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[5 7] ABSTRACT 

A muffler wherein a sound-attenuating member is slidably in 
serted within an outer shell, with the sound-attenuating 
member being formed from a sheet including a plurality of 
spaced parallel ribbons having alternating, longitudinally 
spaced crests and troughs, with the ribbons being intercon 
nected by webs that are twisted throughout their length. The 
ribbons are positioned within the shell in a manner so as to 
present a substantial impediment to the ?ow of exhaust gases 
therethrough to thereby dampen the sound waves emanating 
from the exhaust system of an engine. Alternatively, the rib 
bons are arranged to produce less impediment of ?ow to the 
gases and greater sound-attenuating effect. The outer shell of 
the muf?er may be a unitary tubular member that can be 
directly connected to the engine exhaust manifold. 

The muf?er is disclosed in various con?gurations which may 
be used as a replacement unit for mu?lers in present-day au 
tomobiles or, alternatively, to replace the entire muffler 
system. The disclosure also contemplates a simple and inex 
pensive method of forming the muffler from a plurality of 
tubes and one or more sections of sound-attenuating members 
by merely arranging and deforming the tubes to produce a plu 
rality of chambers which are interconnected by passage 
means. 

36 Claims, 25 Drawing Figures 
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MUFFLER CONSTRUCTION 

BACKGROUND OF THE INVENTION 
Vehicle mufflers that are in common use today are bulky 

items which ‘extend a substantial distance below the vehicle 
chassis, and oftentimes, the muffler is damaged when the vehi 
cle travels over an obstruction. Furthermore, known mufflers 
are rather complex structural items, which make them expen 
sive and dif?cult to fabricate. Prior art muffler constructions 
are also dif?cult to initially install, and replace when necessa 
ry, in that they comprise a series of tubular members that must 
be connected to one another and to the vehicle frame. The in 
ternal structure that is used in conventional mufflers to dam 
pen the engine exhaust noises does not include means for al 
lowing the structure to readily expand at elevated tempera 
tures, and contract when the vehicle is not in use. 

BRIEF SUMMARY OF THE INVENTION 

The muf?er of the present invention includes a novel sound 
attenuating member that is formed from a sheet that has a se 
ries of transverse rows of longitudinally spaced openings, 
which divide the sheet into a plurality of spaced parallel rib 
bons that are interconnected by webs between the openings. 
The sheet is deformed to provide alternating, longitudinally 
spaced crests and troughs in the ribbons, and to give the webs 
a multiplanar torsional deformation. The twisted webs act as 
expansion joints allowing the ribbons of the sound-attenuating 
member to readily expand and contract at different tempera 
ture extremes. 

In one embodiment of the invention, the sound-attenuating 
member is slidably inserted in a unitary outer shell that is con 
nected directly to an engine exhaust manifold. The ribbons of 
the member are positioned in alignment with the length of the 
shell so as to present a substantial barrier to the passage of ex 
haust gases through the muf?er, or transversely of the shell to 
produce substantial sound deadening. The tubular shell has an 
exhaust gas outlet end portion that is rectangular in cross sec 
tion for slidable reception of the sound-attenuating member, 
and the entire outer shell has a low pro?le so as to extend only 
a minimum distance below the frame of a vehicle. 
The sound-attenuating sheet is ?exible, particularly along 

lines through the twisted webs, so that the member can be 
readily bent into an annular con?guration for use in a muffler 
having tubular inner and outer shells. 

Various embodiments are disclosed for forming muffler 
structures by deforming a plurality of tunes to predetermined 
con?gurations, arranging the tubes in telescoping relation to 
produce a plurality of chambers and placing the chambers in 
communication in several different ways to produce sinuous 
?ow paths and resonator chambers for the gases. 

Thus, with only minor changes in the parts and the arrange 
ment thereof, it is possible to produce mufflers which are par 
ticularly adapted for exhaust gases having various types of 
sound-deadening characteristics, equalization of pressure dif 
ferences of the exhaust gases and the removal of harmful toxic 
gases from the exhaust mixture. The utilization of circular 
tubes also allows for considerably increasing the capacity of 
the muf?er with only a small increase in size of the unit. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 
I DRAWINGS 

FIG. I is a broken schematic representation of an exhaust 
system for an internal combustion engine utilizing a typical 
prior art muf?er structure; 

FIG. 2 is a sectional view taken generally along line 2-2 of 
FIG. 1; 

FIG. 3 is a view similar to FIG. 1, but illustrating a muffler 
formed in accordance-with the teachings of the present inven 
tion; 

FIG. 4 is an enlarged fragmentary top plan view of the muf 
?er illustrated in FIG. 3, with the top portion of the outer muf 
?er shell being removed; 

FIG. 4a is an enlarged top perspective view of the muffler of 
FIG. I, with portions of the outer muffler shell broken away; 
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2 
FIG. 5 is a fragmentary top plan view of a modi?ed muffler 

structure, with a portion of the top of the outer shell broken 
away; 

FIG. 6 is a fragmentary perspective view of another muffler 
structure, with a portion of the outer shell removed; 

FIG. 7 is a schematic central sectional view through the 
muffler of FIG. 6, and illustrating the path of gas ?ow 
therethrough; 

FIG. 8 is a fragmentary perspective view of stillanother 
muffler structure, with the outer and intermediate shells 
broken away; 

FIG. 9 is a schematic central sectional view through the 
muf?er of FIG. 8, and illustrating the path of gas ?ow 
therethrough; 

FIG. 10 discloses a central sectional view of a further muf 
?er structure utilizing a single tube and a plurality of sections 
of sound-attenuating sheet; 

FIG. 11 is a central sectional view of another embodiment 
of the muffler constructed according to the present invention; 

FIG. 12 is a central sectional view illustrating an additional 
embodiment similar to FIG. 11 with the embodiment of FIG. 
12 producing a modi?ed flow path for the exhaust gases; 
FIGS. 13a and 13b are broken central cross-sectional views 

illustrating a still further embodiment of the present invention 
which incorporates a resonator chamber and pollution control 
mechanism; 

FIGS. 14a and 1411 are broken central sectional views illus 
trating a simpli?ed version of a muffler incorporating resona 
tor chambers; 

FIGS. 15a and 15b are broken central sectional views dis 
closing a muffler similar to FIGS. 13a and 13b; 

FIG. 15c is a fragmentary central sectional view disclosing 
an alternative embodiment for the outlet end of the muf?er 
shown in FIGS. 15a and 15b; 

FIGS. 16a and 16b are broken central sectional views dis 
closing a muf?er particularly adapted for large displacement 
engines; and 

FIGS. l7, l8 and 19 are central sectional views disclosing 
the con?guration of the tubes prior to assembly of the muf?er 
shown in FIGS. 16a and 16b. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

While this invention is susceptible of embodiment in many 
different forms, there is shown in the drawings and will herein 
be described in detail a preferred embodiment of the inven 
tion and modi?cations thereof, with the understanding that 
the present disclosure is to be considered as an exempli?ca 
tion of the principles of the invention and is not intended to 
limit the invention to the embodiments illustrated. The scope 
of the invention will be pointed out in the appended claims. 

Referring now to the drawings in detail, a typical prior art 
muf?er structure is illustrated in FIGS. 1 and 2 as including an 
exhaust manifold 11 associated with an internal combustion 
engine 10, with a bent connecting tube 12 making a flanged 
connection 13 with the manifold 1]. Tube 13 communicates 
with a muf?er 14 through an exhaust gas inlet pipe 15, and a 
tailpipe l7 communicates with a gas outlet pipe 16 at the op 
posite end of muf?er l4. Muffler 14 is a bulky device which 
extends a substantial distance below the vehicle to present a 
signi?cant impediment when the vehicle is traversing a bumpy 
terrain. 
A ?rst embodiment of the muffler structure of the present 

invention is indicated generally at 20 in FIG. 3, and it will be 
readily apparent from a visual comparison with FIG. 1 that the 
mu?ler 20 is substantially less bulky than the prior art muffler 
14. The muffler 20 includes a thin-low pro?le outer shell 21 in 
the form of an elongate, unitary tubular member that has an 
upwardly bent gas inlet end 23 which makes a ?anged connec 
tion 22 with an exhaust gas manifold 11. The gas inlet end 23 
of the outer shell 21 has a circular cross section and the gas 
outlet end 24 at the opposite end of the shell 21 has a rectan 
gular cross section. As is evident from FIG. 3, the circular 
cross section portion of the outer shell 21 is smaller in diame 
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‘ter than the width of the rectangular portion 24. In this 
manner, the circular portion of the shell presents an inwardly 
facing abutment for limiting axial movement of a sound-at 
tenuating member 25 toward the gas inlet end of the muffler 
20. 
The sound-attenuating member 25 is formed from a ?at, 

generally planar sheet having a plurality of transverse rows 27 
I of elongate openings 28 that divide the member 25 into a plu~ 
rality of spaced, longitudinally extending ribbons 29 that are 
connected by webs 30 between the openings 28. As can be 
seen in FIG. 4a, the sound-attenuating member is deformed so 
as to provide alternating longitudinally spaced crests 31 and 
troughs 32 in each of the ribbons 29, the the deforming step is 
performed in accordance with the teachings in my application 
Serf No. 767,305, entitled “Article of Manufacture and 
Method of Making the Same,” ?led Oct. 14, 1968, now aban 
doned. The crests on the ribbons are aligned with troughs on 
an adjacent ribbon so as to de?ne passages in the member that 
extend at right angles to the ribbons 29. The crests 31 are 
de?ned by upwardly converging ribbon portions 33, while the 
troughs 32 are de?ned by downwardly converging ribbon por 
tions 34. In the embodiment of FIGS. 4 and 4a, the apexes of 
the crests and troughs are arcuate, and are curved about radii 
that are disposed on lines perpendicular to the length of rib 
bons 29. ,The webs 30 are provided at the transitional portion 
between the ribbon sections 33 and 34, and the webs 30 have 
"a multiplanar torsional deformation, such that one end portion 
35 of the web is disposed in the plane of the transitional por 
tion of one ribbon 29, while an opposite end portion 36 of the 
web is disposed in the plane of the ‘transitional portion of an 
adjacent ribbon, with the intermediate portion 37 of the web 
being generally uniformly twisted between the end portions 35 
and ‘36. . 

As can be best seen in FIG. 4, the member 25 has a width 
which is substantially the same as the interior dimension of the 
rectangular portion 24 of outer shell 21, and the distance 
between the apexes of crests 31 and troughs 32 is substantially 
the same as the height of the rectangular shell portion 24, as 
can be seen in FIG.‘ 4a. The member 25 is slidably insertable 
within shell 21, with the ribbons 29 being parallel to the length 
of the shell in the embodiment of FIGS. 4 and 4a, and with the 
end of the member 25 bearing againstthe circular cross-sec 
tional portion of the shell. A fastener 38, such as a screw, ex 
tends laterally through the rectangular portion 24 of the shell 
adjacent the gas outlet end thereof, and through one of the 
transverse passages in the member 25 to prevent axial dis 
placement of the member 25. The webs 30 act as expansion 
joints allowing the sound-attenuating member 25 to move into 
snug engagement with the surrounding structure when the 
member is heated by the exhaust gases. ’ ' 

The ribbons 29 present a substantial barrier to the flow of 
exhaust gas through the muf?er 20, thereby dampening the 
sound waves emanating from the engine 10. For an increased 
sound-attenuating effect, the ribbons 29 may be positioned at 
an oblique angle with respect‘ to the length of muf?er 20, as is 
shown in FIG. 5. The present invention contemplates that the 
sound-attenuating member may be formed of a plurality of 
separate sections, such as shown at 25a and 25b in FIG. 5, with 
the ribbons 29 of adjacent sections being inclined oppositely 
with respect to one another to maximize the interference with 
the flow of exhaust gas through the muf?er. 
A modi?ed muf?er structure is illustrated in FIGS. 6 and 7, 

and the muf?er illustrated therein includes an outer generally 
cylindrically shaped shell 43 having an inlet pipe 44 of 
reduced diameter in communication with the gas ‘inlet end 
thereof. An inner tubular member 45 is telescoped within an 
outer shell 43, and tubular member 45 has a closed end 46 ad 
jacent the gas inlet end of the muf?er, it being understood that 
the opposite end of member 45 is open to allow exhaust gases 
to pass outwardly therefrom. The end 47 of outer shell 43 
remote from the gas inlet end is closed and is positioned in 
sealing engagementwith inner member 45, and member 45 in 
cludes a plurality of openings 48 inwardly of shell end wall 47 
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4 
to allow the exhaust gases to flow through the annular 
chamber 49 between members 43 and 45, through the 
openings 48, and to the atmosphere. 
A sound-attenuating member 50 is positioned in the annular 

chamber 49 between members 43 and 45, and member 50 is 
similar to the previously described sound-attenuating member 
25 to the extent that it includes a plurality of spaced parallel 
ribbons 51 that are interconnected by integral webs 52 which 
are twisted throughout their length. As in the previously 
described embodiment, the ribbons 51 each include a plurality 
of alternating crests and troughs, but the sound-attenuating 
member 50 differs from the sound-attenuating member 25 in 
that the apexes 53 of the crests and the apexes 54 of the 
troughs present relatively broad surface areas that are posi 
tioned in face abutting engagement with members 43 and 45, 
respectively. Crest apexes 53 are curved about an axis that is 
parallel with the ribbons 51, with the radius of curvature being 
substantially equal to the radius of member 43; and in a like 
manner, the trough apexes 54 are curved about a radius that is 
parallel to the length of ribbons 51, with the radius being sub 
stantially equal to the radius of member 45. As with the previ 
ously described embodiment, the ribbons 51 present a sub 
stantial impediment to the ?ow of exhaust gases through the 
muf?er, so as to dampen the sound of the engine to which the 
muf?er is connected by dissipating the energy thereof. The 
longitudinally aligned twisted webs 52 allow the member 50 to 
be readily bent into'an annular con?guration, since the twisted 
portions 52 act as hinge joints allowing the ribbons 51 to be 
disposed at different orientations with respect to one another. 
As with the previously described embodiment‘, the twisted 
webs 52 act as expansion joints allowing the member'50 to ex~ 
pand into snug engagement with members 43 and 45 when 
heated by the exhaust gases. ' 
The embodiment of FIGS. 8 and 9 is similar to the embodi 

ment of FIGS. 6 and 7 so that the same reference numerals 
have been used to designate corresponding elements, with the 
subscript “a" having been added to the reference numerals in 
the embodiment of FIGS. 8 and 9. The muf?er illustrated in 
FIGS. 8 and 9 differs essentially from that of FIGS. 6 and 7, in 
that an intermediate cylindrical tubular member 55 is posi 
tioned in the chamber 490 between members 43a and 45ato 
divide the chamber 49a into an annular outer zone 56 and an 
annular inner zone 57. A plurality of openings 58 are provided 
in member 55 to establish communication between the zones 
56 and 57. The end 59 of member 55 adjacent the gas inlet 
end of the muffler is closed, so that a tortuous flow path is pro 
vided for the exhaust gases through the outer chamber zone 
56, through openings 58, through the inner chamber zone 57, 
through openings 48a, and to the atmosphere through 
member 45a. Sound-attenuating members 50a are slidably in 
serted in each of the chamber zones 56 and 57, as is evident 
from FIG. 8. As in the embodiment of FIGS. 6 and 7, the‘ 
apexes of the crests and troughs of the ribbons in the sound-at 
tenuating members are curved so as to conform to the tubular 
surfaces against which they abut. 

In each of the three above-described embodiments, at least 
a portion of the sound-attenuating members is coated with a 
suitable substance for controlling the harmful ef?uent in the 
exhaust gases. 

FIG. 10 discloses a further modi?cation of a muf?er struc 
ture incorporating the sound-attenuating member described 
hereinabove. The embodiment illustrated in FIG. 10 is speci? 
cally designed to be incorporated as original equipment to 
replace the bent connecting tube 12, the muf?er l4 and the 
tailpipe 17, shown in FIG. 1. 

In the embodiment illustrated in FIG. 10, the shell 60 has an 
‘intermediate portion 61 of circular cross section which 
receives an annular section 62 of the sound-attenuating 
member. The annular section 62 has its outer peripheral sur 
face in contacting engagement with the inner surface of the in 
termediate portion of the shell. The inlet end 64 of the shell 60 
is bent upwardly adjacent the forward end of the annular sec~ 
tion 62 of the sound-attenuating member so as to de?ne an 
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abutment 66 which prevents forward axial shifting of the an 
nular section 62. Alternatively, shell portion 64 may be 
smaller in diameter than shell 60. 

Also, the outlet end of the substantially circular shell is 
deformed to a rectangular section 68 and has a further section 
70 of the sound-attenuating member or sheet disposed 
therein. The deformation of the circular shell to a rectangular 
con?guration de?nes a further abutment at 72 for the op 
posite end of the annular section 62 so as to prevent rearward 
axial shifting of the section 62 relative to the shell. 

Thus, it will be seen that the entire muffler disclosed in FIG. 
10 can readily be manufactured by formation of the ?rst annu 
lar section 62 to substantially the diameter of the shell, 
deforming the shell to provide the conically shaped transi 
tional portion 74 rearward of section 67, deforming the outlet 
end of the shell to a rectangular con?guration, slidably insert 
ing the annular section of sound-attenuating sheet into the 
shell and bending the inlet end or forward end of the shell so 
as to lock the annular section of the sound-attenuating 
member or sheet in the intermediate portion of the shell. 
Thereafter, the rectangular section 70 of sound-attenuating 
member may be inserted into the outlet end of the muf?er. In 
the assembled condition, the merging portion 74 of the shell 
between the circular intermediate section and the rectangular 
outlet end section defines an abutment 76 for the forward end 
of the rectangular section of the sound-attenuating member. 
As in the embodiment illustrated in FIG. 3, a fastener (not 
shown) may be inserted through the outlet end of the rectan 
gular portion or section 68 so as to maintain the section 70 in 
?xed axial position relative to the shell. 

If desired, either the annular section 62 or the rectangular 
section 70 may be arranged to have the passages formed 
between the respective crests and troughs 31 and 32 (FIG. 4a) 
disposed axially of the path of ?ow of the exhaust gases 
through the muf?er so as to substantially decrease the impedi 
ment of the ?ow of gases through the muf?er and increase the 
sound attenuation of the noises within the exhaust gases, as ex 
plained hereinabove. 
A further modi?ed form of the invention is disclosed in FIG. 

II in which the muf?er shell is formed by deforming inner, in 
termediate and outer tubular members or tubes to de?ne ?rst 
and second inner and outer coaxial annular zones to produce a 
sinuous path for the ?ow of gases between the inlet and outlet 

- of the muffler. In the embodiment illustrated in FIG. 11, the 
intermediate tubular member 82 and outer tubular member 
84 are deformed and cooperate to de?ne inner and outer an 
’nular zones 86 and 88, respectively. 

The forward end of the intermediate tube 82 is closed by a 
forwardly tapered conical portion 90 which cooperates with 
the outer tubular member 84 to de?ne a ?rst passage means 
92 connecting the outer annular zone 88 to the inlet end ofthe 
outer shell or muf?er structure. Member 84 includes a 
frustoconically shaped portion 85 outwardly of portion 90, so 
that passage 92 uniformly tapers rearwardly. The tapered ele 
ment 90 further cooperates with the forward end of the inner 
tubular member 80 to de?ne second passage means 94 which 
connects the inner annular zone 86 with the outlet end of the 
muf?er, it being understood that the inclined portion 90 
de?ects the exhaust gases rearwardly through member 80. 
Circumferentially spaced braces 96 are supported on a sleeve 
97 to maintain an appropriate spacing at the forward end 
between the outer tubular member 84 and the intermediate 
tubular member 82. 

Either of the annular zones 86 or 88 (or both) may have an 
annular section of the sound-attenuating sheet or member 98 
supported therein. In the illustrated embodiment, the annular 
section of sound-attenuating member 98 is located in the inner 
annular zone and is illustrated as having the passageways 
disposed transversely to the path of ?ow of the gases through 
the zone. The outer tubular member 84 is again deformed ad 
jacent the opposite ends of the annular zones to de?ne an inlet 
99 at one end of the muf?er and to close the opposite ends of 
the annular zones 86 and 88 at the other end of the mu?'ler. 
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According to a further aspect of the present invention, the 

outer and inner annular zones are placed in communication 
with each other through passage means or openings 100 in 
tube 82 which are spaced from the rearward end of the respec 
tive annular zones. Thus, the exhaust gases passing through 
the inlet end 99 of the mu?ler and along the outer annular 
zone 88 are received in the area 101 beyond the openings 100 
and this area acts as a sound-attenuating buffer zone for ab 
sorbing noises of the exhaust gases. The stagnant gases in the 
buffer zone will absorb sound noises from the exhaust gases 
prior to the gases entering into the inner annular chamber and 
flowing forwardly to the second passage means 94 and thence 
through the inner tubular member 80 to the outlet end of the 
mu?ler. The particular muf?er disclosed in FIG. II is 
designed as a replacement unit for the muf?er l4 and has its 
inlet end 99 of a cross~sectional con?guration substantially 
equal vto that of the tube 12 and the outlet end adapted to 
receive the tailpipe 17. Alternatively, the outlet end could be 
deformed to a rectangular section as disclosed in FIG. 10 and 
the inlet end could be extended and bent upwardly to be con~ 
nected directly to the exhaust manifold 11. One advantage of 
the embodiment illustrated in FIG. 11 is that a substantial por 
tion of the heat of the exhaust gas is dissipated during the ini 
tial pass through the muf?er, since the gas ?owing through 
zone 88 is in direct heat exchange relationship with ambient 
atmosphere. 
The embodiment illustrated in FIG. 12 is in many respects 

similar to that illustrated in FIG. 11 and the same reference 
numerals have been applied with the suf?x “a” being ap 
pended to each of the reference numerals. In the embodiment 
illustrated in FIG. 12, the inner tube 80a is closed by a for 
wardly tapered portion 90a disposed adjacent the rearward 
end thereof, and the passage means 92a is in the form of cir 
cumferentially spaced openings in the tube 80a forwardly of 
element 90a. In an alternative embodiment, not shown, ele 
ment 90a may be generally lparaboloidically shaped. 
Preferably, in the alternative embodiment the generally 
paraboloidically shaped element is arranged to have its foci in 
line with openings 92a so as to direct the gases and sound 
waves into chamber 86a. The ?rst passage means 92a con 
nects the remote end of the inner annular zone 86a to the inlet 
end 99a of the muf?er structure. The second passage means 
94a is again in the form of circumferentially spaced openings 
extending through the intermediate tubular member 820 and 
the inner tubular member 80a rearwardly of member 90a, at 
the remote end of the annular zone 88a. 
The forward end of the intermediate tubular member 82a 

terminates at a point spaced from the forward end of the outer 
annular zone 88a and cooperates with the inner and outer tu 
bular members to de?ne the third passage means 100a, Thus, 
the exhaust gases entering the inlet end 99a of the muf?er will 
pass through tube 80a towards the outlet end and will be 
de?ected by the tapered or parabolic portion 90a to ?ow out 
wardly through passage means 92a and forwardly along the 
inner annular chamber 86a. Shell 84a includes a frustoconi 
cally shaped portion 84a’ forwardly of intermediate shell 82a, 
and shell portion 84a’ presents an inclined de?ector surface 
that is engaged by the forwardly ?owing gases emerging from 
chamber 860. Tube 82a is spaced from shell portion 84a’ to 
de?ne a pulse buffer zone 101a for absorbing sound noises 
from the exhaust gases. The direction of the ?ow of gases will 
be reversed so that the gases ?ow rearwardly in chamber 88a, 
through openings 94a and outwardly of the muf?er. 
A further modi?ed muf?er structure is shown in FIGS. 13:: 

and 13b which is speci?cally designed as original equipment to 
replace the three-piece structure heretofore considered neces 
sary. The muffler disclosed in FIGS. 13a and 13b again in 
cludes an outer tube 110 having a ?rst relatively large diame 
ter, an intermediate tube 112 having a second somewhat 
smaller diameter and an inner tube 114 having an even smaller 
third diameter. The respective tubes are telescopically ar 
ranged and are deformed from their original diameters to 
produce inner and outer annular zones as well as a resonator 
chamber at the forward end of the annular zone. 
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For this purpose, the intermediate tube 112 is inwardly 
deformed at spaced points 116 (FIG. 13a) and 118 (FIG. 13b) 
to the diameter substantially equal to that of the third diame 
ter of the inner tube 114. Tube section 116 is frustoconically 
shaped, while tube section 118 is cylindrically shaped. The 
free end portion of tube 112 rearwardly of the inwardly 
deformed portion 118 is outwardly deformed at 120 and 
de?nes an outwardly ?ared frustoconically shaped portion 
having a diameter substantially equal to the inner diameter of 
the outer tube 110. 
The forward end of the intermediate tube 112 has out 

wardly deformed ?ared frustoconically shaped portions 122 
and 124 at spaced points which have a diameter substantially 
equal to the inner diameter of the outer tubular member 110. 
Tube 112 includes a perforated cylindrical portion 112a 
between outwardly ?ared portions 122 and 124. Thus, the 
outwardly deformed portions 120, 122 and 124 cooperate 
with the outer tube, when the two tubes are telescopingly posi 
tioned to produce ?rst and second axially spaced chambers 
123 and 121. Likewise, the inwardly deformed portions 116 
and 118 cooperate with the inner tube to produce a third 
chamber 117 (FIG. 13b) which is substantially axially coex 
tensive with the second chamber 121. 
A plurality of circumferential openings 126 are produced in 

the connecting portion 127 between the inwardly deformed 
portion 116 and the outwardly deformed portion 122 of the 
intermediate tube to produce passage means-from the inside 
of the intermediate tube 112 to the second chamber 121 or 
the outer annular zone. Likewise, second passage means, in 
the form of circumferentially spaced openings 128, is formed 
in the intermediate tube 112 at a point spaced forwardly of 
cylindrical portion 118, so that the outer annular zone in in 
communication with the third chamber 117 of the inner annu 
lar zone at a point spaced forwardly from the remote end of 
the outer annular zone. The inner tube 114 has third passage 

25 
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means in the form of circumferentially spaced openings 130 ' 
formed adjacent the forward end thereof, and the forward end 
of tube 114 includes a conically shaped portion 132. Thus, the 
path of ?ow for gases entering the inlet end 134 of the muf?er 
is through the forward end of the intermediate tube 112 with 
the ?rst chamber 123 between the outwardly deformed por 
tions 122 and 124 acting as a resonator chamber. The exhaust 
gases are then de?ected outwardly by the tapered element 132 
through the ?rst passage means formed by openings 126, and 
the gases ?ow rearwardly along the second chamber 121, with 
the remote end of the second chamber or annular zone acting 
as a sound-deadening pulse buffer zone 135. The direction of 
the ?ow path for the gases is then reversed and the gases ?ow 
through openings 128 and forwardly through the third 
chamber or inner annular zone 117. The gases then pass into 
the inner tube 114 through the third passage means 130 and 
?ow rearwardly along the inner tube to the outlet end of the 
muf?er‘. 

in order to maintain the intermediate tubular member or 
tube 112 in an appropriate position, the outer tubular member 
is preferably deformed to a rectangular con?guration 136 at 
the outlet end thereof, with a transitional section 136a de?n 
ing an abutment for the outwardly ?ared portion 120 to 
prevent rearward movement of the intermediate member. 
Also, the forward end of the outer tubular member 110 is bent 
adjacent the tapered portion 124 of the intermediate tube and 
produces a further abutment to prevent axial shifting of the in 
termediate tube relative to the outer tube. The inner tubular 
member 114 is held in place by a drive ?t connection between 
a reduced diameter forward portion 114a thereof, and the in 
wardly extending portion 116 of the intermediate tube, as can 
be seen in H6. 13a. 

It will be appreciated that the entire muffler may be con 
structed by simply deforming the intermediate tube to the 
con?guration described, producing the plurality of openings 
at appropriately spaced locations in the intermediate as well as 
in the inner tube, closing the forward end of the inner tube and 
telescoping the respective tubes to the position shown in the 
drawing. Thereafter, the forward and rear or inlet and outlet 
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ends of the outer tube or shell may be deformed to maintain 
the appropriate relationship between the tubes. 
As in the previous embodiments described, the muf?er 

structure again incorporates a sound-deadening sheet or 
sound-attenuating member of the type described above. In the 
embodiment illustrated in FIGS. 13a and 13b, a ?rst section of 
sound-attenuating sheet 140 is slidably received in the rectan 
gular section 136 adjacent the outlet end of the muf?er. The 
ribbons of the sound-attenuating member 140 are disposed 
longitudinally of the rectangular section so as to locate the 
passage means de?ned between the troughs and crests trans 
versely of the path of ?ow of gasses. Thus, this section of 
sound-attenuating sheet will produce the greatest impediment 
to the ?ow of gases through the outlet end of the muf?er. A 
further section of sound-attenuating sheet 142 is located in the 
inner annular zone de?ned between the inner and inter 
mediate tubes 114 and 112, and the ribbons of the sound-at 
tenuating sheet extend circumferentially of the annular zone 
so as to locate the passage means between the crests and 
troughs parallel to the path of ?ow of the gases through the 
inner annular zone. 
An additional annular section of sound-attenuating sheet 

144 is located adjacent the inlet end of the outer tube 110 and 
supports a pollution control material for removing the harmful 
gases from the exhaust gases. By way of example, a pollution 
control material, such as the AL2Oa—V2O5—CuO mixture dis 
closed in U.S. Pat. No. 3,438,721, can be carried by sheet 144. 
The structure of sheet 144 provides an excellent vehicle for 
this type of material because of the large surface area that it 
presents, which can quickly come up to reaction temperature. 
Illustratively, the sheet 144 can be coated with a slurry and 
then baked on at a suitable temperature. Alternatively, the in 
terstices of the sheet could hold spheres, cylinders, rectangu 
lar rods, cubes or burr-shaped parts formed of a suitable pollu- ~ 
tion control material, as is shown at 145 in FIG. 13a. Still 
further, the sheet 144 itself could be formed of a suitable alloy 
or composite material of sound~deadening material that upon 
heating would produce an oxide ?lm of comparable analysis 
and equivalent to that disclosed in the above-mentioned 
patent. 
Thus, the simple muf?er structure disclosed in FIGS. 13a 

and 13b is capable of removing the harmful materials from the 
exhaust gases and reducing the sound noise to an acceptable 
level. The speci?c arrangement of the intermediate section of 
sound-attenuating sheet 142 considerably enhances the reduc 
tion of the noise level since'the sound waves within the ex 
haust gases have a tendency to radiate or propogate transver 
sely or normal to the direction of ?ow of the gases. By arrang 
ing the passage means of the section of sound-attenuating 
member axially of the path of ?ow, the sound waves will tend 
to radiate outwardly into engagement with the respective rib 
bons de?ning the respective passage means. Of course, if it is 
desired to increase the resistance to the ?ow of gases within 
the annular zone, it is contemplated that the passage means or 
the ribbons could be located at an angle with respect to the 
path of ?ow of the gases to produce such a result. 
A still further modi?ed form of the invention is disclosed in 

FIGS. 14a and 14b which again includes an outer tube 150, an 
intermediate tube 152 and an inner tube 154. The inter 
mediate tube 152 has a plurality of apertures 156 therein and 
is located adjacent the forward end of the intermediate por 
tion of the outer tube 150. The area between the opposite 
ends of the intermediate tube 152 and the outer tube 150 is 
closed by suitable means, such as by deforming the inter 
mediate tube outwardly at opposite ends so that they engage 
the inner diameter of tube 150, or by locating a pair ‘of discs 
158 to de?ne a resonator chamber 160. 
A ?rst section of gas-de?ecting and sound-deadening sheet 

162 is located adjacent the forward end of the tube 152, and a 
second section 164 is located adjacent the opposite end 
thereof. The third tube 154 is telescopically received‘ in a 
reduced area portion 166 adjacent the rearward end of the 
tube 150, and the area between the forward edge of the inter 
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mediate tube 154 and outer tube 150 is closed by an annular 7 
disc 168. A plurality of apertures 170 are produced in the in 
termediate tube 154 and place the chamber 172 in communi 
cation with the inside of the tube 154. 
Thus, the muf?er disclosed in FIGS. 14a and 14b has ?rst 

and second sections of gas-deflecting and sound-deadening 
sheet on opposite sides of a resonator chamber 160 and a 
second resonator chamber 172 is located adjacent the rear 
end of the muf?er structure. The entire muf?er may again be 
assembled by telescoping the appropriate sections of the an 
nular sheet and the tubes in a proper manner and deforming 
the outer shell. The annular section 162 of material may again 
incorporate a pollution control material. Additionally, the dis 
clike portions 158 and 168 may be eliminated, and the tubes 
156 and 154 may bear directly against the sheets 162 and 164. 
A simpli?ed version of the embodiment illustrated in FIGS. 

13a and 13b is disclosed in FIGS. 15a and 15b. In this embodi 
ment, it is only necessary to deform one tube (the outer) to 
produce a muf?er having inner and outer annular zones, a 
pulse buf?ng zone, and a resonator chamber adjacent the for 
ward end. 

Thus, the embodiment illustrated in FIGS. 15a and 15b in 
cludes an outer tube 180, an intermediate tube 182, and an 
inner tube 184. The forward end of the intermediate tube is 
closed by a conically shaped portion 186, which cooperates 
with ‘the outer annular tube 180 to produce ?rst passage 
means 188 and with the inner tube to produce second passage 
means 190. The appropriate spacing between the forward 
ends of the respective tubes is maintained by radial braces 196 
to de?ne an outer annular zone 192 and an inner annular zone 
194. 
The opposite'ends of the annular zones are closed by an an 

nular disc 197 which engages an abutment 198 (FIG. 15b) 
produced by inwardly deforming the outer tube 180. A plu 
rality of circumferentially spaced openings 199 are produced 
in the intermediate tube 182, and are spaced axially forwardly 
from the annular disc 197 so as to produce a ‘pulse buffer zone 
195 between the end of the outer annular zone or chamber. 
The openings 199 produce communication between the two 
annular chambers, so that the gases ?owing rearwardly in 
chamber I92 can ?ow forwardly in chamber 194. 
The resonator chamber is formed between the inlet end of 

the muf?er and the inlet to the annular zone 192. For this pur 
pose, an apertured sleeve 200 has outwardly directed ?anges 
202 adjacent opposite ends thereof and is slidably received 
into the forward end of the outer tube 180. The rear ?ange 
202 engages an abutment de?ned by an inwardly directed rib 
204 on the outer tube 180 and the forward end of the tube 180 
is bent adjacent the forward ?ange so as to maintain an ap 
propriate positioning of the sleeve 200 relative to the outer 
tube 180. 
The opposite end of the outer tube 180 is deformed into a 

rectangular section 206 which has a section 208 of the above 
described sheet disposed therein. A further chamber 109 is 
de?ned between the rectangular section and the annular disc 
197 with the remote end of the inner tube 184 extending into 
the chamber. The chamber 209 tapers rearwardly, and acts as 
a mixing chamber to insure that the gases exhausted from the 
outlet end of the muf?er exit at a substantially constant pres 
sure. This will result from the fact that the impediment to the 
?ow of gases produced by the section 208 will result in a tur- ' 
bulence adjacent the outlet end of the inner tube, and the 
tapered end of the outer tube will further increase this turbu 
lence and result in an equalization of the pressure of gases ex 
iting from the muf?er structure. 

If desired, the outlet end of the muffler structure may be 
modi?ed to that shown in FIG. 15c where a second resonator 
chamber 212 is formed by extending the outlet end of the 
inner tube 184a and producing an outwardly ?ared portion 
214 which is in engagement with the inner surface of the outer 
tube 180a. 
A further modi?cation of the-muf?er system of the present 

invention is disclosed in FIGS. l6—l9. The particular con 
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struction disclosed in this embodiment is particularly adapted 
for engines having a relatively large displacement. A construc 
tion disclosed in FIGS. 16-19 incorporates ?rst and second 
axially spaced pairs of annular chambers or zones with resona 
tor chambers located between the pairs of annular zones and 
on opposite ends of each annular zone. 

As with several of the previous embodiments, the entire 
muffler may be constructed by deforming three circular tubes 
to de?ne the various chambers between the inlet and outlet 
ends thereof. Thus, the muf?er includes an outer tube 230, an 
intermediate tube 232 and an inner tube 234 respectively hav 
ing ?rst, second and third diameters. In the formation of the 
muf?er structure illustrated in FIGS. 16a and 16b, the inter 
mediate tu'be 232 (FIG. 18) is outwardly deformed at 239, 
240, 241 and 242 to substantially the inner diameter of the 
outer tube 230. Also, the intermediate tube 232 is inwardly 
deformed at 243 to substantially the outer diameter of the 
inner tube 234. The intermediate tube has a plurality of 
openings 244 between the defonned portions 239 and 240 and 
has ?rst, second, third and fourth circumferentially spaced 
groups of openings 245, 246, 247, and 248 respectively 
located at axially spaced points adjacent the outwardly 
deformed portions 240, 241 and 242. 
The inner tube 234 has its forward end closed at 250 by a 

forwardly tapered conically shaped element, and tube 234 is 
outwardly deformed at 251 at a point spaced axially rear 
wardly from the inlet end. Tube 234 is outwardly deformed at 
252 adjacent the opposite or rearward end thereof. The out 
wardly deformed portions 251 and 252 have a diameter sub 
stantially equal to the inner diameter of the intermediate tube 
232. The inner tube 234 is further inwardly deformed at 253 
to substantially close the tube. 
The inner tube further has a ?rst group of circumferentially 

spaced openings 254, adjacent the forward end thereof; a 
second group of circumferentially spaced openings 255, 
disposed forwardly of the inwardly deformed portion 253; and 
a third group of circumferentially spaced openings 256 on the 
opposite side of the inwardly deformed portion 253. Also, 
each of the outwardly deformed portions 251 and 252 has a 
plurality of openings 257 disposed therein. 

In assembling the muf?er, the inner tube or tubular member 
234 is axially inserted into the rear end of the intermediate 
tube so as to locate the forward end 2500f the tube in drive?t 
engagement with the inwardly deformed portion 243 of the in 
termediate tube. The outwardly deformed portions 251 and 
252 have an axial dimension slightly greater than the axial 
dimension of the outwardly deformed portions 241 and 242 of 
the intermediate tube so as to de?ne axially spaced ?rst and 
second chambers 260 and 261. The adjacent ends of the out 
wardly deformed portions 251 and 252 on the inner tube 
likewise cooperate with the intermediate tube to de?ne a third 
chamber 262. Furthermore, the inwardly deformed portion 
243 of the intermediate tube and the adjacent end of the out 
wardly deformed portion 251 of inner tube 234 cooperate to 
de?ne a fourth chamber 263. 
With the inner tube assembled in the intermediate tube as 

described above, the two tubes are‘ axially received into one 
end of the outer tube 230 prior to deformation» thereof, and 
the subassembly of inner and intermediate tubes is located in 
an intennediate portion of the outer tube. In this position, the 
intermediate tube and the outer tube cooperate to de?ne ?fth, 
sixth and seventh chambers 264, 265 and 266. Thereafter, the 
outlet end of the outer tubular member is deformed to a 
rectangular cross section 270 and a sheet of sound-deadening 
member 272 is axially slid into the open end thereof. Again, 
suitable fastener means may extend transversely through the 
outer end of the rectangular section to maintain the. gas 
deflecting and sound-deadening member in the‘ appropriate 
position within the rectangular section 270. 
The opposite end of the outer tubular member 230 is then 

bent upwardly adjacent the outwardly ?ared portion 239 of 
the intermediate tube and the entire assembly is maintained in 
a substantially ?xed position. In the assembled condition . 
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shown in FIGS. 16a and 16b, the chamber 264 de?nes a ?rst 
resonator chamber cooperating with the inlet end of the muf 
fler while the two chambers 263 and 265 are substantially 
coextensive with each other to de?ne a ?rst group of inner and 
outer annular zones. The outer annular zone 265 is in commu 

nication with the inlet end of the muffler through the openings 
245, while the two annular zones 263 and 265 are in commu 
nication with each other through ' openings 246. It will be 
noted that the openings 246 are spaced from the remote end 
of the outer annular zone de?ned by chamber 265, so as to 
produce a sound-deadening, pulse buffer zone adjacent the 
rear end of the ?rst outer annular zone. The gases received in 
the inner annular zone 263 travel forwardly towards the inlet 
end of the muf?er structure and exit through the openings 254 
in the inner tube 234. The path of ?ow of the gases then con 
tinues rearwardly through the inner tube 234, where the pres 
sure of ‘the gases is further equalized by having some of the 
gases received through openings into the annular zone 260, 
which de?nes a second resonator chamber. The inwardly 
deformed portion 253 on the inner tube prevents the ?ow of 
gases therethrough and, thus, the gases are directed outwardly 
through the coextensive openings 255 and 247 and enter the 
forward end of the chamber 266. The gases ?ow rearwardly in 
‘chamber 266, and are then received through the openings 248 
and ?ow forwardly along the inner annular zone de?ned by 
chamber 262. Again, the openings 248 are spaced from the 

- remote end of the second outer annular zone to de?ne a 
further pulse buffer zone. 
The ?ow of gases continues forwardly along the inner annu 

lar zone de?ned by chamber 262 through the openings 256 
which are spaced from the forward end of the inner annular 
chamber 262 to de?ne a further sound-deadening pulse buffer 
zone. Before the exhaust gases are received in the outlet end 
of the muf?er structure, the gases are again directed through a 
further resonator chamber, de?ned by chamber 261, so as to 
further equalize the pressure of the gases. 

Thus, it will be appreciated that the present invention pro 
vides a simple and ef?cient method and apparatus of produc 
ing a plurality of types of muffler structures which are capable 
of being incorporated into any new automobile having various 
sizes of displacement for the engines and may also readily be 
designed to be utilized as a replacement unit. 
What is claimed is: 
l. A muf?er comprising: an outer shell having a gas inlet at 

one end, adapted to receive exhaust gases from an internal 
combustion engine or the like, and a gas outlet at an opposite 
end; a gas-de?ecting and sound-deadening sheet disposed in 
said shell, said sheet having a plurality of transversely spaced 
rows of openings, each row of openings being separated by a 
ribbon portion and the openings in each row being separated 
by a web portion, each ribbon including alternating, longitu 
dinally spaced crests and troughs, the crests extending up 
wardly from a reference plane the the troughs extending 
downwardly from the reference plane, the transitional portion 
of each ribbon between the crests and troughs extending at an 
angle with respect to the reference plane, the crests on each 
ribbon being aligned with a trough on an adjacent ribbon 
whereby the aligned transitional portions of adjacent ribbons 
are disposed at angles that are inclined oppositely with respect 
to said reference plane, said webs each having a ?rst end por 
tion merging with a transitional portion of one ribbon and a 
second end portion merging with the aligned transitional por 
tion of an adjacent ribbon, the intermediate portion of each 
web between its end portions being twisted throughout its 
length. i . 

2. A muf?er as set forth in claim 1 wherein said ribbon por 
tions are disposed at an angle of 90° with respect to the width 
of said shell, whereby said ribbon portions are aligned with the 
length of said shell. 

3. A muf?er as set forth in claim I wherein said crests and 
troughs are positioned in engagement with opposite sides of 
said shell. 
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4. A muf?er as set forth in claim 1 wherein the gas inlet end 
of said shell is circular in cross section and the gas outlet end 
of said shell is rectangular in cross section, the circular portion 
of said shell being smaller than the rectangular portion of the 
shell to provide an abutment engageable with the forward end 
of said sheet. 

5. A muffler as set forth‘ in claim 4 wherein a fastener ex 
tends through the rectangular portion of the shell to provide 
an abutment engageable with the rearward end of the sheet. 

6. A muffler as set forth in claim 1 wherein the intermediate 
portion of said shell and said gas outlet end are rectangular in 
cross section, the width of said sheet being substantially equal 
to the width of said shell and the distance between the apexes 
of said crests and troughs being substantially equal to the 
height of said shell, whereby said sheet is snugly received 
within the rectangular portions of the shell. 

7. A muf?er as set forthin claim 1 in which said shell is 
de?ned by an inner tubular member positioned in telescoping 
relationship within an outer tubular member to de?ne an an 
nular chamber therebetween, the outer tubular member hav 
ing a closed end remote from the gas inlet end of the shell, the 
inner tubular member having a closed end adjacent the gas 
inlet end of the shell and an open end extending outwardly 
from the closed end of said outer tubular member at the gas 
inlet end of the shell, there being passage means in said inner 
tubular member establishing communication between said 
chamber and said inner tubular member, and wherein said 
sheet has an annular con?guration so as to be received in said 
annular chamber. 

8. A muf?er as set forth in claim 7 in which said inner tubu 
lar member has an intermediate tubular member disposed 
concentrically outwardly thereof,v said intermediate tubular 
member being disposed concentrically inwardly of said outer 
tubular member to divide said chamber into inner and outer 
annular zones, said intermediate tubular member having both 
of its ends closed and passage means therein establishing com 
munication between said zones; and wherein said sheet is 
de?ned by a ?rst annular section slidably insertable in said 
inner zone and a second annular section slidably insertable in 
said second zone. 

9. A muf?er as set forth in claim 1 wherein said shell is a 
unitary member that is circular in cross section at the gas inlet 
end thereof, and that is rectangular in cross section at the gas 
outlet end thereof. 7 I 

10. A muf?er as set forth in claim 1 wherein a coating is 
provided on at least a portion of said sheet for controlling the 
harmful effluent in the exhaust gas. I i 

11. A muf?er as set forth in claim 1, in which said shell is 
de?ned by inner, intermediate and outer tubular members 
positioned in telescoping relationship and cooperating to 
‘de?ne inner and outer coaxial, annular zones; ?rst and second 
passage means placing adjacent ends of respective zones in 
communication with said inlet end and said outlet end; and 
third passage means spaced from said first and second passage 
means and placing said zones in communication with each 
other. 

12. A muffler as set forth in claim 11 in which one of said 
annular zones has an annular section of said sheet disposed 
therein. 

13. A muf?er as set forth in claim 11 including the further 
improvement of means cooperating with said outer tubular 
member between the inlet of said shell and said annular zones 
to de?ne a resonator chamber. 

14. A muf?er as set forth in claim 11 in which said inter 
mediate tubular member has a tapered element closing the 
inlet end thereof, said tapered element cooperating with said 
outer tubular member to define said first passage means and 
said inner tubular member to de?ne said second passage 
means; said third passage means includes apertures spaced 
from said opposite end whereby the outlet end of said outer 
annular zone de?nes a pulse buffer zone; and said outer tubu 
lar member is rectangular in cross section between the outlet 
end of said inner tubular member and the outlet end of said 
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muffler, said rectangular section having said sheet therein; and 
in which said muffler includes means de?ning a resonator 
chamber between said inlet end and said tapered element and 
including an apertured sleeve coaxial with said outer tubular 
member. > 

15. A muf?er as set forth in claim 14 in which said last 
means includes anintegral extension at the inlet end of said in 
termediate tube, said extension having an outwardly tapered 
portion at the free end engaging said outer tubular member 
and having a plurality of apertures communicating with a 
chamber de?ned between said extension and said outer 
member; said intermediate tubular member has a second out 
wardly ?ared portion engaging said outer tubular member at a 
point axially spaced from said third passage means to de?ne 
said annular pulse buffer zone adjacent the remote end of said 
outer annular zone; and said inner tubular member has a for 
wardly tapered element closing the forward end thereof for 
de?ecting gases from said intermediate tubular member 
toward said outer annular zone. 

16. A muf?er as set forth in claim 15 including the further 
improvement of an annular section of said sheet supported ad 
jacent the forward end of said resonator chamber, said annu 
lar section supporting a catalyst for effecting the chemical 
composition of theexhaust gases. 

17. A muffler as de?ned in claim 11 in which said inner tu 
bular member has a tapered element closing the inlet end por 
tion; said inner tubular member. has an outwardly deformed 
portion spaced from said closed end and cooperating with said 
intermediate tubular member to de?ne the remote end of said 
inner annular chamber; said intermediate tubular member has 
an inwardly deformed portion cooperating with said inner tu 
bular member adjacent said closed end portion to de?ne the 
forward end of said inner annular chamber, said intermediate 
tubular member extending beyond said closed end portion and 
having spaced outwardly deformed portions cooperating with 
said outer tubular member to de?ne a resonator chamber. said 
intermediate tubular member having openings placing said 
resonator chamber in communication with said inlet end; said 
first passage means is located adjacent said inwardly deformed 
portion of said intermediate tubular member to place said 
outer annular zone in communication with said inlet end; and 
said third passage means is spaced from the opposite end of 
said outer annular zone to de?ne a sound-attenuating buffer 
zone. 

18. A muffler as de?ned in claim 1 in which said shell com 
prises a circular member having an annular section of said 
sheet located in contacting engagement with the inner surface 
of an intermediate portion thereof; said circular member 
being deformed to a rectangular section adjacent the outlet 
end thereof and having a section of said sheet disposed 
therein; and said circular member being bent at the opposite 
end of said intermediate portion whereby said annular section 
is maintained in substantially ?xed position relative to said 
shell. 

I‘). A muf?er as de?ned in claim 1 in which at least a sec 
tion of said sheet has said ribbon portions extending transver 
sely of said shell. 

20. A muf?er as de?ned in claim 1 in which said sheet is 
slidably inserted in said shell and said ribbon portions are 
disposed at an angle with respect to the width of said shell. 

21. A muf?er as de?ned in claim 1 in which said shell com 
prises an outer tubular member having reduced area portions 
on opposite ends thereof; ?rst and second annular sections of 
said sheet located within said outer tubular member and hav 
ing adjacent ends in axially spaced relation, said ?rst section 
having its opposite end in engagement with an abutment 
de?ned by one of said reduced area portions; a tube having an 
intermediate portion in sealing engagement with said reduced 
area portion, said tube having a free end extending into said 
tubular member and engaging the-opposite endof said second 
annular section, said tube cooperating with said tubular 
member to de?ne a second resonator chamber in communica 
tion with the inside ofsaid tube. 
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22. A muf?er comprising outer tubular member having a 

forward inlet endand a rear outlet end; an intermediate and 
an inner tubular member; said tubular members cooperating 
to de?ne substantially coextensive inner and outer annular 
zones; ?rst and second passage means communicating with 
adjacent ends of said inner and outer annular chambers and 
connecting a ?rst of said zones with said inlet end and a 
second of said zones with said outlet end; third passage means 
interconnecting said zones, said third passage means being 
spaced from the opposite end of said ?rst of said zones 
whereby exhaust gases received through the inlet end of said 
muf?er pass through said ?rst passage means and move along 
a path in one of said zones and pass through said third passage 
means and move along the other of said zones in the opposite 
direction and whereby the area between said third passage 
means and said ?rst of said zones acts as a sound-deadening 
pulse buffer zone to absorb sound noises from said gases; and 
a sound-attenuating sheet in said outer tubular member 
between said inlet and outlet ends. 

23. A muf?er as de?ned in claim 22, including a tapered 
member closing the forward end of said inner tubular member 
with said ?rst and second passage means located adjacent said 
end and respectively placing the forward end of said outer an 
nular zone in communication with said inlet end and the for 
ward end of said inner annular zone in communication with 
said outlet end; and in which said intermediate tubular 
member extends forwardly of said inner tubular member and 
has spaced portions cooperating with said outer tubular 
member to de?ne a resonator chamber, and said intermediate 
tubular member has openings between said portions placing 
said resonator chamber in communication with said inlet end. 

24. A muf?er as de?ned in claim 23, including the further 
improvement of said inner and intermediate tubular members 
each having ?rst and second spaced, substantially coextensive 
outwardly deformed portions adjacent the rear end of said an 
nular zones de?ning second and third spaced resonator cham 
bers in communication with said inner tubular member; said 
inner tubular member having an inwardly deformed portion 
substantially closing said inner tubular member adjacent the 
rear end of said second resonator chamber; said tubular mem 
bers cooperating to de?ne second annular inner and outer 
zones between said second and third resonator chambers, said 
second annular inner and outer zones respectively in commu 
nication at the forward ends thereof with said inner tubular 
member upstream and downstream of said inwardly deformed 
portion; said intermediate tubular member having radially 
spaced openings placing said second outer annular zone in 
communication with said inner annular zone spaced from the 
rear endof said second outer annular zone to de?ne a second 
buffer zone and said communication between said second 
inner annular zone and said inner tubular member being 
spaced from the forward end of said second inner annular 
zone to de?ne a third pulse buffer zone. 

25. A muf?er as de?ned in claim 22 in which said inter 
mediate member has a forwardly tapered closed end which 
cooperates with said outer tubular member to de?ne said ?rst 
passage means and said inner tubular member to de?ne said 
second passage means. 

26. A mu?ler as de?ned in claim .25 in which said inner tu 
bular member extends beyond the rear end of said inter 
mediate tubular member and in which said outer tubular 
member is cireular'in cross section and theoutlet end thereof 
is rectangular in cross section and has a section of said sound 
attenuating sheet therein; and in which said outer tubular 
member has an apertured sleeve cooperating with said outer 
tubular member to de?ne a resonator chamber between said 
inlet end and said ?rst passage means. 

.27. A muf?er as de?ned in claim 22 in-which said inner tu 
bular member has a forwardly tapered element adjacent the 
rear end of said zones; said ?rst and second passage ‘means 
beinglocated adjacent said tapered element and connecting 
said inlet .end to said inner annular zone and said outlet end to 
said ‘outer annular zone; said intermediate tubular member 
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terminating at the forward end spaced from the forward end of 
said outer annular chamber and cooperating with said inner 

‘ tubular member to de?ne said third passage means. 
28. A‘method of forming a muffler having an inlet end and 

an outlet end for exhaust gases and a sinuous flow path for said 
gases between said ends by deforming inner, intermediate and 
outer tubes which comprises the steps of deforming said inter 
mediate tube outwardly at ?rst, second and third axially 
spaced locations which cooperate with said outer tube to 
produce ?rst and second axially spaced chambers when said 
tubes are arranged in telescoping relation; forming apertures 
in said intermediate tube to place the inside of said tube in 
communication with said ?rst chamber when the tubes are ar 

> ranged in telescoping relation; producing ?rst passage means 
through said intermediate tube adjacent one end of said 
second chamber and second passage means spaced forwardly 
of the second outward deformation; deforming at least one of 
‘said intermediate and inner tubes to produce a third chamber 
having one end in‘ communication with said second passage 
means when said tubes are arranged in telescoping relation; 
closing one end of ‘said inner tube and producing third passage 
means adjacent said'closed end; telescoping said inner tube 
into said intermediate tube to locate said closed end adjacent 
said ?rst passage means and said deformed portions of said at 
least one of said intermediate and inner tubes to produce said 
third chamber; telescoping said intermediate tube into said 
outer tube to produce said ?rst and second chambers; locating 
a gas-de?ecting and sound-deadening sheet between the inlet 
and outlet ends of said outer tube; and deforming opposite 
ends of said outer‘tube toienclose said intermediate and inner 
tubes between said opposite ends and produce a sinuous flow 
path for exhaust gases into one end of said intermediate tube 
with said ?rst chamber acting as a resonator chamber, through 
said second chamber with the opposite end of said second 
chamber acting as a sound-deadening buffer zone, vthrough 
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an outlet end for exhaust gases and a sinuous path between 
said ends for said gases by deforming inner, intermediate and 
outer tubes whic comprises deforming and telescopingly 
positioning said tubes to produce substantially coextensive 
outer and inner coaxial annular zones respectively de?ned 
between said outer and intermediate tubes and saidinter 
mediate and inner tubes; placing adjacent ends of said zones in 
communication with said inlet and outlet ends, respectively; 
producing passage means spaced from said adjacent ends of 
said zones to place said zones in communication with each 
other whereby gases received from the inlet end ?ow in op 
posite directions in said annular zones to produce said sinuous 
path and the opposite end of the annular’ zone produces a 
sound-attenuating buffer zone for the exhaust gases; and 
locating a sound-attentuating member between said inletand 
outlet ends of said mu?ler. , ' I - v 

33. A method as de?ned in claim 32 further including the 
step of closing said inner tube adjacent the ends of said annu 
lar zones which are remote from said inlet end of said muffler; 
placing said inner annular zone in communication with ‘said 
inlet end adjacent the inlet side of said closed portion and said 
outer annular zone in communication with the outlet side of 
said closed portion; terminating said intermediate tubespaced 

‘ from the end of said outer annular zone and from said inner 
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said second passage means and along said third chamber,and ‘I 
through said third passage means and said inner tube to said 
outlet. - e 

29. A method as de?ned in claim 28 in which said outlet end 
of said outer tube is deformed to a rectangular cross section 
and at least a'section of said sheet is located in said rectangu-' 
lar section. : 

30. A method as de?ned in claim 28 in which said deform 
ing of at least one of said intermediate and inner tubes in 
cludes' inwardly , deforming spaced portions of said inter 
mediate tube to engage said innertube in the telescoped posi 
tion. 

31. A method as de?ned in claim 28 in which said outward 
deforming of said intermediate tube includes outward defor 
mation at a fourth location axially spaced from said third loca 
tion and inward deformation adjacent said ?rst outward defor~ 
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mation; and in which said inner tube is outwardly deformed at ‘i 
first and second locations and is inwardly deformed adjacent 
said ?rst outward deformation; the further improvement of 
producing apertures in each of said outwardly deformed por 
tions of said inner tube and ?rst and second groups of 
openings on opposite sides of said inwardly deformed portion; 
and producing third and fourth groups of openings respective 
ly adjacent said third and fourth outwardly deformed portions 
of said intermediate tube; said third and fourth outward defor 
mations of said intermediate tube cooperating with said ?rst 
and second outward deformations of said inner tube to de?ne 
second and third resonator chambers and outer and inner an 
nular zones in the assembled condition; said ?rst group of 
openings being aligned to de?ne an inlet to said outer annular 
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zone; said second openings in said intermediate tube connect- ‘ 
ing said zones; and said inwardly deformed portion of said 
inner tube substantially closes said tube whereby the ?ow path 
continues through said outer and inner annular ‘zones and 
through said inner tube to said outlet end. . 

32. A method of forming a muffler having an inlet end and 
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and outer tubes‘; and locating an annular section of said sound 
attenuating member in one of said annular zones‘whereby the 
exhaust gases flow along said inner, tube to said closed portion, 
towards said inlet end along said inner vannular zone and 
towards said outlet endalong said'outer'annular zone and 
whereby said adjacent end of said outer annular zone acts as 
said sound-attenuating buffer zone. I > i -. ' _ 

. 34. A method as de?ned in claim>32~including the further 
step of producing'a closed tapered portion on the inlet end of 
said intermediate tube which cooperateswith said outer tube 
to connect the outer annular zone to said inlet and with said 
inner tube to connect said inner annular zone with said outlet. 

35. A method as de?ned in claim 32 including the further 
steps of producing a closed forward taper on the inlet end of 
said inner tube; inwardly deforming said intermediate tube 

40 into engagement with said inner tube; placing said outer annu 
lar zone in communication with said inlet end and said inner 
annular zone in communication with said outlet end on op 
posite sides of said closed forward'taper; extending said, inter 
mediate tube from said closed forward taper and outwardly 
deforming spaced‘ portions of the extension into engagement 
with said outer tube to produce a resonator chamber in' com 
munication with said-inlet end. 

36. A method of forming a muffler from outer, intermediate 
and inner tubes, each having forward and rear ends and, 
respectively, having first, second and third diameters which 
comprises: the steps of deforming said intermediate tube at 
?rst and second axially spaced locations adjacent said ?rst end 
to substantially said ?rst diameter, and third and fourth axially 
spaced locations; deforming one of said intermediate and 
inner tubes at axially spaced ?rst and second points to the 

_ diameter of the other of said tubes; producing passage means 
at axially spaced locations from the inside to the outside 'of 
said intermediate tube; closing one end of said inner tube and 
producing flow communication‘ through said inner tube ad 

60 jacent said closed end; positioning said tubes in telescoping 
relation with the deformations of the intermediate tube 
cooperating with the outer tube to de?ne a resonator chamber 
and an outer annular zone between said outer and inter 
mediate tubes, and the deformations of the tubes cooperating 
to de?ne an inner annular zone; said passage means in said in 
termediate tube placing the intermediate tube in communica 
tionjwith said resonator chamber and the forward end of said 
outer annular zone, said passage means also placing the 
remote end of said outer annular zone in communication with 
said inner annular zone at the remote end thereof. 
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