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(57) A compressor wheel includes a shaft portion,
which extends in the rotation axis direction of the com-
pressor wheel. Blades protrude in the radial direction
from the shaft portion. The blades are spaced apart from
each other in the circumferential direction of the com-
pressor wheel. The compressor housing has an accom-
modation space that accommodates the compressor
wheel. The compressor housing also has an introduction
passage defined therein. The introduction passage is
connected to the accommodation space from the intake
side and introduces intake air into the accommodation
space. Plate-shaped guide vanes protrude from the inner
wall surface of the introduction passage. The guide vanes
are spaced apart from each other in the circumferential
direction of the introduction passage. The number of the
guide vanes is the smallest odd number that is greater
than the number of the blades.
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Description
BACKGROUND
1. Field

[0001]
er.

The present disclosure relates to a turbocharg-

2. Description of Related Art

[0002] International Publication No. 2015/001644 dis-
closes an internal combustion engine including an intake
line to which the compressor housing of a turbocharger
is attached. The compressor housing includes an accom-
modation space defined therein to accommodate a com-
pressor wheel. The compressor housing includes an in-
troduction passage defined therein to introduce intake
air into the accommodation space. Guide vanes for reg-
ulating the flow of intake air protrude from the inner wall
surface of the introduction passage. The guide vanes are
spaced apart from each other in the circumferential di-
rection of the introduction passage. The accommodation
space of the compressor housing accommodates a com-
pressor wheel. The compressor wheel includes a shaft
portion, which extends in the rotation axis direction of the
compressor wheel, and blades, which protrude radially
outward from the shaft portion.

[0003] In the turbocharger of International Publication
No. 2015/001644, intake air strikes the compressor
wheel when the compressor wheel rotates and the intake
air flows from the introduction passage to the accommo-
dation space. The impact of the intake air striking the
compressor wheel slightly vibrates the compressor
wheel. At this time, depending on the relationship be-
tween the number of the blades of the compressor wheel
and the number of the guide vanes of the compressor
housing, the vibration generated in the compressor wheel
becomes too large to ignore.

SUMMARY

[0004] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.

[0005] Inone general aspect, a turbocharger is provid-
ed that includes a compressor housing attached to an
intake line and a compressor wheel that is accommodat-
ed in the compressor housing. The compressor wheel
includes a shaft portion that extends in a rotation axis
direction of the compressor wheel, and a plurality of
blades that protrudes outward from the shaft portion in a
radial direction. The blades are spaced apart from each
other in a circumferential direction of the compressor
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wheel. An accommodation space and an introduction
passage are defined in the compressor housing. The ac-
commodation space is configured to accommodate the
compressor wheel. The introduction passage is connect-
ed to the accommodation space from a first side in the
rotation axis direction to introduce intake air into the ac-
commodation space. A plurality of plate-shaped guide
vanes protrude from an inner wall surface of the intro-
duction passage. The guide vanes are spaced apart from
each other in a circumferential direction of the introduc-
tion passage. A number of the guide vanes is the smallest
odd number that is greater than a number of the blades.
[0006] Other features and aspects will be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1is a schematic diagram of an internal combus-
tion engine.

Fig. 2 is a front view of a turbocharger.

Fig. 3 is a plan view of the turbocharger.

Fig. 4 is a cross-sectional view taken along line 4-4
of Fig. 3.

Fig. 5 is a cross-sectional view taken along line 5-5
of Fig. 2.

Fig. 6 is a partial cross-sectional view taken along
line 6-6 of Fig. 9.

Fig. 7 is a partial cross-sectional view taken along
line 6-6 of Fig. 9.

Fig. 8 is a partial cross-sectional view taken along
line 6-6 of Fig. 9.

Fig. 9 is a cross-sectional view taken along line 9-9
of Fig. 2.

Fig. 10A is a cross-sectional view of a floating bear-
ing.

Fig. 10B is a cross-sectional view of the floating bear-
ing.

Fig. 11 is a front view of a compressor wheel, a con-
necting shaft, and a turbine wheel.

Fig. 12A is a side view of a wastegate.

Fig. 12B is a front view of the wastegate.

Fig. 12C is a bottom view of the wastegate.

Fig. 13 is a partial cross-sectional view of a turbo-
charger.

Fig. 14 is adiagram illustrating a manufacturing proc-
ess.

Fig. 15A is a diagram illustrating a wastegate of a
comparative example and its surrounding structure.
Fig. 15B is a diagram illustrating the wastegate of
the embodiment and its surrounding structure.

[0008] Throughout the drawings and the detailed de-
scription, the same reference numerals refer to the same
elements. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in
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the drawings may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0009] This description provides a comprehensive un-
derstanding of the methods, apparatuses, and/or sys-
tems described. Modifications and equivalents of the
[0010] methods, apparatuses, and/or systems de-
scribed are apparent to one of ordinary skill in the art.
Sequences of operations are exemplary, and may be
changed as apparent to one of ordinary skill in the art,
with the exception of operations necessarily occurring in
a certain order. Descriptions of functions and construc-
tions that are well known to one of ordinary skill in the art
may be omitted.

[0011] Exemplary embodiments may have different
forms, and are not limited to the examples described.
However, the examples described are thorough and
complete, and convey the full scope of the disclosure to
one of ordinary skill in the art.

[0012] An embodiment will now be described with ref-
erence to Figs. 1 to 15B.

<Passage Configuration of Intake and Exhaust>

[0013] First, the passage construction of intake and
exhaust of an internal combustion engine 10 of a vehicle
will be described.

[0014] Asshownin Fig. 1, the internal combustion en-
gine 10 has an intake line 11, through which intake air
from the outside flows. The downstream end of the intake
line 11 is connected to an engine body 12, in which a
cylinder is defined. Fuel and intake air are mixed and the
mixture is burned in the cylinder of the engine body 12.
The engine body 12 is connected to the upstream end
of an exhaust line 13, through which exhaust gas dis-
charged from the engine body 12 flows. A catalyst 15,
which purifies exhaust gas, is attached to the middle of
the exhaust line 13.

[0015] The internal combustion engine 10 has a turbo-
charger 20 configured to compress intake air using the
flow of exhaust gas. The turbocharger 20 has a compres-
sor housing 30, which is installed in the middle of the
intake line 11. The turbocharger 20 also has a turbine
housing 60, which is attached to a section of the exhaust
line 13 that is on the upstream side of the catalyst 15.
The turbocharger 20 includes a bearing housing 50,
which connects the compressor housing 30 and the tur-
bine housing 60 to each other.

[0016] The compressor housing 30 accommodates a
compressor wheel 70, which compresses intake air. The
compressor wheel 70 is connected to a first end of a
connecting shaft 80. The central portion of the connecting
shaft 80 is accommodated in the bearing housing 50.
The connecting shaft 80 is rotationally supported by the
bearing housing 50. A second end of the connecting shaft
80 is connected to a turbine wheel 90, which is rotated
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by the flow of exhaust gas. The turbine wheel 90 is ac-
commodated in the turbine housing 60. Rotation of the
turbine wheel 90 by the flow of exhaust gas causes the
compressor wheel 70, which is connected to the turbine
wheel 90 via the connecting shaft 80, to rotate. The ro-
tation of the compressor wheel 70 compresses intake air.

<Overall Configuration of Turbocharger>

[0017] The overall configuration of the turbocharger 20
will now be described. In the following description, the
vertical direction of the vehicle on which the internal com-
bustion engine 10 is mounted is defined as the vertical
direction of the turbocharger 20. The direction along a
rotation axis 80a of the connecting shaft 80 will be simply
referred to as a rotation axis direction. A first side in the
rotation axis direction (the side on which the compressor
wheel 70 is located) will be referred to as an intake side.
A second side in the rotation axis direction (the side on
which the turbine wheel 90 is located) will be referred to
as an exhaust side.

[0018] AsshowninFigs.2and 3,the compressorhous-
ing 30 includes a housing body 39. The housing body 39
has tubular portion 30A, which is substantially cylindrical
and extends in the rotation axis direction, and an arcuate
portion 30B, which is substantially arcuate and extends
to surround the tubular portion 30A. The arcuate portion
30B surrounds the end on the exhaust side (the right end)
of the tubular portion 30A.

[0019] As shown in Fig. 4, the interior space of the tu-
bular portion 30A of the housing body 39 includes a sec-
tion on the exhaust side that serves as an accommoda-
tion space 32 configured to accommodate the compres-
sor wheel 70. The central axis of the accommodation
space 32 is coaxial with the rotation axis 80a of the con-
necting shaft 80.

[0020] An insertion hole 31 extends toward the intake
side from the end on the intake side of the accommoda-
tion space 32. The insertion hole 31 opens in the outer
surface of the housing body 39. The central axis of the
insertion hole 31 is coaxial with the rotation axis 80a of
the connecting shaft 80.

[0021] A boss 38 protrudes from the outer circumfer-
ential surface of the tubular portion 30A of the housing
body 39. The boss 38 has a substantially cylindrical
shape extending in the rotation axis direction. A section
of the intake line 11 that is on the upstream side of the
compressor housing 30 is connected to the boss 38 with
bolts (not shown).

[0022] A seal plate 40, which has a disk shape as a
whole, is arranged in the exhaust side of the housing
body 39. The outer diameter of the seal plate 40 is sub-
stantially the same as the outer diameter of the arcuate
portion 30B of the housing body 39. The radially outer
portion of the seal plate 40 is fixed to the end on the
exhaust side of the arcuate portion 30B of the housing
body 39 with bolts 191. The seal plate 40 has an insertion
hole 41 at the center in the radial direction. The insertion
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hole 41 extends in the rotation axis direction through the
seal plate 40. The connecting shaft 80 is inserted through
the insertion hole 41.

[0023] The arcuate portion 30B of the housing body 39
has a scroll passage 34 defined therein. The scroll pas-
sage 34 discharges intake air from the housing body 39.
The scroll passage 34 extends in a circumferential direc-
tion about the rotation axis 80a of the connecting shaft
80 to surround the compressor wheel 70. A section of
the intake line 11 that is on the downstream side of the
compressor housing 30 is fixed to the end in the extend-
ing direction of the arcuate portion 30B of the housing
body 39. The end on the exhaust side of the scroll pas-
sage 34 reaches the end on the exhaust side of the ar-
cuate portion 30B. The portion on the exhaust side of the
scroll passage 34 is closed by an end face 40a on the
intake side of the seal plate 40. Thatis, the end face 40a
of the seal plate 40 constitutes a part of the inner wall
surface of the scroll passage 34. The portion on the ex-
haust side of the accommodation space 32 is closed by
the end face 40a of the seal plate 40.

[0024] Aclearanceis provided betweentheintake-side
end face 40a of the seal plate 40 and an exhaust-side
end face 30Aa of the tubular portion 30A of the housing
body 39. The clearance functions as a connection pas-
sage 33, which connects the accommodation space 32
of the tubular portion 30A to the scroll passage 34 of the
arcuate portion 30B.

[0025] AsshowninFig.7,amainbody 51 ofthe bearing
housing 50 is disposed on the exhaust side of the seal
plate 40. The main body 51 has a columnar shape as a
whole and extends from the seal plate 40 toward the ex-
haust side. The main body 51 has a support hole 52,
which extends in the rotation axis direction through the
radial center of the main body 51. The central axis of the
support hole 52 is coaxial with the rotation axis 80a of
the connecting shaft 80.

[0026] Asshownin Fig. 9, the main body 51 has an oil
introduction passage 53 defined therein. The oil introduc-
tion passage 53 is configured to supply oil from the out-
side of the bearing housing 50 to the inside of the main
body 51. The oil introduction passage 53 has a first end
connected to the support hole 52. The oil introduction
passage 53 also has a second end that is open in the
outer circumferential surface of the main body 51. The
second end of the oil introduction passage 53 is located
in a lower part of the outer circumferential surface of the
main body 51. An oil supply line (not shown) is connected
to the oil introduction passage 53. QOil is supplied to the
oil introduction passage 53 through the oil supply line.
[0027] The main body 51 has an oil discharge space
54 defined therein. The oil discharge space 54 is config-
ured to discharge oil to the outside from the inside of the
main body 51. Most of the oil discharge space 54 is lo-
cated below the support hole 52. As shown in Fig. 7, the
oil discharge space 54 extends in the rotation axis direc-
tion. The end on the intake side of the oil discharge space
54 reaches the end on the intake side of the main body
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51. The intake-side portion of the oil discharge space 54
is closed by an end face 40b on the exhaust side of the
seal plate 40. That is, the end face 40b of the seal plate
40 constitutes a part of the inner wall surface of the oil
discharge space 54. The depth of the oil discharge space
54 increases toward the center from either end of the
main body 51 in the rotation axis direction.

[0028] As shown in Fig. 7, the main body 51 has an oil
discharge port 55 defined therein. The oil discharge port
55 connects the oil discharge space 54 to the outside of
the main body 51. The oil discharge port 55 has a first
end connected to the lowest part of the oil discharge
space 54. The oil discharge port 55 also has a second
end that is open in the outer circumferential surface of
the main body 51. The second end of the oil discharge
port 55 is located in a lower part of the outer circumfer-
ential surface of the main body 51 and is adjacent to the
second end (opening) of the oil introduction passage 53.
An oil discharge line (not shown) is connected to the oil
discharge port 55. Oil is discharged from the oil discharge
port 55 through the oil discharge line.

[0029] The main body 51 has a coolant passage 56
defined therein. Coolant flows through the coolant pas-
sage 56. The coolant passage 56 extends in the rotation
axis direction. Coolant that is pressure-fed by a water
pump (not shown) flows through the coolant passage 56,
and heat exchange between the coolant flowing through
the coolant passage 56 and the bearing housing 50 cools
the bearing housing 50.

[0030] A substantially cylindrical floating bearing 120
is inserted into the support hole 52. The dimension in the
rotation axis direction of the floating bearing 120 is small-
er than the dimension in the rotation axis direction of the
main body 51. The floating bearing 120 is arranged at
the center in the rotation axis direction of the main body
51. As shown in Fig. 9, the floating bearing 120 has a
supply hole 121 extending therethrough in the radial di-
rection. The supply hole 121 is continuous with the oil
introduction passage 53.

[0031] Oil is supplied to the space between the outer
circumferential surface of the floating bearing 120 and
the inner circumferential surface of the support hole 52
via the oil introduction passage 53 of the bearing housing
50. Thus, the floating bearing 120 is supported by the
main body 51 of the bearing housing 50 while floating in
the oil supplied to the space between the outer circum-
ferential surface of the floating bearing 120 and the inner
circumferential surface of the support hole 52.

[0032] The connecting shaft 80 is inserted into the
floating bearing 120. Oil is supplied to the space between
the outer circumferential surface of the connecting shaft
80 and the inner circumferential surface of the floating
bearing 120 via the supply hole 121. Thus, the connecting
shaft 80 is rotationally supported with the oil supplied to
the space between the outer circumferential surface of
the connecting shaft 80 and the inner circumferential sur-
face of the floating bearing 120.

[0033] As shown in Fig. 7, the bearing housing 50 in-
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cludes a clamping flange 59, which protrudes from the
outer circumferential surface of the main body 51. Spe-
cifically, the clamping flange 59 is located in a section of
the outer circumferential surface that is on the exhaust
side of the center in the rotation axis direction and pro-
trudes outward in the radial direction of the connecting
shaft 80. The clamping flange 59 extends over the entire
area in the circumferential direction of the connecting
shaft 80 and is substantially annular.

[0034] As shown in Fig. 8, the turbine housing 60 is
arranged on the exhaust side of the bearing housing 50.
The turbine housing 60 includes a tubular portion 60B
and an arcuate portion 60A. The tubular portion 60B is
substantially cylindrical and extends toward the exhaust
side from the bearing housing 50. The arcuate portion
60A is substantially arcuate and extends to surround the
outer circumference of the tubular portion 60B. The ar-
cuate portion 60A surrounds a portion of the tubular por-
tion 60B that is slightly on the intake side of the center in
the rotation axis direction of the tubular portion 60B.
[0035] The turbine housing 60 includes a clamping
flange 68, which protrudes from the outer circumferential
surface of the tubular portion 60B. Specifically, the
clamping flange 68 is located at the end of the outer cir-
cumferential surface that is on the intake side and pro-
trudes outward in the radial direction of the connecting
shaft 80. The clamping flange 68 extends over the entire
area in the circumferential direction of the connecting
shaft 80 and is substantially annular. The outer diameter
of the clamping flange 68 of the turbine housing 60 is
substantially the same as the outerdiameter of the clamp-
ing flange 59 of the bearing housing 50.

[0036] A V-clamp 140, which is a fixing member, is
attached to the radially outer sides of the clamping flange
68 of the turbine housing 60 and the clamping flange 59
of the bearing housing 50. The V-clamp 140 extends in
the circumferential direction of the connecting shaft 80
and has an annular shape as a whole. The V-clamp 140
has a substantially V-shape in a cross section orthogonal
to the extending direction of the V-clamp 140 and has an
opening on the inner side in the radial direction of the
connecting shaft 80. The clamping flange 68 of the tur-
bine housing 60 and the clamping flange 59 of the bearing
housing 50 are arranged radially inward of the V-clamp
140. The V-clamp 140 fastens the clamping flange 68 of
the turbine housing 60 and the clamping flange 59 of the
bearing housing 50 in the rotation axis direction so that
the clamping flanges 68 and 59 are fixed to each other.
A heat shield plate 130 is arranged between the tubular
portion 60B of the turbine housing 60 and the main body
51 of the bearing housing 50. The heat shield plate 130
limits heat transfer from the exhaust gas flowing through
the turbine housing 60 to the bearing housing 50.
[0037] The arcuate portion 60A has two scroll passag-
es 61 defined therein. The scroll passages 61 are con-
figured to draw in exhaust gas from the outside of the
turbine housing 60. The scroll passages 61 extend in a
circumferential direction about the rotation axis 80a of
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the connecting shaft 80 to surround the turbine wheel 90.
As shown in Fig. 4, an upstream-side flange 66 protrudes
from the turbine housing 60. Specifically, the upstream-
side flange 66 extends from the end in the extending
direction of the arcuate portion 60A and protrudes out-
ward in the radial direction of the scroll passages 61. A
section of the exhaust line 13 that is on the upstream
side of the turbine housing 60 is connected to the up-
stream-side flange 66 with bolts (not shown). The scroll
passages 61 are arranged side by side in the rotation
axis direction.

[0038] The interior space of the tubular portion 60B
includes a section on the intake side that serves as an
accommodation space 62 configured to accommodate
the turbine wheel 90. The central axis of the accommo-
dation space 62 is coaxial with the rotation axis 80a of
the connecting shaft 80.

[0039] Adischarge passage 63 extends toward the ex-
haust side from the end on the exhaust side of the ac-
commodation space 62. The end on the exhaust side of
the discharge passage 63 reaches the end on the ex-
haust side of the tubular portion 60B and opens in the
outer surface of the turbine housing 60. Thus, exhaust
gas introduced into the accommodation space 62 is dis-
charged to the outside of the turbine housing 60 via the
discharge passage 63. A section of the exhaust line 13
that is on the downstream side of the turbine housing 60
is fixed to the end on the exhaust side of the tubular por-
tion 60B of the turbine housing 60.

[0040] The turbine housing 60 hastwo bypass passag-
es 64 defined in the arcuate portion 60A and the tubular
portion 60B. The bypass passages 64 connect the scroll
passages 61 and the discharge passage 63 to each oth-
er. That is, the bypass passages 64 bypass the turbine
wheel 90. The bypass passages 64 extend substantially
linearly from the scroll passages 61 toward the down-
stream end of the discharge passage 63. In the present
embodiment, the two bypass passages 64 correspond
to the two scroll passages 61.

[0041] As shown in Fig. 13, a wastegate 150, which is
configured to selectively open and close the bypass pas-
sages 64, is attached to the turbine housing 60. The
wastegate 150 includes a shaft 151, which extends
through the wall of the tubular portion 60B of the turbine
housing 60 and is rotationally supported by the turbine
housing 60. A valve member 152 extends radially out-
ward from the end of the shaft 151 in the turbine housing
60. The valve member 152 is arranged in the discharge
passage 63 of the turbine housing 60.

[0042] As shown in Fig. 2, the end of the shaft 151
outside the turbine housing 60 is coupled to a first end
of a link mechanism 170, which transmits driving force.
A second end of the link mechanism 170 is coupled to
an actuator 180. The actuator 180 is fixed to the arcuate
portion 30B of the housing body 39 of the compressor
housing 30 via a fixing plate 185. When the driving force
of the actuator 180 is transmitted to the wastegate 150
via the link mechanism 170, the wastegate 150 selec-
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tively opens and closes the bypass passages 64.
<Configuration of Components of Turbocharger 20>

[0043] The configuration of components of the turbo-
charger 20 will now be described. First, the bearing hous-
ing 50, the floating bearing 120, and the connecting shaft
80 will be described.

<Configuration of Bearing Housing 50 and Floating Bear-
ing 120>

[0044] As shown in Fig. 7, the support hole 52 of the
bearing housing 50 includes, as major parts, an exhaust-
side support hole 52a on the exhaust side of the oil dis-
charge space 54 and an intake-side support hole 52b on
the intake side of the exhaust-side support hole 52a. The
inner diameter of the intake-side support hole 52b is
slightly greater than the outer diameter of the floating
bearing 120. The dimension in the rotation axis direction
of the intake-side support hole 52b is slightly greater than
the dimension in the rotation axis direction of the floating
bearing 120. The floating bearing 120 is inserted into the
intake-side support hole 52b of the support hole 52. As
shown in Fig. 9, the intake-side support hole 52b of the
support hole 52 is connected to the first end of the oil
introduction passage 53.

[0045] As shown in Fig. 7, the main body 51 of the
bearing housing 50 has a through-hole 57 defined there-
in. The through-hole 57 extends downward from the in-
take-side support hole 52b of the support hole 52. The
lower end of the through-hole 57 is connected to the oil
discharge space 54. The oil discharge port 55 is located
on an extension of the through-hole 57. The inner diam-
eter of the lower portion of the through-hole 57 is greater
than that of the upper portion, so that the through-hole
57 has a step at the boundary between the lower portion
and the upper portion.

[0046] As shown in Fig. 10A, the floating bearing 120
has a fixing hole 122 extending therethrough in the radial
direction. The central axis of the fixing hole 122 is coaxial
with the central axis of the through-hole 57. As shown in
7, afixing pin 129 is inserted through the fixing hole 122
and the through-hole 57. This fixes the floating bearing
120 such that the floating bearing 120 cannot rotate rel-
ative to the main body 51 of the bearing housing 50 or
move in the rotation axis direction. The fixing pin 129 is
positioned in the axial direction by the step of the through-
hole 57, and the upper end of the fixing pin 129 does not
contact the outer circumferential surface of the connect-
ing shaft 80.

[0047] As shown in Fig. 11, the connecting shaft 80
has a shaft body 81 that extends in the rotation axis di-
rection and has a substantially circular cross section as
a whole. The shaft body 81 includes, as major parts, a
large diameter portion 82, a middle diameter portion 83,
which has an outer diameter smaller than that of the large
diameter portion 82, and a small diameter portion 84,
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which has an outer diameter smaller than that of the mid-
dle diameter portion 83, arranged in order from the end
on the exhaust side.

[0048] The outer diameter of the large diameter portion
82 is slightly smaller than the inner diameter of the ex-
haust-side support hole 52a of the support hole 52. The
dimension in the rotation axis direction of the large diam-
eter portion 82 is substantially the same as the dimension
in the rotation axis direction of the exhaust-side support
hole 52a of the bearing housing 50.

[0049] As shown in Fig. 11, a first recess 82a is pro-
vided in the outer circumferential surface of the large di-
ameter portion 82. The first recess 82a is recessed in-
ward in the radial direction of the connecting shaft 80.
The first recess 82a extends annularly over the entire
area in the circumferential direction of the connecting
shaft 80. As shown in Fig. 7, a first sealing member 106
is attached to the first recess 82a. The first sealing mem-
ber 106 limits entry of the exhaust gas from the turbine
housing 60 into the bearing housing 50. The first sealing
member 106 has a C-shape extending in the circumfer-
ential direction of the connecting shaft 80. In the present
embodiment, the first sealing member 106 extends over
approximately 359 degrees in the circumferential direc-
tion of the connecting shaft 80. In other words, the first
sealing member 106 has a shape of a ring with a slit. The
outer diameter of the first sealing member 106 is sub-
stantially the same as the inner diameter of the exhaust-
side support hole 52a of the supporthole 52 in the bearing
housing 50.

[0050] As shown in Fig. 11, a second recess 82b is
provided in the outer circumferential surface of the large
diameter portion 82. The second recess 82b is located
on the intake side of the first recess 82a and is recessed
inward in the radial direction of the connecting shaft 80.
The second recess 82b extends annularly over the entire
area in the circumferential direction of the connecting
shaft 80. As shown in Fig. 7, a second sealing member
107 is attached to the second recess 82b. The second
sealing member 107 limits entry of exhaust gas from the
turbine housing 60 into the bearing housing 50. The sec-
ond sealing member 107 has a C-shape extending in the
circumferential direction of the connecting shaft 80. In
the present embodiment, the second sealing member
107 extends over approximately 359 degrees in the cir-
cumferential direction of the connecting shaft 80. In other
words, the second sealing member 107 has a shape of
aring with a slit. The outer diameter of the second sealing
member 107 is substantially the same as the inner diam-
eter of the exhaust-side support hole 52a in the support
hole 52 of the bearing housing 50.

[0051] As shown in Fig. 7, the large diameter portion
82 of the connecting shaft 80 is inserted into the exhaust-
side support hole 52a of the support hole 52. Thus, the
first sealing member 106 is disposed between the outer
circumferential surface of the large diameter portion 82
of the connecting shaft 80 and the inner circumferential
surface of the exhaust-side support hole 52a of the sup-
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port hole 52. Also, the second sealing member 107 is
disposed between the outer circumferential surface of
the large diameter portion 82 of the connecting shaft 80
and the inner circumferential surface of the exhaust-side
supporthole 52a of the support hole 52. The second seal-
ing member 107 is located on the intake side of the first
sealing member 106.

[0052] When viewed in the rotation axis direction, the
second sealing member 107 is installed such that its slit
in the C-shape is separated from the slit of the C-shape
of the first sealing member 106 by 180 degrees. Thus,
when viewed in the rotation axis direction, at least one
of the first sealing member 106 and the second sealing
member 107 exists at any position in the entire area in
the circumferential direction of the connecting shaft 80.
[0053] As described above, the coolant passage 56 is
defined in the bearing housing 50. Heat exchange be-
tween the coolant flowing through the coolant passage
56 and the bearing housing 50 cools the bearing housing
50. The end on the exhaust side of the coolant passage
56 reaches the vicinity of the first sealing member 106
and the second sealing member 107. Specifically, the
end on the exhaust side of the coolant passage 56 reach-
es a position on the exhaust side of the second sealing
member 107. Also, the end on the exhaust side of the
coolant passage 56 is defined to surround the first sealing
member 106 and the second sealing member 107 from
the radially outer side.

[0054] The outer diameter of the middle diameter por-
tion 83 of the connecting shaft 80 is slightly smaller than
the inner diameter of the floating bearing 120. The di-
mension in the rotation axis direction of the middle diam-
eter portion 83 is slightly greater than the dimension in
the rotation axis direction of the floating bearing 120. The
middle diameter portion 83 is inserted into the floating
bearing 120. Thus, oil is supplied to the space between
the outer circumferential surface of the middle diameter
portion 83 of the connecting shaft 80 and the inner cir-
cumferential surface of the floating bearing 120. Also, a
part on the exhaust side of the middle diameter portion
83 protrudes from the floating bearing 120 toward the
exhaust side. A stopper portion 85 protrudes from the
part of the middle diameter portion 83 that protrudes from
the floating bearing 120. The stopper portion 85 pro-
trudes outward in the radial direction of the connecting
shaft 80. The stopper portion 85 extends annularly over
the entire area in the circumferential direction of the con-
necting shaft 80. The outer diameter of the stopper por-
tion 85 is slightly smaller than the inner diameter of the
intake-side support hole 52b of the support hole 52 and
is substantially the same as the outer diameter of the
floating bearing 120. The stopper portion 85 is opposed
to an exhaust-side end face 125 of the floating bearing
120. The stopper portion 85 of the connecting shaft 80
is located inside the intake-side support hole 52b of the
support hole 52.

[0055] Theouterdiameterofthe small diameter portion
84 of the connecting shaft 80 is smaller than the inner
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diameter of the insertion hole 41 of the seal plate 40. A
stopper bushing 110, which has a tubular shape as a
whole, is attached to the end of the small diameter portion
84 adjacent to the middle diameter portion 83. The end
on the exhaust side of the stopper bushing 110 contacts
the step at the boundary between the small diameter por-
tion 84 and the middle diameter portion 83.

[0056] The stopper bushing 110 includes a bushing
body 111, which has a substantially cylindrical shape ex-
tending in the rotation axis direction. The outer diameter
ofthe bushing body 111 is smaller than the inner diameter
of the intake-side support hole 52b of the support hole
52 and is slightly smaller than the inner diameter of the
insertion hole 41 of the seal plate 40. The inner diameter
of the bushing body 111 is substantially the same as the
outer diameter of the small diameter portion 84 of the
connecting shaft 80. The bushing body 111 is fixed to
the small diameter portion 84 and rotates integrally with
the small diameter portion 84. In the present embodi-
ment, when facing the intake side from the exhaust side,
the connecting shaft 80 rotates toward a first side in the
circumferential direction of the connecting shaft 80 (the
clockwise side).

[0057] A stopper annular portion 112 protrudes from
the end on the exhaust side of the outer circumferential
surface of the bushing body 111. The stopper annular
portion 112 protrudes outward in the radial direction of
the connecting shaft 80. That s, the stopper annular por-
tion 112 protrudes radially outward from the outer cir-
cumferential surface of the shaft body 81 of the connect-
ing shaft 80. The stopper annular portion 112 extends
annularly over the entire area in the circumferential di-
rection of the connecting shaft 80. The outer diameter of
the stopper annular portion 112 is slightly smaller than
the inner diameter of the intake-side support hole 52b of
the support hole 52 and is substantially the same as the
outer diameter of the floating bearing 120. The stopper
annular portion 112 is opposed to an intake-side end face
128 of the floating bearing 120. The stopper annular por-
tion 112 on the connecting shaft 80 is located inside the
intake-side support hole 52b of the support hole 52.
[0058] An annular portion 113 protrudes from the cen-
tral portion in the rotation axis direction of the outer cir-
cumferential surface of the bushing body 111. The an-
nular portion 113 protrudes outward in the radial direction
of the connecting shaft 80. The annular portion 113 ex-
tends annularly over the entire area in the circumferential
direction of the connecting shaft 80. The annular portion
113 is spaced apart from the stopper annular portion 112
in the rotation axis direction. Accordingly, an annular
groove 114, which is a substantially annular space, is
defined between the annular portion 113 and the stopper
annular portion 112. The annular groove 114 is located
inside the intake-side support hole 52b of the support
hole 52. Thus, the radially outer side of the annular
groove 114 is defined by the inner circumferential surface
of the intake-side support hole 52b of the support hole 52.
[0059] A first recess 111a is disposed at the end on
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the intake side of the outer circumferential surface of the
bushing body 111 and is recessed inward in the radial
direction of the connecting shaft 80. The firstrecess 111a
extends annularly over the entire area in the circumfer-
ential direction of the connecting shaft 80. A first sealing
ring 101 is attached to the first recess 111a. The first
sealing ring 101 limits entry of intake air from the com-
pressor housing 30 into the bearing housing 50. The first
sealingring 101 is annular. The outer diameter of the first
sealing ring 101 is substantially the same as the inner
diameter of the insertion hole 41 of the seal plate 40.
[0060] Also, a second recess 111b is disposed at the
end on the intake side of the outer circumferential surface
of the bushing body 111. The second recess 111b is lo-
cated on the exhaust side of the first recess 111a and is
recessed inward in the radial direction of the connecting
shaft80. The second recess 111b extends annularly over
the entire area in the circumferential direction of the con-
necting shaft 80. A second sealing ring 102 is attached
to the second recess 111b. The second sealing ring 102
limits entry of intake air from the compressor housing 30
into the bearing housing 50. The second sealing ring 102
is annular. The outer diameter of the second sealing ring
102 is substantially the same as the inner diameter of
the insertion hole 41 of the seal plate 40.

[0061] The end on the intake side of the bushing body
111 of the stopper bushing 110 is inserted into the inser-
tion hole 41 of the seal plate 40. Thus, the first sealing
ring 101 is disposed between the outer circumferential
surface of the bushing body 111 of the stopper bushing
110 and the inner circumferential surface of the insertion
hole 41 of the seal plate 40. Also, the second sealing ring
102 is disposed between the outer circumferential sur-
face of the bushing body 111 of the stopper bushing 110
and the inner circumferential surface of the insertion hole
41 of the seal plate 40. The second sealing ring 102 is
located on the exhaust side of the first sealing ring 101.
A part of the intake-side portion of the small diameter
portion 84 is located in the accommodation space 32 of
the compressor housing 30.

[0062] As shown in Fig. 10B, the end face 125 of the
floating bearing 120 includes, as major parts, four land
surfaces 125a, which are opposed to the stopper portion
85 of the connecting shaft 80, and four tapered surfaces
125b, which are inclined relative to the land surfaces
125a.

[0063] Theland surfaces 125a are flat surfaces orthog-
onal to the rotation axis 80a of the connecting shaft 80.
The land surfaces 125a are spaced apartfrom each other
in the circumferential direction of the connecting shaft
80. The four land surfaces 125a are equally spaced apart
in the circumferential direction of the connecting shaft
80. Some of the reference numerals are omitted in Fig.
10B.

[0064] Each tapered surface 125b is located between
the land surfaces 125a that are adjacent to each other
in the circumferential direction of the connecting shaft
80. That is, the tapered surfaces 125b are arranged in
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the circumferential direction of the connecting shaft 80.
Also, each tapered surfaces 125b is adjacent to the land
surfaces 125a in the circumferential direction of the con-
necting shaft 80. That s, the land surfaces 125a and the
tapered surfaces 125b are connected in the circumfer-
ential direction of the connecting shaft 80. The tapered
surfaces 125b are recessed in the rotation axis direction
with respect to the land surfaces 125a. Also, each ta-
pered surface 125b becomes shallower toward a first
side in the circumferential direction, which is the leading
side in the rotation direction of the connecting shaft 80
(the clockwise side in Fig. 10B). That is, each tapered
surface 125b is inclined to approach the stopper portion
85 in the rotation axis direction toward the first side in the
circumferential direction of the connecting shaft 80. Also,
the edge of each tapered surfaces 125b on the first side
in the circumferential direction of the connecting shaft 80
is flush with the land surface 125a.

[0065] A groove 125c recessed in the rotation axis di-
rection is provided in each tapered surface 125b. Each
groove 125c is located at the edge of the tapered surface
125b on a second side in the circumferential direction
(the counterclockwise side in Fig. 10B). The second side
refers to the side opposite to the leading side in the ro-
tation direction of the connecting shaft 80. Each groove
125c extends linearly and outward in the radial direction
of the connecting shaft 80 from an inner periphery 125d
of the end face 125. Each groove 125¢ becomes shal-
lower toward the outer end in the radial direction of the
connecting shaft 80, and the depth becomes zero before
reaching the radially outer edge of the tapered surface
125b. That is, the outer end of each groove 125c in the
radial direction of the connecting shaft 80 does not reach
an outer periphery 125e of the end face 125. Since the
end face 128 of the floating bearing 120 has the same
configuration as the end face 125, the description of the
end face 128 of the floating bearing 120 will be omitted.
[0066] As shown in Fig. 7, the oil discharge space 54
includes an intake-side end space 54a located at the end
on the intake side, a center space 54b located at the
center in the rotation axis direction, and an exhaust-side
end space 54c located at the end on the exhaust side.
The center space 54b is entirely located below the con-
necting shaft 80.

[0067] The intake-side end space 54a reaches a posi-
tion above the connecting shaft 80. Also, the intake-side
end space 54a spreads to encompass the stopper bush-
ing 110 on the connecting shaft 80 from the radially outer
side and has an annular shape as a whole.

[0068] The exhaust-side end space 54c reaches a po-
sition above the connecting shaft 80. Also, the exhaust-
side end space 54c spreads to encompass, from the ra-
dially outer side, a part of the middle diameter portion 83
of the connecting shaft 80 that is on the exhaust side of
the stopper portion 85 and has an annular shape as a
whole.

[0069] The oil discharge space 54 includes an intake-
side annular space 54d, which extends upward from an
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intake-side portion of the center space 54b of the oil dis-
charge space 54. The intake-side annular space 54d is
defined to encompass the end on the intake side of the
floating bearing 120 from the radially outer side and has
an annular shape as a whole. The intake-side annular
space 54d is connected to the space between the end
face 128 of the floating bearing 120 and the stopper an-
nular portion 112 of the stopper bushing 110 on the con-
necting shaft 80.

[0070] Theoildischarge space 54 includes anexhaust-
side annular space 54e, which extends upward from an
exhaust-side portion of the center space 54b of the oil
discharge space 54. The exhaust-side annular space 54e
is defined to encompass the end on the exhaust side of
the floating bearing 120 from the radially outer side and
has an annular shape as a whole. The exhaust-side an-
nular space 54e is connected to the space between the
end face 125 of the floating bearing 120 and the stopper
portion 85 of the connecting shaft 80.

<Specific Configuration of Compressor Wheel 70 and
Compressor Housing 30>

[0071] The specific configurations of the compressor
wheel 70 and the compressor housing 30 will now be
described.

[0072] As shown in Fig. 11, the compressor wheel 70
has a shaft portion 73, which extends in the rotation axis
direction and has a cylindrical shape as a whole. The
inner diameter of the shaft portion 73 is substantially the
same as the outer diameter of the small diameter portion
84 of the connecting shaft 80. The small diameter portion
84 of the connecting shaft 80 is inserted into the shaft
portion 73. The shaft portion 73 is fixed to the small di-
ameter portion 84 of the connecting shaft 80 with anut 76.
[0073] Six blades 71 protrude from the outer circum-
ferential surface of the shaft portion 73. The blades 71
protrude outward in the radial direction of the connecting
shaft 80. The blades 71 extend substantially over the
entire shaft portion 73 in the rotation axis direction. When
facing the intake side from the exhaust side, each blade
71 is curved to shift to the clockwise side in the circum-
ferential direction of the connecting shaft 80 toward the
intake side. The blades 71 are spaced apart from each
other in the circumferential direction of the connecting
shaft 80. The blades 71 are arranged to be equally
spaced apart in the circumferential direction of the con-
necting shaft 80.

[0074] Six auxiliary blades 72 protrude from the outer
circumferential surface of the shaft portion 73. The aux-
iliary blades 72 protrude outward in the radial direction
of the connecting shaft 80. Each auxiliary blade 72 is
located between two of the blades 71 that are arranged
in the circumferential direction of the connecting shaft
80. In the present embodiment, the number of the auxil-
iary blades 72, which is six, corresponds to the number
of the blades 71. The auxiliary blades 72 have a length
in the rotation axis direction shorter than that of the blades
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71. The end on the intake side of each auxiliary blade 72
is located substantially at the center in the rotation axis
direction of the shaft portion 73. Thus, the ends on the
intake side of the blades 71 are located on the intake
side of the ends on the intake side of the auxiliary blades
72. When facing the intake side from the exhaust side,
each auxiliary blade 72 is curved to shift to the clockwise
side in the circumferential direction of the connecting
shaft 80 toward the intake side.

[0075] AsshowninFig.6,theinsertionhole 31includes
a small diameter portion 31b, which extends toward the
intake side from the accommodation space 32 of the
housing body 39, in which the compressor wheel 70 is
arranged. The insertion hole 31 also includes a large di-
ameter portion 31a, which extends to the intake side from
the small diameter portion 31b. The large diameter por-
tion 31areaches the end of the tubular portion 30A. That
is, the large diameter portion 31a of the insertion hole 31
opens to the outside of the housing body 39. The inner
diameter of the large diameter portion 31a is greater than
the inner diameter of the small diameter portion 31b.
[0076] Aninlet duct 36A is attached to the large diam-
eter portion 31a of the insertion hole 31. The inlet duct
36A is configured to regulate the flow of intake air intro-
duced into the compressor wheel 70. The inlet duct 36A
includes a substantially cylindrical tubular member 36.
The dimension in the rotation axis direction of the tubular
member 36 is substantially the same as the dimension
in the rotation axis direction of the large diameter portion
31a of the housing body 39. The outer diameter of the
tubular member 36 is substantially the same as the inner
diameter of the large diameter portion 31a of the housing
body 39. The inner diameter of the tubular member 36
is substantially the same as the inner diameter of the
small diameter portion 31b of the housing body 39. The
tubular member 36 is fitted in the large diameter portion
31a of the housing body 39. The interior space of the
tubular member 36, together with the interior space of
the small diameter portion 31b of the housing body 39,
serves as an introduction passage 35, which introduces
intake air into the accommodation space 32 of the hous-
ing body 39.

[0077] As shown in Fig. 6, guide vanes 37 protrude
from the inner wall surface of the tubular member 36 (the
introduction passage 35). The guide vanes 37, the
number of which is seven, protrude inward in the radial
direction of the connecting shaft 80 and have a substan-
tially rectangular shape. The guide vanes 37 extend par-
allel with the rotation axis direction. In the rotation axis
direction, the point at which the distance from the end on
the intake side of the tubular member 36 is equal to the
distance from the end on the intake side of the blades 71
is defined as a midpoint X. The guide vanes 37 extend
from the end on the intake side in the tubular member 36
to a point on the exhaust side of the midpoint X (a position
closer to the blades 71). The guide vanes 37 are spaced
apart from each other in the circumferential direction of
the connecting shaft 80. The number of the guide vanes
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37, which is seven, is the smallest odd number that is
greater than the number of the blades 71, which is six.
The guide vanes 37 are arranged to be equally spaced
apart in the circumferential direction of the connecting
shaft 80. In the present embodiment, the guide vanes 37
are molded integrally with the tubular member 36 through
plastic molding to form an integrally molded member. Al-
so, in the present embodiment, the inlet duct 36A and
the housing body 39 constitute the compressor housing
30. The inlet duct 36A is formed integrally with the intake
line 11, which is on the upstream side of the compressor
housing 30, through plastic molding.

<Seal Plate 40 and Surrounding Structure>

[0078] Next, the assembling structure of the seal plate
40 and the bearing housing 50 will be described.
[0079] AsshowninFig.5, supportportions 58 protrude
from the end on the intake side of the outer circumferen-
tial surface of the main body 51 of the bearing housing
50. The support portions 58, the number of which is three,
protrude outward in the radial direction of the connecting
shaft 80. The surface of each support portion 58 on the
intake side contacts the surface of the seal plate 40 on
the exhaust side. That is, the seal plate 40 contacts the
support portions 58 of the bearing housing 50 from the
intake side. Each support portion 58 has a bolt hole (not
shown). Bolts 192 are inserted through the bolt holes to
fix the support portions 58 (the bearing housing 50) to
the seal plate 40.

[0080] As shown in Fig. 9, the support portions 58 are
spaced apart from each other in the circumferential di-
rection of the connecting shaft 80. One of the three sup-
port portions 58 (the rightmost support portion 58 in Fig.
9) will be referred to as a first support portion 58a. One
of the three support portions 58 that is different from the
first support portion 58a (the leftmost support portion 58
in Fig. 9) will be referred to as a second support portion
58b. The other one of the three support portions 58 (the
uppermost support portion 58 in Fig. 9), which is different
from the first support portion 58a and the second support
portion 58b, will be referred to as a third support portion
58c. A straight line that is orthogonal to the rotation axis
80a of the connecting shaft 80 and extends through the
center of the first support portion 58a is defined as an
imaginary straight line 58d.

[0081] Thefirst support portion 58a is located on a first
side in a direction along the imaginary straight line 58d
(the right lower side in Fig. 9) with respect to the rotation
axis 80a of the connecting shaft 80. The second support
portion 58b and the third support portion 58c are located
on a second side in the direction along the imaginary
straight line 58d (the left upper side in Fig. 9) with respect
to the rotation axis 80a of the connecting shaft 80. That
is, in the direction along the imaginary straight line 58d,
the first support portion 58a is located on the opposite
side of the rotation axis 80a of the connecting shaft 80
fromthe second support portion 58b. Also, in the direction
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along the imaginary straight line 58d, the first support
portion 58a is located on the opposite side of the rotation
axis 80a of the connecting shaft 80 from the third support
portion 58c.

<Connecting Structure of Connecting Shaft 80 and Tur-
bine Wheel 90>

[0082] Next, the connecting structure of the connecting
shaft 80 and the turbine wheel 90 will be described.
[0083] As shown in Fig. 7, a substantially columnar
connecting portion 86 extends toward the exhaust side
from the end on the exhaust side of the large diameter
portion 82 of the shaft body 81. The outer diameter of
the connecting portion 86 is smaller than the outer diam-
eter of the large diameter portion 82. The boundary be-
tween the large diameter portion 82 and the connecting
portion 86 is a curved surface that has the shape of a
fillet. The turbine wheel 90 is fixed to the connecting por-
tion 86.

[0084] As shown in Fig. 11, the turbine wheel 90 has
a shaft portion 92, which extends in the rotation axis di-
rection and has a columnar shape as a whole. The outer
diameter of the shaft portion 92 is greater than the outer
diameter of the connecting portion 86 of the connecting
shaft 80 and is substantially the same as the outer diam-
eter of the large diameter portion 82 of the connecting
shaft 80.

[0085] A substantially columnar connecting recess 93
is recessed toward the exhaust side from the intake-side
end face of the shaft portion 92. The inner diameter of
the connecting recess 93 is substantially the same as
the outer diameter of the connecting portion 86 of the
connecting shaft 80. The open edge on the intake side
of the connecting recess 93 has a chamfered shape. The
connecting portion 86 of the connecting shaft 80 is in-
serted into the connecting recess 93 of the shaft portion
92. The connecting shaft 80 and the turbine wheel 90 are
fixed to each other with the end face on the exhaust side
of the large diameter portion 82 of the connecting shaft
80 contacting the end face on the intake side of the shaft
portion 92 of the turbine wheel 90. In the present embod-
iment, the connecting shaft 80 and the turbine wheel 90
are fixed to each other through welding.

[0086] Nine blades 91 protrude from the outer circum-
ferential surface of the shaft portion 92. The blades 91
protrude outward in the radial direction of the connecting
shaft 80. The blades 91 extend substantially over the
entire shaft portion 92 in the rotation axis direction. The
blades 91 are spaced apart from each other in the cir-
cumferential direction of the connecting shaft 80. The
blades 91 are arranged to be equally spaced apart in the
circumferential direction of the connecting shaft 80.

<Connecting Structure of Bearing Housing 50 and Tur-
bine Housing 60>

[0087] Next, the connecting structure of the bearing
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housing 50 and the turbine housing 60 will be described.
[0088] As shown in Fig. 7, the main body 51 of the
bearing housing 50 includes a connecting portion 51a,
whichis anend on the exhaust side of the clamping flange
59. The outer diameter of the connecting portion 51a is
smaller than the outer diameter of a portion of the main
body 51 that is on the intake side of the clamping flange
59. The connecting portion 51a includes, as major parts,
aconnecting large diameter portion 51b and a connecting
small diameter portion 51c, which has an outer diameter
smaller than that of the connecting large diameter portion
51b. The connecting large diameter portion 51b and the
connecting small diameter portion 51c are arranged in
order from the end on the intake side. A step that extends
over the entire area in the circumferential direction of the
connecting shaft 80 is provided at the boundary between
the connecting large diameter portion 51b and the con-
necting small diameter portion 51c. The step is consti-
tuted by the end face on the exhaust side of the connect-
ing large diameter portion 51b, and the end face functions
as a clamping surface 51d. The clamping surface 51d is
a flat surface orthogonal to the rotation axis 80a of the
connecting shaft 80.

[0089] As shown in Fig. 8, the interior space of the tu-
bular portion 60B of the turbine housing 60 includes a
connecting hole 67, which is a section that is on the intake
side of the accommodation space 62. The connecting
portion 51a is inserted into the connecting hole 67. As
shown in Fig. 7, the connecting hole 67 includes, as major
parts, a connecting large diameter hole 67a and a con-
necting small diameter hole 67b, which has an inner di-
ameter smaller than that of the connecting large diameter
hole 67a. The connecting large diameter hole 67a and
the connecting small diameter hole 67b are arranged in
order from the end on the intake side. The inner diameter
of the connecting large diameter hole 67a is substantially
the same as the outer diameter of the connecting large
diameter portion 51b. The inner diameter of the connect-
ing small diameter hole 67b is greater than the outer di-
ameter of the connecting small diameter portion 51c of
the bearing housing 50. A step that extends over the en-
tire area in the circumferential direction of the connecting
shaft 80 is provided at the boundary between the con-
necting large diameter hole 67a and the connecting small
diameter hole 67b. The end face on the intake side of
the connecting small diameter hole 67b constitutes the
step and functions as a clamping surface 67d. The clamp-
ing surface 67d is a flat surface orthogonal to the rotation
axis 80a of the connecting shaft 80. The connecting por-
tion 51a of the bearing housing 50 is inserted into the
connecting hole 67 of the turbine housing 60.

[0090] Theheatshield plate 130, which has an annular
shape as a whole, is disposed between the connecting
portion 51a of the bearing housing 50 and the connecting
hole 67 of the turbine housing 60. The heat shield plate
130 has an outer peripheral portion 133, which is an outer
portion in the radial direction and has the shape of an
annular flat plate. The outer diameter of the outer edge
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of the outer peripheral portion 133 is smaller than the
inner diameter of the connecting large diameter hole 67a
of the connecting hole 67 of the turbine housing 60. In
the thickness direction of the outer peripheral portion 133,
the outer peripheral portion 133 is clamped between the
clamping surface 51d of the connecting portion 51a of
the bearing housing 50 and the clamping surface 67d of
the connecting hole 67 of the turbine housing 60. Also,
the outer peripheral portion 133, which has the shape of
an annular flat plate as described above, is clamped,
over the entire area in the circumferential direction of the
connecting shaft 80, between the clamping surface 51d
of the connecting portion 51a of the bearing housing 50
and the clamping surface 67d of the connecting hole 67
of the turbine housing 60. The inner diameter of the outer
peripheral portion 133 is smaller than the diameter of the
inner edge of the clamping surface 67d of the turbine
housing 60. A curved portion 132 extends toward the
exhaust side from the inner edge of the outer peripheral
portion 133. The curved portion 132 is curved to approach
the radial center of the connecting shaft 80 toward the
exhaust side. The curved portion 132 extends from the
entire inner edge of the outer peripheral portion 133. An
inner peripheral portion 131 extends inward in the radial
direction of the connecting shaft 80 from the inner edge
of the curved portion 132. The inner peripheral portion
131 extends from the entire inner edge of the curved
portion 132 and has the shape of an annular flat plate.
With the outer peripheral portion 133 of the heat shield
plate 130 clamped, the curved portion 132 is elastically
deformed in the rotation axis direction, and the inner pe-
ripheral portion 131 contacts the end on the exhaust side
of the connecting portion 51a of the bearing housing 50.
Also, the inner peripheral portion 131 of the heat shield
plate 130 is disposed between the connecting portion
51a of the bearing housing 50 and the blades 91 of the
turbine wheel 90.

[0091] The clamping flange 59 of the bearing housing
50 has an opposed surface 59a, which is the end face
on the exhaust side. The opposed surface 59a is orthog-
onal to the rotation axis 80a of the connecting shaft 80.
The clamping flange 68 of the turbine housing 60 has an
opposed surface 68a, which is the end face on the intake
side. The opposed surface 68a is orthogonal to the rota-
tion axis 80a of the connecting shaft 80. The opposed
surface 59a of the clamping flange 59 of the bearing
housing 50 and the opposed surface 68a of the clamping
flange 68 of the turbine housing 60 are opposed to each
other in the rotation axis direction. In the entire region in
which the opposed surface 59a of the clamping flange
59 of the bearing housing 50 and the opposed surface
68a of the clamping flange 68 of the turbine housing 60
are opposed to each other in the rotation axis direction,
the opposed surface 59a and the opposed surface 68a
are spaced apart from each other in the rotation axis di-
rection so that a clearance exists in between.
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<Wastegate 150 and Surrounding Structure>

[0092] Next, the bypass passages 64 of the turbine
housing 60 and the wastegate 150 will be described.
[0093] As shown in Fig. 8, the turbine housing 60 has
the two bypass passages 64 defined therein in corre-
spondence with the two scroll passages 61 (only one of
the bypass passages 64 is shown in Fig. 8). The two
bypass passages 64 are opened to the interior of the
turbine housing 60, and the openings are arranged side
by side. A valve seat 65 is provided in a section of the
inner wall of the turbine housing 60 around the open edg-
es of outlet portions 64a of the bypass passages 64. In
the present embodiment, the valve seat 65 has a cylin-
drical shape protruding from the inner wall surface of the
turbine housing 60, and the outlet portions 64a of the two
bypass passages 64 are defined in the valve seat 65.
The valve seat 65 has a flat end face, which is a contact
surface 65a.

[0094] As shownin Fig. 13, a through-hole 69 extends
through the wall of the tubular portion 60B of the turbine
housing 60. The through-hole 69 is located at a position
on the downstream side of the valve seat 65 in the turbine
housing 60. The central axis of the through-hole 69 is
parallel with the contact surface 65a of the valve seat 65.
A cylindrical bushing 160 is inserted into the through-hole
69. The outer diameter of the bushing 160 is substantially
the same as the inner diameter of the through-hole 69.
The central axis of the bushing 160 is coaxial with the
central axis of the through-hole 69.

[0095] As shown in Fig. 13, the wastegate 150, which
selectively opens and closes the bypass passages 64,
is attached to the turbine housing 60. The shaft 151 of
the wastegate 150 is substantially columnar. The outer
diameter of the shaft 151 is substantially the same as the
inner diameter of the bushing 160. The shaft 151 is in-
serted into the bushing 160 and rotationally supported
by the turbine housing 60. The shaft 151 has a rotation
axis 151a that is coaxial with the central axis of the
through-hole 69. As described above, the through-hole
69 is located at a position on the downstream side of the
valve seat 65 in the turbine housing 60. Thus, in a direc-
tion orthogonal to the contact surface 65a of the valve
seat 65, the rotation axis 151a of the shaft 151 is spaced
apart from the contact surface 65a of the valve seat 65
toward the downstream side in the flowing direction of
exhaust gas flowing through the bypass passages 64.
[0096] A connection portion 153 of the valve member
152 extends outward in the radial direction of the shaft
151 from the end of the shaft 151 inside the turbine hous-
ing 60. As shown in Fig. Fig. 12C, a substantially disk-
shaped valve main body 154 is attached to the connec-
tion portion 153. A surface of the valve main body 154
on the opposite side from the connection portion 153
functions as a contact surface 154a, which intersects with
the circumferential direction of the shaft 151 and is op-
posed to the valve seat 65 of the turbine housing 60. The
entire contact surface 154a of the valve main body 154
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is flat. The dimension of the connection portion 153 in a
direction orthogonal to the contact surface 154a of the
valve main body 154 increases toward the shaft 151 (to-
ward the left side in the Fig. 12C). In the present embod-
iment, the shaft 151 and the valve member 152 are
formed integrally through casting. Thus, the wastegate
150 is an integrally molded member that includes the
shaft 151 and the valve member 152, which are integrat-
ed.

[0097] As shown in Fig. 2, the end of the shaft 151 of
the wastegate 150 outside the turbine housing 60 is cou-
pled to the link mechanism 170. Specifically, the shaft
151 is coupled to a first end of a substantially rectangular
plate-shaped link arm 171. A second end of the link arm
171 is coupled to a first end of a link rod 172, which is
shaped like a bar as a whole. Thus, in the radial direction
of the shaft 151, a connection center 177 of the link rod
172 and the link arm 171 is separated from a connection
center 176 of the link arm 171 and the shaft 151. The link
rod 172 extends from the exhaust side toward the intake
side as a whole. A second end of the link rod 172 is
coupled to the output shaft of the actuator 180.

[0098] When the actuator 180 operates and moves the
link rod 172 toward a first side in the longitudinal direction
of the link rod 172 (leftward) as shown in Fig. 2, the link
arm 171 converts the motion of the link rod 172 into ro-
tation and rotates toward a first side in the circumferential
direction of the shaft 151 (the counterclockwise side).
The wastegate 150 is then rotated toward the first side
in the circumferential direction ofthe shaft 151. This caus-
es the contact surface 154a of the valve member 152 to
contact the contact surface 65a of the valve seat 65 of
the turbine housing 60. Accordingly, the downstream
ends of the bypass passages 64 are covered by the valve
member 152 of the wastegate 150, so that the bypass
passages 64 are in a fully closed state. In the present
embodiment, the fully closed state refers to a state in
which the contact surface 154a of the valve member 152
and the contact surface 65a of the valve seat 65 contact
each other, so that the wastegate 150 cannot rotate fur-
ther in the closing direction. In the present embodiment,
when the bypass passages 64 are in the fully closed state
as shown in Fig. 13, an imaginary straight line 172a ex-
tending in the longitudinal direction of the link rod 172
intersect with an imaginary plane 65b that is parallel with
the contact surface 65a of the valve seat 65.

[0099] Incontrast, when the actuator 180 operates and
moves the link rod 172 toward a second side in the lon-
gitudinal direction of the link rod 172 (rightward) as shown
in Fig. 2, the link arm 171 converts the motion of the link
rod 172 into rotation and rotates toward a second side in
the circumferential direction of the shaft 151 (the clock-
wise side). The wastegate 150 is then rotated toward the
second side in the circumferential direction of the shaft
151. This causes the contact surface 154a of the valve
member 152 to separate from the contact surface 65a of
the valve seat 65 of the turbine housing 60. Accordingly,
the downstream ends of the bypass passages 64 are no
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longer covered by the valve member 152 of the waste-
gate 150, so that the bypass passages 64 are in an open
state.

[0100] Asshownin Fig. 12A, the contact surface 154a
of the valve member 152 is inclined to shift outward in
the radial direction of the shaft 151 (leftward) relative to
the rotation axis 151a as the (downward) distance from
the link arm 171 increases in the rotation axis direction
of the shaft 151. Thus, when the bypass passages 64
are in the fully closed state, the contact surface 154a of
the valve member 152 is inclined to shift toward the first
side in the longitudinal direction of the link rod 172 with
respect to the rotation axis 151a of the shaft 151 (toward
the valve seat 65) as the distance from the link arm 171
increases in the rotation axis direction of the shaft 151.
In the present embodiment, the contact surface 154a of
the valve member 152 is inclined by an angle less than
orequal to 1 degree with respect to the rotation axis 151a
of the shaft 151. In Fig. 12A, the inclination of the contact
surface 154a of the valve member 152 with respect to
the rotation axis 151a of the shaft 151 is exaggerated.
[0101] In across section that is orthogonal to the rota-
tion axis 151a of the shaft 151 and includes the contact
surface 65a of the valve seat 65, the longest distance
from the contact surface 154a of the valve member 152
to the rotation axis 151a of the shaft 151 in a direction
orthogonal to the contact surface 154a of the valve mem-
ber 152 will be referred to as a distance A as shown in
Fig. 12C. Also, in a cross section that is orthogonal to
the rotation axis 151a of the shaft 151 and includes the
contact surface 65a of the valve seat 65, the distance
from the contact surface 65a of the valve seat 65 to the
rotation axis 151a of the shaft 151 in a direction orthog-
onal to the contact surface 65a of the valve seat 65 will
be referred to as a distance B as shown in Fig. 13. In the
present embodiment, the position of the contact surface
154a of the valve main body 154 with respect to the con-
tact surface 65a of the valve seat 65 is designed such
that the distance A is shorter than the distance B.

<Configuration of Bypass Passages 64 and Catalyst 15>

[0102] Next, the positional relationship between the
bypass passages 64 and the catalyst 15 will be de-
scribed.

[0103] As shown in Fig. 8, the catalyst 15 includes a
tubular portion 16, which extends linearly from the up-
stream side toward the downstream side in the exhaust
line 13. The tubular portion 16 is cylindrical. The tubular
portion 16 has partition walls 17, which divide the interior
space of the tubular portion 16. The partition walls 17
extend parallel with the central axis 16a of the tubular
portion 16 from the upstream end to the downstream end
of the tubular portion 16. The partition walls 17 include
first partition walls 17a, which extend in a first direction
orthogonal to the central axis 16a of the tubular portion16,
and second partition walls 17b, which extend in a second
direction, which is orthogonal to the first direction. Thus,
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when viewed in a direction along the central axis 16a of
the tubular portion 16, the first partition walls 17a and the
second partition walls 17b form a lattice pattern. In Fig.
8, the number of the partition walls 17 is less than the
actual number to simplify the illustration of the catalyst 15.
[0104] The center of the upstream end of the catalyst
15 is located on central axes 64b of the outlet portions
64a of the bypass passages 64. The central axes 64b of
the outlet portions 64a of the bypass passages 64 inter-
sect with the first partition walls 17a of the catalyst 15.
As shown in Fig. 8, when viewed in a direction orthogonal
to the central axes 64b of the outlet portions 64a of the
bypass passages 64 and orthogonal to the central axis
16a of the tubular portion 16 of the catalyst 15, an acute
angle C defined by the central axes 64b of the outlet
portions 64a of the bypass passages 64 and the central
axis 16a of the tubular portion 16 of the catalyst 15 is 30
degrees. In the present embodiment, the outlet portions
64a of the two bypass passages 64 extend to be parallel
with each other.

Manufacturing Method for welding Turbine Wheel 90 and
Connecting Shaft 80>

[0105] A manufacturing method for welding the con-
tacting portions of the end on the intake side of the shaft
portion 92 of the turbine wheel 90 and the end on the
exhaust side of the large diameter portion 82 of the con-
necting shaft 80 to each other will be described. First, a
welding apparatus 200 used in the welding will be de-
scribed.

[0106] As shown in Fig. 14, the welding apparatus 200
includes a lift 201, which is configured to adjust the weld-
ing position of the turbine wheel 90 and the connecting
shaft 80. The upper surface of the lift 201 can be lifted
or lowered by an actuator (not shown). A lower chuck
202 is attached to the upper surface of the lift 201. The
lower chuck 202 is configured to support the end on the
intake side of the connecting shaft 80. The lower chuck
202 is rotational relative to the lift 201. The rotation axis
of the lower chuck 202 extends in the vertical direction.
A vacuum chamber 206, which is configured to define a
vacuum space, is attached to the upper surface of the lift
201. The interior of the vacuum chamber 206 is made
substantially vacuum by removing air from the inside of
the vacuum chamber 206. An upper chuck 203, which is
configured to support the end on the exhaust side of the
turbine wheel 90, is attached to the upper part of the
vacuum chamber 206. The upper chuck 203 is located
above the lower chuck 202 in the vertical direction. The
upper chuck 203 is coaxial with the lower chuck 202 and
is rotational relative to the vacuum chamber 206. The
upper chuck 203 is coupled to an electric motor 204.
When operating, the electric motor 204 rotates the tur-
bine wheel 90, which is supported by the upper chuck
203, and the connecting shaft 80. An electron gun 205,
which is configured to project an electron beam, is at-
tached to the side of the vacuum chamber 206.
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[0107] The manufacturing method for welding the con-
tacting portions of the end on the intake side of the shaft
portion 92 of the turbine wheel 90 and the end on the
exhaust side of the large diameter portion 82 of the con-
necting shaft 80 to each other will be illustrated.

[0108] First, the connecting portion 86 of the connect-
ing shaft 80 is inserted into the connecting recess 93 of
the shaft portion 92 of the turbine wheel 90. Next, the
end on the intake side (lower end) of the connecting shaft
80 is supported by the lower chuck 202, and the end on
the exhaust side (upper end) of the turbine wheel 90 is
supported by the upper chuck 203. Then, air is removed
from the inside of the vacuum chamber 206 to substan-
tially vacuumize the interior of the vacuum chamber 206.
[0109] Subsequently, the electron gun 205 is arranged
at a position outward of, in the radial direction of the con-
necting shaft 80, the contacting portions of the end on
the intake side of the shaft portion 92 of the turbine wheel
90 and the end on the exhaust side of the large diameter
portion 82 of the connecting shaft 80. The electron gun
205 is caused to project an electron beam (for example,
the currentis several mA, and the voltage is several tens
of kV). While causing the electron gun 205 to project the
electron beam, the turbine wheel 90 and the connecting
shaft 80 are rotated one turn about the rotation axis 80a
of the connecting shaft 80 (taking several seconds, for
example) to perform temporary welding.

[0110] The power of the electron beam projected by
the electron gun 205 is increased (for example, the cur-
rent is several tens of mA, and the voltage is several tens
ofkV). The electron gun 205 is then arranged at a position
outward of, in the radial direction of the connecting shaft
80, the contacting portions of the end on the intake side
of the shaft portion 92 of the turbine wheel 90 and the
end on the exhaust side of the large diameter portion 82
of the connecting shaft 80. The electron gun 205 is
caused to project an electron beam While causing the
electron gun 205 to project the electron beam, the turbine
wheel 90 and the connecting shaft 80 are rotated one
turn about the rotation axis 80a of the connecting shaft
80 (taking several seconds, for example) to perform pro-
duction welding.

[0111] Next, the power of the electron beam projected
by the electron gun 205 is reduced (for example, the cur-
rentis several mA, and the voltage is several tens of kV).
The electron gun 205 is then arranged at a position out-
ward of, in the radial direction of the connecting shaft 80,
the contacting portions of the end on the intake side of
the shaft portion 92 of the turbine wheel 90 and the end
on the exhaust side of the large diameter portion 82 of
the connecting shaft 80. The electron gun 205 is caused
to project an electron beam While causing the electron
gun 205 to project the electron beam, the turbine wheel
90 and the connecting shaft 80 are rotated one turn about
the rotation axis 80a of the connecting shaft 80 (taking
several seconds, for example) to perform tempering.
[0112] In the process of temporary welding, the cou-
pling strength of the shaft portion 92 of the turbine wheel
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90 and the large diameter portion 82 of the connecting
shaft 80 is less than the coupling strength that can with-
stand the operation of the turbocharger 20. Also, in the
process of tempering, the shaft portion 92 of the turbine
wheel 90 and the large diameter portion 82 of the con-
necting shaft 80 are not melted. Thus, in the process of
production welding in the present embodiment, welding
is performed only once to achieve the coupling strength
of the shaft portion 92 of the turbine wheel 90 and the
large diameter portion 82 of the connecting shaft 80 that
withstands the operation of the turbocharger 20.

[0113] The operation and advantages of the present
embodiment will now be described.

(1) Advantages related to Guide Vanes 37 and Surround-
ing Structure

[0114] (1-1)Intheturbocharger 20, when the compres-
sor wheel 70 in the compressor housing 30 rotates, the
intake air that is drawn in from the section of the intake
line 11 on the upstream side of the compressor housing
30 is discharged to the section of the intake line 11 on
the downstream side of the compressor housing 30 via
the accommodation space 32, the connection passage
33, and the scroll passage 34.

[0115] Asshownin Fig. 6, the guide vanes 37 protrude
from the inner wall surface of the tubular member 36 (the
introduction passage 35) in the compressor housing 30.
The guide vanes 37 protrude inward in the radial direction
of the connecting shaft 80 and have a substantially rec-
tangular shape. Thus, in a radially outer section of the
introduction passage 35, the intake air does not flow in
the section of the introduction passage 35 where the
guide vanes 37 are provided. The intake air flows through
sections between each adjacent pair of the guide vanes
37 inthe introduction passage 35, which generatesintake
air streams the number of which corresponds to the
number of the guide vanes 37. On the downstream side
of the guide vanes 37 in the introduction passage 35, the
flow of the intake air is strong in the sections where the
intake air streams are generated, and the flow of the in-
take air is weak in the sections where the intake air
streams are not generated. That is, the strength of the
flow of the intake air varies in the circumferential direction
of the introduction passage 35. In this case, the sections
in which intake air streams are generated and the intake
flow is strong strike the blades 71 of the compressor
wheel 70. This generates vibration in the entire compres-
sor wheel 70.

[0116] Itis now assumed that the number of the guide
vanes 37 is seven, which is the same as the number of
the blades 71 of the compressor wheel 70. In this case,
the number of the intake air streams is seven in corre-
spondence with the number of the blades 71 of the com-
pressor wheel 70. Thus, the intake air streams, which
flow downstream from the introduction passage 35, strike
the ends on the intake side of the blades 71 of the com-
pressor wheel 70, substantially simultaneously. Vibra-
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tions generated by the intake air streams striking the ends
on the intake side of the blades 71 coincide. This may
generate excessively strong vibration of the compressor
wheel 70.

[0117] In the present embodiment, the number of the
guide vanes 37, which is seven, is the smallest odd
number that is greater than the number of the blades 71,
which is six. That is, the number of the guide vanes 37
is neither the same as the number of the blades 71 of
the compressor wheel 70 nor a multiple of the number
oftheblades 71. Thus, the intake air streams do not strike
the ends on the upstream side of the blades 71 of the
compressor wheel 70 simultaneously, so that vibrations
that are generated by the intake air streams striking the
ends on the upstream side of the respective blades 71
are not generated simultaneously. Accordingly, the vi-
brations generated by the intake air streams striking the
ends on the upstream side of the blades 71 interfere with
each other. This is likely to attenuate the vibration of the
compressor wheel 70 as a whole.

[0118] Sincethe numberofthe guide vanes 37 is great-
er than the number of the blades 71, the number of intake
air streams the number of which corresponds to the
number of the guide vanes 37 is greater than that in the
case in which the number of the guide vanes 37 is smaller
than the number of the blades 71. This reduces the vi-
bration of each blade 71 generated by the intake air
stream striking the blade 71. Further, since the number
of the guide vanes 37 is the smallest odd number that is
greater than the number of the blades 71, which is the
minimum necessary number, increase in the intake re-
sistance due to the guide vanes 37 is minimized.

(1-2) The ends on the intake side of the blades 71
are located on the intake side of the ends on the
intake side of the auxiliary blades 72. When intake
air flows to the accommodation space 32 from the
introduction passage 35, the compressor wheel 70
is rotating. Thus, most of the intake air flowing to the
accommodation space 32 from the introduction pas-
sage 35 strikes the ends on the upstream side of the
blades 71. Accordingly, most of the vibration gener-
ated by the intake air streams striking the compres-
sor wheel 70 is generated by the intake air streams
striking the blades 71. Thus, the relationship be-
tween the number of the guide vanes 37 and the
number of the auxiliary blades 72 has a significantly
small influence on the vibration of the compressor
wheel 70. In the present embodiment, since the
number of the guide vanes 37 is set with reference
to the number of the blades 71, the number of the
guide vanes 37 is not changed by the number of the
auxiliary blades 72. Thus, the number of the guide
vanes 37 is not increased in correspondence with
the number of the auxiliary blades 72. This prevents
the intake resistance from being increased by an in-
creased in the number of the guide vanes 37.

(1-3) The guide vanes 37 extend from the end on
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the intake side in the tubular member 36 to a point
on the exhaust side of the midpoint X (a position
closer to the blades 71). Thus, in the present em-
bodiment, the flow regulating effect of the guide
vanes 37 is greater than that in a case in which the
ends on the exhaust side of the guide vanes 37 are
located on the intake side of the midpoint X. Since
the distance between the end on the exhaust side
of the guide vane 37 and the end on the intake side
of the blades 71 is relatively small, the regulated flow
of intake air readily reaches the blades 71 without
being diffused. When the regulated flow of intake air
reaches the blades 71 without being diffused, the
strength of the flow of the intake air greatly varies in
the circumferential direction. The vibration of the
blade 71 generated by the part of the strong flow of
the intake air striking the blade 71 tends to be great.
By setting the number of the guide vanes 37 having
such characteristics in the above described manner,
the effect of suppressing vibrations of the compres-
sor wheel 70 is effectively achieved.

(1-4) The inlet duct 36A is configured as a member
separate from the housing body 39, and the tubular
member 36 of the inlet duct 36A is fitted in the large
diameter portion 31a of the housing body 39. The
guide vanes 37 and the tubular member 36 in the
inlet duct 36A form an integrally molded member.
Thus, it is possible to form the guide vanes 37 in the
compressor housing 30 simply by fitting the tubular
member 36 of the inlet duct 36A into the large diam-
eter portion 31a of the housing body 39. Since the
guide vanes 37 are not formed in the housing body
39, the shape of the housing body 39 is prevented
from being complicated.

(2) Regarding Advantages related to Connecting Shaft
80 and Surrounding Structure

[0119] (2-1) As shown in Fig. 7, the first sealing mem-
ber 106 is disposed between the outer circumferential
surface of the large diameter portion 82 of the connecting
shaft 80 and the inner circumferential surface of the sup-
port hole 52 of the bearing housing 50. The first sealing
member 106 limits entry of exhaust gas flowing through
the accommodation space 62 of the turbine housing 60
into the oil discharge space 54 of the bearing housing 50.
[0120] The pressure of the exhaust gas inside the tur-
bine housing 60 may become excessively high depend-
ing on the operating state of the internal combustion en-
gine 10. In such a case, the exhaust gas flowing through
the accommodation space 62 of the turbine housing 60
may flow into a section on the intake side of the first seal-
ing member 106 of the space between the outer circum-
ferential surface of the large diameter portion 82 of the
connecting shaft 80 and the inner circumferential surface
of the support hole 52 of the bearing housing 50.

[0121] Inthe present embodiment, the second sealing
member 107 is disposed between the outer circumfer-
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ential surface of the large diameter portion 82 of the con-
necting shaft 80 and the inner circumferential surface of
the exhaust-side support hole 52a of the support hole
52. The second sealing member 107 is located on the
intake side of the first sealing member 106. Thus, even
if exhaust gas flows into a section on the intake side of
the first sealing member 106 of the space between the
outer circumferential surface of the large diameter portion
82 of the connecting shaft 80 and the inner circumferen-
tial surface of the support hole 52 of the bearing housing
50, entry of exhaust gas into the section on the intake
side of the second sealing member 107 is limited.

(2-2) The first sealing member 106 and the second seal-
ing member 107 extend over approximately 359 degrees
in the circumferential direction of the connecting shaft 80
and each have a slit in a part. Thus, exhaust gas may
flow into a section on the intake side of the first sealing
member 106 through the gap at the slit of the first sealing
member 106 between the outer circumferential surface
of the large diameter portion 82 of the connecting shaft
80 and the inner circumferential surface of the support
hole 52 of the bearing housing 50.

[0122] Inthe presentembodiment, when viewed in the
rotation axis direction, at least one of the first sealing
member 106 and the second sealing member 107 exists
at any position in the entire area in the circumferential
direction of the connecting shaft 80. In this manner, the
firstsealingmember 106 and the second sealing member
107 are located on the opposite sides of the connecting
shaft 80. Thus, even if exhaust gas flows into a section
on the intake side of the first sealing member 106 through
the gap at the slit of the first sealing member 106, the
second sealing member 107 limits entry of exhaust gas.
[0123] Particularly, in the present embodiment, when
viewed in the rotation axis direction, the second sealing
member 107 is installed such that its slit in the C-shape
is separated from the slit of the C-shape of the first sealing
member 106 by 180 degrees. Thus, inthe space between
the outer circumferential surface of the large diameter
portion 82 of the connecting shaft 80 and the inner cir-
cumferential surface of the support hole 52 of the bearing
housing 50, a sufficient distance is ensured between the
slit of the C-shape of the first sealing member 106 and
the slit of the C-shape of the second sealing member 107.
(2-3) In the present embodiment, since the first sealing
member 106 is located on the exhaust side of the second
sealing member 107, the first sealing member 106 is
more likely to be exposed to exhaust gas than the second
sealing member 107. Thus, the first sealing member 106
may be degraded by the heat of exhaust gas.

[0124] Asshownin Fig. 7, the end on the exhaust side
of the bearing housing 50 in the coolant passage 56
reaches a position on the exhaust side of the second
sealing member 107. Thus, the heat exchange with the
coolant flowing through the coolant passage 56 cools a
section of the bearing housing 50 in the vicinity of the
first sealing member 106 in addition to a section of the
bearing housing 50 in the vicinity of the second sealing
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member 107. Thus, the first sealing member 106 and the
second sealing member 107, which are disposed in the
support hole 52 of the bearing housing 50, are cooled.
This prevents the temperatures of the first sealing mem-
ber 106 and the second sealing member 107 from being
excessively high, thereby preventing the first sealing
member 106 and the second sealing member 107 from
being degraded.

(3) Regarding Advantages related to Floating Bearing
120 and Surrounding Structure

[0125] (3-1) As shown in Fig. 7, the stopper portion 85
of the connecting shaft 80 is opposed to the exhaust-side
end face 125 of the floating bearing 120. When the stop-
per portion 85 of the connecting shaft 80 and the end
face 125 of the floating bearing 120 contact each other
while the connecting shaft 80 is rotating, the stopper por-
tion 85 and the end face 125 of the floating bearing 120
may be worn.

[0126] Inthe presentembodiment, some of the oil sup-
plied to the space between the outer circumferential sur-
face of the connecting shaft 80 and the inner circumfer-
ential surface of the floating bearing 120 flows to the
space between the stopper portion 85 of the connecting
shaft 80 and the end face 125 of the floating bearing 120.
Thus, when the connecting shaft 80 is rotating, the oil
between the end face 125 of the floating bearing 120 and
the stopper portion 85 of the connecting shaft 80 is
dragged by the rotation of the stopper portion 85 of the
connecting shaft 80 and flows in the rotation direction of
the connecting shaft 80.

[0127] Each of the tapered surfaces 125b on the end
face 125 of the floating bearing 120 is inclined to ap-
proach the stopper portion 85 in the rotation axis direction
toward the first side in the circumferential direction of the
connecting shaft 80. That is, the distance between each
tapered surface 125b of the floating bearing 120 and the
stopper portion 85 of the connecting shaft 80 decreases
toward the leading side in the rotation direction of the
connecting shaft 80. Thus, when the oil flows by being
dragged by rotation of the stopper portion 85 of the con-
necting shaft 80, the oil attempts to flow into this narrow
section, increasing the pressure in the narrow section.
The pressure of the oil between each tapered surface
125b of the floating bearing 120 and the stopper portion
85 of the connecting shaft 80 is thus increased, so that
a sufficient clearance between the end face 125 of the
floating bearing 120 and the stopper portion 85 of the
connecting shaft 80 is ensured. As a result, the end face
125 of the floating bearing 120 and the stopper portion
85 of the connecting shaft 80 are prevented from being
worn by contacting each other.

(3-2) The end face 125 of the floating bearing 120
include the four land surfaces 125a and the four ta-
pered surfaces 125b, which are spaced apart in the
circumferential direction of the connecting shaft 80.
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Accordingly, four sections equally spaced apart in
the circumferential direction are created, in each of
which the pressure of the oil between the tapered
surface 125b of the floating bearing 120 and the stop-
per portion 85 ofthe connecting shaft80isincreased.
This prevents the connecting shaft 80 from being
inclined relative to the floating bearing 120 by the
pressure of the oil acting on the stopper portion 85
of the connecting shaft 80.

(3-3) The grooves 125c¢ on the end face 125 of the
floating bearing 120 extend outward in the radial di-
rection of the connecting shaft 80 from the inner pe-
riphery 125d of the end face 125. This allows the oil
between the outer circumferential surface of the con-
necting shaft80 and the inner circumferential surface
ofthe floating bearing 120 to be supplied to the space
between the tapered surfaces 125b of the floating
bearing 120 and the stopper portion 85 of the con-
necting shaft 80 via the grooves 125c. Accordingly,
the amount of oil supplied to the space between the
tapered surfaces 125b of the floating bearing 120
and the stopper portion 85 of the connecting shaft
80 via the grooves 125c¢ is prevented from being in-
sufficient.

(3-4) The grooves 125c on the end face 125 of the
floating bearing 120 do not reach the outer periphery
125e ofthe end face 125. Thus, the oil that has flowed
into the grooves 125c¢ of the floating bearing 120 is
unlikely to flow further outward in the radial direction
than the outer periphery 125e of the end face 125
via the grooves 125c. This prevents reduction in the
amount oil supplied to the space between the ta-
pered surfaces 125b of the floating bearing 120 and
the stopper portion 85 of the connecting shaft 80 via
the grooves 125c.

(3-5) Each of the grooves 125c on the end face 125
of the floating bearing 120 is located at the edge of
the tapered surface 125b on a second side in the
circumferential direction (the counterclockwise side
in Fig. 10B). The second side refers to the side op-
posite to the leading side in the rotation direction of
the connecting shaft 80. That is, the grooves 125c
are located at sections where the pressure of the oil
between the tapered surfaces 125b of the floating
bearing 120 and the stopper portion 85 of the con-
necting shaft 80 is relatively low. Thus, in the present
embodiment, the oil that has flowed into each groove
125c more readily flows to the space between the
tapered surfaces 125b of the floating bearing 120
and the stopper portion 85 of the connecting shaft
80 than in a case in which each groove 125c is lo-
cated at the end of the tapered surface 125b on the
first side in the circumferential direction of the con-
necting shaft 80 (the clockwise side in Fig. 10B).
(3-6) In the present embodiment, the end face 128
on the intake side of the floating bearing 120 has the
same structure as the end face 125 on the exhaust
side of the floating bearing 120. Also, the end face
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128 of the floating bearing 120 is opposed to the
stopper annular portion 112 of the stopper bushing
110 on the connecting shaft 80. The stopper bushing
110 rotates integrally with the shaft body 81. Thus,
when the connecting shaft 80 is rotating, the oil be-
tween the end face 128 of the floating bearing 120
and the stopper annular portion 112 of the stopper
bushing 110 is dragged by the rotation of the stopper
annular portion 112 of the stopper bushing 110 and
flows in the rotation direction of the connecting shaft
80. This ensures a clearance between the end face
128 of the floating bearing 120 and the stopper an-
nular portion 112 of the stopper bushing 110 on the
connecting shaft 80.

(3-7) The fixing pin 129 inserted into the fixing hole
122 of the floating bearing 120 fixes the floating bear-
ing 120 against rotation and movement in the rotation
axis direction relative to the bearing housing 50.
Thus, there is no need to provide, on the end face
128 on the intake side of the floating bearing 120, a
structure for fixing the floating bearing 120 relative
to the bearing housing 50. Therefore, the same con-
figuration as that of the end face 125 on the exhaust
side of the floating bearing 120 is employed for the
end face 128 on the intake side of the floating bearing
120.

(3-8) As described above, there is no need to pro-
vide, on the end face 128 on the intake side of the
floating bearing 120, a structure for fixing the floating
bearing 120 relative to the bearing housing 50. Thus,
no thrust bearing or the like for supporting the end
face 128 of the floating bearing 120 needs to be pro-
vided at a portion on the intake side of the main body
51 of the bearing housing 50. Accordingly, no struc-
ture for installing a thrust bearing needs to be pro-
vided in the portion on the intake side of the main
body 51 of the bearing housing 50, which increases
the flexibility in design of the portion on the intake
side of the main body 51 of the bearing housing 50.
In the present embodiment, the intake-side end
space 54a of the oil discharge space 54 is provided
in the portion on the intake side of the main body 51
ofthe bearing housing 50. The intake-side end space
54a has an annular shape as a whole. This allows
the oil in the intake-side end space 54a to be readily
discharged to the outside of the bearing housing 50
from the oil discharge port 55 through the center
space 54b.

(3-9) The exhaust-side annular space 54e of the oil
discharge space 54 of the bearing housing 50 is de-
fined to encompass the end on the exhaust side of
the floating bearing 120 from the radially outer side.
The exhaust-side annular space 54e of the oil dis-
charge space 54 is connected to the space between
the end face 125 of the floating bearing 120 and the
stopper portion 85 of the connecting shaft 80. Thus,
the oil supplied to the space between the end face
125 of the floating bearing 120 and the stopper por-
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tion 85 of the connecting shaft 80 flows outward in
the radial direction of the connecting shaft 80 and
reaches the exhaust-side annular space 54e of the
oil discharge space 54. Thus, the oil is discharged
to the outside of the bearing housing 50 via the oil
discharge space 54 and the oil discharge port 55.
This prevents oil from being stagnant between the
endface 125 of the floating bearing 120 and the stop-
per portion 85 of the connecting shaft 80. As aresult,
the flow of oil between the end face 125 of the floating
bearing 120 and the stopper portion 85 of the con-
necting shaft 80 is not hindered by stagnant oil. The
intake-side annular space 54d of the oil discharge
space 54 prevents oil from being stagnant between
the end face 128 of the floating bearing 120 and the
stopper annular portion 112 of the stopper bushing
110 on the connecting shaft 80.

(3-10) In some cases, an excessive amount of oil
flows to the intake-side annular space 54d of the oil
discharge space 54 from the space between the end
face 128 of the floating bearing 120 and the stopper
annular portion 112 of the stopper bushing 110 on
the connecting shaft 80. If the amount of oil flowing
into the intake-side annular space 54d is excessive,
the pressure of oil in the intake-side annular space
54d may become high. In such a case, the oil in the
intake-side annular space 54d may flow to the intake
side via the space between the inner circumferential
surface of the intake-side support hole 52b of the
support hole 52 of the bearing housing 50 and the
outer circumferential surface of the stopper annular
portion 112 of the stopper bushing 110 on the con-
necting shaft 80. Since the pressure of oil that flows
toward the intake side is high, oil may flow into the
accommodation space 32 of the compressor hous-
ing 30 through the space between the inner circum-
ferential surface of the insertion hole 41 of the seal
plate 40 and the outer circumferential surface of the
bushing body 111 of the stopper bushing 110 on the
connecting shaft 80.

[0128] Inthe present embodiment, the annular groove
114, which is a substantially annular space, is defined
between the annular portion 113 and the stopper annular
portion 112 of the stopper bushing 110. Thus, the oil that
has flowed toward the intake side through the space be-
tween the inner circumferential surface of the intake-side
support hole 52b of the support hole 52 of the bearing
housing 50 and the outer circumferential surface of the
stopper annular portion 112 of the stopper bushing 110
on the connecting shaft 80 is introduced into the annular
groove 114 of the stopper bushing 110. When the oil is
introduced into the annular groove 114 of the stopper
bushing 110, the pressure of the oil that has flowed to
the intake side is lowered. This limits entry of oil into the
accommodation space 32 of the compressor housing 30
through the space between the inner circumferential sur-
face of the insertion hole 41 of the seal plate 40 and the
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outer circumferential surface of the bushing body 111 of
the stopper bushing 110 on the connecting shaft 80.

(4) Regarding Advantages related to Seal Plate 40 and
Surrounding Structure

[0129] (4-1)Ifthe bearing housing 50 does notinclude
the support portions 58, the main body 51 of the bearing
housing 50 contacts the central portion of the seal plate
40 in the rotation axis direction. In this configuration, for
example, when vibrations of the internal combustion en-
gine 10 apply force in the rotation axis direction to the
radially outer portion of the seal plate 40, the seal plate
40 may be deformed in a warping manner. Such defor-
mation of the seal plate 40 hinders the sealing property
between the end face 40a of the seal plate 40 and the
exhaust-side end face of the compressor housing 30, so
that intake air may leak through the space between the
end face 40a of the seal plate 40 and the exhaust-side
end face of the compressor housing 30.

[0130] As shownin Fig. 5, in the present embodiment,
the support portions 58 protrude from the end on the in-
take side of the outer circumferential surface of the main
body 51 of the bearing housing 50. The support portions
58 protrude outward in the radial direction of the connect-
ing shaft 80. The seal plate 40 contacts the support por-
tions 58 of the bearing housing 50 from the intake side.
Thus, even if the radially outer portion of the seal plate
40 that is located radially outward of the main body 51
of the bearing housing 50 attempts to be deformed from
the intake side toward the exhaust side, the deformation
of the seal plate 40 is limited by the support portions 58
of the bearing housing 50. This limits deformation of the
seal plate 40 even if a force from the intake side toward
the exhaust side acts on the radially outer portion of the
seal plate 40.

(4-2) The support portions 58 of the bearing housing
50 are fixed to the seal plate 40 with the bolts 192.
Since the seal plate 40 is fixed to the support portions
58, the support portions 58 of the bearing housing
50 limit deformation of the seal plate 40 even if the
radially outer portion of the seal plate 40 attempts to
be deformed from the exhaust side toward the intake
side. This limits deformation of the seal plate 40 to
either side in the rotation axis direction even if a force
in the rotation axis direction acts on the radially outer
portion of the seal plate 40.

(4-3) As shown in Fig. 9, the three support portions
58 are spaced apart from each other in the circum-
ferential direction of the connecting shaft 80. Thus,
the present embodiment limits deformation of the
seal plate 40 while minimizing the increase in weight
due to the existence of the support portions 58, as
compared to a configuration in which a support por-
tion 58 extends over the entire area in the circum-
ferential direction of the connecting shaft 80.

(4-4) Since the support portions 58 are spaced apart
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from each other in the circumferential direction of the
connecting shaft 80, the outer diameter of the portion
of the bearing housing 50 where the support portions
58 are not provided is small. A configuration is as-

haust side of the tubular portion 60B of the turbine
housing 60 is less prone to being transferred to the
bearing housing 50, so that the temperature is not
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lowered easily. Thatis, the temperature of the portion
on the intake side of the tubular portion 60B of the
turbine housing 60 is relatively low, while the tem-
perature of the portion on the exhaust side of the

sumed in which the bearing housing 50 is formed by 5 tubular portion 60B of the turbine housing 60 is rel-
casting, and cavities for a plurality of bearing hous- atively high. When there is such a difference in tem-
ings 50 are formed in a single mold. In this case, the perature in the turbine housing 60, differences in the
number of the bearing housings 50 that can be cast amounts of thermal expansion is likely to generate
in the single mold is easily increased by forming the a great internal stress in the turbine housing 60,
cavities such that the support portions 58 of the bear- 70 which may cause deformation or cracking of the tur-
ing housings 50 are arranged in a staggered manner. bine housing 60.
(4-5) The first support portion 58a is located on the In the present embodiment, a clearance exists over
first side in the direction along the imaginary straight the entire area in which the opposed surface 59a of
line 58d with respect to the rotation axis 80a of the the clamping flange 59 of the bearing housing 50
connecting shaft 80. Also, the second support por- 15 and the opposed surface 68a of the clamping flange
tion 58b is located on the second side in the direction 68 of the turbine housing 60 are opposed to each
along the imaginary straight line 58d with respect to other in the rotation axis direction. In a section where
the rotation axis 80a of the connecting shaft 80. That such a clearance exists, heat is less prone to being
is, in the direction along the imaginary straight line transferred from the clamping flange 68 of the turbine
58d, the first support portion 58a and the second 20 housing 60 to the clamping flange 59 of the bearing
support portion 58b are located on the opposite sides housing 50. Thus, the temperature of the portion on
of the rotation axis 80a of the connecting shaft 80. the intake side of the tubular portion 60B of the tur-
Thus, the radially outer portion of the seal plate 40 bine housing 60 is not lowered easily. Accordingly,
contacts the first support portion 58a and the second the turbine housing 60 is unlikely to have portions of
support portion 58b, which are located on the oppo- 25 high temperatures and portions of low temperatures.
site sides of the rotation axis 80a of the connecting As a result, internal stress due to differences in the
shaft 80. This limits deformation in the rotation axis amounts of thermal expansion is less prone to being
direction of the radially outer portion of the seal plate generated in the turbine housing 60. This suppress-
40 in the circumferential direction of the connecting es the occurrence of deformation and cracking.
shaft 80. Likewise, in the direction along the imagi- 30 (5-2) In the thickness direction of the outer peripheral
nary straight line 58d, the first support portion 58a portion 133 of the heat shield plate 130, the outer
and the third support portion 58c are located on the peripheral portion 133 is clamped between the
opposite sides of the rotation axis 80a of the con- clamping surface 51d of the connecting portion 51a
necting shaft 80. Thus, deformation in the rotation of the bearing housing 50 and the clamping surface
axis direction of the radially outer portion of the seal 35 67d of the connecting hole 67 of the turbine housing
plate 40 is limited by contacting the first support por- 60. Since the outer peripheral portion 133 of the heat
tion 58a and the third support portion 58c, which are shield plate 130 has the shape of a flat plate, the
located on the opposite sides of the rotation axis 80a outer peripheral portion 133 resists deformation in
of the connecting shaft 80. the thickness direction. Thus, the positional relation-
40 ship between the bearing housing 50 and the turbine
(5) Regarding Advantages related to Heat Shield Plate housing 60 in the rotation axis direction is determined
130 and Surrounding Structure by using the outer peripheral portion 133 of the heat
shield plate 130. Therefore, displacement of the po-
[0131] sitional relationship between the bearing housing 50
45 and the turbine housing 60 in the rotation axis direc-
(5-1) In the turbocharger 20, exhaust gas is intro- tion is limited even if there is a clearance between
duced into the turbine housing 60, which increases the opposed surface 59a of the clamping flange 59
the temperature of the turbine housing 60. If the op- of the bearing housing 50 and the opposed surface
posed surface 68a of the clamping flange 68 of the 68a of the clamping flange 68 of the turbine housing
turbine housing 60 is contacting the opposed surface 50 60, so that the opposed surfaces 59a and 68a are
59a of the clamping flange 59 of the bearing housing not contacting each other.
50, the temperature of the portion on the intake side (5-3) Over the entire area in the circumferential di-
of the tubular portion 60B is lowered since heat is rection of the connecting shaft 80, the outer periph-
transferred from this portion to the bearing housing eral portion 133 of the heat shield plate 130 is
50. In contrast, since heat of the portion on the ex- 55 clamped between the clamping surface 51d of the

connecting portion 51a of the bearing housing 50
and the clamping surface 67d of the connecting hole
67 of the turbine housing 60. Thus, over the entire
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areain the circumferential direction of the connecting
shaft 80, the outer peripheral portion 133 of the heat
shield plate 130 closely contact the clamping surface
51d of the connecting portion 51a of the bearing
housing 50 and the clamping surface 67d of the con-
necting hole 67 of the turbine housing 60. This allows
the outer peripheral portion 133 of the heat shield
plate 130 to function as a sealing member that limits
leakage of exhaust gas to the outside from the inside
of the turbine housing 60. Therefore, even if there is
a clearance between the opposed surface 59a of the
clamping flange 59 of the bearing housing 50 and
the opposed surface 68a of the clamping flange 68
of the turbine housing 60, exhaust gas will not leak
to the outside through the clearance. As a result,
there is no need to provide a sealing member for
limiting leakage of exhaust gas to the outside from
the inside of the turbine housing 60.

(5-4) As described above, the outer peripheral por-
tion 133 of the heat shield plate 130 is clamped be-
tween the clamping surface 51d of the connecting
portion 51a of the bearing housing 50 and the clamp-
ing surface 67d of the connecting hole 67 of the tur-
bine housing 60. Thus, the outer peripheral portion
133 of the heat shield plate 130 does not move in a
direction orthogonal to the rotation axis 80a of the
connecting shaft 80. This prevents the outer periph-
eral portion 133 of the heat shield plate 130 from
sliding on the clamping surface 51d of the connecting
portion 51a of the bearing housing 50 or the clamping
surface 67d of the connecting hole 67 of the turbine
housing 60. The outer peripheral portion 133 of the
heat shield plate 130 is therefore not worn.

(6) Advantages related to Wastegate 150 and Surround-
ing Structure

[0132] (6-1) It is assumed that the shaft 151 and the
valve member 152 of the wastegate 150 are separate
components, and these are assembled together to form
the wastegate 150. In this configuration, chattering noise
may occur at the part where the shaft 151 and the valve
member 152 are assembled when the wastegate 150
switches the bypass passages 64 from the open state to
the fully closed state or when the pressure of exhaust
gas flowing through the bypass passages 64 fluctuates
when the wastegate 150 is holding the bypass passages
64 in the open state. Such chattering noise may be per-
ceived as unusual noise by occupants of the vehicle.
[0133] Inthe present embodiment, the wastegate 150
is an integrally molded member in which the shaft 151
and the valve member 152 are integrated as shown in
Fig. 12B. Since the shaft 151 and the valve member 152
are integrated, the valve member 152 does not swing
relative to the shaft 151, so that chattering noise due to
swinging is not generated.

(6-2) Itis now assumed that the distance A shown in Fig.
12C, which is the distance from the contact surface 154a
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of the valve member 152 to the rotation axis 151a of the
shaft 151 in a direction orthogonal to the contact surface
154a of the valve member 152, is designed to be equal
to the distance B shown in Fig. 13, which is the distance
from the contact surface 65a of the valve seat 65 to the
rotation axis 151a of the shaft 151 in a direction orthog-
onal to the contact surface 65a of the valve seat 65. If
the wastegate 150 and the turbine housing 60 are man-
ufactured as designed, the contact surface 65a of the
valve seat 65 of the turbine housing 60 and the contact
surface 154a of the valve member 152 of the wastegate
150 are in surface contact with each other when the by-
pass passages 64 are in the fully closed state.

[0134] However, even if the contact surface 65a of the
valve seat 65 of the turbine housing 60 and the contact
surface 154a of the valve member 152 of the wastegate
150 are designed to be in surface contact with each other
in the fully closed state of the bypass passages 64 as
described above, surface contact may fail to be achieved
in reality due to manufacturing errors or the like. In par-
ticular, when the actual distance A1 is longer than the
designed distance A, the wastegate 150 contacts the
contact surface 65a of the valve seat 65 from the tail as
shown in Fig. 15A when the bypass passages 64 are
switched to the fully closed state. Specifically, when the
bypass passages 64 are switched to the fully closed
state, a first end 154b of the contact surface 154a that is
on the side closer to the shaft 151 interferes with the
contact surface 65a of the valve seat 65 before the waste-
gate 150 is fully closed, and the wastegate 150 cannot
rotate further.

[0135] In the present embodiment, the distance A is
designed to be shorter than the distance B. Therefore,
even if there are some manufacturing errors in the waste-
gate 150 or the turbine housing 60, the wastegate 150
contacts the contact surface 65a of the valve seat 65
from the head as shown in Fig. 15B when the bypass
passages 64 are switched to the fully closed state. Spe-
cifically, when the bypass passages 64 are switched to
the fully closed state, a second end 154c of the contact
surface 154athat is on the side farther from the shaft 151
(the right side in Fig. 15B) contacts the contact surface
65a of the valve seat 65. Thus, the contact surface 154a
of the valve member 152 will not contact the contact sur-
face 65a of the valve seat 65 before the wastegate 150
is fully closed. Accordingly, even if the same amount of
manufacturing errors are present, in the fully closed state
of the bypass passages 64, the angle E defined by the
contact surface 154a of the valve member 152 and the
contact surface 65a of the valve seat 65 is smaller than
the angle D defined by the contact surface 154a of the
valve member 152 and the contact surface 65a of the
valve seat 65 as shown in Figs. 15A and 15B. As a result,
in the fully closed state of the bypass passages 64, the
clearance between the contact surface 154a of the valve
member 152 and the contact surface 65a of the valve
seat 65 is reduced, thereby reducing the amount of ex-
haust gas leaking from the bypass passages 64 to the
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discharge passage 63. In Figs. 15A and 15B, the angle
D and the angle E are exaggerated.

(6-3) When the bypass passages 64 are switched to the
fully closed state, the link rod 172 is moved from the sec-
ond side in the longitudinal direction of the link rod 172
(the upper side in Fig. 13) toward the first side (the lower
side in Fig. 13) by the operation of the actuator 180 as
shown Fig. 13. When the bypass passages 64 are main-
tained in the fully closed state, the end of the shaft 151
of the wastegate 150 that is outside the turbine housing
60 receives a force that acts from the second side toward
the first side in the longitudinal direction of the link rod
172 via the link arm 171. This inclines the shaft 151 of
the wastegate 150 such that the end outside the turbine
housing 60 is located on the first side in the longitudinal
direction of the link rod 172, and the end in the turbine
housing 60 is located on the second side in the longitu-
dinal direction of the link rod 172. Also, the contact sur-
face 154a of the valve member 152 of the wastegate 150
is inclined such that the end outside the turbine housing
60 is located on the first side in the longitudinal direction
of the link rod 172, and the end in the turbine housing 60
is located on the second side in the longitudinal direction
of the link rod 172.

[0136] Inthe presentembodiment, the contact surface
154a of the valve member 152 is inclined relative to the
rotation axis 151a of the shaft 151 as shown in Fig. 12A
in expectation of the inclination of the shaft 151 of the
wastegate 150, which is caused when the bypass pas-
sages 64 are in the fully closed state. Specifically, the
contact surface 154a of the valve member 152 is inclined
to shift outward in the radial direction of the shaft 151 as
the distance from the link arm 171 increases in the rota-
tion axis direction of the shaft 151. As shown in Fig. 13,
the contact surface 154a of the valve member 152 and
the contact surface 65a of the valve seat 65 are parallel
with each other in the fully closed state of the bypass
passages 64. Accordingly, even ifthe shaft 151 isinclined
in the fully closed state of the bypass passages 64, the
clearance between the contact surface 154a of the valve
member 152 and the contact surface 65a of the valve
seat 65 is reduced.

(6-4) When the bypass passages 64 are switched to the
fully closed state, the wastegate 150 rotates about the
rotation axis 151a of the shaft 151, so that the second
end 154c of the contact surface 154a of the valve member
152, which is farther from the shaft 151, contacts the
contact surface 65a of the valve seat 65 as shown in Fig.
15B. When the second end 154c of the contact surface
154a of the valve member 152 is contacting the contact
surface 65a of the valve seat 65, a part of the valve mem-
ber 152 that is closer to the shaft 151 receives a greater
stress generated by the valve member 152 pressing the
valve seat 65. The dimension of the connection portion
153 in a direction orthogonal to the contact surface 154a
of the valve main body 154 increases toward the shaft
151 (toward the left side in the Fig. 15B). Thus, in the
wastegate 150, the stiffness of the connection portion
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153 of the valve member 152 is increased. This sup-
presses the occurrence of deformation and cracking of
the connection portion 153 of the valve member 152.

(7) Regarding Advantages related to Bypass Passage
64 and Surrounding Structure

[0137] (7-1) As shown in Fig. 8, when exhaust gas
flows through the bypass passages 64 when the bypass
passages 64 are openinthe turbocharger 20, the exhaust
gas flows toward the catalyst 15, which is located on the
downstream side of the turbine housing 60. The exhaust
gas heats the catalyst 15 to activate the catalyst 15, so
that the catalyst 15 exerts the purifying performance.
[0138] Even if the flow rate and the temperature of the
exhaust gas flowing toward the catalyst 15 are the same,
the rate at which the catalyst 15 is heated varies depend-
ing on the angle defined by the partition walls 17 of the
catalyst 15 and the flowing direction of the exhaust gas.
For example, in some cases, if the acute angle C, which
is defined by the central axes 64b of the outlet portions
64a of the bypass passages 64 and the central axis 16a
of the tubular portion 16 of the catalyst 15, is large (for
example, 80 degrees), the exhaust gas that has flowed
through the bypass passages 64 strikes the upstream
end of the catalyst 15, so that the exhaust gas stagnates
in the section of the exhaust line 13 that is on the up-
stream side of the catalyst 15. Also, in some cases, if the
central axes 64b of the outlet portions 64a of the bypass
passages 64 and the central axis 16a of the tubular por-
tion 16 of the catalyst 15 are parallel with each other, the
exhaust gas that has flowed through the bypass passag-
es 64 flows toward the downstream side without striking
the wall surfaces of the partition walls 17 of the catalyst
15. That is, the heating rate of the catalyst 15 will be
lowered and the catalyst 15 cannot be readily activated
if the acute angle C, which is defined by the central axes
64b of the outlet portions 64a of the bypass passages 64
and the central axis 16a of the tubular portion 16 of the
catalyst 15, is too large or too small.

[0139] In the present embodiment, the central axes
64b of the outlet portions 64a of the bypass passages 64
intersect with the first partition walls 17a of the catalyst
15. The acute angle C, which is defined by the central
axes 64b of the outlet portions 64a of the bypass pas-
sages 64 and the central axis 16a of the tubular portion
16 of the catalyst 15, is 30 degrees. Thus, when the by-
pass passages 64 are in the open state and the exhaust
gas that has flowed through the bypass passages 64
reaches the catalyst 15, the exhaust gas strikes the wall
surfaces of the first partition walls 17a of the catalyst 15.
The exhaust gas that has stricken the wall surfaces of
the first partition walls 17a flows toward the downstream
side along the wall surfaces of the first partition walls 17a.
Accordingly, the heat of the exhaust gas is transferred
to the first partition walls 17a, so that the temperature of
the catalyst 15 is increased quickly.

[0140] (7-2) As shown in Fig. 8, the contact surface
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154a of the valve member 152 of the wastegate 150 is
a flat surface as a whole including the part that contacts
the valve seat65. Thus, inthe presentembodiment, when
the bypass passages 64 are in the open state, the flow
of the exhaust gas that has flowed through the bypass
passages 64 is not hindered by the valve member 152
of the wastegate 150, as compared to a case in which
the contact surface 154a of the valve member 152 is
partially curved. This guides the exhaust gas that has
flowed through the bypass passages 64 toward the cat-
alyst 15 by the valve member 152 of the wastegate 150.

(8) Regarding Advantages related to Method for Welding
Turbine Wheel 90 and Connecting Shaft 80

[0141] (8-1) In the above-described welding process,
the production welding is performed on the contacting
portions of the end on the intake side of the shaft portion
92 of the turbine wheel 90 and the end on the exhaust
side of the large diameter portion 82 of the connecting
shaft 80, while rotating the contacting portions one turn
about the rotation axis 80a of the connecting shaft 80.
Thus, the weld time of the present embodiment is shorter
than that of a manufacturing method in which the turbine
wheel 90 and the connecting shaft 80 are rotated two or
more turns about the rotation axis 80a of the connecting
shaft 80. This limits an increase in the manufacturing
costs of the turbocharger 20 due to an elongated weld
time of the turbine wheel 90 and the connecting shaft 80.
[0142] The present embodiment may be modified as
follows. The present embodiment and the following mod-
ifications can be combined as long as the combined mod-
ifications remain technically consistent with each other.

<Modifications to Compressor Housing 30 and Surround-
ing Structure>

[0143] In the above-described embodiment, the
number of the guide vanes 37 can be changed. For ex-
ample, if the number of the blades 71 of the compressor
wheel 70 is changed, the number of the guide vanes 37
can be changed to the smallest odd number that s great-
er than the number of the blades 71.

[0144] In the above-described embodiment, the con-
figuration of the compressor wheel 70 can be changed.
For example, the number of the blades 71 may be
changed as described above. Likewise, the number of
the auxiliary blades 72 may be changed, and the auxiliary
blades 72 may be omitted. Also, the relationship between
the number of the blades 71 and the number of the aux-
iliary blades 72 can be changed. Specifically, the number
of the blades 71 may be greater than or less than the
number of the auxiliary blades 72.

[0145] In the above-described embodiment, the con-
figuration of the compressor housing 30 can be changed.
For example, the length of the guide vanes 37 in the
rotation axis direction can be changed. Specifically, the
guide vanes 37 may be provided only on the intake side
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of the midpoint X in the tubular member 36. Alternatively,
the guide vanes 37 may be provided only on the exhaust
side of the midpoint X in the tubular member 36.

[0146] In the above-described embodiment, the inlet
duct 36A and the housing body 39 in the compressor
housing 30 may be formed integrally. In this case also,
the guide vanes 37 are simply required to protrude from
the inner wall surface of the introduction passage 35 in
the compressor housing 30.

[0147] In the above-described embodiment, the inlet
duct 36A and the intake line 11 may be separate com-
ponents.

<Modifications to Connecting Shaft 80 and Surrounding
Structure>

[0148] In the above-described embodiment, the con-
figuration of the connecting shaft 80 can be changed. For
example, if the exhaust gas in the turbine housing 60 is
unlikely to flow into the bearing housing 50, the second
sealing member 107 may be omitted. Accordingly, the
second recess 82b of the connecting shaft 80 may be
omitted.

[0149] In the above-described embodiment, the orien-
tation of the second sealing member 107 relative to the
first sealing member 106 can be changed. For example,
in a case in which a relatively small amount of exhaust
gas flows to the intake side of the first sealing member
106 from the inside of the turbine housing 60, the slit of
the second sealing member 107 and the slit of the first
sealing member 106 may be located at the same position
in the circumferential direction when viewed in the rota-
tion axis direction. That is, when viewed in the rotation
axis direction, there may be a section at which neither
the first sealing member 106 nor the second sealing
member 107 exists.

[0150] In the above-described embodiment, the con-
figuration of the first sealing member 106 and the second
sealing member 107 can be changed. For example, the
first sealing member 106 may have an annular shape
without a slit. In this case, the orientation of the second
sealing member 107 relative to the first sealing member
106 can be changed as appropriate. The range of exten-
sion of the first sealing member 106 in the circumferential
direction of the connecting shaft 80 may be less than 180
degrees. In this case, if the sum of the range of extension
of the first sealing member 106 and the range of exten-
sion of the second sealing member 107 exceeds 360
degrees, the first sealing member 106 and the second
sealing member 107 can be arranged such that, when
viewed in the rotation axis direction, either the first sealing
member 106 or the second sealing member 107 exists
at any position.

[0151] Inthe above-described embodiment, the shape
of the coolant passage 56 of the bearing housing 50 can
be changed. For example, if the temperature of the first
sealing member 106, which is increased by the heat of
exhaust gas flowing in from the inside of the turbine hous-
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ing 60, is relatively low, the end on the exhaust side of
the coolant passage 56 may be located on the intake
side of the second sealing member 107.

<Modifications to Floating Bearing 120 and Surrounding
Structure>

[0152] In the above-described embodiment, the con-
figuration of the floating bearing 120 can be changed.
For example, the tapered surfaces 125b on the end face
125 of the floating bearing 120 may be omitted if the
amount oil flowing between the stopper portion 85 of the
connecting shaft 80 and the end face 125 of the floating
bearing 120 is great, and the stopper portion 85 of the
connecting shaft 80 and the end face 125 of the floating
bearing 120 are unlikely to contact each other.

[0153] In the above-described embodiment, the
number of the land surface 125a and the number of the
tapered surface 125b on the end face 125 of the floating
bearing 120 may be changed. For example, the number
of the land surfaces 125a and the number of the tapered
surfaces 125b may be less than or greater than four.
[0154] In the above-described embodiment, the posi-
tions of the grooves 125c on the tapered surfaces 125b
of the floating bearing 120 can be changed. For example,
each groove 125¢ may be located at the center in the
circumferential direction of the tapered surface 125b or
the end of the tapered surface 125b on the leading side
in the rotation direction of the connecting shaft 80.
[0155] Inthe above-described embodiment, the shape
of the grooves 125c on the tapered surfaces 125b of the
floating bearing 120 can be changed. For example, the
outer end of each groove 125c in the radial direction of
the connecting shaft 80 may reach the outer periphery
125e of the end face 125. The depth of the groove 125¢
may be uniform.

[0156] In the above-described embodiment, the
grooves 125c on the tapered surfaces 125b of the floating
bearing 120 may be omitted. For example, the grooves
125¢ may be omitted in a case in which a sufficient
amount of oil is supplied to the tapered surfaces 125b of
the floating bearing 120 from the space between the outer
circumferential surface of the connecting shaft 80 and
the inner circumferential surface of the floating bearing
120.

[0157] In the above-described embodiment, the con-
figuration of the bearing housing 50 can be changed. For
example, the exhaust-side annular space 54e of the oil
discharge space 54 of the bearing housing 50 may be
omitted in a case in which a small amount of oil that flows
outward in the radial direction from the space between
the stopper portion 85 of the connecting shaft 80 and the
end face 125 of the floating bearing 120. Likewise, the
intake-side annular space 54d of the oil discharge space
54 of the bearing housing 50 may be omitted.

[0158] In the above-described embodiment, the fixing
pin 129 for fixing the floating bearing 120 may be omitted.
For example, the fixing pin 129 may be omitted if arecess
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is formed in the end on the intake side of the floating
bearing 120, and the floating bearing 120 is fixed to the
bearing housing 50 by fitting a protruding member into
the recess. In such a case, if a configuration similar to
that of the end face 125 on the exhaust side of the floating
bearing 120 cannot be used in the end face 128 on the
intake side of the floating bearing 120, a thrust bearing
or the like may be attached to the bearing housing 50 to
support the end face 128 of the floating bearing 120.

<Modification to Seal Plate 40 and Surrounding Struc-
ture>

[0159] In the above-described embodiment, the con-
figuration of the bearing housing 50 can be changed. For
example, the support portions 58 of the bearing housing
50 may be omitted if the amount of deformation in the
radially outer portion of the seal plate 40 generated by
vibrations of the internal combustion engine 10 is small.
[0160] In the above-described embodiment, the con-
figuration by which the support portions 58 of the bearing
housing 50 are fixed to the seal plate 40 may be changed.
For example, the support portions 58 of the bearing hous-
ing 50 may be fixed to the radially outer portion of the
seal plate 40 by welding.

[0161] Also, the support portions 58 of the bearing
housing 50 do not necessarily need to be fixed to the
seal plate 40. For example, if the main body 51 of the
bearing housing 50 is fixed to the central portion of the
seal plate 40, the support portions 58 of the bearing hous-
ing 50 do not need to be fixed to the seal plate 40.
[0162] Inthe above-described embodiment, the shape
and the number of the support portions 58 of the bearing
housing 50 can be changed. For example, the number
of the support portions 58 of the bearing housing 50 may
be one or greater than three. Alternatively, the bearing
housing 50 may be provided with one support portion 58
that extends over the entire area in the circumferential
direction of the connecting shaft 80.

[0163] In the above-described embodiment, the posi-
tional relationship of the support portions 58 of the bear-
ing housing 50 can be changed. For example, the first
support portion 58a, the second support portion 58b, and
the third support portion 58c may all be located on the
first side in a direction along the imaginary straight line
58d with respect to the rotation axis 80a of the connecting
shaft 80. If the radially outer portion of the seal plate 40
has a section that is likely to be warped in the rotation
axis direction, a support portion 58 is preferably provided
in the vicinity of that section.

<Modification to Heat Shield Plate 130 and Surrounding
Structure>

[0164] In the above-described embodiment, the con-
figuration for connecting the bearing housing 50 and the
turbine housing 60 to each other can be changed. For
example, if the temperature distribution is unlikely to be
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uneven in the turbine housing 60, the opposed surface
59a of the clamping flange 59 of the bearing housing 50
and the opposed surface 68a of the clamping flange 68
of the turbine housing 60 may contact each other. Even
if the opposed surface 59a of the clamping flange 59 of
the bearing housing 50 and the opposed surface 68a of
the clamping flange 68 of the turbine housing 60 contact
each other, temperature differences in the turbine hous-
ing 60 are somewhat suppressed if there is a section in
the circumferential direction in which the opposed sur-
faces 59a and 68a do not contact each other.

[0165] In the above-described embodiment, the con-
figuration for fixing the heat shield plate 130 between the
bearing housing 50 and the turbine housing 60 can be
changed. For example, the outer peripheral portion 133
of the heat shield plate 130 may be partially clamped
between the bearing housing 50 and the turbine housing
60 in a section in the circumferential direction of the con-
necting shaft 80. In this case, an additional sealing mem-
ber is provided, for example, between the bearing hous-
ing 50 and the turbine housing 60, so as to limit leakage
of the exhaust gas to the outside from the inside of the
turbine housing 60.

[0166] For example, in a case in which the displace-
ment in the rotation axis direction between the bearing
housing 50 and the turbine housing 60 is relatively small,
the outer peripheral portion 133 of the heat shield plate
130 does not need to be clamped between the bearing
housing 50 and the turbine housing 60 in the thickness
direction of the outer peripheral portion 133.

[0167] In the above-described embodiment, the con-
figuration for fixing the clamping flange 68 of the turbine
housing 60 and the clamping flange 59 of the bearing
housing 50 to each other can be changed. For example,
the clamping flange 68 of the turbine housing 60 and the
clamping flange 59 of the bearing housing 50 may be
fixed to each other with bolts and nuts.

[0168] In the above-described embodiment, the
shapes of the clamping flange 68 of the turbine housing
60 and the clamping flange 59 of the bearing housing 50
can be changed. For example, a recess that is recessed
in the rotation axis direction may be provided in the op-
posed surface 68a of the clamping flange 68 of the turbine
housing 60. Also, arecess thatis recessed in the rotation
axis direction may be provided in the opposed surface
59a of the clamping flange 59 of the bearing housing 50.
Furthermore, a positioning pin may be fitted between the
recess of the turbine housing 60 and the recess of the
bearing housing 50. In this case also, if a clearance exists
between the opposed surface 68a of the clamping flange
68 of the turbine housing 60 and the opposed surface
59a of the clamping flange 59 of the bearing housing 50,
heat is less prone to being transferred from the clamping
flange 68 of the turbine housing 60 to the clamping flange
59 of the bearing housing 50.
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<Modification to Wastegate 150 and Surrounding Struc-
ture>

[0169] In the above-described embodiment, the con-
figuration of the wastegate 150 can be changed. For ex-
ample, the shaft 151 and the valve member 152 of the
wastegate 150 may be separate components. In a case
in which the chattering noise of the wastegate 150 is rel-
atively low, the noise is unlikely to be perceived as unu-
sual noise by the driver of the vehicle even if the waste-
gate 150 is constituted by assembling a shaft 151 and a
valve member 152 that are separate members.

[0170] In the above-described embodiment, the rela-
tionship between the distance A from the contact surface
154a of the valve member 152 to the rotation axis 151a
of the shaft 151 in a direction orthogonal to the contact
surface 154a and the distance B from the contact surface
65a of the valve seat 65 to the rotation axis 151a of the
shaft 151 in a direction orthogonal to the contact surface
65a can be changed. For example, if the manufacturing
accuracy of the wastegate 150 is high, and the manufac-
turing errors are negligible, setting the distance A and
the distance B to the same value will not cause any prob-
lems.

[0171] In the above-described embodiment, the incli-
nation of the contact surface 154a of the valve member
152 with respect to the rotation axis 151a of the shaft 151
may be changed. For example, the amount of inclination
of the shaft 151 of the wastegate 150 relative to the
through-hole 69 of the turbine housing 60 when the by-
pass passages 64 are in the fully closed state varies de-
pending on the configurations of the through-hole 69 of
the turbine housing 60, the bushing 160, and the shaft
151 of the wastegate 150. Thus, it is only necessary to
change the inclination of the contact surface 154a of the
valve member 152 relative to the rotation axis 151a of
the shaft 151 in accordance with the amount of inclination
of the shaft 151 of the wastegate 150 relative to the
through-hole 69 of the turbine housing 60 when the by-
pass passages 64 are in the fully closed state. When the
amount of inclination of the shaft 151 of the wastegate
150 relative to the through-hole 69 of the turbine housing
60 is relatively small, the contact surface 154a of the
valve member 152 does not necessarily need to be in-
clined relative to the rotation axis 151a of the shaft 151.
[0172] Forexample, whenthe bypass passages64 are
switched to the fully closed state, the link rod 172 is
moved from the first side in the longitudinal direction of
the link rod 172 (the lower side in Fig. 13) to the second
side (the upper side in Fig. 13) depending on the con-
necting structure of the link mechanism 170. Then, in the
fully closed state of the bypass passages 64, the shaft
151 of the wastegate 150 is inclined such that the end
outside the turbine housing 60 is located on the second
side in the longitudinal direction of the link rod 172, and
the end in the turbine housing 60 is located on the first
side in the longitudinal direction of the link rod 172. In
this case, the contact surface 154a of the valve member
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152 simply needs to be inclined to shift radially inward
(rightward in Fig. 12A) with respect to the rotation axis
151a of the shaft 151 as the distance from the link arm
171 increases in the rotation axis direction of the shaft
151 (toward the lower side in Fig. 12A).

[0173] In the above-described embodiment, the con-
figuration of the valve member 152 of the wastegate 150
can be changed. For example, when the contact surface
154a of the valve member 152 of the wastegate 150 and
the contact surface 65a of the valve seat65 are in surface
contact, the stress generated in the valve member 152
when the contact surface 154a of the valve member 152
contacts the contact surface 65a of the valve s 65 tends
to be small. In such a case, the dimension of the connec-
tion portion 153 in a direction orthogonal to the contact
surface 154a of the valve main body 154 may be uniform.

<Modifications to Turbine Housing 60, Catalyst 15 and
Surrounding Structure>

[0174] In the above-described embodiment, the acute
angle C, which is defined by the central axes 64b of the
outlet portions 64a of the bypass passages 64 and the
central axis 16a of the tubular portion 16 of the catalyst
15, can be changed. For example, the acute angle C,
which is defined by the central axes 64b of the outlet
portions 64a of the bypass passages 64 and the central
axis 16a of the tubular portion 16 of the catalyst 15, may
be changed in a range from 25 degrees to 35 degrees.
Through experiments and the like, the inventors discov-
ered that, when the angle C was in the range from 25
degrees to 35 degrees, the temperature of the catalyst
15was quickly increased by causing exhaust gas to strike
the partition walls 17 of the catalyst 15.

[0175] Also, for example, if the catalyst 15 can be suf-
ficiently heated by the exhaust gas that has flowed
through the accommodation space 62 of the turbine
housing 60, the acute angle C, which is defined by the
central axes 64b of the outlet portions 64a of the bypass
passages 64 and the central axis 16a of the tubular por-
tion 16 of the catalyst 15, may be less than 25 degrees
or greater than or equal to 35 degrees.

[0176] In the above-described embodiment, the con-
figuration of the catalyst 15 can be changed. For exam-
ple, when viewed in a direction along the central axis 16a
of the tubular portion 16, the partition walls 17 of the cat-
alyst 15 may have a honeycomb shape. In this case also,
exhaust gas is caused to flow along the wall surfaces of
the partition walls 17 by setting the acute angle C, which
is defined by the central axes 64b of the outlet portions
64a of the bypass passages 64 and the central axis 16a
of the tubular portion 16 of the catalyst 15, in a range
from 25 degrees to 35 degrees.

<Modification to Manufacturing Method for welding Tur-
bine Wheel 90 and Connecting Shaft 80>

[0177] Inthe above-described embodiment, the man-
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ufacturing method for welding the turbine wheel 90 and
the connecting shaft 80 to each other can be changed.
Forexample, if the time required to weld the turbine wheel
90 and the connecting shaft 80 to each other is relatively
short, and the manufacturing costs of the turbocharger
20 are unlikely to increase, the turbine wheel 90 and the
connecting shaft 80 may be rotated two or more turns
about the rotation axis 80a of the connecting shaft 80
when performing the welding.

<Other Modifications>

[0178] Japanese Laid-Open Patent Publication No.
2009-092026 discloses a turbocharger that includes a
turbine wheel accommodated in a turbine housing. The
turbine housing has a bypass passage defined therein.
The bypass passage connects a section of the exhaust
passage on the upstream side of the turbine wheel to a
section of the exhaust passage on the downstream side
of the turbine wheel. A wastegate, which selectively
opens and closes the bypass passage, is attached to the
turbine housing. The shaft of the wastegate is rotationally
supported by walls of the turbine housing. The shaft has
a support arm that extends from an end and outward in
the radial direction of the shaft. A valve member is at-
tached to the support arm to be swingable relative to the
support arm.

[0179] Intheturbocharger of Japanese Laid-Open Pat-
ent Publication No. 2009-092026, the valve member is
allowed to swing relative to the support arm. Thus, chat-
tering noise may occur at the part where the valve mem-
ber is attached to the support arm, for example, when
the wastegate switches the bypass passage from the
open state to the closed state or when wastegate main-
tains the open state of the bypass passage. Such chat-
tering noise may be perceived as unusual noise by oc-
cupants of the vehicle and is thus not favorable.

[0180] Taking these problems into consideration, the
wastegate simply needs to be configured as an integral
unit regardless of the relationship between the number
of the guide vanes of the compressor housing and the
number of the blades of the compressor wheel.

[0181] Japanese Laid-Open Patent Publication No.
2018-040317 discloses a turbocharger that includes a
turbine wheel accommodated in a turbine housing. A first
end of the connecting shaft is fixed to the turbine wheel.
The connecting shaft is rotationally supported in a bear-
ing housing. A flange is provided at an end of the turbine
housing. Also, a flange is provided at an end of the bear-
ing housing. The flanges of the turbine housing and the
bearing housing are fixed to each other by a clamp mem-
ber while being caused to abut against each other.
[0182] Since the turbocharger of Japanese Laid-Open
Patent Publication No. 2018-040317 introduces exhaust
gas into the turbine housing, the temperature of the tur-
bine housingis high. Since heatis transferred to the bear-
ing housing from the portion of the turbine housing that
contacts the bearing housing, the temperature of that por-
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tion decreases. In contrast, since heat is not easily trans-
ferred to the bearing housing from the portion of the tur-
bine housing that is far from the bearing housing, the
temperature of that portion is unlikely to decrease. That
is, the turbine housing has portions of high temperatures
and portions of low temperatures. When there are tem-
perature differences in the turbine housing, the differenc-
es in the amounts of thermal expansion generate a great
internal stress in the turbine housing. This causes defor-
mation or cracking and is not favorable.

[0183] Taking these problems into consideration, a
configuration simply needs to be employed in which a
clearance is provided between the opposed surface of
the flange of the turbine housing and the opposed surface
of the flange of the bearing housing regardless of the
relationship between the number of the guide vanes of
the compressor housing and the number of the blades
of the compressor wheel.

[0184] Japanese Laid-Open Patent Publication No.
2015-127517 discloses a turbocharger that includes a
substantially tubular bearing housing. The bearing hous-
ing incorporates a rotationally supported connecting
shaft, which connects the turbine wheel and the com-
pressor wheel to each other. A substantially disk-shaped
seal plate is fixed to the intake side (the side correspond-
ing to the compressor wheel) of the bearing housing. Spe-
cifically, the outer diameter of the seal plate is greater
than the outer diameter of the bearing housing. The cen-
tral portion of the seal plate is fixed to the bearing housing
with screws. A compressor housing is fixed to the oppo-
site side of the seal plate from the bearing housing. The
seal plate and the compressor housing define a space,
in which the compressor wheel is accommodated, and a
scroll passage, through which intake air pressure-fed by
the compressor wheel flows.

[0185] Intheturbochargerof Japanese Laid-Open Pat-
ent Publication No. 2015-127517, the seal plate pro-
trudes further radially outward than the outer circumfer-
ential surface of the bearing housing. Thus, when a force
in the axial direction of the bearing housing acts on the
radially outer portion of the seal plate, the seal plate may
be deformed in a warping manner. If the seal plate is
deformed, the sealing property between the seal plate
and the compressor housing may be hindered, so that
intake air may leak through the space between the seal
plate and the compressor housing.

[0186] Taking these problems into consideration, a
configuration simply needs to be employed in which the
seal plate contacts the support portion of the bearing
housing from the intake side regardless of the relation-
ship between the number of the guide vanes of the com-
pressor housing and the number of the blades of the com-
pressor wheel.

[0187] Japanese National Phase Laid-Open Patent
Publication No. 2004-512453 discloses a turbocharger
that includes a bearing housing into which a cylindrical
floating bearing is inserted. A connecting shaft that con-
nects the turbine wheel and the compressor wheel to
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each other is inserted into the floating bearing. An end
in the rotation axis direction of the connecting shaft pro-
trudes out of the floating bearing.

[0188] A connecting shaft as disclosed in Japanese
National Phase Laid-Open Patent Publication No.
2004-512453 is provided with a stopper portion at an
end. The stopper portion has a larger outer diameter than
the remaining portion. When the stopper portion of the
connecting shaft contacts the end in the axial direction
of the floating bearing, the connecting shatft is restricted
from moving in the rotation axis direction relative to the
floating bearing. Thus, the end in the axial direction of
the floating bearing and the stopper portion of the con-
necting shaft are prone to being worn. Accordingly, there
is a demand for a turbocharger structure that limits such
wearing.

[0189] Taking these problems into consideration, a
configuration simply needs to be employed in which a
land surface and a tapered surface are provided on an
end face of the floating bearing that is opposed to the
stopper portion of the connecting shaft regardless of the
relationship between the number of the guide vanes of
the compressor housing and the number of the blades
of the compressor wheel.

[0190] Japanese Laid-Open Patent Publication No.
2009-068380 discloses a configuration in which an end
of the turbine wheel of a turbocharger is welded to an
end of the connecting shaft. Specifically, according to the
technique disclosed in Japanese Laid-Open Patent Pub-
lication No. 2009-068380, the end of the turbine wheel
and the end of the connecting shaft are brought in to
contact. Then, while causing an electron gun to project
an electron beam to the contacting portions from an out-
side position in the radial direction of the connecting shaft,
the turbine wheel and the connecting shaft are rotated
about the rotation axis relative to the electron gun. The
heat of the electron beam welds the ends of the connect-
ing shaft and the turbine wheel to each other. Thereafter,
while causing the electron gun to project an electron
beam to the outer surface of the welded surface of the
turbine wheel and the connecting shaft from an outside
position in the radial direction of the connecting shaft, the
turbine wheel and the connecting shaft are rotated about
the rotation axis relative to the electron gun. This
achieves a smooth welded portion of the turbine wheel
and the connecting shaft.

[0191] According to the manufacturing method of Jap-
anese Laid-Open Patent Publication No. 2009-068380,
welding by the electron beam is performed twice. This
extends the weld time for fixing the end of the connecting
shaft and the end of the turbine wheel to each other. The
extended weld time increases the manufacturing costs
of the turbocharger.

[0192] Taking these problems into consideration, a
manufacturing method simply needs to be employed in
which the end of the turbine wheel and the end of the
connecting shaft are welded by rotating the turbine wheel
and the connecting shaft relative to the electron gun only
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one turn about the rotation axis of the connecting shaft
regardless of the relationship between the number of the
guide vanes of the compressor housing and the number
of the blades of the compressor wheel.

[0193] Japanese Laid-Open Patent Publication No.
2017-078435 discloses a turbocharger that includes a
turbine wheel accommodated in a turbine housing. A first
end of the connecting shaft is fixed to the turbine wheel.
The connecting shaftis accommodated in a support hole
defined in the bearing housing. A substantially annular
sealing member is attached to the outer circumferential
surface of the end of the connecting shaft on the side
corresponding to the turbine wheel. The sealing member
fills the clearance between the outer circumferential sur-
face of the end of the connecting shaft on the side cor-
responding to the turbine wheel and the inner circumfer-
ential surface of the support hole of the bearing housing.
[0194] Intheturbochargerof Japanese Laid-Open Pat-
ent Publication No. 2017-078435, the pressure of the ex-
haust gas flowing through the turbine housing may be-
come excessively high during operation of the internal
combustion engine. Such an increase in the pressure of
the exhaust gas can cause the exhaust gas flowing
through the turbine housing to enter the bearing housing
even though the clearance is filled with the sealing mem-
ber.

[0195] Taking these problems into consideration, a
configuration simply needs to be employed in which a
second sealing member is disposed on the intake side
of the first sealing member in the clearance between the
outer circumferential surface of the end on the exhaust
side of the connecting shaft and the inner circumferential
surface of the support hole of the bearing housing re-
gardless of the relationship between the number of the
guide vanes of the compressor housing and the number
of the blades of the compressor wheel.

[0196] Japanese Laid-Open Patent Publication No.
2018-087556 discloses an internal combustion engine
that includes a catalyst that purifies exhaust gas and is
installed in the middle of the exhaust line. The turbine
housing of a turbocharger is attached to a section of the
exhaust line on the upstream side of the catalyst. The
turbine housing accommodates a turbine wheel, which
is rotated by the flow of exhaust gas. The turbine housing
has a bypass passage that connects a section of the
exhaust passage on the upstream side of the turbine
wheel to a section of the exhaust passage on the down-
stream side of the turbine wheel. The outlet portion of
the bypass passage extends toward the catalyst, which
is located on the downstream side of the turbine housing.
[0197] In the turbocharger according to Japanese
Laid-Open Patent Publication No. 2018-087556, when
exhaust gas flows through the bypass passage during
operation of the internal combustion engine, the exhaust
gas flows toward the catalyst, which is disposed on the
downstream side of the turbine housing. The exhaust
gas heats the catalyst to activate the catalyst, so that the
catalyst exerts the purifying performance. Even if the flow
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rate and the temperature of the exhaust gas flowing to-
ward the catalyst are the same, the rate at which the
catalyst is heated varies depending on the angle defined
by the partition walls of the catalyst and the flowing di-
rection of the exhaust gas. The turbocharger according
to Japanese Laid-Open Patent Publication No.
2018-087556 still has room for improvement since the
publication gives no consideration to the flowing direction
of exhaust gas from the bypass passage in association
with the rate at which the catalyst is heated.

[0198] Taking these problems into consideration, a
configuration simply needs to be employed in which,
when viewed in a direction orthogonal to the central axis
of the outlet portion of the bypass passage and orthog-
onal to the central axis of the tubular portion of the cat-
alyst, the acute angle defined by the central axis of the
outlet portion of the bypass passage and the central axis
of the tubular portion of the catalyst is in range from 25
degrees to 35 degrees regardless of the relationship be-
tween the number of the guide vanes of the compressor
housing and the number of the blades of the compressor
wheel.

[0199] Technical concepts obtained from the above
embodiment and the modifications and advantages
thereof will now be described.

[0200] A turbocharger comprising:

a turbine housing that accommodates a turbine
wheel and has a bypass passage defined therein,
the bypass passage connecting a section of an ex-
haust passage on an upstream side of the turbine
wheel to a section of the bypass passage on a down-
stream side of the turbine wheel, and

a wastegate that is attached to the turbine housing
and selectively opens and closes the bypass pas-
sage, wherein

avalve seat for the wastegate is provided at an open
edge of the bypass passage in an inner wall surface
of the turbine housing,

the wastegate includes

a shaft that extends through a wall of the turbine
housing and s rotationally supported by the wall,
and

a valve member that extends from an end of the
shaft in the turbine housing in a radial direction
of the shaft,

a contact surface of the valve seat that is opposed
to the valve member and a contact surface of the
valve member that is opposed to the valve seat are
both flat surfaces, and

the wastegate is an integrally molded member that
includes the shaft and the valve member.

[0201] Inthe above-described configuration, since the
shaft and the valve member are integrally molded, the
valve member does not swing relative to the shaft. This
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suppresses the generation of chattering noise due to
swinging of the valve member.

[0202] In the above-described configuration,

a rotation axis of the shaft is spaced apart from the valve
seat toward a downstream side of the bypass passage
in a direction orthogonal to the contact surface of the
valve seat, and

in a cross section that is orthogonal to the rotation axis
of the shaft and includes the contact surface of the valve
seat, a distance from the contact surface of the valve
member to the rotation axis of the shaft in a direction
orthogonal to the contact surface of the valve member is
shorter than a distance from the contact surface of the
valve seat to the rotation axis of the shaft in a direction
orthogonal to the contact surface of the valve seat.
[0203] In a turbocharger, even if the valve seat of the
turbine housing and the valve member of the wastegate
are designed to make surface contact with each other in
the fully closed state of the bypass passage, surface con-
tact may fail to be achieved due to manufacturing errors
or the like. Specifically, if the distance from the contact
surface of the valve member to the rotation axis of the
shaft in the direction orthogonal to the contact surface of
the valve member is longer than the designed length, the
valve member interferes with the valve seat before the
wastegate is closed, so that the wastegate cannot rotate
further toward the closing side. In the above-described
configuration, the distance from the contact surface of
the valve member to the rotation axis of the shaft in the
direction orthogonal to the contact surface of the valve
member is short. Thus, even if the turbine housing and
the wastegate have some manufacturing errors, the
valve member is unlikely to interfere with the valve seat
before the wastegate is completely closed. Accordingly,
the angle defined by the contact surface of the valve seat
and the contact surface of the valve memberin the closed
state of the bypass passage is small as compared to a
case in which the distance from the contact surface of
the valve member to the rotation axis of the shaft in a
direction orthogonal to the contact surface of the valve
member is long. This reduces the clearance formed be-
tween the contact surface of the valve member and the
contact surface of the valve seat in the fully closed state
of the bypass passage.

[0204] The above-described configuration includes a
link mechanism that is connected to an end of the shaft
outside the turbine housing and transmits driving force
from an actuator to the shaft, wherein

the link mechanism includes

a link arm that is connected to the end of the shaft
outside the turbine housing, and

a link rod that is connected to a section of the link
arm that is spaced apart in the radial direction of the
shaft from a connection center of the link arm and
the shaft,

the link rod is configured to move from a first side toward
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a second side in a longitudinal direction of the link rod
when switching the bypass passage from a fully open
state to a fully closed state,

when the bypass passage is in the fully closed state, an
imaginary straight line extending in the longitudinal di-
rection of the link rod intersects with an imaginary plane
that is parallel with the contact surface of the valve seat,
and

when the bypass passage is in the fully closed state, the
contact surface of the valve member is inclined to shift
toward the second side in the longitudinal direction of the
link rod with respect to the rotation axis of the shaft as
the distance from the link arm increases in the rotation
axis direction of the shaft.

[0205] Inthe above-described configuration, when the
bypass passage is maintained in the fully closed state,
the link arm of the link mechanism applies to the shaft of
the wastegate a force acting from the first side toward
the second side in the longitudinal direction of the link
rod. Then, the shaft of the wastegate is inclined such that
the end outside the turbine housing is located on the sec-
ond side in the longitudinal direction, and the end in the
turbine housing is located on the first side in the longitu-
dinal direction. In the above-described configuration,
since the wastegate is an integrally molded member that
includes the shaft and the valve member, the valve mem-
ber, which is fixed to the shaft, is inclined when the shaft
isinclined. In the above-described configuration, the con-
tact surface ofthe valve member isinclined in expectation
of the inclination of the valve member. This reduces the
clearance that is formed between the valve member and
the valve seat due to inclination of the shaft of the waste-
gate.

[0206] In the above-described configuration, the valve
member includes

avalve main body having the contact surface of the valve
member, and

a connection portion that connects the valve main body
and the shaft to each other, and

a dimension of the connection portion in a direction or-
thogonal to the contact surface of the valve member in-
creases toward the shaft.

[0207] Intheabove-described configuration, the closer
to the shaft in the valve member, the greater the stress
generated by the valve member pressing the valve seat
becomes. Since the valve member of the above-de-
scribed configuration is thicker in a section where the
stress is greater, the occurrence of deformation and
cracking in the valve member is suppressed.

[0208] A turbocharger comprising:

a turbine housing that accommodates a turbine
wheel; and

a bearing housing that rotationally supports a con-
necting shaft connected to the turbine wheel, where-
in

a flange extends outward in a radial direction of the
connecting shaft from an end of the turbine housing
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on an intake side of the connecting shaft,

a flange extends outward in the radial direction of
the connecting shaft from an end of the bearing hous-
ing on an exhaust side of the connecting shaft,

the flange of the turbine housing and the flange of
the bearing housing are fastened and fixed to each
other by a fixing member in the rotation axis direction
of the connecting shaft,

an annular heat shield plate is disposed between the
turbine housing and the bearing housing,

the heat shield plate is clamped by the turbine hous-
ing and the bearing housing,

the flange of the turbine housing includes an op-
posed surface that is opposed to the flange of the
bearing housing in the rotation axis direction of the
connecting shaft,

the flange of the bearing housing includes an op-
posed surface that is opposed to the flange of the
turbine housing in the rotation axis direction of the
connecting shaft, and

a clearance is disposed in an entire area between
the opposed surface of the turbine housing and the
opposed surface of the bearing housing.

[0209] In the above-described configuration, in a sec-
tion where the clearance is provided, heat is less prone
to being transferred from the flange of the turbine housing
to the flange of the bearing housing. Thus, the tempera-
ture of the portion of the turbine housing that is closer to
the bearing housing is not lowered easily. Accordingly,
the turbine housing is unlikely to have portions of high
temperatures and portions of low temperatures.

[0210] In the above-described configuration,

the heat shield plate has an outer peripheral portion that
is an outer portion in a radial direction and has a shape
of a flat plate, and

the outer peripheral portion of the heat shield plate is
clamped by the turbine housing and the bearing housing
in a thickness direction of the outer peripheral portion of
the heat shield plate.

[0211] Inthe above-described configuration, since the
outer peripheral portion of the heat shield plate has the
shape of a flat plate, the outer peripheral portion resists
deformation in the thickness direction. Thus, the posi-
tional relationship between the turbine housing and the
bearing housing is determined by clamping the outer pe-
ripheral portion of the heat shield plate. Therefore, dis-
placement of the positional relationship between the tur-
bine housing and the bearing housing is limited even if
there is a clearance between the flange of the turbine
housing and the flange of the bearing housing so that
these components are not in direct contact with each
other.

[0212] In the above-described configuration, the outer
peripheral portion, which is part of the radially outer sec-
tion of the heat shield plate, is clamped by the turbine
housing and the bearing housing in an entire area in a
circumferential direction of the connecting shaft.
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[0213] Inthe above-described configuration, the outer
peripheral portion of the heat shield plate closely contacts
the bearing housing and the turbine housing in the entire
area in the circumferential direction of the connecting
shaft. This allows the heat shield plate to function as a
sealing member that prevents leakage of exhaust gas to
the outside from the inside of the turbine housing. Ac-
cordingly, no additional member for preventing exhaust
gas leakage needs to be provided.

[0214] A turbocharger comprising:

a bearing housing into which a connecting shaft that
connects a turbine wheel and a compressor wheel
to each other is inserted;

a seal plate that is fixed to the bearing housing on
an intake side of the connecting shaft; and

a compressor housing that is fixed to the seal plate
on an exhaust side of the connecting shaft, the com-
pressor housing defining, together with the seal
plate, an accommodation space for the compressor
wheel, wherein

the bearing housing includes

a main body that rotationally supports the con-
necting shaft, and

a support portion that protrudes from an outer
circumferential surface of the main body and
outward in a radial direction of the connecting
shaft, and

the seal plate contacts the support portion from the
intake side of the connecting shaft.

[0215] With the above-described configuration, even
if the radially outer portion of the seal plate that is located
radially outward of the main body of the bearing housing
is deformed from the intake side toward the exhaust side
of the connecting shaft, the deformation is restricted by
the support portion of the bearing housing. This limits
deformation of the seal plate even if a force from the
intake side toward the exhaust side of the connecting
shaft acts on the radially outer portion of the seal plate.
[0216] In the above-described configuration, the seal
plate is fixed to the support portion.

[0217] Inthe above-described configuration, since the
seal plate is fixed to the support portions, the support
portions of the bearing housing limit deformation of the
seal plate even if the radially outer portion of the seal
plate attempts to be deformed from the exhaust side to-
ward the intake side. This limits deformation of the seal
plate to either side in the rotation axis direction of the
connecting shaft even if a force in the rotation axis direc-
tion of the connecting shaft acts on the radially outer por-
tion of the seal plate.

[0218] In the above-described configuration, the sup-
port portions are spaced apart from each other in the
circumferential direction of the connecting shaft.

[0219] While limiting deformation of the seal plate, the
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above-described configuration minimizes an increase in
weight of the bearing housing due to the existence of the
support portions as compared to a configuration in which
a support portion extends over the entire area in the cir-
cumferential direction.

[0220] In the above-described configuration,

one of the support portions, which are arranged in the
circumferential direction of the connecting shaft, is de-
fined as a first support portion,

one of the support portions, which are arranged in the
circumferential direction of the connecting shaft, is de-
fined as a second support portion that is different from
the first support portion,

a straight line that is orthogonal to the rotation axis of the
connecting shaft and extends through the first support
portion is defined as an imaginary straight line,

the first support portion is located on a first side of the
rotation axis of the connecting shaft in a direction of the
imaginary straight line, and

the second support portion is located on a second side
of the rotation axis of the connecting shaft in the direction
of the imaginary straight line.

[0221] In the above-described configuration, the radi-
ally outer portion of the seal plate contacts the first sup-
port portion and the second support portion, which are
located on the opposite sides of the connecting shaft.
This limits deformation of the radially outer portion of the
seal plate in the circumferential direction of the connect-
ing shaft.

[0222] A turbocharger, wherein

a turbine housing that accommodates a turbine wheel
and a compressor housing that accommodates a com-
pressor wheel are connected to each other via a bearing
housing,

a tubular floating bearing is inserted into the bearing
housing,

a connecting shaft that connects the turbine wheel and
the compressor wheel to each other is inserted into the
floating bearing,

oilis supplied to a space between aninner circumferential
surface of the floating bearing and an outer circumferen-
tial surface of the connecting shaft,

the connecting shaft includes

arod-shaped shaftbody that is inserted into the float-
ing bearing, and

a stopper portion that protrudes outward from the
outer circumferential surface of the shaft body in a
radial direction, the stopper portion extending over
an entire area in the circumferential direction of the
connecting shaft,

a part of the shaft body protrudes out of the floating bear-
ing from an end face in an axial direction of the floating
bearing,

the stopper portion protrudes from the outer circumfer-
ential surface of the part of the shaft body,

the end face of the floating bearing includes
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a land surface opposed to the stopper portion, and
a tapered surface that is adjacent to the land surface
in the circumferential direction of the shaft and is
inclined relative to the land surface,

the tapered surface is recessed with respect to the land
surface, and

the tapered surface is inclined to approach the stopper
portion in a rotation axis direction of the connecting shaft
toward a leading side in a rotation direction of the con-
necting shaft during operation of the turbocharger.
[0223] Inthe above-described configuration, the oil be-
tween the end face of the floating bearing and the stopper
portion of the connecting shaft is dragged by the rotation
of the stopper portion of the connecting shaft and flows
in the rotation direction of the connecting shaft. In the
above-described configuration, the tapered surface of
the floating bearing is inclined to approach the stopper
portion toward the leading side in the rotation direction
of the connecting shaft. That is, the distance between
the tapered surface and the stopper portion decreases
toward the leading side in the rotation direction of the
connecting shaft. Since oil attempts to flow into this nar-
row section, the pressure in the narrow section is in-
creased. The pressure of the oil between the tapered
surface and the stopper portion is thus increased, so that
asufficient clearance between the end face of the floating
bearing and the stopper portion of the connecting shaft
is ensured. This prevents these parts from being worn
due to contact.

[0224] In the above-described configuration, the end
face of the floating bearing includes

a plurality of land surfaces that are spaced apart from
each other in the circumferential direction of the connect-
ing shaft, and

a plurality of tapered surfaces each located between the
land surfaces, which are spaced apart from each other
in the circumferential direction of the connecting shaft.
[0225] Inthe above-described configuration, the pres-
sure of the oil between each tapered surface and the
stopper portion is increased by the flow of the oil between
the end face of the floating bearing and the stopper por-
tion of the connecting shaft. Sections of higher pressures
of oil are thus dispersed in the circumferential direction
of the connecting shaft. This limits inclination of the con-
necting shaft relative to the floating bearing caused by
the pressure of oil acting on the stopper portion of the
connecting shaft.

[0226] In the above-described configuration, the end
face of the floating bearing has a groove that is recessed
from each tapered surface. The grooves extend outward
in the radial direction of the connecting shaft from the
inner periphery of the end face of the floating bearing.
[0227] The above-described configuration allows the
oil between the inner circumferential surface of the float-
ing bearing and the outer circumferential surface of the
shaft portion of connecting shaft to be supplied to the
tapered surfaces via the grooves. This supplies a suffi-
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cient amount oil to the space between the tapered sur-
faces and the stopper portion.

[0228] In the above-described configuration, the
grooves do not reach the outer periphery of the floating
bearing.

[0229] In the above-described configuration, the oil
that has flowed into the grooves from the inner peripheral
edge of the floating bearing is unlikely to flow radially
outward of the outer periphery of the floating bearing.
This limits reduction in the amount oil supplied to the
tapered surfaces via the grooves. The oil thus improves
the lubricity between the end face of the floating bearing
and the stopper portion of the connecting shaft.

[0230] In the above-described configuration, each
groove is located at the end of the tapered surface on
the side opposite to the leading side in the rotation direc-
tion of the connecting shaft during operation of the tur-
bocharger.

[0231] In the above-described configuration, each
grooveis located in a section where the distance between
the tapered surface and the stopper portion is the great-
est in the rotation axis direction of the connecting shaft.
Thatis, the groove is located in a section where the pres-
sure of the oil between the tapered surface and the stop-
per portion is relatively low. Thus, the oil that has flowed
into the groove is readily supplied to the space between
the tapered surface of the floating bearing and the stop-
per portion of the connecting shaft.

[0232] In the above-described configuration,

the bearing housing includes an oil discharge space and
an oil discharge port defined therein,

the oil discharge space is configured to discharge, to the
outside, oil supplied to the space between the floating
bearing and the connecting shaft,

the discharge port connects the oil discharge space to
the outside of the bearing housing, and

at least a part of the oil discharge space is defined to
encompass the end of the floating bearing on the side
corresponding to the stopper portion and is connected
to the space between the end face of the floating bearing
and the stopper portion.

[0233] In the above-described configuration, the oil
supplied to the space between the end face of the floating
bearing and the stopper portion of the connecting shaft
reaches the discharge space after flowing outward in the
radial direction of the connecting shaft. Thus, the oil is
discharged to the outside of the bearing housing via the
oil discharge port. This prevents oil from being stagnant
between the end face of the floating bearing and the stop-
per portion of the connecting shaft. As a result, the flow
of oil between the end face of the floating bearing and
the stopper portion of the connecting shaftis not hindered
by stagnant oil.

[0234] A method for manufacturing a turbocharger,
wherein

the turbocharger includes

a turbine wheel that is accommodated in a turbine
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housing,

a compressor wheel thatis accommodated in a com-
pressor housing, and

a connecting shaft that connects the turbine wheel
and the compressor wheel to each other, and

in the method for manufacturing a turbocharger, an
end of the turbine wheel and an end of the connecting
shaft are welded by rotating the turbine wheel and
the connecting shaft only one turn about a rotation
axis of the connecting shaft while causing an electron
gun to project an electron beam to a contacting por-
tions of the end of the turbine wheel and the end of
the connecting shaft from an radially outer side with
respect to the connecting shaft.

[0235] Inthe above-described configuration, the weld-
ing is performed by rotating only one turn the turbine
wheel and the connecting shaft about the rotation axis
of the connecting shaft. This reduces the weld time as
compared to a manufacturing method that rotates multi-
ple turns the turbine wheel and the connecting shaftabout
the rotation axis of the turbine wheel.

[0236] A turbocharger comprising:

a turbine housing that accommodates a turbine
wheel;

a compressor housing that accommodates a com-
pressor wheel;

a bearing housing that connects the compressor
housing and the turbine housing to each other; and
a connecting shaft that connects the turbine wheel
and the compressor wheel to each other and is ac-
commodated in the bearing housing, wherein

the bearing housing includes a support hole in which
the connecting shaft is accommodated, the support
hole extending through the bearing housing from a
side corresponding to the turbine housing to a side
corresponding to the compressor housing,

a first sealing member that extends in a circumfer-
ential direction of the connecting shaft is disposed
between an outer circumferential surface of an end
of the connecting shaft on a side corresponding to
the turbine wheel and an inner circumferential sur-
face of the support hole, and

a second sealing member thatextends in the circum-
ferential direction of the connecting shaft is disposed
between the outer circumferential surface of the end
of the connecting shaft on the side corresponding to
the turbine wheel and the inner circumferential sur-
face of the support hole, the second sealing member
being closer to the compressor wheel than the first
sealing member.

[0237] Inthe above-described configuration, when the
pressure of the exhaust gas flowing through the turbine
housing increases, the exhaust gas may flow into a sec-
tion of the space between the outer circumferential sur-
face of the connecting shaft and the inner circumferential
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surface of the support hole, the section being closer to
the compressor wheel than the first sealing member. In
the above-described configuration, even if exhaust gas
flows into a section closer to the compressor wheel than
the first sealing member, the second sealing member,
which is disposed between the outer circumferential sur-
face of the connecting shaft and the inner circumferential
surface of the support hole, limits entry of exhaust gas
into the space closer to the compressor wheel than the
second sealing member.

[0238] In the above-described configuration,

a range of extension of the first sealing member in the
circumferential direction of the connecting shaft greater
than or equal to 180 degrees and less than 360 degrees,
a range of extension of the second sealing member in
the circumferential direction of the connecting shaft
greater than or equal to 180 degrees and less than 360
degrees, and

when viewed in the rotation axis direction of the connect-
ing shaft, at least one of the first sealing member and the
second sealing member exists at any positionin the entire
area in the circumferential direction of the connecting
shaft.

[0239] In the above-described configuration, exhaust
gas may flow into a section closer to the compressor
wheel than the first sealing member through a clearance
between the outer circumferential surface of the connect-
ing shaft and the inner circumferential surface of the sup-
port hole where the first sealing member does not exist.
In the above-described configuration, the first sealing
member and the second sealing member are located on
the opposite sides of the connecting shaft. Thus, even if
exhaust gas flows in through the clearance in the first
sealing member, the second sealing member limits entry
of the exhaust gas.

[0240] In the above-described configuration,

the bearing housing includes a coolant passage defined
therein, coolant flowing through the coolant passage, and
a part of the coolant passage extends to a position that
is closer to the turbine wheel than the second second
sealing member in the rotation axis direction of the con-
necting shaft.

[0241] In the above-described configuration, a part of
the coolant passage extends beyond the second sealing
member and toward the first sealing member in the ro-
tation axis direction of the connecting shaft. Thus, the
heat exchange with the coolant flowing through the cool-
ant passage cools the first sealing member as well as
the second sealing member. Accordingly, the tempera-
tures of the first sealing member and the second sealing
member are prevented from being excessively high due
to the heat of the exhaust gas flowing through the turbine
housing. This limits degradation of the first sealing mem-
ber and the second sealing member due to excessively
increased temperatures.

[0242] An exhauststructure for aninternal combustion
engine, comprising:
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an exhaust line through which exhaust gas flows;
a turbine housing of a turbocharger attached to the
exhaust line; and

a catalyst configured to purify exhaust gas, the cat-
alyst being attached to a section of the exhaust line
that is on a downstream side of the turbine housing,
wherein

the catalyst includes

a tubular portion, and
a plurality of partition walls that extend in a di-
rection of a central axis of the tubular portion,

the turbine housing includes an accommodation
space, abypass passage, a discharge passage, and
a bypass passage defined therein,

the accommodation space accommodates a turbine
wheel,

the scroll passage is connected to the accommoda-
tion space and draws in exhaust gas from the outside
of the turbine housing to the accommodation space,
the exhaust passage is connected to the accommo-
dation space and discharges exhaust gas from the
accommodation space to the outside of the turbine
housing,

the bypass passage is connected to the scroll pas-
sage and the exhaust passage and bypasses the
turbine wheel,

an upstream end of the catalyst is located on a cen-
tral axis of an outlet portion of the bypass passage,
the central axis of the outlet portion intersects with
the partition walls, and

when viewed in a direction orthogonal to the central
axis of the outlet portion and orthogonal to the central
axis of the tubular portion, an acute angle defined
by the central axis of the outlet portion and the central
axis of the tubular portion is in a range from 25 de-
grees to 35 degrees.

[0243] If the central axis of the outlet portion of the by-
pass passage and the central axis of the tubular portion
of the catalyst are parallel with each other, the exhaust
gas that has flowed through the bypass passage may
flows toward the downstream side without striking the
wall surfaces of the partition walls of the catalyst. Also,
if the angle defined by the central axis of the outlet portion
of the bypass passage and the central axis of the tubular
portion of the catalyst approaches 90 degrees, the ex-
haust gas that has flowed through the bypass passage
strikes the upstream end of the catalyst, so that the ex-
haust gas stagnates in the portion thatis on the upstream
side of the catalyst in some cases.

[0244] Inthe above-described configuration, when the
exhaust gas that has flowed through the bypass passage
reaches the catalyst on the downstream side, the exhaust
gas strikes the wall surfaces of the partition walls of the
catalyst. The exhaust gas that has stricken the wall sur-
faces of the partition walls of the catalyst flows toward
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the downstream side along the wall surfaces of the first
partition walls. Accordingly, the heat of the exhaust gas
is transferred to the partition walls, so that the tempera-
ture of the catalyst is quickly increased. The above-de-
scribed configuration prevents the exhaust gas that has
flowed through the bypass passage from striking the up-
stream end of the catalyst. Thus, the exhaust gas does
not stagnate in the section of the exhaust line that is on
the upstream side of the catalyst.

[0245] Various changes in form and details may be
made to the examples above without departing from the
spirit and scope of the claims and their equivalents. The
examples are for the sake of description only, and not
for purposes of limitation. Descriptions of features in each
example are to be considered as being applicable to sim-
ilar features or aspects in other examples. Suitable re-
sults may be achieved if sequences are performed in a
different order, and/or if components in a described sys-
tem, architecture, device, or circuit are combined differ-
ently, and/or replaced or supplemented by other compo-
nents or their equivalents. The scope of the disclosure
is not defined by the detailed description, but by the
claims and their equivalents. All variations within the
scope of the claims and their equivalents are included in
the disclosure.

Claims
1. A turbocharger (20) comprising:

acompressor housing (30) attached to an intake
line (11); and

a compressor wheel (70) that is accommodated
in the compressor housing (30), wherein

the compressor wheel (70) includes

a shaft portion (73) that extends in a rotation
axis direction of the compressor wheel (70),
and
a plurality of blades that protrudes outward
from the shaft portion (73) in a radial direc-
tion,

the blades (71) are spaced apart from each other
in a circumferential direction of the compressor
wheel (70),

an accommodation space (32) and an introduc-
tion passage (35) are defined in the compressor
housing (30),

the accommodation space (32) is configured to
accommodate the compressor wheel (70),

the introduction passage (35) is connected to
the accommodation space (32) from a first side
in the rotation axis direction to introduce intake
air into the accommodation space (32),

a plurality of plate-shaped guide vanes (37) pro-
trude from an inner wall surface of the introduc-
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tion passage (35),

the guide vanes (37) are spaced apartfrom each
other in a circumferential direction of the intro-
duction passage (35), and

a number of the guide vanes (37) is the smallest
odd number that is greater than a number of the
blades (71).

The turbocharger (20) according to claim 1, wherein
the compressor wheel (70) includes a plurality of
auxiliary blades (72) that protrudes outward from the
shaft portion (73) in the radial direction,

the auxiliary blades (72) are each arranged between
two of the blades (71) that are arranged side by side
in a circumferential direction of the compressor
wheel (70), and

the ends of the blades (71) on the first side in the
rotation axis direction are located on the first side in
the rotation axis direction of the ends of the auxiliary
blades (72) on the first side in the rotation axis direc-
tion.

The turbocharger (20) according to claim 1 or 2,
wherein

a central axis of the introduction passage (35) coin-
cides with the rotation axis, a first side in the rotation
axis direction of the introduction passage (35) is
open to the outside of the compressor housing (30),
in the rotation axis direction, a point at which a dis-
tance from an end on the first side of the introduction
passage (35) is equal to a distance from an end on
the first side of the blade (71) is defined as a midpoint
(X),

in the rotation axis direction, the guide vanes (37)
extend from the ends on the first side in the introduc-
tion passage (35) to points between the midpoint (X)
and the blades (71).

The turbocharger (20) according to any one of claims
1 to 3, wherein
the compressor housing (30) includes

a housing body (39) that includes the accommo-
dation space (32) defined therein and an inser-
tion hole (31) defined therein, the insertion hole
(31) extending toward a first side in the rotation
axis direction from the accommodation space
(32) and opening to the outside of the compres-
sor housing (30), and

a tubular member (36) that is inserted into the
insertion hole (31),

the insertion hole (31) includes

a small diameter portion (31b), and

a large diameter portion (31a) that has an inner
diameter greater than that of the small diameter
portion (31b), the large diameter portion (31a)
being located on the first side in the rotation axis
direction of the small diameter portion (31b) and
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extending from the small diameter portion (31b)
to an end on the first side in the rotation axis
direction of the insertion hole (31),

the tubular member (36) is fitted in the large diameter
portion (31a),

an interior of the tubular member (36) constitutes the
introduction passage (35), and

the tubular member (36) and the guide vanes (37)
are parts of an integrally molded member.
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