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(57) ABSTRACT 
Correspondence Address: 
CORNING INCORPORATED A method for inspecting the integrity of diesel exhaust ?lter 
SP-TI-3-1 by introducing air under pressure through one end of the 
CORNING, NY 14831 structure and detecting the presence of air ?oW at an 

opposing end surface. The diesel exhaust ?lter is tested 
(21) Appl. No.: 10/184,316 green. 
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METHOD FOR TESTING THE INTEGRITY OF 
DPFS 

BACKGROUND OF INVENTION 

[0001] The instant invention relates to ?lters for the 
removal of particulate material from diesel engine exhaust, 
and more particularly to a method of testing the integrity of 
diesel particulate ?lters (DPFs) for detecting defects Which 
affect the ?ltration efficiency. 

[0002] Wall-?oW diesel particulate ?lters are used in the 
puri?cation of diesel exhaust. Typically such diesel particu 
late ?lters are made of cordierite (US. Pat. No. 4,420,316) 
or silicon carbide (US. Pat. No. 5,914,187), and include a 
honeycomb body having thin interconnecting interior 
porous Walls Which form parallel cell channels of equal 
hydraulic diameter, longitudinally extending betWeen the 
end faces of the structure. Alternating cells on one end face 
of the honeycomb are plugged With a ceramic ?ller material 
to form a “checkerboard” pattern. The pattern is reversed on 
the opposite side, so that the ends of each cell are blocked 
at only one end of the structure. When diesel exhaust enters 
the ?lter through one end face (i.e., inlet end), it is forced to 
pass through the porous Walls in order to exit through the 
opposite end face (i.e., outlet end). 

[0003] For diesel particulate ?ltration, honeycomb struc 
tures having cellular densities betWeen about 10 and 300 
cells/in (about 1.5 to 46.5 cells/cm2), more typically 
betWeen about 100 and 200 cells/in2 (about 15.5 to 31 
cells/cm2), are considered useful to provide suf?cient thin 
Wall surface area in a compact structure. Wall thickness can 
vary upWards from the minimum dimension providing struc 
tural integrity of about 0.002 in. (about 0.05 mm.), but are 
generally less than about 0.060 in. (1.5 to minimiZe 
?lter volume. A range of betWeen about 0.010 and 0.030 
inches (about 0.25 and 0.76 e.g., 0.019 inches, is most 
often selected for these materials at the preferred cellular 
densities. 

[0004] Filtration ef?ciencies up to and in excess of 90% of 
the diesel exhaust particulates (by Weight) can be achieved 
With the described structures. HoWever, the ?ltration effi 
ciency or integrity of DPFs can be compromised by defects 
from the manufacturing process, such as breaks or holes in 
the interior cell Walls. Such defects alloW diesel exhaust 
containing soot particulates to pass through the structure 
With no ?ltration. 

[0005] Methods of inspecting internal defects affecting 
described diesel ?lters are knoWn in the art. US. Pat. No. 
5,102,434 to Hijikata et al. is directed to a method in Which 
a gas containing particulates, such as carbon soot, is ?oWed 
through one end of the ?lter, exiting the opposing end 
adjacent a gas-permeable screen. The carbon soot or other 
particulates employed Will escape through leaks or defects in 
the interior Walls to adjacent open cells eventually being 
captured onto the screen. The screen is then inspected for 
patterns differing from the defect-free structure. 

[0006] In another method a clear ?lm is taped to one end 
of the honeycomb structure and graphite is then bloWn 
through the opposite end. The structure is rotated several 
times. Leaking cells are detected by the presence of graphite 
on the clear ?lm. 

[0007] There are several disadvantages associated With 
these prior art methods. Particularly, both methods required 
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a ?red plugged part. It is more costly to repair defect cell 
channels in the ?nal product, then, for example, While the 
structure is still green (i.e., has not been ?red). Further, in 
some instances leaking cells are never detected due to What 
is believed to be bridging of the particulates (i.e., particu 
lates are too big to How through small cracks). Therefore, 
there continues to be a need for more reliable and ef?cient 
methods of testing the integrity of diesel particulate ?lters. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention overcomes the above prob 
lems and draWbacks by providing a more reliable and 
ef?cient method for detecting the presence of integrity 
leakage defects in ceramic ?lters for trapping and combus 
ting diesel exhaust particulates. The term “integrity leakage 
defects” used in the description of the present invention 
refers to any breaks, tears, holes and the like in the interior 
Walls or at joining sections of the ?lter body. 

[0009] In particular, the invention provides a method for 
testing comprising providing a green plugged honeycomb 
structure having a plurality of parallel cell channels travers 
ing the structure from an inlet end to an outlet end thereof; 
passing air under pressure through the inlet end of the 
honeycomb structure; and, detecting air?oW at the outlet end 
of the honeycomb structure, Whereby the presence of the air 
at the outlet end indicates integrity leakage defects in the 
ceramic ?lter. The term “green ?lter” as used in the descrip 
tion of the present invention refers to a structure Which has 
not undergone ?ring. A green ?lter has no porosity such that 
the air cannot pass through the internal Walls, unless there is 
an integrity leakage defect thereat. 

[0010] The invention is also related to an assembly for 
testing the integrity of diesel exhaust ?lters, comprising an 
enclosure having an aperture; a green plugged ?lter remov 
ably mounted in the aperture of the enclosure; an air bloWer 
in communication With the enclosure; and, means for detect 
ing air leakage in the green plugged ?lter. 

[0011] Therefore, in the present inventive method, in the 
case Where there are no integrity leakage defects in the ?lter 
body, air?oW Will not be present at the end surface opposing 
the end Where air is introduced in the structure. Conversely, 
in the case Where there are integrity leakage defects in the 
?lter body, air?oW Will be present at the end surface oppos 
ing the end Where air is introduced in the structure. This is 
because the air Will pass through the defects into adjoining 
open cell channels to How out of the structure. By detecting 
the presence of air?oW at an end surface, the number and 
location of integrity leakage defects in the ?lter body is 
determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention may be further understood by refer 
ence to the folloWing draWings, in Which: 

[0013] FIG. 1 is a schematic, cross-sectional vieW of an 
embodiment of an inventive apparatus for testing the integ 
rity of diesel exhaust particulate ?lters, the apparatus includ 
ing a heat sensitive covering secured to the outlet end of a 
honeycomb ?lter body; 

[0014] FIG. 2 illustrates the movement of air through 
integrity leakage defects in a honeycomb ?lter body; and, 
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[0015] FIG. 3 is a schematic, cross-sectional vieW of 
another embodiment of an inventive apparatus for testing the 
integrity of diesel exhaust particulate ?lter, the apparatus 
including an acoustic sensor for detecting the sound emitted 
by air?oW at the outlet end of a honeycomb ?lter body. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] Referring to FIG. 1 therein depicted is a cross 
sectional vieW of an apparatus 10 including an enclosure 12 
connected to air bloWer 14 at feed pipe 16. A suitable air 
bloWer 14 is available as Model Number VB-004B-000 (% 
HP) from Spencer Turbine Company (Hartford, Conn.). 
Enclosure 12 houses a green ?lter 30 having a honeycomb 
structure body 32 composed of a ceramic material and a 
plurality of parallel end-plugged cell channels 34a, 34b 
traversing the body 32 from an inlet end 36 to an outlet end 
38 thereof. Cell channels 34a, 34b are preferably plugged in 
a checkered pattern such that every other cell channel 34a, 
34b has a plug 40 only at one of the inlet end 36 or outlet 
end 38. Green ?lter 30 is preferably made of a material 
Which upon being subjected to ?ring in a furnace undergoes 
transformation to substantially a cordierite phase, as knoWn 
in the art. 

[0017] Green ?lter 30 is removably mounted in enclosure 
12 With inlet end 36 doWnWardly. Consequently, outlet end 
38 of honeycomb body 32 faces upWard and out of enclosure 
12. Although suitable for ?lters of any geometry, the present 
invention is particularly useful for detection of integrity 
leakage defects for structures having a cell density of 200 
cpsi (cells per square inch) and higher. 

[0018] A heat sensitive covering 18 is secured over the 
outlet end 38 With, for example, an adhesive tape. A pre 
ferred heat sensitive covering, in the practice of the present 
invention, is a temperature sensitive liquid crystal ?lm 
available from Edmund Industrial Optics (Barrington, N.] 
The heat sensitive covering 18 is heated by a heat source 20, 
preferably a 120W lamp, to a temperature of about 25-30° 
C. In this Way When the air Which is at room temperature 
(i.e., about 22° C.) exits the cell channels 34b Which are 
open at outlet end 38 and strikes the heated covering 18, an 
imprint or mark is formed indicated a temperature change 
thereat. Although the heat sensitive covering 18 is shoWn to 
be in direct contact With outlet end 38, it is envisioned that 
the heat sensitive covering 18 may be positioned in close 
proximity but not in direct contact With outlet end 38, and 
still be suitable to function. Heat source 20 is adjacent heat 
sensitive covering 18, at a distance of about 10 in. to 15 in. 
therefrom, preferably at 13 in. 

[0019] Air having a pressure of about 1 to 15 psi (pounds 
per square inch) passes from air bloWer 14 through feed pipe 
16 to enclosure 12 and into honeycomb ?lter body 32 
through open cell channels 34a at inlet end 36. It has been 
found that at higher air pressures, smaller leakage defects 
can be detected. Therefore, preferably the air pressure is 
maintained at about 10 to 15 psi. 

[0020] Referring noW to FIG. 2, in the case Where integ 
rity leakage defects 31 exist in the green ?lter honeycomb 
body 32, the air represented by arroWs 35 Will move through 
these defects 31 from the cell channels 34a Which are open 
at inlet end 36 into neighboring cell channels 34b Which are 
open at outlet end 38 to exit the honeycomb structure 32 
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thereat. Once exited, the air strikes the heat sensitive cov 
ering 18 leaving a ?gure of imprints thereat. As previously 
described the imprints are a result of a temperature change, 
i.e., the room temperature air impacting the Warm heat 
sensitive covering. The heat sensitive covering 18 is then 
analyZed to look for these imprints, and determine therefrom 
the number and location of integrity leakage defects in the 
structure. Typically, the siZe of the imprints can be correlated 
to the siZe of the integrity leakage defect. Accordingly, it is 
envisioned that a siZe pro?le may be generated from mul 
tiple runs at various air pressures, i.e., the air pressure is 
varied incrementally and successive sets of imprints are 
generated. 
[0021] It is also envisioned that the steps of inspecting the 
heat sensitive covering and detecting integrity leakage 
defects Will be automated for increased efficiency With an 
image analyZer as knoWn in the art. Speci?cally, the image 
analyZer Which generally consists of a television camera or 
another optical device Would be ?rst used to scan the outlet 
end of the honeycomb structure and generate a ?rst set of 
signals indicating the location of the cell channels. Then, the 
heat sensitive covering Would be scanned to generated a 
second set of signals indicating the location of any imprints. 
From these tWo sets of data, a microprocessor (i.e., a 
personal computer) is then used to associate the location of 
the imprints With the location of the corresponding cell 
channels containing the integrity leakage defects. 

[0022] It is still further envisioned, that air?oW at the 
outlet end may also be detected With an acoustic sensor 
Which operates to sense the sound emitted by air exiting 
open cell channels thereat. A schematic of this embodiment 
is shoWn in FIG. 3. Acoustic sensor 50 is secured to jig 
means 52 for positioning and operation. A suitable acoustic 
sensor for the purposes of the present invention is AccuTrak 
VPE-1000, manufactured by Superior Signal Company 
(SpotsWood, N.] In the practice of the present invention, 
acoustic sensor 50 is scanned across the outlet end of the 
honeycomb structure in the direction of the arroW. A set of 
signals are recorded and a noise pro?le is generated on a 
microprocessor as knoWn in the art. The noise pro?le is then 
analyZed to determine the number and location of integrity 
leakage defects in the structure. 

[0023] While particular embodiments of the present 
invention have been shoWn and described and some modi 
?cations suggested, it Will be appreciated that other modi 
?cations of the invention, not speci?cally mentioned, Will 
occur to those skilled in the art and are intended to be 
included Within the scope of the appended claims. 

What is claimed: 
1. A method for detecting integrity leakage defects in a 

?lter for trapping and combusting diesel exhaust particu 
lates, comprising: 

a. providing a green plugged honeycomb structure having 
a plurality of parallel cell channels traversing the 
structure from an inlet end to an outlet end thereof; 

b. passing air under pressure through the inlet end of the 
honeycomb structure; and, 

c. detecting air?oW at the outlet end of the honeycomb 
structure, Whereby the presence of the air at the outlet 
end indicates integrity leakage defects in the ceramic 
?lter. 
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2. The method of claim 1 wherein in step c) the detecting 
of air leakage at the outlet end of the honeycomb structure, 
further comprises: 

a. securing a heat sensitive covering to the outlet end of 
honeycomb structure; 

b. applying heat to the heat sensitive covering; and, 

c. inspecting the heat sensitive ?lm for temperature 
changes to determine the presence of integrity defects 
in the ceramic ?lter. 

3. The method of claim 2 Wherein the heat sensitive 
covering is a temperature sensitive liquid crystal ?lm. 

4. The method of claim 1 Wherein in step c) the detecting 
of air leakage at the outlet end of the honeycomb structure, 
further comprises: 

a. scanning the outlet end With an acoustic sensor; and, 

b. generating a noise pro?le to determine the presence of 
integrity defects in the ceramic ?lter. 

5. The method of claim 1 Wherein in step b) the air is 
?oWn through the green plugged honeycomb structure at a 
pressure of 1 psi to 15 psi. 

6. The method of claim 5 Wherein the air is at room 
temperature. 

7. An assembly for testing the integrity of diesel eXhaust 
?lters, comprising: 
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an enclosure having an aperture; 

a green plugged ?lter removably mounted in the aperture 
of the enclosure; 

an air bloWer in communication With the enclosure; and, 

means for detecting air leakage in the green plugged ?lter. 
8. The assembly of claim 7 Wherein the green plugged 

?lter comprises Wall-?oW honeycomb ?lter body composed 
of a ceramic material and having a plurality of parallel cell 
channels traversing the body from an inlet end to an outlet 
end thereof, the cell channels having plugged ends. 

9. The assembly of claim 8 Wherein the cell channels are 
plugged in a checkered pattern. 

10. The assembly of claim 8 Wherein the ceramic material 
is cordierite. 

11. The assembly of claim 7 Wherein the air bloWer is in 
communication With the enclosure through a feed pipe 
connected therebetWeen. 

12. The assembly of claim 7 Wherein the means for 
detecting air leakage are selected from the group consisting 
of a heat sensitive covering and an acoustic sensor. 

13. The assembly of claim 12 Wherein the means for 
detecting air leakage is a heat sensitive covering. 

14. The assembly of claim 13 Wherein the heat sensitive 
covering is a temperature sensitive liquid crystal ?lm. 

* * * * * 


