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APPARATUS, SYSTEM, AND METHOD FOR INSULATING AN
EXHAUST AFTERTREATMENT COMPONENT

FIELD

This invention relates to exhaust systems for internal combustion engines, and more

particularly to insulating exhaust aftertreatment system components.
BACKGROUND

Exhaust aftertreatment systems receive and treat exhaust generated from an internal
combustion engine. Typical exhaust aftertreatment systems include any of various components
configured to reduce the level of harmful exhaust emissions present in the exhaust. For example,
some exhaust aftertreatment systems for diesel powered internal combustion engines include a
particulate matter filter, a diesel oxidation catalyst, and a selective catalytic reduction (SCR)
catalyst. Hot exhaust gas from the engine passes through each of the components before being
expelled into the environment.

The exhaust aftertreatment components include a housing that defines an interior cavity
in which an exhaust-treating filter or catalyst is housed. As the hot exhaust gas passes through
the interior cavity, heat from the exhaust gas can increase the surface temperature of the walls of
the housing. Due to potential safety hazards associated with excessive surface temperatures,
safety regulations are in place to limit the maximum temperature of the external surfaces of the
housings. In order to comply with the safety regulating, attempts have been made to reduce the
external surface temperature of exhaust aftertreatment components. In one conventional exhaust
aftertreatment system, a layer of insulation layer is wrapped over the external surface of the
component housings.

In another conventional exhaust aftertreatment system, a layer of insulation is positioned
within a space defined between an external wall and an internal wall of the component housings.
This method is particularly useful where the external surface of the component is used for
clamping the component to a vehicle and thus cannot be covered with insulation. The space is a
fully enclosed compartment that is not directly exposed to the hot exhaust gas as it passes
through the component. Further, the external and internal walls of the component housings are

not configured to compress the insulation layer.
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SUMMARY

The subject matter of the present application has been developed in response to the
present state of the art, and in particular, in response to the problems and needs in the art that
have not yet been fully solved by currently available exhaust aftertreatment system component
insulators. Accordingly, the subject matter of the present application has been developed to
provide an apparatus, system, and method for insulating exhaust aftertreatment components that
overcomes at least some of the following or other shortcomings of the prior art insulation
techniques.

Wrapping insulation that is wrapped around the exterior of exhaust aftertreatment
components, according to known techniques, may cover clamping areas necessary for securing
the components to a vehicle. While not covering the exterior of a component, insulation
encapsulated in a foil positioned within a fully enclosed compartment defined between an
exterior and interior wall, according to other known techniques, does not provide an adequate
seal for preventing passage of exhaust gas between the insulation and the exterior and interior
walls.

Insulation encapsulated in a fabric positioned within the fully enclosed compartment is
not exposed to the hot exhaust gas and thus need not seal the compartment. However, other
methods must be used to adequately seal the compartment from exposure to exhaust gas, such as
precise and full welding, which requires additional manufacturing steps and costs. If insulation
encapsulated in fabric is exposed to hot exhaust gas, the insulation is not compressed to seal the
compartment. Further, without compression of the insulation, the insulation fiber may be free to
migrate from the insulation and into the aftertreatment component, which may reduce the
efficiency of the component. Additionally, known insulation encapsulated in a fabric is not rigid
enough to be installed in a compartment designed to compress the insulation such as described
herein. Generally, to install fabric encapsulated insulation, the insulation is fed through the
compartment in the aftertreatment component. If the compartment is designed to compress the
insulation and the insulation is not adequately rigid, it can bunch up and prevent movement as
the insulation is fed into the compartment. Accordingly, the subject matter of the present

application has been developed to provide an apparatus and system for insulating exhaust
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aftertreatment components that overcomes at least some shortcomings of the prior art insulation
techniques.

According to one representative embodiment that overcomes one or more shortcomings
of the prior art, an exhaust aftertreatment component that includes a housing that defines an
interior cavity through which exhaust gas is flowable. The housing includes an inner body, an
outer body, and a space defined between the inner and outer bodies. The component also
includes an insulation pack that is positioned within the space. The insulation pack includes
insulation media encapsulated by a flexible fabric. The insulation pack further includes an at
least partially rigid member that has a rigidity greater than a rigidity of the insulation media and
flexible fabric.

In one implementation, the insulation pack has a length that extends substantially
perpendicular to an axis of the housing. The rigidity of the at least partially rigid member, the
insulation media, and the flexible fabric is an axial rigidity substantially parallel to the axis of the
housing.

According to some implementations, the at least partially rigid member is a sheet. The at
least partially rigid member can be embedded within the insulation media. Alternatively, the at
least partially rigid member is secured to an exterior surface of the flexible fabric. The at least
partially rigid member can extend laterally from a first side of the insulation pack to a second
side of the insulation pack. In one implementation, the at least partially rigid member is
configured to combust during operation of the component.

In certain implementations, the outer body of the component compresses the insulation
pack against the inner body in a direction substantially perpendicular to an axis of the
component. Also, in some implementations, the insulation pack forms a seal with the inner and
outer bodies to prevent exhaust gas from passing between the insulation pack and the inner and
outer bodies.

According to some implementations, the inner body is insertable into the outer body. The
inner body can have a generally cylindrical shape and includes an inner wall and two spaced-
apart side walls extending radially outward from the inner wall. The space described above can

be defined between the outer body, and the inner wall and two side walls of the inner body. A
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gap can be defined between at least one of the two side walls of the inner body and the outer
body. The flexible fabric of the insulation pack can be contactable with hot exhaust gas passing
through the gap.

In another embodiment, an exhaust aftertreatment component includes an outer body, an
inner body spaced apart from the outer body, a compartment defined between the outer and inner
bodies, an insulation pack positioned within the compartment. The insulation pack includes
insulation media encapsulated by a flexible fabric. The outer body applies a compressive force
to the insulation pack to compress the insulation pack against the inner body.

According to some implementations, the insulation pack is deformable under the
compressive force to form a seal between the outer and inner bodies. The compressive force can
be a radial compressive force perpendicular to a central axis of the component. The insulation
pack can include a rigid member that has an axial rigidity greater than an axial rigidity of the
insulation pack and flexible fabric. The compressive force can be a radial compressive force
perpendicular to a central axis of the component and the insulation media can have an axial
rigidity greater than a radial rigidity.

According to yet another embodiment, a method for making an exhaust aftertreatment
component includes providing a first body that includes a first inner surface and first outer
surface. The first inner surface defines a first interior cavity. The method includes providing a
second body that includes a second inner surface and a second outer surface. The second inner
surface defines a second interior cavity. The method also includes positioning an insulation pack
about the first body along the first outer surface where the insulation pack includes insulation
media enveloped by a fabric. Further, the method includes inserting the first body into the
second interior of the second body such that the insulation pack is positioned between the first
outer surface and the second inner surface. Additionally, the method includes compressing the
insulation pack with the second body as the first body is inserted into the second interior of the
second body.

In some implementations, the first and second bodies are each generally cylindrically
shaped and compressing the insulation pack includes radially inwardly compressing the

insulation pack. Inserting the first body into the second interior of the second body can include
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inserting the first body into the second interior of the second body in a substantially axial
direction. The method can further include resisting axial compression of the insulation pack as
the first body is inserted into the second interior of the second body. In certain implementations,
the axial compression resistance is facilitated by an axially rigid member coupled to the
insulation pack. In other implementations, the insulation media of the insulation pack is axially
rigid and the axial compression resistance is facilitated by the axially rigidity of the insulation
media.

In some implementations, the insulation pack includes a first thickness prior to the first
body being inserted into the second interior of the second body. The first thickness is greater
than a maximum distance between the first outer surface and second inner surface after the first
body is inserted into the second interior of the second body. Compressing the insulation pack
can then include reducing a thickness of the insulation pack from the first thickness to a second
thickness approximately equal to the maximum distance between the first outer surface and the
second inner surface.

According to specific implementations, the method further includes deforming the
insulation pack into sealed engagement with the first outer surface and second inner surface. In
other specific implementations, the method includes sealing the first outer surface and second
inner surface with the insulation pack.

According to another embodiment, an insulation pack for insulating an exhaust
aftertreatment component along an interior of the component includes an insulation media and a
flexible fabric that encapsulates the insulation media. The component defines a central axis.
Relative to the central axis, the insulation pack is radially compressible and substantially axially
incompressible. The component can include means for providing axial rigidity.

According to some implementations, the component includes an axial stabilizer coupled
to at least one of the insulation media and flexible fabric. The axial stabilizer can include a metal
foil. In certain implementations, the insulation media includes at least two insulation media
layers and the axial stabilizer includes an adhesive coupling the insulation media layers together.

Reference throughout this specification to features, advantages, or similar language does

not imply that all of the features and advantages that may be realized with the present invention
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should be or are in any single embodiment of the invention. Rather, language referring to the
features and advantages is understood to mean that a specific feature, advantage, or characteristic
described in connection with an embodiment is included in at least one embodiment of the
present invention. Discussion of the features and advantages, and similar language, throughout
this specification may, but do not necessarily, refer to the same embodiment.

The described features, advantages, and characteristics of the invention may be combined
in any suitable manner in one or more embodiments. One skilled in the relevant art will
recognize that the invention may be practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances, additional features and advantages
may be recognized in certain embodiments that may not be present in all embodiments of the
invention. These features and advantages of the present invention will become more fully
apparent from the following description and appended claims, or may be learned by the practice
of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the subject matter may be more readily understood, a more
particular description of the subject matter briefly described above will be rendered by reference
to specific embodiments that are illustrated in the appended drawings. Understanding that these
drawings depict only typical embodiments of the subject matter and are not therefore to be
considered to be limiting of its scope, the subject matter will be described and explained with
additional specificity and detail through the use of the drawings, in which:

Figure 1 is a perspective view of an exhaust aftertreatment component according to one
embodiment;

Figure 2 is a cross-sectional perspective view of the exhaust aftertreatment component of
Figure 1;

Figure 3 is an exploded cross-sectional side view of the exhaust aftertreatment
component of Figure 1;

Figure 4 is an exploded cross-sectional side view of the exhaust aftertreatment

component of Figure 1 shown with an insulation pack around an inner body;
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Figure 5 is a cross-sectional side view of the exhaust aftertreatment component of Figure

Figure 6 is a perspective view of an insulation pack according to one embodiment;

Figure 7 is a cross-sectional side view of the exhaust aftertreatment component of Figure
1 showing the installation of the insulation pack;

Figure 8 is a cross-sectional side view of an exhaust aftertreatment component according
to another embodiment showing the installation of an insulation pack without an axial stabilizer;

Figure 9 is a cross-sectional side view of an exhaust aftertreatment component that has
multiple insulation packs according to another embodiment; and

Figure 10 is a cross-sectional side view of an exhaust aftertreatment component with an
insulation pack having axially rigid insulation media according to another embodiment.

DETAILED DESCRIPTION

kN1

Reference throughout this specification to “one embodiment,” “an embodiment,” or
similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Appearances of the phrases “in one embodiment,” “in an embodiment,” and similar language
throughout this specification may, but do not necessarily, all refer to the same embodiment.

The described features, structures, or characteristics of the invention may be combined in
any suitable manner in one or more embodiments. In the following description, numerous
specific details are provided to impart a thorough understanding of embodiments of the
invention. One skilled in the relevant art will recognize, however, that the invention may be
practiced without one or more of the specific details, or with other methods, components,
materials, and so forth. In other instances, well-known structures, materials, or operations are
not shown or described in detail to avoid obscuring aspects of the invention.

Described herein are various embodiments of an insulation pack for insulating various
components of an exhaust aftertreatment system coupled to an internal combustion engine. In
one embodiment, the insulation pack is fitted along an interior of a component such that it does

not interfere with clamping areas on the exterior of the component. The insulation pack can have

a flexible fabric encapsulating an insulation media. The insulation pack can be radially
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compressed to form a seal between the insulation pack and the component, as well as to prevent
migration of insulation fibers. The insulation pack can include an axial stabilizer or rigid
member to substantially reduce compression in the axial direction. The axial stabilizer facilities
installation of the insulation pack within the component without undesirable bunching of the
pack. Also, the fabric can be a high temperature fabric capable of withstanding high
temperatures of exhaust gas passing through the component. Therefore, in some
implementations, the flexible fabric can be in direct contact with the exhaust gas.

In one specific embodiment illustrated in Figure 1, a component 10 of an exhaust
aftertreatment system (not shown) includes a first particulate filter section 12, an oxidation
catalyst section 14 downstream of the first particulate filter section 12, and a second particulate
filter section 16 downstream of the oxidation catalyst section. The component 10 includes an
exhaust inlet 22 for receiving exhaust gas 18 and an exhaust outlet 24 for expelling exhaust gas
20 from the component. The exhaust inlet 22 and outlet 24 are coupled to a housing 26 of the
component 10. The housing extends from a first end 28 to a second end 30. Exhaust gas 18
entering the component 10 through the exhaust inlet 22 passes through the first particulate filter
section 12, oxidation catalyst section 14, and second particulate filter section 16 before exiting
the component through the exhaust outlet 24. In some implementations, the second particulate
filter section 16 is substantially a mirror image of the first particulate section 12. Accordingly,
the general features of the first particulate section 12 described in more detail below may apply
equally to the second particulate section 16.

Referring to Figure 2, the housing 26 includes an outer body 32 and an inner body 34.
The outer body 32 includes a generally cylindrically-shaped tubular element extending from
about the first end 28 of the housing 26 to about the second end 30 of the housing. The outer
body 32 further includes an outer or exterior surface 36 and an opposing inner surface 38. The
outer body 32 has a first outer diameter D1 along the first filter section 12 (see Figure 4). The
inner surface 38 of the outer body 32 defines a first interior cavity 40. The interior cavity 40
along the first filter section 12 has a second diameter D2 (see Figure 4). The oxidation catalyst
section 14 includes an oxidation catalyst 42 positioned within the first interior cavity 40 and may

include an external insulation layer 44 extending about the exterior surface 36. The filter section
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12 includes an annular stop 46 secured to the inner surface 38 of the outer body 32 at a location
intermediate the oxidation catalyst 42 and the first end 28. The stop 46 extends radially inward
from the inner surface 38 toward a central axis 48 of the component 10 (see Figure 3) and
defines an aperture 50 through which exhaust is flowable into the oxidation catalyst section 14.

The inner body 34 includes a generally cylindrically-shaped tubular element that has an
outer surface 52 and an opposing inner surface 54 (see, e.g., Figure 3). The inner surface 54
defines a second interior cavity 56 in which filter media (not shown) is positionable. The filter
media typically includes a cylindrically shaped filter having any of variously shaped channels
through which exhaust flows. As the exhaust passes from one channel to another, particulate
matter is filtered from the exhaust and builds up on the walls of the channels. Eventually, the
built-up particulate matter is burnt off in a filter regeneration event. In the illustrated
embodiment, the filter media is removed to more clearly show the features of the inner body 34.

Referring to Figures 2 and 3, the inner body 34 is generally U-shaped in cross-section
with an inner wall 60 positioned between two spaced-apart side walls 62, 64 extending
substantially radially outward (e.g., substantially perpendicularly) from the inner wall 60 away
from the central axis 48. The space defined between the inner wall 60 and side walls 62, 64
forms an annular-shaped insulation pack receiving space 66. The inner body 34 is secured to a
first end section 70 of the housing 26. The first end section 70 defines the first end 28 of the
housing 26 and the exhaust inlet 22 is coupled to the first end section 70. The first end section
70 includes an outer shell 72, an inner shell 74, and insulation media 76 positioned between the
outer and inner shells. The inner body 34 is secured to the first end section 70 by coupling the
side wall 62 to the inner shell 74. The side wall 62 can be coupled to the inner shell 74 using any
of various coupling techniques known in the art, such as, for example, welding, bonding,
adhesion, and fastening with fasteners. Preferably, the inner body 34 is secured to the inner shell
74 such that the inner wall 60 of the inner body 34 extends substantially perpendicularly away
from the inner shell (e.g., substantially parallel to the central axis 48).

Referring to Figure 2, a space or compartment 78 is defined between the outer body 32
and the inner body 34. Generally, the compartment 78 includes the insulation receiving space 66

bounded by the inner surface 38 of the outer body 32. In the illustrated embodiment, the
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compartment 78 is enclosed via contact between the outer body 32, inner body 34, stop 46, and
first end section 70. In some implementations, as will be described in more detail below in
relation to Figure 9, the compartment 78 is enclosed despite having one or more gaps between
the inner and outer bodies 32, 34, Contact between the outer body 32, inner body 34, stop 46,
and first end section 70 of the component 10 does not necessarily provide a seal that prevents
exhaust gas from passing between the portions. In some implementations, the portions can be
fully welded together to form a hard seal between the portions. However, full welds can be
costly and time consuming, which burdens the manufacturing process. To avoid such
manufacturing process burdens, as will be described in more detail below, in some
implementations, the portions are held in contact with each other via frictional engagement, light
pressure, or partial welds. While these coupling techniques reduce manufacturing time and
costs, the interface between the portions may not provide a seal that prevents exhaust bypass.

The outer shell 72 of the first end section 70 includes a lip portion 80 extending
substantially perpendicularly away from the first end 28 of the housing 26 and substantially
parallel to the central axis 48. The lip portion 80 defines a cylindrically shaped space that has a
third diameter D3. Similarly, the inner shell 74 of the first end section 70 includes a lip portion
82 extending downstream away from the first end 28. The lip portion 82 has a fourth maximum
inner diameter D4 and a maximum outer diameter approximately equal to the third diameter D3.
The fourth diameter D4 of the lip portion 82 is just smaller than the first outer diameter D1 of the
outer body 32. The lip portion 82 of the inner shell 74 can extend from the first end 28 in a
radially inwardly direction toward the central axis 48 and have a radially outwardly curved tip.
The cylindrically shaped space defined by the lip portion 80 of the outer shell 72 receives a
portion of the insulation 76 and a portion of the inner shell 74 such that the lip portion 80 at least
partially surrounds the lip portion 82 of the inner shell 74. The lip portion 80 can be secured to
the lip portion 82 using any of various coupling techniques, such as welding.

Although the component shown is a combination particulate filter and oxidation catalyst,
the component can be any of various components utilized in exhaust aftertreatment systems
configured to remove or reduce harmful particulates or emissions from exhaust gas generated by

an internal combustion engine. For example, in some implementations, the component can be a
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particulate filter, oxidation catalyst, a selective catalytic reduction (SCR) catalyst, or an ammonia
oxidation catalyst. Further, although in the illustrated embodiment the component 10 is shown
as being generally cylindrical in cross-section, in other embodiments, the component 10 can have
any of various cross-sectional shapes other than cylindrical, such as rectangular, ovular, and
elliptical.

As shown in Figure 2, the component 10 includes an insulation pack 100 positioned
along an interior of the component. Generally, the insulation pack 100 is used to insulate the
outer contact surface of an exhaust aftertreatment component from the hot exhaust gas passing
through the component. Referring to Figures 2 and 6, the insulation pack 100 includes a length
of insulation media 102 encapsulated by a fabric 104. The insulation pack 100 is generally
flexible along its length L., but substantially rigid along its width W. For example, as shown in
Figures 3 and 6, the insulation pack 100 is flexed along its length L. to form a generally curved or
annular shape. The insulation media 102 can be any of various insulation media known in the art
made from any of various insulating materials, such as, for example, carbon, silica, fiberglass,
cellulose, polyurethane, polystyrene, and ceramic. In some implementations, the insulation
media 102 includes a plurality of insulating fibers made of the insulating materials. Preferably,
the fabric 104 is at least partially flexible, capable of withstanding high temperatures, e.g., above
1,800°F inclusive and substantially flame-resistant. In certain implementations, the fabric 104 is
less rigid than the insulation media 102, As shown in Figure 6, in one embodiment, one or more
pieces of fabric 104 is placed over the entire insulation media 102 and the fabric encapsulates the
media by sewing seams 106 in the fabric, e.g., coupling the fabric together, along each edge of
the media. In other embodiments, the seams are created using an adhesive or other bonding
technique.

In an unflexed state, the insulation pack 100 can have a generally rectangular shape
according to the illustrated embodiment. Alternatively, the insulation pack 100 can have any of
various shapes suitable for the particular application or type of component being used. For
example, the edges of the insulation pack can have notches, holes, or curves in order to be laid
around any impeding structures or geometries of the aftertreatment component. Further, as

shown in Figure 6, apertures, such as aperture 108, can be formed in the insulation pack 100 to
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accommodate component features, such as sensors or sensor ports, e.g., sensor port 83 (see
Figures 3-5).

As shown in Figure 2, the insulation pack 100 includes an axial stabilizer 110 extending
across a substantial portion of the width of the insulation pack. The insulation pack 100 is
configured to be radially compressible and substantially axially incompressible. To be
substantially axially incompressible, the insulation pack 100 need not be completely axially
incompressible, but can include an insignificant, minor, or slight amount of compression. In one
implementation, substantially axially incompressible is defined to include any amount of axial
compressibility that does not result in a build-up of the insulation pack against the outer body 32
during assembly of the component 10 (see Figure § below).

The axial stabilizer 110 substantially prevents flexing, bending, or compression along a
width of the insulation pack. As will be described in more detail below, when installed in the
filter section 12, the width of the insulation is substantially parallel to the central axis 48 of the
component 10. Accordingly, the stabilizer 110 is an axial stabilizer because it resists flexing,
bending, or compression of the insulation pack 100 in an axial direction, i.e., a direction
substantially parallel to the central axis 48 of the component 10. Generally, the axial stabilizer
110 has a rigidity in the axial direction that is greater than the rigidity of the insulation media 102
and fabric 104 in the axial direction. The axial stabilizer 110 can be any of various devices,
members, or elements that are at least partially rigid in the axial direction. In certain
implementations, the axial stabilizer 110 is a foil, sheet, rod, or binder that occupies a relatively
small portion, e.g., less than 50%, of the thickness of the insulation pack 100. The axial
stabilizer 110 can be flat or undulated, such as including corrugations. The axial stabilizer can
be made of any of various materials configured to resist extreme temperature or be combustible
above certain temperature thresholds, such as metal, cardboard, plastic, combustible chemicals,
adhesive (e.g., a binder), and, as described in more detail below, the insulation media itself,

As shown in Figure 2, the axial stabilizer 110 is embedded within the insulation media
102 and extends from an upstream side of the insulation pack to a downstream side of the
insulation pack. For example, the axial stabilizer 110 can be a metal foil positioned between two

insulation layers. Similarly, the axial stabilizer 110 can be a hardened adhesive or binder applied
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between two insulation layers and configured to bind the layers together. Alternatively, the axial
stabilizer 110 can be positioned between the insulation media 102 and the fabric 104. In yet
other implementations, the axial stabilizer 110 is secured to the exterior of the insulation pack
100, such as a cardboard stabilizer configured to combust during operation of the component 10.
The axial stabilizer 110 can be secured to the media 102 and/or the fabric 104. Alternatively, the
axial stabilizer 110 can be a floating component, i.e., not secured to either the media 102 or the
fabric 104.

Referring to Figure 3, the outer body 32, end section 70, inner body 34, and the insulation
pack 100 can be assembled together to form the component 10. Referring to Figure 4, the
insulation pack 100 is wrapped around the inner body 34 within the receiving space 66. The
inner diameter of the inner body 34 plus the thickness of the insulation pack 100 defines a fifth
diameter D5. The fifth diameter D5 is greater than the second diameter D2 of the interior cavity
40 of the outer body 32. The end section 70, inner body 34, and insulation pack 100 assembly is
inserted into the interior cavity 40 of the outer body 32 such that the outer body 32 surrounds the
inner body 34 and the insulation pack 100 is positioned within the compartment 78 between the
inner and outer bodies (see Figure 5). Referring to Figure 7, as the inner body 34 is inserted into
the outer body 32, the insulation pack 100 is inserted, e.g., stuffed, in the compartment 78. In
other words, because the diameter D5 of the combined inner body 34 and insulation pack 100 is
greater than the diameter D2 of the interior space 40 of the outer body 32, as the inner body 34 is
inserted into the outer body 32, the outer body wall contacts and radially compresses the
insulation pack. In this manner, the insulation pack 100 is maintained in compression between
the outer and inner bodies 32, 34 during use of the component 10. As shown in Figure 7, the
insulation pack 100 has a first thickness T1 in an uncompressed state prior to being stuffed in the
compartment 78 and a smaller second thickness T2 in a radially compressed state after being
stuffed in the compartment.

As the insulation pack 100 is stuffed into the compartment 78 in the axial direction as
indicated by directional arrow 120, the axial stabilizer 110 resists axial compression of the
insulation pack. Referring to Figure 8, an insulation pack 130, similar to insulation pack 100 but

without the axial stabilizer 110, is shown being inserted or stuffed into the compartment 78.
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Because the insulation pack 130 is not axially rigid, as it is inserted into the compartment 78, it is
axially compressed and bunches or builds-up at the point of contact with the outer body 32. The
build-up 132 at the point of entry into the compartment 78 restricts or prevents further insertion
of the insulation pack 130 into the compartment. Without the use of tools and additional
manufacturing steps, which would impede the manufacturing process, the insulation pack 130
would not be fully insertable into the compartment 78 due to the impendence of the build-up
132. The resistance to axial compression provided by the axial stabilizer 110 reduces build-up at
the point of entry into the compartment 78 and allows the insulation pack 100 to be completely
inserted into the compartment without significant resistance difficultly or the use of extraneous
tools and processes.

As the insulation pack 100 is radially compressed, the flexible fabric 104 conforms to,
e.g., deforms against, the walls of the outer body 32, inner body 34, and in some instances, the
stop 46 that define the compartment 78 to form a seal between the insulation pack and walls.
The compression of the insulation pack 100 maintains sealing engagement between the walls.
The seal restricts, and, in some implementations, prevents exhaust bypass, i.e., exhaust gas
passing between the insulation pack 100 and walls of the outer and inner bodies 32, 34. In this
manner, a seal for preventing exhaust bypass is provided where wall-to-wall contact (e.g.,
contact between the stop 46 and inner body 34) or light welds (e.g., welds at the interface
between the inner body 34 and inner shell 74, or between the outer body 32 and stop) do not
provide an adequate exhaust bypass seal.

Additionally, in some embodiments, there may not be wall-to-wall contact or welds
between the outer body, inner body, and stop such that the compartment is not fully enclosed.
For example, as shown in Figure 9, a gap 138 exists between an outer body 142 and an inner
body 144 of a component 140. The component 140 is similar to component 10 except the inner
body 144 includes a second insulation pack receiving area 146 adjacent a first pack receiving
area 148. The inner body 144 is configured to receive two insulation packs 150, 152 in the first
and second receiving areas 146, 148, respectively, in a side-by-side manner. The insulation
packs 150, 152 include a respective flexible fabric 170, 174 encapsulating a respective insulation

media 172, 176, as well as an axial stabilizer 154, 156, respectively. The wall 160 defining the
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first receiving area 148 is secured to an annular mounting bracket 162 similar to stop 46. The
mounting bracket 162 is secured to the inner body 144. The second receiving area 146 is defined
by a wall 164 secured to and extending substantially perpendicularly away from the mounting
bracket 162. The wall 164 terminates at a downstream end 166 spaced apart from the outer body
142 such that the gap 138 is defined between the downstream end and the outer body.

The component 140 is assembled in a manner similar to component 10 with the insulation
packs 150, 152 wrapped around the inner body 144, and the inner body 144 and insulation packs
150, 152 combination inserted into the outer body 142. The outer body 142 radially compresses
both insulation packs 150, 152 as the inner body 144 is inserted into the outer body 142. The
radial compression of the insulation packs 150, 152 results in the fabric forming seals between
the outer and inner bodies 142, 144 and the respective insulation packs. Therefore, although
exhaust gas is allowed to flow through the gap 138, contact the insulation pack 150, and contact
a small portion of the outer body 142, the seal formed by the insulation pack 150 prevents
exhaust bypass between the insulation pack and the outer body. Although the gap 138 is defined
between the end 166 of the inner body 144 and outer body 142, other embodiments can have one
or more gaps at various other locations. Notwithstanding the number or size of the gaps, the
presence of such gaps does not negatively affect the insulating proportions of the insulation pack
because of the ability of the insulation pack to form a seal when compressed. Because tight
tolerances and close fits typically necessary to avoid gaps would not be required to seal the
insulation compartments, manufacturing and assembly costs can be reduced.

Referring to Figure 10, and according to another embodiment, a portion of an exhaust
aftertreatment component 200 is shown. Similar to component 10, component 200 includes an
outer body 202, inner body 204, and first end section 206. The inner body 204 includes an outer
support surface 208 that defines an insulation pack receiving space 210. The component 200
includes an insulation pack 212 that is wrapped around receiving space and inserted into the
outer body 202 in a manner similar to that described above. The outer body 202 radially
compresses the insulation pack 212 as it is inserted into the outer body 202. The insulation pack
212 includes an insulation media 214 encapsulated by a fabric layer 216. Radial compression of

the insulation layer causes the fabric layer 216 to conform to adjacent surfaces to provide a seal
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against exhaust bypass. Unlike the insulation pack 100 described above, the insulation pack 212
does not include a separate axial stabilizer element. Rather, the insulation media 214 itself is
configured to be radially compressible and axially incompressible so as to resist bunching during
installation of the insulation pack 212 in the outer body 202 as described above. In certain
implementations, the insulation media 214 includes a plurality of at least partially rigid insulation
fibers orientated in the axial direction. In this manner, the insulation media 214 is rigid in the
axial direction, but compressible or flexible in the radial direction.

The present invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of the invention is, therefore, indicated
by the appended claims rather than by the foregoing description. All changes which come within

the meaning and range of equivalency of the claims are to be embraced within their scope.
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CLAIMS

1. An exhaust aftertreatment component, comprising:

a housing defining an interior cavity through which exhaust gas is flowable, the housing
comprising an inner body, an outer body, and a space defined between the inner and outer
bodies; and

an insulation pack positioned within the space, the insulation pack comprising insulation
media encapsulated by a flexible fabric, the insulation pack further comprising an at least
partially rigid member having a rigidity greater than a rigidity of the insulation media and
flexible fabric.

2. The exhaust aftertreatment component of claim 1, wherein the insulation pack
comprises a length extending substantially perpendicular to an axis of the housing, and wherein
the rigidity of the at least partially rigid member, the insulation media, and the flexible fabric
comprises an axial rigidity substantially parallel to the axis of the housing.

3. The exhaust aftertreatment component of claim 1, wherein the at least partially
rigid member comprises a sheet.

4. The exhaust aftertreatment component of claim 1, wherein the at least partially
rigid member is embedded within the insulation media.

5. The exhaust aftertreatment component of claim 1, wherein the at least partially
rigid member is secured to an exterior surface of the flexible fabric.

6. The exhaust aftertreatment component of claim 1, wherein the at least partially
rigid member extends laterally from a first side of the insulation pack to a second side of the
insulation pack.

7. The exhaust aftertreatment component of claim 1, wherein the outer body
compresses the insulation pack against the inner body in a direction substantially perpendicular
to an axis of the component.

8. The exhaust aftertreatment component of claim 1, wherein the insulation pack
forms a seal with the inner and outer bodies to prevent exhaust gas from passing between the

insulation pack and the inner and outer bodies.
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9. The exhaust aftertreatment component of claim 1, wherein the inner body is
insertable into the outer body.
10. The exhaust aftertreatment component of claim 9, wherein the inner body has a

generally cylindrical shape and comprises an inner wall and two spaced-apart side walls
extending radially outward from the inner wall.

11. The exhaust aftertreatment component of claim 10, wherein the space is defined
between the outer body and the inner wall and two side walls of the inner body, and wherein a
gap is defined between at least one of the two side walls of the inner body and the outer body,
and wherein the flexible fabric of the insulation pack is contactable with hot exhaust gas passing
through the gap.

12. The exhaust aftertreatment component of claim 1, wherein the at least partially
rigid member is configured to combust during operation of the component.

13. An exhaust aftertreatment component, comprising:

an outer body;

an inner body spaced apart from the outer body;

a compartment defined between the outer and inner bodies; and

an insulation pack positioned within the compartment, the insulation pack comprising
insulation media encapsulated by a flexible fabric;

wherein the outer body applies a compressive force to the insulation pack to compress the
insulation pack against the inner body.

14. The exhaust aftertreatment component of claim 13, wherein the insulation pack is
deformable under the compressive force to form a seal between the outer and inner bodies.

15. The exhaust aftertreatment component of claim 14, wherein the compressive force
is a radial compressive force perpendicular to a central axis of the component, and the insulation
pack comprises a rigid member having an axial rigidity greater than an axial rigidity of the
insulation pack and flexible fabric.

16. The exhaust aftertreatment component of claim 14, wherein the compressive force
is a radial compressive force perpendicular to a central axis of the component, and the insulation

media has an axial rigidity greater than a radial rigidity.



10

15

20

25

WO 2010/065764 PCT/US2009/066625

19

17. A method for making an exhaust aftertreatment component, comprising:

providing a first body comprising a first inner surface defining a first interior cavity and a
first outer surface;

providing a second body comprising a second inner surface defining a second interior
cavity and a second outer surface;

positioning an insulation pack about the first body along the first outer surface, the
insulation pack comprising insulation media enveloped by a fabric;

inserting the first body into the second interior of the second body such that the insulation
pack is positioned between the first outer surface and the second inner surface; and

compressing the insulation pack with the second body as the first body is inserted into the
second interior of the second body.

18. The method of claim 17, wherein the first and second bodies are each generally
cylindrically shaped, wherein compressing the insulation pack comprises radially inwardly
compressing the insulation pack.

19. The method of claim 18, wherein inserting the first body into the second interior
of the second body comprises inserting the first body into the second interior of the second body
in a substantially axial direction.

20). The method of claim 18, further comprising resisting axial compression of the
insulation pack as the first body is inserted into the second interior of the second body.

21. The method of claim 20, wherein the axial compression resistance is facilitated by
an axially rigid member coupled to the insulation pack.

22, The method of claim 20, wherein the insulation media of the insulation pack is
axially rigid, and wherein the axial compression resistance is facilitated by the axially rigidity of
the insulation media.

23. The method of claim 17, wherein the insulation pack comprises a first thickness
prior to the first body being inserted into the second interior of the second body, the first
thickness being greater than a maximum distance between the first outer surface and second
inner surface after the first body is inserted into the second interior of the second body, and

wherein compressing the insulation pack comprises reducing a thickness of the insulation pack
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from the first thickness to a second thickness approximately equal to the maximum distance
between the first outer surface and the second inner surface.

24, The method of claim 17, further comprising deforming the insulation pack into
sealed engagement with the first outer surface and second inner surface.

25. The method of claim 17, further comprising sealing the first outer surface and
second inner surface with the insulation pack.

26. An insulation pack for insulating an exhaust aftertreatment component along an
interior of the component, the component defining a central axis, the insulation pack comprising:

an insulation media; and

a flexible fabric encapsulating the insulation media;

wherein the insulation pack is radially compressible and substantially axially
incompressible.

27. The insulation pack of claim 26, further comprising an axial stabilizer coupled to
at least one of the insulation media and flexible fabric.

28. The insulation pack of claim 27, wherein the axial stabilizer comprises a metal
foil.

29. The insulation pack of claim 27, wherein the insulation media comprises at least
two insulation media layers, and wherein the axial stabilizer comprises an adhesive coupling the
insulation media layers together.

30. The insulation pack of claim 26, further comprising means for providing axial

rigidity.
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