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(57) ABSTRACT 

A particulate trap regeneration control system may include 
one or more ?lter sections Within the exhaust element. The 
regeneration control system may also include a controller 
con?gured to determine an amount of soot accumulated in 
the exhaust. The controller may also be con?gured to 
determine an amount of ash accumulated in the exhaust 
element. The controller may also be con?gured to determine 
the accumulated particulate matter in the exhaust element 
based on the accumulated soot and the accumulated ash in 
the exhaust element. 
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PARTICULATE TRAP REGENERATION CONTROL 
SYSTEM 

TECHNICAL FIELD 

[0001] The present disclosure is directed to controlling 
regeneration of exhaust system components and, more par 
ticularly, to systems and methods for regenerating exhaust 
system components based on an amount of particulate 
matter accumulated in the exhaust element. 

BACKGROUND 

[0002] Engines, including diesel engines, gasoline 
engines, natural gas engines, and other engines in the art, 
may exhaust air pollutants. The air pollutants may be 
composed of both gaseous materials and solid particulate 
matter. Particulate matter may include carbon particles 
called soot. In addition, particulate matter may contain ash, 
Which is a material that can be used in engine oils to reduce 
the acidity of the oil. 

[0003] The particulate matter generated by an engine may 
be ?ltered from an exhaust stream. Various technologies 
may be used to ?lter particulate matter from an exhaust 
stream. One of these technologies includes the use of an 
exhaust element, such as a particulate ?lter. Particulate 
?lters trap particles contained in the exhaust stream, so the 
exhaust stream is cleaner When it enters the air. Various types 
of particulate ?lters have been developed. Some ?lters may 
include porous ?lter material, and others may include Wire 
mesh ?lters. The pores or Wire meshes of these ?lters may 
trap at least a portion of the particulate matter in the exhaust 
stream as the exhaust stream ?oWs from the input to the 
output of the ?lter. 

[0004] Particulate matter trapped by the ?lter can accu 
mulate in the ?lter and reduce the operating e?iciency of the 
engine. As particulate matter in the ?lter accumulates, the 
back pressure to the engine can increase. Therefore, the 
engine may consume more fuel to produce the same amount 
of poWer as compared to When the ?lter is free of particu 
lates. 

[0005] These and other problems may be avoided by 
periodic cleaning of the ?lter. Various methods of cleaning 
?lters exist in the art. One method of cleaning the ?lter 
includes heating the particulate matter trapped in the ?lter to 
a temperature at Which it combusts or vaporiZes. This type 
of ?lter cleaning may be referred to as regeneration. 

[0006] Various regeneration systems have been proposed 
to determine When to regenerate a particulate trap ?lter. 
Many of these systems involve using the value of the 
pressure differential across the exhaust element to determine 
When to commence regeneration of the exhaust element. For 
example, US. Pat. No. 6,622,480 to Tashiro et al (“the ’480 
patent”), Which issued on Sep. 23, 2003, describes a method 
that determines the time to regenerate a particulate trap 
based solely on a comparison betWeen the estimated differ 
ential pressure across the exhaust element and the measured 
differential pressure across the exhaust element. If the mea 
sured differential pressure exceeds the estimated differential 
pressure, the system initiates regeneration. 

[0007] While the method of the ’480 patent may be used 
to determine the time to start regeneration of an exhaust 
element, the method has several shortcomings. The system 
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uses pressure differential measurements across the exhaust 
element as the sole basis to determine the time to regenerate 
an exhaust element. Because the need for regeneration is 
related to the amount of particulate matter accumulated in 
the exhaust element, and because the pressure differential 
measurement method of the ’480 patent may be inadequate 
for accurately determining the amount of particulate matter 
accumulated in the exhaust element, the method of the ’480 
patent may be unsuited for accurately determining When to 
regenerate. 

[0008] The present disclosure is directed to overcoming 
one or more of the problems associated With the prior art 
regeneration method. 

SUMMARY OF THE INVENTION 

[0009] One aspect of the present disclosure includes a 
regeneration control system for an exhaust element. The 
regeneration control system may include one or more ?lter 
sections Within the exhaust element. The regeneration con 
trol system may also include a controller con?gured to 
determine an amount of soot accumulated in the exhaust. 
The controller may also be con?gured to determine an 
amount of ash accumulated in the exhaust element. The 
controller may also be con?gured to determine the accumu 
lated particulate matter in the exhaust element based on the 
accumulated soot and the accumulated ash in the exhaust 
element. 

[0010] Another aspect of the present disclosure includes a 
method of controlling regeneration in an engine exhaust 
element. The method may include ?oWing exhaust through 
one or more ?lter sections of the exhaust element. The 
method may also include estimating an amount of soot 
accumulated in the exhaust. The method may include esti 
mating an amount of ash accumulated in the exhaust ele 
ment. The method may also include estimating the accumu 
lated particulate matter in the exhaust element based on the 
accumulated soot and the accumulated ash in the exhaust 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a pictorial representation of a Work 
machine according to an exemplary disclosed embodiment. 

[0012] FIG. 2 is block diagram of a regeneration system 
according to an exemplary disclosed embodiment. 

[0013] FIG. 3 is a diagrammatic illustration of an exhaust 
element according to an exemplary disclosed embodiment. 

DETAILED DESCRIPTION 

[0014] FIG. 1 provides a pictorial illustration of a Work 
machine 10. Work machine 10 may include engine 12. Work 
machine 10 may also include a frame 14 and a Work 
implement 16. Engine 12 may be operably connected to an 
exhaust system 18. Engine 12 may include a diesel engine, 
a gasoline engine, or any other poWer-producing device. 
Work machine 10 may also include a traction device 20. 

[0015] While Work machine 10 is shoWn as a track type 
tractor, Work machine 10 may include various types of 
machines. For example, Work machine 10 may be a truck, 
Wheeled tractor, dump truck, automobile, on-highWay 
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vehicle, off-highway vehicle, skid-steer, stationary genera 
tor, or any other device that includes an engine that generates 
an exhaust stream. 

[0016] Exhaust system 18 may include components used 
to transfer exhaust produced by engine 12 or other exhaust 
producing devices to the atmosphere. For example, exhaust 
system 18 may include an exhaust manifold (not shoWn), a 
particulate ?lter or any other ?ltration device, a catalytic 
converter or any other catalytic device, a muf?er, a tailpipe 
(not shoWn), and one or more exhaust conduits (e. g., exhaust 
pipes). 

[0017] FIG. 2 provides a block diagram representation of 
a particulate regeneration control system 100 according to 
an exemplary disclosed embodiment. Regeneration system 
100 may include engine 12, exhaust system 18, and a 
controller 104. Regeneration system 100 may also include a 
regeneration device 106, an exhaust conduit 108, a forWard 
pressure sensor 110, and an aft pressure sensor 112. In 
addition, regeneration system 100 may also include an 
exhaust element 114. Exhaust conduit 108 may carry an 
exhaust stream 122. 

[0018] Exhaust conduit 108 may be used to transfer 
exhaust stream 122 from engine 12 to exhaust element 114. 
Exhaust conduit 108 may include pipes or other components 
that facilitate the movement of exhaust stream 122 from 
engine 12 to exhaust element 114. 

[0019] Various types of pressure sensors known in the art 
may be used in regeneration system 100. For example, 
pressure sensors 110 and 112 may include differential pres 
sure sensors or gage pressure sensors. Pressure sensors 110 

and 112 may be placed in any desired location on Work 
machine 10. In the exemplary embodiment, as shoWn in 
FIG. 2, pressure sensor 110 may be placed upstream, and 
pressure sensor 112 may be placed doWnstream of exhaust 
element 114. 

[0020] Exhaust element 114 may include any device (e.g., 
a particulate trap) that traps at least a portion of the particu 
late matter carried by exhaust stream 122. Exhaust element 
114 may include any type of structure suitable for trapping 
particulates in exhaust stream 122. In one embodiment, 
exhaust element 114 may include a porous ceramic structure 
that may be con?gured to trap particulate matter contained 
in exhaust stream 122. This ceramic structure may include 
compounds such as alumina, calcia and silicon nitride. In 
another embodiment, exhaust element 114 may use a mesh 
con?gured to trap particulate matter contained in exhaust 
stream 122. The mesh may be made of electrically conduc 
tive materials such as, for example, aluminum and copper or 
any other such material. 

[0021] FIG. 3 is a diagrammatic illustration of an exhaust 
element according to an exemplary disclosed embodiment. 
Exhaust element 114 may include one or more ?lter sections. 
For example, as shoWn in FIG. 3, exhaust element 114 
includes ?lter sections 202, 204 and 206. Each ?lter section 
202, 204 and 206 may be capable of being regenerated 
individually, as a group including all of the ?lter sections, or 
as a subgroup containing any number of ?lter sections. 
Various mechanisms may be used to regenerate each ?lter 
section individually or as a group. For example, a valve 
assembly (not shoWn) may be used to selectively block 
exhaust stream 122 from ?oWing into one or more ?lter 
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sections 202, 204 or 206. Regeneration device 106 may be 
con?gured to regenerate some or all of the ?lter sections 
from Which exhaust stream 122 has been blocked. While 
only three ?lter sections 202, 204 and 206 are shoWn in FIG. 
3, it should be noted that exhaust element 114 may include 
any number of ?lters sections. 

[0022] Returning to FIG. 2, regeneration device 106 may 
be used to regenerate exhaust element 114 and may include 
any type of device capable of providing suf?cient heat for 
regenerating at least a portion of exhaust element 114. 
Regeneration devices may include one or more heat 
exchangers, burners or resistive heating elements. In the 
exemplary embodiment, one or more resistive heating ele 
ments may be included in regeneration device 106. PoWer 
provided to the resistive heating element may be used to heat 
the element. The heat dissipated by the resistive heating 
element may be used for the regeneration of exhaust element 
114. Speci?cally, heat dissipated from the resistive heating 
element may raise the temperature of the particulate matter 
accumulated in exhaust element 114 to a temperature at 
Which the particulate matter combusts or vaporiZes. 

[0023] Alternatively, especially Where exhaust element 
114 includes a Wire mesh made of electrically conductive 
material, regeneration device 106 may include a current 
source that delivers current to the Wire mesh. Heat dissipated 
by the mesh due to resistive heating may by used to 
regenerate at least a portion of the particulate matter trapped 
in the mesh. 

[0024] Controller 104 may include any suitable devices 
associated With running a softWare application. For example, 
controller 104 may include a CPU, RAM, I/O modules, etc. 
In one embodiment, controller 104 may constitute a unit 
dedicated to controlling the regeneration of exhaust element 
114. Alternatively, controller 104 may be integrated With 
and/or correspond to an electronic control unit (ECU) of 
Work machine 10. Controller 104 may also include sensors 
suitable for the regeneration process. These sensors may 
include temperature sensors, soot sensors or any other such 
sensors. 

[0025] Controller 104 may control the operations of vari 
ous components of Work machine 10. In one embodiment, 
controller 104 may be con?gured to control the operation of 
regeneration device 106. For example, controller 104 may 
determine the time to start the regeneration process. At that 
time, controller 104 may cause regeneration device 106 to 
begin a regeneration cycle. Further, controller 104 may 
determine the time to stop the regeneration process. At that 
time, controller 104 may halt the operation of regeneration 
device 106. 

[0026] In order to control the operation of regeneration 
device 106, controller 104 may determine an amount of 
particulate matter accumulated in exhaust element 114. 
When the particulate matter accumulated in exhaust element 
114 exceeds a predetermined threshold value, controller 104 
may begin operation of regeneration device 106. When the 
particulate matter accumulated in exhaust element 114 
becomes less than or equal to a predetermined threshold 
value, controller 104 may halt operation of regeneration 
device 106. 

[0027] Controller 104 may monitor the effectiveness of the 
operation of regeneration device 106 by comparing the 
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observed pressure drop across exhaust element 114 With an 
estimated pressure drop across exhaust element 114. It 
should be noted that the estimated pressure drop is the 
expected pressure drop that may be calculated based on, for 
example, one or more engine operating conditions of engine 
12 and one or more knoWn characteristics associated With 
exhaust element 114. It should also be noted that While the 
observed and estimated pressure drop across exhaust ele 
ment 114 may be used to monitor the e?fectiveness of the 
regeneration operation, the decision to begin and halt opera 
tion of regeneration device 106 may be based solely on the 
particulate matter accumulation level in exhaust element 
114. Thus, the use of the estimated and observed pressure 
drop values across exhaust element 114 may be optional. 

[0028] The accumulated particulate matter in exhaust ele 
ment 114 may be determined based on the amount of soot 
accumulated in the exhaust element. In addition, the amount 
of ash accumulated in the exhaust element may also be used 
in determining the accumulated particulate matter in exhaust 
element 114. 

[0029] The amount of soot accumulated in the exhaust 
element may be determined based on an amount of ?ltered 
soot entering exhaust element 114 and an amount of soot 
oxidiZed in exhaust element 114. In one embodiment, the 
di?‘erence betWeen the amount of ?ltered soot entering 
exhaust element 114 and the amount of soot oxidiZed in 
exhaust element 114 may be used to compute the total soot 
accumulated in exhaust element 114. 

[0030] Controller 104 may determine the amount of ?l 
tered soot entering exhaust element 114 based on one or 
more engine operating conditions. For example, the air ?oW 
rate, fuel ?oW rate, engine speed, engine torque and any 
other appropriate parameters may be used to determine the 
amount of soot entering exhaust element 114. In one 
embodiment, controller 104 may be con?gured to determine 
an estimated soot accumulated in exhaust element 114 
during any time period (At) by using the folloWing equation: 

Where m0 is the mass of the soot present in exhaust element 
114 at t=tO, and the integration limits t1 and t2 are related to 
the time period At=t2—tl, 11 is the ?ltration ef?ciency of the 
exhaust element, E is the porosity of the ?lter sections in 
exhaust element 114, Cin is the concentration of soot in the 
exhaust upstream of exhaust element 114, Q is the exhaust 
volumetric ?oW rate, and RRO is the overall reaction rate of 
combustion in the engine. It should be noted that While 
equation [1] is one method for calculating the soot accumu 
lation in exhaust element 114, any other suitable equations 
may be used for calculating an amount of soot accumulated 
in exhaust element 114. 

[0031] Controller 104 may also be con?gured to determine 
the amount of soot oxidiZed in exhaust element 114. The 
amount of soot oxidiZed may be determined based on an 
overall reaction rate. This overall reaction rate may be 
determined based on one or more engine operating condi 
tions, one or more regeneration techniques, and one or more 
factors associated With regeneration. The engine operating 
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conditions may include, for example, the oxygen concen 
tration in exhaust stream 122 and a temperature of the 
exhaust stream 122. The regeneration techniques may 
include, for example, electric heaters and burners. The 
presence of fuel additives and catalyZed ?lters may be 
examples of factors associated With regeneration. For 
example, if a fuel additive (a) is used to aid regeneration, 
then the overall reaction rate RRO(l/s) of an oxidation 
process can be described as the sum of the reaction rate 
contributions provided by (1) oxidation of the soot (s) (e.g., 
the quantity represented by RRS(x,y,t) that depends on the 
engine operating conditions and the type of regeneration 
technique used and (2) catalyst action of fuel additive (a) 
(e.g., the quantity RRa(x,y,t) may represent the effects of 
various factors associated With regeneration). This reaction 
rate may be obtained from the folloWing equation: 

RROW. y. r) = RRJX, y. r) + RRAX, y. r) [21 

RR0(X, y, I) = 

E, Ea 

WhereA (m3 / g S) is the pre-exponential factor, In is assumed 
to be one for this type of oxidation process, 02 (g/m3) is the 
oxygen mole fraction in the exhaust gas, E (kJ/kmol) is the 
soot activation energy, R (kJ/kmol-K) is the universal gas 
constant, and T(xyt-At) (K) is the local temperature at the 
previous time iteration level (t-At). The oxidiZed mass 
traction is related to the reaction rate as folloWs: 

dm [3] 
dz 

It should be noted that While equations [2] and [3] provide 
one method for calculating the amount of oxidiZed soot in 
exhaust element 114, any other suitable equations may be 
used for calculating an amount of oxidiZed soot in exhaust 
element 114. 

[0032] Controller 104 may be further con?gured to deter 
mine the amount of ash accumulated in exhaust element 114. 
The amount of ash accumulated in exhaust element 114 may 
be determined based on at least one of the type of oil used 
in engine 12 and one or more operating conditions associ 
ated With engine 12. For example, if the type of oil used is 
knoWn, the ash content in the oil may be determined based 
on the predetermined ash content of the oil, Which may 
correspond to a manufacturer- supplied numerical value indi 
cating the amount of ash contained per unit of oil. Further, 
if the speed of engine 12 is knoWn at a particular time, the 
oil ?oW rate may be determined based on laboratory tests 
Which determine the oil ?oW rate for a given engine speed. 
Controller 104 may be con?gured to determine the ash 
accumulated in exhaust element 114 based on the predeter 
mined ash content of the oil and the oil ?oW rate. 

[0033] Controller 104 may be con?gured to determine the 
total particulate matter accumulation in exhaust element 
114. Controller 104 may obtain the total particulate matter 
accumulation by adding the amount of ash accumulated in 
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exhaust element 114 and the amount of soot accumulated in 
exhaust element 114. Thus, controller 104 may be con?g 
ured to determine the particulate matter accumulated in 
exhaust element 114 based on both the ash and the soot 
accumulated in exhaust element 114. 

[0034] As an option, controller 104 can monitor the opera 
tion of regeneration control system 100 by determining the 
estimated pressure drop across exhaust element 114 and the 
observed pressure drop across exhaust element 114. The 
estimated pressure drop may be determined based on one or 
more operating conditions of engine 12. Further, the esti 
mated pressure drop may be determined based on one or 
more characteristics associated With exhaust element 114, 
Which may include, for example, the length, Width, perme 
ability, and/ or porosity of exhaust element 114. For example, 
the estimated pressure drop AP may be obtained from the 
folloWing equation: 

Where L=length of a ?lter section of exhaust element 114, 
Q=volumetric ?oW rate of the exhaust from engine 12, 
N=number of ?lter sections, H=Width of each ?lter section, 
uis the dynamic viscosity of the gas, and 

Where W is the Wall thickness of a ?lter section of exhaust 
element 114, and k0 is the Wall permeability of the ?lter 
section. It should be noted that While equation [4] represents 
one method for determining the estimated pressure drop 
across exhaust element 114, any other suitable equation may 
also be used. 

[0035] The operation of regeneration control system 100 
may be monitored With the help of the observed pressure 
drop obtained from forWard pressure sensor 110 and aft 
pressure sensor 112. For example, the difference betWeen the 
pressure measured by forWard pressure sensor 110 and aft 
pressure sensor 112 may be used to determine an observed 
pressure drop across exhaust element 114. Controller 104 
may also be con?gured to receive output signals from 
pressure sensors 110 and 112 indicative of this observed 
pressure drop. If controller 104 determines that the observed 
pressure drop is different than the estimated pressure drop, 
it may be con?gured to vary one or more operations of 
regeneration control system 100 to protect exhaust element 
114. For example, controller 104 may be con?gured to do at 
least one of the following: maintain a regeneration cycle for 
a longer or shorter duration; adjust one or more parameters 
used in determining particulate matter accumulation; and 
Warn the user that the exhaust element needs servicing. 
These actions may further increase the accuracy and effec 
tiveness of the disclosed regeneration system. 

INDUSTRIAL APPLICABILITY 

[0036] The disclosed regeneration system may be adapted 
for use in any system that may bene?t from regeneration of 

Aug. 31, 2006 

an exhaust element. By basing the decision to regenerate 
exhaust element 114 on the total particulate matter accumu 
lated in the exhaust element, rather than on a pressure drop 
across the exhaust element, the disclosed regeneration sys 
tem may offer a more accurate method of regeneration than 
those available in the prior art. 

[0037] Use of the disclosed system may help increase the 
reliability of the exhaust element. It may be important to 
control the amount of particulate matter accumulated in an 
exhaust element in order to avoid failure of the exhaust 
element. By increasing the accuracy of determining the 
particulate matter accumulation in the exhaust element, the 
disclosed system may accurately determine (1) the time to 
commence regeneration and (2) the duration of the regen 
eration. This feature of the disclosed system may help 
reduce the risk of failure of the exhaust element due to 
over-heating because of an increased regeneration duration. 

[0038] The accumulation of ash, not just soot, in an 
exhaust element can adversely affect the operation of the 
exhaust element. Because the disclosed regeneration system 
accounts for both soot and ash accumulated in the exhaust 
element, the disclosed system may be more accurate than a 
system that monitors only ash or only soot accumulated in 
the exhaust element. 

[0039] Further, the use of the observed and estimated 
pressure differential to monitor the operation of the dis 
closed regeneration system may enhance the reliability of 
the disclosed system by providing a built-in check on the 
regeneration system. If the system is not operating as 
expected, the disclosed system can proactively takes steps to 
further improve the accuracy of the particulate matter accu 
mulation calculation and the effectiveness of the regenera 
tion system. 

[0040] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
disclosed regeneration system Without departing from the 
scope of the disclosure. Additionally, other embodiments of 
the disclosed system Will be apparent to those skilled in the 
art from consideration of the speci?cation. It is intended that 
the speci?cation and the examples be considered exemplary 
only, With a true scope of the disclosure being indicated by 
the folloWing claims and their equivalents. 

What is claimed is: 
1. A regeneration control system for an exhaust element 

comprising: 
one or more ?lter sections Within the exhaust element; 

a controller con?gured to: 

determine an amount of soot accumulated in the 
exhaust element; 

determine an amount of ash accumulated in the exhaust 
element; and 

determine the accumulated particulate matter in the 
exhaust element based on the accumulated soot and 
the accumulated ash in the exhaust element. 

2. The regeneration system of claim 1, Wherein the 
amount of soot accumulated in the exhaust element is based 
on an amount of soot entering the exhaust element and an 
amount of soot oxidiZed in the exhaust element. 

3. The regeneration control system of claim 1, Wherein the 
exhaust element includes one or more particulate traps. 
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4. The regeneration control system of claim 2, Wherein the 
controller is con?gured to determine the amount of soot 
entering the exhaust element based on one or more engine 
operating conditions. 

5. The regeneration control system of claim 4, Wherein the 
one or more engine operating conditions include air ?oW 
rate, fuel ?oW rate, engine speed, engine torque. 

6. The regeneration control system of claim 2, Wherein the 
controller is con?gured to determine the amount of soot 
oxidiZed in the exhaust element based on one or more engine 
operating conditions and one or more regeneration tech 
niques. 

7. The regeneration control system of claim 6, Wherein the 
one or more engine operating conditions include oxygen 
concentration in an exhaust gas and a temperature of the 
exhaust gas. 

8. The regeneration control system of claim 6, Wherein the 
one or more regeneration techniques include electric heaters 
and burners. 

9. The regeneration control system of claim 1, Wherein the 
controller is con?gured to determine the amount of ash 
accumulated in the exhaust element based on at least one of 
a type of oil used in an engine, an engine speed, and oil ?oW 
rate. 

10. The regeneration control system of claim 1, Wherein 
the controller is further con?gured to determine an estimated 
pressure drop across the exhaust element based on one or 
more engine operating conditions and at least one physical 
characteristic of the one or more ?lter sections. 

11. The regeneration control system of claim 10, Wherein 
the at least one physical characteristic includes a ?lter 
section length, Width, Wall thickness, permeability, or poros 
ity. 

12. The regeneration control system of claim 10, Wherein 
if the measured pressure drop across the exhaust element is 
greater than the estimated pressure drop, the controller is 
con?gured to perform at least one of the following steps: 

maintain a regeneration cycle for a period of time after the 
accumulated particulate matter in the exhaust element 
falls beloW a predetermined threshold; 

adjust one or more parameters used to determine the 
accumulated particulate matter; and 

issue a Warning that the exhaust element needs servicing. 
13. The regeneration control system of claim 1, Wherein 

the controller is con?gured to commence regeneration When 
the accumulated particulate matter in the exhaust element 
exceeds a predetermined threshold value. 

14. The regeneration control system of claim 13, Wherein 
the controller is con?gured to stop regeneration When the 
accumulated particulate matter in the exhaust element is less 
than or equal to a predetermined threshold value. 

15. A method of controlling regeneration in an exhaust 
element, the method comprising: 

?oWing exhaust through one or more ?lter sections of the 
exhaust element; 

estimating an amount of soot accumulated in the exhaust 
element; 

estimating an amount of ash accumulated in the exhaust 
element; and 

estimating the accumulated particulate matter in the 
exhaust element based on the amount of accumulated 
soot and the amount of accumulated ash in the exhaust 
element. 
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16. The method of claim 15, Wherein the amount of soot 
accumulated in the exhaust element is based an amount of 
soot entering the exhaust element and an amount of soot 
oxidiZed in the exhaust element. 

17. The method of claim 16, Wherein estimating the 
amount of soot entering the exhaust element is further based 
on one or more of an engine air ?oW rate, an engine fuel ?oW 
rate, engine speed, and an engine torque. 

18. The method of claim 16, Wherein estimating the 
amount of soot oxidiZed in the exhaust element is based on 
one or more engine operating conditions and one or more 
regeneration techniques. 

19. The method of claim 18, Wherein the one or more 
engine operating conditions include oxygen concentration in 
an exhaust gas and a temperature of the exhaust gas. 

20. The method of claim 18, Wherein the one or more 
regeneration techniques include electric heaters and burners. 

21. The method of claim 15, Wherein estimating the 
amount of ash accumulated in the exhaust element is based 
on at least one of a type of oil used in an engine, a speed of 
the engine, and an engine oil ?oW rate. 

22. A Work machine comprising: 

a frame; 

an engine, Which generates an exhaust stream, operably 
connected to the frame; 

an exhaust element con?gured to receive the exhaust 
stream; 

one or more ?lter sections Within the exhaust element; and 

a controller con?gured to: 

determine an amount of soot accumulated in the 
exhaust element based on an amount of soot entering 
the exhaust element and an amount of soot oxidiZed 
in the exhaust element; 

determine an amount of ash accumulated in the exhaust 
element; and 

determine the accumulated particulate matter in the 
exhaust element based on the accumulated soot and 
the accumulated ash in the exhaust element. 

23. The Work machine of claim 22, Wherein the exhaust 
element includes one or more particulate traps. 

24. The Work machine of claim 23, Wherein if a measured 
pressure drop across the one or more particulate traps is 
greater than an estimated pressure drop, the controller is 
con?gured to do at least one of the folloWing: 

maintain a regeneration cycle for a period of time after the 
accumulated particulate matter in the exhaust element 
falls beloW a predetermined threshold; 

adjust one or more parameters used to determine the 
accumulated particulate matter; and 

issue a Warning that the exhaust element needs servicing. 
25. The Work machine of claim 23, Wherein the controller 

is con?gured to commence regeneration When the accumu 
lated particulate matter in the one or more particulate traps 
exceeds a predetermined threshold value. 

26. The Work machine of claim 25, Wherein the controller 
is con?gured to stop regeneration When the accumulated 
particulate matter in the one or more particulate traps is less 
than or equal to a predetermined threshold value. 

* * * * * 


