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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a sub-muffler
incorporated into an exhaust system of an automobile,
and a manufacturing method of such sub-mufflers. In par-
ticular, the present invention relates to a sub-muffler in-
cluding a main body having a rectangular shape in cross
section, and a manufacturing method of such sub-muf-
flers.

2. Description of Related Art

[0002] A sub-mufflerintegrated intoan exhaustsystem
of an automobile is often housed and disposed in a floor
tunnel section that is formed so as to extend in the
front/back direction of the vehicle (a space recessed in
the vehicle interior direction) on the under surface of the
floor of the vehicle.

[0003] For example, Japanese Unexamined Patent
Application Publication No. 2002-347664 discloses a
sub-muffler with arecess formed on the upper side there-
of and having curved sides as shown in its Fig. 6. In par-
ticular, the sub-muffler is disposed in a recessed space
of a floor tunnel section in such a manner that the under
surface of the sub-muffler is roughly flush with the under
surface of the floor of the vehicle. Further, a recess ex-
tending in the vehicle front/back direction is formed at
the center in the vehicle width direction on the upper sur-
face of the sub-muffler. Further, a space is formed be-
tween the recess and a propeller shaft extending in the
front/back direction above the recess and having a cir-
cular shape in cross section. This space allows air to flow
easily from the front of the vehicle to the back thereof.

SUMMARY OF THE INVENTION

[0004] The presentinventors have found the following
problem. A sub-muffler is connected to a catalyst con-
verter and/or a main muffler through a pipe having a di-
ameter smaller than that of the sub-muffler.

[0005] The inventors of the present application have
examined a method in which a spinning machining is
performed on both ends of a sub-muffler to reduce the
cross sectional areas thereof and thereby conform the
cross section of the ends to those of pipes so that the
pipes can be connected to both ends of the sub-muffler.
(In this specification, the term "machining" includes
"shaping", "deforming", and so on by using a machine.)
However, the inventors have found a problem that when
a spinning machining is simply performed on the ends of
a rectangular sub-muffler (i.e., a sub-muffler having a
rectangular shape in cross section) including a main body
having a rectangular outer shape in cross section, wrin-
kling and cracking occur.
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[0006] Therefore, the inventors have also examined a
method in which, for example, separate connection com-
ponents such as pressed articles are attached to the ends
of a sub-muffler by using a welding process or a crimping
process, and the sub-muffler is connected to pipes
through the connection components. However, the in-
ventors have found that since this method requires sep-
arate connection components, the yield rate is lowered.
[0007] The present invention has been made in view
of the above-described circumstances, and an object
thereofis to make it possible to manufacture sub-mufflers
with a high yield rate.

[0008] Afirstexemplary aspectofthe presentinvention
is a manufacturing method of a sub-muffler including:

atubularbody shaping step of rolling a plate material,
and thereby forming a cylindrical body (e.g., a roll
shaping step S3, a pipe-making welding step S4);
a central part spinning machining step of performing
a rectangular spinning machining in which a rotating
roller is moved along a rectangular trajectory while
pressing the rotating roller onto a central part of the
cylindrical body, and thereby machining the central
part so that a cross-sectional shape of the central
part becomes a rectangular shape (e.g., a central
part spinning machining step S5, S26, an end part
spinning machining step S7, S27); and

a diameter reducing step of reducing a diameter of
an end of the cylindrical body (e.g., a diameter re-
duction spinning machining step S8, S28).

[0009] The above-described manufacturing method
makes it possible to manufacture sub-mufflers with a high
yield rate.

[0010] Further, in the diameter reducing step, the di-
ameter of the end of the cylindrical body may be reduced
by performing a circular spinning machining in which the
rotating roller is moved along a circular trajectory while
pressing the rotating roller onto the end of the cylindrical
body. Further, in the central part spinning machining step,
the central part may be machined so that the cross-sec-
tional shape of the central part becomes a rectangular
shape by performing the rectangular spinning step after
performing a circular spinning machining in which the
rotating roller is moved along a circular trajectory while
pressing the rotating roller onto the central part of the
cylindrical body. Further, in the central part spinning ma-
chining step, the trajectory of the rotating roller may be
gradually changed from the cross-sectional shape of the
central part of the cylindrical body into a rectangular
shape.

[0011] Another exemplary aspect of the presentinven-
tion is a sub-muffler manufactured by using the above-
described manufacturing method.

[0012] The above-described configuration makes it
possible to provide sub-mufflers that can be manufac-
tured with a high yield rate.

[0013] According to the presentinvention, itis possible
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to provide a manufacturing method of a sub-muffler that
can make it possible to manufacture sub-mufflers with a
high yield rate.

[0014] The above and other objects, features and ad-
vantages of the present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not to be consid-
ered as limiting the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 is a perspective view of a sub-muffler accord-
ing to a first exemplary embodiment;

Fig. 2 is a figure showing a disposition of the sub-
muffler according to the first exemplary embodiment;
Fig. 3 is a cross section of the sub-muffler and a front
floor tunnel section according to the first exemplary
embodiment;

Fig. 4 is a graph showing primary sound pressure
magnitudes of an exhaust sound with respect to vol-
ume ratios of a sub-muffler to the total volume of the
sub-muffler and a main muffler;

Fig. 5is a flowchart showing a manufacturing method
according to the first exemplary embodiment;

Fig. 6 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 7 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 8 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 9 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 10 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 11 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 12 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 13 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 14 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 15 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 16 is a schematic diagram showing one step in
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the manufacturing method according to the first ex-
emplary embodiment;

Fig. 17 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 18 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 19 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 20 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 21 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 22 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 23 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 24 is a schematic diagram showing one step in
the manufacturing method according to the first ex-
emplary embodiment;

Fig. 25is a perspective view of a sub-muffler accord-
ing to a second exemplary embodiment;

Fig. 26 is a flowchart showing a manufacturing meth-
od according to the second exemplary embodiment;
Fig. 27 is a schematic diagram showing one step in
the manufacturing method according to the second
exemplary embodiment; and

Fig. 28 is a schematic diagram showing one step in
the manufacturing method according to the second
exemplary embodiment.

DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
First exemplary embodiment

[0016] A sub-muffleraccording to a firstexemplary em-
bodiment is explained with reference to Figs. 1 to 4. Fig.
1is a perspective view of a sub-muffler. Fig. 2 is a figure
partially showing a disposition of the sub-muffler when
the sub-muffler is mounted on a vehicle. Fig. 3 is a cross
section of the sub-muffler and a front floor tunnel section.
Fig. 4 is a graph showing primary sound pressure mag-
nitudes of an exhaust sound with respect to volume ratios
of a sub-muffler to the total volume of the sub-muffler and
amain muffler (i.e., ratios of the volume of the sub-muffler
to the total volume of the sub-muffler and the main muf-
fler).

[0017] As shown in Fig. 1, a sub-muffler 1 includes a
tubular body 2, a flow path pipe 3, and a separator 23.
[0018] The tubular body 2 has a roughly trapezoidal
shape in cross section. The tubular body 2 is made of,
for example, a metal material such as iron, titanium, alu-
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minum, or an alloy thereof. Examples of the alloy include
stainless steel. The tubular body 2 has a central axis Y1.
The central axis Y1 may pass through the center of grav-
ity in the cross section of the tubular body 2. The tubular
body 2 includes a central part 20, an end part 21 extend-
ing in one direction from the central part 20, and an end
part 22 extending in the other direction.

[0019] The central part 20 has a roughly trapezoidal
shape in cross section, and its cross section becomes
smaller from the end part 21 toward the end part 22. The
diameters of the end parts 21 and 22 of the tubular body
2 are reduced so that they are closely attached to the
outer circumferential surface of the flow path pipe 3. The
inner diameter of the central part 20 is larger than the
outer diameter of the flow path pipe 3. Further, the inner
diameter of the parts of the ends parts 21 and 22 that are
located closest to their ends is equal to or slightly larger
than the outer diameter of the flow path pipe 3. In some
cases, a bump-and-recess pattern may be formed on the
outer wall surface of the tubular body 2 in order to in-
crease its rigidity. The central part 20 and the end parts
21 and 22 are formed as an integrated article. That is,
instead of the boundaries between the central part 20
and the end part 21 and between the central part 20 and
the end part 22 being formed by joining two members by
welding or crimping, they are formed from one planar raw
material by a form-shaping process. The end part 22 has
an outlet 33 for discharging exhaust from the tubular body
2, and the outlet 33 is connected to a main muffler or the
like located in the downstream side through a pipe of the
like.

[0020] The separator 23 is disposed inside the tubular
body 2 and divides the space inside the tubular body 2
into two sections, i.e., an expansion chamber on the end
part 21 side and another expansion chamber on the end
part 22 side. Further, a holding hole 24 is formed in the
separator 23. The flow path pipe 3 is inserted into the
holding hole 24 and thereby held by the separator 23.
[0021] The flow path pipe 3 includes a suction part 31
that is connected to a catalyst converter or the like, and
a straight part 32 extending on a straight line from the
suction part 31. Exhaust that has passed through the
catalyst converter or the like is guided from the expansion
chamber on the end part 21 side to the expansion cham-
ber on the end part 22 side through the straight part 32.
The straight part 32 may be a punching pipe in which a
plurality of holes are formed. A sound absorption member
(not shown) is disposed in the expansion chamber of the
tubular body 2 and envelops the outer circumferential
surface of the straight part 32. The sound absorption
member is a member made of a material capable of ab-
sorbing sound energy and thereby absorbing the sound.
Examples of the sound absorption member include
glass-wool.

[0022] Next, a sub-muffler 1 incorporated into an ex-
haust system of an automobile is explained.

[0023] Asshownin Fig. 2, an exhaust system 50 of an
automobile includes a catalyst converter 51, the sub-muf-
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fler 1, a pipe 52, and a main muffler 53 connected to the
pipe 52. The catalyst converter 51 is connected to an
engine (notshown) through an exhaust pipe (not shown).
The sub-muffler 1is incorporated into the exhaust system
50 of the automobile by connecting the suction part 31
to the catalyst converter 51 and connecting the outlet 33
to the pipe 52. Further, the sub-muffler 1 supplements
the silencing effect of the main muffler 53.

[0024] Note that the sub-muffler 1 is disposed, for ex-
ample, directly below a front floor tunnel section 60 of
the automobile. As shown in Fig. 3, the front floor tunnel
section 60 has a difference in height in the width direction
of the automobile (Rh-direction in Fig. 3). That is, a part
of the front floor tunnel section 60 is recessed toward the
vehicle interior, and hence the front floor tunnel section
60 includes a space 61, i.e., a recessed part having a
roughly trapezoidal shape in cross section. Meanwhile,
since the tubular body 2 of the sub-muffler 1 is a tubular-
shape body having a roughly trapezoidal shape in cross
section as described above, the tubular body 2 is housed
in the vacant space 61 in such a manner that gaps in the
space 61 can be reduced as much as possible while
avoiding interference caused by obstacles located in the
lower part of the automobile. Therefore, it can be ensured
that the sub-muffler 1 has a larger volume compared to
that of a typical cylindrical sub-muffler in related art.
[0025] An increase in the total volume of the sub-muf-
fler and the main muffler lowers the exhaust resistance
of the engine and hence contributes to an improvement
in the engine power and the fuel efficiency. However,
there is a limit to the increase in the volume of the main
muffler because of the restriction imposed by the vehicle
design and a demand that the interior space should be
increased as much as possible. Therefore, we have
come up with an idea that the volume of the sub-muffler
should be increased in the first exemplary embodiment.
Itis difficultto ensure that there is alarge space for mount-
ing the sub-muffler by changing the shape of the front
floor tunnel section 60 because of other factors regarding
the vehicle design and the design restriction of the unit
to be mounted. Therefore, we have decided to effectively
use the conventional housing space by changing the out-
er shape of the sub-muffler as explained above.

[0026] Further, we have conducted experiments for
measuring primary sound pressure magnitudes of an ex-
haust sound with respect to volume ratios of the sub-
mulffler to the total volume of the sub-muffler and the main
muffler. The primary sound pressure magnitude indi-
cates the magnitude of a sound pressure of the exhaust
sound. A decrease in the primary sound pressure mag-
nitude means a decrease in the noise caused by the ex-
haust. As shown in Fig. 4, when the volume ratio is in-
creased from 0.1 to0 0.5, the primary sound pressure mag-
nitude gradually decreases until it eventually reaches the
minimum value. The volume of a typical sub-muffler is
much smaller than that of a main muffler. That is, the
volume ratio of a sub-muffleris about 0.2 atthe maximum.
It is possible to reduce the noise caused by the exhaust
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by employing the sub-muffler according to this exemplary
embodiment and thereby increasing the volume ratio of
the sub-muffler.

[0027] Note that although the tubular body 2 has a
roughly trapezoidal shape in cross section in the above-
described exemplary embodiment, the tubular body 2
may have a rectangular shape other than the trapezoidal
shape in cross section in other embodiments. Examples
of the rectangular shape include a roughly trapezoidal
shape, a roughly quadrangular shape, a roughly rectan-
gular shape, a roughly square shape, and other polygo-
nal shapes. The rectangular shape does not necessarily
have to be a perfect rectangular shape. For example, the
rectangular shape includes a rectangular shape in which
some or all of the four corners are rounded or cut. The
tubular body 2 should have a cross section so that it con-
forms to the shape of the wall surface forming the front
floor tunnel section 60 of the automobile in which the sub-
muffler 1 is mounted as much as possible.

Manufacturing Method 1

[0028] Next, a manufacturing method of a sub-muffler
according to the first exemplary embodiment is explained
with reference to Figs. 6 to 24 as well as Fig. 5. Fig. 5 is
a flowchart showing a manufacturing process according
to the first exemplary embodiment. Figs. 6 to 24 are sche-
matic diagrams for explaining steps in the manufacturing
method according to the first exemplary embodiment.
[0029] AsshowninFig. 6, for example, plate materials
70 having a predetermined trapezoidal shape are cut out
from a planar raw material made of the same type of
material as that of the tubular body 2 (plate material cut-
ting step S1). Fig. 6 shows a state where four plate ma-
terials 70 are cut out by punching or the like. Each plate
material 70 has edges 73 and 74. The edges 73 and 74
are parts corresponding to a pair of opposite sides ex-
tending between the top side and the bottom side in the
trapezoidal shape.

[0030] Next, as shown in Fig. 7, for example, a bump-
and-recess pattern 76 is formed by using a press die (not
shown) in order to increase the rigidity (rigidity pattern
shaping step S2). Note that for the sake of easier under-
standing, the illustration of the bump-and-recess pattern
76 is omitted in Figs. 1 to 6 and Figs. 8 to 28.

[0031] Next, as shown in Figs. 8 to 12, the cut-out plate
material 70 is made to pass between a plurality of rollers
85 and thereby rolled. By doing so, the plate material 70
is bending-formed into a ring shape (roll shaping step
S3). In particular, as shown in Fig. 9, it is confirmed that
the plate material 70 has a planar shape before making
the plate material 70 pass between the plurality of rollers
85. As shown in Fig. 10, while the plate material 70 is
passing between the plurality of rollers 85, the edge 74
is rolled into an arc shape and then the plate material 70
is gradually rolled from the edge 74 to the edge 73. Fi-
nally, as shown in Fig. 11, the plate material 70 is rolled
into a ring shape. Further, the end face at the edge 73
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gets closer to that of the edge 74 and they are opposed
toeach other. The plate material 70 is formed into a shape
shown in a perspective view of Fig. 12. Note that the end
faces of the edges 73 and 74 may be broughtinto contact
with each other.

[0032] Next, as shown in Fig. 12, the edges 73 and 74
are welded in a state where they are in contact with each
other by using a welding torch 87 connected to a welding
device (not shown) (pipe-making welding step S4). As a
result, a perfect tubular body 72 is formed. The roll shap-
ing step S3 and the pipe-making welding step S4 may
be collectively called "tubular body shaping step". As
shown in Fig. 13, the tubular body 72 (also referred to as
"cylindrical body") is a tubular body having a central axis
YO at its center and roughly a circular shape in cross
section. Note thatthe circular shape may be, forexample,
a perfect circular shape, a roughly circular shape, or a
roughly elliptical shape. Further, assuming that the tubu-
lar body 72 consists of a front part 77, a central part 78,
and a rear part 79 for the sake of convenience, the front
part 77 is a part extending forward from the central part
78 and the rear part 79 is a part extending backward from
the central part 78. The end on the front part 77 side is
referred to as "front end 80" and the end on the rear part
79 side is referred to as "rear end 81". The central part
78, the front part 77, and the rear part 79 may be inclined
with respect to the central axis YO0.

[0033] Next, asshown inFig. 14, a spinning machining
is performed by using a form-shaping rotating roller 88
that can rotate (i.e., rotate on its own axis and revolve
around the tubular body 72) and is included in a spinning
machining device (not shown) (central part spinning ma-
chining step S5). By doing so, the central part 78 of the
tubular body 72 is machined (or processed) so that its
cross-sectional shape becomes a rectangular shape.
[0034] Inparticular, as showninFigs. 13 and 14, firstly,
the rotating roller 88 is rotated on its own axis and moved
along a circular trajectory T1 while pressing the rotating
roller 88 onto the central part 78 of the tubular body 72.
Note that the circular trajectory T1 is, for example, a cir-
cular trajectory around the central axis YO on an imagi-
nary plane ZX perpendicular to the central axis Y0.
[0035] Next, as shown in Figs. 14 to 16, the spinning
machining is performed while changing the trajectory of
the rotating roller 88 from the circular trajectory T1 to an
intermediate trajectory T2, and to a rectangular trajectory
T3, i.e., gradually changing the trajectory of the rotating
roller 88 from the circular trajectory to a rectangular tra-
jectory. Note that the rectangular trajectory T3 is a rec-
tangular trajectory on the imaginary plane ZX perpendic-
ular to the central axis YO. This rectangular shape is the
shape that the central part 78 is eventually shaped into
through the machining. Thatis, the cross-sectional shape
of the central part 20 of the machined tubular body 2 (see
Fig. 1) is identical to or similar to this rectangular shape.
Further, the trajectory T2 is an intermediate trajectory
between the circular trajectory T1 and the rectangular
trajectory T3.
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[0036] Further, as shown in Fig. 16, the central part 78
is machined into arectangular shape. Since the trajectory
of the rotating roller 88 gradually changes from the cir-
cular trajectory to the rectangular trajectory, thickening
and wrinkling are less likely to occur in the central part
78. Therefore, it is possible to prevent or reduce the oc-
currences of cracking due to the thickening and wrinkling.
[0037] Next, as shown in Fig. 17, the flow path pipe 3
and the separator 23 are inserted into the tubular body
72 and the separator 23 is welded to the central part 78
(flow path pipe welding step S6). Note that the flow path
pipe 3 may be disposed so as to pass through the sep-
arator 23.

[0038] Next, as shown in Fig. 18, a spinning machining
is performed for a predetermined width A1 in the end part
on the central part 78 side of the front part 77, and then
a spinning machining is performed for a predetermined
width B1 in the end part on the central part 78 side of the
rear part 79 (end part spinning machining step S7). The
end part spinning machining step S7 may also be referred
to as "central part spinning machining step".

[0039] In particular, as shown in Fig. 19, firstly, the ro-
tating roller 88 is rotated on its own axis and moved along
a circular trajectory T4 while pressing the rotating roller
88 onto the front part 77.

[0040] Next, as shownin Fig. 20, the spinning machin-
ing is performed while reducing the diameter of the cir-
cular trajectory of the rotating roller 88 so that the diam-
eter of the front part 77 is reduced.

[0041] Further, as shown in Fig. 21, the spinning ma-
chining is performed while gradually changing the trajec-
tory of the rotating roller 88 from the circular trajectory
T4 to a rectangular trajectory T6. As a result, the front
part 77 is machined into a rectangular shape. Since, sim-
ilarly to the central part spinning machining step S5, the
trajectory of the rotating roller 88 gradually changes from
the circular trajectory to the rectangular trajectory, thick-
ening and wrinkling are less likely to occur in the front
part 77. Therefore, it is possible to prevent or reduce the
occurrences of cracking due to the thickening and wrin-
kling. Through a similar procedure, the above-described
spinning machining is also performed on the rear part 79.
[0042] Finally, asshowninFigs.22to 24, the diameters
of the front end 80 and the rear end 81 are reduced by
performing a spinning machining (diameter reduction
spinning machining step S8). The diameter reduction
spinning machining step S8 may also be referred to as
"diameter reduction machining step". In particular, a spin-
ning machining is performed by rotating the rotating roller
88 on its own axis and moving the rotating roller 88 along
a circular trajectory while pressing the rotating roller 88
onto the front end 80. Similarly, a spinning machining is
also performed on the rear end 81 so that the diameter
of the rear end 81 is reduced. The diameters of the front
end 80 and the rear end 81 are preferably reduced so
that they are closely attached to the outer circumferential
surface of the flow path pipe 3. Through the above-de-
scribed procedure, the outer shape of the sub-muffler 1
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can be shaped into the shape shown in Fig. 1.

[0043] Note that if necessary, an inspection may be
performed after the diameter reduction spinning machin-
ing step S8. Further, the rigidity pattern shaping step S2
may be performed after the central part spinning machin-
ing step S5.

[0044] As stated above, according to the above-de-
scribed Manufacturing Method 1, a sub-muffler can be
manufactured from one plate material and the manufac-
tured sub-muffler can be directly connected to a pipe(s).
That is, there is no need to separately manufacture a
separate connection component(s) in addition to the tu-
bular body of the sub-muffler, thus making it possible to
manufacture sub-mufflers with a high yield rate.

[0045] Further, according tothe above-described Man-
ufacturing Method 1, in a tubular body having a circular
shape in cross section, its central part is machined into
a rectangular shape by a spinning machining, and then
the diameter of its end(s) having a circular shape in cross
section is reduced by a spinning machining. Thatis, since
the end part(s) has a circular shape in cross section while
the central part has a rectangular shape in cross section,
wrinkling and cracking are less likely to occur even when
the diameter of the end part(s) is reduced, thus making
it possible to obtain a sub-muffler having a rectangular
shape in cross section.

[0046] Further, according tothe above-described Man-
ufacturing Method 1, in the end part spinning machining
step, the diameter of the end part(s) of the tubular body
is reduced by performing a spinning machining in which
a rotating roller is moved along a circular trajectory while
pressing the rotating roller onto the end part(s) of the
tubular body. This makes it possible to perform the
above-described process by continuously using the
same spinning machining device as that used in the pre-
ceding step, thus eliminating the need for another ma-
chining device different from the spinning machining de-
vice used in the preceding step. That is, a sub-muffler
can be manufactured at a lower cost.

[0047] Further, according tothe above-described Man-
ufacturing Method 1, in the central part spinning machin-
ing step, the central part is machined so that its cross-
sectional shape becomes a rectangular shape by per-
forming a rectangular spinning machining after reducing
the diameter of the central part by performing a circular
spinning machining in which a rotating roller is moved
along a circular trajectory while pressing the rotating roll-
er onto the central part of the tubular body.

[0048] Further, in the central part spinning machining
step, the trajectory of the rotating roller gradually changes
from the cross-sectional shape of the central part of the
tubular body into a rectangular shape.

[0049] According to these processes, thickening and
wrinkling are less likely to occur in the central part. There-
fore, it is possible to manufacture a sub-muffler while
preventing or reducing the occurrences of cracking due
to the thickening and wrinkling.
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Second exemplary embodiment

[0050] A sub-muffler according to a second exemplary
embodiment is explained with reference to Fig. 25. Fig.
25 is a perspective view of a sub-muffler.

[0051] AsshowninFig. 25, a sub-muffler 201 includes
a tubular body 202 and a flow path pipe 203

[0052] The tubular body 202 has a roughly trapezoidal
shape in cross section. The tubular body 202 is made of,
for example, a metal material such as iron, titanium, alu-
minum, or an alloy thereof. The tubular body 202 has a
central axis Y21. The central axis Y21 may pass through
the center of gravity in the cross section of the tubular
body 202. The tubular body 202 includes a central part
220, an end part 221 extending from one side of the cen-
tral part 220, and an end part 222 extending from other
side of the central part 220. The central part 220 has a
roughly trapezoidal shape in cross section, and its cross
section is unchanged from the end part 21 to the end part
22. The central part 220 has a space inside thereof and
this space functions as an expansion chamber. The di-
ameters of the end parts 221 and 222 of the tubular body
202 are reduced so that they are closely attached to the
outer circumferential surface of the flow path pipe 203.
In some cases, a bump-and-recess pattern (not shown)
may be formed on the outer wall surface of the tubular
body 202 in order to increase its rigidity.

[0053] The central part 220 and the end parts 221 and
222 are formed as an integrated article. That is, the
boundaries between the central part 220 and the end
part 221 and between the central part 220 and the end
part 222 are not formed by joining two members by weld-
ing or crimping, but are formed from one planar raw ma-
terial by a form-shaping process.

[0054] The flow path pipe 203 is a roughly straight pipe
including a suction part 231 that is connected to a catalyst
converter or the like, a straight part 232 extending on a
straight line from the suction part 231, and an outlet 233
connected to a main muffler or the like through a pipe or
the like.. Exhaust that has passed through the catalyst
converter or the like is guided to the expansion chamber
through the suction part 231 and the straight part 232.
The exhaust guided into the expansion chamber is dis-
charged to the outside of the tubular body 202 from the
outlet 233. The straight part 232 may be a punching pipe
in which a plurality of holes are formed. A sound absorp-
tion member (not shown) is disposed in the expansion
chamber of the tubular body 202 and envelops the outer
circumferential surface of the straight part 232. The
sound absorption member is a member made of a ma-
terial capable of absorbing sound energy and thereby
absorbing the sound. Examples of the sound absorption
member include glass-wool.

[0055] Similarly to the sub-muffler 1 according to the
first exemplary embodiment (see Fig. 1), the sub-muffler
201 is incorporated into an exhaust system 50 (see Fig.
2) of an automobile and supplements the silencing effect
of a main muffler 53.
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[0056] Further, since, similarly to the sub-muffler 1, the
sub-muffler 201 has a roughly trapezoidal shape in cross
section, the sub-muffler 201 can be housed in a vacant
space 61 (see

[0057] Fig. 2) in such a manner that gaps in the space
61 can be reduced more effectively while avoiding inter-
ferences caused by obstacles located in the lower part
of the automobile. Therefore, it can be ensured that the
sub-muffler 201 has a larger volume compared to that of
atypical sub-muffler having a circular shape in cross sec-
tion in related art.

[0058] Further, similarly to the sub-muffler 1, the sub-
muffler 201 can effectively use the conventional sub-muf-
fler housing space.

[0059] Further, similarly to the sub-muffler 1, it is pos-
sible to increase the volume ratio of the sub-muffler, re-
duce the primary sound pressure magnitude, and reduce
the noise caused by the exhaust by employing the sub-
muffler according to the second exemplary embodiment.

Manufacturing Method 2

[0060] Next, a manufacturing method of a sub-muffler
according to the second exemplary embodiment is ex-
plained with reference to Figs. 27 and 28 as well as Fig.
26. Fig. 26 is a flowchart showing a manufacturing proc-
ess according to the second exemplary embodiment.
Figs. 27 and 28 are schematic diagrams for explaining
steps in the manufacturing method according to the sec-
ond exemplary embodiment.

[0061] Firstly, similarly to the manufacturing method
according to the first exemplary embodiment, a tubular
body 272 is formed through the plate material cutting step
S 1 to the pipe-making welding step S4 (see Figs. 5 to
12). Similarly to the tubular body 72 (see Fig. 12), the
tubular body 272 is a pipe having a central axis Y20 at
its center and roughly a circular shape in cross section
as shown in Fig. 27. Note that the circular shape may be,
for example, a perfect circular shape, a roughly circular
shape, or a roughly elliptical shape. Further, assuming
that the tubular body 272 consists of a front part 277, a
central part 278, and a rear part 279 for the sake of con-
venience, the front part 277 is a part extending forward
from the central part 278 and the rear part 279 is a part
extending backward from the central part 278. Further,
the end on the front part 277 side is referred to as "front
end 280" and the end on the rear part 279 side is referred
to as "rear end 281".

[0062] Next, the flow path pipe 203 is inserted into the
tubular body 272 (flow path pipe inserting step S25). The
position of the flow path pipe 203 with respect to the tu-
bular body 272 is preferably fixed.

[0063] Next, asshown inFig. 28, a spinning machining
is performed by using a rotating roller 88 (see Fig. 14)
(central part spinning machining step S26) and the cen-
tral part 278 of the tubular body 272 is thereby machined
so that its cross-sectional shape becomes a rectangular
shape. In the central part spinning machining step S26,
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the spinning machining is performed in a manner similar
to that performed in the central part spinning machining
step S5 (see Figs. 14 to 16).

[0064] Next, a spinning machining is performed for a
predetermined width A21 on the central part 278 side of
the front part 277, and then a spinning machining is per-
formed for a predetermined width B21 on the central part
278 side of the rear part 279 (end part spinning machining
step S27). In the end part spinning machining step S27,
the spinning machining is performed in a manner similar
to that performed in the end part spinning machining step
S7 (see Figs. 19to 21). The end part spinning machining
step S27 may also be referred to as "central part spinning
machining step".

[0065] Finally, aspinningmachiningis performed while
reducing the diameter of the circular trajectory of the ro-
tating roller 88 so that the diameter of the front end 280
andtherearend 281 is reduced (diameter reduction spin-
ning machining step S28). In particular, the spinning ma-
chining is performed on the front end 280 and the rear
end 281 in a manner similar to that in the diameter re-
duction spinning machining step S8. Both of the frontend
280 and the rear end 281 are preferably closely attached
to the outer circumferential surface of the flow path pipe
203. The diameter reduction spinning machining step
S28 may also be referred to as "diameter reduction ma-
chining step".

[0066] Finally, the flow path pipe 203 is welded to the
tubular body 202 (flow path pipe welding step S29). Note
that if necessary, an inspection may be performed after
the flow path pipe welding step S29.

[0067] As stated above, according to the above-de-
scribed Manufacturing Method 2, a sub-muffler can be
manufactured from one plate material and the manufac-
tured sub-muffler can be directly connected to a pipe(s)
as in the case of the Manufacturing Method 1. That is,
there is no need to separately manufacture a separate
connection component(s) in addition to the tubular body
ofthe sub-mulffler, thus making it possible to manufacture
sub-mufflers with a high yield rate.

[0068] Further,accordingto the above-described Man-
ufacturing Method 2, since the end part(s) of the tubular
body has a circular shape in cross section while the cen-
tral part has a rectangular shape in cross section, wrin-
kling and cracking are less likely to occur in the sub-
muffler having a rectangular shape in cross section even
when the diameter of the end part(s) is reduced as in the
case of the Manufacturing Method 1.

[0069] Further,accordingto the above-described Man-
ufacturing Method 2, in the end part spinning machining
step, the diameter of the end part(s) of the tubular body
is reduced by performing a spinning machining in which
a rotating roller is moved along a circular trajectory while
pressing the rotating roller onto the central part of the
tubular body as in the case of the Manufacturing Method
1. This makes it possible to perform the above-described
process by continuously using the same spinning ma-
chining device as that used in the preceding step, thus
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eliminating the need for another machining device differ-
ent from the spinning machining device used in the pre-
ceding step. That is, a sub-muffler can be manufactured
at a lower cost.

[0070] Further, according tothe above-described Man-
ufacturing Method 2, in the central part spinning machin-
ing step, the central part is machined so that its cross-
sectional shape becomes a rectangular shape by per-
forming a rectangular spinning machining after reducing
the diameter of the central part by performing a circular
spinning machining in which a rotating roller is moved
along a circular trajectory while pressing the rotating roll-
er onto the central part of the tubular body as in the case
of the Manufacturing Method 1.

[0071] Further, in the central part spinning machining
step, the trajectory of the rotating roller gradually changes
from the cross-sectional shape of the central part of the
tubular body into a rectangular shape.

[0072] According to these processes, thickening and
wrinkling are less likely to occur in the central part. There-
fore, it is possible to manufacture a sub-muffler while
preventing or reducing the occurrences of cracking due
to the thickening and wrinkling.

[0073] Note thatif necessary, the rigidity pattern shap-
ing step S2 may be performed after the central part spin-
ning machining step S26 or the end part spinning ma-
chining step S27 in the above-described Manufacturing
Method 2.

[0074] Note that although the diameter of the ends are
reduced by a spinning machining in the diameter reduc-
tion spinning machining steps S8 and S28 in the above-
described manufacturing methods 1 and 2, a diameter
reduction machining method other than the spinning ma-
chining may be used to reduce the diameter of the ends
in other embodiments. Examples of such diameter re-
duction machining methods include a drawing process
and an extrusion process using dies, a press forming,
and a swaging machining.

[0075] Note that the present invention is not limited to
the above-described exemplary embodiments, and mod-
ifications, improvements, and so on in which the object
of the present invention can be achieved are also includ-
ed in the scope of the present invention. For example,
although the sub-muffler according to the first exemplary
embodiment includes a separator, the sub-muffler may
include a flow path pipe for guiding an exhaust gas from
one end of the tubular body to the other end, such as the
flow path pipe 203 (see Fig. 25). In contrast to this, the
sub-muffler 201 according to the second exemplary em-
bodimentincludes a flow path pipe for guiding an exhaust
gas from one end of the tubular body to the other end,
the sub-muffler 201 may include a separator for dividing
the inner space of the tubular body into a plurality of sec-
tions, such as a separator 23 (see Fig. 1). Further, al-
though the tubular body includes a front part, a front end,
arear part, and arear end in the manufacturing methods,
these parts may be disposed in a reversed fashion in the
front/back direction.
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[0076] From the invention thus described, it will be ob-
vious that the embodiments of the invention may be var-
ied in many ways. Such variations are not to be regarded
as a departure from the spirit and scope of the invention,
and all such modifications as would be obvious to one
skilled in the art are intended for inclusion within the
scope of the following claims.

[0077] A manufacturing method of a sub-muffler (1,
201) includes a tubular body shaping step (S3), a central
part spinning machining step (S5, S7, S26, S27), and a
diameter reduction machining step (S8, S28). In the tu-
bular body shaping step (S3), a cylindrical body (2, 202)
is formed by rolling a plate material (70). In the central
part spinning machining step (S5, S7, S26, S27), the
cross-sectional shape of a central part (20, 220) of the
cylindrical body (2, 202) is machined into a rectangular
shape by performing a spinning machining in which a
rotating roller (88) is moved along a rectangular trajectory
(T3, T6) while pressing the rotating roller (88) onto the
central part (20, 220) of the cylindrical body (2, 208). In
the diameter reduction machining step (S8, S28), the di-
ameter of an end (80, 81, 280, 281) of the cylindrical body
(2, 208) is reduced.

Claims

1. A manufacturing method of a sub-muffler compris-
ing:

a tubular body shaping step of rolling a plate
material, and thereby forming a cylindrical body;
a central part spinning machining step of per-
forming a rectangular spinning machining in
which a rotating roller is moved along a rectan-
gular trajectory while pressing the rotating roller
onto a central part of the cylindrical body, and
thereby machining the central part so that a
cross-sectional shape of the central part be-
comes a rectangular shape; and

a diameter reducing step of reducing a diameter
of an end of the cylindrical body.

2. The manufacturing method of a sub-muffler accord-
ing to Claim 1, wherein in the diameter reducing step,
the diameter of the end of the cylindrical body is re-
duced by performing a circular spinning machining
in which the rotating roller is moved along a circular
trajectory while pressing the rotating roller onto the
end of the cylindrical body.

3. The manufacturing method of a sub-muffler accord-
ing to Claim 1 or 2, wherein in the central part spin-
ning machining step, the central part is machined so
that the cross-sectional shape of the central part be-
comes a rectangular shape by performing the rec-
tangular spinning step after performing a circular
spinning machining in which the rotating roller is
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moved along a circular trajectory while pressing the
rotating roller onto the central part of the cylindrical
body.

The manufacturing method of a sub-muffler accord-
ing to any one of Claims 1 to 3, wherein in the central
part spinning machining step, the trajectory of the
rotating roller is gradually changed from the cross-
sectional shape of the central part of the cylindrical
body into a rectangular shape.

A sub-muffler manufactured by using a manufactur-
ing method of a sub-muffler according to any one of
Claims 1 to 4.
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