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(57) ABSTRACT 

A conduit may be used to deliver a pressurized ?uid to a cell 
of a diesel particulate ?lter to clean the cell. The pressurized 
?uid may remove particulate matter from the cell. The con 
duit may be moved Within the cell to dislodge particulate 
matter Within the cell. The conduit may be manually or auto 
matically inserted into the cell. 
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METHOD FOR DELIVERING A FLUID TO A 
DIESEL PARTICULATE FILTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 12/135,317, ?led Jun. 9, 2008, Which claims the bene?t of 
US. Provisional Application No. 60/946,793, ?led Jun. 28, 
2007, the contents of each of Which are hereby incorporated 
by reference in their entirety. 

TECHNICAL FIELD 

[0002] This disclosure relates to apparatus and methods for 
delivering ?uids to diesel particulate ?lters. 

BACKGROUND 

[0003] A diesel particulate ?lter (DPF) may remove com 
bustible (carbonaceous) and incombustible particulate matter 
(PM) from an exhaust gas stream of an engine. Combustible 
particulate is a complex blend of solid carbon and organic 
compounds, and may result from the incomplete combustion 
of diesel fuel in a cylinder of the engine. Incombustible par 
ticulate is generated from additives in lubrication oil or fuel 
for the engine, and material eroded from the engine surfaces. 
Under some circumstances, the combustible PM may fully 
combust during ?lter regeneration and thus exit the ?lter as 
gaseous CO2 and H20. In general, the incombustible particu 
late cannot be converted to gaseous components and may be 
trapped in the ?lter as various oxides or other compounds 
(collectively called “ash”). 
[0004] A DPF may require periodic cleaning to remove ash 
structures formed in channels of the DPF. A pressurized ?uid 
may be applied to outer surfaces of the DPF to clean it. The 
ash structures, hoWever, may be strong enough to resist 
removal by such application of pressurized ?uid. 
[0005] Each channel of the DPF may be probed With a solid 
rod to dislodge the ash structures from the channels. Such 
probing, hoWever, may not remove the ash being broken apart 
and may, instead, pack the ash making it more dif?cult to 
remove. 

SUMMARY 

[0006] A method for delivering pressurized ?uid from a 
pressurized ?uid source to a cell of a Wall-?oW particulate 
?lter may include inserting a ?uid delivery tube into the cell, 
delivering the pressurized ?uid from the pressurized ?uid 
source to the cell via the ?uid delivery tube to dislodge par 
ticulate matter Within the cell, and removing the ?uid delivery 
tube from the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a side vieW, in cross-section, ofportions of 
a Diesel Particulate Filter (DPF) and a DPF cleaning appara 
tus according to an embodiment of the invention. 

[0008] FIG. 2 is a side vieW, in cross-section, of?uid deliv 
ery tubes according to several embodiments of the invention. 
[0009] FIG. 3 is a side vieW of another DPF cleaning appa 
ratus according to an embodiment of the invention. 

[0010] FIG. 4 is an enlarged vieW of a portion of the DPF 
cleaning apparatus of FIG. 3. 
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[0011] FIG. 5 is a schematic perspective vieW of a portion 
of the DPF of FIG. 1 and the DPF cleaning apparatus of FIG. 
3. 
[0012] FIG. 6A is a schematic plan vieW of a portion of the 
DPF cleaning apparatus of FIG. 3. 
[0013] FIG. 6B is a schematic plan vieW ofa portion ofthe 
DPF of FIG. 1. 
[0014] FIG. 7 is another schematic plan vieW of a portion of 
the DPF of FIG. 1. 
[0015] FIG. 8 is a ?oW chart depicting an algorithm for 
operating a DPF cleaning apparatus according to an embodi 
ment of the invention. 
[0016] FIGS. 9A-9C are plan vieWs of pressure plates 
according to an embodiment of the invention. 
[0017] FIG. 10 is an exploded assembly vieW of the pres 
sure plate of FIG. 9A and the DPF of FIG. 1. 
[0018] FIG. 11 is an assembly vieW ofthe pressure plate of 
FIG. 9A and the DPF of FIG. 1. 
[0019] FIG. 12 is a plan vieW of another pressure plate 
according to an embodiment of the invention. 

DETAILED DESCRIPTION 

[0020] As required, detailed embodiments of the present 
invention are disclosed herein; hoWever, it is to be understood 
that the disclosed embodiments are merely exemplary of the 
invention that may be embodied in various and alternative 
forms. The ?gures are not necessarily to scale; some features 
may be exaggerated or minimized to shoW details of particu 
lar components. Therefore, speci?c structural and functional 
details disclosed herein are not to be interpreted as limiting, 
but merely as a representative basis for teaching one skilled in 
the art to variously employ the present invention. 
[0021] One or more conduits may be inserted into a DPF to 
dislodge and/or remove particles in the DPF by means of 
mechanical force and/or a pressurized ?uid. The conduit(s) 
may be inserted into the DPF by hand, machine or some 
combination of both. The conduit(s) may be rigid and made 
from steel or other suitably rigid materials. The conduit(s) 
may also be ?exible and made from plastic, rubber or other 
suitably ?exible materials. The conduit(s) may have a round, 
square or any other desired pro?le. 
[0022] A manifold may secure one or more conduits in a 
geometric pattern that matches a pattern of the ?lter opening 
to be cleaned. The manifold may also ?uidly couple the one or 
more conduits With a pressurized ?uid source. The pressur 
ized ?uid may be air, Water, or any other suitable ?uid, e.g., an 
acid or other cleaning agent. 
[0023] An actuation tool may be arranged to automatically 
position and introduce one or more conduits into open chan 
nels of a DPF to clean the DPF. Sensors, e. g., optic, acoustic, 
etc., may be used to locate open channels of the DPF and 
ensure that clean channels are not visited more than once by 
the actuation tool. 
[0024] A material containment system may capture ?ltrate, 
particulate matter, etc. removed from a DPF. For example, a 
vacuum may be positioned adjacent to/ in a vicinity of a sub 
strate face of a DPF to capture the ?ltrate, particulate matter, 
etc. dislodged from the DPF. The containment system may 
protect an operator from exposure to the ?ltrate, particulate 
matter, etc. and collect it in a disposable container. 
[0025] Referring noW to FIG. 1, a pressurized ?uid (as 
indicated by arroW) of a ?uid delivery apparatus 10 ?oWs 
from a manifold 12, through a conduit 14, e. g., a ?uid delivery 
tube, and into a channel 16 of a Wall-?oW DPF 18. Of course, 
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the ?uid delivery apparatus 10 may be used With any ?lter 
having channels. The tube 14 is used to loosen and remove 
accumulated particulate 21 from the DPP 18. 
[0026] In the embodiment of FIG. 1, the tube 14 is rigid and 
is connected to a pressurized ?uid supply 22, e. g., an air 
supply used for tools found in most automotive service shops. 
Other con?gurations, hoWever, are also possible. The tube 14 
of FIG. 1 delivers air to the channel 16. The tube 14, hoWever, 
may be used to deliver any type of ?uid to the channel 16. For 
example, the ?uid may be Water, a liquid surfactant, a liquid 
solvent or any ?uid that Will help dislodge and remove the 
particulate 21 from the channel 16. 
[0027] The tube 14 has dimensions that permit it to be 
inserted into the channel 16. The length of the tube 14 is 
suf?cient to reach a sealed end 24 of the channel 16. In other 
embodiments, hoWever, the tube 14 may have any desired 
length. Additionally, the tube 14 may have openings in its side 
Wall in addition to, or instead of, its end to deliver cleaning 
?uid to the channel 16. 
[0028] In the embodiment of FIG. 1, the manifold 12 is of 
suf?cient size to maintain constant pressure upstream of the 
tube 14. The manifold 12 may also contain some means, e.g., 
a collar 25, for attaching it With the pressurized ?uid supply 
22. 
[0029] The tube 14 may be inserted into the channel 16 on 
the inlet side of the DPP 18. As installed on a vehicle, the inlet 
side of the DPP 18 is the side into Which the vehicle exhaust 
enters and the side Where solid particles are captured. The 
tube 14, hoWever, may also be inserted into a channel on the 
outlet side of the DPP 18. 
[0030] By actuating the tube 14, either manually or by some 
automated or semi-automated mechanism, the solid particles 
21 in the channel 16 are dislodged. During actuation, the ?uid 
moves dislodged particulate 21 past the space betWeen the 
tube 14 and the Walls of the channel 16 and out of the DPP 18. 
[0031] Tube actuation may include steady movement into 
the channel 16, small back-and-forth motion in the channel 16 
or some combination of both. Alternatively, a constant force 
driven displacement may be used. Other movements are, of 
course, also possible. 
[0032] Referring noW to FIG. 2, tubes 14a-14d include 
features that may increase their effectiveness at dislodging 
the particulate matter 21 illustrated in FIG. 1. The tubes 14a 
and 140 are beveled to sharp points 24. The tubes 14b and 14d 
are ?attened to blunt points 26. The tubes 14c and 14d have 
knurled surfaces 28. The knurled surfaces 28 may be oriented 
in such a Way that the particulate matter 21 is pulled out of the 
DPP 18 illustrated in FIG. 1 When removing the tubes 140 or 
14d from the DPP 18. Other con?gurations are, of course, 
also possible. 
[0033] Referring noW to FIGS. 1 and 3, one or more tubes 
1411 of a DPF cleaning tool 30 are mounted to a manifold 32 
in a manner similar to that described With reference to the 
manifold 12. The manifold 32 is attached to a guide plate 34 
through support posts 36. The posts 36 are mounted to the 
manifold 32 by means of, for example, a bushing or linear 
bearing 37 to alloW free movement betWeen the posts 36 and 
manifold 32. It is thus possible to actuate the tool 30 in open 
channels 16 of the DPP 18. 
[0034] A pressurized ?uid is supplied to the manifold 32 
through a port 38. An actuator attachment 40 alloWs either 
manual handling of the tool 30 or attachment to some auto 
mated or semi-automated mechanical device. Index pins 42, 
Which align With open channels 16 in the entrance of the DPP 
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18, may be used to aid in the alignment of the tool 30 With 
open channels 16 of the DPP 18. 

[0035] The tubes 1411 may be mounted to the manifold 32 in 
a variety of Ways to facilitate attachment and removal. For 
example, the tubes 1411 may be glued into the manifold 32 or 
secured by means of a set screW, O-ring, or pressure ?tting. 
Methods to alloW easy replacement may be necessary if a tube 
is damaged or requires replacement. 
[0036] Alternatively, the entire manifold 32 may be 
attached to the tool 30 in such a Way that the manifold 32 can 
be quickly and easily removed from the tool 30 and replaced 
With a neW manifold. This method may also be used to replace 
the tubes 1411 With a set having a different geometry to accom 
modate DPFs having different geometries. The guide plate 34 
may also be designed to alloW quick and easy removal and 
replacement. 
[0037] The guide plate 34 of FIG. 3 contains a series of 
holes With a geometry matching the DPP 18. The tubes 1411 
are fed through the holes in the guide plate 34. The guide plate 
34 thus positions the tubes 1411 in the appropriate geometry 
for the DPP 18 such that the tubes 14n align With the channels 
16 ofthe DPF 18. 

[0038] Referring noW to FIG. 4, the tubes 14e-14g are fed 
into the guide plate 34. In the embodiment of FIG. 4, the 
diameter of holes 35 in the guide plate 34 is large enough to 
alloW the free movement of the tubes 14e-14g. The guide 
plate 34 also provides support for the tubes 14e-14g during 
actuation to prevent buckling. In other embodiments, addi 
tional guide plates 34 may be incorporated at various points 
along the length of the tubes 14e-14g to provide additional 
support. 
[0039] Referring noW to FIG. 5, a Cartesian grid of chan 
nels 43 is indicative of channel openings 16 and channel plugs 
44. In the embodiment of FIG. 5, the spacing is generally 
uniform in the “x” and “y” directions: the distance betWeen 
any tWo adjacent open channels 16 is a constant Ax or Ay 
respectively. 
[0040] The tubes 1411 are mounted into the base plate 32 in 
a geometric arrangement 46 matching the open channel spac 
ing in the DPP 18. Other arrangements are, of course, also 
possible. For example, the number of tubes 1411 in the “x” and 
“y” directions may vary given practical constraints, such as 
ease of tool use or force required to dislodge the particulate 
matter 21. 

[0041] The geometric arrangement 46 of the ?uid delivery 
tubes 1411 may conform to the ?lter geometry 43 of the open 
channels 16. To accommodate different DPF geometries, a 
variety of base plates 32 may be used. In addition, different 
base plates may be used to match different geometries Within 
a single DPF. A DPF With both pie-shaped and round seg 
ments may require, for example, various base plates With both 
pie-shaped and round con?gurations. 
[0042] Referring noW to FIGS. 6A and 6B, the spacing in 
the “x” and “y” directions is the same for the geometric 
arrangement 46 and the ?lter geometry 43 to alloW the tubes 
14n illustrated in FIG. 5 to pass into the channel openings 16. 

[0043] Referring noW to FIGS. 1 and 7, a reference point 50 
may be used to align the tube 14 With the DPP 18. Once 
aligned, the apparatus 10 is actuated and then incremented in 
the “x” direction by a length of Ax, Where Ax is the distance 
betWeen adjacent tubes in the “x” direction. The apparatus 10 
may continue to be incremented in the “x” direction until 
every channel in that coordinate Was visited for a particular 



US 2011/0259193 A1 

value of “y.” The full distance traveled by the apparatus 10 in 
the “X” direction Would be AAX. 

[0044] The apparatus 10 may then be incremented in the 
positive “y” direction by an increment of Ay, Where Ay is the 
distance betWeen adjacent channels in the “y” direction. The 
above process may be repeated in the “X” direction, and then 
another increment of Ay may be completed in the “y” direc 
tion. The full process is complete When the apparatus 10 has 
covered the full length of the DPP 18 in the “y” direction, 
BAy. 
[0045] The choice of coordinate systems here is arbitrary. 
One could also start in the “y” direction. Other coordinate 
systems, such as the polar system, are also valid as long as the 
spacing of the DPP 18 is uniform in the angular and radial 
directions. 

[0046] Referring noW to FIG. 8, a reference point on a 
manifold, e.g., a location associated With a tube, of a DPF 
cleaning tool is matched With a reference point on a DPF as 
indicated at 52. As indicated at 53, a counter is set to 1. As 
indicated at 54, the cleaning tool is actuated. As indicated at 
55, it is determined Whether the counter is odd. If yes, the 
cleaning tool is incremented in the positive “X” direction by a 
predetermined amount as indicated at 56. If no, the cleaning 
tool is incremented in the negative “X” direction by a prede 
termined amount as indicated at 57. As indicated at 58, it is 
determined Whether the cleaning tool has covered the entire 
length of the DPP in the “X” direction. If no, the process 
returns to 54. If yes, the counter is incremented as indicated at 
59. As indicated at 60, the tool is incremented in the positive 
“y” direction by a predetermined amount. As indicated at 62, 
it is determined Whether the tool has covered the entire length 
of the DPP in the “y” direction. If no, the process returns to 54. 
If yes, the process ends as indicated at 64. 

[0047] lncrementing of the cleaning tool may be performed 
either by an operator or automatically by, for eXample, a 
stepper motor, Which may include inputs for the quantities 
AX, Ay, A, and B. 
[0048] Referring again to FIG. 3, actuation of the tool 30 
may be performed in a manner similar to that described With 
reference to FIGS. 7 and 8. 

[0049] To prevent buckling of the tubes 1411, an automated 
machine may provide constant force to the actuation coupling 
40, Where this force is less than the force required to buckle 
the tubes 1411. The tool 30 may also be actuated using constant 
velocity in the actuation direction or a combination of con 
stant velocity and small amplitude, high frequency motion 
superimposed in the actuation direction. 

[0050] In other embodiments, the apparatus 10 illustrated 
in FIG. 1 or the tool 30 illustrated in FIG. 3 may be out?tted 
With a suitable sensor, e. g., an optic sensor (such as a laser) or 
an acoustic sensor, to detect open channels in a DPF of arbi 
trary geometry. Once detected, cleaning could be performed 
automatically using techniques similar to those described 
above. 

[0051] For embodiments Where an automated or semi-au 
tomated machine controls the movement and actuation of the 
apparatus 10 illustrated in FIG. 1 or tool 30 illustrated in FIG. 
3, a computer program may be used to eXecute such machine 
controlled movement and actuation. This program may alloW 
input of the cleaning parameters or it may accept an input ?le 
that contains these parameters. The ?le may also contain a 
graphical representation of a DPF geometry that the machine 
may use as a guide for actuation and movement. Alternatively, 
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digital imaging techniques may be used to determine the open 
channel geometry of the DPP to be cleaned. 
[0052] In still other embodiments, the apparatus 10 illus 
trated in FIG. 1 or tool 30 illustrated in FIG. 3 remains 
stationary in the plane of the ?lter face and a DPF to be 
cleaned is moved incrementally. The movement of the DPP 
may folloW the same logic as described above. 
[0053] Referring noW to FIGS. 9A through 9C, pressure 
plates 6811 through 680, as discussed beloW, may be used to 
determine speci?c sections Within a DPF that may be ?lled 
With a certain amount of particulate matter. 
[0054] Referring noW to FIGS. 10 and 11, a pressure plate 
68a is loWered onto a substrate face 70 of the DPP 18. A 
vacuum is applied to a point 72 doWnstream of the DPP 18 
While a point 74 at the substrate face 70 of the DPP 18 is open 
to the atmosphere. As such, air is alloWed to ?oW through a 
port 76a of the pressure plate 68a, through the DPP 18 and out 
of the DPP 18 at the point 72. 
[0055] While the pressure plate 68a is rotated on the surface 
of the DPP 18, the differential pressure betWeen the points 72, 
74 is measured. High differential pressure betWeen the points 
72, 74 Would indicate higher ash loading in that section of the 
DPP 18. 
[0056] Referring again to FIGS. 9B and 9C, to obtain full 
coverage of the DPP face 70 illustrated in FIG. 10, the pres 
sure plates 68b and 680 may be used as described above and 
the differential pressure measured at ports 76b, 76c respec 
tively. 
[0057] Referring to FIG. 12, a pressure plate 78 has a pie 
shaped opening 80 through Which air may ?oW as described 
above. Any suitable pressure plate opening geometry, hoW 
ever, may be used depending on Which proves most effective. 
[0058] While eXemplary embodiments are described 
above, it is not intended that these embodiments 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 With 
out departing from the spirit and scope of the invention. 
Additionally, the features of various implementing embodi 
ments may be combined to form further embodiments of the 
invention. 

What is claimed is: 
1. A method for delivering pressuriZed ?uid from a pres 

suriZed ?uid source to a cell of a Wall-?oW particulate ?lter, 
the method comprising: 

inserting a ?uid delivery tube into the cell; 
delivering the pressuriZed ?uid from the pressuriZed ?uid 

source to the cell via the ?uid delivery tube to dislodge 
particulate matter Within the cell; and 

removing the ?uid delivery tube from the cell. 
2. The method of claim 1 further comprising moving the 

?uid delivery tube to dislodge the particulate matter Within 
the cell. 

3. The method of claim 1 further comprising moving the 
Wall-?oW particulate ?lter to dislodge the particulate matter 
Within the cell. 

4. The method of claim 1 Wherein the pressuriZed ?uid 
comprises a liquid. 

5. The method of claim 1 Wherein the pressuriZed ?uid 
comprises a gas. 

6. The method of claim 1 further comprising installing a 
pressure plate on an end of the Wall-?oW particulate ?lter, 
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applying a vacuum to another end of the Wall-?oW particulate 
?lter and measuring a pressure drop across the Wall-?oW 
particulate ?lter. 

7. The method of claim 1 further comprising capturing at 
least a portion of the dislodged particulate matter. 

8. The method of claim 1 Wherein at least one of (i) insert 
ing a ?uid delivery tube into the cell, (ii) delivering the pres 
surized ?uid from the pressurized ?uid source to the cell via 
the ?uid delivery tube to dislodge particulate matter Within 
the cell and (iii) removing the ?uid delivery tube from the cell 
is performed automatically. 

9. A method for delivering pressurized ?uid from a pres 
surized ?uid source to a cell of a Wall-?oW particulate ?lter, 
the method comprising: 

inserting a ?uid delivery tube at least half-Way into the cell 
of the Wall-?oW particulate ?lter, the cell having a maxi 
mum Width not greater than 3 millimeters; 

delivering the pressurized ?uid from the pressurized ?uid 
source to the cell via the ?uid delivery tube to dislodge 
particulate matter Within the cell; and 

removing the ?uid delivery tube from the cell. 
10. The method of claim 9 further comprising moving the 

?uid delivery tube to dislodge or pulverize the particulate 
matter Within the cell. 

11. The method of claim 10 Wherein moving the ?uid 
delivery tube to dislodge or pulverize the particulate matter 
Within the cell includes actuating the ?uid delivery tube With 
an amplitude and frequency such that the ?uid delivery tube 
vibrates. 

12. The method of claim 9 Wherein the ?uid delivery tube 
is inserted into a side of the Wall-?oW particulate ?lter Where 
particulate matter has collected. 

13. The method of claim 9 further comprising moving the 
Wall-?oW particulate ?lter to dislodge the particulate matter 
Within the cell. 

14. The method of claim 9 further comprising installing a 
pressure plate on an end of the Wall-?oW particulate ?lter, 
applying a vacuum to another end of the Wall-?oW particulate 
?lter and measuring a pressure drop across the Wall-?oW 
particulate ?lter. 

15. The method of claim 9 further comprising capturing at 
least a portion of the dislodged particulate matter. 

16. The method of claim 9 Wherein at least one of (i) 
inserting a ?uid delivery tube into the cell, (ii) delivering the 
pressurized ?uid from the pressurized ?uid source to the cell 
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via the ?uid delivery tube to dislodge particulate matter 
Within the cell and (iii) removing the ?uid delivery tube from 
the cell is performed automatically. 

17. A method for delivering pressurized ?uid from a pres 
surized ?uid source to a cell of a Wall-?oW particulate ?lter, 
the method comprising: 

inserting a ?uid delivery tube having a maximum Width 
less than 3 millimeters and a length approximately equal 
to at least one-half the length of one of the cells into the 
cell; 

delivering the pressurized ?uid from the pressurized ?uid 
source to the cell via the ?uid delivery tube to dislodge 
particulate matter Within the cell; and 

removing the ?uid delivery tube from the cell. 
18. The method of claim 17 further comprising moving the 

?uid delivery tube to dislodge the particulate matter Within 
the cell. 

19. The method of claim 18 Wherein moving the ?uid 
delivery tube to dislodge or pulverize the particulate matter 
Within the cell includes actuating the ?uid delivery tube With 
an amplitude and frequency such that the ?uid delivery tube 
vibrates. 

20. The method of claim 17 Wherein the ?uid delivery tube 
is inserted into a side of the Wall-?oW particulate ?lter Where 
particulate matter has collected. 

21. The method of claim 17 further comprising moving the 
Wall-?oW particulate ?lter to dislodge the particulate matter 
Within the cell. 

22. The method of claim 17 further comprising installing a 
pressure plate on an end of the Wall-?oW particulate ?lter, 
applying a vacuum to another end of the Wall-?oW particulate 
?lter and measuring a pressure drop across the Wall-?oW 
particulate ?lter. 

23. The method of claim 17 further comprising capturing at 
least a portion of the dislodged particulate matter. 

24. The method of claim 17 Wherein at least one of (i) 
inserting a ?uid delivery tube into the cell, (ii) delivering the 
pressurized ?uid from the pressurized ?uid source to the cell 
via the ?uid delivery tube to dislodge particulate matter 
Within the cell and (iii) removing the ?uid delivery tube from 
the cell is performed automatically. 

* * * * * 


