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(57) ABSTRACT 

A method is provided for compensating for variability in ash 
accumulation rates within an aftertreatment element of an 
engine exhaust system. The method includes determining 
flow resistance values through the aftertreatment element and 
tracking minimum flow resistance values over time. The 
method also includes correlating the tracked minimum flow 
resistance values over time, with a model of engine oil con 
Sumption rate that is based on predetermined values for model 
engine oil consumption. The method further includes adjust 
ing the predetermined values based on the tracked minimum 
flow resistance values over time. 
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METHOD AND SYSTEM FOR MAINTAINING 
AFTERTREATMENT EFFICIENCY 

TECHNICAL FIELD 

0001. The present disclosure is directed to reducing par 
ticulate emissions and, more particularly, to methods and 
systems for maintaining efficiency of aftertreatment in reduc 
ing particulate emissions. 

BACKGROUND 

0002 Engines, including diesel engines, gasoline engines, 
natural gas engines, and other engines known in the art, may 
exhaust a complex mixture of emissions. The emissions may 
include both gaseous and solid material. Such as, for example, 
particulate matter. Particulate matter may include ash and 
unburned carbon particles generally referred to as Soot. 
0003 Environmental concerns have resulted in the devel 
opment of systems to treat engine exhaust. Some of these 
systems may employ exhaust treatment devices. Such as par 
ticulate filters, to remove particulate matter from the exhaust 
flow. A particulate filter may include filter material designed 
to capture particulate matter. After an extended period ofuse, 
however, the filter material may become partially saturated 
with particulate matter, Such as Soot. This partial Saturation 
may hinder the ability of the particulate filter to remove 
particulates from the exhaust flow. 
0004 A large portion of the collected particulate matter, 
e.g. soot, may be removed from the filter material through a 
process called regeneration. One way that regeneration may 
be accomplished is by increasing the temperature of the filter 
material, and the particulate matter in the filter material, 
above the combustion temperature of the particulate matter. 
The soot may be consumed by the heat of the regeneration 
process. However, a portion of the particulate matter, e.g. ash, 
may remain in the filter material and, over time, accumulate. 
Asash accumulates, the efficiency of the particulate filter to 
control emissions of particulate matter may be adversely 
affected. 
0005 Ash derives largely from engine lubricating oil that, 
unavoidably, finds its way into the engine combustion cham 
bers, and is consumed during the combustion phase of engine 
operation. Different engine oil formulations contain varying 
amounts of ash. An engine that is lubricated by an oil formu 
lation with a higher ash content will, all other factors being 
equal, place more ash into the engine exhaust system, and 
thus, into aftertreatment elements. Such as, for example, a 
particulate filter. In addition, engine system failures, e.g. dete 
riorating piston rings, may result in higher than normal oil 
consumption and, hence, higher ash accumulation rates in an 
aftertreatment element. 
0006. It is desirable that there be some effective manner 
for compensating for variability in ash accumulation rates, 
and otherwise maintain particulate filter efficiency, by 
accounting for ash accumulation. 
0007. One regeneration system that accounts for ash accu 
mulation is disclosed in U.S. Pat. No. 5,195.316, issued to 
Shinzawa etal. on Mar. 23, 1993 (“the 316 patent”). The 316 
patent discloses embodiments that advance the timing of 
initiation of regeneration in accordance with the accumulated 
amount of incombustible residue in a particulate trap. The 
316 patent discloses that it is possible to sample pressure 
differentials after regeneration and then determine the 
amount of accumulated incombustible residue. The fre 
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quency of regeneration can then be increased as the amount of 
incombustible residue increases in order to allow for the fact 
that the trap will tend to reach a fully charged state earlier than 
normal due to the incombustible residue that has accumu 
lated. 
0008 While the system of the 316 patent contemplates 
varying regeneration frequency as ash accumulates, no pro 
vision is made for a correlation between tracked minimum 
flow resistance values through the particulate trap over time, 
with a model of engine oil consumption rate that is based on 
predetermined values for engine oil consumption. In addi 
tion, the system of the 316 patent does not contemplate 
adjusting the predetermined values of the model for engine oil 
consumption rate based on the tracked minimum flow resis 
tance values. Accordingly, the system of the 316 patent may 
not properly take into account the impact of a major contribu 
tor to ash accumulation in a particulate trap. Not directly 
accounting for the impact of consumed engine oil, may result 
in inaccurate determination of remaining particulate trap Vol 
ume, improperly timed servicing of the particulate trap for 
ash removal, and adverse effects on fuel consumption when 
ash accumulation has been underestimated. 
0009. The disclosed methods and systems for maintaining 
particulate filter efficiency are directed toward overcoming 
one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

0010. In one exemplary embodiment of the present disclo 
Sure, a method of compensating for variability in ash accu 
mulation rates within an aftertreatment element of an engine 
exhaust system is disclosed. The method includes determin 
ing flow resistance values through the aftertreatment element. 
The method also includes tracking minimum flow resistance 
values over time. The method further includes correlating the 
tracked minimum flow resistance values over time, with a 
model of engine oil consumption rate that is based on prede 
termined values for model engine oil consumption. The 
method also includes adjusting the predetermined values 
based on the tracked minimum flow resistance values over 
time. 
0011. In another exemplary embodiment of the present 
disclosure, a system of compensating for variability in ash 
accumulation rates within an aftertreatment element of an 
engine exhaust system is disclosed. The system includes at 
least one filter section within the aftertreatment element. The 
system also includes a controller configured to determine 
flow resistance values through the aftertreatment element, 
track minimum flow resistance values over time, correlate the 
tracked minimum flow resistance values over time, with a 
model of engine oil consumption rate that is based on prede 
termined values for model engine oil consumption, and adjust 
the predetermined values based on the tracked minimum flow 
resistance values over time. 
0012. In still another exemplary embodiment of the 
present disclosure, a machine comprises an engine system 
including an exhaust system. The machine also includes an 
aftertreatment element, including at least one filtersection, in 
the exhaust system. The machine further includes a control 
system including a controller. The controller is configured to 
determine flow resistance values through the aftertreatment 
element, track minimum flow resistance values over time, 
correlate tracked minimum flow resistance value over time 
with a model of engine oil consumption rate that is based on 
predetermined values for model engine oil consumption, and 
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adjust the predetermined values based on the tracked mini 
mum flow resistance values over time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a diagrammatic and schematic illustration 
of a machine including a system according to an exemplary 
embodiment of the present disclosure; and 
0014 FIG. 2 is a diagram illustrating certain actions that 
may be included in exemplary embodiments of the present 
disclosure. 

DETAILED DESCRIPTION 

0015. A machine 10, in which exemplary disclosed 
embodiments may be implemented, is diagrammatically rep 
resented in FIG. 1. Machine 10 may be any of various 
machines, including an on-highway truck, an off-highway 
haulage unit, an excavating machine, a material handling 
machine, a stationary power generating machine, any of vari 
ous heavy equipment machines, or any other machine which 
may benefit from implementation of embodiments according 
to the disclosure. 
0016. An engine 12 may be associated with machine 10. 
Engine 12 may be any one of various types of engines. Such 
as, a gasoline fueled engine, a diesel fueled engine, or a gas 
fueled engine. A controller 14 may be part of a control system 
associated with machine 10 and engine 12. Controller 14 may 
be programmed, via hardware, Software, algorithms, etc., to 
monitor and control operation of engine 12, various compo 
nents associate with engine 12, and/or other machine compo 
nentS. 

0017 Engine 12 may include an exhaust system 16. 
Exhaust system 16 may be employed to convey engine 
exhaust stream 15, including gases and particulate matter, 
from engine 12. The flow of exhaust stream 15 may be 
directed through an aftertreatment element 18 associated with 
exhaust system 16. Aftertreatment element 18 may be any of 
various components configured to treat the exhaust gases 
and/or remove particulate matter. For example, aftertreatment 
element 18 may be a particulate filter and/or a catalytic com 
ponent. Exhaust system 16 also may include various unillus 
trated exhaust system components generally associated with 
an exhaust system. 
0018. In one exemplary embodiment, aftertreatment ele 
ment 18 may include a particulate filter configured to remove 
particulate matter from the flow of exhaust stream 15. The 
particulate matter may include Soot and ash. As engine 12 
operates, particulate matter may accumulate within the after 
treatment element 18. As the quantity of particulate matter 
increases beyond a certain amount, the pressure differential 
and resistance to flow across the aftertreatment element 18 
may increase. This increase in pressure differential and resis 
tance to flow, indicating a build-up of particulate matter 
within the aftertreatment element 18, may adversely affect 
engine operation and decrease the effectiveness of the after 
treatment element 18 in treating exhaust. 
0019. As a general rule, the largest component of particu 
late matter that accumulates in aftertreatment element 18 will 
be soot. Soot, which essentially is unburned carbon particles, 
may be consumed and removed from the aftertreatment ele 
ment 18 during a regeneration cycle that may be initiated by 
regeneration component 20. Regeneration component 20, 
illustrated diagrammatically in FIG. 1, may be any of various 
components and/or systems that consume and remove Soot. 
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For example, regeneration component 20 may be of the type 
that increases the temperature within aftertreatment element 
18 sufficiently to effectively burn the soot away. However, the 
ash component of particulate matter within aftertreatment 
element 18 is substantially incombustible, and may remain 
within the aftertreatment element 18 after a regeneration 
cycle. 
0020. A new or recently serviced aftertreatment element 
18, e.g., particulate filter, may not be significantly affected by 
ash accumulation. Heavy machine use and/or other factors 
may prompt an engine 12 to generate enough soot to require 
regeneration of the aftertreatment element 18 within a short 
period of time, e.g., a matter of hours. The relatively small 
quantity of ash that may be generated during the same time 
may be insignificant. It may take much longer for enough ash 
to accumulate to adversely affect engine operation or effi 
ciency of the aftertreatment element 18. Over time, however, 
as the quantity of ash accumulates, the aftertreatment element 
18 may require servicing to remove the ash. 
0021 Regeneration component 20 may be configured to 
operate periodically. For example, controller 14 may be con 
figured to initiate a regeneration cycle by regeneration com 
ponent 20 on a timed basis, e.g., after a predetermined number 
of hours of engine operation. Alternatively, or additionally, 
regeneration component 20 may be configured to operate 
responsive to a diagnostic component configured to ascertain 
when aftertreatment element has accumulated an amount of 
particulate matter Sufficient to implicate regeneration. 
0022 FIG. 1 diagrammatically illustrates a flow resistance 
diagnostic element 22 that may determine resistance to flow 
through the aftertreatment element 18. For example, the flow 
resistance diagnostic element 22 may include pressure mea 
Suring elements located upstream and downstream of after 
treatment element 18 and configured to yield data indicative 
of a pressure drop across the aftertreatment element 18. In an 
exemplary embodiment, when flow resistance reaches a value 
above a predetermined value, as determined by flow resis 
tance diagnostic element 22, for example, controller 14 may 
initiate a regeneration cycle by regeneration component 20. It 
will be apparent that other diagnostic elements, know in the 
art and capable of ascertaining data reflective of particulate 
matter accumulation in aftertreatment element 18, may be 
employed in lieu of and/or in addition to flow resistance 
diagnostic element 22. 
0023 Engine 12 may have known characteristics based, 
for example, on laboratory and/or field tests and/or a history 
ofengine operation. For example, it may be known how much 
Soot engine 12 may produce when subjected to various 
speeds, loading, and operating conditions. In an exemplary 
embodiment, the known characteristic of how much soot 
engine 12 may produce under various speeds, loadings, and 
operating conditions may be reduced to an on-board model 
associated with controller 14. As a result, controller 14 may 
employ the on-board model in association with diagnostic 
data from actual, real time engine operation to predict soot 
accumulation within aftertreatment element 18. 

0024. Another example of a characteristic of engine 12 
that may be known, e.g., from laboratory and/or field tests 
and/or a history of engine operation, is how much oil may be 
consumed by the engine based on various engine speeds, 
loadings, and operating conditions. Ideally, an engine, Such as 
engine 12, would consume only fuel (i.e., a fuel/air mixture, 
or, in some cases, a fuel/air/exhaust gas mixture), leaving 
engine lubricating oil to perform its intended purpose outside 
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the combustion chambers of the engine. In practice, however, 
a quantity of engine lubricating oil makes it way from within 
the crankcase, and from flow paths within the engine for 
which the lubricating oil is intended, into the engine combus 
tion chambers. This unavoidable passage of oil into the 
engine combustion chambers may be, for example, via piston 
rings, via seals around intake and/or exhaust valve stems, 
and/or through any crankcase ventilation system that may be 
present. Oil, once it has made its way into engine combustion 
chambers, may be consumed during the combustion cycle, 
and the combustion components of the oil may pass along 
with exhaust stream 15 through aftertreatment element 18. 
0025 Based, for example, on laboratory and/or field tests 
and/or a history of operation of engine 12, in an exemplary 
embodiment, the known characteristic of how much engine 
lubricating oil engine 12 may consume under various speeds, 
loadings, and operating conditions is reduced to an on-board 
model associated with controller 14. As a result, controller 14 
may employ the on-board model in association with diagnos 
tic data from actual, real time engine operation to predict how 
much engine lubricating oil engine 12 will consume. Engine 
oil consumption implicates efficiency of aftertreatment ele 
ment 18 since compositions for engine oil include compo 
nents which make up ash. Various engine oil compositions 
include known or ascertainable quantities of ash. 
0026. In an exemplary embodiment, the on-board model 
of oil consumption rate may be based on predetermined val 
ues of consumption of the engine lubricating oil specified for 
the engine, with the ash content of the oil known. Accord 
ingly, since the amount of oil consumed in a properly oper 
ating engine may be known, and since the ash content of the 
consumed oil may be know, the amount of ash accumulating 
in aftertreatment element 18 may be determined for the prop 
erly operating engine. However, when a machine 10 is oper 
ated under real world conditions, engine 12 may be subject to 
variance from model behavior. Anomalies that may be char 
acterized as “engine system failures for example, may alter 
oil consumption from the model. For example, piston rings 
may permit more oil to enter the engine combustion cham 
bers. This may occur, for example, as the engine ages. 
0027. During operation, regeneration of aftertreatment 
element 18 may occur periodically. Flow resistance diagnos 
tic element 22 may detect a flow resistance value after each 
regeneration cycle. As ash accumulates in the aftertreatment 
element 18, the flow resistance value derived just after a 
regeneration cycle may tend to increase somewhat, reflecting 
the failure of the regeneration process to consume incombus 
tible ash. This flow resistance value, derived just after a regen 
eration cycle, when soot has been Substantially consumed and 
the aftertreatment element 18 has been “regenerated to a 
Substantially clean condition, may be characterized as the 
“minimum flow resistance value.” That is to say, flow resis 
tance values will tend to rise from a time just after regenera 
tion until the next regeneration cycle begins. Because the ash 
is not consumed during regeneration, it will be appreciated 
that the minimum flow resistance value will tend to increase 
over time due to the increased resistance to flow that results 
from increasing accumulated ash. Tracking the minimum 
flow resistance values with time yields an indication of ash 
accumulation. 
0028 Controller 14 is configured to adjust the predeter 
mined values of the model of oil consumption upwardly 
based on the minimum flow resistance values that are tracked 
with time. Accordingly, if there is an engine system failure 
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resulting in high oil consumption, and hence high ash accu 
mulation rates, adjustment of the model of oil consumption 
upwardly permits controller 14 to compensate by, for 
example, increasing the frequency of regeneration, increas 
ing the length of a regeneration cycle, etc. 

INDUSTRIAL APPLICABILITY 

0029. The disclosed embodiments may be used to facili 
tate effective and efficient engine operation and reduction of 
particulate matter emissions to the environment. Aftertreat 
ment elements which may benefit from the disclosed embodi 
ments may include those including any type of filters known 
in the art which are capable of trapping particulate matter and 
capable of being regenerated. For example, the disclosed 
embodiments find applicability in connection with particu 
late filters, including diesel particulate filters. The disclosed 
embodiments may be employed with advantage in various 
on-highway trucks, off-highway haulage units, excavating 
machines, material handling machines, stationary powergen 
erating machines, and any of various heavy equipment 
machines. 
0030 FIG. 2 illustrates schematically one possible exem 
plary implementation of a disclosed process and system in 
accordance with embodiments of the disclosure. While a 
certain sequence of events or actions may initially be implied 
by the schematic illustration of FIG. 2, it should be noted that 
it is within the scope of this disclosure that the sequence may 
be altered, that certain events or actions may not occur in the 
sequence, and that other events or actions, in addition to those 
discussed and illustrated, may occur. 
0031 Referring to the exemplary and schematic illustra 
tion in FIG. 2, at 100, a model of oil consumption rate for an 
engine 12 may be developed and installed on-board a 
machine 10. The model may be developed in various ways, 
including a history of experience with the particular type of 
engine, engine field tests, laboratory tests, etc. The model 
may provide a map of oil consumption rates at various speeds 
and/or loads and/or other engine operating conditions, for 
example. The model may be implemented/installed in con 
troller 14 associated with machine 10 and engine 12. 
0032 Engine operation may begin, as indicated at 102, 
and may operate under various conditions (load, speed, etc.) 
depending on the type of machine 10 in which the engine 12 
is employed and depending on the machine demands. During 
engine operation, various condition detecting devices, e.g., 
sensors, otherwise known in the art, may be employed to 
convey data to controller 14 that are relevant to engine opera 
tion. For example, controller 14 may receive data indicating 
actual engine speed, actual engine load, fuel consumption, 
etc. Also during engine operation, it is generally unavoidable 
that particulate matter (e.g., soot, ash, etc.) is generated dur 
ing the process of combustion within the engine and 
exhausted from the engine in an exhaust stream. 
0033. As engine 12 operates and exhausts particulate mat 
ter in exhaust stream 15, the particulate matter may be depos 
ited within and accumulate in aftertreatment element 18, at 
104. Aftertreatment element 18 may include, for example, a 
particulate filter which, in the case where engine 12 is a diesel 
engine, is generally referred to as a diesel particulate filter 
(DPF). Aftertreatment element 18 also may include a separate 
or integral catalytic component which may, for example, be 
employed to enhance oxidation of particulate matter, or 
enhance conversion of potentially harmful emissions into 
relatively benign components. 
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0034. While engine 12 operates and exhaust stream 15 
flows through aftertreatment element 18, flow resistance 
diagnostic element 22 may be employed to Suitably monitor 
and detect the resistance to flow across the aftertreatment 
element 18, at 106, and convey the measured result to con 
troller 14. A “clean' aftertreatment element 18 that has not 
accumulated any Substantial particulate matter may routinely 
offer a lower resistance to flow, while the resistance to flow 
may increase proportional to an increased accumulation of 
particulate matter. In other words, as the flow resistance diag 
nostic element 22 indicates and conveys to controller 14 an 
increased resistance to flow, controller 14 may readily convert 
(via hardware, Software, algorithms, etc.) the flow resistance 
value to a particular level of particulate matter accumulation. 
0035. At some point in time after engine operation has 
begun and particulate matter has accumulated within after 
treatment element 18, controller 14 may initiate a regenera 
tion cycle, at 108, to perform regeneration of aftertreatment 
element 18. Regeneration may occur in various ways, for 
example, by increasing the temperature within the aftertreat 
ment element 18 Sufficiently to consume accumulated Soot, 
which ordinarily makes up the majority portion of the accu 
mulated particulate matter. Regeneration may be initiated by 
controller 14 periodically, for example on a pre-programmed 
regular basis, regardless of any particular level of accumu 
lated particulate matter within the aftertreatment element 18. 
Alternatively, or additionally, regeneration may be initiated 
by controller 14 responsive to an indication (e.g., by flow 
resistance diagnostic element 22) that particulate matter has 
accumulated to a predetermined maximum permissible level 
within aftertreatment element 18. 

0036 Upon termination of a regeneration cycle, aftertreat 
ment element 18 may be returned to a relatively “clean' 
condition in the sense that soot may have been Substantially 
consumed. At this point, flow resistance diagnostic element 
22 may convey to controller 14 a minimum flow resistance 
value, at 110. In a new or recently serviced aftertreatment 
element 18, this minimum flow resistance value may be rep 
resentative of the resistance to flow through aftertreatment 
element 18 when it is substantially free of accumulated par 
ticulate matter. However, in an aftertreatment element 18 that 
has been in service for a period of time, the minimum flow 
resistance value may have increased. This increase may rep 
resent the accumulation of incombustible ash within after 
treatment element 18 over time. Data for minimum flow 
resistance values may be conveyed to controller 14 for pro 
cessing. 
0037 Controller 14 includes a model of oil consumption 
rate for the engine 12 as indicated at 100 in FIG. 2. The model 
relies on the premise that engine 12 is operating within the 
parameters of a properly running engine. That is to say, the 
model presumes engine 12 is consuming what may be 
deemed “normal unavoidable quantities of ash-containing 
lubricating oil that may make its way into the engine com 
bustion chambers. Controller 14 may process data received 
from flow resistance diagnostic element 22 regarding mini 
mum flow resistance values over time through aftertreatment 
element 18, correlate the data with the model, at 112, and 
utilize the processed data to update the model. That is to say, 
as the minimum flow resistance values increase over time, the 
predetermined value for model oil consumption rate is 
adjusted upwardly, at 114, to compensate for the increased 
ash build-up within aftertreatment element 18 and the con 
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comitant decrease in available Volume for accumulating addi 
tional particulate material before the next regeneration cycle. 
0038. The indication of increasing ash accumulation with 
time, as reflected in the increased minimum flow resistance 
values conveyed to controller 14 by flow resistance diagnostic 
element 22, may permit controller 14 to predict particulate 
matter accumulation within aftertreatment element 18 and 
predict the remaining capacity for particulate matter accumu 
lation with aftertreatment element 18 at any given time. In 
addition, adjustment of the model of oil consumption, reflec 
tive of an increased ash accumulation in aftertreatment ele 
ment 18, may result in an increase in frequency of regenera 
tion and/or the length of regeneration cycles, at 116, in 
compensation for any reduced capacity of aftertreatment ele 
ment 18 for performing its intended function. 
0039 Controller 14, in adjusting model oil consumption 
rate upwardly as an indication of increased ash build-up, may 
indicate certain actions that advantageously may be taken. 
For example, the upward adjustment may, after a time, indi 
cate that the aftertreatment element should be scheduled for 
service, for example when the minimum flow resistance value 
exceeds a predetermined maximum, before further use, both 
for maintaining engine operation efficiency and aftertreat 
ment element efficiency. Accordingly, the aftertreatment ele 
ment may be serviced, at 118. Additionally, upward adjust 
ment may prompt a determination, for example in the form of 
a warning, indication, or displayed reading, that the particular 
engine oil composition employed in the engine is inappropri 
ate, for example, due to high ash content. This may initiate 
checking to determine the composition of the engine oil being 
employed, including determining its ash content, at 120. At 
this point, it may be determined whether an engine associated 
with the exhaust system requires an engine oil having a com 
position including less ash. An inappropriately high ash con 
tent of the oil in use may implicate Substituting an engine oil 
of a different composition. 
0040. Upward adjustment also may prompt a determina 
tion that an engine operation or system failure has occurred, at 
122. Accordingly, it may be determined whether an engine 
associated with the exhaust system has incurred an engine 
failure associated with increased oil consumption. Such an 
engine failure, resulting in increased oil consumption and ash 
production could, for example, befaulty piston rings, permit 
ting excessive amounts of engine oil to pass from the engine 
crankcase, past the piston, and into the engine combustion 
chambers. Such an engine failure also could be, for example, 
faulty seals around intake and/or exhaust valve stems, and/or 
improperly operating crankcase ventilation equipment. 
0041) Systems and methods have been described that will 
facilitate maintaining the efficiency of an aftertreatment ele 
ment, such as a particulate filter, as well as maintaining 
engine operation efficiency. An effective manner for compen 
sating for variability in ash accumulation rates and otherwise 
maintain particulate filter efficiency by accounting for ash 
accumulation has been disclosed. It will be apparent to those 
having ordinary skill in the art that various modifications and 
variations can be made to the disclosed methods and systems 
without departing from the scope of the disclosure. 
0042. Other embodiments will be apparent to those having 
ordinary skill in the art from consideration of the specification 
and practice of the disclosed embodiments. It is intended that 
the specification and examples be considered as exemplary 
only, with the true scope of protection being indicated by the 
following claims. 
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What is claimed is: 
1. A method of compensating for variability in ash accu 

mulation rates within an aftertreatment element of an engine 
exhaust system, comprising: 

determining flow resistance values through the aftertreat 
ment element; 

tracking minimum flow resistance values over time; 
correlating the tracked minimum flow resistance values 

over time, with a model of engine oil consumption rate 
that is based on predetermined values for model engine 
oil consumption; and 

adjusting the predetermined values based on the tracked 
minimum flow resistance values over time. 

2. The method of claim 1, wherein determining flow resis 
tance values through the aftertreatment element includes 
determining flow resistance values through a particulate filter. 

3. The method of claim 2, wherein the particulate filter 
accumulates particulate matter, further including initiating a 
regeneration cycle to remove at least a portion of the particu 
late matter from the particulate filter, and wherein tracking 
minimum flow resistance values over time includes tracking 
the minimum flow resistance values through the particulate 
filter after a regeneration cycle has been completed. 

4. The method of claim3, including tracking the minimum 
flow resistance values through the particulate filter after each 
of a plurality of regeneration cycles over time. 

5. The method of claim 1, including scheduling the after 
treatment element for service when the minimum flow resis 
tance value exceeds a predetermined maximum. 

6. The method of claim 1, wherein adjusting the predeter 
mined values based on the tracked minimum flow resistance 
values over time includes adjusting the predetermined values 
to higher values. 

7. The method of claim 6, further including, responsive to 
adjusting the predetermined values to higher values, deter 
mining at least one of the following: 

whether an engine associated with the exhaust system 
requires an engine oil having a composition including 
less ash; and 

whether an engine associated with the exhaust system has 
incurred an engine failure associated with increased oil 
consumption. 

8. The method of claim 1, wherein determining flow resis 
tance values includes determining flow resistance values 
through a particulate filter having a catalytic component. 

9. A system for compensating for variability in ash accu 
mulation rates within an aftertreatment element of an engine 
exhaust system, comprising: 

at least one filtersection within the aftertreatment element; 
a controller configured to: 
determine flow resistance values through the aftertreat 
ment element; 

track minimum flow resistance values over time; 
correlate tracked minimum flow resistance values over 

time with a model of oil consumption rate that is based 
on predetermined values for model oil consumption; and 

adjust the predetermined values based on the tracked mini 
mum flow resistance values over time. 

10. The system of claim 9, wherein the controller is further 
configured to initiate a regeneration cycle for the aftertreat 
ment element responsive to at least one of 
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a pre-programmed period of time; and 
a predetermined flow resistance value through the after 

treatment element. 

11. The system of claim 9, wherein the controller is further 
configured to indicate when the aftertreatment element 
requires servicing. 

12. The system of claim 9, wherein the aftertreatment 
element includes at least one catalytic component. 

13. The system of claim 9, wherein the controller is con 
figured to predict particulate matter accumulation within the 
aftertreatment element at least partially in response to deter 
mining flow resistance values through the aftertreatment ele 
ment. 

14. A machine, comprising: 
an engine including an exhaust system; 
an aftertreatment element, including at least one filter sec 

tion, in the exhaust system; 
a control system including a controller, the controller con 

figured to: 
determine flow resistance values through the aftertreat 
ment element; 

track minimum flow resistance values over time; 
correlate tracked minimum flow resistance value over 

time with a model of engine oil consumption rate that 
is based on predetermined values for model engine oil 
consumption; and 

adjust the predetermined values based on the tracked 
minimum flow resistance values over time. 

15. The machine of claim 14, wherein the aftertreatment 
element is configured to accumulate particulate matter con 
tained in engine exhaust, and the controller is configured to 
periodically initiate a regeneration cycle to remove at least a 
portion of the particulate matter from the aftertreatment ele 
ment. 

16. The machine of claim 15, wherein the engine is a diesel 
engine and the aftertreatment element is a diesel particulate 
filter configured to accumulate particulate matter including at 
least soot and ash. 

17. The machine of claim 16, wherein the diesel particulate 
filter has a predetermined capacity for accumulated particu 
late matter, including at least soot and ash, and wherein the 
Soot is Substantially consumed during a regeneration cycle, 
while ash continues to accumulate and decrease the capacity 
for accumulated particulate matter, and the controller is fur 
ther configured to predict the remaining capacity for accumu 
lated particulate matter. 

18. The machine of claim 17, wherein the controller is 
configured to increase the frequency of regeneration cycles as 
the predicted remaining capacity for accumulated particulate 
matter decreases over time. 

19. The machine of claim 18, wherein the controller is 
configured to indicate that the diesel particulate filter requires 
servicing when the predicted remaining capacity for accumu 
lated particulate matter has decreased below a predetermined 
minimum. 

20. The machine of claim 14, wherein the aftertreatment 
element includes a catalytic component and a particulate 
filter. 


