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MUFFLER AND ITS CORRESPONDING MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a method of manufacturing a muffler and a
muffler, in particular, a muffler having a round-cornered polygonal tubular shape and a
method of manufacturing a muffler.

2. Description of Related Art

[0002] In recent years, a muffler mounted on a vehicle body is required to be
able to easily mount while improving performance. Further, the muffler is required to
be low cost. Thus, Japanese Patent Application Publication No. 2004-36528 (JP
2004-36528 A) discloses a conventional muffler and an example of a method of
manufacturing the same.

[0003] JP 2004-36528 A discloses an exhaust muffler that uses a rolled
titanium material and a method of manufacturing the same.  According to
JP2004-36528 A, an inner cylinder member and an outer cylinder member formed by
trimming a band of rolled titanium material in a rolled fashion into a predetermined
dimension, followed by rolling machining form a muffler. At this time, according to
JP2004-36528 A, the inner cylinder member and the outer cylinder member are
processed by the rolling machine in a substantially vertical direction to a rolling direction
of the rolled titanium material to form a muffler.

[0004] However, according to a conventional muffler and a method of
manufacturing the same, there was a problem that difficulty during mounting, such as
interference between a muffler to be manufactured and a vehicle body, cannot be avoided,
because it is difficult to form the muffler so that a shape of a side surface of the muffler

fits a vehicular frame.

SUMMARY OF THE INVENTION

CONFIRMATION COPY
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[0005] The present invention provides a muffler that can be easily mounted on
a vehicle body and a method of manufacturing a muffler that can be manufactured with
simple steps.

[0006] A first aspect of the invention relates to a manufacturing method for a
muffler, the method including: a trimming step of cutting out a dogleg shaped muffler
body member from a planar plate; a bending processing step of processing the muffler
body member into a tube by advancing the muffler body member between an upper roller
and a lower roller of a bending machine while adjusting an advancing direction with a
guide and by changing a relative position of the upper roller and the lower roller; a first
joining step of joining two ends of the tubularly-processed muffler body member in a
long side direction of the dogleg shaped muffler body member; an insertion step of
inserting an inner structural member into the inside of the tubularly-processed muffler
body member; a second joining step of joining caps to opening portions of the
tubularly-processed muffler body member to seal the tubularly-processed muffler body
member; and a third joining step of joining an air intake joint and an exhaust pipe to the
sealed muffler body member.

[0007] A second aspect of the invention relates to a muffler that includes: an
upper surface part, a lower surface part, a side surface that is formed with a curved
surface or a flat surface, and joins the upper surface and the lower surface; a first sealing
part that seals one opening portion of a tubular member that is formed with the upper
surface part, the lower surface part, and side surface part, and a second sealing part that
seals the other opening portion of the tubular member, in which the upper surface part,
the lower surface part and the side surface part are formed from a sheet of flat plate
member and the first sealing part and the second sealing part has a different shape each
other.

[0008] According to the above manufacturing method for the muffler, it is easy
to manufacture the muffler wherein at least one of a side surface, an upper surface
portion, and an under surface portion of the tubular member of the muffler is inclined.

Therefore, according to the muffler of the present invention, even if a space between
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vehicular frames has an inclined shape, it is possible to fit the muffler to the space
between the vehicular frames while interference between the muffler and the vehicular
frame is avoided.

[0009] According to the invention, a muffler that can readily be mounted on a

vehicle body can be manufactured according to simple steps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic diagram that shows a shape of a muffler according to the
first embodiment;

FIG. 2 is a schematic diagram that describes a mounting position of the muffler
according to the first embodiment;

FIG. 3 is a schematic diagram that describes a mounting position of the muffler
according to the first embodiment;

FIG. 4 is a flowchart of a muffler manufacturing method according to the first
embodiment;

FIG. 5 is a diagram that describes a member cutting out method in a trimming
step of the muffler manufacturing method according to the first embodiment;

FIG. 6 is a schematic diagram of a bending machine used in in the bending
processing step of the muffler manufacturing method according to the first embodiment;

FIG. 7 is a diagram that describes the bending processing step of the muffler
manufacturing method according to the first embodiment;

FIG. 8 is a diagram that describes the bending processing step of the muffler
manufacturing method according to the first embodiment;

FIG. 9 is a perspective diagram of a muffler according to the first embodiment;

F1G. 10 is a front diagram of the muffler according to the first embodiment;

FIG. 11 is a back diagram of the muffler according to the first embodiment;
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FIG. 12 is a left-side diagram of the muffler according to the first embodiment;

FIG. 13 is a right-side diagram of the muffler according to the first embodiment;

FIG. 14 is a plan diagram of the muffler according to the first embodiment;

FIG. 15 is a bottom diagram of the muffler according to the first embodiment;

FIG. 16 is a schematic diagram that shows a shape of a muffler according to the
second embodiment;

FIG. 17 is a schematic diagram that shows a shape of a muffler according to the
third embodiment; and

FIG. 18 is a schematic diagram that describes a mounting position of a muffler
according to the third embodiment.

FIG. 19 is a perspective diagram of the muffler according to the third
embodiment;

FIG. 20 is a front diagram of the muffler according to the third embodiment;

FIG. 21 is a back diagram of the muffler according to the third embodiment;

FIG. 22 is a left-side diagram of the muffler according to the third embodiment;

FIG. 23 is a right-side diagram of the muffler according to the third
embodiment;

FIG. 24 1s a top diagram of the muffler according to the third embodiment; and

FIG. 25 is a bottom diagram of the muffler according to the third embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, embodiments of the invention will be described with
reference to the drawings. A muffler according to embodiments of the invention is
mounted on a vehicle body of a vehicle.

[0012] FIG. 1 is a schematic diagram that shows a shape of a muffler 1 of the
first embodiment. As shown in FIG. 1, the muffler 1 of the first embodiment includes a
tubular member 10, a first sealing part 11, a second sealing part 12, an exhaust pipe 13,
and an air intake joint 14. The tubular member 10 is formed with an upper surface part

10a, a lower surface part 10b, and side surface parts 10c and 10d.
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[0013] The tubular member 10 has the upper surface part 10a and the lower
surface part 10b formed into a flat surface, and side surface parts 10c and 10d formed
into a curved surface. The upper surface part 10a and the lower surface part 10b are
connected with the side surface part 10c and the side surface part 10d. The tubular
member 10 is formed from a sheet of a flat plate member. Further, in the muffler 1 of
the first embodiment, the upper surface part 10a and the lower surface part 10b each has
a trapezoidal shape. According to the embodiment, the upper surface part 10a and the
lower surface part 10b each has a flat surface. However, the flat surface may have a
slight curvature as long as it is more flat than the side surface parts 10c and 10d.
Further, each of the flat surface and the curved surface may have a slight irregularity.

[0014] The first sealing part 11 blocks an opening portion in a front side of a
vehicle body among front and rear opening portions of the tubular member 10. The
second sealing part 12 blocks an opening portion in a rear side of a vehicle body among
front and rear opening portions of the tubular member 10. A width of the first sealing
part 11 in a horizontal direction (in the direction in a vehicle width) is larger than a width
of the second sealing part 12 in a horizontal direction. Further, a width of the first
sealing part 11 in a vertical direction (in the height direction of the vehicle) on a front
side of the sealing part 11 is narrower than a width of the second sealing part in a vertical
direction. In other words, the first sealing part 11 and the second sealing part 12 each
has a shape different from the other.

[0015] The exhaust pipe 13 is attached to the second sealing part 12. The air
intake joint 14 is attached to the first sealing part 11. That is, the muffler 1 takes in the
exhaust gas flowing-in from the vehicle front side through the air intake joint, and
discharges it through the exhaust pipe 13 toward the vehicle rear side.

[0016] Subsequently, a method of mounting the muffler 1 of the first
embodiment on a vehicle body will be described. FIG. 2 is a schematic diagram that
describes a mounting position of the muffler 1 of the first embodiment. FIG. 2 shows a
view of a vehicle body when viewed from above. As shown in FIG. 2, the vehicle body

generally includes a rear suspension member 20 disposed corresponding to positions of a
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rear tire and a rear suspension. The rear suspension member 20 has a trapezoidal
clearance. Here, since the muffler 1 of the first embodiment has a trapezoidal shape
when viewed from above, the muffler 1 of the first embodiment can be installed in the
clearance without interfering with the rear suspension member 20.

[0017] FIG. 3 is a schematic diagram that describes a mounting position of the
muffler 1 of the first embodiment. FIG. 3 is a side view of the vehicle body. The
muffler 1 of the first embodiment has a vehicle front side height (a width of the first
sealing part 11 in a vertical direction) higher than a vehicle rear side height (a width of
the second sealing part 12 in a vertical direction). Therefore, a lower surface of the
muffler 1 can be housed inside a body end face. Thus, the muffler 1 can reduce
pneumatic resistance of the vehicle body without disturbing an aerodynamic line of a
body lower surface.

[0018] As described above, when the muffler 1 of the first embodiment is used,
while avoiding an interference with structural members in the proximity of the muffler
arranging position such as the rear suspension member 20, the muffler can be readily
installed. Further, when the muffler 1 of the first embodiment is used, since the muffler
can be installed inside a body end surface, an air flow on a lower surface of the vehicle
body can be improved and aerodynamic performance can be improved. Further, since
the muffler 1 of the first embodiment has a trapezoidal shape when viewed from above,
even when an object is present, the muffler can be disposed so as to come around behind
the intervention. Still further, since the muffler 1 of the first embodiment can be
disposed by utilizing the clearance to the maximum, a large capacity muffler can be
achieved. Thus, when the muffler capacity is made larger, effects such as noise
reduction and an improvement in an engine output can be obtained.

[0019] According to the invention, also in a manufacturing step for
manufacturing the muffler 1 of the first embodiment, there is a feature different from a
shape of the muffler 1. Therefore, a manufacturing method of a muffler will be more
detailed hereinafter. Referring to FIG. 4, a flowchart of a muffler manufacturing

method of the first embodiment will be described. In the description of the muffler
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manufacturing method, the steps will be described in more detail by appropriately
referencing to separate drawings.

[0020] As shown in FIG. 4, according to a muffler manufacturing method of
the first embodiment, a material trimming step for cutting a dogleg-shaped muffler body
member from a flat plate is performed (step S1). FIG. 5 is a diagram for describing a
member cutting method of a muffler body member in the material trimming step. As
shown in FIG. 5, in the material trimming step, a plurality of muffler body members 31 is
cut from a sheet of flat plate member 30 by trimming with a blanking mold. At this
time, the muffler body member 31 has a dogleg shape. The muffler body member 31 is
a member that forms the tubular member 10. When the muffler body member 31 is
formed into a dogleg shape, yield of the flat plate member 30 can be improved. For
example, a yield higher than that of clam shell type muffler can be realized.

[0021] Subsequently, a bending step for performing a bending process to the
muffler body member 31 cut'in the trimming step is carried out (step S2). In the
bending step, the muffler body member 31 is advanced between an upper roller and
lower rollers of a bending machine while adjusting an advancing direction with a guide,
and by changing a relative position of the upper roller and the lower rollers, the muffler
body member 31 is processed into a tube.

[0022] Now, FIG. 6 shows a schematic diagram that describes a bending
machine used in the muffler manufacturing method of the first embodiment. As shown
in FIG. 6, the bending machine includes an upper roller 40, lower rollers 41 and 42, and a
guide 43. The bending machine includes also other constituent elements necessary for
conveying a member and operating an apparatus, which are not shown in the drawing
e.g., a work table, a conveyer and so on,. The lower roller 41 is used to transport the
muffler body member 31. The lower roller 42 performs a bending process on the
muffler body member 31 and is configured to change a relative position with the upper
roller 40. The guide 43 has a protrusion at both ends of a bar like member and, when
the muffler body member 31 1s passed between the projections, an advancing direction of

the muffler body member 31 can be changed.
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[0023] Further, in FIG. 7 and FIG. 8, diagrams for describing a bending step of
the muffler manufacturing method of the first embodiment are shown. FIG. 7 describes
a step of advancing the muffler body member 31 to the bending machine. As shown in
FIG. 7, since the muffler body member 31 has a dogleg shape, a length Dr1 of a bending
portion of one side of the muffler body member 31 is different from a length Dr2 of a
bending portion of the other side. Therefore, the bending machine adjusts an angle at
which the muffler body member 31 advances into the bending machine with the guide 43.
Thus, a tubular member 10 of the muffler 1 in which openings each has a different shape
can be formed.

[0024] Further, FIG. 8 is a diagram that describes a step of bending the muffler
body member 31 with the bending machine. As shown in FIG. 8, the bending machine
changes a relative position of the lower roller 42 to the upper roller 40, and a curved
surface of a side surface of the muffler body member 31 is formed thereby. When
forming a flat surface, in the bending machine, horizontal positions of the lower rollers
41 and 42 are set to the same horizontal height.

[0025] Subsequently, according to the muffler manufacturing method of the
first embodiment, a first joining step of joining two ends of the tubularly-processed
muffler body member 31 in a long side direction is performed (step S3). In the joining
step, two ends of the muffler body member 31 in the long side direction are joined by
using a joining method such as swaging or welding. The swaging, in particular, fixes
the ends by applying pressure, and has a merit that the cost is cheap compared with the
welding.

[0026] Next, according to the muffler manufacturing method of the first
embodiment, an insertion step of inserting an inner structural member such as an exhaust
silencer or the like into the inside of the tubularly-processed muffler body member 31 is
performed (step S4). In the insertion step, the inserted inner structural member is joined
to the muffler body member using a joining method such as spot welding and the like.

[0027] Subsequently, according to the muffler manufacturing method of the

first embodiment, a second joining step for joining caps to the opening portions of the
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tubularly-processed muffler body member 31 is performed (step S5). In the second
joining step, cap members of front and rear of the muffler 1, that is, the first sealing part
11 and the second sealing part 12 are joined with the tubular member 10. In the second
joining step, the tubular member 10 and the first sealing part 11 and the second sealing
part 12 are joined by means of swaging or welding.

[0028] Then, according to the muffler manufacturing method of the first
embodiment, a third joining step is performed, in which a member composed with the
muffler body member 31, the first sealing part 11 and the second sealing part 12 is joined
with the air intake joint 14 and the exhaust pipe 13 (step S6). When the step S6 is
performed, the muffler 1 shown in FIG. 1 is completed. Then, as a step S7, the
finishing of the muffler 1 completed in the step S6 is inspected, if acceptable, a muffler

that can be shipped is completed.

[0029] Herein, detailed shapes of the muffler 1 according to the first
embodiment will be described with reference to FIG. 9 to FIG. 15. In FIG. 9 to FIG. 15,
the exhaust pipe 13 and the air intake joint 14 of which shapes can be optionally set in
the muffler 1 according to the first embodiment and a rib that can be formed in the
manufacturing process are shown with a dash line. Further, in FIG. 9 to FIG. 15,
embossed positions of the tubular member 10, the first sealing part 11 and the second
sealing part 12 of which shapes can be optionally set are shown with a dash line.

[0030] FIG. 9 is a perspective diagram of the muffler 1 according to the first
embodiment. FIG. 10 is a front diagram of the muffler 1 according to the first
embodiment. FIG. 11 is a back diagram of the muftler 1 according to the first
embodiment. FIG. 12 is a left-side diagram of the muffler 1 according to the first
embodiment. FIG. 13 is a right-side diagram of the muffler 1 according to the first
embodiment. FIG. 14 is a plan diagram of the muffler 1 according to the first
embodiment. FIG. 15 is a bottom diagram of the muffler 1 according to the first
embodiment.

[0031] As shown in FIG. 9 to FIG. 15, the muffler 1 according to the first
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embodiment has a width (a horizontal direction in the drawing of FIG. 10) of the first
sealing part 11 smaller than a width (a horizontal direction in the drawing of FIG. 11) of
the second sealing part 12. On the other hand, the muffler 1 according to the first
embodiment has a height (a vertical direction in the drawing of FIG. 10) of the first
sealing part 11 larger than a height (a vertical direction in the drawing of FIG. 11) of the
second sealing part 12. Further, the muffler 1 according to the first embodiment is
formed such that a side surface of the tubular member 10 is formed to be a curved
surface. Still further, when referenced to a plan diagram of FIG. 14 and a bottom
diagram of FIG. 15, the tubular member 10 of the muffler 1 according to the first

embodiment has a trapezoidal shape.

[0032] From the above description, according to the muffler manufacturing
method of the first embodiment, the tubular member 10 of the muffler 1 can be formed
by only performing a simple bending process by adjusting an advancing direction of the
muffler body member 31 into the bending machine by means of the guide 43. That is,
according to the muftler manufacturing method of the first embodiment, without using a
high-cost winding mold or the like, the tubular member 10 can be formed with a simple
method.

[0033] Further, according to the muffler manufacturing method of the first
embodiment, the tubular member 10 can be formed with a processing method that can
complete the process at low cost and in a short period of time such as swaging and the
like when the tubular member 10 of the muffler 1 is formed. Therefore, reduction of the
processing cost and the processing time can be realized.

[0034] In the second embodiment, a muffler 2 that is an example of a shape
different from that of the muffler 1 will be described. FIG. 16 shows a schematic
diagram of a shape of the muffler 2 according to the second embodiment. In the
description of the second embodiment, the same reference numerals are given to like
constituent members as the constituent members of the first embodiment, and description

thereof will be omitted.



10

15

20

25

WO 2014/167402 PCT/IB2014/000506

11

[0035] As shown in FIG. 16, a muffler 2 according to the second embodiment
is the same as the first embodiment except that a side surface part is formed into a flat
surface. It is also possible to form such a shape by adjusting processing of a side
surface part with the bending machine and a control method of the guide 43.

[0036] Depending on a shape of the clearance in the vehicle body, capacity can
be increased by forming a shape like the muffler 2. Further, even when such a shape is
formed, effects of an improvement in the installability and an improvement in the
aerodynamic performance the same as that in the first embodiment can be obtained.

[0037] In the third embodiment, a muffler 3 that is an example of a shape
different from that of the muffler 1 will be described. FIG. 17 is a schematic diagram
that shows a shape of the muffler 3 according to the third embodiment. In the
description of the third embodiment, the same reference numerals are given to like
constituent members as the constituent members of the first embodiment, and description
thereof will be omitted.

[0038] As shown in FIG. 17, a muffler 3 according to the third embodiment is
formed by making the muffler 1 of the first embodiment asymmetrical between left and
right. When the clearance into which a muffler can be installed is formed into left-right
asymmetry, the installabilty can be improved the same as that of the muffler 1 of the first
embodiment, when a shape of the muffler is formed into left-right asymmetry. Further,
when the muffler is formed into left-right asymmetry to match the shape of the clearance,
capacity of the muffler can be increased to the maximum.

[0039] Now, a schematic diagram that describes a mounting position of the
muffler of the third embodiment is shown in FIG. 18. As shown in FIG. 18, the muffler
3 of the third embodiment has a shape that avoids an under panel 21 disposed under the
rear suspension member 20. In the case where other structures such as the under panel
21 are present under the rear suspension member 20, the muffler 1 of the first
embodiment may interfere with the under panel 21. However, when the muffler 3 of
the third embodiment is used, capacity of the muftler is maximized while avoiding the

interference.
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[0040] The muffler 3 of the third embodiment can be formed into a shape of
left-right asymmetry according to a processing method the same as that of the first
embodiment by only changing an advancing direction of the muffler body member 31 by

means of the guide 43 in the bending process.

[0041] Herein, detailed shapes of the muffler 3 according to the third
embodiment will be described with reference to FIG. 19 to FIG. 25. In FIG. 19 to FIG.
25, the exhaust pipe 13 and the air intake joint 14 of which shapes can be optionally set
in the muffler 3 according to the third embodiment and a rib that can be formed in the
manufacturing process are shown with a dash line. Further, in FIG. 19 to FIG. 25,
embossed positions of the tubular member 10, the first sealing part 11 and the second
sealing part 12 of which shapes can be optionally set are shown with a dash line.

[0042] FIG. 19 is a perspective diagram of the muffler 3 according to the third
embodiment. FIG. 20 is a front diagram of the muftler 3 according to the third
embodiment. FIG. 21 is a back diagram of the muffler 3 according to the third
embodiment. FIG. 22 is a left-side diagram of the muffler 3 according to the third
embodiment. FIG. 23 is a right-side diagram of the muffler 3 according to the third
embodiment. FIG. 24 is a plan diagram of the muffler 3 according to the third
embodiment. FIG. 25 is a bottom diagram of the muffler 3 according to the third
embodiment.

[0043] As shown in FIG. 19 to FIG. 25, the muffler 3 according to the third
embodiment has a width (a horizontal direction in the drawing of FIG. 20) of the first
sealing part 11 smaller than a width (a horizontal direction in the drawing of FIG. 21) of
the second sealing part 12. On the other hand, the muffler 3 according to the third
embodiment has a height (a vertical direction in the drawing of FIG. 20) of the first
sealing part 11 larger than a height (a vertical direction in the drawing of FIG. 21) of the
second sealing part 12. Further, the muffler 3 according to the third embodiment is
formed such that a side surface of the tubular member 10 is formed to be a curved

surface. Still further, when referenced to a plan diagram of FIG. 24 and a bottom
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diagram of FIG. 25, the tubular member 10 of the muffler according to the third

embodiment has a trapezoidal shape that is unsymmetrical in a horizontal direction.

[0044] In the description above, the invention made by the inventors was
specifically described on the basis of the embodiments. However, the invention is not
limited to the embodiments described above, and it goes without saying that various
alterations can be applied within a range that does not deviate from the gist of the

invention.
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CLAIMS:

1. A manufacturing method for a muffler comprising:

a trimming step of cutting out a dogleg shaped muffler body member from a
planar plate;

a bending processing step of processing the muffler body member into a tube by
advancing the muffler body member between an upper roller and a lower roller of a
bending machine while adjusting an advancing direction with a guide and by changing a
relative position of the upper roller and the lower roller;

a first joining step of joining two ends of the tubularly-processed muffler body
member in a long side direction of the dogleg shaped muffler body member;

an insertion step of inserting an inner structural member to the inside of the
tubularly-processed muffler body member;

a second joining step of joining caps to opening portions of the
tubularly-processed muffler body member to seal the tubularly-processed muffler body
member; and

a third joining step of joining an air intake joint and an exhaust pipe to the sealed

muffler body member.

2. The manufacturing method according to claim 1, wherein in the first and
second joining steps, a swaging process is used to join the two ends of the
tubularly-processed muffler body member and join the caps to the opening portions of the

tubularly-processed muffler body member.

3. A muffler comprising:

an upper surface;

a lower surface;

a side surface that is formed with a curved surface or a flat surface, and joins the

upper surface and the lower surface;
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a first sealing part that seals one opening of a tubular member that is formed with
the upper surface and the lower surface and the side surfaces; and

a second sealing part that seals the other opening of the tubular member,

wherein the upper surface, the lower surface and side surfaces are formed of a
sheet of a flat plate member and the first sealing part and the second sealing part has a

different shape each other.

4. The muffler according to claim 3, wherein a width of the first sealing part in a
horizontal direction is narrower than a width of the second sealing part in a horizontal

direction.

5. The muffler according to claim 3 or 4, wherein a width of the first sealing part
in a vertical direction is larger than a width of the second sealing part in a vertical

direction.

6. The muffler according to any one of claims 3 to 5, wherein the upper surface

and the lower surface each has a trapezoidal shape.
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