EP 3 128 184 A1

Patent Office

des vy (11) EP 3128 184 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e "llmlmllHH||m||‘||HmHl‘lHll‘ml‘H"Hlml‘"“‘"H‘mll‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
08.02.2017 Bulletin 2017/06 F04D 29/44 (2006.01) F04D 29/42 (2006.01)
F04D 29/66 (20067

(21) Application number: 15774147.1
(86) International application number:

(22) Date of filing: 24.02.2015 PCT/JP2015/055240

(87) International publication number:
WO 2015/151653 (08.10.2015 Gazette 2015/40)

(84) Designated Contracting States: (72) Inventor: ARAKAWA, Hiroyuki
AL ATBE BG CH CY CZDE DKEE ES FI FR GB Nagasaki-shi
GRHRHUIEISITLILTLULV MC MK MT NL NO Nagasaki 850-8610 (JP)
PL PT RO RS SE SI SK SM TR
Designated Extension States: (74) Representative: Hoffmann Eitle
BA ME Patent- und Rechtsanwaélte PartmbB
ArabellastrafRe 30
(30) Priority: 31.03.2014 JP 2014074071 81925 Miinchen (DE)
(71) Applicant: Mitsubishi Heavy Industries, Ltd.
Tokyo 108-8215 (JP)

(54) CENTRIFUGAL COMPRESSOR, SUPERCHARGER, AND METHOD FOR MANUFACTURING
CENTRIFUGAL COMPRESSOR

(57)  There s provided a centrifugal compressor (10)
including: animpeller (11) that is mounted on a rotor shaft
(30), and compresses air flowing in from an intake (11a),
andthendischarges the compressed air from a discharge
port (11b); an airinlet casing (12) that houses the impeller
(11); a scroll section (13) which is disposed on an outer
peripheral side with respect to the air inlet casing (12),
and into which the compressed air discharged from the
discharge port (11b) flows; a plurality of partition plates
(14) provided on an upstream side in an air circulation
direction with respectto the intake (11a),and each having
a predetermined length in a direction of an axial line of
the rotor shaft (30); and a silencer (15) having a silencer
casing (15a) for housing the plurality of partition plates,
wherein the plurality of partition plates (14) are radially
disposed about the axial line (X), and each are a rolled
steel material having a plate thickness of 4 mm or more
and 9 mm or less.
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Description
{Technical Field}

[0001] The present invention relates to a centrifugal
compressor, a supercharger, and a method for manufac-
turing a centrifugal compressor.

{Background Art}

[0002] Conventionally, as compressors for a super-
charger that increases the pressure of air to be supplied
to an internal combustion engine used in a vessel or the
like above atmospheric pressure, centrifugal compres-
sors are known (refer to Patent Literature 1, for example).
The centrifugal compressor includes an impeller mount-
ed on a rotor shaft, an inlet casing that houses the im-
peller, and a scroll section into which compressed air
discharged from the inlet casing flows. While compress-
ing air flowing in from an intake in the direction of an axial
line, the centrifugal compressor guides the compressed
air in the direction inclined from the direction of the axial
line to discharge the compressed air from a discharge
port.

[0003] In the centrifugal compressor, there is a possi-
bility that faults occur such as fracture or falling off of one
part of the impeller due to the influence of centrifugal
force by high-speed rotation. Patent Literature 2 disclos-
es a centrifugal compressor provided with an impact ab-
sorbing partition wall that protects a tank housing lubri-
cant such that the lubricant does not leak due to a scat-
tered impeller even in a case where one part of the im-
peller (compressor impeller) is scattered outward by cen-
trifugal force.

{Citation List}
{Patent Literature}
[0004]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. 2011-117417

{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2001-132465

{Summary of Invention}
{Technical Problem}

[0005] In the centrifugal compressor disclosed in Pat-
ent Literature 2, in a case where faults occur such as
fracture or falling off of the one part of the impeller due
to the influence of centrifugal force by high-speed rota-
tion, the tank housing lubricant is protected.

[0006] However, in a case where all or one part of the
impeller is fractured or falls to collide with an inlet casing,
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there is a possibility that since the impact load is large,
the inlet casing is broken, and all or one part of the inlet
casing scatters to the outside together with the all or the
one part of the impeller. Additionally, even in a case
where the inlet casing is not broken, there is a possibility
that all or one part of the inlet casing falls from a mounting
position, and scatters in the direction away from a scroll
section along the axial line of a rotor shaft. In this case,
there is a possibility that a gap (opening) is generated in
a part of the centrifugal compressor due to scattering of
all or one part of the inlet casing, and a part of the broken
impeller scatters to the outside from the gap.

[0007] The present invention has been made in view
of the above circumstances, and an object of the present
invention is to provide a centrifugal compressor capable
of suppressing faults such as scattering of all or one part
of an impeller to the outside in a case where all or one
part of an inlet casing scatters with fracture or falling of
the all or the one part of the impeller.

[0008] Additionally, an object of the present invention
is to provide a supercharger including the above centrif-
ugal compressor, and a method for manufacturing the
above centrifugal compressor.

{Solution to Problem}

[0009] In order to achieve the above objects, the
present invention employs the following solutions.
[0010] A centrifugal compressoraccording to afirst as-
pect of the present invention includes: an impeller that is
mounted on a rotor shaft, and compresses fluid flowing
in from an intake, and then discharges the compressed
fluid from a discharge port; an inlet casing that houses
the impeller; a scroll section which is disposed on an
outer peripheral side with respect to the inlet casing, and
into which the compressed fluid discharged from the dis-
charge port flows; a plurality of partition plates provided
on an upstream side in a fluid circulation direction with
respect to the intake, and each having a predetermined
length in a direction of an axial line of the rotor shaft; and
a silencer for housing the plurality of partition plates,
wherein the plurality of partition plates are radially dis-
posed about the axial line, and each are a rolled steel
material having a plate thickness of 4 mm or more and
9 mm or less.

[0011] According to the centrifugal compressor ac-
cording to the first aspect of the present invention, in a
case where all or one part of the impeller is fractured or
falls, the all or the one part of the impeller scatters to
collide with the inlet casing. The inlet casing forms a flow
passage for guiding the fluid flowing in from the intake in
the direction of the axial line of the rotor shaft, in a direc-
tion inclined from the direction of the axial line, and lead-
ing the fluid to the discharge port. When the all or the one
part of the impeller which scatters in the radial direction
collides with the inlet casing, impactin the radial direction
is applied to the inlet casing. Similarly, when the all or
the one part of the impeller which scatters in the direction
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of the axial line collides with the inlet casing, impact in
the direction of the axial line is applied to the inlet casing.
The impactin the direction of the axial line is impact caus-
ing the all or the one part of the inlet casing to scatter in
the direction away from the scroll section, and therefore
there is a possibility that all or one part of the inlet casing
falls from a mounting position.

[0012] According to the centrifugal compressor ac-
cording to the first aspect of the present invention, the
plurality of partition plates each having a predetermined
length in the direction of the axial line are radially dis-
posed about the axial line on the upstream side in the
fluid circulation direction with respect to the intake. There-
fore, the all or the one part of the impeller that scatters,
or the all or the one part of the inlet casing that scatters
in the direction away from the scroll section due to impact
resulting from the scattering of the impeller collides with
the plurality of partition plates housed in the silencer cas-
ing. The plurality of partition plates each are the rolled
steel material having a plate thickness of 4 mm or more
and 9 mm or less, and therefore the plurality of partition
plates are suitably plastically deformed by collision with
the all or the one part of the inlet casing, to absorb energy
resulting from the collision. Consequently, it is possible
to suppress faults such as a gap generated by the scat-
tering of the all or the one part of the inlet casing in a part
of the centrifugal compressor, scattering the all or the
one part of the impeller to the outside from the gap.
[0013] In the centrifugal compressor of the first aspect
of the present invention, the scroll section may have a
scroll casing forming a volute chamber into which the
compressed fluid discharged from the discharge port
flows, the scroll casing and the silencer casing may be
fastened to each other at a plurality of first fastening po-
sitions in a peripheral direction around the axial line by
a plurality of first fastening bolts extending in the direction
of the axial line, and the scroll casing and the silencer
casing may be fastened to each other in a state where
cylindrical first spacer members each having an inner
diameter smaller than a diameter of a head section of
each of the first fastening bolts are inserted into shaft
sections of the first fastening bolts.

[0014] According to the centrifugal compressor having
this configuration, when the all or the one part of the inlet
casing that scatters in the direction away from the scroll
section collides with the silencer casing that houses the
partition plates, impact in the direction in which the si-
lencer casing is separated from the scroll casing is ap-
plied. This impact is absorbed by contraction of the first
spacer members disposed between the head sections
of the first fastening bolts and the silencer casing. As
each first spacer member, for example, arolled steel ma-
terial having ductility resulting in breakage after large
plastic deformationis used, so thatitis possible to absorb
kinetic energy resulting from axial impact. Thus, the im-
pact in the direction of the axial line is absorbed by use
ofthe first spacer members fastened while being inserted
into the first fastening bolts, so that faults such as fracture
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of the first fastening bolts are suppressed. Accordingly,
it is possible to suppress faults such as a gap generated
by the scattering of the all or the one part of the inlet
casing in a part of the centrifugal compressor, scattering
the all or the one part of the impeller to the outside from
the gap.

[0015] In the centrifugal compressor having the above
configuration, the first fastening bolts may each include
a male screw formed on an outer peripheral surface of
the shaft section from the head section to a tip.

[0016] Consequently, deformations at the respective
parts of the outer peripheral surfaces of the shaft sections
from the head sections to the tips are made uniform, so
that the above failure can be suppressed by use of the
first fastening bolts having increased energy absorption
of impact.

[0017] The centrifugal compressor having the above
configuration may include a bearing pedestal having a
bearing section for supporting the rotor shaft, and aflange
section for supporting the scroll section, wherein the
flange section and the scroll casing may be fastened to
each other at a plurality of second fastening positions
around the axial line by a plurality of second fastening
bolts extending in the direction of the axial line, and the
flange section and the scroll casing may be fastened to
each other in a state where cylindrical second spacer
members each having an inner diameter smaller than a
diameter of a head section of each of the second fasten-
ing bolts are inserted into shaft sections of the second
fastening bolts.

[0018] According to the centrifugal compressor of this
aspect, when the all or the one part of the inlet casing
that scatters in the direction away from the scroll section
collides with the silencer casing that houses the partition
plates, impact in the direction in which the scroll casing
is separated from the flange section of the bearing ped-
estal is applied. This impact is absorbed by contraction
of the second spacer members disposed between the
head sections of the second fastening bolts and the scroll
casing. Thus, impact in the direction of the axial line is
absorbed by use ofthe second spacer members fastened
while being inserted into the second fastening bolts, so
that faults such as fracture of the second fastening bolts
are suppressed. Accordingly, it is possible to suppress
faults such as a gap generated by the scattering of the
all or the one part of the inlet casing in a part of the cen-
trifugal compressor, scattering the all or the one part of
the impeller to the outside from the gap.

[0019] In the centrifugal compressor of the above as-
pect, the second fastening bolts may each include a male
screw formed on an outer peripheral surface of the shaft
section from the head section to a tip.

[0020] Consequently, deformations at the respective
parts of the outer peripheral surfaces of the shaft sections
from the head sections to the tips are made uniform, so
that the above failure can be suppressed by use of the
second fastening bolts having increased energy absorp-
tion of impact.



5 EP 3 128 184 A1 6

[0021] A centrifugal compressor according to a second
aspect of the present invention includes: an impeller that
is mounted on a rotor shaft, and compresses fluid flowing
in from an intake, and then discharges the compressed
fluid from a discharge port; an inlet casing that houses
the impeller; a scroll section that is disposed on an outer
peripheral side with respect to the inlet casing, and has
a scroll casing for forming a volute chamber into which
the compressed fluid discharged from the discharge port
flows; a bearing pedestal having a bearing section for
supporting the rotor shaft, and a flange section for sup-
porting the scroll section; a plurality of flange section fas-
tening bolts that fasten the flange section to the scroll
casing ata plurality of fastening positions around the axial
line of the rotor shaft, and extend in the direction of the
axial line; and a plurality of clamp members having re-
cesses which surround an outer peripheral edge of the
flange section and an outer peripheral edge of the scroll
casing from an outer peripheral side, and through holes
which are opened to the recesses, and extend in the di-
rection of the axial line, wherein one of either the flange
section or the scroll casing has a plurality of fastening
holes extending in the direction of the axial line, in a pe-
ripheral direction around the axial line, one of either the
flange section or the scroll casing, and the clamp mem-
bers are fastened to each other by clamp member fas-
tening bolts inserted into the through holes and the fas-
tening holes, and predetermined gaps are provided be-
tween an end face in the direction of the axial line of the
other of either the flange section or the scroll casing, and
end faces in the direction of the axial line of the recesses.
[0022] According to the centrifugal compressor ac-
cording to the second aspect of the present invention,
even in a case where the plurality of flange section fas-
tening bolts are fractured, and the flange section of the
bearing pedestal and the scroll casing are separated from
each other, the end face in the direction of the axial line
ofthe other of either the flange section or the scroll casing
comes into contact with the end faces in the direction of
the axial line of the recesses. Impact caused by this con-
tactis absorbed by the plurality of clamp members mount-
ed in the peripheral direction around the axial line. Con-
sequently, it is possible to suppress faults such as a gap
generated by the scattering of all or one part of the im-
peller in a part of the centrifugal compressor, scattering
the all or the one part of the damaged impeller to the
outside from the gap.

[0023] In the above aspect, the flange section may
have the fastening holes, and is fastened to the clamp
members by the third fastening bolts, and predetermined
gaps are provided between an end face in the direction
of the axial line of the scroll casing, and end faces in the
direction of the axial line of the recesses, and the flange
section has a stepped section that connects a contact
surface that is in contact with the scroll casing, and an
end face of the flange section that forms a second flow
passage for allowing the compressed fluid to circulate,
and is disposed on a side closer to the second flow pas-
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sage than the contact surface.

[0024] Consequently, in a case where the plurality of
flange section fastening bolts are fractured, the flange
section of the bearing pedestal and the scroll casing are
separated from each other, and the end face in the di-
rection of the axial line of the scroll casing comes into
contact with the end faces in the direction of the axial line
of the recesses, opening between the flange section and
the scroll casing is suppressed by existence of the
stepped section.

[0025] Furthermore, a width in the direction of the axial
line of the stepped section is wider than a width of each
of the predetermined gaps, so that opening can be more
reliably suppressed.

[0026] A supercharger according to the presentinven-
tion includes: a centrifugal compressor described any of
the above; and a turbine that is rotated around the axial
line by exhaust gas exhausted from an internal combus-
tion engine, and is connected to the rotor shaft.

[0027] The supercharger according to the present in-
vention, it is possible to suppress faults such as a gap
generated by the scattering of the inlet casing provided
in the centrifugal compressor in a part of the centrifugal
compressor, scattering one part of the impeller to the
outside from the gap.

[0028] A method for manufacturing a centrifugal com-
pressor according to the present invention includes the
steps of: mounting an impeller on a rotor shaft, the im-
peller for compressing fluid flowing in from an intake and
then discharging the compressed fluid from a discharge
port; mounting an inlet casing so as to house the impeller,
and forming a flow passage for leading the fluid flowing
in from the intake to the discharge port; disposing a scroll
section, into which the compressed fluid discharged from
the discharge port flows, on an outer peripheral side in
a radial direction orthogonal to the direction of the axial
line with respect to the inlet casing; and providing a plu-
rality of partition plates on an upstream side in a fluid
circulation direction with respect to the intake, and radi-
ally disposing about the axial line so as to each have a
predetermined length in the direction of the axial line,
each of the plurality of partition plates having a plate thick-
ness of 4 mm or more and 9 mm or less.

[0029] According to the centrifugal compressor man-
ufactured by the manufacturing method according to the
present invention, in a case where all or one part of the
impeller is fractured or falls, the all or the one part of the
impeller scatters to collide with the inlet casing. The inlet
casing forms a flow passage for guiding the fluid flowing
in from the intake in the direction of the axial line of the
rotor shaft, in a direction inclined from the direction of the
axial line, and then leading the fluid to the discharge port.
Therefore, when the all or the one part of the impeller
which scatters in the radial direction collides with the inlet
casing, impact in the radial direction is applied to the inlet
casing. Similarly, when the all or the one part of the im-
peller which scatters in the direction of the axial line col-
lides with the inlet casing, impact in the direction of the
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axial line is applied to the inlet casing. The impact in the
direction of the axial line is impact causing the all or the
one part of the inlet casing to scatter in the direction away
from the scroll section, and therefore there is a possibility
that all or one part of the inlet casing falls from a mounting
position.

[0030] According to the centrifugal compressor man-
ufactured by the manufacturing method according to the
present invention, the plurality of partition plates are ra-
dially disposed about the axial line on the upstream side
in the fluid circulation direction with respect to the intake.
Therefore, the all or the one part of the impeller that scat-
ters, or the all or the one part of the inlet casing that
scatters in the direction away from the scroll section due
to impact resulting from the scattering of the impeller col-
lides with the plurality of partition plates housed in the
silencer casing. The plurality of partition plates each are
the rolled steel material having a plate thickness of 4 mm
or more and 9 mm or less, and therefore the plurality of
partition plates are suitably plastically deformed by col-
lision with the all or the one part of the inlet casing, and
then absorb energy resulting from the collision. Conse-
quently, it is possible to suppress faults such as a gap
generated by the scattering of the all or the one part of
the inlet casing in a part of the centrifugal compressor,
scattering the all or the one part of the impeller to the
outside from the gap.

{Advantageous Effects of Invention}

[0031] Accordingtothe presentinvention, itis possible
to provide a centrifugal compressor capable of suppress-
ing faults such as scattering of all or one part of an im-
peller to the outside in a case where all or one part of an
inlet casing scatters with fracture or falling of the all or
the one part of the impeller.

[0032] Additionally, according to the presentinvention,
it is possible to provide a supercharger including the
above centrifugal compressor, and a method for manu-
facturing the above centrifugal compressor.

{Brief Description of Drawings}
[0033]

{Fig. 1} Fig. 1 is a longitudinal sectional view illus-
trating an embodiment of a supercharger.

{Fig. 2} Fig. 2 is a sectional view taken along the A-
A arrow of a silencer illustrated in Fig. 1.

{Fig. 3} Fig. 3 is a sectional view taken along the B-
B arrow of the silencer illustrated in Fig. 2.

{Fig. 4} Fig. 4 is a partial enlarged view illustrating
the vicinity of a fastening position of the silencer cas-
ing and a scroll casing illustrated in Fig. 1.

{Fig. 5} Fig. 5 is a partial enlarged view illustrating
the vicinity of a fastening position of the scroll casing
and a flange section illustrated in Fig. 1.

{Fig. 6} Fig. 6 is a diagram of outer peripheral edges
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of the scroll casing and the flange section as viewed
from the P direction illustrated in Fig. 1.

{Fig. 7} Fig. 7 is a sectional view taken along the C-
C arrow of the outer peripheral edges of the scroll
casing and the flange section illustrated in Fig. 6,
which illustrates a state where the scroll casing and
the flange section are in contact with each other.
{Fig. 8} Fig. 8 is a sectional view taken along the C-
C arrow of the outer peripheral edges of the scroll
casing and the flange section illustrated in Fig. 6,
which illustrates a state where the scroll casing and
the flange section are separated from each other.

{Description of Embodiments}

[0034] A supercharger 100 of this embodiment will be
described with reference to the drawings.

[0035] The supercharger 100 of this embodiment is a
device that increases air (gas) to be supplied to a marine
diesel engine (internal combustion engine) used in a ves-
sel to atmospheric pressure or more, and improves com-
bustion efficiency of the marine diesel engine.

[0036] As illustrated in Fig. 1, the supercharger 100 of
this embodiment includes a centrifugal compressor 10,
aturbine (notillustrated), and a bearing pedestal 20. The
centrifugal compressor 10 and the turbine are connected
to a rotor shaft 30. The rotor shaft 30 is supported by the
bearing pedestal 20 while being rotatable around an axial
line X.

[0037] The centrifugal compressor 10 is a device that
compresses air flowing in from the outside of the super-
charger 100, and then supplies, to an intake manifold
(not illustrated) communicated with the inside of a cylin-
der liner (not illustrated) forming the marine diesel en-
gine, air that has been compressed (hereinafter, referred
to as compressed air (compressed fluid)). The centrifugal
compressor 10 includes animpeller 11, an air inlet casing
12 (inlet casing), a scroll section 13, partition plates 14,
and a silencer 15.

[0038] Thesupercharger 100 of thisembodimentleads
exhaust gas exhausted from the marine diesel engine to
the turbine to rotate a turbine disc mounted with a turbine
blade around the axial line X. The impeller 11 connected
through the rotor shaft 30 rotates with the rotation of the
turbine disc, air flowing in from an intake 11a is com-
pressed, and the compressed air is discharged from a
discharge port 11b. The compressed air discharged from
the discharge port 11b flows in the scroll section 13 to
be led to the intake manifold of the marine diesel engine.
[0039] The airinlet casing 12 and the scroll section 13
are formed of a metal member manufactured by casting
in order to form a complicated shape. As this metal mem-
ber, for example, cast iron that is a Fe-C based alloy
containing iron as a main component and containing 2%
or more of carbon is used. As the cast iron, various ma-
terials such as gray cast iron can be used. However, duc-
tile cast iron (FCD: Ferrum Casting Ductile) where black
smoke is spheroidized in a basic structure is preferably
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used. The metal material by casting is easily formed in
a complicated shape by casting, but has a brittle charac-
teristic.

[0040] Now, respective components included in the
centrifugal compressor 10 will be described.

[0041] Asillustrated in Fig. 1, the impeller 11 is mount-
ed on the rotor shaft 30 extending along the axial line X,
and rotates about the axial line X with the rotation of the
rotor shaft 30 around the axial line X. The impeller 11
rotates around the axial line X, so that air flowing in from
the intake 11a is compressed to be discharged from the
discharge port 11b.

[0042] As illustrated in Fig. 1, the impeller 11 includes
a hub 11c mounted on the rotor shaft 30, blades 11d
mounted on an outer peripheral surface of the hub 11c,
and a flow passage 11e. The impeller 11 is provided with
a space defined by the outer peripheral surface of the
hub 11c and an inner peripheral surface of the air inlet
casing 12, and this space is partitioned into a plurality of
spaced by a plurality of the blades 11d. The impeller 11
applies radial centrifugal force to air flowing in from the
intake 11a in the direction of the axial line X to discharge
the air in the direction orthogonal to the direction of the
axial line X (radial direction of the impeller 11), and allows
compressed air discharged from the discharge port 11b
to flow into a diffuser 13a.

[0043] The airinlet casing 12 is a member that houses
the impeller 11 and discharges, from the discharge port
11b, air flowing in from the intake 11a in the direction of
the axial line X of the rotor shaft 30. The air inlet casing
12 forms the flow passage 11e for guiding air flowing in
from the intake 11a along the axial line X in the radial
direction orthogonal to the axial line X, and then leading
the air to the discharge port 11b, together with the impel-
ler 11.

[0044] The scroll section 13 is a device in which com-
pressed air discharged from the discharge port 11b flows,
and which converts kinetic energy (dynamic pressure)
applied tothe compressed airinto pressure energy (static
pressure). The scroll section 13 is disposed on the outer
peripheral side in the radial direction orthogonal to the
direction of the axial line X with respect to the air inlet
casing 12.

[0045] The scroll section 13 includes the diffuser 13a,
a scroll casing 13b, and a volute chamber 13c. The volute
chamber 13c is a space formed by the scroll casing 13b.
As illustrated in Fig. 2, the scroll casing 13b is connected
to a flange section 20a of the bearing pedestal 20 by
fastening bolts 41.

[0046] The diffuser 13a is an airfoil member disposed
on the downstream side of the discharge port 11b of the
impeller 11, and forms a flow passage for leading com-
pressed air from the discharge port 11b to the volute
chamber 13c. The diffuser 13a is provided so as to sur-
round the discharge port 11b for compressed air provided
on the whole periphery of the impeller 11.

[0047] The diffuser 13a decelerates the flow velocity
ofthe compressed air discharged from the discharge port
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11b of the impeller 11, so that kinetic energy (dynamic
pressure) applied to the compressed air is converted into
the pressure energy (static pressure). The compressed
air whose flow velocity is decelerated when passing
through the diffuser 13a flows in the volute chamber 13¢c
communicated with the diffuser 13a. The working fluid
flowing in the volute chamber 13c is discharged to a dis-
charge pipe (not illustrated).

[0048] The partition plates 14 are plate members pro-
vided on the upstream side in the air circulation direction
with respect to the intake 11a, and have predetermined
lengths in the direction of the axial line X. As illustrated
inFig. 2, the partition plates 14 are formed by four partition
plates 14a, 14b, 14c, 14d. The four partition plates 14a,
14b, 14c, 14d are radially disposed about the axial line
X. The partition plates 14 are devised so as to function
as an impact absorbing material for absorbing impact
due to collision with all or one part of the air inlet casing
12. Additionally, the partition plates 14 support a silencer
casing 15a of the silencer 15, and each function as a
straightening vane for straightening air circulating inside
the silencer 15.

[0049] As illustrated in Fig. 3, the partition plate 14b is
formed in arectangle whose cross-section along the axial
line X is long in the direction of the axial line X. Fig. 3
illustrates only the partition plate 14b, but other partition
plates 14a, 14c, 14d each have a similar sectional shape.
[0050] The partition plates 14 are each formed of a
metal member manufactured by rolling. As this metal
member, for example, a rolled steel material that is a Fe-
C based alloy containing iron as a main component and
containing a slight amount (about 0.2%) of carbon is
used. As the rolled steel material, various materials can
be used. However, a rolled steel material for general
structural use (JIS G 3101; ASTM A283), called SS400,
is preferably used.

[0051] The metal material by rolling is composed of a
composition suitable for a rolling process, and has duc-
tility resulting in breakage after large plastic deformation.
On the other hand, the metal material by casting is com-
posed of a composition suitable for a casting process,
and has elongation up to breakage which is smaller than
the elongation up to breakage of the metal material by
rolling. Thus, the metal material by rolling has larger elon-
gation up to breakage than the metal material by casting,
that is, has high ductility. Accordingly, the metal material
by rolling has higher breaking strength against impact
than the metal material by casting.

[0052] For example, the ductile cast iron material and
the SS400 material each have the tensile strength of 400
N/mm2 to 500 N/mm?2 at a normal temperature. On the
other hand, the ductile cast iron material has elongation
of about 10% in breakage, the S400 material has elon-
gation of 20% or more in breakage. Accordingly, the
SS400 material has higher ductility than the ductile cast
iron material.

[0053] In the centrifugal compressor 10 of this embod-
iment, all or one part of the blades 11d of the impeller 11
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is fractured or falls to scatter in the radial direction, and
collides with the air inlet casing 12. The flow passage
11e of the centrifugal compressor 10 is a flow passage
that gradually inclines from the intake 11a toward the
discharge port 11b in the direction of the axial line X.
Therefore, radial impact force, and impact force in the
direction of the axial line X are applied to the air inlet
casing 12. The impact force in the direction of the axial
line X is impact force of scattering the air inlet casing 12
in the direction away from the scroll section 13, and there-
fore there is a possibility that the airinlet casing 12 formed
of the metal member manufactured by casting is dam-
aged to fall from a mounting position.

[0054] In a case where the all or the one part of the air
inlet casing 12 falls from the mounting position, and scat-
ters toward the silencer 15, the all or the one part of the
air inlet casing 12 collides with the partition plates 14
disposed inside the silencer 15. Accordingly, the partition
plates 14 each formed of the metal member by rolling
have large plastic deformation ductility resulting in break-
age, and therefore whenimpact load is generated, kinetic
energy of impact is absorbed by plastic deformation.
Consequently, it is possible to make the all or the one
part of the air inlet casing 12 to stop scattering. That is,
the partition plates 14 are intentionally deformably dam-
aged to absorb impact, so that it is possible to suppress
the scattering of the air inlet casing 12 to the outside of
the supercharger 100, or suppress failure such as gen-
eration of a gap (opening) due to impact applied to other
part.

[0055] The plate thickness of each partition plate 14 of
this embodiment is in the range of 4 mm to 9 mm. Addi-
tionally, the plate thickness of each partition plate 14 is
more desirably in the range of 5 mm to 7 mm, and par-
ticularly, the plate thickness is preferably 6 mm. In a case
where the rigidity of the partition plates 14 is too low,
even when the partition plates 14 are largely deformed
by the impact load of the all or the one part of the air inlet
casing 12 which has been damaged to scatter, the par-
tition plates 14 cannot sufficiently absorb the impactload,
andthe all or the one part of the air inlet casing 12 scatters
outside the supercharger 100.

[0056] On the other hand, when the rigidity of the par-
tition plates 14 is too high, deformations of the partition
plates 14 against the impact load of the all or the one
part of the air inlet casing 12 which has scattered are
reduced. Then, the partition plates 14 cannot sufficiently
absorb the impact load, and the impact load is propagat-
ed to other part, so that a gap (opening) is generated.
[0057] The inventors perform experiments while
changing the plate thickness of each partition plate 14,
and obtain knowledge that a plate thickness which does
not cause the air inlet casing 12 to scatter to the outside,
and does not cause the generation of the gap (opening)
inother partisin the range of 4 mmto 9 mm, and therefore
the plate thickness of each partition plate 14 is set in this
range.

[0058] The silencer 15 illustrated in Fig. 1 is a device
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that lowers a level of noise generated in the centrifugal
compressor 10. As illustrated in Fig. 1, the silencer 15
includes the silencer casing 15a. The silencer casing 15a
defines a flow passage 15b for leading, to the intake 11a
of the air inlet casing 12, air flowing in from the direction
illustrated by the arrow in Fig. 1 (direction orthogonal to
the axial line X). A noise reduction material 15e¢ is dis-
posed around the flow passage 15b so as to surround
the flow passage 15b. This noise reduction material 15e
absorbs a part of the noise generated in the centrifugal
compressor 10, and the level of the noise is lowered.
[0059] As illustrated in Fig. 1, the silencer casing 15a
houses inside the partition plates 14. An end of each
partition plate 14 is connected to the silencer casing 15a.
Accordingly, each partition plate 14 functions as a sup-
port member for supporting the silencer casing 15a as
well.

[0060] Now, astructure of fastening positions at which
the silencer casing 15a is fastened to the scroll casing
13b will be described.

[0061] As described above, when all or one part of the
airinlet casing 12 falls from the mounting position to scat-
ter, the all or the one part of the airinlet casing 12 collides
with the partition plates 14. In the above description, the
partition plates 14 each formed of the rolled steel material
absorb and stop kinetic energy of impact by plastically
deformingwhenimpactloadis generated. Inthe following
description, a structure in which the kinetic energy of the
impactis absorbed by a part other than the partition plates
14 will be described.

[0062] Asillustrated in Fig. 4, a flange section 13d pro-
vided in an end, on a side close to the silencer 15, of the
scroll casing 13b, and a flange section 15¢ provided in
an end, on a side close to the scroll casing 13b, of the
silencer casing 15a are fastened to each other at fasten-
ing positions (first fastening positions) illustrated in Fig.
4 by fastening bolts 40 (first fastening bolts).

[0063] Only one fastening position is illustrated in Fig.
4, but a plurality of fastening positions are provided in
the peripheral direction around the axial line X at constant
intervals. At the plurality of fastening positions, the flange
section 13d is fastened to the flange section 15c by the
fastening bolts 40.

[0064] As the fastening bolts 40, chromium molybde-
num steel containing a carbon amount of0.33% t0 0.38%,
called SCM435, is preferably used. The SCM435 is ex-
cellent in high strength, and a large elongation amount
up to fracture when tensile load is applied.

[0065] The flange section 15c is provided with fasten-
ing holes 15d extending along the axial line X. Addition-
ally, the flange section 13d is provided with fastening
holes 13e extending along the axial line X. Inner periph-
eral surfaces of these fastening holes 15d, 13e are
formed with female screws. On the other hand, an outer
peripheral surface of a shaftsection 40b of each fastening
bolt 40 extending along the axial line X is formed with a
male screw on a whole surface from the vicinity of a
boundary section between a head section 40a and the
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shaft section 40b to the vicinity of a tip of the shaft section
40b.

[0066] Deformations attherespective parts of the outer
peripheral surfaces of the shaft sections 40b are made
uniform, so that tensile load is generated in the fastening
bolts 40. Even in a case where plastic deformation is
performed until the elongation amount increases, stress
is hardly locally concentrated on the bolts 40, and there-
fore fracture is not caused until large elongation, which
is suitable.

[0067] The flange section 13d and the flange section
15c are fastened to each other in a state where cylindrical
spacers 50 (first spacer members) each having an inner
diameter d1 smaller than the diameter d2 of the head
section 40a of each fastening bolt 40, and having a pre-
determined length are inserted into the shaft sections
40b of the fastening bolts 40. In this state, the male screw
formed on the shaft section 40b of each fastening bolt
40 meshes with the female screws formed on the inner
peripheral surfaces of the fastening holes 15d, 13e.
[0068] The spacers 50 are each formed of a metal
member manufactured by rolling. As this metal member,
for example, a rolled steel material that is a Fe-C based
alloy containingiron as a main component and containing
a slight amount (about 0.2%) of carbon is used. As the
rolled steel material, various materials can be used. How-
ever, arolled steel material for general structural use (JIS
G 3101; ASTM A283), called SS400, is preferably used.
[0069] The metal material by rolling has ductility result-
ing in breakage after large plastic deformation, and there-
fore has higher breaking strength against impact than
the metal material by casting.

[0070] As illustrated in Fig. 4, the air inlet casing 12
and the scroll casing 13b are fastened to each other by
fastening bolts 42 inserted into through holes provided
in aflange section 12a of the air inlet casing 12. Only one
fastening position is illustrated in Fig. 4, but a plurality of
fastening positions are provided in the peripheral direc-
tion around the axial line X at constant intervals. At the
plurality of fastening positions, the air inlet casing 12 is
fastened to the scroll casing 13b by the fastening bolts 42.
[0071] In the above description, the plastic deforma-
tions of the partition plates 14 absorb and stop kinetic
energy of impact. Herein, a structure in which the kinetic
energy of the impact can be absorbed by the fastening
bolts 40 and the spacers 50 other than the partition plates
14 will be described.

[0072] As described above, when all or one part of the
airinlet casing 12 falls from the mounting position to scat-
ter, the all or the one part of the air inlet casing 12 collides
with the partition plates 14. By this collision, impact in the
direction separated from the scroll casing 13b is applied
to the silencer casing 15a. This impact acts on the fas-
tening positions of the fastening bolts 40, the flange sec-
tion 15c, and the flange section 13d.

[0073] AsillustratedinFig. 4, the reason why fastening
is performed in a state where each spacer 50 is inserted
into the shaft section 40b of the fastening bolt 40 is that
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the length in the direction of the axial line X of each fas-
tening bolt 40 is increased and a large elongation amount
is ensured. The predetermined length of each spacer 50
is made longer than at least the diameter of the shaft
section 40b of each fastening bolt 40, and is set to a
length so as not to cause a trouble on fastening work.
The elongation amounts are increased, so that the fas-
tening bolts 40 are prevented from being fractured, and
kinetic energy of impact due to collision with the all or the
one part of the air inlet casing 12 that falls from the mount-
ing position to scatter can be absorbed by the elongation
of the fastening bolts 40.

[0074] Asillustratedin Fig. 4, the reason why the spac-
ers 50 are provided is that kinetic energy of impact is
absorbed by the spacers 50 formed of the rolled steel
materials having ductility. The lengths in the direction of
the axial line X of the spacers 50 disposed between the
head sections 40a of the fastening bolts 40 and the flange
section 15c¢ are contracted by impact that acts on the
fastening positions of the fastening bolts 40 and the
flange section 15c. The spacers 50 formed of the rolled
steel materials have ductility resulting in breakage after
large plastic deformation, and therefore the spacers 50
are contracted in the direction of the axial line X, so that
itis possible to absorb the kinetic energy due to the above
impact.

[0075] Now, astructure of fastening positions at which
the scroll casing 13b is fastened to the bearing pedestal
20 will be described.

[0076] As illustrated in Fig. 1, the bearing pedestal 20
of this embodiment includes flange section 20a for sup-
porting the scroll section 13, and a bearing section 20b
for supporting the rotor shaft 30.

[0077] As illustrated in Fig. 5, a flange section 13f pro-
vided in an end, on a side close to the bearing pedestal
20, of the scroll casing 13b, and a flange section 20a
provided in an end, on a side close to the scroll casing
13b, of the bearing pedestal 20 are fastened to each other
at fastening positions (second fastening positions) illus-
trated in Fig. 5 by fastening bolts 41 (second fastening
bolts).

[0078] As the fastening bolts 41, chromium molybde-
num steel containing a carbon amountof0.33% t0 0.38%,
called SCM435, is preferably used. The SCM435 is ex-
cellent in high strength, and a large elongation amount.
[0079] Theflange section 13fis provided with fastening
holes 13g extending along the axial line X. Additionally,
the flange section 20a is provided with fastening holes
20c extending along the axial line X. Inner peripheral sur-
faces of these fastening holes 13g, 20c are formed with
female screws. On the other hand, an outer peripheral
surface of a shaft section 41b of each fastening bolt 41
extending along the axial line X is formed with a male
screw on a whole surface from a head section 41a and
a tip.

[0080] The flange section 13f and the flange section
20a are fastened to each otherin a state where cylindrical
spacers 51 (second spacer members) each having an
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inner diameter d3 smaller than the diameter d4 of the
head section 41a of each fastening bolt 41 are inserted
into the shaft sections 41b of the fastening bolts 41. In
this state, the male screw formed on the shaft section
41b of each fastening bolt 41 meshes with the female
screws formed on the inner peripheral surfaces of the
fastening holes 13g, 20c.

[0081] The spacers 51 are each formed of a metal
member manufactured by rolling. As this metal member,
for example, arolled steel material that is a Fe-C based
alloy containingiron as a main component and containing
a slight amount (about 0.2%) of carbon is used. As the
rolled steel material, various materials can be used. How-
ever, arolled steel material for general structural use (JIS
G 3101; ASTM A283), called SS400, is preferably used.
[0082] The metal material by rolling has ductility result-
ing in breakage after large plastic deformation, and there-
fore has higher breaking strength against impact than
the metal material by casting.

[0083] As described above, when all or one part of the
air inlet casing 12 falls from the mounting position, the
all or the one part of the air inlet casing 12 collides with
the partition plates 14. By this collision, impact in the di-
rection in which the scroll casing 13b is separated from
the bearing pedestal 20 is applied. This impact acts on
the fastening positions of the fastening bolts 41, the
flange section 13f, and the flange section 20a.

[0084] AsillustratedinFig. 5, the reason why fastening
is performed in a state where each spacer 51 is inserted
into shaft section 41b of the fastening bolt 41 is that the
length in the direction of the axial line X of each fastening
bolt 41 is increased and a large elongation amount is
ensured. The elongation amounts are increased, so that
the fastening bolts 41 are prevented from being fractured,
and kinetic energy of impact due to collision with the all
or the one part of the air inlet casing 12 that falls from
the mounting position to scatter can be absorbed by the
elongation of the fastening bolts 41.

[0085] Asillustratedin Fig. 5, the reason why the spac-
ers 51 are provided is that kinetic energy of impact is
absorbed by the spacers 51 formed of the rolled steel
materials having ductility. The lengths in the direction of
the axial line X of the spacers 51 disposed between the
head sections 41a of the fastening bolts 41 and the flange
section 13f are contracted by impact that acts on the fas-
tening positions of the fastening bolts 41 and the flange
section 13f. The spacers 51 formed of the rolled steel
materials have ductility resulting in breakage after large
plastic deformation, and therefore the spacers 51 are
contracted in the direction of the axial line X, so that it is
possible to absorb the kinetic energy due to the above
impact.

[0086] Now, scroll clamp members 60 mounted on out-
er peripheral edges of the casing 13b and the bearing
pedestal 20 will be described. The vicinity of the fastening
position of the flange section 13f of the scroll casing 13b,
and the flange section 20a of the bearing pedestal 20 is
illustrated in Fig. 6. Fig. 6 is a diagram of the outer pe-
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ripheral edges of the flange section 13f of the scroll casing
13b and the flange section 20a as viewed from the P
direction illustrated in Fig. 1.

[0087] As illustrated in Fig. 6, a plurality of the clamp
members 60 are mounted between a plurality of the fas-
tening positions (second fastening positions) by the fas-
tening bolts 41, in the peripheral direction around the
axial line X.

[0088] As illustrated in Fig. 7, the clamp members 60
have respective recesses 60a that surround the outer
peripheral edge of the flange section 20a and the outer
peripheral edge of the flange section 13f of the scroll
casing 13b from the outer peripheral side. Additionally,
the clamp members 60 have respective through holes
60b which are opened to the recesses 60a, and extend
in the direction of the axial line X.

[0089] As illustrated in Fig. 7, the flange section 20a
has fastening holes 20d extending in the direction of the
axial line X. Only one fastening hole 20d is illustrated in
Fig. 7, but a plurality of fastening positions are provided
in the peripheral direction around the axial line X at equal
intervals. On inner peripheral surfaces of the fastening
holes 20d, female screws are formed. On the other hand,
on outer peripheral surfaces of shaft sections of fastening
bolts 43 (third fastening bolts) inserted into the through
holes 60b and the fastening holes 20d, male screws are
formed. The male screws of the fastening bolts 43 mesh-
es with the female screws of the fastening holes 20d, so
that the flange section 20a and the clamp members 60
are fastened to each other.

[0090] In astate where the clamp members 60 are fas-
tened to the flange section 20a, predetermined gaps 60c
are provided between an end face 13i in the direction of
the axial line X of the scroll casing 13b, and end faces
60e in the direction of the axial line X of the recesses
60a. The width along the axial line X of each gap 60c is
denoted by d5.

[0091] The flange section 20a includes a contact sur-
face 20e that is in contact with the scroll casing 13b, an
end face 20f that forms a flow passage 13h (second flow
passage) for allowing compressed air to circulate, and a
stepped section 20g that connects the contact surface
20e and the end face 20f. As illustrated in Fig. 7, the end
face 20f is disposed on a side closer to the flow passage
13h than the contact surface 20e.

[0092] The width d6 in the direction of the axial line X
of the stepped section 20g is wider than the width d5 of
each gap 60c.

[0093] As described above, when the air inlet casing
12 falls from the mounting position, the air inlet casing
12 collides with the partition plates 14. By this collision,
impact in the direction in which the scroll casing 13b is
separated from the bearing pedestal 20 is applied. This
impact force acts on the fastening positions of the fas-
tening bolts 41, the flange section 13f, and the flange
section 20a.

[0094] As illustrated in Fig. 7, the reason why the pre-
determined gaps 60c are provided is thatin a case where
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impact in the direction of the axial line X due to scattering
of all or one part of the impeller 11 cannot be sufficiently
absorbed, and the fastening bolts 41 are fractured and
the scroll casing 13b is separated from the bearing ped-
estal 20, the clamp members 60 absorb impact caused
by the separated scroll casing 13b.

[0095] In a case where the predetermined gaps 60c
are provided, fastening force in the vicinities of the clamp
members 60 increases, and the fastening bolts 41 are
hardly fractured. In this case, while fracture of the fas-
tening bolts 41 can be prevented, there is a possibility
that load is applied to other part (for example, the scroll
casing 13b), and the part to which the load is applied is
fractured.

[0096] When the fastening bolts 41 are fractured, and
the scroll casing 13b is separated from the bearing ped-
estal 20, the scroll casing 13b is brought into the state
illustrated in Fig. 8 from the state illustrated in Fig. 7.
[0097] When the scroll casing 13b is brought into the
state illustrated in Fig. 8, the end face 13i in the direction
of the axial line X of the scroll casing 13b comes into
contact with the end faces 60e in the direction of the axial
line X of the recesses 60a. In this state, on the contact
surface 20e, a gap 60d having a width d5 in the direction
of the axial line X is formed. When this gap 60d is com-
municated with the flow passage 13h to cause the gap
(opening), there is a possibility that a part of the damaged
blades 11d scatters from the flow passage 13h to the
outside.

[0098] In this embodiment, as illustrated in Fig. 8, the
width d6 in the direction of the axial line X of the stepped
section 20g is wider than the width d5 of the gap 60d.
Therefore, faults are prevented such as the gap 60d
brought into communication with the flow passage 13h,
causing a gap (opening) for allowing a damaged member
to pass.

[0099] In this embodiment, the gaps 60c are intention-
ally provided between the end face 13i in the direction of
the axial line X of the scroll casing 13b and the end faces
60e in the direction of the axial line X of the recesses
60a, so that fracture at a position other than the fastening
positions of the fastening bolts 41 is prevented. Then, in
a case where the fastening bolts 41 are fractured, the
impact caused by separation of the scroll casing 13b from
the bearing pedestal 20 is absorbed by the clamp mem-
bers 60.

[0100] Now, a method for manufacturing the centrifu-
gal compressor of this embodiment will be described.
[0101] In a method for manufacturing the centrifugal
compressor 10 of this embodiment, the centrifugal com-
pressor 10 is manufactured by the following steps.
[0102] In a first step, the impeller 11 that compresses
air flowing in from the intake 11a, and then discharges
the compressed air from the discharge port 11b is mount-
ed on the rotor shaft 30.

[0103] In a second step, the flow passage for guiding
the air flowing in from the intake 11a in the direction of
the axial line X of the rotor shaft 30, in the direction in-
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clined from the direction of the axial line X, and then lead-
ing the air to the discharge port 11b is formed by mounting
the air inlet casing 12 so as to house the impeller 11.
[0104] In athird step, the scroll section 13 in which the
compressed air discharged from the discharge port 11b
flows is disposed on the outer peripheral side in the radial
direction orthogonal to the direction of the axial line X
with respect to the air inlet casing 12.

[0105] In afourth step, a plurality of the partition plates
14 each having a plate thickness of 4 mm or more and
9 mm or less are provided on the upstream side in the
air circulation direction with respect to the intake 11a,
and are radially disposed about the axial line X so as to
have predetermined lengths in the direction of the axial
line X.

[0106] By the above steps, the centrifugal compressor
10 of this embodiment is manufactured.

[0107] Operation and effects exerted by the centrifugal
compressor 10 provided in the supercharger 100 of this
embodiment described above will be described.

[0108] According to the centrifugal compressor 10 pro-
vided in the supercharger 100 of this embodiment, in a
case where all or one part of the impeller 11 is fractured
or falls, all or one part of the impeller 11 scatters in the
radial direction to collide with the air inlet casing 12.
[0109] The air inlet casing 12 forms the flow passage
11e for guiding air flowing in from the intake 11a in the
direction of the axial line X of the rotor shaft 30, in the
direction inclined from the direction of the axial line X,
and leading the air to the discharge port 11b. When all
or one part of the impeller 11 which scatters in the radial
direction collides with the air inlet casing 12, impact in
the radial direction is applied to the air inlet casing 12.
Similarly, when all or one part of the impeller 11 which
scatters in the radial direction collides with the air inlet
casing 12, impact in the direction of the axial line X is
applied to the air inlet casing 12. The impact in the direc-
tion of the axial line X is impact causing the all or the one
part of the air inlet casing 12 to scatter in the direction
away from the scroll section 13, and therefore there is a
possibility that the all or the one part of the air inlet casing
12 falls from the mounting position.

[0110] According to the centrifugal compressor 10 of
this embodiment, the plurality of partition plates 14 each
having a predetermined length in the direction of the axial
line X are radially disposed about the axial line X on the
upstream side in the air circulation direction with respect
to the intake 11a. Therefore, the all or the one part of the
impeller 11 that scatters, or the all or the one part of the
airinlet casing 12 that scatters in the direction away from
the scroll section 13 collides with the plurality of partition
plates 14 due to impact resulting from the scattering of
the impeller 11.

[0111] The plurality of partition plates 14 each are a
rolled steel material having a plate thickness of 4 mm or
more and 9 mm or less. Therefore, the plurality of partition
plates 14 are suitably plastically deformed by collision
with the all or the one part of the air inlet casing 12, and
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then absorbs energy resulting from the collision. Conse-
quently, it is possible to suppress faults such as a gap
generated by the scattering of the all or the one part of
the air inlet casing 12 in a part of the centrifugal com-
pressor 10, scattering the all or the one part of the impeller
11 to the outside from the gap.

[0112] According to the centrifugal compressor 10 of
this embodiment, when the all or the one part of the air
inlet casing 12 that scatters in the direction away from
the scroll section 13 collides with the silencer casing 15a
that houses the partition plates 14, impact is applied in
the directionin which the silencer casing 15ais separated
from the scroll casing. This impact is absorbed by con-
traction of the spacers 50 disposed between the head
sections 40a of the fastening bolts 40 and the silencer
casing 15a. Thus, the impact in the direction of the axial
line is absorbed by use of the spacers 50 fastened while
being inserted into the fastening bolts 40, so that faults
such as fracture of the fastening bolts 40 are suppressed.
Accordingly, it is possible to suppress faults such as a
gap generated by the scattering of the all or the one part
of the air inlet casing 12 in a part of the centrifugal com-
pressor 10, scattering the all or the one part of the impeller
11 to the outside from the gap.

[0113] Inthe centrifugal compressor 10 of this embod-
iment, the fastening bolts 40 include male screws formed
on the outer peripheral surfaces of the shaft sections 40b
from the head sections 40a to the tips. Consequently,
deformations at the respective parts of the outer periph-
eral surfaces of the shaft sections 40b from the head
sections 40a to the tips are made uniform, so that the
above failure can be suppressed by use of the fastening
bolts 40 having increased energy absorption of impact.
[0114] According to the centrifugal compressor 10 of
this embodiment, when the all or the one part of the air
inlet casing 12 that scatters in the direction away from
the scroll section 13 collides with the silencer casing 15a
that houses the partition plates 14, impactin the direction
in whichthe scroll casing 13b is separated from the flange
section 20a of the bearing pedestal 20 is applied. This
impact is absorbed by contraction of the spacers 51 dis-
posed between the head sections 41a of the fastening
bolts 41 and the scroll casing 14b. Thus, impact in the
direction of the axial line X is absorbed by use of the
spacers 51 fastened while being inserted into the fasten-
ing bolts 41, so that faults such as fracture of the fastening
bolts 41 are suppressed. Accordingly, it is possible to
suppress faults such as agap generated by the scattering
of the all or the one part of the air inlet casing 12 in a part
of the centrifugal compressor 10, scattering the all or the
one part of the impeller 11 to the outside from the gap.

[0115] Inthe centrifugal compressor 10 of this embod-
iment, the fastening bolts 41 include male screws formed
on the outer peripheral surfaces of the shaft sections 40b
from the head sections 41a to the tips. Consequently,
deformations at the respective parts of the outer periph-
eral surfaces of the shaft sections 40b from the head
sections 41a to the tips are made uniform, so that the
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above failure can be suppressed by use of the fastening
bolts 41 having increased energy absorption of impact.
[0116] The centrifugal compressor 10 of this embodi-
mentincludes a plurality of the clamp members 60 having
recesses 60a that surround the outer peripheral edge of
the flange section 20a and the outer peripheral edge of
the scroll casing 13b from the outer peripheral side, and
the through holes 60b that are opened to the recesses
60a, and extend in the direction of the axial line X. The
flange section 20a has a plurality of the fastening holes
20d extending in the direction of the axial line X, in the
peripheral direction around the axial line X. Then, the
flange section 20a and the clamp members 60 are fas-
tened to each other by the fastening bolts 43 inserted
into the through holes 60b and the fastening holes 20d.
Furthermore, the predetermined gaps 60c are provided
between the end face 13i in the direction of the axial line
X of the scroll casing 13b, and the end faces 60e in the
direction of the axial line X of the recesses 60a.

[0117] Consequently, even in a case where the plural-
ity of fastening bolts 41 are fractured, and the flange sec-
tion 20a of the bearing pedestal 20 and the scroll casing
13b are separated from each other, the end face 13i in
the direction of the axial line X of the scroll casing 13b
comes into contact with the end faces 60e in the direction
of the axial line X of the recesses 60a. Impact caused by
this contact is absorbed by the plurality of clamp mem-
bers 60 mounted in the peripheral direction around the
axial line X. Consequently, itis possible to suppress faults
such as a gap generated by the scattering of the air inlet
casing 12 in a part of the centrifugal compressor 10, scat-
tering the all or the one part of the damaged impeller 11
to the outside from the gap.

[0118] In this embodiment, the flange section 20a is
fastened to the clamp members 60 by the fastening bolts
43, and the predetermined gaps 60c are provided be-
tween the end face 13i in the direction of the axial line X
of the scroll casing 13b, and the end faces 60e in the
direction of the axial line X of the recesses 60a. Addition-
ally, the flange section 20a has the stepped section 20g
that connects the contact surface 20e that is in contact
with the scroll casing 13b, and the end face 20f of the
flange section 20a that forms the flow passage 13h for
allowing compressed air to circulate, and is disposed on
the side closer to the flow passage 13h than the contact
surface 20e.

[0119] Consequently, in a case where the plurality of
fastening bolts 41 are fractured, the flange section 20a
of the bearing pedestal 20 and the scroll casing 13b are
separated from each other, and the end face 13i in the
direction of the axial line X of the scroll casing 13b comes
into contact with the end faces 60e in the direction of the
axial line X of the recesses 60a, opening between the
flange section 20a and the scroll casing 13b is sup-
pressed by existence of the stepped section 20g. Fur-
thermore, the width d6 in the direction of the axial line X
of the stepped section 20g is wider than the width d5 of
the predetermined gap 60d, and therefore a communi-
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cated gap is not generated, and opening can be more
reliably suppressed.

Other Embodiment

[0120] Inthe above description, the rotor shaft 30 con-
nected to the impeller 11 provided in the centrifugal com-
pressor 10 rotates around the axial line X by a turbine
(not illustrated) rotated by exhaust gas exhausted from
the marine diesel engine. However, other aspect may be
employed. For example, the rotor shaft 30 may be rotated
by other power source other than a motor connected to
the rotor shaft 30, or the like.

[0121] Intheabove description, the four partition plates
14 are disposed at intervals of 90 degrees about the axial
line X. However, other aspect may be employed. An ar-
bitrary number of partition plates may be disposed. For
example, six partition plates may be radially disposed at
intervals of 60 degrees about the axial line X, or eight
partition plates may be disposed at intervals of 45 de-
grees about the axial line X.

[0122] In the above description, the clamp members
60 are fastened to the flange section 20a of the bearing
pedestal 20. However, other aspect may be employed.
For example, the clamp members 60 may be fastened
to the flange section 13e of the scroll casing 13b. In this
case, the flange section 13e of the scroll casing 13b has
a plurality of fastening holes extending in the direction of
the axial line X, in the peripheral direction around the
axial line X. Additionally, the fastening bolts 43 are fas-
tened to the plurality of fastening holes, so that the clamp
members 60 are fastened to the flange section 13e of
the scroll casing 13b. In this case, the gaps 60c described
above are provided between the end face in the direction
of the axial line X of the flange section 20a of the bearing
pedestal 20, and the end face in the direction of the axial
line X of the recesses of the clamp members 60.

{Reference Signs List}
[0123]

10 centrifugal compressor

11 impeller

11a intake

11b discharge port

11d blade

11e flow passage

12 air inlet casing (inlet casing)
13 scroll section

13b scroll casing

13d flange section

13f flange section

13h flow passage (second flow passage)
13i end face

14 partition plate

15 silencer

15a silencer casing
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15b flow passage (first flow passage)
15c¢ flange section

20 bearing pedestal

20a flange section

20e contact surface

20f end face

20g stepped section

30 rotor shaft

40 fastening bolt (first fastening bolt)
41 fastening bolt (second fastening bolt; flange sec-
tion fastening bolt)

43 fastening bolt (third fastening bolts; clamp mem-
ber fastening bolt)

50 spacer (first spacer member)

51 spacer (second spacer member)
60 clamp members

60a recess

60b through hole

60c gap

60d gap

60e end face

100 supercharger

Claims

1.

A centrifugal compressor comprising:

an impeller that is mounted on a rotor shaft, and
compresses fluid flowing in from an intake, and
then discharges the compressed fluid from a dis-
charge port;

an inlet casing that houses the impeller;

a scroll section which is disposed on an outer
peripheral side with respect to the inlet casing,
and into which the compressed fluid discharged
from the discharge port flows;

a plurality of partition plates provided on an up-
stream side in a fluid circulation direction with
respect to the intake, and each having a prede-
termined length in a direction of an axial line of
the rotor shaft; and

a silencer having a silencer casing for housing
the plurality of partition plates, wherein

the plurality of partition plates are radially disposed
about the axial line, and each are a rolled steel ma-
terial having a plate thickness of 4 mm or more and
9 mm or less.

The centrifugal compressor according to claim 1,
wherein

the scroll section has a scroll casing forming a volute
chamber into which the compressedfluid discharged
from the discharge port flows,

the scroll casing and the silencer casing are fastened
to each other at a plurality of first fastening positions
in a peripheral direction around the axial line by a
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plurality of first fastening bolts extending in the di-
rection of the axial line, and

the scroll casing and the silencer casing are fastened
to each other in a state where cylindrical first spacer
members each having an inner diameter smaller
than a diameter of a head section of each of the first
fastening bolts are inserted into shaft sections of the
first fastening bolts.

The centrifugal compressor according to claim 2,
wherein

the first fastening bolts each include a male screw
formed on an outer peripheral surface of the shaft
section from the head section to a tip.

The centrifugal compressor according to claim 2 or
3, comprising

a bearing pedestal having a bearing section for sup-
porting the rotor shaft, and a flange section for sup-
porting the scroll section, wherein

the flange section and the scroll casing are fastened
to each other at a plurality of second fastening posi-
tions around the axial line by a plurality of second
fastening bolts extending in the direction of the axial
line, and

the flange section and the scroll casing are fastened
to each other in a state where cylindrical second
spacer members each having an inner diameter
smaller than a diameter of a head section of each of
the second fastening bolts are inserted into shaft
sections of the second fastening bolts.

The centrifugal compressor according to claim 4,
wherein

the second fastening bolts each include a male
screw formed on an outer peripheral surface of the
shaft section from the head section to a tip.

A centrifugal compressor comprising:

an impeller that is mounted on a rotor shaft, and
compresses fluid flowing in from an intake, and
thendischarges the compressed fluid from a dis-
charge port;

an inlet casing that houses the impeller;

a scroll section that is disposed on an outer pe-
ripheral side with respect to the inlet casing, and
has a scroll casing forming a volute chamber
into which the compressed fluid discharged from
the discharge port flows;

a bearing pedestal having a bearing section for
supporting the rotor shaft, and a flange section
for supporting the scroll section;

a plurality of flange section fastening bolts that
fasten the flange section to the scroll casing at
a plurality of fastening positions around the axial
line of the rotor shaft, and extend in the direction
of the axial line; and
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a plurality of clamp members having recesses
which surround an outer peripheral edge of the
flange section and an outer peripheral edge of
the scroll casing from an outer peripheral side,
and through holes which are opened to the re-
cesses, and extend in the direction of the axial
line, wherein

one of either the flange section or the scroll casing
has a plurality of fastening holes extending in the
direction of the axial line, in a peripheral direction
around the axial line,

one of either the flange section or the scroll casing,
and the clamp members are fastened to each other
by clamp member fastening bolts inserted into the
through holes and the fastening holes, and
predetermined gaps are provided between an end
face in the direction of the axial line of the other of
either the flange section or the scroll casing, and end
faces in the direction of the axial line of the recesses.

The centrifugal compressor according to claim 6,
wherein

the flange section has the fastening holes, and is
fastened to the clamp members by the clamp mem-
ber fastening bolts,

predetermined gaps are provided between an end
face in the direction of the axial line of the scroll cas-
ing, and end faces in the direction of the axial line of
the recesses, and

the flange section has a stepped section that con-
nects a contact surface that is in contact with the
scroll casing, and an end face of the flange section
that forms a second flow passage for allowing the
compressed fluid to circulate, and is disposed on a
side closer to the second flow passage than the con-
tact surface.

The centrifugal compressor according to claim 7,
wherein a width in the direction of the axial line of
the stepped section is wider than a width of each of
the predetermined gaps.

A supercharger comprising:

a centrifugal compressor according to any one
of claims 1 to 8; and

a turbine that is rotated around the axial line by
exhaust gas exhausted from an internal com-
bustion engine, and is connected to the rotor
shaft.

10. A method for manufacturing a centrifugal compres-

sor comprising the steps of:

mounting an impeller on a rotor shaft, the impel-
ler for compressing fluid flowingin from anintake
and then discharging the compressed fluid from
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a discharge port;

mounting an inlet casing so as to house the im-
peller, and forming a flow passage for leading
the fluid flowing in from the intake to the dis-
charge port;

disposing a scroll section, into which the com-
pressed fluid discharged from the discharge port
flows, on an outer peripheral side in a radial di-
rection orthogonal to the direction of the axial
line with respect to the inlet casing; and
providing a plurality of partition plates on an up-
stream side in a fluid circulation direction with
respect to the intake, and radially disposing
about the axial line so as to each have a prede-
termined length in the direction of the axial line,
each of the plurality of partition plates having a
plate thickness of 4 mm or more and 9 mm or
less.

Amended claims under Art. 19.1 PCT

1. A centrifugal compressor comprising:

animpeller thatis mounted on a rotor shaft, and
compresses fluid flowing in from an intake, and
thendischarges the compressed fluid from a dis-
charge port;

an inlet casing that houses the impeller;

a scroll section which is disposed on an outer
peripheral side with respect to the inlet casing,
and into which the compressed fluid discharged
from the discharge port flows;

a plurality of partition plates provided on an up-
stream side in a fluid circulation direction with
respect to the intake, and each having a prede-
termined length in a direction of an axial line of
the rotor shaft; and

a silencer having a silencer casing for housing
the plurality of partition plates, wherein

the plurality of partition plates are radially disposed
about the axial line, and each are a rolled steel ma-
terial having a plate thickness of 4 mm or more and
9 mm or less.

2. The centrifugal compressor according to claim 1,
wherein

the scroll section has a scroll casing forming a volute
chamberinto which the compressed fluid discharged
from the discharge port flows,

the scroll casing and the silencer casing are fastened
to each other at a plurality of first fastening positions
in a peripheral direction around the axial line by a
plurality of first fastening bolts extending in the di-
rection of the axial line, and

the scroll casing and the silencer casing are fastened
to each other in a state where cylindrical first spacer
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members each having an inner diameter smaller
than a diameter of a head section of each of the first
fastening bolts are inserted into shaft sections of the
first fastening bolts.

3. The centrifugal compressor according to claim 2,
wherein

the first fastening bolts each include a male screw
formed on an outer peripheral surface of the shaft
section from the head section to a tip.

4. The centrifugal compressor according to claim 2
or 3, comprising

a bearing pedestal having a bearing section for sup-
porting the rotor shaft, and a flange section for sup-
porting the scroll section, wherein

the flange section and the scroll casing are fastened
to each other at a plurality of second fastening posi-
tions around the axial line by a plurality of second
fastening bolts extending in the direction of the axial
line, and

the flange section and the scroll casing are fastened
to each other in a state where cylindrical second
spacer members each having an inner diameter
smaller than a diameter of a head section of each of
the second fastening bolts are inserted into shaft
sections of the second fastening bolts.

5. The centrifugal compressor according to claim 4,
wherein

the second fastening bolts each include a male
screw formed on an outer peripheral surface of the
shaft section from the head section to a tip.

6. A centrifugal compressor comprising:

an impeller that is mounted on a rotor shaft, and
compresses fluid flowing in from an intake, and
then discharges the compressed fluid from a dis-
charge port;

an inlet casing that houses the impeller;

a scroll section that is disposed on an outer pe-
ripheral side with respect to the inlet casing, and
has a scroll casing forming a volute chamber
into which the compressed fluid discharged from
the discharge port flows;

a bearing pedestal having a bearing section for
supporting the rotor shaft, and a flange section
for supporting the scroll section;

a plurality of flange section fastening bolts that
fasten the flange section to the scroll casing at
a plurality of fastening positions around the axial
line of the rotor shaft, and extend in the direction
of the axial line; and

a plurality of clamp members having recesses
which surround an outer peripheral edge of the
flange section and an outer peripheral edge of
the scroll casing from an outer peripheral side,
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and through holes which are opened to the re-
cesses, and extend in the direction of the axial
line, wherein

one of either the flange section or the scroll casing
has a plurality of fastening holes extending in the
direction of the axial line, in a peripheral direction
around the axial line,

one of either the flange section or the scroll casing,
and the clamp members are fastened to each other
by clamp member fastening bolts inserted into the
through holes and the fastening holes, and
predetermined gaps are provided between an end
face in the direction of the axial line of the other of
either the flange section or the scroll casing, and end
facesin the direction of the axial line of the recesses.

7. The centrifugal compressor according to claim 6,
wherein

the flange section has the fastening holes, and is
fastened to the clamp members by the clamp mem-
ber fastening bolts,

predetermined gaps are provided between an end
face in the direction of the axial line of the scroll cas-
ing, and end faces in the direction of the axial line of
the recesses, and

the flange section has a stepped section that con-
nects a contact surface that is in contact with the
scroll casing, and an end face of the flange section
that forms a second flow passage for allowing the
compressed fluid to circulate, and is disposed on a
side closer to the second flow passage than the con-
tact surface.

8. The centrifugal compressor according to claim 7,
wherein

awidth in the direction of the axial line of the stepped
section is wider than a width of each of the prede-
termined gaps.

9. A supercharger comprising:

a centrifugal compressor according to any one
of claims 1 to 8; and

a turbine that is rotated around the axial line by
exhaust gas exhausted from an internal com-
bustion engine, and is connected to the rotor
shaft.

10. A method for manufacturing a centrifugal com-
pressor comprising the steps of:

mounting an impeller on a rotor shaft, the impel-
lerfor compressing fluid flowing in from an intake
and then discharging the compressed fluid from
a discharge port;

mounting an inlet casing so as to house the im-
peller, and forming a flow passage for leading
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the fluid flowing in from the intake to the dis-
charge port;

disposing a scroll section, into which the com-
pressed fluid discharged from the discharge port
flows, on an outer peripheral side in a radial di-
rection orthogonal to the direction of the axial
line with respect to the inlet casing; and
providing a plurality of partition plates on an up-
stream side in a fluid circulation direction with
respect to the intake, and radially disposing
about the axial line so as to each have a prede-
termined length in the direction of the axial line,
each of the plurality of partition plates having a
plate thickness of 4 mm or more and 9 mm or
less.

11. A silencer that is mounted on a centrifugal com-
pressor, the centrifugal compressor including an im-
pellerthatis mounted on a rotor shaft, and compress-
esfluid flowinginfrom anintake, and then discharges
the compressed fluid from a discharge port; a guide
cylinder that houses the impeller; a scroll section
which is disposed on an outer peripheral side with
respecttothe guide cylinder, and into which the com-
pressed fluid discharged from the discharge port
flows, the silencer comprising:

a plurality of partition plates provided on an up-
stream side in a fluid circulation direction with
respect to the intake, and each having a prede-
termined length in a direction of an axial line of
the rotor shaft; and

a silencer casing for housing the plurality of par-
tition plates, characterized in that:

the plurality of partition plates are radially
disposed about the axial line, and each are
a rolled steel material having a plate thick-
ness of 4 mm or more and 9 mm or less.
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“A centrifugal compressor including: a plurality of partitions which
are provided upstream of an inlet port in the direction of flow of a
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the plurality of partitions, wherein the plurality of partitions are
disposed radially about the axial line and each made of rolled steel
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(Invention 2) claims 6-8 and 9 (referring to claims 6-8)

“A centrifugal compressor with a plurality of clamps, each clamp
including: a recess which surrounds, radially from outside, both the
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and extends in the axial direction. The centrifugal compressor is adapted
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of fastening holes extending in the axial direction which are disposed
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end face of the other of the flange or the scroll casing and the axial
end face of the recess.”

Form PCT/ISA/210 (extra sheet) (July 2009)

27




EP 3 128 184 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e JP 2011117417 A[0004] * JP 2001132465 A [0004]

28



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

