 
controller 14 increases the stored maximum threshold value 
MNOx_MAX by a predetermined increment (at block 138) 
and reenables lean engine operation (by looping back to 
block 110 of FIG. 2). 

[0031] If the controller 14 determines (at block 136) that 
the reductant sensor output signal RECON is not greater 
than the maximum threshold value RECON_MAX, the 
controller 14 compares (at block 140) the value XSF rep 
resenting the supplied excess purge fuel to a calculated 
reference value XSF_MAX representing the amount of 
purge fuel, in excess of the stoichiometric amount, necessary 
to release both stored NOX and stored oxygen from the 
doWnstream device 34. More speci?cally, the excess fuel 
reference value XSF_MAX is directly proportional to the 
quantity of NOX previously calculated to have been stored in 
the doWnstream device 34 (represented by the value MNOx 
achieved in the immediately preceding ?ll)and is determined 
according to the folloWing expression: 

[0032] Where: K is a proportionality constant betWeen the 
quantity of NOX stored and the amount of excess fuel; 

[0033] MNOx is a value for cumulative feedgas NOX 
generated in an immediately preceding lean operat 
ing condition; 

[0034] EFF_DES is a desired device absorption ef? 
ciency, for example, eighty to ninety percent of the 
NOX passing through the doWnstream device 34; and 

[0035] XSF_OSC is a previously calculated value 
representing the quantity of excess fuel required to 
release oxygen stored Within the doWnstream device 
34, as discussed further beloW. 

[0036] If the supplied excess fuel value XSF does not 
exceed the calculated excess fuel reference value XSF_ 
MAX (as determined at block 140 of FIG. 2), the controller 
14 loops back (to block 132) to continue the purge event. If, 
hoWever, the supplied excess fuel value XSF exceeds the 
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calculated excess fuel reference value XSF_MAX, the 
doWnstream device purge event is deemed to have been 
completed, and the controller 14 reenables lean engine 
operation (by looping back to block 110). 

[0037] As noted above, after the controller 14 determines 
that lean operating condition should be discontinued at block 
124 of FIG. 2, if the controller 14 also determines that the 
cumulative feedgas NOX value MNOx is greater than the 
?rst minimum threshold value MNOx_THR representing 
the minimum acceptable level of NOX storage (the latter 
being determined at block 128), the controller 14 schedules 
a purge event. HoWever, if the controller 14 determines (at 
block 128) that the cumulative feedgas NOX value MNOx is 
not greater than the ?rst minimum threshold value 
MNOx_THR after discontinuing a lean operating condition, 
the controller 14 schedules a doWnstream device desulfating 
event, as indicated at block 142 of FIG. 2. 

[0038] The control process 142 for a desulfation event is 
generally illustrated in FIG. 3. Speci?cally, the controller 14 
initially checks the value of a desulfation ?ag DSOXFLG (at 
block 144) to determine Whether the subject desulfation 
event is one of several, immediately-successive doWnstream 
device desulfating events (the latter condition suggesting 
that the doWnstream device 34 has irrevocably deteriorated 
and, hence, needs servicing). If the desulfation ?ag DSOX 
FLG is set to logical Zero, the controller 14 initiates a 
desulfation event, during Which the controller 14 enriches 
the air-fuel mixture supplied to each engine cylinder 18 at a 
time When the controller 14 has otherWise operated to raise 
the temperature T of the doWnstream device 34 above a 
minimum desulfating temperature of perhaps about 625° C. 
Upon completion of the desulfation event, the controller 14 
sets the desulfation ?ag DSOXFLG to logical “1.” The 
controller 14 then operates the fuel injectors 16 and the 
electronic throttle 22 to return engine operation to either a 
near-stoichiometric operating condition or-, preferably, a 
lean operating condition to achieve greater vehicle fuel 
economy. 

[0039] As noted above, if the controller 14 determines, 
during a lean operating condition, that the counter PCNT 
equals a reference value PCNT_MAX (at block 122), the 
controller 14 compares the cumulative feedgas NOX value 
MNOx to a second minimum threshold value MNOx_MIN 
(at block 154) Which is typically substantially less than the 
?rst minimum threshold value MNOx_THR and, most pref 
erably, is selected such that stored oxygen predominates 
over stored NOX Within the doWnstream device 34. If the 
cumulative feedgas NOX value MNOx is not greater than the 
second minimum threshold value MNOx_MIN (as deter 
mined at block 154), the doWnstream device 34 has not yet 
been partially ?lled to the level represented by the second 
minimum threshold value MNOx_MIN, Which ?ll level is 
required to adaptively update the previously stored value 
XSF_OSC representing the quantity of excess fuel required 
to release oxygen stored Within the doWnstream device 34, 
and the controller 14 loops back to block 112 for further lean 
engine operation, if desired (as indicated by ?ag LFLG 
being equal to logical “1”). 

[0040] If the cumulative feedgas NOX value MNOx is 
greater than the second minimum threshold value 
MNOx_MIN (as determined at block 154 of FIG. 2), the 
controller 14 executes a ?rst adaptive algorithm 156, Whose 
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control process is illustrated in greater detail in FIG. 4. 
Speci?cally, the controller 14 immediately discontinues the 
lean operating condition and schedules a doWnstream device 
purge event, in the manner described above. During the 
immediately folloWing purge event, in Which the air-fuel 
ratio is set to the selected purge air-fuel ratio (at block 158) 
and the fuel ?oW F is summed to obtain the desired excess 
fuel value XSF (at block 160), the controller 14 again 
compares the sensor output signal RECON With the maxi 
mum threshold value RECON_MAX (at block 162). If the 
controller 14 determines that the sensor output signal 
RECON is greater than the maximum threshold value 
RECON_MAX, thereby indicating an excess amount of 
hydrocarbons in the exhaust gas exiting the doWnstream 
device 34, the doWnstream device 34 is deemed to already 
be substantially purged of both stored NOX and stored 
oxygen. And, since oxygen storage predominates When the 
doWnstream device 34 is ?lled to the level represented by the 
second minimum threshold value MNOx_MIN, the previ 
ously stored value XSF_OSC representing the quantity of 
excess fuel required to release stored oxygen is likely too 
high. Accordingly, the controller 14 immediately discontin 
ues the purge event and further decreases the stored value 
XSF_OSC by a predetermined increment (at block 168). The 
controller 14 also resets both the counter PCNT and the 
adaption ?ag ADFLG to logical-Zero (at block 170). 

[0041] If the controller 14 otherWise determined, at block 
162, that the sensor output signal RECON does not exceed 
the maximum threshold value RECON_MAX, the controller 
14 compares the excess fuel value XSF to the excess fuel 

reference value XSF_MAX (at block 164). When the excess 
fuel value XSF is greater than the excess fuel reference value 
XSF_MAX, the doWnstream device 34 is deemed to have 
been substantially purged of both stored NOX and stored 
oxygen. The purge cycle counter PCNT is then incremented 
(at block 166) and the controller 14 returns to the main 
control process 100 of FIG. 2. 

[0042] Returning to the decision made by the controller 14 
at block 126 of FIG. 2, if the controller 14 determines that 
the adaption ?ag ADFLG is not set to logical “1,” the 
controller 14 then determines Whether the purge cycle 
counter PCNT is greater than the reference value PCNT_ 
MAX. If the counter PCNT exceeds the reference value 
PCNT_MAX, the controller 14 executes the second adap 
tion algorithm 174 Whose control process is generally illus 
trated in FIG. 5. OtherWise, the controller 14 executes the 
third adaption algorithm 176 Whose control process is gen 
erally illustrated in FIG. 6. 

[0043] As seen in FIG. 5, in the second adaption algo 
rithm 174, if the controller 14 determines at block 178 that 
the sensor output signal RECON is not greater than the 
maximum reference value RECON_MAX, indicating that 
the doWnstream device 34 has not been substantially purged 
both of stored NOX and of stored oxygen, the controller 14 
then con?rms that both the sensor output signal RECON is 
less than a minimum reference value RECON_MIN and that 
the second cumulative air mass ?oW measure AML2 is 
greater than a minimum threshold AML2_MIN at blocks 
180 and 182, respectively (the latter serving to ensure that 
there has not been an inordinate delay betWeen a change in 
the air-fuel mixture delivered to each cylinder 18 and the 
point in time When the resulting exhaust reaches the doWn 
stream reductant sensor 40). If so, the controller 14 imme 
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diately discontinues the purge event and increases the stored 
value XSF_OSC by a predetermined increment (at block 
184). If either condition of blocks 180 and 182 is not met, 
hoWever, the controller 14 immediately loops back to the 
main control process 100. 

[0044] Continuing With FIG. 5, if the controller 14 oth 
erWise determines at block 178 that the sensor output signal 
RECON is greater than the maximum reference value 
RECON_MAX, indicating that the doWnstream device 34 
has been substantially purged both of stored NOX and of 
stored oxygen, the controller 14 immediately discontinues 
the purge event and further decreases the stored value 
XSF_OSC by a predetermined increment (at block 186). 
Then, after the controller 14 has either increased or 
decreased the stored value XSF_OSC at blocks 184 or 186, 
the controller 14 sets the adaption ?ag ADFLG to logical 
“1,” resets the counter PCNT to Zero (both at block 188), and 
returns to the main control process 100. 

[0045] Referring to the third adaption algorithm 176 illus 
trated in FIG. 6, if the controller 14 determines at block 178 
that the sensor output signal RECON is not greater than the 
maximum reference value RECON_MAX, indicating that 
the doWnstream device 34 has not been substantially purged 
both of stored NOX and of stored oxygen, the controller 14 
then con?rms that both the sensor output signal RECON is 
less than a minimum reference value RECON_MIN and that 
the ?rst cumulative air mass ?oW measure AML1 is greater 
than a minimum threshold AML1_MIN at blocks 190 and 
192, respectively (the latter similarly serving to ensure that 
there has not been an inordinate delay betWeen a change in 
the air-fuel mixture delivered to each cylinder 18 and the 
point in time When the resulting exhaust reaches the doWn 
stream reductant sensor 40). If so, the actual device ef? 
ciency may be assumed to be less than the is a desired device 
absorption ef?ciency value EFF_DES used in the calculation 
of the excess fuel reference value XSF_MAX, and the 
controller 14 immediately discontinues the purge event and 
decreases the stored maximum threshold value MNOx_ 
MAX by a predetermined increment (at block 194). If either 
condition of blocks 190 and 192 is not met, hoWever, the 
controller 14 immediately loops back to the main control 
process 100. 

[0046] Continuing With FIG. 6, if the controller 14 oth 
erWise determines at block 190 that the sensor output signal 
RECON is greater than the maximum reference value 
RECON MAX, indicating that the doWnstream device 34 
has been substantially purged both of stored NOX and of 
stored oxygen, the controller 14 immediately discontinues 
the purge event and further decreases the stored maximum 
threshold value MNOx_MAX value by a predetermined 
increment (at block 200). Then, after the controller 14 has 
either increased or decreased the stored value XSF_OSC at 
blocks 184 or 186, the controller 14 sets the adaption ?ag 
ADFLG to logical “1” (at block 198), and returns to the main 
control process 100. 

[0047] Finally, returning to the main control process 100 
illustrated in FIG. 2, if the controller 14 determines, at block 
112, that lean operating ?ag LFLG is not set to logical “1,” 
the controller 14 compares the ?rst cumulative air mass ?oW 
value AML1 to a minimum threshold value AML1_MIN (at 
block 202) representing a minimum engine operating time. 
If the ?rst cumulative air mass ?oW value AML1 exceeds the 
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threshold value AML1_MIN, a purge event is immediately 
scheduled to ensure maximum device operating ef?ciency. 

[0048] While an exemplary embodiment of the invention 
has been illustrated and described, it is not intended that the 
disclosed embodiment illustrate and describe all possible 
forms of the invention. Rather, the Words used in the 
speci?cation are Words of description rather than limitation, 
and it is understood that various changes may be made 
Without departing from the spirit and scope of the invention. 

What is claimed: 
1. A method for controlling an engine operating over a 

range of operating conditions characteriZed by combustion 
of air-fuel mixtures that are lean and rich of a stoichiometric 
air-fuel ratio to generate exhaust gas, Wherein the exhaust 
gas is directed through an upstream emission control device 
and a doWnstream sensor that generates an output signal 
representing a concentration of reductants in the exhaust gas 
exiting the device, the method comprising: 

determining, during a lean operating condition character 
iZed by combustion of an air-fuel mixture having a lean 
air-fuel ratio, a ?rst value representing a cumulative 
amount of a selected constituent of the exhaust gas 
being generated by the engine; 

comparing the ?rst value to a previously stored second 
value representing an instantaneous capacity of the 
device to store the selected constituent, Wherein the 
second value is periodically updated as a function of an 
amplitude of the output signal generated by the reduc 
tant sensor and at least one predetermined reference 

value; 
and selecting an engine operating condition as a function 

of the ?rst and second values. 
2. The method of claim 1, Wherein determining the ?rst 

value includes estimating an instantaneous amount of the 
selected constituent generated by the engine as a function of 
at least one of the group consisting of an engine speed, an 
engine load, an ignition timing, an air-fuel ratio, and EGR. 

3. The method of claim 1, Wherein periodically updating 
the second value includes: 

comparing, during a rich operating condition character 
iZed by combustion of an air-fuel mixture having a rich 
air-fuel ratio, the output signal With a predetermined 
maximum reference value; and 

increasing the second value by a predetermined amount 
based upon the comparison of the output signal With the 
predetermined maximum reference value. 

4. The method of claim 3, Wherein increasing includes 
increasing the second value by the predetermined amount 
When an amplitude of the output signal exceeds the prede 
termined maximum reference value. 

5. The method of claim 4, Wherein the selecting step 
includes discontinuing the rich operating condition When the 
amplitude of the output signal exceeds the predetermined 
maximum reference value. 

6. The method of claim 1, Wherein selecting includes 
comparing, during a lean operating condition characteriZed 
by combustion of an air-fuel mixture having a lean air-fuel 
ratio, the ?rst value to the second value; and 

discontinuing the lean operating condition When the ?rst 
value exceeds the second value. 
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7. The method of claim 1, Wherein selecting includes: 

calculating, during a rich operating condition character 
iZed by combustion of an air-fuel mixture having a rich 
air-fuel ratio, a third value representing an amount of 
fuel, in excess of a stoichiometric amount of fuel 
suf?cient to provide an air-fuel mixture having a sto 
ichiometric air-fuel ratio, required to release stored 
selected constituent and stored oxygen from the device 
as a function of the second value and a previously 
stored fourth value representing an amount of excess 
fuel required to release only stored oxygen from the 
device; 

determining a ?fth value representing a cumulative 
amount of fuel, in excess of the stoichiometric amount, 
supplied to the engine during the rich operating con 
dition; and 

discontinuing the rich operating condition When the ?fth 
value exceeds the third value. 

8. The method of claim 7, Wherein determining the ?fth 
value includes: 

comparing, during a lean operating condition character 
iZed by combustion of an air-fuel mixture having a lean 
air-fuel ratio, the output signal to the predetermined 
maximum reference value; and 

increasing or decreasing the ?fth value by a predeter 
mined amount based upon the comparison of the output 
signal With the ?rst predetermined reference value. 

9. The method of claim 8, Wherein increasing the ?fth 
value includes increasing the ?fth value by the predeter 
mined amount When an amplitude of the output signal 
exceeds the predetermined maximum reference value. 

10. The method of claim 8, Wherein decreasing the ?fth 
value includes decreasing the ?fth value by the predeter 
mined amount When an amplitude of the output signal is less 
than a predetermined minimum reference value. 

11. The method of claim 7, Wherein determining the ?fth 
value includes: 

comparing, during a rich operating condition character 
iZed by combustion of an air-fuel mixture having a rich 
air-fuel ratio, the output signal to a set of reference 
values including the predetermined maximum refer 
ence value; and 

if the ?fth value does not exceed the third value, decreas 
ing the ?fth value by the predetermined amount based 
upon the comparison of the output signal With the set of 
reference values. 

12. The method of claim 10, Wherein decreasing the ?fth 
value includes decreasing the ?fth value by the predeter 
mined amount When an amplitude of the output signal is less 
than the predetermined maximum reference value. 

13. The method of claim 1, Wherein selecting includes: 

comparing, during a lean operating condition character 
iZed by combustion of an air-fuel mixture having a lean 
air-fuel ratio, the second value to a minimum device 
capacity value; and 

selecting a device-desulfating engine operating condition 
When the ?rst value exceeds the second value, and the 
second value falls beloW the minimum device capacity 
value. 
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14. The method of claim 13, further including indicating 
device deterioration if a predetermined number of device 
desulfating engine operating conditions are performed With 
out a signi?cant increase in a maximum value for the ?rst 
value. 

15. Asystem for controlling an engine, Wherein the engine 
operates over a range of operating conditions characteriZed 
by combustion of air-fuel mixtures that are lean and rich of 
a stoichiometric air-fuel ratio to generate exhaust gas, 
Wherein the exhaust gas is directed through an upstream 
emission control device and a doWnstream sensor that 
generates an output signal representing a concentration of 
reductants in the exhaust gas exiting the device, the system 
comprising: 

a controller including a microprocessor arranged to deter 
mine, during a lean operating condition characteriZed 
by combustion of an air-fuel mixture having a lean 
air-fuel ratio, a ?rst value representing a cumulative 
amount of a selected constituent of the exhaust gas 
being generated by the engine, and Wherein the con 
troller is further arranged to compare the ?rst value to 
a previously stored second value representing an 
instantaneous capacity of the device to store the 
selected constituent, Wherein the second value is peri 
odically updated as a function of an amplitude of the 
output signal generated by the reductant sensor and at 
least one predetermined reference value; and to select 
an engine operating condition as a function of the ?rst 
and second values. 

16. The system of claim 15, Wherein the controller is 
further arranged to compare, during a rich operating condi 
tion characteriZed by combustion of an air-fuel mixture 
having a rich air-fuel ratio, the output signal With a prede 
termined maximum reference value, and to increase the 
second value by a predetermined amount When an amplitude 
of the output signal exceeds the predetermined maximum 
reference value. 

17. The system of claim 16, Wherein the controller is 
further arranged to discontinue the rich operating condition 
When the amplitude of the output signal exceeds the prede 
termined maximum reference value. 

18. The system of claim 16, Wherein the controller is 
further arranged to calculate, during the rich operating 
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condition, a third value representing an amount of fuel, in 
excess of a stoichiometric amount of fuel sufficient to 
provide an air-fuel mixture having a stoichiometric air-fuel 
ratio, required to release stored selected constituent and 
stored oxygen from the device as a function of the second 
value and a previously stored fourth value representing an 
amount of excess fuel required to release only stored oxygen 
from the device, and to determine a ?fth value representing 
a cumulative amount of fuel, in excess of the stoichiometric 
amount, supplied to the engine during the rich operating 
condition; and Wherein the controller is further arranged to 
discontinue the rich operating condition When the ?fth value 
exceeds the third value. 

19. The system of claim 18, Wherein the controller is 
further arranged to compare, during a lean operating con 
dition characteriZed by combustion of an air-fuel mixture 
having a lean air-fuel ratio, the output signal to the prede 
termined maximum reference value, and to increase or 
decrease the ?fth value by a predetermined amount based 
upon the comparison of the output signal With the ?rst 
predetermined reference value. 

20. The system of claim 18, Wherein the controller is 
further arranged to compare, during the rich operating 
condition, the output signal to a set of reference values 
including the predetermined maximum reference value; and 

if the ?fth value does not exceed the third value, decreas 
ing the ?fth value by the predetermined amount based 
upon the comparison of the output signal With the set of 
reference values. 

21. The system of claim 15, Wherein the controller is 
further arranged to compare, during a lean operating con 
dition characteriZed by combustion of an air-fuel mixture 
having a lean air-fuel ratio, the ?rst value to the second 
value, and to discontinue the lean operating condition When 
the ?rst value exceeds the second value. 

22. The system of claim 15, Wherein the controller is 
further arranged to indicate device deterioration if a prede 
termined number of device-desulfating engine operating 
conditions are performed Without a signi?cant increase in a 
maximum value for the ?rst value. 


