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3,315,761 
MUFFLER WITH SPACED CONCENTRIC 

TUBULAR MEMBERS 
James H. Selig, Grand Haven, Mich., assignor to Old 

berg Manufacturing Company, Grand Haven, Mich., a 
corporation of Michigan 

Original application June 13, 1962, Ser. No. 202,143, now 
Patent No. 3,242,558, dated Mar. 29, 1966. Divided 
and this application Oct. 14, 1965, Ser. No. 495,825 

3 Claims. (Cl. 181--48) 

This application is a division of my copending applica 
tion, Ser. No. 202,143, ?led June 13, 1962, now Patent 
3,242,558. 

This invention relates to an intermediate shell construc 
tion for a mutiler or silencer of a character particularly 
adaptable for silencing or attenuating sound waves en 
trained in exhaust gas streams of internal combustible 
engines and more especially to an intermediate shell and 
gas passage tube construction or unit for use in a mu?ler 
or silencer. 

It has been a general practice in conventional types 
of. mu?ier or silencer to provide one or more gas passage 
tubes wherein the gas passage tube is surrounded or em 
braced by an imperforate cylindrically-shaped shell, 
termed an intermediate shell, for the purpose of providing 
sound attenuating chambers or compartments for attenu 
ating or damping sound waves of comparatively high fre 
quencies in an exhaust gas stream. A plurality of such 
chambers is usually provided between the intermediate 
shell and the gas passage tube wall by a plurality of an 
nular rings or partition members spaced lengthwise of 
the shell, the space between each pair of annular mem 
bers de?ning a high frequency sound attenuating cham 
ber. 
Communication betwen the gas passage tube and adja 

cent high frequency sound attenuating chambers is at 
tained through a comparatively large number of small 
openings in the gas passage tube wall in order to atten 
uate high frequency sound waves. Intermediate shell 
and gas passage tube constructions of this character have 
been expensive to produce due to the number of rings 
required and the difficulties of spacing the rings to secure 
sound attenuating chambers of proper lengths. It has 
been a usual practice to weld the annular members or 
rings to the gas passage tube ‘and then insert the assern.-‘ 
blage of tube and rings within an intermediate shell. In 
some instances, annular ?anges on the rings are welded 
to the intermediate shell. In constructions where the an 
nular members are not securely held in position, vibra 
tion and varying gas pressures may cause noise. 
The present invention embraces a novel gas passage 

tube member and intermediate shell member construction 
for a muf?er and method for making same wherein par 
tition means between the tube member and the shell 
member are integrally formed on one of said members 
thereby eliminating the use of annular members between 
the gas passage member and the intermediate shell mem 
ber. 

Another object of the invention resides in a method 
of forming transversely extending partition portions ‘from 
one of said members by distorting the metal of the mem 
ber in a manner whereby a plurality of annular chambers 
of desired length are formed between the members by 
the integral partition portions. 
Another object of the invention resides in the method 

of fashioning a perforated gas passage tube and a sur 
rounding shell to form a plurality of high frequency 
sound attenuating chambers wherein transversely extend 
ing integral portions of the shell member are formed by 
a series of progressive steps of distorting the metal of the 
shell to form annular partitions or walls which engage 
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the gas passage tube to de?ne annularly-shaped sound 
attenuating chambers. 
Another object of the invention resides in a method of 

forming and assembling a gas passage tube and inter 
mediate shell tube unit wherein spaced circular regions 
of the intermediate shell tube are distorted and forced 
inwardly in engagement with the gas passage tube dis 
posed in telescoped relation with the intermediate shell 
tube. 
Another object of the invention is the provision of a 

method of forming transversely extending integral cir 
cuiar ?anges on a metal tube involving the steps of dis 
torting the metal of the tube laterally by transversely ap 
plied forces and subsequently applying pressure length 
wise of the tube to progressively further distort the metal 
transversely and compress the distorted metal upon itself 
to form a partition substantially equal to twice the wall 
thickness of the tube. 
Another object of the invention is the provision of a 

gas passage tube member and intermediate shell member 
construction for a sound attenuating mu?ler wherein a 
plurality of high frequency sound attenuating chambers 
are formed between the shell and the tube members by 
transversely extending partitions fashioned integrally of 
metal of one of the members thereby eliminating the 
use of annular rings or other separable partition devices. 

Another object of the invention resides in. a method 
of forming an intermediate shell unit for a mutller con 
struction wherein portions of the intermediate shell wall 
are processed in a manner whereby transversely extend 
ing portions are progressively formed by pressure ap 
plied lengthwise of the shell. 

Further objects and advantages are within the scope 
of this invention such as relate to the arrangement, op 
eration and function of the related elements of the struc 
ture, to various details of construction and to combina 
tions of parts, elements per se, and to economies of man 
ufacture and numerous other features as will be apparent 
from a consideration of the speci?cation and drawing of 
a form of the invention, which may be preferred, in 
which: 
FIGURE 1 is a longitudinal sectional view of a sound 

attenuating muffler embodying a form of intermediate 
shell and gas passage tube construction of the invention; 
FIGURE 2 is a transverse sectional View taken sub 

stantially on the line 2—2 of FIGURE 1; 
FIGURE 3 is an elevational view of an intermediate 

shell illustrating one of the method steps in fashioning 
the shell and gas passage units; 
FIGURE 4 is a view illustrating an assembly of gas 

passage tube member and intermediate shell member 
preparatory to a subsequnent step in the method of form 
ing the unit; 
FIGURE 5 is a view similar to FIGURE 4 illustrating 

the step in the method of completing the intermediate 
shell and gas passage unit; - 
FIGURE 6 is an enlarged fragmentary sectional view 

illustrating the partitions formed on the intermediate shell 
de?ning the high frequency sound attenuating chambers 
in the unit construction; ’ 
FIGURE 7 is a transverse sectional view taken sub 

stantially on the line 7—7 of FIGURE 6; 
FIGURE 8 is a semi-schematic view illustrating a meth 

od of deepening the grooves in the intermediate shell in 
a form of construction wherein the gas passage tube is of 
reduced diameter; 
FIGURE 9 is a fragmentary detail view illustrating the 

con?guration of a groove in an intermediate shell upon 
completion of the method step shown in FIGURE 8; 
FIGURE 10 is a view showing a modi?ed method of 

providing inwardly extending partitions on the interme 
diate shell; 
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FIGURE 11 is a transverse sectional view taken sub 
stantially on the line 11-—11 of FIGURE 10; 
FIGURE 12 is a view similar to FIGURE 10 showing 

a method step of forcing the partition portion inwardly 
into engagement with the gas passage tube, and 
FIGURE 13 is a sectional view illustrating a method 

of forming transversely extending partitions on the gas 
passage tube. ' 

While the unit construction and method of making the 
same have particular utility as a sound attenuating com 
ponent in a silencer or mu?ier for attenuating sound 
waves entrained in exhaust gas streams from internal com 
bustion engines, it is to be understood that the method 
of the invention of assembling cylindrically-shaped mem 
bers may be employed wherever the invention may be 
found to have utility. 
One form of sound attenuating unit of the invention 

is illustrated in FIGURES 1 and 2 embodied in a muf?er 
or silencer for use with an exhaust gas stream of an in 
ternal combustion engine. Referring to FIGURES 1 
and 2, the muffler 10 is inclusive of a main or outer shell, 
casing or housing 12 which, as shown in FIGURE 2, is 
of generally oval shape. The mu?ler may be of other 
shape if desired. The shell or casing 12 illustrated is 
of the double wall type having an outer layer of metal 
14 and an inner layer of metal 15 which are slightly sep 
arated to provide a space 17 to reduce shell noise. 

In certain installations it may ‘be desirable to ?ll the 
space 17 with asbestos, mineral ?bers or other high tem 
perature resistant insulation. The shell or casing con 
struction is provided with end walls, heads or closures 18 
and 19, each of the heads or closures being formed with 
a peripheral ?ange con?guration 20 of generally U-shaped 
cross-section providing a peripheral recess or groove 
which receives the mating or contiguous end regions of 
the shell walls 14 and 15 in the manner shown in FIG 
URE ‘1. 
The ?anges 22 and 23 of the U-shaped con?guration 20 

may be rolled or crimped into engagement with the ends 
of the shell walls 14 and 15 to form a ?uid-tight joint. 
The end wall 18 at the inlet end of the muffler is fashioned 
with an opening de?ned by a circular ?ange 24, the open 
ing accommodating a coupling sleeve or tubular ?tting 
26 which is preferably welded or otherwise secured to 
the ?ange 24. 
The portion of the coupling sleeve exteriorly of the 

end head 18 is arranged to accommodate an exhaust in 
let tube of exhaust pipe 28 adapted to convey exhaust 
gases from an internal combustion engine into the mu?ier 
construction. 
The end head 19 at the exhaust outlet end of the muffler 

is provided with an opening de?ned by a circular ?ange 
30 which accommodates a coupling sleeve or tubular 
?tting 31 welded or otherwise secured to the ?ange 30. 
The coupling 31 is adapted to be connected with a tail 
pipe (not shown) or other tubular means for conveying 
away exhaust gases from the muffler. 

Disposed within the mu?ier housing 12 are transversely 
spaced partitions or headers 34, 35 and 36, the headers 
or partitions being provided with openings to receive gas 
passage tubes 38 and 40, the tube 40 being a gas outlet 
tube connected with the outlet coupling 31, as shown in 
FIGURE 1. One or more of the headers may be pro 
vided with openings 42, shown in FIGURE 2, to facilitate 
passage of gas through the muffler in addition to the 
tubes 38 and 40. 
The mu?ier shown in FIGURES 1 and 2 embodies a 

gas passage and sound attenuating unit construction 44 of 
the invention. The construction 44 includes a tubular 
member 46, herein referred to as an intermediate shell, 
and a gas passage tube 48 of lesser diameter than the 
intermediate shell 46 arranged in telescoped relation 
therewith. In the embodiment illustrated, the inlet end 
of tube 48 is in telescoping relation with the inlet ?tting 
26 and forms a gas inlet passage. tube for conveying ex 
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4 
haust gases into the muf?er through substantially the 
length thereof. 
The peripheral wall of the gas passage tube or member 

48 is provided with a comparatively large number of 
small openings or ori?ces 50. 
The intermediate shell or member 46 is integrally 

formed with interiorly extending portions 52, 54, 56 and 
58 which engage the exterior surface of the gas passage 
tube or member 48 and provide therewith annularly 
shaped high frequency sound wave attenuating chambers 
62, 64 and 66. The openings 50, ‘in the wall of the gas 
passage tube 48, provide acoustic couplings with the cham 
bers 62, 64 and 66 for attenuating sound waves of com 
paratively high frequency. The method of forming the 
sound attenuating unit 44 will be hereinafter described 
in detail. 
The gas passage :tubes 38 and 40 may also be perfo 

rated or fashioned with small openings in the walls there 
of in various areas, if desired, for gas transfer purposes 
as well as sound attenuating purposes. The header or 
partition 34 forms with the inlet head 18 a chamber 70 
which is in communication with the gas passage tubes 38 
and 40. The end head 19 forms with the header or par 
tition 36 a chamber 72 which is in communication with 
the opposite ends of the gas passage tubes 38 and 48. 
The chambers 70 and 72 provide for the transverse ?ow 
of exhaust gases and form resonance chambers for at 
tenuating low frequency sound waves. 

In the arrangement shown in FIGURES 1 and 2, the 
exhaust gas stream from an internal combustion engine 
enters the inlet ?tting 26 and gas passage tube 48 from the 
gas conveying exhaust pipe 28. 
The gases move through the gas passage tube 48 

into the gas transfer chamber 72 thence in retroverted 
'directions through the gas passage tube 38 and the gas 
transfer chamber 70 into the exhaust outlet tube 40 which 
‘conveys the gases away from the muf?er. High fre 
quency sound waves are attenuated in the sound attenuat 
ing chambers 62, 64 and 66 through the acoustic cou 
plings provided by the openings 50. 
The invention includes a novel method of forming the 

gas passage and sound attenuating unit 44 comprising the 
intermediate shell 46 and the gas passage tube 48. In 
the method of the invention, the partitions or ba?ies 
52, 54, 56 and 58 are integrally fashioned on the inter 
mediate shell 46 or in the alternative as hereinafter de 
scribed, on the gas passage tube. The method involves 
the processing or distortion of regions of the metal of 
the intermediate shell or tube 46 to form the integral 
transversely extending partitions. 

Referring to FIGURE 3, there is illustrated a step in 
the method of processing the metal of the wall of the 
intermediate shell or tube 46 in forming the baffles or 
partitions. The tube is mounted upon a rotatable sup 
port (not shown). The tube is rotated and the wall 
of the tube engaged by a suitable forming or grooving 
roll or wheel 74 journaled on a pin 75 carried by a 
member 76. In order to form a groove in the tube wall, 
the gro’oving or forming roll 74 is progressively ad 
vanced toward the tube in a direction normal to the axis 
of the tube 46 to form a groove or circular depression 
bounded by portions 78 and 79. 

In order to stabilize the thrust of the forming roll 
74 against the tube, an abutment roller 82 journally sup 
ported on a member 84 is engaged with the peripheral 
surface of the tube 46 at a region preferably diametrically 
opposite to grooving roll 74 in the manner shown in 
FIGURE 3. FIGURE 3 illustrates four grooves formed 
in the tube 46, the forming roll 74 being illustrated in 
the position of completing the fourth groove. 

In the method of forming the grooves as above de_ 
scribed, each of the grooves is formed individually and 
in succession. When the metal is distorted in forming a 
groove, the over-all length of the tube 46 is reduced 
to provide the metal for the grooves. Through this 
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method of progressively and successively forming each 
grove, the thickness of the metal in the grooves is main 
tained substantially the same as the thickness of the por 
tions of the tube wall 46 between the pairs of grooves so 
that there is no appreciable reduction in the strength of 
the metal at the regions of the grooves. 
The grooves are designated 51, 53, 55 and 57 in FIG 

URE 3. In processing the intermediate shell member 46, 
the groove 51 is of the greatest depth and therefore has a 
greater bight portion. The grooves 53, 55 and 57 are of 
progressively lesser depth although the difference between 
the depth of adjacent grooves may be only a few thou 
sandths of an inch and therefore have a successively small 
er bight portion. The reason for this differential in 
depth of grooving will be hereinafter explained. Further 
steps in the method of forming the sound attenuating unit 
44 are illustrated in FIGURES 4 and 5. 

After the formation of the grooves in the manner 
illustrated in FIGURE 3, the perforated gas passage tube 
48 is inserted or telescoped within the grooved walled 
intermediate shell 46 and the assembly mounted in 
vertical position upon a supporting footing or block 86, 
as shown in FIGURE 4. The block 86 is provided with 
an annular upwardly projecting ridge 88 which extends 
between the end regions of the tube 46 and the gas pas~ 
sage tube 48. The block 86 is provided with a horizontal 
ledge 90 which is engaged by the lower edge of the inter 
mediate shell or tube 46. 

The block 86 is provided with a bore to slidably, yet 
snugly, accommodate the end region 91 of the gas pas 
sage tube 48, the end of the tube engaging or abutting the 
the bottom wall 92 of the bore formed in the block 86. 
Arranged above the upper end of the assembly is a 
movable head 94 of a press or other means for exerting 
downwardly acting pressure. Secured to the press head 
94 is an adapter or ?tting 96 fashioned with a counterbore 
97 accommodating the upper end region of the inter 
mediate shell or tube 46. 
The counterbore 97 terminates in a circular ledge 98 

which is adapted to engage the upper end of the tube 46 
as shown in FIGURE 4. The adapter 96 is provided with“ 
a central bore 109 to accommodate the upper end region 
of the gas passage tube 48. It should be noted that the 
wall de?ning the central bore or chamber 100 is slightly 
tapered or converged in a direction as shown in FIGURE - 
4 to effect a centering of the gas passage tube 48 during 
further processing of the shell 46 in forming the laterally 
extending partitions. ’ 

Surrounding the intermediate shell or tube 46 at the 
region of each groove is a pair of semicircularly-shaped 
members 102 which engage the exterior wall of the tube 
46 and provide an annularly shaped means to con?ne 
the metal of the tube wall 46 at the regions of the grooves 
during further processing. FIGURE 5 illustrates the 
position of the assembly shown in FIGURE 4 at the 
completion of a downward stroke of the press head or 
platen 94 which operation completes the formation of 
the partitions 52, 54, 56 and 58. 
With the components in the relation shown in FIG 

URE 4 and the con?ning guide grips or members 102 in 
engagement with the exterior surface of the tube 46, 
downward movement of the press head 94 performs sev 
eral steps in sequence. As the groove 51 at the lower end 
of the assembly shown in FIGURES 4 and 5, is the deep 
est of the four grooves, the downward pressure exerted 
by the press head 94 through the adapter or ?tting 96 
upon the upper end of the tube 46 collapses the portions 
78 and 79 de?ning the groove 51 to the position shown 
in FIGURE 5 forming the partition 52 comprising two 
contiguous thicknesses of the metal which previously de 
?ned the groove 51. 
At the same time the collapsing of the metal occurs, 

the bight portion of the groove which, as shown in FIG 
URE 4, was slightly spaced from the exterior wall surface 
of the tube 48, is forced into engaging relation with the 
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6 
gas passage tube 48 under the pressure collapsing the 
walls de?ning the grooves 51. 
At the completion of the collapsing of the walls de 

?ning the lower groove 51, solid resistance to further col 
lapsing of the tube wall is obviated by con?ning dies or 
members 102 so that further downward pressure of the 
press head 94 collapses the walls 78 and 79 de?ning the 
groove 53, such collapsing forming the dual layered par 
tition 54. ' 

The same collapsing action successively takes place 
with respect to the metal de?ning the grooves 55 and 57 
to form the integral partitions 56 and 58. The progressive 
formation of the partitions by sequential collapsing of the 
walls of the grooves beginning at the ‘bottom of the as 
sembly occurs by reason of the difference in depth of the 
successive grooves. 
The progressive collapsing is assured because the re 

sistance to collapsing of the metal regions de?ning the 
groove is dependent in a measure upon the depth of the 
groove. The con?ning members 102 surrounding the re 
gions of the grooves prevent the metal of the tube or shell 
46 from moving outwardly during the collapsing step so 
that the metal de?ning the grooves is necessarily directed 
inwardly to eiiect a tight engagement of the metal form 
ing the partitions with the exterior surface of the gas pas 
sage tube 48. A partial section of the ?nished product 
or unit 46 is shown in FIGURE 6. 

It should be noted that by reason of the successive col 
lapsing of the portions 78 and 79 of each groove in the 
tube wall 46, the length of the tube 46 in the ?nished unit 
is the lesser length than the uncollapsed tube shown in 
FIGURE 4. 
Due to the progressive downward movement of the 

metal or tube 46 in collapsing the successive portions to 
form the partitions, the downward movement of the dis 
torted metal of the tube 46 may provide a partition which 
is in a slightly canted position as shown in FIGURE 6, 
but the interior circular surfaces of the partitions are in 
engagement with the gas passage tube 48 and thereby form 
the chambers 62, 64 and 66. 
As will be seen from FIGURE 6, a sound attenuating 

and gas passage unit is provided wherein the high fre 
quency sound attenuating chambers are fashioned or de 
?ned by inwardly extending circular partitions which are 
integral with the tube 46, thus eliminating the use of sev 
eral independent annular members between the inter 
mediate shell and the gas passage tube to form sound 
attenuating chambers. The method is particularly advan 
tageous in that it enables the accurate location or position 
ing of the partitions lengthwise of the intermediate shell 
or tube 46. 

Furthermore there is no possibility of looseness or lost 
motion between the partitions and the gas passage tube 
48 because the collapsing step forces the inner circular 
edge regions de?ning the partitions into snug engagement 
With-the gas passage tube 48 as shown in FIGURES 5 
and 6. From the foregoing explanation of the method 
of forming the unit 44, the partitions 52, 54, 56 and 58 
de?ne the annularly-shaped con?ned zones or high fre 
quency ‘sound wave attenuating chambers 62, 64 and 66. 
The completed sound attenuating unit comprisingthe 

intermediate shell 46, the perforated gas passage tube 48 
and the partition construction is thus completed and is 
assembled inthe mu?‘ier construction as shown in FIG 
URE 1. As the partitions de?ning the high frequency 
sound wave attenuating chambers are formed as integral 
components of the intermediate shell construction 46, 
the complete unit is formed of only two components viz. 
the intermediate shell 46 and the perforated gas passage 
tube 48. ' _ 

The foregoing described method steps are employed in 
fashioning intermediate shell units where the inside di 
ameter of the outer shell 46 is approximately % of an 
inch greater in diameter than the inside diameter of the 
gas passage tube 48. FIGURES 6‘ and 7 are illustrative 
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of a completed unit wherein the intermediate shell or tube 
46 is of a diameter of about 21/2 inches and the gas pas 
sage tube 48 of a diameter of about 1% inches. 
The method may be utilized to form partitions between 

an intermediate shell and a gas passage tube by employ 
ing an additional method step where the difference be 
tween the diameter of the intermediate shell and that of 
the gas passage tube exceeds approximately 3%; of an 
inch. FIGURES 8 and 9 are illustrative of an additional 
step in fabricating an intermediate shell unit with a gas 
passage tube of reduced diameter of approximately 1% 
inches. In fashioning this form of construction, the steps 
of the method illustrated in FIGURE 3 are substantially 
duplicated in forming the grooves 108 in the intermediate 
shell or tube 110, a portion of the tube being shown in 
FIGURE 8. 

In order to exercise control of the metal of the shell 
at the regions of the grooves in forming the partitions, 
the metal at the region of the grooves is distorted inwardly 
for a greater distance than the depth of the grooves formed 
by the method step illustrated in FIGURE 3 and herein 
before described. After the grooves 108 are formed in 
the wall of tube 110 in the manner shown in FIGURE 3, 
the bight portion of each groove is deepened by a suitable 
tool 112 shown in FIGURE 8. 
The tool 112 comprises a body 114 provided with the 

projection 116 which is comparatively thin, as illustrated 
in FIGURE 8, and having a rounded end 118 engageable 
with the metal in the base or bight of a groove. The tube 
110 is rotated about its longitudinal axis and the tool 112 
progressively moved into a groove in a direction normal 
to the axis of the tube to force the projection 116 toward 
the axis of the tube to thereby deepen the groove to ap 
proximately the con?guration illustration in FIGURE 9. 
The action of forcing the tool projection 116 toward the 

axis of the tube while the tube is rotating effects a further 
distortion of the metal whereby the walls 120 and 122 de 
?ning the groove are brought more nearly into closed 
parallel relation and simultaneously increasing the depth 
of the groove in the tube. In assembling a gas passage 
tube with the construction shown in FIGURE 9, the 
method illustrated in FIGURES 4 and 5 is employed to 
collapse the tube lengthwise to form the partitions. 

Thus, after the tool 116 has been employed to deepen 
the grooves in the shell or tube 110, the gas passage tube 
124, shown in FIGURES 10‘ and 11, is inserted in the in 
termediate shell, and the walls 120 and 122 of each groove 
are brought together by the collapsing action by down 
ward movement of the press head 94, shown in FIGURE 
5, whereby the parallel walls 120‘ and 122 of each groove 
are brought into contiguous relation to form the partitions 
130, as shown in FIGURE 10. 
During the endwise collapsing of the intermediate shell 

110, the regions of metal adjacent each of the grooves may 
be con?ned by mating semicircular con?ning dies 126- so 
that during collapsing, the metal at the region of the 
grooves is forced inwardly toward the gas passage tube 
124. In order to effect progressive closing or collapsing 
of the grooves in the ?nal step of fabricating the parti 
tions, it is preferable that the tool 116 be moved inwardly 
a greater distance in each successive groove so that the 
grooves from one end of the tube to the other are progres 
sively deeper. 
Through this method, the Wall regions de?ning the sev 

eral grooves are progressively collapsed by pressure on the 
end of the intermediate shell or outer tube in the manner 
illustrated in FIGURE 5 and hereinbefore described. 
Through this method, the distortion of the metal in form 
ing the grooves and in deepening the grooves may be con 
trolled so as to assure the formation of partitions shaped 
to engage the gas passage tube 124 throughout its periph 
ery. > 

Through the use of these method steps, the partitions 
130 may be fashioned to bridge a substantial annular space 
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between the gas passage tube 124 and the intermediate 
shell or outer tube 110‘. 
FIGURE 12 is illustrative of a modi?ed method of 

forming the partitions integrally with the intermediate 
shell. In this form the grooves formed integrally by dis 
torting the metal inwardly are ?rst collapsed to bring the 
metal portions 136 and 138 of a groove into contiguous 
relation by endwise pressure exerted upon the intermedi 
ate shell 140 while the exterior regions of the tube adjacent 
the grooves are uncon?ned. 

This action results in slight outward distortion of the 
metal at the regions indicated by the peripheral ridges 142 
with the inner circular apices of the partitions 144 adja 
cent, but not in actual engagement, with the periphery of 
the gas passage tube 146. After the endwise collapsing of 
the tube or intermediate shell 140 is effected, mating cavity 
dies 150 of semicircular shape are moved transversely 
into engagement with the ridges 142 to distort the metal 
of the ridges inwardly, which action concomitantly moves 
the contiguous walls 136 and 138 of each groove inwardly 
with the annular bight portion in engagement with the 
exterior peripheral surface of the gas passage tube 146. 

In this manner the integral partition is brought into en 
gagement with the gas passage tube and the exterior sur 
face ridges of the intermediate shell 140 are moved in 
wardly to present a smooth exterior cylindrical shape for 
the intermediate shell or outer tube 140. 
FIGURE 13 is illustrative of an intermediate shell, gas 

passage and sound attenuating unit 160 wherein the trans 
versely extending partitions 162 are integrally formed 
with the perforated gas passage tube 164. In this con 
struction the grooves are formed from metal from the 
gas passage tube 164 by forcing the metal of the tube 
outwardly through the use of a grooving roll such as that 
illustrated at 74 in FIGURE 3, the roll being carried by 
a member (not shown) projecting endwise interiorly of 
the gas passage tube and movable transversely of the axis 
of the tube to force the metal outwardly to form the 
grooves. 
The grooves in the tube 164 are preferably made of 

progressively increasing depth from one end of the tube 
to the other in the same manner that the grooves formed 
by the method shown in FIGURE 3 are made progres 
sively deeper. The outer tube or shell 160 may then be 
assembled with the grooved gas passage tube 164 in the 
same manner that the gas passage tube 48 is assembled 
with the intermediate shell 46 as shown in FIGURE 4. 
The gas passage tube 164 may then be collapsed length 

wise in the same general manner as illustrated in FIG 
URE 5, the endwise pressure exerted on the gas passage 
tube 164 collapsing the walls de?ning the outwardly ex 
tending grooves in the tube 164 into contiguous relation 
and forcing them outwardly into engagement with the in 
termediatte shell or outer tube 160 as shown in FIGURE 
13. During the collapsing action on the gas passage tube 
164, a mandrel or other con?ning means may be inserted 
within the gas passage tube in order to assure the out 
ward distortion of the metal at the regions of the grooves 
into engagement with the intermediate shell or outer 
tube 160. 
The adjacent partitions 162, shown in FIGURE 13, 

form high frequency sound attenuating chambers 166. It 
is preferable that the regions of the gas passage tube 164 
at which the partitions 162 are formed be unperforated 
to provide partitions which are imperforate. 

It will therefore be apparent that a sound attenuating 
unit particularly con?gurated to provide high frequency 
sound wave attenuating chambers may be fashioned by 
forming transversely extending annularly-shaped integral 
partitions, either from the metal of the intermediate shell 
or outer tube or from the metal of the inner or gas pas 
sage tube. The openings 50 in the gas passage tubes pro 
vide acoustic couplings with the adjacent sound attenu 
ating chambers formed by the outer shell and the parti 
tions to attenuate or eradicate high frequency sound waves 
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in a stream of exhaust gases moving through the gas pas~ 
sage tube. 
The sound attenuating unit of the invention is thus 

adaptable for pre-fabrication to facilitate rapid assembly 
of one or more uni-ts in a mu?ier construction. The parti— 
tions fashioned in accordance with the hereinabove de 
scribed method may be spaced lengthwise at di?erent dis 
tances so as to provide sound attenuating chambers of 
diiferent lengths as the grooves may be fashioned of the 
tube walls at any positions along a tube. The construc 
tion provides separators or partitions without the use of 
securing or welding individual components, rings or parti 
tions between an intermediate shell and the gas passage 
tube. 

It is apparent that, within the scope of the invention, 
modi?cations and different arrangements may be made 
other than as herein disclosed, and the present disclosure 
is illustrative merely, the invention comprehending all 
variations thereof. 

I claim: 
1. Apparatus for attenuating sound waves in a gas 

stream in combination: 
(a) a pair of tubular members of di?erent diameters ar 
ranged in telescoping relation, 

(b) means on one of said tubular members and integral 
therewith spacing the inner tubular member from the 
outer tubular member, 

(c) said means comprising a plurality of longitudinally 
spaced transverse partitions in sealing engagement 
with the other of said tubular members, 
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((1) said partitions each including an integral bight por 

tiog having sides in contiguous abutting relationship, 
an 

(e) said bight portions of said partitions being suc 
cessively smaller from one end of said apparatus to 
the other end. 

2. Apparatus for attenuating sound Waves as in claim 
1 and wherein: 

(a) said partitions are integral with said inner tubular 
member and in sealing engagement with said outer 
tubular member. 

3. Apparatus for attenuating sound waves as in claim 
1 and wherein: 

(a) said partitions are integral with said outer tubular 
member and in sealing engagement with said inner 
tubular member. 
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