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FIG.

1

(57) Abstract: A muffler assembly (1) including one or more exhaust pipe(s) (2), a polymeric housing (4) carried by at least one of
the exhaust pipe(s) (2); a thermal insulating layer (6) lining the housing interior surface and extending between the housing (4) and
exhaust pipe (2) at the housing-exhaust pipe intertace (7); wherein the thermal insulating lay— er (6) includes a nonwoven fabric;
wherein when the fabric is exposed to heat, the fabric increases in thickness to seal the mutfler assembly (1) at the housing-exhaust
pipe interface (7) and provides thermal in— sulation to the polymeric housing (4).
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MUFFLER ASSEMBLY AND PROCESS OF MANUFACTURE

FIELD OF THE INVENTION
The invention relates to a lightweight polymeric mufiler assembly
providing improved acouslic properties and sase of manufacture.
BACKGROUND OF THE INVENTION

Exhaust system components of internal combustion and other types

of engines are principally designed to reduce the noise exiling the engine
with the exhaust gases. A typical exhaust system includes an exhaust
pipe to carry exhaust gases and sound away from an engine, and a
muffler to atienuate the sound propagated through the exhaust pipe.
Muffiers include two general types according to the mode by which noise
is attenuated. Reflection mufflers altenuaie noise by reflection of sound
waves in a series of structures. Mufflers that attenuate noise by
ahsorplion of sound waves using absorplive malerials such as glass
roving are known as dissipative or absorption mufflers.

Reflection mufilers use resonators or changes in exhaust flow
direction by labyrinth-like baffling in the muffler. Reflection mufilers usually
include a hollow steel housing defining an expansion chamber and one or
more baffles and/or resonatos chambers in flow communication with the
expansion chamber, and inlet and oullet pipes. Sound waves enter and
reflect off internal surfaces to cancel each other out and thereby reduce
noise.

High temperature of exhaust gas and the corrosive nature of the
gas typically have led designers to use metals, particularly steel, in
fabrication of mufflers. Corrosion is a problem and has been addressed by
using more expensive alloys such as stainless steel or steel alloys.
Nevertheless mufflers typically remain bulky and heavy because of the
high density of metals.

in effort o reduce the weight of mufflers, polymeric muffler housings
with high temperature resistance have been designed, see for instance
U.S. Patents 5,321,214, 5,340,952 and 5,052,513, 6,543,577 and

European Patent 446,064, However, polymeric muffler housings must, in
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some manner, interface and seal at very hot exhaust pipes. Much
attention has been given {o the issue of insulating polymeric muffler
housings from the very hot exhaust lemperatures.

US7810609 teaches an absorption muffler comprising a metallic
exhaust pipe including a plurality of perforations, a polymeric housing
cairied by the exhaust pipe and enclosing the plurality of perforations, and
including axially opposed ends. The acouslic insulation is carried between
the thermal insulation and the polymeric housing. The mufiler comprises
flanges to seal the muffler assembly at the interface of the polymeric
housing and the exhaust pipe.

US5468923 discloses a polymeric muffler including two halves,
each with baffle walls and gas flow openings integrally molded therein.
The gas flow openings do not intersect with the mating edges of the bafile
walls. The muffler halves are joined along the mating edges of the baffle
walls and the outer walls of the two muffler halves.

JP81077544 teaches a silencer material with silencing properties by
attaching a viscous elastic body made of synthetic resin to the back of a
plate- like non-woven cloth formed of synthetic resin fibers.

JP61034310 discloses a foamed and shaped body io be used as a
silencing member by forming a skin layer. The skin layer has higher heat
resisling characteristics than that of the foamed part.

UB20070240832 teaches composite muffler systems formed of a
long fiber thermoplastic. One suitable muffler structure is a multi-piece
muffler assembly including at least one long fiber thermoplastic shell
section.

EP39445181 teaches g light-weight muffier having a high noise
deadening effect. The outer shell may be a single layer of a thermotropic
liguid crystal polyester or of a mulliple layer structure comprising a first
laver of a thermotropic Bguid crystal polyester and a second layer of
another siructural material such as stainless stesl.

UB20100268344 discloses a process for making muffler systems
wherein the muffler polymeric bodies have a cross seclion that is constant

over the length of the muffler polymeric body.
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US20080194364 discloses mufflers having polymeric bodies that
are protected from being overheated from the exhaust pipe by having an
air gap between the exhaust pipe and the polymeric body.
There is still a need for muffler assemblies having polymeric
5 housings having improved acoustic tuning capabilities, reduction in overall
weight, and ease of manufacturing especially addressing the issuss of
insulating and sealing the polymeric housing at the housing-exhaust pipe
or a housing-mounting adapter interface.
SUMMARY OF THE INVENTION

10 Disclosed is a muffler assembly comprising:

a} one or more exhaust pipe(s}, at least one of the exhaust
pipe(s} having a plurality of perforations;
b} a polymeric housing carried by at least one of the exhaust

pipe{s}, the polymeric housing having a housing interior

[
(¥,

surface and at least one housing-exhaust pipe interface and
the polymeric housing enclosing the plurality of perforations
o provide one or more acoustic chamber{s); and

c) a thermal insulating layer lining said housing interior surface
and extending between the housing and exhaust pipe at the

20 at least one housing-exhaust pipe interface; wherein the

thermal insulating layer comprises a nonwoven fabyric
comprising crimped, heat-resistant organic fibers
compressead thereon, the fibers held in a compressed slate
by a thermoplastic binder;

25 wherein when the fabric is exposed 10 heat, the fabric increases in
thickness to seal the muffler assembly at the housing-exhaust pipe
interface and provide thermal insulation 1o the polymeric housing.
Also disclosed is a process for making a polymeric muifler

assembly comprising the steps of:

360 i} assembling one or more exhaust pipe(s), at least one of the
exhaust pipe(s) having a plurality of perforations to form a pipe
sub-assembily;

it} enclosing the pipe sub-assembily with two or more polymeric

housing sections carried by at least ong of the exhaust pipe(s), the

3
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polymeric housing sections having a housing interior surface and
at least one housing-exhaust pipe interface and the polymeric
housing sections enclosing the plurality of perforations to provide
one or more acoustic chamber{(s}, wherein a thermal insulating
layer lines said housing interior surface and extends between the
housing and exhaust pipe at the at least one housing-exhaust pipe
interface, and wherein the thermal insulaling layer comprises a
nonwoven fabric comprising crimped, heat-resistant organic fibers
compressed thereon, the fibers held in a compressed state by s
thermoplastic binder;

it} adhering or atiaching the polymaeric housing sections together to
form a polymeric muffler assembly;

iv} heating the muffler assembly sufficiently such that the reinforced
norwoven fabric increases in thickness 1o seal the muffler
assembly at the housing-exhaust pipe interface and provide
thermal insulation o the polymeric housing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a muffler assembly showing the
thermal insulating layer sealing at the interface between the polymeric
housing and mounting adapler.

Fig. 2 is a cross-sectional view of a muffler assembly similar {o
Figure 1 including a metal layer adjacent to the thermal insulating layer;
the metal layer and the thermal insulating laver sealing at the interface
between the polymeric housing and exhaust pipe.

Fig. 3 is a cross-sectional view of a muffler assembily illusirating the
polymeric baffles and three acoustic chambers.

Fig. 4 is a cross-sectional view of a muffler assembly illustrating the
polymeric baffles a metal layer, and three acoustic chambers.

Fig. 5 is a cross-sectional view of a muffler assembly lustrating the
metal baffles.

Fig. 6 is a cross-sectional view of a muffler assembly illustrating the
melal baffles and a metal layer adjacent o the thermal insulating layer.

Fig. 7 is a cross-sectional view of a muffler assembly Hllustrating the

metal braces attached (o the exhaust pipes.

4
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Fig. 8 is a cross-sectional view of a mufiler assembly Hlustrating the
wo layers of thermal insulating lavers at the housing-exhaust pipe
interface.

Fig. 9 is a cross-sectional view of a muffler assembly #lustraling the
two layers of melal layer and thermal insulating layer at the housing-
exhaust pipe interface.

DESCRIPTION OF THE INVENTION

By a "muffier assembly” is meant a complete muffler system

comprising one or more exhaust pipe{s} having a plurality of perforations
and an inlet and outlet for exhaust gas and; any optional internal
componenis such as baffles and additional pipes; and a polymeric
housing. The muifler assembly is refleclive mufiler assembly, as a result
of the one or more acoustic chamber(s) provided by the polymeric housing
and optional baffles and pipes.

By “internal baffles” is meant a series of one or more dividing
plates used {o creale two or more acoustic chambers within the muffler
assembly. A muffler assembly without any baffles constitutes a single
acoustic chamber. A baffle is a pariifion that directs the exhaust gas flow
through the muftler assembly.

Internal components of the muffler assembly include the one or
more exhaust pipes, polymeric baffles, metal baffles, metal braces, and
any other component enclosed in the polymeric housing.

The term nominal interface refers o one or more regions of the
mutfler assembly where the polymeric housing would contact the infernal
components of the muffler assembly; except for the presence of at least
one thermal insulating layer between the polymeric housing and the
internal components. In preferred embodiments the nominal interface also
includes the presence of at least one metal layer.

The exhaust pipe(s), and optional internal components such as
baffles and addilional pipes, can be configured in any manner desired by
the artisan that allows reduction of noise by reflection of the sound waves.

By a “polymeric housing” is meant a housing having a body
{casing) made of a polymeric material. The polymeric housing is the

outermost part of the muffler assembly and encloses the plurality of

5
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perforations of the exhaust pipe(s) as well as any other internal
components, {o provide one or more acoustic chamber{s). The polymaeric
housing has a housing interior surface and ai least one housing-exhaust
pipe interface.

The housing-exhaus! pipe interface supports the housing on the
one or more exhaust pipe(s) and thus, the exhaust pipe{s) are said "o
carry” the polymeric housing. In one embodiment there are two housing-
exhaust pipe inferfaces supporting the polymeric housing at an exhaust
infel pipe and an exhaust outlet, respectively. There may be other pipes
within the muftfler assembly that act o direct exhaust gas bul do not have
a housing-exhaust pipe interface.

A thermal insulating layer lines the housing interior surface.
Preferably the thermal insulating layer lines at least 80 % of the area of the
housing interior surface and more preferably the thermal insulaling layer
lines substantially the entire housing interior surface.

The thermal insulating layer exiends belween the housing and
exhaust pipe at the housing-exhaust pipe interface. Thus the housing-
exhaust pipe interface is a nominal interface. The housing-exhaust pipe
interface has one or more thermal insulating layers between the housing
and exhaust pipe.

In one embodiment the thermal insulating layer lining the
interior surface and extending between the housing and exhaust pipe at
the housing-exhaust pipe interface is an integral layer.  In another
embodiment the thermal insulating laver lining the interior surface is one or
more distinct parts, and the thermal insulaling layer belween the housing
and exhaust pipe at the housing-exhaust pipe interface may be one or
more distinct part{s). As such, the thermal insulating layers performing the
two functions of lining the interior surface and lying between the housing
and exhaust pipe at the housing-exhaust pipe interface may be the same
material layers or different material layers depending upon the desire of
the artisan.

In one embodiment the thermal insulaling layer extending
between the housing and exhaust pipe at the at least one housing-exhaust

pipe interface includes two or more thermal insulating layers. The two or

&
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more thermal insulating layers may be provided by any construct desired
by the artisan. For instance, additional layers may be addead as distinct
paris between the housing and exhaust pipe. Folding over a thermal
insulating layer (o provide a double lavyer, triple layer, or more layers may
be used. A preferred method includes use of an integral thermal insulating
laver for both the housing lining and extending between the housing and
exhaust pipe interface, and folding over the thermal insulaling layer to
provide a double layer.

One embodiment of the muffler assembly includes one or more
internal polymeric baffle(s) integrally formed and spaced within the
polymeric housing and extending toward the exhaust pipa{s) to provide al
least one baffle-exhaust pipe interface, the one or more internal polymeric
baffle(s) providing two or more acoustic chambers within the mufiler
assembly. The al least one baffle-exhausi pipe inlerface may be a
nominal interface, as described above. That is, the baffle-exhaust pipe
interface may have one or more thermal insulaling layers belween the
baffle and exhaust pipe. The baffle-exhaust pipe interface may be fully or
partially sealed o the passage of exhaust gas.

Another embodiment of the muffler assembly includes one or more
internal metal baffle{s} connected o and spaced along the exhaust pipe(s)
and extending foward the polymeric housing to provide at least one baffle-
polymeric housing interface, the one or more internal metal bafile(s)
providing two or more acouslic chambers within the muffler assembly.
The at least one baffle-polymeric housing interface is a nominal interface,
as described above. The baffle-polymeric housing interface may be fully
or partially sealed to the passage of exhaust gas.

Another embodiment of the muffler assembly comprising at least
two exhaust pipes and two or more metal braces spaced along, attached
o, and connecting the at least two exhaust pipes. These braces function
io provide vibrational stability {o the exhaust pipes.

Another embodiment of the muffler assembly includes a metal layer
adjacent to g face of the thermal insulating laver opposite the housing
interior surface. The metal layer may provide protection of the thermal

insulating layer from soot build-up present in exhaust gases. Preferably

7
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the metal layer and the thermal insulating laver extend between the
housing and exhaust pipe at the housing-exhaust pipe interface, wherein
the metal layer and thermal insulating layer seal the muifler assembly at
the housing-exhaust pipe interface. The housing-exhaust pipe interface
may have one or more thermal insulating layers and one or more melal
lavers between the housing and exhaust pipe. Alternatively the melal
layer may be absent from the portion of the thermal insulating layer that
extends between the housing and exhaust pipe at the housing-exhaust
pipe interface.

in one embodiment the metal layer and thermal insulating layer
extending between the housing and exhaust pipe at the at least one
housing-exhausi pipe inferface includes two or more metal layers and two
or more thermal insulating layers. The two or more metal layers and
thermal insulating layers may be provided by any consiruct desired by the
artisan. Forinstance, additional layvers may be added as distinct parts
belween the housing and exhaust pipe. Folding over a metal layer and
thermal insulating layer o provide a double layer, triple layer, or more
lavers may be used.

in one embodiment the metal layer and thermal insulating layer are
attached o each other to provide a laminate having a thermal insulating
face and a metal face. The thermal insulating face is positioned adjacent
the polymeric housing interior surface.

Exhausl pipes may be made of any materials capable of
withstanding the typical temperatures of internal combustion engines. The
exhaust pipe(s), and optional internal components, can be made from g
high meiting temperature thermoplastic polymer, a thermoset polymer, an
infusible polymer, or a melal or metal alloy such as titanium, steel,
aluminum, aluminized steel, or stainless steel. Preferably the exhaust
pipes and mounting adapters are made of metal or metal alloy.

The polymeric housing may be made of any Kind of polymer,
including a thermoplastic, thermoset, or an infusible polymer.  The
polymeric material may comprise any other malerials usually found in such

compositions such as fillers, reinforcing agents, stahilizers, pigments,
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antioxidants, and lubricants. It includes both thermoset and thermoplastic
polymeric materials.

The polymer used in the manufacture of the polymeric housing,
baffles, or pipes should be temperature resistant enough o withstand
temperatures that it may be heated o by the exhaust gases. Useful
materials for these polymeric housings include thermoplastics selected
from the group consisling of semi-crystalline polyamides, thermotropic
liquid crystalline polymers, polyesters, polyacetals, and thermosetling
resins selected from the group consisting of epoxy, melamine and phenolic
resins, and infusible polymers selected from the group consisting of
polyimides, poly{p-phenylenes), and polymers comprising greater than 50

% repeat units the formula

N N
7 N\
_<X \X>_

and

wherein X is NH, N-Phenvl, O (oxygen) or & {sulfur}, and Aris p-
phenylene, 4,4 -biphenviene or 1,4-naphthyivlene. The polymeric mutiler
housing must be capable of withstanding the high exhaust temperatures to
which it may be exposed, for example by direct contact with exhaust gases
and/or being heated by thermal conduction.

Preferred polymers for the polymeric housing are thermoplastic
polymers. Preferred thermoplastics are polyamides, especially partially
aromatic polyamides referred to as semi-aromatic polyamides.

The semi-aromatic polyamide is a homopolymer, a copolymer,
a lerpolymer or more advanced polymers formed from monomers
containing aromatic groups. One or more aromatic carboxylic acids may
be terephthalate or a mixture of terephthalate with one or more other
carboxylic acids, such as isophthalic acid, phthalic acid, Z-methyil
ferephthalic acid and naphthalic acid. In addition, the ong or more
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aromatic carboxylic acids may be mixed with one or more aliphatic

dicarboxylic acids, as disclosad above.

Preferred polyamides disclosed herein are homopolymers or

copolymers wherein the term copolymer refers to polyamides that have

two or more amide and/or diamide molecular repeat units. The

homopolymers and copolymers are identified by their respective repeat

units. For copolymers disclosed herein, the repeat uniis are listed in

decreasing order of mole % repeat units present in the copolymer. The

following list exemplifies the abbreviations used o identify monomers and

repeat units in the homopolymer and copolymer polyamides (PA):

HMD

DMD

DDA
DDDA

MXE
TMD
4T
67
o7
MXDo
66
107
410
510
DDA
610
612

11

hexamethylene diamine {or 8 when used in combination with
a diacid)

Terephthalic acid

Adipic acid

Decamsthylenediamine

£-Caprolaciam

Decanedioic acid

Dodecanedioic acid

isophthalic acid

mela-xylylene diamine

1.4-tetramethylene diamine

polymer repeat unit formed from TMD and T
polymer repeat unit formed from HMD and T
polymer repeat unit formed from 2-MPMD and T
polymaer repeat unil formed from MXD and AA
polymer repeat unit formed from HMD and AA
polymer repeat unit formed from BMD and T
polymer repeat unit formed from TMD and DDA

polymer repeat unit formed from 1,5-pentanadiamine and

polymer repeat unit formed from HMD and BDA
polymer repeal unit formed from HMD and DDDA
polymer repeat unit formed from €-caprolactam

polymer repeat unit formed from 1T1-aminoundecanoic acid

10
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12 polymer repeat unit formed from 12-aminododecanoic acid
Note that in the art the term “8” when used aloneg designales a polymaer
repeat unit formed from €-caprolactam. Allernatively *6” when used in
combination with a diacid such as T, for instance 67, the "8” refers to HMD.
In repeat unils comprising a diamine and diacid, the diamine is designated
first. Furthermore, when 8" is used in combination with a diamine, for
instance 66, the first "6" refers {o the diamine HMD, and the second “¢”
refers to adipic acid. Likewise, repeat units derived from other amino
acids or lactams are designated as single numbers designating the
number of carbon atoms.
Preferred polyamides useful in the invention are selected from the
group consisting of:
Group (i) Polyamides having said melting point of at least 210 °C,
and comprising
{a) abhout 20 to about 35 mole percent semiaromatic repeat units
derived from monomaers selecied from one or more of the group
consisting of:
i} aromatic dicarboxylic acids having 8 to 20 carbon atoms and
aliphatic diamines having 4 to 20 carbon atoms; and
{b) about 65 to about 80 mole percent aliphatic repeat units
derived from monomaers selecied from one or more of the group
consisting of:
i} an aliphatic dicarboxylic acid having 6 to 20 carbon atoms
and said aliphatic diamine having 4 to 20 carbon atoms; and
ity a lactam and/or aminocarboxylic acid having 4 to 20 carbon
atoms;
Group (IV) Polyamides comprising
{ce) about 50 to about 85 mole percent semiaromatic repeat uniis
derived from monomers selected from one or more of the group
consisting of:
(i} aromatic dicarboxylic acids having 8 to 20 carbon atoms

and aliphatic diamines having 4 to 20 carbon aloms; and

11
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(dd}) about & to about 50 mole percent aliphatic repeat units

derived from monomers selected from one or more of the group
consisting of:

{ii} an aliphatic dicarboxylic acid having 6 to 20 carbon atoms and

5 said aliphatic diamine having 4 to 20 carbon atoms; and
{iii) a lactam and/or aminocarboxylic acid having 4 to 20 carbon
atoms; and
Group (V) Polyamides having said melling point of at least 260 °C,
and comprising
10 {ee} greater than 95 mole percent semiaromalic repeat units

derived from monomers selected from one or more of the group
consisting of:
{iy aromatic dicarboxylic acids having 8 to 20 carbon atoms and

aliphatic diamineas having 4 to 20 carbon atoms; and

[
(¥,

(i) less than 5 mole percent aliphatic repeat units derived from
monomers selected from one or more of the group consisting
of:

{it) an aliphatic dicarboxylic acid having 6 o 20 carbon atoms
and said aliphatic diamine having 4 to 20 carbon atoms;

26 {iif) a lactam and/or aminocarboxylic acid having 4 o 20 carbon

atoms.
Preferred Group (I} to Group (V) Polyamides are those that have at
least about 80 meg/Kg of amine ends, and preferably at least 70 meg/Kg

aming ends. Amine ends may be determined by litrating a 2 percent

N2
¥

sclution of polyamide in a phenolmethanoliwater mixture (8(:25:25 by
volume) with 0.1 N hydrochloric acid. The end point may be determined
potentiometrically or conductomelrically (See Kohan, M1 Ed. Nylon
Plastics Handbook, Hanser: Munich, 1995; p. 79 and Waliz, J.E. and
Taylor, G.B., Anal. Chem. 1847 19, 448-50).

360 Other preferred polyamides of Group (I} Polyamides have a melting
point of at least 260 °C, as delermined with differential scanning
calorimetry at 10 °C/min, and are selected from the group consisting of
poly{ietramethylene hexanediamidefietramethylene terephthalamide)
{(PA46/4T), poly(tetramethylene hexanediamide/hexamethylene

12
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terephthalamide) (PA46/6T), poly(tetramethylene hexanediamide/2-
methyipentamethylene hexanediamide/decamethylene terephthalamide)
PA46/D6/10T), polv(hexamethylene hexanediamide/hexamethylene
terephthalamide) (FA 66/87), poly(hexamethylene
hexanediamide/hexamethylene isophthalamide/hexamethylene
terephthalamide PABG/GI/GT, and poly(hexamethylene hexanediamide/2-
methylpentamethylene hexanediamide /hexamethylene tergphthalamide
{(PABG/DG/6T). A most preferred polyamide is PA 66/67T.

Praferred Group (V) Polyamides are selected from the group
consisting of poly(tetrarmethylene terephthalamide/hexamethylene
hexanediamide} (PA4T/66), poly{tetramethylene terephthalamide/e-
caprolactam) (PA4T/8), poly{telramethylene
terephthalamide/hexamethylene dodecanediamide) (PA4T/612),
poly({ietramethylene terephthalamide/2-methylpeniamethylene
hexanediamide/hexamethylene hexansdiamide) (PA4T/D6/6G),
poly(hexamethylene terephthalamide/Z2-methylpentamethylene
{erephthalamide/hexamethylene hexanediamide) (PAGT/DT/66),
poly(hexamethylene terephthalamide/hexamethylene hexanediamide)
PAST/66, poly(hexamethylene terephthalamide /hexamethylene
decanediamide) (PAST/610), poly{hexamethylens
ferephthalamide/hexamethylene tetradecanaediamide} (PABT/G14),
poly{nonamethylene terephthalamide/nonamethylene decanediamide)
(PAST/O10), poly(nonamethylene lerephthalamide/nonamethylene
dodecanediamide) (PAST/912), polvinonamethylene terephthalamide/11-
aminoundecanamide) (PAZT/11}, polv{nonamethylene
terephthalamide/12-aminododecanamide) (PAST/12),
poly{decamethylens terephthalamide/1 T-aminoundecanamide) (PA
107/11), poly{decamesthylene terephthalamide/12-aminododecanamide)
{(PA10T/12) poly{decamethylene terephthalamide/decamethyiene
decanediamide) (PA10T/1010), poly{decamethyiene
terephthalamide/decamethylene dodecanediamide) (PA10T/1012),
poly{decamethylens terephthalamide/telramethylene hexanediamide)
(PA10T/46), poly(decamethylene terephthalamide/s-caprolactam)
{(PA10T/6), poly{decamethylene terephthalamide/hexamethylens
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hexanediamide) (PA107/66), poly(dodecamethylene
ferephthalamide/dodecamethyiene dodecanediamide) (PA12T/1212),
poly{dodecamethylene terephthalamide/s-caprolactam) (PA121/6), and
poly{dodecamethylene terephthalamide/hexamethylene hexanediamide)
(PA12T/68); and a most preferred Group (V) Polyamide is PAGT/GE.
Preferred Group (V) Polyamides are selected from the group
consisting of poly{tetramethylene terephthalamide/2-
methylpentamethylene terephthalamide) PA4T/DT, poly{ietramethylene
terephthalamide/ hexamethylene terephthalamide) PA4T/6T,
poly{lstramethvlens terephthalamide/decamethylene terephthalamide)
PA4T/O0T, polv(tetramethyiene terephthalamide/dodecamethylene
ferephthalamide)PA4T/MZ2T, poly(tetramethyiene terephthalamide/2-
methylpentamethylene terephthalamide/ hexamethylene terephthalamide)
(PALT/DT/OT), poly(tetramethylene terephthalamide/hexamethylens
terephthalamide/2-methvipentamethylene terephthalamide) (PA4T/ET/DT),
poly(hexamethylene terephthalamide/Z2-methylpentamethylene
terephthalamide) (PAST/DT), poly{hexamethylene
haxanediamide/hexamethylene isophthalamide) (PA 86T/61,
poly{hexamethyiene terephthalamide/decamethylene terephthalamide)
PAGT/OT, poly(hexamethylene terephthalamide/dodecamethylene
terephthalamide) (PAST/127), poly{hexamethylene lerephthalamide/2-
methylpentamethylene terephthalamide/poly{decamethylene
terephthalamide) (PAST/DT/0T), poly(hexamethylene
terephthalamide/decamethyiene terephthalamide/ dodecamethylene
terephthalamide) (PAST/10T/127), poly{decamethyiene terephthalamide)
{(PA10T), poly(decamethylene terephthalamide/tetramethylene
terephthalamide) (PA10T/4T), poly{decamethyiens terephthalamide/2-
methyipentamethyiene terephthalamide) (PA10T/DT),
poly{decamesthylene terephthalamide/dodecamethylene terephthalamide)
(FATOT/12T), poly{decamethylene lerephthalamide/2-
methylpentamethylene terephthalamide/{decamethylene terephthalamide)
(PA10T/DT/12T). poly(dodecamethylene terephthalamide) (PA12T),
poly{dodecamesthylene lerephthalamide)/tetramethylene terephthalamide)
{(PA12T/4T), poly{dodecamethylene terephthalamidelYhexamethylene
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terephthalamide) PA12T/6T, poly({dodecamethylene
ferephthalamideYdecamsthylene terephthalamide} (PA12T/10T), and
poly{dodecamethylene ferephthalamide )/ 2-methyipentamethylene
terephthalamide) (PA1ZT/DT); and a most preferred Group (V) Polyamide
is PAGT/DT.

Preferably polymeric housings are molded or extruded thermoplastic
articles comprising a thermoplastic composition comprising

{a)  athermoplasiic resin selected from the group consisting of
Group (1) - (V) polyamides, and mixtures thereof;

(by  0.25 o 15 weight percent of one or more polyhydric alcohols
having more than two hydroxyl groups and a having a number average
molecular weight {M,) of less than 2000, for instance, those selected from
the group consisting of pentaerythritol, dipentaerythiiiol, tripentaerythritol,
di-trimethylcipropane, D-mannitol, D-sorbitol and xyilitol;

{c) 10 to about 60 weight percent of one or more reinforcement
agents, for instance, selected from the group consisting calcium carbonate,
glass fibers with circular and noncircular cross-section, glass flakes, glass
beaads, carbon fibers, talc, mica, wollastonite, calcined clay, kaclin,
diatomite, magnesium sulfate, magnesium silicate, barium sulfate, titanium
dioxide, sodium aluminum carbonate, barium ferrite, potassium titanate
and mixiures thereof ; and

{dy 0 to 50 weight percent of a polymeric toughener comprising
a reactive funclional group and/or a metal salt of a carboxylic acids elected
from the group consisting of: a copolymer of ethylene, glycidyl
{meth)acrylate, and optionally one or more {meth)acrylate esters; an
ethylene/a-olefin or ethylene/a-olefin/diene copolymer grafted with an
unsaturated carboxylic anhydride; a copolymer of ethylene, 2-
isocyanatoethyl (methjacrylaie, and optionally one or more (methjacrylale
esters; and a copolymer of ethylene and acrylic acid reacted with a Zn, L,
Mg or Mn compound io form the corresponding ionomer,;
wherein all weight percentages are based on the total weight of the
thermoplastic composition. Such compositions are fully disclosed in US
patent publication 2010/0028819 A1, published February 04, 2010, and

hereby incorporated by reference.
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The thermal insulating layer comprises a nonwoven fabric
comprising crimped, heal-resistant organic fibers compressed thereon, the
fibers held in a compressed state by a thermoplastic binder, a detailed
dascription of which is disclosed in US 7,229,937, hereby incorporated by
reference.

When exposed to heat the nonwoven fabric is capabile of increasing
its thickness by at least three times, and preferably at least five times.
When exposed 1o heat the binder in the reinforced nonwoven fabyric
softens and flows, releasing the restrained crimped fibers and allowing the
thickness of the fabric to increase dramatically. This increase in thickness
allows the thermal insulating layer lving belween the housing and the
exhaust pipe interface o seal the interface.

The nonwoven fabric useful in the invention has only enough
ertanglement of the heal-resistant organic fibers to manufaciure a
ightweight web. No additional energy is imparted o the web to entangle
the fibers with each other. A thermoplastic binder is added to the heat-
resisiant organic fibers during manufacturing of the nonwoven mat, The
thermoplastic binder can be a thermoplastic fiberous material, The
ighiweight web may be laminated {o a reinforcing scrim, a metal layer, or
any other layer desired by the artisan, by heating and compressing the
combination and then cooling the combination o set the structure while
the crimped fibers are compressed and restrained. By compressing the
lightweight web in this manner, when the binder material is softened or
melis, the heat-resistant organic fibers in the sheet are free o refurn to a
formally lightweight lofty state similar 1o the one they had prior {0
compression.

The thicknass of the nonwoven fabric increases by at least three
fimes when exposed {o high heal or lame. Generally, as the temperature
is increased, the rate of bulking is increased and the amount of bulking
increases also, and thickness increases of greater than 25 times the
compressed thickness have been seen. i is believed that temperatures as
low as 150 centigrade are needed to initiale the bulking effect, and it is
believed that starting at temperatures of about 225 centigrade the bulking

action proceads immediately.
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The compressed reinforced nonwoven fabrics preferably have an
overall thickness of 8.025 to 0.12 centimeters {.010 to 0.050 inches).
Such fabrics also preferably have a basis weight in the range of 20 10 136
g/m® (0.8 to 4 oz/yd?). In one embodiment a reinforcing scrim component
is present preferably making up 3.4 to 34 g/m*® (0.1 to 1.0 oz/yd®) and the
fibrous web component preferably ranging from 1.7 to 102 g/m® (0.5 t0 3.0
ozfyd?).

The reinforced nonwoven fabric comprises crimped heal-resistant
organic fibers. Such crimped fibers are preferably staple fibers that have
cut lengths in the range of 0.4 to 2.5 inches {1 10 6.3 cm) preferably 0.75
io 2 inches (1.9 to 5.1 om) and preferably have 2 (o b orimps per
centimeter (5 {0 12 crimps per inch). By "heat resistant fiber” it is meant
that the fiber preferably retains 90 percent of its fiber weight when heated
in air to 500 °C. at a rale of 20 °C per minute.

Heat resistant staple fibers useful in the reinforced nonwoven fabric
include fiber made from para-aramid, polybenzazole, polybenzimidazole,
and polyimide polymer. The preferred heat resistant fiber is made from
aramid polymaer, especially para-aramid polymer.

As used herein, "aramid” is meant a polyamide wherein at least
85% of the amide (--CONH--} inkages are altached directly to two
aromatic rings. "Para-aramid” means the two rings or radicals are para
oriented with respect to each other along the molecular chain. Additives
can be used with the aramid. In fact, il has been found that up to as much
as 10 percent, by weight, of other polymeric material: can be blended with
the aramid or that copolymers can be used having as much as 10 percent
of other diamine substituled for the diamine of the aramid or as much as
10 percent of other diacid chioride substituted for the diacid chioride of the
aramid. In the practice of this invention, the preferred para-aramid is
poly{paraphenviense terephthalamide). Methods for making para-aramid
fibers are disclosed in U.S. Patl. Nos. 3,868,430, 3,860,429, and
3,767,756, Such aromatic polyamide organic fibers and various forms of
these fibers are available from DuPont Company, Wilmington, Del. under
the trademark KEVLARR fibers.
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Commercially available polybenzazole fibers include ZYLON PBO-
AS (Poly{p-phenylene-2,6-benzobisoxazole) fiber, ZYLON® PBO-HM
{(Poly({p-phenylene-2,6-benzobisoxazole)) fiber, available from Toyobo,
Japan. Commercially available polybenzimidazole fibers include PBI®
fiber available from Celanese Acetale LLC. Commercially available
polyimide fibers include P-84® fiber available from LaPlace Chemical.

The crimped organic fibers are held in place with up to 30 parts by
weight binder material. A preferred binder material is a combination of
binder fiber and binder powder that is aclivated by the application of heat.
Binder fibers are typically made from a thermoplastic material that flows at
a lemperature that is lower {i.e., has a softening point lower) than the
softening point of any of the other staple fibers in the fiber blend.
Sheath/core bicomponent fibers are preferred as binder fibers, especially
bicomponent binder fibers having a core of polyester homopolymer and a
sheath of copolyester that is a binder material, such as are commonly
available from Unitika Co., Japan {e.g., sold under the trademark MELTY®
fiber). Useful types of binder fibers can include those made from
polypropyviens, polyethylene, or polyester polymers or copolymers, the
fibers containing only that polymer or copolymer, or as a bicomponent fiber
in side-by-side or sheath/core configuration. Preferably the binder fibers
are present in an amount of up (o 20 percent of the reinforced nonwoven
fabric. Binder powder is preferably present in an amount of up to 30
percent of the reinforced nonwoven fabric. The preferred binder powder is
a thermoplastic binder powder such as copolyester Griltex EMS 6E
adhesive powder.

The nonwoven fabric may conlain an open mesh scrim to provide
some reinforcement. Such scrims preferably have a basis weight in the
range of 3.4 to 34 g/m? (0.1 to 1.0 oz/yd?) and are referred to as an "open
mesh” scrim because these scrims have only 0.8 (o 6 ends per centimeter
(£ to 15 ends per inch). The most preferred open mesh scrims have a
basis weight in the range of 6.8 to 17 g/m® (0.2 to 0.5 oz/yd?) and have
praferably 1 to 4 ends per centimeter (3 to 10 ends per inch), in both the
warp and fill direction. Preferably, the mesh is made by binding together

wo sels of cross-plied polyester continuous filaments or continuous
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filament yarns that have a binder coating. Representative open mesh
scrims are available from Saint-Gobain Technical Fabrics of
Niagara Falls, N.Y. under the name of BAYEX® Scrim Fabrics,

The process for making a reinforced nonwoven fabric that bulks in
heal, comprises the steps of: 8) forming a mal comprising crimped heat-
resistant organic fiber and binder fiber, b) optionally applying binder
powder to the fabric assembly, ¢} heating the fabric assembily o activate
the binder fiber and binder powder, d} compressing the fabric assembly o
a comprassed stale, and ) cocling the fabric assembly in a compressed
state to form a nonwoven fabric. If a reinforcing scrim, metal layer or other
functional layer is desired, it may be laminated o the fabric assembly
during the heating step. In a preferred embodiment the mat comprising
crimped heat-resistant organic fiber is laminated to a metal layer.

The mat may be formed by any method that can create low-density
webs. For example, clumps of crimped staple fibers and binder fibers
obtained from bales of fiber can be opened by a device such as a picker.
Preferably these fibers are staple fibers having a linear density of about
0.55 to about 110 dtex per filament (0.5 to 100 denier per filament),
preferably 0.88 to 56 diex/filament (0.8 to 50 denierffilament) with the
linear density range of about 1 to 33 diex/filament (0.9 10 30
denier/filament) being most preferred.

The opened fiber mixture can be then blended by any available
method, such as air conveying, to form a more uniform mixiure.
Alternatively, the fibers can be blended to form a uniform mixture prior o
fiber opening in the picker. The blend of fibers can then be converted info
a fibrous web by use of a3 device such as a card, although other methods,
such as air-laying of the fibers may be used. it is preferable that the fibrous
web be used directly from the card without any cross-lapping. However, if
desired the fibrous web can then be sent via conveyor {0 a device such as
a cross lapper o creale a cross lapped structure by layering individual
webs on top of one another in & zig-zig structure.

Fibrous webs from one or mare cards and optional functional layers
such as a reinforcing scrim or metal layer can then be collected on a

fransporting bell. Additional webs can be laid on either of the one or two
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web structures if needed. Optionally, binder powder may be applied o the
combined webs in a preferred amount of about 3.4 t0 24 g/m? (0.1t 0.7
GZ/'yCEE). The combined webs, optional binder powder, and oplional
functional layer(s) are then conveyed through an oven at a temperature
sufficient to soften and partislly melt the binder fiber and powder and allow
it to adhere the fibers togsther. Al the oven exit the sheet is preferably
compressed betweaen wo steal rolls to consolidale the layers into a
cohesive fabric. The fabric is then cooled in this compressed slate.

Suitable nonwoven fabric useful as a thermal insulating layer in the
invention is available under the Trademark NOMEX® ON DEMAND fabric
from E.1. DuPont de Nemours and Company, Wilmington, Delaware, USA.

A preferred embodiment of the muffler assembly includes a metal
layer adjacent {o a face of the thermal insulatling layer opposite the
housing interior surface. The metal layer acls {o protect the thermal
insulating laver and prevents excessive bulld-up of soot from the exhaust
gas. The melal layer may be a melal foll. The metal layer may be a self
supporting metal layer. The metal layer may be attached to the thermal
insulating layer. The metal layer may be altached {0 the polymeric
housing at one or more points. The metal layer may be attached to the
one or more exhaust pipe(s). Preferably the metal layer is & foil having a
thickness of 0.1 mm to about 0.01 mm, and preferably about 0.5 mm {o
about 0.02 mm. The metal layer may be selected from the group
consisling of steel, aluminum, aluminized steel, titanium, and metal alloys
of steel.
Manufacturing of muffler assembly

Another embodiment is a process for making a mutfler assembly
comprising the steps of:

i} assembling one or more exhaust pipe(s), at least one of the
exhaust pipe(s) having a plurality of perforations to form a pipe
sub-assembly;

i} enclosing the pipe sub-assembly with two or more polymeric
housing sections carried by al least one of the exhausi pipe(s), the
polymeric housing sections having a housing interior surface and

at least one housing-exhaust pipe interface and the polymeric
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housing sections enclosing the plurality of perforations {o provide

one or more acoustic chamber(s), wherein a thermal insulating

layer lines said housing inferior surface and extends between the
housing and exhaust pipe at the at least one housing-exhaust pipe

interface, and wherein the thermal insulating layer comprises a

nonwoven fabric comprising crimped, heat-resistant organic fibers

compressed thereon, the fibers held in a compressed state by a

thermoplastic binder;

it} adhering or attaching the polymeric housing sections together to
form a polymeric mufiler assembly;

iv}) heating the muffler assembly sufficiently such that the nonwoven
fabric increases in thickness to seal the muffler assembly at the
housing-exhaust pipe interface and provide thermal insulation to
the polymeric housing.

All the various embodiments of the muffler assembly disclosed
above also are applicable (o the various embodiment of the process for
making the muffler assembily.

Assembling a sub-assembly, including one or more pipes and
optional metal baffle, can be accomplished according o known techniques
available to the artisan.

Enclosing the pipe sub-assembly may include use of a polymeric
housing, optionally comprising polymeric baffles as disclosed above, and
including two, three or more seclions. The interior surfaces of the
polymeric housing seclions ars fitted with the thermal insulating layer and
opticnally with a melal layer, as disclosed above. These layers can be
affixed to the housing using any means available to the artisan. The
insulating layer and/or metal layer may overlap with that of an adjacent
section by allowing the insulating layer and/or metal layer to exiend
beyond the perimeter of the polymeric housing sections.

Adhering or atlaching the polymeric housing seclions filled with the
additional lavers is accomplished by placing them around the pipe and
baffle sub-assembly; and the section joints are sealed by high temperaturg
mastic, gaskel, o-ring, or similar sealing material available to the artisan.

The polymeric section joints may alsc be sealed by methods known in the
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art for joining polymeric materials such as fasteners, adhesives, ulirasonic
welding, laser welding, or preferably vibrational welding.

Heating the muffler assembly provides sealing of the mufiler
assembly. Thus, healing the thermal insulating material comprising the
reinforced nonwoven fabric causes expansion of the fabric to seal the
muffler assembly at the housing-exhaust pipe interface. The
imeftemperature profile required for heating the muffler system sufficiently
o seal the housing-exhaust pipe interface is dependent upon the meliing
point and/or softening point and the melt viscosity of the thermoplastic
binder. The healing step may be performed at a temperature that is
higher than the melting point of the thermoplastic binder, and preferably at
least about & to 10 °C higher than the melling point. If the thermoplastic
binder has a softening point but no melting point, preferably a temperature
at least about 20 °C higher than the softening point is used. In various
embodiments the healing may be performed at a temperature of 120 °C,
140 °C, 180 °C, 180 °C, 200 °C and 250 °C. In varicus embodiments the
heating time is 1 to 30 minutes.

The housing-exhaust pipe interface is considered sealed when the
muffler assembly has a leak rate of 105 Lilers/minute or less at 4.5 psig
pressure, according to the leak {est defined in the Methods section. The
muffler assembly has a leak rate of less than 105 Liters/minute, preferably
less than 80 Liters/minute and more preferably less than 60 Liters/minute
at 4.5 psig pressure.,

Heating the muffler assembly also may provide sealing or partially
saaling the polymeric baffle-exhaust pipe interfaces and the baffle-
polymeric housing interfaces, if present, using the same mechanism of
expansion of the thermal insulating layer.

A preferred method includes use of an integral thermal insulating
laver for both the housing lining and extending between the housing and
exhaust pipe interface, and folding over the thermal insulaling layer to
provide a double layer.

The lightweight muffier assemblies of this invention are especially

useful in automobiles and trucks. However, the muffler assemblies can
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also be used to acoustically tune the sound of the exhaust of any internal
combustion engine.

The foliowing figures illustrate various embodiments:

Figure 1 Hlusirates one embodiment of the muffler assembly (1)
including one exhaust pipe {2) having a plurality of perforations (3); a
polymeric housing {4} supported by the exhaust pipe, the polymeric
housing having a housing interior surface and at least one housing-
exhaust pipe interface (7) and the polymeric housing enclosing the
plurality of perforations to provide an acoustic chamber (8}, and a thermal
insulating faver (6) lining said housing interior surface and exiending
axially along the housing-exhaust pipe interface (7}, wherein the thermal
insulating layer seals the muffler assembly at the housing-exhaust pipe
interface.

Figure 2 illustrates another embodiment {11}, similar {o Figure 1,
that further includes a metial layer (18) adjacent and atlached o a face of
the thermal insulating layer opposite the housing interior surface, wherein
the thermal insulating layer (16) and metal layer {18) seals the muffler
assembly at the housing-exhaust pipe interface {17).

Figure 3 llustrates one embodiment of the muffler assembly {21)
including one exhaust pipe {22) having a plurality of perforations (23}, a
polymeric housing (24) supporied by the exhaust pipe, the polymeric
housing having a housing interior surface and one or more housing-
exhaust pipe interface(s) (27}, the polymeric housing enclosing the
plurality of perforations, and the polymeric housing having two integrated
polymeric baffles (28) spaced within the polymeric housing ; said
integraied polymeric baffles extending toward the exhausi pipe(s) to
provide baffle-exhaust pipe interfaces (121}); and a thermal insulating
material (20) lining said housing interior surface, including the polymeric
baffles, and extending axially along the housing-exhaust pipe interface
{27}, wherein the thermal insulating layer seals the muffler assembly at the
housing-exhausi pipe interface and contacts, but not necessarily seals, the
baffle-exhaust pipe interfaces to provide three acoustic chambers (25).

Figure 4 Hllustrates another embodiment (31}, similar to Figure 3,

that further includes a metal layer (38) adjacent and allached 1o a face of
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the thermal insulating laver (38) opposite the housing interior surface,
wherein the thermal insulating layer and metal foll layer seals the muffler
assembly at the housing-exhaust pipe interface (37).

Figure 5 Hlusirates one embodiment of the muffler assembly {(41)
including multiple exhaust pipes (42) having a plurality of perforations (43);
a polymeric housing {44) supported by at least one exhaust pipe, the
polymeric housing having a housing interior surface and at least one
housing-exhaust pipe interface (47), the polymeric housing enclosing the
plurality of perforations, and the exhaust pipes having metal baffles (49)
spaced along the exhaust pipes; and extending radially to provide
housing-baffle interfaces (131); and a thermal insulating layer {(48) lining
said housing interior surface, and extending axially along the housing-
exhaust pipe interface (47), wherein the thermal insulating layer seals the
muffler assembly at the housing-exhaust pipe interface to provide acoustic
chambers {45}. In this embodimenti the housing-baffle interfaces {131)
may be sealed or may not be sealed.

Figure & illusirales another embodiment (51}, similar {o Figure 5,
that further includes a metlal layer (B8} adjacent and attached to a face of
the thermal insulating laver (58) opposite the housing interior surface,
wherein the thermal insulating layer and metal layer seals the muffler
assembly at the housing-exhaust pipe interface {(§7).

Figure 7 illustrates one embodiment (61} of the muffler assembly
including two exhaust pipes (62} having a plurality of perforations (63); two
metal braces {141) spaced along, attached to, and connecting the two
exhaust pipes, a polymeric housing (84) supported by the exhaust pipes,
the polymeric housing having a housing interior surface and one or more
housing-exhaust pipe interface(s) (67), the polymeric housing enclosing
the plurality of perforations, and the polymeric housing having two
integraied polymaeric baffles (69) spaced within the polymeric housing; said
integrated polymeric baffles extending o provide baffle-exhaust pipe
interfaces (151); a thermal insulating material (66) lining said housing
interior surface, including the polymeric baffles, and exiending axially
along the housing-exhaust pipe interface (67}, a metal layer (68) adjacent

and atftached o a face of the thermal insulating layer opposite the housing
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interior surface, wherein the thermal insulating layer and metal foil layer
seals the muffler assembly at the housing-exhaust pipe interface (67} and
contacts the bafile-exhaust pipe interfaces {(151) 1o provide three acoustic
chambers {65). In one embodiment the baffle-exhaust pipe interfaces may
be sealed. The metal support braces {(141) provide addilional stability and
reduce vibration and movement of the exhaust pipes.

Figure 8 illustrates an embodiment whergin the thermal
insulating layer (76) has been folded over o provide a second thermal
insulating fayer at the housing-exhaust pipe interface (77).

Figure 9 illustrates and embodiment wherein the thermal
insulating layer (86} and the metal layer {88) have been folded over to
provide a second thermal insulaling layer and a second metal layer at the
housing-exhaust pipe interface (87) with the metal laver contacting both
the housing and the exhaust pipe..

Methods
Leak Test Method

The following leak test method was used o evaluate the sealing
properties of the thermal insulation material of the muffler assemblies of
the invention.

To prepare the muffler assembly for testing, the outlet exhaust pipe
was completely plugged or sealed with an expanding pipe plug (available
from Oaley Plumbing) of a size that will completely seal the pipe of the
muffler being tested. If there was a drain hole in the muffler casing, the
drain hole was also to be sealed off with a rubber stopper or equivalent
sealing device.

A modified expanding pipe plug was fitted on the exhaust inlet pipe.
The plug was modified such that a hose nipple could be attached in a
manner that allowed the perimeier of the plug to seal off the pipe, while
still providing a means to allow air pressure into the muffler casing through
the center of the plug.

A leak testing device was constructed for testing the assembled
muffler units consisting of an adjustable air pressure regulator, a digital
pressure readout display {reading from a pressure transducer), and a flow

meter also utilizing a digital readout. The pressure regulator was
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connected o 3 supply of compressed atmospheric air, and plumbed to the
pressure transducer. Downstream of the pressure transducer was a flow
meter connected such that it measures the flow of air into the test subject.
The testing device (regulator, pressure transducer and flow meter
assembly) was connected o the muffler assembly via a length of hose
which attaches o the aforementionad modified expanding pipe plug.

The muffler assembly was conneciad {o the lesting device as
described above, and the following testing procedure was followed. The
alr pressure was adjusted via the regulator until the pressure in the muffler
stabilized at the desired pressure reading (1.5 psig or 4.5 psig) according
io the digital pressure readout. Once the desired pressure was reached
and the pressure stabilized, the air flow rate was read from the flow meter
digital readout. This value corresponds to the leak rate of the muffier
assembly and is measured in Lilers/minute. A muffler assembly of the
invention passed the leak rate test if the leak rale was less than 105
liters/min.

Materials

Disclosed below is a method for preparing a thermal insulating layer
useful in manufacturing of the muffler assembly. The thermal insulaling
laver is in the form of a nonwoven fabric.

Herein denier is a unit of measure for the lingar mass density of
fibers. It is defined as the mass in grams per 8,000 meters. The denier is
based on a natural standard: a single strand of silk is one denier. A 8,000
meter strand of silk weighs one gram. The term dpf means denier per
filament.

A nonwoven fabric was prepared as follows. 77.5 parts by weight
2.2 dpf, 2" cut length Type 870 KEVLAR® brand staple fiber and 22.5
parts 4 dpf, 2" cut length Type 4080 Unitika binder fiber were blended as
fed from bales to three cards. Fiber webs from the three cards were
collected on a transporting belt to creale a fiber mat having a basis weight
of approximatsly 3.2 oz/’ydz. The fiber mat was conveved through an oven
at 285 °C o mell the binder fiber. Al the oven exil the sheat was
compressed between two steel rolls with 07 gap, which consolidated the

components into a cohesive fabric. The fabric was then cooled in this

26



WO 2012/149530 PCT/US2012/035797
compressed state. The final fabric had a thickness of approximately (.86

millimeter per ASTM D1777-86 Oplion 1.
Prophetic Example
The muffler design exemplified corresponds generaily to that of
5 Figure 2 wherein the thermal insulation layer is the nonwoven fabric
disclosed in the materials section.

Two maling polymeric housing half shells 828 emx 303 omx 7.6
cimt deep) are prepared by injection molding of DuPont Zytel® HTN
54G35HSLR BKO31 resin {(melling point about 300 °C). The maling

18 housing shelis have semicircle depressions on the sides ai both ends to
raceive an exhaust pipe; and male and female linear vibration weld joints,
respectively, at the interfaces of the polymeric housing half shells.

A sheet of the fiber mat is cut o fit the dimensions of the interior

surface of the polymeric housing half shells with exception of the area of
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the housing-exhaust pips interface. . A single layer of fiber mat is used. In
addition, an extra flap of material is left along the maling edges of the
shells of approximately one-half inch to protect the seam between the
casings halves after assembly.
After lining the shelis, the fiber mat is permanently attached (o the
26 shell by ultrasonic staking using a Branson Ultrasonics Corp. model PT-
250 handheld ultrasonic gun fitted with a rounded staking tip. The
ultrasonic gun is set o energy mode and a value of 50 joules entered for
the imit. The lining is staked around the edges of the casings evenly
spaced approximately 10 cm apart. Two additional stakes are included on
25 the internal boltom area:

A sub-assembly consisting of a stainless steel exhaust pipe having a
plurality of perforations, having a nominal diameler aboul 8.5- 2 mm less
than the semicircular depressions of the polymer shells for receiving the
exhaust pipe was then prepared for instaliation into the muffler casings.

30 The pipe is wrapped with two layers of 0.5 inch wide slrips of the fiber mat
such that the Z-layer fiber mat is positioned at the inferfaces of the exhaust
pipe and the polymeric housing shelis. If necessary the semicircle portions

of the polymeric shells are ground, using a handheld rotary tool, 1o allow
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for the two layer of fiber mat {o be sandwiched in between the shell and
mounting adapter.

The lined polymeric casings are vibrationally welded together around
the pipe assembly using a Branson VW-8 Ullra Hy-Line vibration welder
with tooling buill specifically for the shape of the polymeric casings. The
lower shell half is placed in the lower (stationary) half of the {ooling, and
the upper half is placed in the upper (vibrating) half of the tooling. The pipe
assembly is then placed in the openings of the lower casing. The pleces
are welded together using the following parameters:

Weld Amplitude: 0.0707

Weld Force: 2500 ibs

Hold Force: 2500 Ibs

Melt Distance: 0.085"

Hold Time: 10 Seconds.

To seal the muffler assembly ai the housing-exhaust pipe interfaces,
the muffler assembly is placed in an oven preheated to 176 °C for
approximately 30 minutes. The mufiler assembly is removed from the
oven and allowed to equilibrate back to room temperaiure.

The muffler assembly passes the leak raie {est, having a maximum
leak rate of less than 105 liters/min.

Frophetic BExample
The muffler design tested is similar {0 that of Figure £ wherein a
thermal insulation layer is the nonwoven fabric disclosed in the materials
section and the metal laver is aluminum foil and both layers are present

and seal the housing-exhaust pipe interface.
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CLAIMS
We Claim:
1. A muffler assembly comprising:
5 aj one or more exhaust pipe(s), al least one of the exhaust

pipe{s) having a plurality of perforations;
b} a polymeric housing carried by at least one of the exhaust
pipe(s), the polymeric housing having a housing interior suriace and
at least one housing-exhaust pipe interface and the polymeric

19 housing enclosing the plurality of perforations to provide one or
more acoustic chamber(s); and
c) a thermal insulating layer lining said housing interior surface
and exiending between the housing and exhaust pipe at the atl least

one housing-exhaust pipe interface; wherein the thermal insulaling

[
(¥,

layer comprisas a nonwoven fabric comprising crimped, heat-
resistant organic fibers compressed therson, the fibers held in a
compressed state by a thermoplastic binder;

wherein when the fabric is exposed {0 heat, the fabric increases in
thickness o seal the mutffler assembly at the housing-exhaust pipe
20 interface and provides thermal insulation {o the polymeric housing.

2. The muffler assembly of Claim 1 further comprising one or more
internal polymeric baffle{s) integrally formed and spaced within the
polymeric housing and exdending toward the exhaust pipe(s) to
provide at lsast one bafile-exhaust pipe interface, the one or more

25 internal polymeric baffle(s) providing two or more acoustic
chambers within the muffler assembly.

3. The muffler assembily of Claim 1 further comprising one or maore
internal metal bafile(s) connected to and spaced along the exhaust
nipe{s) and extending toward the polymeric housing o provide at

360 least one baffle-polymeric housing inlerface, the ong or more
internal metal baffle(s) providing two or more acoustic chambers

within the muffler assembly.
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4. The mufiler assembly of Claim 1 comprising ai least two exhaust

nipes and two or more metal braces spaced along, attached {0, and
connecting the at least two exhaust pipes.

5. The muffler assembly of Claim 1 further comprising a metal layer

5 adjacent to a face of the thermal insulating layer opposile the
housing interior surface.

6. The muffler assembly of Claim 5 wherein the metal layer and the
thermal insulating laver extend between the housing and exhaust
pipe at the housing-exhaust pipe interface wherein the metal layer

19 and the thermal insulating layer seal the muifler assembily at the
housing-exhaust pipe interface.

7. The muffler assembly of Claim 1 wherein the thermal insulating
layer extending between the housing and exhaust pipe at the at

feast one housing-exhaust pipe interface comprises two or mors

[
(¥,

thermal insulating layers.
8. A process for making a polymeric muffler assembly comprising the
steps of:
i} assembling one or more exhaust pipe(s}, at least one of the
exhaust pipe{s} having a plurality of perforations to form a pipe sub-
20 assembly,;
it} enclosing the pipe sub-assembly with two or more polymeric
housing sections carried by at least one of the exhaust pipe(s), the
polymeric housing seclions having a housing inlerior surface and at
least one housing-exhaust pipe interface and the polymeric housing
25 sections enclosing the plurality of perforatlions {o provide one or
more acoustic chamber(s); wherein a thermal insulating layer lines
said housing interior surface and exiends between the housing and
exhaust pipe al the at least one housing-exhaust pipe interface, and
wherein the thermal insulating layer comprises a nonwoven fabric
30 comprising crimped, heal-resistant organic fibers compressed
thereon, the fibers held in a compressed state by a thermoplastic
binder;
ity adhering or attaching the polymeric housing sections together to

form a polymeric muffler assembily;
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10.

11

12.

iv) heating the muiffler assembly sufficiently such thal the nonwoven

fabric increases in thickness o seal the muffler assembly at the
housing-exhaust pipe interface.

The process of Claim & wherein the polymeric muffler housing
seclions are allached in siep (i) by fasteners, adhesives, or a
polymeric welding process.

The process of Claim 8 wherein the polymeric muffler housing
sections are attached in step (iii) by polymeric welding process
selected from the group consisting of ulirasonic welding, laser
welding, or vibrational welding.

The process of Claim 8, further comprising placing a metal layer
adjacent to a face of the thermal insulating layer opposite the
housing interior surface.

The process of Claim 11 wherein the metal layer and the thermal
insulating layer extend beiwesn the housing and exhaust pipe at
the housing-exhaust pipe interface wherein the metal layer and the
thermal insulating layer seal the muffler assembly at the housing-

exhaust pipe interface.
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