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[57] ABSTRACT 
A muffler is provided with a pair of stamp formed inter 
nal plates and a pair of stamp formed external shells. 
The internal plates de?ne inlet and outlet tubes at least 
portions of which are provided with arrays of perfora 
tions or louvers. One or more tuning tubes may be 
stamp formed in the internal plates and one or more low 
frequency resonator chambers may be stamp formed 
from portions of either the internal plates or the external 
shells. The external shells may further be con?gured to 
de?ne high frequency tuning chambers of a selected size 
and shape. 

25 Claims, 6 Drawing Sheets 
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STAND’ FORMED MUFFLER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

Prior art vehicular exhaust muf?ers typically com 
prise a tubular outer shell de?ning an oval or circular 
cross section and a pair of opposed heads mechanically 
connected to the shell. The shell generally is formed 
from one or more sheets of metal that are wrapped into 
the tubular con?guration, and are secured in the re 
quired shape by a longitudinally extending seam. An 
inlet and an outlet extend into the opposed heads of the 
muffler and connect to tubes disposed within the muf 
?er. 
The internal con?gurations of the prior art mu?‘lers 

have been quite varied and have been determined by 
both the available space on the vehicle and the particu 
lar characteristics of the sound produced by the exhaust 
gases of a speci?c engine. The typical prior art muffler 
includes a circuitous array of tubes extending between 
and connected to the inlet and the outlet. These respec 
tive tubes may communicate with one or more expan 
sion chambers de?ned by at least one baffle within the 
muffler. The communication with the expansion tuning 
chambers typically is provided through the tubes. 

In many situations at least one well defined range of 
noise will persist despite a properly engineered array of 
tubes and louvers. These residual noise patterns often 
are attenuated by tuning tubes extending into a closed 
resonating chamber. The size of the tuning tubes and 
resonating chambers will be selected in accordance 
with the frequency of the noise to be attenuated. The 
resonating chamber of the prior art muffler typically 
has required at least one additional tube and usually one 
or more additional baffles to be incorporated into an 
already complex structure. 
The above described typical prior art muffler in 

cludes a large number of components that must be as 
sembled in a labor intensive manufacturing process. 
Speci?cally, most prior art muffles require a multilayer 
outer shell, a pair of heads or end caps, at least two 
internal tubes and at least two internal baffles. Further 
more, most prior art mufflers will require separate 
structural elements for expansion chambers, high fre 
quency tuning chambers and/or low frequency resonat 
ing chambers. The internal components of the muffler 
generally are assembled in a very labor intensive pro 
cess. The various assembled internal components then 
are inserted into the tubular shell of the muffler which 
was previously formed from one or more sheets of 
metal. The opposed muf?er head then are mechanically 
positioned relative to the shell and are securely 
mounted thereto. 
Attempts have been made to develop stamp formed 

mufflers in an effort to the number of parts 
required for the muffler and to reduce the number of 
manual assembly steps. The logic has been that the 
stamp forming dies could be con?gured to de?ne a 
circuitous route through which the exhaust gases travel. 
An appropriately circuitous exhaust gas ?ow pattern 
could effectively reduce noise. 

Several prior art mufflers have merely employed a 
stamp formed outer shell in combination with a plural 
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2 
ity of separate internal members substantially identical 
to the internal members in the standard muffler having 
a wrapped outer shell. Examples of mufflers with a 
stamped outer shell and separate internal baffles and 
tubes are shown in U.S. Pat. No. 2,943,695 which issued 
to Jeffords on July 5, 1960, U.S. Pat. No. 3,158,222 
which issued to Richmond on Nov. 24, 1964 and U.S. 
Pat. No. 3,220,508 which issued to Nordquest et al on 
Nov. 30, 1965. 
Other prior art mulllers have employed two stamp 

formed members con?gured to de?ne a circuitous air 
flow pattern without resorting to separate internal tubes 
and baffles. Examples of such structures are shown in 
U.S. Pat. No. 2,860,722 which issued to Gerstung on 
Nov. 18, 1958, U.S. Pat. No. 3,176,791 which issued to 
Betts et al on Apr. 6, 1965, U.S. Pat. No. 3,638,756 
which issued to Thiele on Feb. 1, 1972 and U.S. Pat. No. 
4,108,274 which issued to Snyder on Aug. 22, 1978. In 
the above cited U.S. Pat. No. 3,638,756, two opposed 
stamp formed members were appropriately con?gured 
to de?ne not only a circuitous air flow pattern, but also 
to de?ne low frequency tuning chambers. 

Still other prior art mufflers have employed more 
than two stamp formed members to de?ne an accept 
able ?ow path for exhaust gases through the muffler. 
For example, U.S. Pat. No. 3,140,755 which issued to 
Tranel on July 14, 1964, shows two inner stamp formed 
members con?gured to de?ne the exhaust gas ?ow path 
and two outer stamp formed members con?gured to 
de?ne a continuous enclosure around the path de?ned 
by the inner members. U.S. Pat. No. 4,396,090 which 
issued to Wolfhugel on Aug. 2, 1984 shows a muffler 
wherein the exhaust gas flow passages are formed by 
stamp forming, while the outer shell is formed from 
sheet metal wrapped around the stamp formed compo 
nents. 

U.S. Pat. No. 4,456,091 issued to Blanchot on Jun. 26, 
1984 and shows a muffler having more than four stamp 
formed members. More particularly, two internal mem 
bers are stamp formed to have longitudinally extending 
corrugations which when placed in face to face rela 
tionship, de?ne a tubular array. Two outer stamp 
formed members then are con?gured to de?ne a gener 
ally continuous outer enclosure. Separate stamp formed 
support members are disposed between the outer stamp 
formed members and the inner stamp formed members 
to contribute to a proper spaced relationship therebe 
tween. Certain of the corrugated portions of the inner 
stamp formed members are perforated to provide gas 
communication between the array of tubes and the 
enclosure defined by the continuous outer shell. Al 
though this reference relies exclusively on stamp 
formed members, there are a relatively large number of 
members that would contribute both to the costs of the 
product and the assembly time. Similar structures are 
shown in British Pat. No. 632,013 and British Pat. No. 
1,012,463. In both of these British patents, two inner 
plates are stamp formed to de?ne perforated tubes when 
mated with one another. Two additional members are 
stamp formed to de?ne a continuous outer shell which 
surrounds and is spaced from the perforated tubes. In 
each of these British patents, either the inner plate mem 
bers or the outer plate members are formed to define 
baffles which enable the creation of expansion cham 
bers. 
The above described stamp formed mu?lers could 

provide certain cost advantages over conventional muf 
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flers for large production runs. These cost advantages 
would be attributable to the substantially smaller num 
ber of internal components for the muf?er, lower labor 
costs and good material yield. Despite this apparent 
cost advantage, the prior art stamp formed mufflers 
have not received signi?cant commercial success, even 
for the original equipment mufflers which are manufac 
tured in production runs that are large enough to justify 
the tooling costs. One reason for this lack of 
commercial acceptance has been that the incorporation 
of resonating chambers into the stamp formed muffler 
using prior art techniques would require separate com 
ponents and would add to labor needs, thereby substan 
tially increasing costs of the stamped formed muf?er. 
Low frequency resonating chambers, however, are 
o?en required to meet the noise standards of new car 
manufacturers. Furthermore, the prior art stamp 
formed mu?lers have not provided for both low fre 
quency and high frequency tuning chambers, which 
often are required to meet selected noise reductions. 

In addition to the above described drawbacks, it has 
been realized that mufflers in general do not account for 
the fact that exhaust gases cool as they pass through the 
muffler and therefore acquire different ?ow and volume 
characteristics. Furthermore, it has been realized that 
mufflers in general are not well suited to the speci?c 
space availability in or adjacent to the vehicle. Thus, 
mufflers often are merely added to the bottom of the car 
thereby adversely affecting both the aesthetics of the 
vehicle and the air ?ow pro?le. Additionally, it has 
been more costly to manufacture a prior art muffler 
with more than one inlet and/ or more than one outlet or 
with more than one low frequency resonating chamber 
because of the additional connections that must be made 
within the available space. 

In view of the above, it is an object of the subject 
invention to provide an efficient stamp formed muffler. 

It is another object of the subject invention to provide 
a stamp formed muffler with e?icient high frequency 
tuning chambers and/or low frequency resonating 
chambers. 
Another object of the subject invention is to provide 

a stamp formed muffler having more than one inlet 
and/or more than one outlet. 
A further object of the subject invention is to provide 

a stamp formed muffler wherein the internal tubes are 
dimensioned to reflect the temperature and volume 
changes of the exhaust gases passing therethrough. 

SUMMARY OF THE INVENTION 

The subject invention is directed to an exhaust muf 
?er formed entirely from stamp formed members. The 
muffler is con?gured to conform to an available space 
envelope on the vehicle. As a result, the muf?er may be 
of irregular external con?guration to re?ect the speci?c 
con?guration of the available space on the vehicle. 
The mu?ler may comprise a pair of stamp formed 

inner plates which are placed in register with one an 
other to de?ne at least one inlet tube and at least one 
outlet tube. The internal plates may further comprise at 
least one tuning tube leading to one or more low fre 
quency resonating chambers. In certain embodiments, 
the pair of stamp formed internal plates may further 
de?ne the walls of the resonating chambers and/or a 
return tube between the inlet and outlet tubes. Certain 
of the tubes de?ned by at least one of the stamp formed 
internal plates may be perforated or louvered to provide 

4 
appropriate sound attenuating effects, as explained in 
detail below. 
The stamp forming of the internal plates may be car 

ried out to de?ne a major diameter for the one or more 
inlet tubes and a minor diameter for the one or more 
outlet tubes. The differences in the diameters of the inlet 
and outlet tubes may be selected to re?ect the volume 
changes that occur as the exhaust gases gradually cool 
in passing through the muffler. More particularly, these 
dimensional changes enable the exhaust gas pressure 
and exhaust gas velocity to be carefully controlled 
throughout the muffler. 

In one embodiment, the internal plates may be stamp 
formed from a single sheet of metal with a hinge line 
between the opposed halves. The halves may then be 
folded onto one another to de?ne the gas ?ow channels 
and in certain embodiments the low frequency resonat 
ing chambers. This embodiment enables the internal 
components of the muf?er to be formed from a single 
sheet of metal. 
The muffler of the subject invention may further 

comprise a pair of stamp formed external shells which 
are dimensioned to be placed in register with one an 
other and to surround and enclose the stamp formed 
internal plates. The stamp formed external shells are 
appropriately con?gured to de?ne one or more inlets 
and one or more outlets which correspond in number 
and location to the inlets and outlets de?ned by the 
internal plates. Thus, the inlets and outlets of the exter 
nal shell will surround and engage the inlets and outlets 
de?ned by the stamp formed internal plates. 
The stamp formed external shell may further de?ne at 

least one high frequency tuning chamber for contribut 
ing to the attenuation of the noise produced by the 
exhaust gases. More particularly, the tuning chamber 

_ de?ned by the stamp formed exteral shell is disposed to 
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be in line with the perforated or louvered portions of 
the inlet tube, outlet tube or return tube de?ned by the 
stamp formed internal plates. The tuning chamber pref 
erably is dimensioned to re?ect the ranges of frequency 
of noise which will be attenuated by the muffler. In 
certain embodiments, the stamp formed external shell 
will be con?gured to form a plurality of tuning cham 
bers of different dimensions, such that exhaust gas 
noises over a range of frequencies may be attenuated. 
The outer shells may also be stamp formed from a single 
sheet of metal with a hinge line enabling opposed halves 
to be folded into registration with one another. 
The stamp formed external shell may further be di 

mensioned to at least partly de?ne one or more low 
frequency resonating chambers for the muffler. In these 
instances, the stamp formed internal plate will be con 
?gured to define a tuning tube leading into a low fre 
quency resonating chamber de?ned by the stamp 
formed external shell. In certain embodiments a contin 
uous nonperforated tube formed by the internal stamp 
formed plates may extend entirely through a low fre 
quency resonating chamber defined by the stamp 
formed external shell. In these embodiments, the tube 
extending through the low frequency resonating cham 
ber will communicate either with the inlet or outlet of 
the muffler or with a selected tuning chamber in the 
muffler. 
The stamp formed external shells preferably are pro 

vided with peripheral ?anges which are dimensioned to 
mate with one another and to substantially surround 
the internal stamp formed plates. The peripheral ?anges 
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may be appropriately connected to one another by 
welding or by a mechanical interconnection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of the muf?er 
of the subject invention. 
FIG. 2 is a top plan view of the muffler shown in 

FIG. 1. 
FIG. 3 is a top plan view of two assembled plates for 

incorporation into the muf?er shown in FIG. 2. 
FIG. 4 is a cross-sectional view taken along line 4-4 

in FIG. 2. > 

FIG. 3 is an exploded perspective view of an alter 
nate embodiment of the muffler of the subject invention. 
FIG. 6 is an exploded perspective view of a third 

embodiment of the muffler of the subject invention. 
FIG. 7 is a crosspsectional view of the assembled 

muffler shown in FIG. 6. 
FIG. 8 is a perspective view of a plate for use in a 

muffler similar to the muf?er of FIG. 5. 
FIG. 9 is an exploded perspective view of two inter 

nal plates for use with the muffler of the subject inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The muffler of the subject invention is indicated gen 
erally by the numeral 10 in FIGS. 1-3. As shown most 
clearly in FIG. 1, the muffler 10 comprises a pair of 
stamp formed internal plates 12 and 14 and a pair of 
stamp formed external plates 16 and 18. The internal 
plates 12 and 14 are dimensioned and formed to be 
placed substantially in register with one another and to 
de?ne an array of tubes for the exhaust gases traveling 
through muf?er 10, as explained in detail below. The 
external shells 16 and 18 are dimensioned and stamp 
formed to be placed in register with one another and to 
substantially surround the internal plates 12 and 14 and 
to define high frequency tuning chambers and low fre 
quency resonating chambers as explained below. The 
volumes of the tuning and resonating chambers will be 
determined by the acoustical characteristics of the en 
gine exhaust gases. However, the speci?c con?guration 
of the external shells 16 and 18 will be determined by 
the con?guration of the space envelope on the vehicle. 
The internal plate 12 is stamp formed to de?ne an 

inlet channel 24, a return channel 26 in communication 
with the inlet channel 24 and outlet channels 28 and 30 
each of which is in communication with the return 
channel 26. The inlet channel 24 terminates at an inlet 
end 32 which, on the assembled muffler 10, will be 
placed in communication with the exhaust pipe of the 
vehicle. The inlet channel 24 further comprises an array 
of apertures 34 which will enable communication to a 
high frequency tuning chamber, as explained further 
below. 
The inlet channel 24 and the return channel 26 join at 

an angle to enable a substantial reversal of the exhaust 
gases ?owing through the muffler 10. A tuning channel 
36 communicates with both the inlet channel 24 and the 
return channel 26 substantially at their intersection. The 
tuning channel 36 terminates at an aperture 36A in the 
inner plate 12. The length “a” and width “b” of the 
tuning channel 36 will be a function of the noise charac 
teristics of the engine with which the muffler 10 is em 
ployed. As explained further below, the tuning channel 
36 through aperture 36A will be in communication with 
a low frequency resonating chamber of the muffler 10. 
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6 
The return channel 26 is provided with an array of 

perforations 38 which enable communication to an ex 
pansion chamber as explained below. The return chan 
nel 26 joins with outlet channels 28 and 30. The sides of 
the outlet channels 28 and 30 opposite the return chan 
nel 26 may be appropriately dimensioned and config 
ured to split the exhaust gases between the two outlet 
channels 28 and 30. The outlet channel 28 extends from 
return channel 26 to outlet end 40 which will be placed 
in communication with a tail pipe of the vehicle on 
which muffler 10 is mounted. Similarly, the outlet chan 
nel 30 extends from the return channel 26 to outlet end 
42 which also will be placed in communication with a 
second tail pipe on the vehicle. Outlet channels 28 and 
30 are provided with arrays of perforations 4-4 and 46 
respectively which enable communication between the 
exhaust gases and an expansion chamber as explained 
below. 
The inlet end 32 has a width greater than the width of 

the outlet ends 40 and 42. Furthermore, the return chan 
nel 26 has a width greater than the width of outlet ends 
40 and 42. This decrease in width between inlet end 32 
and outlet ends 40 and 42 may be gradual or stepped at 
selected locations. The changes in width re?ect the fact 
that the exhaust gases cool and contract as the pass 
through the muffler 10. Additionally, the decreases in 
width assure a proper division of exhaust gases from the 
return channel 26 to the outlet channels 28 and 30. 
The internal plate 12 is stamp formed to de?ne chan 

nels 48 and 50 each of which extends from the plane of 
the internal plate 12 in the same direction as the inlet 
channel 24. The channels 48 and 50 each intersect the 
inlet channel 24 in two locations disposed respectively 
on opposite sides of the inlet channel 24 and at opposite 
ends of the array of perforations 34. The channels 48 
and 50 will partly define a high frequency tuning cham 
ber which will surround the array of perforations 34 in 
the inlet tube de?ned in part by the inlet channel 24. 
The internal plate 14 is depicted as a virtual mirror 

image of the internal plate 12, however variations are 
possible as explained herein. More particularly, the 
internal plate 14 comprises an inlet channel 24, a return 
channel 27 and outlet channels 29 and 31. The inlet 
channel 25 includes an inlet end 33 which will be placed 
in communication with the exhaust pipe on the vehicle 
on which muffler 10 is mounted. The inlet channel 25 
further includes an array of perforations 35 which will 
be substantially 'irrregister with the perforations 34 on 
internal plate 12. A tuning channel 37 communicates 
with the inlet channel 25 and the return channel 27 at 
their juncture. The opposed end of the tuning channel 
37 terminates at aperture 37A. The tuning channel 37 
and the aperture 37A will be in register with the tuning 
channel 36 and aperture 36A on internal plate 12 to 
define a tuning tube on the assembled muffler 10. The 
diameter and length of the tuning tube formed by the 
tuning channels 36 and 37 is selected in accordance with 
the frequency of the sound to be attenuated. 
The return channel 27 includes perforations 39 which 

will communicate with an expansion chamber as ex~ 
plained below. The outlet channels 29 and 31 terminate 
at outlet ends 41 and 43 respectively. Additionally, the 
outlet channels 29 and 31 are provided with arrays of 
perforations 45 and 47 which will communicate with an 
expansion chamber on muffler 10. 

Internal plate 14 further includes channels 49 and 51 
which extend into the plane of internal plate 14 in the 
same direction as the inlet channel 25. The channels 49 
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and 51 are dimensioned to lie substantially in register 
with the channels 48 and 50 of internal plate 12. Thus, 
the channels 49 and 51 each intersect inlet channel 25 in 
two locations disposed respectively at opposite ends of 
the array of perforations 35. 
The external shell 16 includes a peripheral ?ange 52 

which is depicted as lying generally in a single plane 
and de?nes an external dimension equal to or greater 
than the external dimension of internal plates 12 and 14. 
The peripheral ?ange 52 is arcuately formed at loca 
tions 54, 56 and 58 to closely engage the inlet channel 24 
and the outlet channels 28 and 30 respectively of the 
internal plate 12. It will be appreciated that in other 
embodiments, the peripheral ?ange may be non-planar. 
The external shell 16 is stamp formed to define an 

expansion chamber shell 60 and a low frequency reso 
nating chamber shell 62 which are separated from one 
another by a crease 64. More particularly, the expansion 
chamber shell 60 is de?ned by the crease 64 on one side 
and by the peripheral ?ange 52 on its remaining sides. 
Similarly, the low frequency resonating chamber shell 
62 is de?ned by the crease 64 on one side and by the 
peripheral ?ange 52 on its remaining sides. The low 
frequency resonating chamber shell 62 is disposed to be 
in communication with the end of the tuning channel 36 
and the aperture 36A adjacent thereto. The exact di 
mension of the low frequency resonating chamber shell 
62 are selected in accordance with the frequency of the 
particular sound to be attenuated and by the dimensions 
of the tuning tube formed from tuning channels 36 and 
37 in the internal plates 12 and 14. The low frequency 
resonating chamber shell 62 is further characterized by 
reinforcing ribs 66 which contribute to the strength of 
the muf?er 10 and which are dimensioned to prevent 
noise generating vibrations. 
The expansion chamber shell 60 is dimensioned to 

substantially enclose the arrays of apertures 38, 44 and 
46 in the return channel 26 and the outlet channels 28 
and 30 respectively. The expansion chamber shell 60 
similarly is provided with reinforcing ribs 68. 
The external shell 16 is provided with an inwardly 

directed continuous channel 70 within the area of the 
expansion chamber shell 60. The channel 70 is dimen 
sioned to be substantially in register with the channels 
48 and 50 of the internal plate 12. Furthermore, the 
channel 70 will be of a depth sufficient to enable secure 
mechanical interconnection with channels 48 and 50 of 
internal plate 12, thereby de?ning an enclosed high 
frequency tuning chamber surrounding perforations 34 
but disposed within the expansion chamber shell 60. 
The external shell 18 is not necessarily a mirror image 

of the external shell 16. Rather, the respective shapes of 
the external shells 16 and 18 will re?ect the size and 
shape of the space envelope on the vehicle. More partic 
ularly, the external shell 18 includes a peripheral ?ange 
53 extending entirely thereabout. The peripheral ?ange 
is provided with arcuately formed portions 55, 57 and 
59 which are dimensioned to securely engage the re 
spective inlet channel 25 and outlet channels 29 and 31. 
The external shell 18 is further characterized by an 
expansion chamber shell 61 and a low frequency reso 
nating chamber shell 63 which are separated from one 
another by a crease 65. More particularly, the expansion 
chamber shell 61 and the low frequency resonating 
chamber shell 63 are dimensioned to be in register with 
the expansion chamber shell 60 and the low frequency 
resonating chamber shell 62 on the external plate 16. 
The external shell 18 is further provided with reinforc 
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8 
ing ribs 67 and 69 which are dimensioned to prevent 
noise generating vibrations as explained above. The 
external shell 18 if further provided with a continuous 
inwardly directed channel 71 which is dimensioned to 
engage the channel 49 and 51 of internal plate 14 to 
define a high frequency tuning chamber, as explained 
above. 
The muffler 10 is assembled by first joining the inter 

nal plates 12 and 14 at selected locations to achieve a 
secure connection and to prevent vibrations therebe 
tween. The external shells 16 and 18 then are securely 
joined around the structure formed by internal plates 12 
and 14. The resulting muf?er 10, as shown in FIGS. 2-4 
includes an inlet formed by the ends 32 and 33 of inlet 
channels 24 and 25 and a pair of outlets formed by ends 
40-43 of the outlet channels 28-31 respectively. The 
inlet and the outlets are connectable to the exhaust pipe 
and tail pipes of a vehicle. The arrays of perforations 34 
and 35 in the inlet channels 24 and 25 are surrounded by 
the high frequency tuning chambers 74 and 75 formed 
by the channels 48-51 in internal plates 12 and 14 and 
the channels 70 and 71 in the external shells 16 and 18. 
The high frequency tuning chambers 74 and 75 may be 
packed with insulation 76. The perforation arrays 38, 
39 and 44-47 are enclosed within the expansion cham 
ber shells 60 and 61. The muf?er 10 further includes 
low frequency resonating chambers formed by the 
resonating chamber shells 62 and 63. The tuning tube 
formed by the tuning channels 36 and 37 provides 
communication into the low frequency resonating 
chambers formed by the shells 62 and 63 through 
apertures 36A and 37A. The volumes of the low 
frequency resonating chambers, as well as the dimen 
sions of the tuning tube formed by channels 36 and 37 
will be selected in accordance with the acoustical 
characteristics of the sounds to be attenuated. 
An alternate embodiment of the subject muf?er is 

indicated generally by the numeral 100 in FIG. 5. The 
muf?er 100 is formed by a pair of stamp formed internal 
plates 102 and 104 and a pair of stamp formed outer 
shells 106 and 108. The internal plates 102 and 104 in 
clude a pair of registrable inlet channels 110 and 111, a 
?rst pair of registrable outlet channels 112 and 113 and 
a second pair of registrable outlet channels 114 and 115. 
Preferably, the outlet channels 112-115 are of smaller 
dimension than the inlet channels 110 and 111 to insure 
a proper directional ?ow of exhaust gases to both regis 
trable pairs of outlet channels and to account for the 
cooling and contraction of exhaust gases passing 
through the muffler 100. The inlet channels 110 and 111 
are provided with arrays of perforations 116 and 117. 
Similarly, the outlet channels 112-115 are provided 
with arrays of perforations 118-121. The area encom 
passed by the perforations 116-121 is selected to 
achieve the desired cross bleeding and sound attenua 
tion effects. 
The internal plates 102 and 104 are further provided 

with a registrable pair of low frequency resonating 
chamber shells 122 and 123. The low frequency resonat 
ing chamber shells 122 and 123 are in communication 
with the outlet channels 112-115 by means of registra 
ble tuning channels 124 and 125. Similarly, a second and 
larger resonating chamber shell 126 is formed in internal 
plate 102 for registration with the low frequency reso 
nating chamber shell 127 in the internal plate 104. Tun 
ing channel 128 provides communication between the 
inlet channel 110 and the low frequency resonating 
chamber shell 126. Similarly, tuning channel 129 is in 
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registration with tuning channel 128 and provides com 
munication between the lower frequency resonating 
chamber shell 127 and the inlet channel 117. The vol 
umes de?ned by the low frequency resonating chamber 
shells 122 and 123 and the low frequency resonating 
chamber shells 126 and 127 and the dimensions of tun 
ing chambers 124, 125 and 128, 129 are selected to prop 
erly attenuate selected frequencies. 
The outer shells 106 and 108 are stamp formed to 

defne a single enclosure that will surround the entire 
internal plates 102 and 104. Reinforcing ribs 130 and 131 
are provided to prevent noise generating vibrations. 
The muffler 100 is assembled by ?rst joining the inter 

nal plates 102 and 104 to one another securely, and then 
joining the external shells 106 and 108 thereabout, as 
had been explained with respect to the embodiment of 
FIGS. 1-4. 
A third embodiment of the stamp formed muffler of 

the subject invention is indicated generally by the nu 
meral M in FIGS. 6 and 7. The mu?ler 200 includes 
stamp formed internal plates 202 and 204 and stamp 
formed external plates 206 and 208. The internal plates 
202 and 204 are stamp formed to de?ne inlet channels 
210 and 211 which terminate at apertures 212 and 213 
therein. The inlet channels 210 and 211 are provided 
with arrays of perforations 214 and 215 respectively. 
The internal plates 202 and 204 further include outlet 

channels 216 and 217 which are provided respectively 
with arrays of perforations 218 and 219. Channels 210 
and 222 are stamp formed in the internal plate 202 to 
intersect the outlet channel 216 in two locations on 
opposite ends of the array of perforations 218. Similarly, 
the internal plate 204 is provided with channels 221 and 
223 which intersect with the outlet channel 217 at two 
locations disposed on opposite ends of the array of 
perforations 219. As had been explained with the em 
bodiment shown in FIGS. 1-4, the channels 220-223 
will contribute to the de?nition of a high frequency 
tuning chamber surrounding the perforated portion of 
outlet channels 216 and 217. 
The internal plate 202 is further stamp formed to 

define a return channel 224 having an array of perfora 
tions 226 therein. The return channel 224 is in communi 
cation with the outlet channel 216. The opposite end of 
the return channel 224 is in communication with a tun 
ing channel 228 stamp formed in the internal plate 202. 
The tuning channel 228 terminates at an aperture 230. 
The tuning channel 228 is illustrated as being of smaller 
dimension than the return channel 224. The actual 
width and length of the tuning channel 228 and the 
dimension of the aperture 230 will be selected in accor 
dance with the noise characteristics of the vehicle upon 
which the muffler 200 is mounted. In a similar manner, 
the internal plate 204 is provided with a return channel 
225 having perforations 227 formed therein. The return 
channel 225 communicates with the outlet charmel 217 
and with tuning channel 229. The tuning channel 229 
terminates at the aperture 231. The internal plates 202 
and 204 are stamp formed to be mirror images of one 
another as explained with the previous embodiments. 
The external shells 206 and 208 are stamp formed to 

de?ne generally planar peripheral ?anges 232 and 231 
respectively. The peripheral ?ange 232 is characterized 
by arcuately formed portions 234 and 236 dimensioned 
to engage the inlet and outlet channels 210 and 216 
respectively. Similarly, the peripheral ?ange 233 on 
external shell 208 is provided with arcuately formed 
portions 235 and 237 which are dimensioned to securely 
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engage inlet and outlet channels 211 and 217 on the 
internal plate 204. The external shell 206 is stamp 
formed to de?ne an expansion chamber shell 240 and a 
low frequency resonating chamber shell 242 which are 
separated from one another by a crease 244 therein. 
Similarly, the external shell 208 is stamp formed to 
include an expansion chamber shell 241 and a low fre 
quency resonating chamber shell 243 which are sepa 
rated from one another by a crease 245. The low fre 
quency resonating chamber shells 242 and 243 are di 
mensioned to provide communication with the aper 
tures 212, 213, 230 and 231 in the internal plates 202 and 
204. 
The external shell 206 is stamp formed to de?ne a 

continuous inwardly directed channel 250 dimensioned 
to engage the channels 220 and 222 on internal plate 202 
and thereby de?ning a high frequency tuning chamber 
around the array of perforations 218. Similarly, the 
external shell 208 is provided with a continuous in 
wardly directed channel 251 dimensioned to engage 
with the channels 221 and 223 to de?ne a high fre 
quency tuning chamber around the array of perfora 
tions 219. 
The muffler 200 shown in FIGS. 6 and 7 is assembled 

by joining the internal plates 202 and 204 together at 
selected locations, and then joining the external shells 
206 and 208 around the structure formed from the inter 
nal plates 202 and 204. An insulating material 260 may 
be disposed in at least one half of the expansion cham 
ber, as shown. The resulting muffler 200 will have sev 
eral unusual characteristics. First, the primary flow of 
exhaust gases entering the expansion chamber will be 
through the arrays of perforations 214 and 215 in the 
inlet channels 210 and 211. These exhaust gases will 
circulate through the expansion chamber de?ned by 
expansion chamber shells 240 and 241 and then into the 
apertures 226 and 227 of the return tube formed by 
channels 225 and 225. The gases will continue to flow 
through the outlet formed by channels 216 and 217. In 
traveling to the outlet, the exhaust gases will travel 
through the high frequency tuning chambers de?ned by 
channels 250, 251 and 220-223. 
The portion of the inlet between perforation arrays 

214, 215 and the apertures 212, 213 will function as a 
tuning tube. Similarly, the stamp formed channels 228 
and 229 leading to the apertures 230 and 231 will func 
tion as a tuning tube. Thus, the stamp formed con?gura 
tion of muffler 200 enables the unusual but effective 
construction of two tuning tubes leading into a single 
low frequency resonating chamber. Because of this 
unusual structure, there is also provided a minor gas 
flow between the inlet formed by channels 210, 211 and 
the tuning tube formed by channels 228 and 229. 

In certain situations, it may be possible to provide a 
stamp formed muffler with fewer than the four compo 
nents described in the previous embodiments. Speci? 
cally, FIG. 8 shows a stamp formed plate 302 that can 
be used in place of the internal plate 102 on the muffler 
100 shown in FIG. 5. The stamp formed plate 302 can 
be employed with the internal plate 104 and the external 
shell 108 shown in FIG. 5, and obviates the need to 
employ a second external shell 106. More particularly, 
the plate 302 is stamp formed to de?ne an inlet channel 
310 and a pair of outlet channels 312 and 314. However, 
unlike the inlet and outlet channels of the internal plate 
102 described above, neither the inlet channel 310 nor 
the outlet channels 312 and 314 are provided with per 
forations. Thus, the stamp formed plate 302 will func 
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tion as an external plate on the muffler in which it is 
incorporated. In this embodiment, a single expansion 
chamber will be disposed between the internal plate 104 
and the external shell 108 depicted in FIG. 5. 
The stamp formed plate 302 is further provided with 

a low frequency resonating chamber shell 322 which 
communicates with the inlet channel 310 through the 
tuning channel 324. Similarly, a second and differently 
dimensioned low frequency resonating chamber shell 
326 is provided and communicates with the inlet chan 
nel 310 through the tuning channel 328. As with the 
previously described embodiments, the dimensions of 
the tuning channels 324 and 328 and the low frequency 
resonating chamber shells 322 and 326 are selected in 
accordance with the frequencies of the sounds to be 
attenuated. 

It should be noted that the stamp formed channels 
310-314, 324 and 328 and the stamp formed low fre 
quency resonating chamber shells 322 and 326 are de 
picted to be in register with the corresponding stamp 
formed members of the internal plate 104 shown in 
FIG. 5. Additionally, the stamp formed portions of 
internal plate 104 and plate 302 are depicted as being 
generally mirror images of one another. However, this 
mirror image con?guration is not at all essential, and, as 
explained previously, the shape of the various stamp 
formed members would be largely determined by the 
con?guration of the space envelope available on the 
vehicle. It should also be noted that although the tubes 
de?ned by the stamp forming are depicted as being 
generally circular, any geometric cross-sectional con 
?guration is possible. Thus, the internal plate 104 could 
be secured between the external shell 108 and a single 
flat plate with no perforations. In this embodiment, the 
single flat plate could be disposed on the lower side of 
the vehicle to provide an aerodynamically efficient 
pro?le. The external shell 108 would thus be provided 
on the upper side and could be con?gured to conform 
to the available space envelope on the vehicle. 
FIG. 9 shows a pair of internal plates 330 and 331 

which may be used with any of a variety of external 
shells as explained further below. More particularly, the 
internal plate 330 is stamp formed to include an inlet 
channel 332, a return channel 334 in communication 
with the inlet channel 332 and an outlet channel 336 in 
communication with the return channel 334. A tuning 
channel 338 is stamp formed to communicate with the 
return channel 334 and the outlet channel 336 approxi 
mately at their juncture. A tuning aperture 340 is stamp 
formed at the end of the tuning channel 338 to enable 
communication with a low frequency resonating cham’ 
ber as explained further below. As noted above, the 
length and cross-sectional area of the tuning channel 
338 is selected in accordance with the frequencies of the 
low frequency sounds to be attenuated thereby. The 
inlet channel 332 is provided with an array of perfora 
tions therein. Similarly, the return channel 334 is pro 
vided with an array of perforations 344 therein. 
The internal plate 331 is dimensioned and stamp 

formed to mate with the internal plate 330. More partic 
ularly, the internal plate 331 is provided with an inlet 
channel 333, a return channel 335 and an outlet channel 
337 which are consecutively in communication with 
one another and are disposed to be in register with the 
corresponding channels in the internal plate 330. The 
inlet channel 333 is not provided with perforations 
therein. However, the return channel 335 is provided 
with an array of perforations 345. Similarly, the outlet 
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channel 337 is provided with an array of perforations 
347. It should be noted that the internal plate 331 has no 
tuning channel comparable to the tuning channel 338 on 
internal plate 330. 
The internal plates 330 and 331 would be employed 

with noticeably dissimilar external shells. More particu 
larly, the external shell secured to the internal plate 330 
would be provided with a crease to de?ne a low fre 
quency resonating chamber and an expansion chamber. 
The crease would be disposed such that the low fre 
quency resonating chamber communicated with the 
tuning channel 338, while the expansion chamber com 
municated with the perforations 342 and 344. The 
crease de?ning these respective chambers would not 
necessarily have to be laterally extending as shown in 
the embodiments of FIGS. 1 and 6. Similarly, the exter 
nal shell would not necessarily have to have its periph 
ery in register with the periphery of the internal plate 
330. The external shell secured to the internal plate 331 
would merely need to de?ne a single expansion cham 
ber in communication with the perforations 345 and 
347. Again, the periphery of the external shell secured 
to internal plate 331 would not have to be in register 
with the periphery of the internal plate 331. 
The exhaust gas flow enabled by the internal plates 

330 and 331 would be efficient and particularly unique. 
Speci?cally, exhaust gases could follow a ?rst path 
along the circuitous, generally “S” shaped path de?ned 
by the inlet channels 332, 333, the return channels 334, 
335 and the outlet channels 336, 337. Additionally, the 
exhaust gases could follow a second path by flowing 
through the perforations 342 into an appropriately di 
mensioned and con?gured expansion chamber and back 
through the perforations 344 to enter the return tube 
formed by the return channels 334 and 335. Similarly, 
the exhaust gases could then ?ow through the perfora 
tions 345 into an appropriately dimensioned and con?g 
ured expansion chamber and back through the perfora 
tions 347 into the outlet tube formed by outlet channels 
336 and 337. Thus, the exhaust gases would be follow 
ing two “8" shaped paths disposed at approximately 90° 
to one another. Additionally, the muffler into which the 
internal plates 330 and 331 are disposed would provide 
for the tuning of selected low frequency sounds and 
could readily be con?gured to conform to any of a 
variety of different available space envelopes on a vehi 
cle. 

In summary, a stamp formed muffler is provided with 
a pair of stamp formed internal plates and a pair of 
stamp formed external plates. The stamp forming of the 
internal plates is selected to de?ne at least one inlet and 
at least one outlet, portions of which are perforated. 
Additionally, the stamp forming of the internal plates 
may de?ne at least one tuning tube. The internal plates 
and/or the external shells may be stamp formed to de 
fine a low frequency resonating chamber in communi 
cation with a tuning tube formed by the internal plates. 
The internal plates and the external shells may further 
be stamp formed to define one or more high frequency 
tuning chambers which may be disposed within a larger 
expansion chamber. 
While the invention has been described with respect 

to certain preferred embodiments, it is apparent that 
various changes can be made without departing from 
the scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 



Re. 33,370 
13 

l. A muffler for mounting to at least one exhaust pipe 
and at least one tail pipe of a vehicle, said muffler com 
prising a pair of plates securely connected to each other 
in generally face to face abutting relationship, each of 
said plates being stamp formed to define an array of 
channels therebetween, said channels being con?gured 
to de?ne at least one inlet tube and at least one outlet 
tube in communication with one another and connect 
able to the exhaust pipe and tail pipe respectively, said 
inlet and outlet tubes each including at least one array of 
perforations extending .therethrough, said arrays of 
channels further de?ning at least one tuning tube of a 
selected length in communication with at least one of 
said inlet and outlet tubes, the length of the tuning tube 
extending along the abutting suifaces of the internal plates, 
said muffler further comprising at least one stamp 
formed external shell securely mounted to said plates, 
said external shell being stamp formed to define: inlet 
and outlet openings surrounding and mounted to se 
lected portions of said inlet and outlet tubes respec 
tively, at least one chamber enclosing the arrays of 
perforations in said plates, and at least one stamp 
formed low frequency resonating chamber in communi 
cation with the tuning tube formed by the plates. 

2. A muffler as in claim 1 wherein at least one of said 
inlet and outlet tubes stamp formed in said plates ex 
tends through said low frequency resonating chamber 
to at least one of said inlet and outlet openings de?ned 
by said external shells. 

3. A muf?er as in claim 1 wherein said external shells 
are stamp formed to de?ne a plurality of chambers 
substantially surrounding the arrays of perforations in 
said plates, each of said chambers de?ning a volume 
different from the volume of each other of said cham 
bers, whereby a larger one of said chambers defines an 
expansion chamber and whereby a smaller one of said 
chambers defines a high frequency tuning chamber. 

4. A muffler as in claim 1 wherein said outlet tube is 
of smaller cross-sectional dimension than said inlet tube. 

5. A muffler as in claim 1 wherein said plate is stamp 
formed to further de?ne at least one return tube extend 
ing between said inlet and outlet tubes. 

6. A muf?er as in claim 5 wherein the return tube is of 
larger crosspsectional dimension than the outlet tube. 

7. A muf?er as in claim 5 comprising two outlet tubes 
in communication with said return tube, each of said 
outlet tubes being disposed at an angle of approximately 
90° to said return tube. 

8. A muffler as in claim 1 comprising two outlet tubes 
in communication with said inlet tube. 

9. A muffler as in claim 1 comprising a pair of stamp 
formed external shells and wherein said at least one 
chamber comprises an expansion chamber and a high 
frequency tuning chamber disposed within the expan 
sion chamber, said high frequency tuning chamber 
being de?ned by inwardly directed stamp formed chan 
nels in said external shells and outwardly directed stamp 
formed channels in said plates, said inwardly directed 
and outwardly directed channels being stamp formed to 
be in contact with one another and to substantially sur 
round a selected array of perforations in said plates. 

10. An exhaust muffler comprising: 
a pair of stamp formed internal plates secured in face 

to face abutting relationship and de?ning an inlet 
tube having at least one array of perforations 
therein, an outlet tube having at least one array of 
perforations therein, a pair of generally registered 
apertures extending through said internal plates, 
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and a tuning tube having a selected length extending 
from said outlet tube to said apertures, the length of 
the tuning tube extending along the abutting surfaces 
of the internal plates; and 

a pair of stamp formed external shells secured to and 
substantially surrounding said internal plates, said 
external shells being stamp formed to de?ne a low 
frequency resonating chamber surrounding and in 
communication with said apertures in said internal 
plates and to de?ne an expansion chamber sur 
rounding the arrays of perforations in said inlet and 
outlet tubes. 

11. A muffler as in claim 10 wherein said inlet tube 
extends into and communicates with said low frequency 
resonating chamber. 

12. A muf?er as in claim 10 wherein said outlet tube 
comprises a plurality of arrays of apertures, and 
wherein said external shells each include an inwardly 
extending channel surrounding one said array of perfo 
rations in said outlet tube, said channels being secured 
to said internal plates to de?ne a high frequency tuning 
chamber. ' p 

13. A muffler as in claim 12 wherein said internal 
plates each include outwardly extending channels se 
cured to the respective inwardly extending channels in 
said outer plates and de?ning‘portions of the high fre 
quency tuning chamber. 

14. A muffler comprising a pair of internal plates 
disposed in face to face abutting relationship, said inter 
nal plates being stamp formed to define at least one inlet 
tube, at least one outlet tube in communication with said 
inlet tube, a plurality of tuning tubes having selected 
lengths in communication with at least one of said inlet 
and outlet tubes and a corresponding plurality of sub 
stantially enclosed low frequency resonating chambers 
in communication respectively with each said tuning 
tube, the length of each said tuning tube extending along 
the abutting surfaces of the internal plates, said inlet and 
outlet tubes each comprising an array of perforations 
therein, said muffler further comprising a pair of exter 
nal shells substantially surrounding said internal plates 
and secured thereto, said external shells being stamp 
formed to de?ne at least one expansion chamber in 
communication with said perforations in said inlet and 
outlet tubes. 

15. A muffler as in claim 14 wherein said external 
shells are stamp formed to de?ne a plurality of reinforc 
ing ribs therein. 

16. A muffler for mounting to at least one exhaust 
pipe and at least one tail pipe of a vehicle, said muffler 
comprising: 

a pair of internal plates securely connected to one 
another in generally face to face relationship, said 
internal plates being stamp formed to de?ne first 
and second pairs of generally aligned apertures 
extending therethrough, the stamp formed internal 
plates further defining an inlet tube connectable to 
the exhaust pipe of the vehicle and extending to the 
?rst pair of apertures, said inlet tube further com 
prising at least one array of perforations therein, 
the stamp formed internal plates further compris 
ing an outlet tube connectable to the tail pipe of the 
vehicle and having at least one array of perfora 
tions therein, and a timing tube extending from the 
outlet tube to the second pair of apertures; and 

a pair of external shells secured to said internal plates, 
said external shells being stamp formed to de?ne a 
low frequency resonating chamber surrounding 
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said apertures in said internal plates and a high 
frequency tuning chamber surrounding the perfo 
ration arrays in said inlet and outlet tubes. 

17. A muf?er as in claim 16 wherein said outlet tube 
comprises a plurality of perforation arrays therein and 
wherein said external shells are stamp formed to de?ne 
a plurality of high frequency tuning chambers, each said 
high frequency tuning chamber surrounding at least one 
array of perforations. 

1B. A muf?er as in claim 17 wherein at least one 
external shell includes an inwardly extending channel 
secured to one said internal plate and surrounding an 
array of perforations in said outlet tube to de?ne a high 
frequency tuning chamber. 

19. A muffler as in claim 18 wherein at least one 
internal plate comprises at least one outwardly extend 
ing channel secured to the inwardly extending channel 
of said external shell and de?ning a portion of the high 
frequency tuning chamber. 

20. A stamp formed muf?er comprising: 
?rst and second internal plates secured in generally 

face to face relationship and stamp formed to de 
?ne an array of tubes therebetween, said array of 
tubes comprising an inlet tube, a return tube in 
communication with said inlet tube and an outlet 
tube in communication with said return tube, said 
?rst internal plate being characterized by arrays of 
perforations in the portions thereof defining the 
inlet and return tubes, said second internal plate 
including arrays of perforations extending through 
portions thereof de?ning the return and outlet 
tubes; and 

?rst and second stamp formed external shells secured 
respectively to said ?rst and second stamp formed 
internal plates, said ?rst external shell defning an 
expansion chamber enclosing and in communica 
tion with the perforations in the ?rst internal plate, 
the second external shell being stamp formed to 
de?ne an expansion chamber in communication 
with the perforations in said second internal plate. 

21. A mu?‘ler as in claim 20 wherein said internal 
plates are stamp formed to de?ne a tuning tube in com 
munication with said array of tubes. 

22. A muffler as in claim 21 wherein at least one of 
said external shells is stamp formed to de?ne a low 
frequency resonating chamber in communication with 
said tuning tube. 

23. A mu?ler for mounting to at least one exhaust pipe 
and at least one tailpipe of a vehicle, said muffler compris 
ing a pair of plates securely connected to each other in 
generally face to face abutting relationship. each of said 
plates being stamp formed to de?ne an array of channels 
therebetween, said channels being con?gured to de?ne at 
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least one inlet tube and at least one outlet tube in commu 
nication with one another and connectoble to the exhaust 
pipe and tailpipe respectively, said tubes including commu 
nication means for enabling communication of exhaust gas 
there?'om, said arrays of channels further de?ning at least 
one tuning tube of a selected length in communication with 
at least one of said inlet and outlet tubes, the length of the 
tuning tube extending along the abutting surfaces of the 
internal plates, said mu?ler further comprising at least one 
stamp formed external shell securely mounted to said 
plates, said external shell being stamp formed to de?ne: 
inlet and outlet openings surrounding and mounted to 
selected portions of said inlet and outlet tubes respectively, 
at least one chamber enclosing the communication means 
in said plates, and at least one stamp jbrmed low frequency 
resonating chamber in communication with the tuning 
tube formed by the plates. 

24. An exhaust muffler comprising: 
a pair of stamp formed internal plates secured in face to 
face abutting relationship and de?ning an inlet tube 
and an outlet tube having communication means 
therein for enabling communication of exhaust gas 
therefrom, a pair of generally registered apertures 
extending through said internal plates, and a tuning 
tube having a selected length extending from said 
outlet tube to said apertures, the length of the tuning 
tube extending along the abutting surfaces of the 
internal plates: and 

a pair of stamp formed external shells secured to and 
substantially surrounding said internal plates, said 
external shells being stamp jbrmed to de?ne a low 
frequency resonating chamber surrounding and in 
communication with said apertures in said internal 
plates and to de?ne an expansion chamber surround 
ing the communication means in said tubes. 

25. A muffler comprising a pair of internal plates dis 
posed in face to face abutting relationship, said internal 
plates being stampfbrmed to de?ne at least one inlet tube, 
at least one outlet tube in communication with said inlet 
tube, a plurality of tuning tubes having selected lengths in 
communication with at least one of said inlet and outlet 
tubes and a corresponding plurality of substantially en 
closed low frequency resonating chambers in communica 
tion respectively with each said tuning tube, the length of 
each said tuning tube extending along the abutting sur 
faces of the internal plates, said tubes comprising commu 
nication means for enabling communication of exhaust gas 
therefrom, said mu?'ler?trther comprising a pair of exter 
nal shells substantially surrounding said internal plates 
and secured thereto, said external shells being stamp 
formed to de?ne at least one expansion chamber in com 
munication with said communication means. 
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