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Description

Technical Field

[0001] The invention relates to an impeller provided in
a rotary machine, and a rotary machine including an im-
peller.

Background Art

[0002] While the global efforts of earth environment
preservation proceed, intensification of regulations re-
garding exhaust gas or fuel efficiency in internal combus-
tion engines, such as engines of automobiles is under
way. Turbochargers are rotary machines that can en-
hance effects of fuel efficiency improvement and CO2
reduction by sending compressed air into an engine to
combust fuel compared to natural intake engines.
[0003] In the turbochargers, a turbine is rotationally
driven with exhaust gas of an engine, thereby rotating an
impeller of a centrifugal compressor. The air compressed
by the rotation of the impeller is raised in pressure by
being reduced in speed by a diffuser, and is supplied to
the engine through a scroll flow passage. In addition
methods for driving the turbochargers, not only methods
of being driven with exhaust gas but also, for example,
methods using electric motors, methods using prime
movers, and the like are known.
[0004] As an impeller of a turbocharger, an impeller
using a complex material (hereinafter referred to as a
resin) of synthetic resins, such as carbon fiber reinforced
plastic, is known as described in, for example, PTL 1.
Here, such a resin impeller has low rigidity compared to
a metallic impeller, and if the resin impeller rotates, the
amount of deformation thereof becomes large under the
influence of a centrifugal force. For this reason, a boss
hole into which a rotating shaft is fitted may be increased
in diameter, and rotation balance may be impaired.
[0005] In view of such a problem, in the impeller de-
scribed in PTL 1, the deformation of the impeller by the
centrifugal force is suppressed by providing a back sur-
face part with a metallic ring.

Citation List

Patent Literature

[0006] [PTL 1] Japanese Unexamined Utility Model
Registration Application Publication No. 3-10040

Summary of Invention

Technical Problem

[0007] As disclosed in PTL 1, since the impeller is
formed of the resin in a case where the metallic ring is
used, the materials of the impeller and the ring are dif-
ferent from each other. Therefore, the metallic ring has

a larger coefficient of linear expansion than the impeller
made of the resin. As a result, there are possibilities that,
depending on operation conditions, a stress generated
in the impeller cannot be distributed to the ring and the
deformation of the impeller cannot be suppressed. Ad-
ditionally, since the density of the metal is high compared
to the resin, the diameter of the ring itself may be in-
creased due to the influence of a centrifugal force, de-
formation of the impeller cannot be suppressed, and it is
difficult to guarantee the reliability of the impeller.
[0008] Further, from US 5,464,325 a refrigerant or
coolant compressor of the radial type with an impeller is
know, having a plurality of vane elements that can be
used for compressing water vapor as a refrigerant or cool-
ant under vacuum conditions. The impeller includes vane
elements, disk elements, vane support elements and a
hub. The vane elements are individually connected to
the hub by the support elements. The support elements
maybe either ring-shaped elements connecting a rear
surface of the disk elements to the hub, or may be pin-
shaped insert members connecting the root of each vane
element to the hub. The components of the impeller are
made of a polymer composite material reinforced pref-
erably with carbon fibers.
[0009] Further, reference document US
2008/0286113 A1 relates to a high speed type impeller,
including: a body having a shaft coupling hole into which
a rotation shaft of a motor is coupled, the outer circum-
ference of the body being widened from the top to bottom
end in the insertion direction of the rotation shaft to form
a bent surface; a plurality of blades installed on the bent
surface of the body to be bent at a predetermined angle
to the rotation shaft direction; and a reinforcing ring in-
stalled on a back surface of the impeller body.
[0010] The invention provides an impeller and a rotary
machine that can guarantee reliability even if resin ma-
terials are used.

Solution to Problem

[0011] The above noted problems can at least partially
be solved by an impeller according to claim 1 and a rotary
machine according to claim 8. According to a first aspect
of the invention, an impeller according to claim 1 is pro-
vided.
[0012] According to such an impeller, since the rein-
forcing ring is formed of the resin and the reinforcing fib-
ers, the material of the impeller body and the material of
the reinforcing ring become substantially the same. For
this reason, a difference between the coefficients of linear
expansion of the impeller body and the reinforcing ring
becomes small. As a result, the constraint force of the
impeller body can be inhibited from decreasing due to an
increase in the diameter of the reinforcing ring caused
by thermal expansion. Moreover, since the density of the
resin is low, the constraint force of the impeller body can
be inhibited from decreasing by the diameter of the rein-
forcing ring being increased due to a centrifugal force.
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Additionally, since the reinforcing ring includes reinforc-
ing fibers, rigidity can be improved, the constraint force
of the impeller body can be inhibited from decreasing due
to a diameter increase caused by the centrifugal force of
the reinforcing ring itself. Therefore, a centrifugal force
that acts on the impeller body can be distributed to the
reinforcing ring, the stress of the impeller body caused
by the centrifugal force can be reduced, and it is possible
to suppress deformation of the entire impeller.
[0013] According to a second aspect of the invention,
the step section in the above first aspect may be formed
at a position of 2/3 of a diameter dimension between the
rotation center axis and an outer peripheral end of the
impeller body from the rotation center axis.
[0014] Since the step section is formed at such a po-
sition, the reinforcing ring is provided at the position of
2/3 of the radial dimension of the impeller body from the
central axis of the impeller body. By providing the rein-
forcing ring at such a position, the stress of the impeller
body caused by a centrifugal force can be reduced more
effectively, and deformation of the entire impeller can be
suppressed.
[0015] According to a third aspect of the invention, the
step section in the above first aspect may be formed such
that the center of the reinforcing ring in a radial direction
is located at a position that is larger than 0.1 times a
diameter dimension between the rotation center axis and
an outer peripheral end of the impeller body from the
rotation center axis and is smaller than the diameter di-
mension.
[0016] Since the step section is formed at such a po-
sition, the stress of the impeller body caused by a cen-
trifugal force can be reduced more effectively, and de-
formation of the entire impeller can be suppressed.
[0017] According to a fourth aspect of the invention,
the impeller body in the above first aspect may be pro-
vided with a boss part that protrudes from the back sur-
face and has the rotating shaft fitted thereto, and the step
section may be formed at the boss part.
[0018] According to the above aspect, the reinforcing
ring is provided at the boss part provided in the impeller
body. Accordingly, a stress caused by a centrifugal force
at the boss part can be reduced, and deformation of the
entire impeller can be suppressed.
[0019] According to a fifth aspect of the invention, a
width dimension of the reinforcing ring in a radial direction
and a blade thickness dimension of the blades in the
circumferential direction in the first to fourth aspects may
be the same, and a thickness dimension of the reinforcing
ring in a direction of the rotation center axis may be larger
than the width dimension of the reinforcing ring in the
radial direction.
[0020] Since the reinforcing ring is formed with such a
dimension, the stress of the impeller body caused by a
centrifugal force can be reduced more effectively, and
deformation of the entire impeller can be suppressed.
[0021] According to a sixth aspect of the invention, the
reinforcing ring in the first to fifth aspects may be disposed

such that the reinforcing fibers extend in the circumfer-
ential direction of the impeller body.
[0022] If a centrifugal force acts on the reinforcing ring,
a tensile force acts in the circumferential direction. For
this reason, since the reinforcing fibers extends in the
circumferential direction that is a direction in which this
tensile force acts, deformation of the reinforcing ring by
such a tensile force itself can be suppressed. Therefore,
the constraint force of the impeller body can be inhibited
from decreasing, and a centrifugal force that acts on the
impeller body can be distributed to the reinforcing ring.
Therefore, the stress of the impeller body can be reduced,
and deformation of the entire impeller can be sup-
pressed.
[0023] According to a seventh aspect of the invention,
the impeller may further include a second reinforcing ring
that is disposed in the circumferential direction of the im-
peller body inside the impeller body in the first to seventh
aspects and forms an annular shape.
[0024] By disposing the second reinforcing ring inside
the impeller body made of the resin in this way, the rigidity
of the impeller body can be further improved. Additionally,
since the second reinforcing ring is disposed inside the
impeller body, slip-out from the impeller body can be sup-
pressed even if a material having a different coefficient
of linear expansion from the impeller body is used. There-
fore, a centrifugal force that acts on the impeller body
can be distributed to the second reinforcing ring, a stress
generated in the impeller body due to the centrifugal force
can be further reduced, and deformation of the entire
impeller can be suppressed.
[0025] According to; an eighth aspect of the invention,
a rotary machine includes the impeller in the above first
to eighth aspects; and a rotating shaft that is attached to
the impeller and rotates together with the impeller.
[0026] According to such a rotary machine, since the
above reinforcing ring is provided, the constraint force of
the impeller body can be inhibited from decreasing.
Therefore, a centrifugal force that acts on the impeller
body can be distributed to the reinforcing ring, and a
stress generated in the impeller body due to the centrif-
ugal force can be reduced.

Advantageous Effects of Invention

[0027] According to the above-described impeller and
rotary machine, the reinforcing ring is provided. Thus,
even if resin materials are used, it is possible to guarantee
reliability.

Brief Description of Drawings

[0028]

Fig. 1 is a longitudinal sectional view illustrating a
turbocharger related to a first embodiment of the in-
vention.
Fig. 2 is a longitudinal sectional view illustrating an
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impeller of the turbocharger related to the first em-
bodiment of the invention.
Fig. 3 is a graph of analysis results illustrating effects
of a reinforcing ring in the impeller of the turbocharger
of the first embodiment of the invention, a horizontal
axis represents coordinates in a direction of an axis,
and a vertical axis represents ratios of stresses gen-
erated in an impeller body. Additionally, a dashed
line represents cases where no reinforcing ring is
provided, and a solid line represents the impeller of
the first embodiment.
Fig. 4 is a longitudinal sectional view illustrating an
impeller of a turbocharger related to a second em-
bodiment which is not a part of the present invention.
Fig. 5 is a graph of analysis results illustrating effects
of a reinforcing ring in the impeller of the turbocharger
of the second embodiment of the invention, a hori-
zontal axis represents coordinates in the direction of
the axis, and a vertical axis represents ratios of
stresses generated in the impeller body. Additional-
ly, a dashed line represents cases where no rein-
forcing ring is provided, a solid line represents the
impeller of the first embodiment, and a two-dot chain
line represents the impeller of the second embodi-
ment.
Fig. 6 is a longitudinal sectional view illustrating an
impeller of a turbocharger related to a third embod-
iment of the invention.
Fig. 7 is a longitudinal sectional view illustrating an
impeller of a turbocharger related to a modification
example of the third embodiment of the invention.

Description of Embodiments

[First Embodiment]

[0029] Hereinafter, a turbocharger 1 (rotary machine)
related to an embodiment of the invention will be de-
scribed.
[0030] As illustrated in Fig. 1, the turbocharger 1 in-
cludes a rotating shaft 2, a turbine 3 and a compressor
4 that rotate together with the rotating shaft 2, and a hous-
ing coupling part 5 that couples the turbine 3 and the
compressor 4 and supports the rotating shaft 2.
[0031] In the turbocharger 1, a turbine 3 is rotated with
exhaust gas G from an engine (not illustrated), and air
AR compressed by the compressor 4 is supplied to the
engine with the rotation.
[0032] The rotating shaft 2 extends in a direction of an
axis O. The rotating shaft 2 rotates about the axis O.
[0033] The turbine 3 is disposed on one side (the right
side of Fig. 1) in the direction of the axis O.
[0034] The turbine 3 includes a turbine impeller 14 that
has the rotating shaft 2 attached thereto and has a turbine
blade 15, and a turbine housing 11 that covers the turbine
impeller 14 from an outer peripheral side.
[0035] The rotating shaft 2 is fitted into the turbine im-
peller 14. The turbine impeller 14 is rotatable around the

axis O together with the rotating shaft 2.
[0036] The turbine housing 11 covers the turbine im-
peller 14. A scroll passage 12, which extending from a
leading edge part (an end part on a radial outer side) of
the turbine blade 15 toward the radial outer side, is
formed in an annular shape about the axis O at a position
on the radial outer side, and allows the inside and outside
of the turbine housing 11 to communicate with each other
therethrough, is formed in the turbine housing 11. The
turbine impeller 14 and the rotating shaft 2 are rotated
by the exhaust gas G being introduced into the turbine
impeller 14 from the scroll passage 12.
[0037] A discharge port 13 opening to one side of the
axis O is formed in the turbine housing 11. The exhaust
gas G that has passed through the turbine blade 15 flows
toward one side of the axis O, and is discharged from
the discharge port 13 to the outside of the turbine housing
11.
[0038] The compressor 4 is disposed on the other side
(the left side of Fig. 1) in the direction of the axis O.
[0039] The compressor 4 includes a compressor im-
peller 24 that has the rotating shaft 2 attached thereto
and has a compressor blade 25, and a compressor hous-
ing 21 that covers the compressor impeller 24 from the
outer peripheral side.
[0040] The rotating shaft 2 is fitted into the compressor
impeller 24. The compressor impeller 24 is rotatable
around the axis O together with the rotating shaft 2.
[0041] The compressor housing 21 covers the com-
pressor impeller 24. A suction port 23 opening to the other
side of the axis O is formed in the compressor housing
21. The air AR is introduced from the outside of the com-
pressor housing 21 through the suction port 23 into the
compressor impeller 24. Then, by a rotative force from
the turbine impeller 14 being transmitted to the compres-
sor impeller 24 via the rotating shaft 2, the compressor
impeller 24 rotates around the axis O and the air AR is
compressed.
[0042] A compressor passage 22, which extend from
a trailing edge part (a downstream end part of a flow of
the air AR) of the compressor blade 25 toward the radial
outer side, forms an annular shape about the axis O at
a position on the radial outer side, and allows the inside
and outside of the compressor housing 21 to communi-
cate with each other therethrough, is formed in the com-
pressor housing 21. The air AR compressed by the com-
pressor impeller 24 is introduced to the compressor pas-
sage 22, and is discharged to the outside of the com-
pressor housing 21.
[0043] The housing coupling part 5 is disposed be-
tween the compressor housing 21 and the turbine hous-
ing 11 to couple these housings. The housing coupling
part 5 covers the rotating shaft 2 from the outer peripheral
side. The housing coupling part 5 is provided with a bear-
ing 6. The rotating shaft 2 is supported by the bearing 6
so as to become rotatable relative to the housing coupling
part 5.
[0044] Next, the compressor impeller 24 will be de-
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scribed in detail with reference to Fig. 2.
[0045] The compressor impeller 24 includes a plurality
of the compressor blades 25, an impeller body 31 that
supports the compressor blades 25 on a hub surface 31a
formed on a front surface side, and a reinforcing ring 41
fitted to a back surface 32 of the impeller body 31.
[0046] The plurality of compressor blades 25 are pro-
vided apart from each other in a circumferential direction
of the rotating shaft 2 and the impeller body 31. A flow
passage FC through which the air AR flows is formed
between the compressor blades 25 that are adjacent to
each other in the circumferential direction. The compres-
sor blades 25 are formed of a resin in the present em-
bodiment.
[0047] Here, as resins used for the compressor blades
25, for example, polyether sulfone (PES), polyether imide
(PEI), polyether ether ketone (PEEK), polyether ketone
(PEK), polyether ketone ketone (PEKK), poly ketone
sulfide (PKS), polyaryl ether ketone (PAEK), aromatic
polyamide (PA), polyamide imide (PAI), polyimide (PI),
and the like are exemplified.
[0048] In addition, the compressor blades 25 are not
limited to the case where the compressor blades are a
resin, and may be made of a metal or the like.
[0049] The impeller body 31 forms a disk-like shape
and supports the compressor blades 25 on the front sur-
face side, that is, the compressor blades 25 on the other
side in the direction of the axis O so as to protrude from
the hub surface 31a.
[0050] The impeller body 31 is made of the same resin
as that of the above-described compressor blades 25. A
step section 36 having a fitting surface 37 that faces the
outer peripheral side (radial outer side) is formed on the
back surface 32 of the impeller body 31, that is, a surface
on one side in the direction of the axis O.
[0051] A boss hole section 31b having the rotating
shaft 2 inserted therethrough and fitted thereinto is
formed in a region on a radial inner side in the impeller
body 31.
[0052] More specifically, the step section 36 is formed
so as to be recessed annularly about the axis O from the
back surface 32 of the impeller body 31 toward the other
side in the direction of the axis O, and splits the back
surface 32 into a first back surface 32A located on the
radial outer side and a second back surface 32B located
on the radial inner side.
[0053] The first back surface 32A and the second back
surface 32B are formed in a radial direction. The fitting
surface 37 is disposed between the first back surface
32A and the second back surface 32B, and the step sec-
tion 36 is formed on the back surface 32 by connecting
the first back surface 32A and the second back surface
32B.
[0054] In addition, the second back surface 32B is in-
clined so as to face one side in the direction of the axis
O while being curved in a concave shape to the other
side in the direction of the axis O as it becomes closer
to the radial inner side, and is continuous with the boss

hole section 31b after being bent so as to run in the radial
direction from a halfway position.
[0055] In the present embodiment, the fitting surface
37 in this step section 36 is formed at a position of 2/3 of
a diameter dimension R between the axis O and an outer
peripheral end (an end part on the outermost side in the
radial direction) of the impeller body 31 from the axis O
that becomes a rotation center axis of the impeller body
31.
[0056] The reinforcing ring 41 forms an annular shape,
and is fitted to the step section 36 of the impeller body
31 from the outer peripheral side. That is, fitting to the
step section 36 is made as an inner peripheral surface
thereof contacts the fitting surface 37 in the step section
36. The reinforcing ring 41 is formed in a shape and a
size such that, in a state where the reinforcing ring 41 is
fitted, the center of the reinforcing ring 41 coincides with
the axis O and the reinforcing ring 41 is smoothly contin-
uous with the second back surface 32B of the impeller
body 31.
[0057] In the present embodiment, the shape of a
cross-section including the axis O forms a rectangular
shape, the thickness dimension in the direction of the
axis O coincides with the length dimension of the fitting
surface 37, and the width dimension in the radial direction
is larger than the thickness dimension in the direction of
the axis O.
[0058] The reinforcing ring 41 is formed of the same
resin as that of the compressor blades 25 and the impeller
body 31 and further reinforcing fibers. That is, the rein-
forcing ring 41 is formed of a complex material (carbon
fiber reinforced plastic) consisting of resin and carbon
fibers, in the present embodiment. Here, the reinforcing
fibers in the reinforcing ring 41 are not limited to the car-
bon fibers, and may be glass fibers, Whisker, and the like.
[0059] The reinforcing ring 41 may be provided so as
to be fitted into the impeller body 31 by insert molding,
or may be provided by recoating the fitting surface 37 in
the step section 36 with a fiber reinforcing resin.
[0060] According to the turbocharger 1 of the present
embodiment described above, since the reinforcing ring
41 of the compressor impeller 24 is formed of the complex
material including the resin, the material of the reinforcing
ring 41 and the material of the impeller body 31 become
substantially the same. For this reason, a difference be-
tween the coefficients of linear expansion of the impeller
body 31 and the reinforcing ring 41 becomes small. As
a result, the constraint force of the impeller body 31 can
be inhibited from decreasing due to an increase in the
diameter of the reinforcing ring 41 caused by thermal
expansion.
[0061] Moreover, the density of the resin is low com-
pared to the metal or the like. For this reason, the con-
straint force of the impeller body 31 can be inhibited from
decreasing by the diameter of the reinforcing ring 41 be-
ing increased due to a centrifugal force.
[0062] Additionally, since the reinforcing ring 41 in-
cludes the carbon fibers as the reinforcing resin, the ri-
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gidity thereof can be improved. For this reason, the con-
straint force of the impeller body 31 can be inhibited from
decreasing due to a diameter increase caused by the
centrifugal force of the reinforcing ring 41 itself.
[0063] As a result, a centrifugal force that acts on the
impeller body 31 can be distributed to the reinforcing ring
41, and a stress generated in the impeller body 31 due
to the centrifugal force can be reduced. For this reason,
by virtue of the reinforcing ring 41 formed of the complex
material including the resin and the reinforcing fibers, de-
formation can be sufficiently suppressed even if the resin
is used for the impeller body 31.
[0064] Moreover, the step section 36 of the impeller
body 31 is formed at the position of 2/3 of the diameter
dimension R between the axis O and the outer peripheral
end of the impeller body 31 from the axis O that becomes
the rotation center axis of the impeller body 31. For this
reason, the reinforcing ring 41 is provided at the position
of 2/3 of the diameter dimension R of the impeller body
31 from the rotation center axis of the impeller body 31.
[0065] Analysis results obtained by plotting the ratios
of stresses generated in the impeller body 31 in a case
where the center of the reinforcing ring 41 in the radial
direction is provided so as to be located at a position of
0.6 (about 2/3) times the diameter dimension of the im-
peller body 31 for individual relative position coordinates
of the impeller body 31 in the direction of the axis O are
illustrated in Fig. 3. The ratios of the stresses are ratios
in a case where a maximum value of a stress generated
in the impeller body 31 in the present embodiment is set
to about 0.7.
[0066] In this analysis, as a position coordinate in the
direction of the axis O in the compressor impeller 24, an
end part position on the other side of the axis O that
becomes a side into which the air AR flows is set as 0,
and an end part position on one side of the axis O that
becomes a side from which the air AR flows is set as 1.0.
Additionally, the formation range of the compressor
blades 25 is about 0.3 to 0.8.
[0067] Moreover, as analysis conditions, a thickness
dimension b of the reinforcing ring 41 in the direction of
the axis O is 0.03 times the thickness of the impeller body
31 in the direction of the axis O and a width dimension a
of the reinforcing ring 41 in the radial direction is 0.03
times the external diameter dimension of the impeller
body 31.
[0068] According to the analysis results of Fig. 3, since
the reinforcing ring 41 is provided at the position of about
2/3 of the diameter dimension R of the impeller body 31,
it can be confirmed that a stress can be markedly reduced
at a position where a relative position coordinate in the
direction of the axis O becomes larger than about 0.6
compared to a case (dashed line) where the reinforcing
ring 41 is not provided.
[0069] Stresses decrease gradually at position coordi-
nates of about 0.95 to about 0.6, and a stress ratio is
suppressed to about 0.55 at a position of 0.95. On the
other hand, in a case where the reinforcing ring 41 is not

provided, stresses becomes gradually large as position
coordinates become large, and a stress ratio 0.8 is ex-
ceeded at a position of about 0.85.
[0070] Therefore, by providing the reinforcing ring 41
at the position of about 2/3 of the dimension of the radial
direction of the impeller body 31, a stress generated in
the impeller body 31 can be more effectively reduced,
and deformation of the entire compressor impeller 24 can
be suppressed.
[0071] In addition, in the present embodiment, the fit-
ting surface 37 in this step section 36 is not limited to a
case where the fitting surface is formed at the position
of 2/3 of the diameter dimension R of the impeller body
31 from the rotation center axis (axis O) of the impeller
body 31. The fitting surface has only to be formed a po-
sition closer to the axis O than the position of 2/3 of the
radial dimension. By forming the fitting surface 37 at the
position closer to the axis O than the position of 2/3 of
the radial dimension, it is possible to enhance a stress
reduction effect.
[0072] Moreover, the step section 36 maybe formed
so as to be larger than 0.1 times the diameter dimension
R between the rotation center axis of the impeller body
31 and the outer peripheral end of the impeller body 31
from the rotation center axis (axis O) of the impeller body
31 and such that the center of the reinforcing ring 41 in
the radial direction is located at a position smaller than
the diameter dimension R. That is, in a case where a
distance between the center of the reinforcing ring 41 in
the radial direction and the axis O is defined as h, the
reinforcing ring 41 maybe provided so as to satisfy 0.1R
< h < 1.0R.

[Second Embodiment]

[0073] Next, a second embodiment which is not a part
of the present invention will be described with reference
to Fig. 4.
[0074] The same constituent elements as those of the
first embodiment will be designated by the same refer-
ence signs, and the detailed description thereof will be
omitted.
[0075] The turbocharger 50 of the present embodiment
is different from the first embodiment in the shape of a
compressor impeller 51.
[0076] The compressor impeller 51 is provided with a
boss part 53 that protrudes from a back surface of an
impeller body 52 to one side in the direction of the axis O.
[0077] The impeller body 52 forms substantially the
same shape substantially as the impeller body 31 of the
first embodiment, and is made of the above-described
resin. In the present embodiment, a back surface 54 of
the impeller body 52 extends in the radial direction, and
is curved smoothly toward one side in the direction of the
axis O as it becomes closer to the radial inner side.
[0078] The boss part 53 is formed integrally with the
impeller body 52 at a position on the radial inner side in
the impeller body 52, and forms an annular shape about
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the axis O. A boss hole section 53a that is continuous
with the boss hole section 31b is formed at the boss part
53. The rotating shaft 2 is fitted to the boss hole section
53a.
[0079] The boss part 53 has a fitting surface 57 that
faces the radial outer side. The fitting surface 57 is
smoothly continuous with the curved back surface 54 of
the impeller body 52. Accordingly, the fitting surface 57
is formed in a rounded shape that is smoothly curved
toward one side in the direction of the axis O so as to run
in the direction of the axis O as it becomes closer to the
radial inner side.
[0080] When an inner peripheral surface 65 of the re-
inforcing ring 41 contacts the fitting surface 57 of the boss
part 53, a reinforcing ring 61 is fitted to the boss part 53.
That is, in the present embodiment, a step section 56
having the fitting surface 57 is formed at the boss part
53, and the reinforcing ring 61 is fitted to the step section
56.
[0081] Here, in the reinforcing ring 61 of the present
embodiment, the shape of a cross-section including the
axis O does not form a rectangular shape, and the shape
of this cross-section is such that the inner peripheral sur-
face 65 that faces the radial inner side becomes a curved
surface that forms a convex shape toward the axis O.
The shape of this curved surface corresponds to the
curved shape of the fitting surface 57.
[0082] Additionally, an outer peripheral surface 66 that
extends substantially parallel to the axis O continuously
with the inner peripheral surface 65, which becomes the
above curved surface, and faces the radial outer side,
and an axial surface 67 that connects the inner peripheral
surface 65 and the outer peripheral surface 66 together,
is orthogonal to the axis O, and faces one side in the
direction of the axis O are formed in the reinforcing ring
61.
[0083] According to the turbocharger 50 of the present
embodiment described above, the material of the rein-
forcing ring 61 and the material of the impeller body 52
become substantially the same. For this reason, a differ-
ence between the coefficients of linear expansion of the
impeller body 52 and the reinforcing ring 61 becomes
small. As a result, the constraint force of the impeller
body 52 can be inhibited from decreasing due to an in-
crease in the diameter of the reinforcing ring 61 caused
by thermal expansion. Additionally, since the density of
the resin is low compared to the metal or the like, the
constraint force of the impeller body 52 can be inhibited
from decreasing by the diameter of the reinforcing ring
61 being increased due to a centrifugal force.
[0084] Moreover, since the reinforcing ring 61 includes
the carbon fibers as the reinforcing resin, the constraint
force of the impeller body 52 can be inhibited from de-
creasing by a diameter increase caused by the centrifu-
gal force of the reinforcing ring 61 itself, and even if the
resin is used for the impeller body 52, it is possible to
sufficiently suppress deformation.
[0085] Analysis results obtained by plotting the ratios

of stresses generated in the impeller body 52 in a case
where the reinforcing ring 61 is provided at the boss part
53 of the impeller body 52 for each relative position co-
ordinate of the impeller body 52 in the direction of the
axis O are illustrated in Fig. 5. Additionally, the formation
range of the boss part 53 is within a range of 0 to 1.0.
[0086] In this analysis, the thickness dimension of the
reinforcing ring 61 in the direction of the axis O is 0.15
times the thickness of the impeller body 31 in the direction
of the axis O and the width dimension of the reinforcing
ring 61 in the radial direction is 0.05 times the external
diameter of the impeller body 31. The other analysis con-
ditions are the same as those illustrated in Fig. 3 in the
first embodiment.
[0087] According to the analysis results of Fig. 5, since
the reinforcing ring 61 is provided at the position (a po-
sition where a relative position coordinate larger than
about 0.9) of the boss part 53 of the impeller body 52, it
can be confirmed that a stress can be markedly reduced
at a position where a relative position coordinate in the
direction of the axis O becomes larger than about 0.6
compared to a case (dashed line) where the reinforcing
ring 61 is not provided. Stresses decrease gradually at
position coordinates of about 0.6 to about 0.9, and a
stress ratio can be suppressed to about 0.25 at a position
of about 0.9, that is, at a portion where the impeller body
52 and the boss part 53 are connected together.
[0088] Therefore, by providing the reinforcing ring 61
at the boss part 53 of the impeller body 52, a stress
caused by a centrifugal force in the boss part 53 can be
reduced, a stress generated in the impeller body 52 can
be reduced, and deformation of the entire compressor
impeller 51 can be further suppressed.

[Third Embodiment]

[0089] Next, a third embodiment of the invention will
be described with reference to Fig. 6.
[0090] The same constituent elements as those of the
first and second embodiments will be designated by the
same reference signs, and the detailed description there-
of will be omitted.
[0091] In a turbocharger 70 of the present embodi-
ment, the compressor impeller 24 (or the compressor
impeller 51 of the second embodiment) of the first em-
bodiment further includes a second reinforcing ring 71.
[0092] An annular groove part 75 of the rotating shaft
2 that is recessed to the radial outer side and runs in the
circumferential direction is formed in an inner peripheral
surface of the boss hole section 31b.
[0093] As the annular groove part 75, an inside groove
part 75a that opens to the inner peripheral surface of the
boss hole section 31b, extends to the radial outer side,
and forms a rectangular shape as the shape of a cross-
section including the axis O, and an outside groove part
75b that communicates with the inside groove part 75a,
extends to the radial outer side, and forms a rectangular
shape, which protrudes to both sides of the axis O from
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the inside groove part 75a, as the shape of a cross-sec-
tion including the axis O are formed.
[0094] That is, the annular groove part 75 has a T-
shaped cross-section.
[0095] The second reinforcing ring 71 is disposed in-
side the annular groove part 75 of the impeller body 31.
Namely, the second reinforcing ring 71 has a base part
72 that has a rectangular cross-section corresponding to
the inside groove part 75a and forms an annular shape
in the circumferential direction of the impeller body 31,
and an engaging part 63 that extends to both sides in the
direction of the axis O from the base part 72, on the radial
outer side closer to the inside of the impeller body 31
than the base part 72 continuously with the base part 72.
[0096] The second reinforcing ring 71 is disposed with-
out a gap inside the annular groove part 75. The base
part 72 is exposed to the inner peripheral surface of the
boss hole section 31b and is flush with the inner periph-
eral surface. In this way, the second reinforcing ring 71
forms an annular shape about the axis O and has a T-
shaped cross-section, in a state where the second rein-
forcing ring is disposed inside the impeller body 31.
[0097] The second reinforcing ring 71 is formed of a
complex material including a thermosetting resin and re-
inforcing fibers. Here, as the reinforcing fibers, similar to
the reinforcing ring 41, carbon fibers, glass fibers, Whisk-
er, and the like can be used. Additionally, as the thermo-
setting resin, phenol resins, epoxy resins, melamine res-
ins, silicon resins, and the like can be used.
[0098] Here, the second reinforcing ring 71 may be
formed of metallic materials, such as aluminum, instead
of the complex material.
[0099] The second reinforcing ring 71 is provided to be
fitted into the impeller body 31, for example by insert
molding.
[0100] According to the turbocharger 70 of the present
embodiment described above, the rigidity of the impeller
body 31 can be improved by disposing the second rein-
forcing ring 71 inside the impeller body 31 made of the
resin in the compressor impeller 24. Additionally, since
the second reinforcing ring 71 is disposed inside the im-
peller body 31, slip-out from the impeller body 31 can be
suppressed even if a material having a different coeffi-
cient of linear expansion from the impeller body 31 is
used. Therefore, a centrifugal force that acts on the im-
peller body 31 can be distributed to the second reinforcing
ring 71, a stress generated in the impeller body 31 due
to the centrifugal force can be reduced, and it is possible
to suppress deformation of the entire compressor impel-
ler 24.
[0101] Moreover, since the second reinforcing ring 71
has the base part 72, and an engaging part 73 continuous
with the base part 72, when a tensile force acts on the
impeller body 31 to the radial outer side due to the cen-
trifugal force in a case where the impeller body 31 has
rotated, the engaging part 73 is caught inside the impeller
body 31, so that the centrifugal force that acts on the
impeller body 31 can be firmly distributed to the second

reinforcing ring 71. Therefore, it is possible to further re-
duce the stress generated in the impeller body 31, and
deformation of the impeller body 31 can be suppressed.
[0102] Additionally, since the second reinforcing ring
71 is formed of the complex material including the ther-
mosetting resin and the reinforcing fibers, and thereby
the coefficient of linear expansion of the complex material
is small compared to metals, slackening of the second
reinforcing ring 71 with respect to the impeller body 31
due to thermal expansion does not easily occur. There-
fore, a centrifugal force that acts on the impeller body 31
can be effectively distributed to the second reinforcing
ring 71, and it is possible to further reduce a stress gen-
erated in the impeller body 31.
[0103] Additionally, in a case where the second rein-
forcing ring 71 is formed of a metallic material, the rigidity
of the second reinforcing ring 71 itself becomes high.
Therefore, deformation does not easily occur when a
centrifugal force has acts, and slackening of the second
reinforcing ring 71 with respect to the impeller body 31
does not easily occur. Therefore, a centrifugal force that
acts on the impeller body 31 can be effectively distributed
to the second reinforcing ring 71, and a stress generated
in the impeller body 31 can be further reduced.
[0104] Here, as illustrated in Fig. 7, the second rein-
forcing ring 71A may have a christmas tree-shaped
cross-section. By including such a cross-sectional
shape, the second reinforcing ring 71A has a curved en-
gaging surface 80 that is an outer surface that is curved
so as to protrude toward the impeller body 31. By pro-
viding the curved engaging surface 80 in this way, when
a tensile force to the radial outer side caused by a cen-
trifugal force has acted on the impeller body 31, the con-
centration of a stress generated in the impeller body 31
can be suppressed at a position where the second rein-
forcing ring 71A and the impeller body 31 contact each
other. For this reason, further suppression of deformation
or damage of the impeller body 31 is possible by the
curved engaging surface 80.
[0105] In addition, in the above-described case, the
shapes of the second reinforcing rings 71 and 71A are
not limited.
[0106] Additionally, the second reinforcing rings 71
and 71A may be disposed at a position in the direction
of the axis O where a stress generated in the impeller
body 31 reaches a maximum.
[0107] Additionally, the second reinforcing rings 71
and 71A are not exposed to the inner peripheral surface
of the boss hole section 31b, and may be completely
embedded inside the impeller body 31.
[0108] Although the embodiments of the invention
have been described above in detail, some design
changes can also be made without departing from the
technical idea of the invention.
[0109] For example, the sectional shapes of the rein-
forcing rings 41 and 61 is not limited are not limited to
the cases of the above-described embodiments.
[0110] That is, a circular cross-sectional shape and the
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like may be adopted.
[0111] Additionally, the thickness dimension (the thick-
ness dimension in the circumferential direction) of the
compressor blades 25 may be the same as the width
dimension a (refer to Fig. 2) of the reinforcing ring 41 (61)
in the radial direction.
[0112] Moreover, the thickness dimension b (refer to
Fig. 2) of the reinforcing ring 41 (61) in the direction of
the axis O may be larger than the width dimension a in
the radial direction.
[0113] By doing in this way, the stress of the impeller
body 31 (52) generated by a centrifugal force can be
more effectively reduced, and deformation of the entire
compressor impeller 24 (51) can be suppressed.
[0114] Additionally, the reinforcing fibers may be dis-
posed so as to extend in the circumferential direction of
the rotating shaft 2.
[0115] If a centrifugal force acts on the reinforcing ring
41 (61), a tensile force acts in the circumferential direction
such that the diameter of the reinforcing ring increases.
For this reason, if the reinforcing fibers extends in the
circumferential direction that is a direction in which this
tensile force acts, deformation of the reinforcing ring 41
(61) by such a tensile force itself can be suppressed.
Therefore, the constraint force of the impeller body 31
(52) can be inhibited from decreasing, and a centrifugal
force that acts on the impeller body 31 (52) can be dis-
tributed to the reinforcing ring 41 (61).
[0116] Therefore, the stress of the impeller body 31
(52) can be reduced, and deformation of the entire com-
pressor impeller 24 (51) can be suppressed.
[0117] Additionally, the compressor blades 25 and the
impeller body 31 (52) may include the same reinforcing
fibers as the reinforcing ring 41 (61) in addition to the
resin.
[0118] Additionally, in the above-described embodi-
ments, as the rotary machine, the turbocharger has been
described as an example. However, the invention may
be used for other centrifugal compressors and the like.

Industrial Applicability

[0119] According to the above-described impeller and
rotary machine, the reinforcing ring is provided. Thus,
even if resin materials are used, it is possible to guarantee
reliability.

Reference Signs List

[0120]

1: TURBOCHARGER
2: ROTATING SHAFT
3: TURBINE
4: COMPRESSOR
5: HOUSING COUPLING PART
6: BEARING
11: TURBINE HOUSING

12: SCROLL PASSAGE
13: DISCHARGE PORT
14: TURBINE IMPELLER
15: TURBINE BLADE
21: COMPRESSOR HOUSING
22: COMPRESSOR PASSAGE
23: SUCTION PORT
24: COMPRESSOR IMPELLER
25: COMPRESSOR BLADE
31: IMPELLER BODY
31a: HUB SURFACE
31b: BOSS HOLE SECTION
32: BACK SURFACE
32A: FIRST BACK SURFACE
32B: SECOND BACK SURFACE
36: STEP SECTION
37: FITTING SURFACE
41: REINFORCING RING
50: TURBOCHARGER (ROTARY MACHINE)
51: COMPRESSOR IMPELLER
52: IMPELLER BODY
53: BOSS PART
53a: BOSS HOLE SECTION
54: BACK SURFACE
56: STEP SECTION
57: FITTING SURFACE
61: REINFORCING RING
65: INNER PERIPHERAL SURFACE
66: OUTER PERIPHERAL SURFACE
67: AXIAL SURFACE
70: TURBOCHARGER
71, 71A: SECOND REINFORCING RING
72: BASE PART
73: ENGAGING PART
75: ANNULAR GROOVE PART
75a: INSIDE GROOVE PART
75b: OUTSIDE GROOVE PART
80: CURVED ENGAGING SURFACE
G: EXHAUST GAS
AR: AIR
O: AXIS
FC: FLOW PASSAGE

Claims

1. An impeller comprising:

an impeller body (31) that is formed of a resin,
forms a disk-like shape, and rotates about a ro-
tation center axis (O) together with a rotating
shaft (2);
a plurality of blades (25) provided on a front sur-
face side of the impeller body; and
a reinforcing ring (41) that is formed on a back
surface (32) of the impeller body (31) is formed
of a resin and reinforcing fibers, and forms an
annular shape in a circumferential direction of
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the impeller body (31),
characterized in that the reinforcing ring (41)
is fitted to contact a fitting surface (37) of a step
section (36) from the outer peripheral side, the
step section (36) having the fitting surface (37)
facing an outer peripheral side,
the step section (36) splits the back surface (32)
into a first back surface (32A) located on a radial
outer side and a second back surface (32B) lo-
cated on a radial inner side, and
the fitting surface (37) is disposed between the
first back surface (32A) and the second back
surface (32B), and
the second back surface (32B) is inclined so as
to approach one side of the rotation center axis
(O) opposed to a suction port (23) as the second
back surface (32B) is closer to the radial inner
side, while being curved in a concave shape to
the other side.

2. The impeller according to claim 1,
wherein the step section (36) is formed at a position
of 2/3 of a diameter dimension between the rotation
center axis (O) and an outer peripheral end of the
impeller body (31) from the rotation center axis (O).

3. The impeller according to claim 1,
wherein the step section (36) is formed such that the
center of the reinforcing ring (41) in a radial direction
is located at a position that is larger than 0.1 times
a diameter dimension between the rotation center
axis (O) and an outer peripheral end of the impeller
body (31) from the rotation center axis (O) and is
smaller than the diameter dimension.

4. The impeller according to claim 1,
wherein the impeller body (31) is provided with a
boss part (53) that protrudes from the back surface
(32) and has the rotating shaft (2) fitted thereto, and
wherein the step section (36) is formed at the boss
part (53).

5. The impeller according to any one of claims 1 to 4,
wherein a width dimension of the reinforcing ring (41)
in a radial direction and a blade thickness dimension
of the blades (25) in the circumferential direction are
the same, and a thickness dimension of the reinforc-
ing ring (41) in a direction of the rotation center axis
(O) is larger than the width dimension of the reinforc-
ing ring (41) in the radial direction.

6. The impeller according to any one of claims 1 to 5,
wherein the reinforcing ring (41) is disposed such
that the reinforcing fibers extend in the circumferen-
tial direction of the impeller body (31).

7. The impeller according to any one of claims 1 to 6,
further comprising: a second reinforcing ring (71,

71A) that is disposed in the circumferential direction
of the impeller body (31) inside the impeller body
(31) and forms an annular shape.

8. A rotary machine (1) comprising:

the impeller according to any one of claims 1 to
7; and
a rotating shaft (2) that is attached to the impeller
and rotates together with the impeller.

Patentansprüche

1. Ein Laufrad umfassend:

einen Laufradkörper (31), der aus einem Harz
geformt ist, eine scheibenartige Form bildet und
sich zusammen mit einer rotierenden Welle (2)
um eine Rotationsmittelachse (O) dreht;
eine Mehrzahl von Schaufeln (25), die an einer
Stirnflächenseite des Laufradkörpers vorgese-
hen sind; und
ein Verstärkungsring (41), der auf einer Rück-
fläche (32) des Laufradkörpers (31) gebildet
wird, aus einem Harz und Verstärkungsfasern
besteht und in einer Umfangsrichtung des Lauf-
radkörpers (31) eine Ringform bildet,
gekennzeichnet dadurch, dass der Verstär-
kungsring (41) so angepasst ist, dass er eine
Passfläche (37) eines Stufenabschnitts (36) von
der äußeren Umfangsseite her berührt, wobei
die Passfläche (37) des Stufenabschnitts (36)
einer äußeren Umfangsseite zugewandt ist,
wobei der Stufenabschnitt (36) die Rückfläche
(32) in eine erste Rückfläche (32A), die auf einer
radial äußeren Seite liegt, und eine zweite Rück-
fläche (32B), die auf einer radial inneren Seite
liegt, aufteilt und
die Passfläche (37) zwischen der ersten Rück-
fläche (32A) und der zweiten Rückfläche (32B)
angeordnet ist, und
die zweite Rückfläche (32B) so geneigt ist, dass
sie sich einer Seite der Rotationsmittelachse (O)
nähert, die gegenüber einer Ansaugöffnung (23)
liegt, da die zweite Rückfläche (32B) näher an
der radialen Innenseite liegt, während sie in ei-
ner konkaven Form zur anderen Seite hin ge-
krümmt ist.

2. Das Laufrad gemäß Anspruch 1,
wobei der Stufenabschnitt an einer Position von 2/3
einer Durchmesserabmessung zwischen der Rota-
tionsmittelachse (O) und einem äußeren Umfangs-
ende des Laufradkörpers (31) von der Rotationsmit-
telachse (O) aus gebildet wird.

3. Das Laufrad gemäß Anspruch 1,
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wobei der Stufenabschnitt (36) so geformt ist, dass
sich die Mitte des Verstärkungsrings (41) in einer
radialen Richtung an einer Position befindet, die grö-
ßer als das 0,1-fache einer Durchmesserabmes-
sung zwischen der Rotationsmittelachse (O) und ei-
nem äußeren Umfangsende des Laufradkörpers
(31) von der Rotationsmittelachse (O) aus ist und
kleiner als die Durchmesserabmessung ist.

4. Das Laufrad gemäß Anspruch 1,
wobei der Laufradkörper (31) mit einem Nabenteil
(53) versehen ist, das von der hinteren Rückfläche
(32) hervorsteht und an dem die rotierende Welle (2)
angepasst ist, und
wobei der Stufenabschnitt (36) an dem Nabenteil
(53) gebildet wird.

5. Das Laufrad gemäß einem der Ansprüche 1 bis 4,
wobei eine Breitenabmessung des Verstärkungs-
rings (41) in einer radialen Richtung und eine Schau-
feldickenabmessung der Schaufeln (25) in Um-
fangsrichtung gleich sind und eine Dickenabmes-
sung des Verstärkungsrings (41) in einer Richtung
der Rotationsmittelachse (O) größer ist als die Brei-
tenabmessung des Verstärkungsrings (41) in radia-
ler Richtung.

6. Das Laufrad gemäß einem der Ansprüche 1 bis 5,
wobei der der Verstärkungsring (41) so angeordnet
ist, dass sich die Verstärkungsfasern in Umfangs-
richtung des Laufradkörpers (31) erstrecken.

7. Das Laufrad gemäß einem der Ansprüche 1 bis 6,
ferner umfassend:
einen zweiten Verstärkungsring (71, 71A), der in
Umfangsrichtung des Laufradkörpers (31) innerhalb
des Laufradkörpers (31) angeordnet ist und eine
ringförmige Form aufweist.

8. Eine Rotationsmaschine (1) umfassend:

das Laufrad nach einem der Ansprüche 1 bis 7;
und
eine rotierende Welle (2), die an dem Laufrad
befestigt ist und sich zusammen mit dem Lauf-
rad dreht.

Revendications

1. Une roue à aubes comprenant :

un corps de roue à aubes (31) qui est formé
d’une résine, présente une forme semblable à
un disque, et tourne autour d’un axe central de
rotation (O) en même temps qu’un arbre tour-
nant (2) ;
une pluralité d’aubes (25) disposées sur une

surface avant du corps de roue à aubes ; et
une bague de renfort (41) qui est formée sur une
surface arrière (32) du corps de roue à aubes
(31) et est formée d’une résine et de fibres de
renfort, et qui présente une forme annulaire
dans une direction circonférentielle du corps de
roue à aubes (31),
caractérisée en ce que la bague de renfort (41)
est ajustée pour venir en contact avec une sur-
face d’ajustement (37) d’une section étagée (36)
à partir du côté périphérique externe, la section
étagée (36) ayant la surface d’ajustement (37)
tournée vers un côté périphérique externe,
la section étagée (36) sépare la surface arrière
(32) en une première surface arrière (32A) si-
tuée d’un côté radialement externe et en une
seconde surface arrière (32B) située d’un côté
radialement interne, et
la surface d’ajustement (37) est disposée entre
la première surface arrière (32A) et la seconde
surface arrière (32B), et
la seconde surface arrière (32B) est inclinée de
manière à rapprocher un côté de l’axe central
de rotation (O) opposé à un orifice d’aspiration
(23) lorsque la seconde surface arrière (32B)
est plus proche du côté interne radial, tout en
étant courbée avec une forme concave tournée
vers l’autre côté.

2. La roue à aubes selon la revendication 1,
dans laquelle la section étagée (36) est formée en
une position située aux 2/3 d’une dimension diamé-
trale entre l’axe central de rotation (O) et une extré-
mité périphérique externe du corps de roue à aubes
(31) par rapport à l’axe central de rotation (O).

3. La roue à aubes selon la revendication 1,
dans laquelle la section étagée (36) est formée de
telle manière que le centre de la bague de renfort
(41) dans une direction radiale est situé en une po-
sition qui soit plus grande que 0,1 fois une dimension
diamétrale entre l’axe central de rotation (O) et une
extrémité périphérique externe du corps de roue à
aubes (31) par rapport à l’axe central de rotation (O),
et soit inférieure à la dimension diamétrale.

4. La roue à aubes selon la revendication 1,
dans laquelle le corps de roue à aubes (31) est pour-
vu d’une partie proéminente (53) qui fait saillie de-
puis la surface arrière (32) et à laquelle est ajusté
l’arbre tournant (2), et
dans laquelle la section étagée (36) est formée au
niveau de la partie proéminente (53).

5. La roue à aubes selon l’une des revendications 1 à 4,
dans laquelle une dimension en largeur de la bague
de renfort (41) dans une direction radiale et une di-
mension d’épaisseur d’aube des aubes (25) dans la
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direction circonférentielle sont les mêmes, et une di-
mension en épaisseur de la bague de renfort (41)
dans une direction de l’axe central de rotation (O)
est supérieure à la dimension en largeur de la bague
de renfort (41) dans la direction radiale.

6. La roue à aubes selon l’une des revendications 1 à 5,
dans laquelle la bague de renfort (41) est disposée
de telle manière que les fibres de renfort s’étendent
dans la direction circonférentielle du corps de roue
à aubes (31).

7. La roue à aubes selon l’une des revendications 1 à
6, comprenant en outre :
une seconde bague de renfort (71, 71A), qui est dis-
posée dans la direction circonférentielle du corps de
roue à aubes (31) à l’intérieur du corps de roue à
aubes (31) et qui présente une forme annulaire.

8. Une machine tournante (1) comprenant :

la roue à aubes selon l’une des revendications
1 à 7 ; et
un arbre tournant (2) qui est solidaire de la roue
à aubes et qui tourne en même temps que la
roue à aubes.
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