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(57) Processeur d’¢chappement (18) comprenant un
corps (12), une premiere, et une deuxieme coiffes
d’extremite (14, 16). Le corps (12) co mprend une
enveloppe extérieure (31) et un substrat (15) positionne
a I'interieur de 1’enveloppe (31). Ladite enveloppe (31)
comprend une surface extérieure (92) a 'oppos¢ du
substrat (15), une surface mterieure (112) faisant face au
substrat (15), a distance de la premicre et de la deuxieme
extremites (86, 88). La surface interieure (112) de
I’enveloppe exterieure (31) détermine une premiere zone
de coiffe d’extrémaite (121) a la premiere extremite (86),
une deuxieme zone de coiffe d’extrémuté (121) a la
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(57) An exhaust processor (18) 1s provided having an
exhaust processor body (12), first, and second end caps
(14, 16). The exhaust processor body (12) includes an
outer shell (31) and a substrate (15) positioned to lie
within the outer shell (31). The outer shell (31) includes
an outer surface (92) facing away from the substrate (15),
an mner surface (112) facing toward the substrate (15),
spaced apart first and second ends (86, 88). The inner
surface (112) of the outer shell (31) defines a first end
cap region (121) at the first end (86), a second end cap
region (121) at the second end (88), and an 1nner surface
size (122). The first end cap (14) 1s positioned to lie in the
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deuxieme extrémite (88) et un ¢&talon de surface
intérieure (122). La premicre coiffe d’extrémite (14) est
positionnee de maniere a s’ ¢tendre dans la premicre zone
de coiffe d’extrémite (121), et la deuxieme coiffe
d’extremite (16) est positionnée de manicre a s’¢tendre
dans la deuxieme zone de coiffe d’extréemite (121).
Chacune des premicre et deuxieme coiffes d’extrémaite
(14, 16) comprend wune bride rabattable (44)
dimensionnéee pour mnserer un €talon sensiblement €gal a
I’¢talon (122) de la surface ntérieure (112) de
I’enveloppe exterieure (31).
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first end cap region (121), and the second end cap (16) 1s
positioned to lie in the second end cap region (121). Each
of the first and second end caps (14, 16) include a
crimpable flange (44) that 1s sizable to include a size

substantially equal to the mnner surface size (122) of the
inner surface (112) of the outer shell (31).
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(57) Abstract

An exhaust processor (18) is provided having

| an exhaust processor body (12), first, and second 58

end caps (14, 16). The exhaust processor body (12)

includes an outer shell (31) and a substrate (15)

positioned to lie within the outer shell (31). The

outer shell (31) includes an outer surface (92) facing

away from the substrate (15), an inner surface (112)

facing toward the substrate (15), spaced apart first 112

and second ends (86, 88). The inner surface (112)

of the outer shell (31) defines a first end cap region

| (121) at the first end (86), a second end cap region 121
(121) at the second end (88), and an inner surface

| size (122). The first end cap (14) is positioned to

lie in the first end cap region (121), and the second

end cap (16) is positioned to lie in the second end

cap region (121). Each of the first and second end

caps (14, 16) include a crimpable fiange (44) that is

sizable to include a size substantially equal to the I7

| inner surface size (122) of the inner surface (112)

| of the outer shell (31).
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EXHAUST PROCESSOR END CAF

The present invention relates to end caps that are coupled to a body, and
particularly to end caps for use in vehicle exhaust processors. More particularly, the present
invention relates to end caps that are sized to mate with a shell containing an exhaust
processor substrate therein. |

Exhaust processors are part of a vehicle exhaust system that, in general
“cleans” and “quiets” exhaust gas produced by a vehicle engine before the exhaust gas is
discharged from an engine system to the atmosphere. An exhaust processor typically
includes an exhaust processor body and end caps which close the ends of the exhaust
processor body. The size of each exhaust processor body varies to fit a certain vehicle

specification and thus an end cap must be able to fit on exhaust processor bodies of various

s1zes.

In accordance with the present invention, an exhaust processor is provided
having an exhaust processor body and first and second end caps. The exhaust processor
body includes an outer shell and a substrate positioned to lie within the outer shell. The outer
shell includes an outer surface facing away from the substrate, an inner surface facing toward
the substrate, and spaced apart first and second ends. The inner surface of the outer shell
defines a first end cap region at the first end, a second end cap region at the second end, and
a inner surface size. The first end cap is positioned to lie in the first end cap region. The
second end cap 1s positioned to lie 1n the second end cap region. Each of the first and second
end caps include a cnimpable flange that is sizable to include a size substantially equal to the
inner surface size of the inner surface of the outer shell.

Additional features and advantages of the invention will become apparent to
those skilled in the art upon consideration of the following detailed description of preferred

embodiments exemplifying the best mode of carrying out the invention as presently perceived.

Brief Descriptionp Of The Drawing

The detailed deScription particularly refers to the accompanying figures in

Fig. 1 1s an end elevational view of an end cap sizer;
Fig. 2 1s a sectional view taken along line 2-2 of Fig. 1;

Fig. 3 1s a block diagram of a control system of the end cap sizer;
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Fig. 4 1s a sectional view similar to Fig. 2 showing an exhaust processor body
inserted into the end cap sizer and the end cap sizer measuring the exhaust processor body;

Fig. 5 1s a sectional view similar to Fig. 4 showing the end cap sizer releasing
the exhaust processor body so that the exhaust processor can be removed from the end cap
SiZer;

Fig. 6 1s a sectional view similar to Fig. 5 showing an end cap positioned to
lie in the end cap sizer and the end cap sizer sizing the end cap so that the end cap will fit into
the end of the exhaust processor body measured in Fig. 4;

Fig. 7 1s an exploded side elevational view, with portions cutaway, of an
exhaust processor having first and second end caps and an exhaust processor body showing
the first end cap being positioned to lie away from the exhaust processor body and the first
end cap having a cnmpable flange that is moved from a first position (solid lines) to a second
cnmped position (phantom lines) by the end cap sizer shown in Figs. 1-6 so that the first end

cap matches the exhaust processor body and the end cap can be pushed into the exhaust

processor body;

Fig. 8 1s a top plan view of the first end cap of Fig. 7 showing the crimpable
flange 1n the first position (solid lines) and the second crimped position (phantom fines) after
the end cap sizer applies a crimping force to the crimpable flange;

Fig. 9 1s partial side elevational view, with portions cutaway, showing the
converter body including a substrate, a mat wrapped around the substrate, and an outer shell
wrapped around the mat and substrate and the crimpable flange of the end cap being in its

second crimped position and positioned to lie in abutting relation to the mat and substrate;

Fig. 10 is a sectional view, taken along line 10-10 of Fig. 8, of the end cap;

Fig. 11 1s a partial sectional view of the end cap showing a force being applied
to the cimpable flange of the end cap to move the crimpable flange to its crimped position;

Fig. 12 is a partial side elevation view, with portions cutaway, showing a
spacer being positioned to lie between the mat and substrate and the end cap;

Fig. 13 1s a sectional view of another embodiment of an end cap showing the
end cap having a crirnpable flange that differs from the crimpable flange shown in the end cap
of Figs. 6-12;

Fig. 14 1s a sectional view of the end cap of Fig. 13 showing a crimping force

being applied to the crimpable flange to move the crimpable flange to a crimped position;

and
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Fig. 15 is a schematic illustration of another end cap sizer for measuring and

sizing components.

' o e _l O_l_ fT ’._*.A.!f._

An end cap sizer 10 is shown in Fig. 1. The end cap sizer 10 sizes an end cap
14, 16 to fit an exhaust processor body 12 as shown in Figs. 4-7. The end cap sizer 10 sizes
end caps 14, 16 by treating, working, or operating end caps 14, 16 to make end caps 14, 16
a particular size.

The size of exhaust processor bodies 12 vary within a fairly wide tolerance.
The end cap sizer 10 determines the size of a particular exhaust processor body 12 and then
sizes an end cap 14, 16 accordingly so that end cap 14, 16 will mate with, match, fit intb, and
otherwise conform to the exhaust processor body 12. Thus, end cap sizer 10 creates a
matched pair of end cap 14, 16 and exhaust processor body 12 so that end cap 14, 16 and
exhaust processor body 12 may be assembled easily. To form a completed exhaust processor
18, two end caps 14, 16 are coupled to opposite ends of exhaust processor body 12 as
shown, for example, in Fig. 7. It is within the scope of this disclosure to use sizer 10 to size
components other than end caps to fit within bodies configured to receive such components.

The invention is especially, but not exclusively, suitable for use in the
production of exhaust processors 18. In this application, the words “exhaust processor” are
intended to refer to various types of diesel particulate filters and other traps, purifiers or
substrates 1n connection with which this invention may be used. In the illustrated
embodiment; the words “exhaust processor” specifically refer to a catalytic device (for
example, a catalytic converter or a catalytic trap) for use with gasoline engines.

End cap sizer 10 includes a frame 20, a device 23 that obtains a body
measurement of a body 12 and sizes an end cap 14, 16 based on the body measurement, and
a control system 25 that moves device 23 to the necessafy positions to receive body 12 and
end cap 14, 16, obtain a measurement of exhaust processor body 12, and size end cap 14, 16.
The device 23 is a single tool that includes measurer and sizer jaws 24 and a stationary
portion 26 mounted on frame 20. Control system 25 includes an actuator 28, a mechanical
hnkage 30 that connects actuator 28 and jaws 24, and a position controller 27 as shown, for
example, in Figs. 1-3.

Movement of actuator 28 causes jaws 24 to open or élose as jaws 24 move

relative to stationary portion 26. The stationary portion 26 is mounted or fixed to frame 20
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so that movement of actuator 28 and jaws 24 do not cause movement of stationary portion

26. Actuator 28 is a hydraulic power input cylinder. Actuator 28 could be any type of

mechanism that causes jaws 24 to open and close such as, for example, any of various

electric, hydraulic, or pneumatic mechanisms. Mechanical linkage 30 can be any type of
5  linkage that connects jaws 24 and actuator 28.

Stationary portion 26 1s formed to include a cone-shaped inner surface 32 that
defines an opening 34 through which jaws 24 are moved by actuator 28. The frame 20 may
be formed to include a jaw-receiving opening so that a separate stationary portion is not
required.

10 The jaws 24 include a cone-shaped outer surface 36 that abuts cone-shaped
inner surface 32 of stationary portion 26. Movement of jaws 24 through opening 34 defined
by mnner surface 32 causes jaws 24 to open and close about a longitudinal axis 42 of end cap
sizer 10. The outer surface 36 of jaws 24 and inner surface 32 of stationary portion 26 may
be of any shape that permit jaws 24 to open and close as jaws 24 move through opening 32

15 formed in stationary portion 26.

The jaws 24 further include an inner surface 38 that defines a cavity 40 sized
to receive an exhaust processor body 12 or an end cap 14, 16, measure exhaust processor
body 12, and size end cap 14, 16. The inner surface 38 of jaws 24 moves outwardly in
direction 43 and inwardly 1n direction 45 relative to longitudinal axis 42 as jaws 24 open and

20  close, respectively. The jaws 24 perform the different functions of receiving the body 12 or

- cap 14, 16, measuring body 12, and sizing end cap 14, 16 by opening and closing as the jaws
24 are moved relative to stationary portion 26. The jaws 24 receive the body 12 or cap 14
by actuator 28 opening jaws 24 n direction 43 so that body 12 or cap 14 fit into cavity 40
defined by mner surface 38 of jaws 24. The jaws 24 measure body 12 by actuator 28 closing

25  jaws 24 in direction 45 so that inner surface 38 of jaws 24 abuts body 12. The jaws 24 end
cap 14, 16 by actuator closing jaws 24 in direction 45 so that inner surface 38 of jaws 24
compresses end cap 14, 16.

The position controller 27 of end cap sizer 10 controls the movement of
actuator 28 and jaws 24 relative to stationary portion 26. The position controller 27 also

30 controls the amount of pressure applied by actuator 28 and jaws 24 to end cap 14, 16 and
exhaust processor body 12. The position controller 27 includes a position sensor 66, a
position memory controller 68, a hydraulic power pack 70, and a plurality of valves 72, 74,
76, 78, 80. Position memory controller 68 opens and closes valves 72, 74, 76, 78, 80 at the
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proper time to provide proper movement of actuator 28 and jaws 24 relative to stationary
portion 26.

The hydraulic power pack 70 includes a high-pressure system 82 and a low-
pressure system 84. Each of the high and low-pressure systems 82, 84 include a reservoir
(not shown) and a pump (riot shown). Any type of conventional reservoir, pump, valve,
controller, and position sensor (for example, a linear potentiometer) may be used in control
system 25.

The end caps 14, 16 are sized to match, mate, and fit into exhaust processor
body 12 according to the following method. First, an end 86 of exhaust processor body 12
is inserted into cavity 40 defined by inner surface 38 of jaws 24. As shown in Fig. 4, the
actuator 28 advances jaws 24 in direction 90 through opening 34 formed in stationary portion
26 to close jaws 24 in direction 45 until inner surface 38 of jaws 24 abuts an outer surface

92 of exhaust processor body 12.

The position memory controller 68 opens valves 72, 78 and closes valve 74
so that the low-pressure system 84 moves actuator 28 and thus jaws 24 relative to stationary
portion 26. The low-pressure system 84 is used so that jaws 24 only touch outer surface 92
of exhaust processor body 12 to measure an outer diameter 22 of exhaust processor body 12
and do not significantly deform any portion of exhaust processor body 12. If desired, the low
pressure may be suflicient to smooth out any rough surface deformation if, for example,
exhaust processor body 12 is slightly non-circular. Using a measurement taken by position
sensor 66, the position memory controller 68 memorizes the position of actuator 28 and jaws
24. Next, the position memory controller 68 closes valves 72, 78 and opens valves 74, 76
so that cylinder 28 and jaws 24 retract in direction 94 so that jaws 24 open in direction 43
to release the exhaust processor body 12 to permit a user to remove exhaust processor body

12 from end cap sizer 10 as shown in Fig. 5.

End cap sizer 10 further includes a projection 96 having a first end 98 coupled
to mechanical linkage 30 and a second end 110 spaced apart and positioned to lie in cavity
40 formed in jaws 24. As shown in Fig. 6, end cap 14, 16 slides over projection 96 to assist
in centering end cap 14, 16 within cavity 40. The end cap 14, 16 is placed in cavity 40 -
tformed in jaws 24 and actuator 28 and jaws 24 are advanced in direction 90 under high
pressure so that jaws 24 close in direction 45 around end cap 14, 16 as shown in Fig. 6.

Position memory controller 68 opens valves 78, 80 and closes valves 74, 76

to cause high-pressure system 82 to supply high-pressure fluid to actuator 28. The high-
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pressure fluid 1s used to provide the necessary force for jaws 24 to size end cap 14, 16. The
position memory controller 68 cooperates with position sensor 66 to move actuator 28 and
thus jaws 24 to the position previously memorized by position memory controlier 68 for the
measurement of end 86 of exhaust processor body 12. By returning jaws 24 to this same
position, the jaws 24 size end cap 14, 16 into the proper shape to fit into end 86 of exhaust
processor body 12 previously measured.

Once end cap 14, 16 is sized, actuator 28 and jaws 24 retract in direction 94
so that jaws 24 open in direction 43 and an operator may remove end cap 14, 16 from end
cap sizer 10. More specifically, the position memory controller opens valves 74, 76 and
closes valves 78, 80 to cause actuator 28 and jaws 24 to retract in direction 94.

The process of measuring end 86 of exhaust processor body 12 and sizing an
end cap 14 accordingly is repeated for an opposite end 88 of exhaust processor body 12 and
its mating end cap 16. The end caps 14, 16 cannot be sized based on the measurement of
only one end 86, 88 of exhaust processor body 12 because of potential dimensional
differences between the ends 86, 88 of exhaust processor body 12.

The steps of measuring converter body 12 and sizing end cap 14, 16, may
take place simultaneously, sequentially, or in any other timing sequence. For example, the
end cap 14, 16 may be sized while converter body 12 is measured or converter body 12 may
be measured and information relating to the sizing measurement may be stored and later used
to size end cap 14, 16.

The step of measuring exhaust processor body 12 may be performed using a
mechanical device, laser measurement device, proximity measurement device, or any other
type of measurement device that can measure a diameter of exhaust processor body 12. The
step of sizing end cap 14, 16 may be performed using a mechanical device or any other type
of device than can size end cap 14, 16. o

As shown in Fig. 7, exhaust processor body 12 includes a substrate 15, a mat
17, and an outer shell 31. Substrate 15 is a ceramic substrate that has a contour tolerance
of + 0.8mm which gives the exhaust processor body 12 a variable outer diameter 22 range
of 3.2mm. The substrate 15 may be made of a metal material or other appropriate material.
The mat 17 will also vary with a tolerance of + 10%, for example, for an intumescent mat.
The combination of these variables for a final assembly with a 3100 g/m? and 118.4mm

diameter substrate 15 provides an exhaust processor body 12 diameter 22 range of 122.2mm
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to 126.6mm. The end cap sizer 10 enables end caps 14, 16 to be made to an optimum size
to suit each unique exhaust processor body 12.

Exhaust processor 18 is formed when end caps 14, 16 are coupled to exhaust
processor body 12. A method and apparatus for producing an exhaust processor is disclosed
in U.S. Provisional Application No. 60/074,856 filed February 17, 1998 which is hereby
incorporated by reference herein. Exhaust processor 18 is placed in a vehicle exhaust system
(not shown) so that exhaust gas flows in direction 19 through substrate 15". The substrate
15 cleans the exhaust gas before the exhaust gas is discharged to the atmosphere.

As shown in Fig. 7, end caps 14, 16 slide into the exhaust processor body 12
and abut an inner surface 112 of outer shell 31. Inner surface 112 of outer shell 31 defines
an end cap region 121 at each end 86, 88 of exhaust processor body 12. The inner surface
112 of outer shell also defines an inner diameter 122 which dictates the size of the end cap
14, 16 to be mated with exhaust processor body 12. As discussed above, jaws 24 measure
the outer diameter 22 of the outer shell 31 instead of the inner diameter 122 of inner surface
112. The end cap sizer 10 accounts for the thickness (difference between the inner and outer
diameters 112, 22) of outer shell 31 of exhaust processor body 12 because end cap 14, 16
has to be sized to fit into end cap region 121 of exhaust processor body 12 defined by inner
surface 112 of outer shell 31 as shown in Fig. 7.

The end cap sizer 10 includes two means for accounting for the thickness of
outer shell 31. First, the position memory controller 68 may compensate for the outer shell
31 thickness by moving actuator 28 and jaws 24 further forward in direction 90 when jaws
24 are sizing end cap 14, 16. The further jaws 24 move in direction 90, the more jaws 24
close in direction 45 to further compress end cap 14, 16. Second, inner surface 38 of jaws
24 includes a first region 114 having a first diameter 116 and a second region 118 having a
second diameter 120 that 1s less than first diameter 116 as shown, for example, in Fig. 5. The
exhaust processor body 12 is measured by the larger diameter first region 114 and end cap
14, 16 1s sized by the smaller diameter second region 118. The exhaust processor body 12
cannot extend into second region 118 because substrate 15 abuts second end 110 of
projection 96 when exhaust processor body 12 is inserted into cavity 40 as shown in Fig. 4.
Either or both of above-mentioned means for accounting for outer shell 31 thickness may be
used.

Referring to Fig. 7, each end cap 14, 16 includes a crimpable annular flange

44 that extends into exhaust processor body 12, a pipe-mating end 46 spaced apart from
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cimpable flange 44, and a flared body portion 48 extending between crimpable flange 44 and
pipe-mating end 46 as shown, for example, in Figs. 7-12. Crimpable flange 44 includes
annular first and second portions 50, 52 and an annular rounded end 54 extending between
first and second portions 50, 52. During sizing of end cap 14, 16, crimpable flange 44 is
deformed and moved from a solid-line position to, for example, a phantom-line position as
shown in Fig. 7 wherein the phantom-line position is determined by the diametrical size of
the portion of exhaust processor body 12 embracing crimpable flange 44.

When end cap 14, 16 is positioned in exhaust processor body 12, first portion
50 of crimpable flange 44 engages inner surface 112 of outer shell 31 and rounded end 54
of crimpable flange 44 abuts axially outer ends of mat 17 and substrate 15 as shown for
example, in Fig. 7. Second portion 52 of crimpable flange 44 is appended to body portion
48 of cnmpable flange 44. Body portion 48 has a horn-like shape, annular first and second
portions 50, 52 have cylindrical shapes, and annular rounded end 54 has a rolled, ring-like
shape.

The end cap sizer 10 sizes end cap 14, 16 so that end cap 14, 16 will fit into
and otherwise conform to exhaust processor body 12 by applying a crimping force to
crimpable flange 44. The crimping force includes a radially-inwardly directed force 58
applied by inner surface 38 of jaws 24 to first portion 50 of crimpable flange 44 that moves
first portion 50 of crimpable flange 44 toward second portion 52 of crimpable flange 44 as
shown, for example, 1n Fig. 6.

The end cap 14, 16 1s made initially oversize, and is then compressed so that
end cap 14, 16 can fit into processor body 12. Before the crimping force 58 is applied to
crimpable flange 44, end cap 14, 16 includes a diameter 60 that is too large to fit into exhaust
processor body 12. After crimping force 58 is applied to crimpable flange 44, end cap 14,
16 includes a diameter 62 that matches (i.e. corresponds to) inner diameter 122 of outer shell
31 of exhaust processor body 12 so that end cap 14, 16 may fit into end cap region 121 of
exhaust processor body 12.

Crimpable flange 20 includes a width 49 in the uncrimped position as shown,
for example, in Fig. 10. When crimping force 58 is applied to first portion 26 and crimpable
flange 20 1s moved to a crimped position, as shown in Fig. 11, crimpable flange 20 includes
a width 51 that 1s smaller than its uncrimped width 49. The width 51 is selected so that end
cap 10 includes a diameter 62 that matches (i.e. corresponds to) inner diameter 122 of outer

shell 31 of exhaust processor body 12 so that end cap 10 can be pushed into end cap region
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121 of exhaust processor body 12. The first and second portions 50, 52 of crimpable flange
44 may be sized in any suitable manner.

The position controller 27 of end cap sizer 10 adjusts the amount of crimping
force 58 applied to crimpable flange 44) to account for “spring-back” of first portion 50 of
crimpable flange 44 after end cap 14, 16 is removed from end cap sizer 10. This adjustment
for spring-back may allow for minor vanations in material properties of end cap 14, 16. The
spring-back adjustment can also be made by using either one of the means for accounting for
the thickness of outer shell 31 described above. For example, the different diameter first and
second regions 114, 118 of inner surface 38 of jaws 24 may be used to account for “spring-
back” by measuring exhaust processor body 12 using the larger diameter region 114 and
sizing end cap 10 using the smaller diameter region 118. In addition, the actuator 28 may
move jaws 24 further in direction 90 so that jaws 24 close further in direction 45 around end

cap 14, 16. Any one or combination of the above-mentioned means for accounting for spring-

back may be used.

Because end cap 14, 16 can abut or be positioned to lie very close to mat 17
and substrate 15, mat 17 1s not exposed to exhaust gas. The sizing of end cap 14, 16
provides virtually no gap between the outer surface of end cap 14, 16 and inner surface 112
of outer shell 31. This nonexistent or small gap between end cap 14, 16 and outer shell 31
permits end cap 14, 16 to be easily welded to outer shell 31. A spacer 56 such as “sizing
paper’ may be placed on mat 16 and substrate 18 or on the end of crimpable flange 44 to set
or otherwise fix the axial distance between end cap 10 and mat 17 and substrate 15. When
end cap 10 abuts mat 17 and substrate 15, mat 17 is not exposed to mat-degrading exhaust
gas passing through exhaust processor body 12. When end cap 10 is slightly spaced apart
from mat 17 and substrate 15, mat 17 is isolated from the mat-degrading exhaust gas passing
through exhaust processor body 12 to the extent that mat 17 will not be damaged by the
exhaust gas.

The cnmpable flange 44 is configured so that a crimping force 124, 126 may
be applied to act upon first and second portions 50, 52, respectively, of crimpable flange 44
to obtain the desired diameter 62 of end cap 14 that matches (i.e. corresponds to) inner
diameter 122 of exhaust processor body 12 as shown in Fig. 11. In one embodiment of the
present invention, the second portion 52 of crnimpable flange 44 is held stationary by a first
mechanism (not shown) while a second mechanism (not shown) moves first portion 50 of

crimpable flange 44 toward second portion 52. Second portion 52 of crimpable flange 44
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is flat and includes a length 53 to permit a mechanism or tool (not shown) to engage second
portion 52 easily and hold second portion 52 stationary as another mechanism (not shown)
engages first portion 50 of crimpable flange 44 and moves first portion 50 toward second
portion 52 as shown in Figs. 11.

Another end cap 130 is shown in Figs. 13 and 14. End cap 130 is identical
to end cap 14 shown 1n Figs. 6-12 except that end cap 130 includes a crimpable flange 132
that includes a first portion 134 that is different than first portion 50 of crimpable flange 44
of end cap 14. Crimpable flange 130 includes a second portion 136 and rounded end 138
that are i1dentical to second portion 52 and rounded end 54 of crimpable flange 44. First
portion 134 includes first and second walls 140, 142 that do not lie in the same plane.
Compared to first portion 50 of crimpable flange 44, first portion 134 provides a different
gripping surface for a crimping machine (not shown) to engage and a different gripping
surface for contact with the inner surface 112 of outer shell 31.

Cnmpable flange 132 includes a height 144 and a width 146 in the uncrimped
position. When a crimping force 124, 126 is applied to one or both of first and second
portions 134, 136 and crimpable flange 132 1s moved to a crimped position, as shown in Fig.
14 (solid lines), crimpable flange 132 includes a height 148 that 1s greater than height 144 and
a width 150 that 1s smaller than width 146. The width 150 is selected so that end cap 130
includes a diameter 152 that matches (1.e. corresponds to) inner diameter 122 of outer shell
31 of exhaust processor body 12 so that end cap 130 can be pushed into end cap region 121
of exhaust processor body 12.

The end cap sizer 10 and method of measuring exhaust processor body 12 and
sizing end caps 14, 16 effectively measures an exhaust processor body 12 and sizes end caps
14, 16 to fit each unique exhaust processor body 12. The end cap sizer 10 and method of
measuring exhaust processor body 12 and sizing end caps 14, 16 can be used on exhaust
processor bodies 12 that are not perfectly round or oval. By using jaws 24 configured to
define an appropnate interior cavity 40, any shape of exhaust processor body 12 and end cap
14, 16 can be measured and sized, respectively.

Another end cap sizer 170 is shown in Fig. 15. The end cap sizer 170 includes
a device 171 that obtains a body measurement of a body 12 and sizes an end cap 14, 16 based
on the body measurement and a control system 173 that moves device 171 to the necessary
positions to receive body 12 and end cap 14, 16, obtain a measurement of exhaust processor

body 12, and size end cap 14, 16. The device 171 includes an end cap manipulator or end
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cap jaws 174, a separate exhaust processor body measurer or body measure jaws 176, jaw
supports 178 connected to end cap jaws 174 and body measure jaws 176, and a reducing
plate or jaw actuation plate 184. The control system 173 includes a load cell 172, an
actuator 180, and a mechanical linkage 182.

The device 171 of end cap sizer 170 includes separate end cap jaws 174 and
body measure jaws 176. The body measure jaws 176 and end cap jaws 174 are common
reducing machines that are tooled with a set of outside jaws. To size an end cap 14, 16 based
on the measurement of an exhaust processor body 12, an end cap 14, 16 is placed in end cap
jaws 174 and an exhaust processor body 12 is placed in body measure jaws 176. The control
system 173 closes the body measure jaws 176 to a given force about exhaust processor body
12 to measure exhaust processor body 12. The body measure jaws 176 communicate with
end cap jaws 174 so that body measure jaws 176 determine the shape of exhaust processor
body 12 and send information about the exhaust processor body shape to end cap jaws 174
so that end cap jaws 174 can size end cap 14, 16 to fit exhaust processor body 12. '

Body measure jaws 176 and end cap jaws 174 simultaneously measure
exhaust processor body 12 ahd size an end cap 14, 16. To simultaneously measure exhaust
processor body 12 and size an end cap 14, 16, actuator 180 moves jaw actuation plate 184
in direction 186 relative to jaws 174, 176. The actuation plate 184 is formed to include
tapered side walls 192, 194 that define space-apart first and second apertures 188, 190. End
cap jaws 174 and exhaust processor body measure jaws 176 are positioned to lie within first
and second apertures 188, 190, respectively. The side walls 192, 194 are tapered so that as
plate 184 moves in direction 186 relative to jaws 174, 176, side walls 192, 194 exert a force
on end cap jaws 174 and exhaust processor body jaws 176, respectively, to measure exhaust
processor body 12 and size end cap 14, 16, respectively. Actuator 180 moves plate 184 in
direction 186 until load cell 172 measures that a predetermined amount of force is being
applied to exhaust processor body 12.

Actuator 180 1s a hydraulic power input cylinder. Actuator 180 could be any
type of mechanism that causes jaws 174, 176 to open and close such as, for example, any of
various electric, hydraulic, or pneumatic mechanisms. Mechanical linkage 182 can be any
type of linkage that couples jaws 174, 176 and actuator 180. '

Exhaust processor body measurer 176 is a conventional reducing machine
tooled with a set of outside reducing jaws. The outside jaws 176 close to a given force about

exhaust processor body 12 to measure the exhaust processor body 12. The jaws 176 may
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also remove irregularities of shape from exhaust processor body 12. The end cap
manipulator 174 is a similar reducing machine with outside reducing jaws and inside fingers.

The exhaust processor body measurer 176 and end cap manipulator 174
account for the thickness of outer shell 31 of converter body 12 because end cap 14, 16 has
to be sized to fit with outer shell 31 of converter body 12 as shown in Fig. 7. In addition,
spring back of the crimpable flange 44 of end cap 14, 16 may be considered when sizing end
cap 14, 16.

The end cap 14, 16 1s sized by end cap sizer 170 by performing the following
steps:

1. load exhaust processor body 12 into exhaust processor body jaws 176,

2. load end cap 14, 16 into end cap jaws 174,

3. control system 173 closes exhaust processor body jaws 176 and end

cap jaws 174 by actuator 180 moving jaw actuation plate 184 in direction 186 relative to

jaws 174, 176,

4. the exhaust processor body jaws 176 and end cap jaws 174 close until
a preset force is detected on exhaust processor body 12 by load cell 172 and end cap jaws

174 size end cap 14, 16 to match exhaust processor body 12 and create a matching end cap

14, 16 and exhaust processor body 12, and

5. when the preset force has been reached, control system 173 opens
jaws 174, 176 to permit exhaust processor body 12 and end cap 14, 16 to be removed from

end cap sizer 170.

Although the invention 1s not limited only to the field of sizing end caps to fit
exhaust processor bodies, this is an application for which the invention is especially suitable,
as it can effectively size the end caps to fit each unique exhaust processor body. Although
this invention has been described in detail with reference to certain embodiments, variations

and modifications exist within the scope and spirit of the invention as described and as

defined in the following claims.




10

15

20

25

30

CA 02305725 2000-04-06

WO 99/18358 PCT/US98/21083

-13-

Claims:

1. An exhaust processor comprising

an exhaust processor body having an outer shell and a substrate positioned
to lie within the outer shell, the outer shell including an outer surface facing away from the
substrate, an inner surface facing toward the substrate, and spaced apart first and second
ends, the inner surface of the outer shell defining a first end cap region at the first end, a
second end cap region at the second end, and an inner surface size,

a first end cap positioned to lie in the first end cap region, and

a second end cap positioned to lie in the second end cap region, each of the
first and second end caps including a crimpable flange, the crimpable flange being sizable to
include a size substantially equal to the inner surface size of the inner surface of the outer
shell.

2.  The exhaust processor of claim 1, wherein the crimpable flange
includes spaced-apart first and second portions that are movable relative to each other
between an uncrimped position and a crimped position.

3. The exhaust processor of claim 2, wherein the first portion of the

crimpable flange lies in a plane.

4. The exhaust processor of claim 2, wherein the first portion of the
crimpable flange includes first and second walls, the first wall lies in a first plane, and the
second wall lies in a second plane that is different than the first plane.

5. The exhaust processor of claim 2, wherein the first and second
portions of the crimpable flange define a first width when the crimpable flange is in the
uncrimped position and a second width when the crimpable flange is in the cimped position,
the second width is smaller than the first width.

6. The exhaust processor of claim 2, wherein the crimpable flange further
includes a rounded end positioned to lie between the first and second portions of the
crimpable flange.

7. The exhaust processor of claim 6, wherein the rounded end of the
crimpable flange faces toward the substrate.

8. The exhaust processor of claim 6, wherein the rounded end of the

crimpable flange abuts the substrate.
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9. The exhaust processor of claim 6, further comprising first and second
spacers, the first spacer is positioned to lie between the substrate and the rounded end of the
crimpable flange of the first end cap, and the second spacer 1s positioned to lie between the
substrate and the rounded end of the crimpable flange of the second end cap.

10.  The exhaust processor of claim 2, wherein each of the first and second
end caps further include a end configured to mate with a pipe and a flared body portion that
extends between the end and the second portion of the crimpable flange.

11.  The exhaust processor of claim 1, wherein the crimpable flange abuts

the substrate.

12.  The exhaust processor of claim 1, wherein the crimpable flange is
spaced apart from the substrate.

13.  The exhaust processor of claim 1, wherein the exhaust processor body
further includes a mat positioned to lie between the outer shell and substrate and the
crimpable flange abuts the mat.

14.  The exhaust processor of claim 1, further comprising first and second
spacers, the first spacer is positioned to lie between the substrate and the crimpable flange
of the first end cap, and the second spacer is positioned to lie between the substrate and the
crimpable flange of the second end cap.

15.  The exhaust processor of claim 1, wherein each of the first and second
end caps include an end configured to mate with a pipe and a flared body extending between
the end and the cnmpable flange.

16.  An exhaust processor comprising

an exhaust processor body having spaced apart first and second ends, an outer
shell, and a substrate positioned to lie within the outer shell,

a first end cap coupled to the first end of the exhaust processor body and

a second end cap coupled to the second end of the exhaust processor body,
each of the first and second end caps including a crimpable flange, the crimpable flange being
sizable to include a size subst:«intially equal to the inner surface size of the inner surface of the
outer shell.

17.  An end cap for coupling a body to a mating part, the end cap
comprising

an end adapted to couple to a pipe,

a crimpable flange spaced apart from the end, and
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a body positioned to extend between the end and crimpable flange, the
crimpable flange including first and second portions that are sizable to be movable relative

to each other.
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