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(54) ROTOR AND VACUUM PUMP

(67)  Provided are a rotor having a load variation re-
laxation structure that relaxes load variations in the
boundary portion of a cylindrical body and a cylindrical
rotating portion, and a vacuum pump in which rotation
performance (that is, discharge performance), reliability,
and durability are improved over those in the related art
by incorporating the cylindrical body. In the vacuum
pump, a rotating portion made from a metal (aluminum
alloy or the like) is provided with the load variation relax-
ation structure, which relaxes load variations caused by
thermal stresses, in a joined section where the cylindrical
rotating portion formed from a different material (FRP or
the like) is joined. More specifically, any one from among
a gentle taper, a curved section and a taper section, and
a corner R is provided in the boundary portion of the
rotating portion and the cylindrical rotating portion.
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Description

[0001] The present invention relates to a rotor and a
vacuum pump, and more particularly to a rotor having a
load variation relaxation structure that relaxes load var-
iations in a joined section and to a vacuum pump includ-
ing such a rotor.

[0002] Among a variety of vacuum pumps, turbomo-
lecular pumps and spiral-groove pumps are widely used
for creating high-vacuum environment.

[0003] In such vacuum pumps, structural components
that demonstrate a discharge function in the vacuum
pumps are accommodated inside a casing provided with
an inlet port and an outlet port. Those structural compo-
nents demonstrating a discharge function can be gener-
ally constituted by a rotating portion (rotor portion) that
is disposed rotationally and a stator portion fixed to the
casing.

[0004] In a turbomolecular pump, the rotating portion
is constituted by a rotating shaft and a rotating body fixed
to therotating shaft, and rotating blades (dynamic blades)
disposed radially are provided in multiple stages at the
rotating body. Stator blades (stationary blades) are pro-
vided alternately with the rotating blades in multiple stag-
es at the stator portion. The turbomolecular pump is also
provided with a motor for rotating the rotating shaft at a
high speed, and where the rotating shaft is rotated at a
high speed by the motor, a gas is sucked in from the inlet
port and discharged from the outlet port by the interaction
of the rotating blades and the stator blades.

[0005] Inavacuum pump of such a configuration, such
as a turbomolecular pump and a spiral-groove pump, the
rotating portion is usually manufactured from a metal
such as aluminum or an aluminum alloy.

[0006] However, a cylindrical rotating portion that ro-
tates at a high speed is sometimes manufactured from
lightweight and strong fiber-reinforced composite mate-
rials (fibers reinforced plastics; referred to as FRP here-
inbelow) with the object ofimproving performance (in par-
ticular, to enable rotation at a higher speed). In this case,
the fibers used for the FRP can be aramid fibers (AFRP),
boron fibers (BFRP), glass fibers (GFRP), carbon fibers
(CFRP), and polyethylene fibers (DFRP).

[0007] Where acylindrical rotating portion provided be-
low the rotating portion of the vacuum pump is formed
from a lightweight and strong FRP, the cylindrical portion
can be reduced in weight and increased in size. There-
fore, the discharge performance of the vacuum pump
equipped with such cylindrical rotating portion can be in-
creased.

[0008] The rotating portion (rotating blade) made from
a metal such as an aluminum alloy and a cylindrical ro-
tating portion formed from a FRP are typically joined, as
shown in FIGS. 9A and 9B, by installing a guide below
the rotating portion, such that a rotor (rotating portion) 80
(800) is provided on the inner side and a cylindrical ro-
tating portion 9 is provided on the outer side, and press
fitting or bonding, or press fitting and bonding.
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[0009] Under certain operation conditions, the temper-
ature of the rotor of the vacuum pump can rise from nor-
mal temperature to about 150°C. Because of such awide
temperature range, large thermal stresses are generated
by the difference in thermal expansion between the two
materials at a high temperature.

[0010] Since the thermal expansion coefficient of alu-
minum alloys is several times that of FRP, where the
temperature rises with the operation time, the rotating
portion made from a metal and located on the inner side
rapidly expands. Meanwhile, the cylindrical rotating por-
tion formed from the FRP and joined at the outer side
does not expand that much. Therefore, extremely large
stresses are generated at the contact surface of the
joined section during the operation.

[0011] Japanese Patent No. 3098139 describes a
composite molecular pump constituted by a turbomo-
lecular pump portion and a spiral-groove pump portion,
in which a rotor of the turbomolecular pump portion is
made from a metal, whereas a cylindrical rotor of the
spiral-groove pump portion and a support plate (5) joining
the rotor of the turbomolecular pump portion and the cy-
lindrical rotor of the spiral-groove pump portion is made
from a fiber-reinforced plastic (FRP).

[0012] Thus, in the invention described in Japanese
Patent Publication No. 3098139, a member (support
plate) having a thermal expansion coefficient between
those of the metal and FRP is inserted between the me-
tallic rotor of the turbomolecular pump portion and the
cylindrical rotor made from the FRP, and thermal stress-
es caused by the aforementioned difference in thermal
expansions are relaxed.

[0013] Japanese Patent Application Publication No.
2004-278512 describes a filament winding method by
which a fiber bundle is wound and fixed with a resin and
a sheet winding method by which a sheet obtained by
embedding (immersing) fibers in a resin in advance is
wound as a method for manufacturing the above-de-
scribed cylindrical rotating portion from a FRP. This doc-
ument describes a Holweck type skirt downstream rotor
segment (5c¢) fabricated from a composite material of an
organic base material based on a resin loaded with re-
inforcing fibers (FRP) such as glass fibers and carbon
fibers and produced by continuously winding on a core
by the filament winding method.

[0014] In the invention disclosed in Japanese Patent
Application Publication No. 2004-278512, a load in the
vicinity of a joined section is relaxed by optimizing FRP
winding conditions, for example, by winding the fibers
obliquely, or by setting a larger content ratio for the resin
than for the fibers and reducing intentionally the Young’s
modulus of the material so as to decrease the load gen-
erated when the material expands from the inner side
due to thermal expansion.

[0015] However, the objective of the aforementioned
Japanese Patent Publication No. 3098139 and Japanese
Patent Application Publication No. 2004-278512 is to re-
lax a load applied to the entire joined section of the me-
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tallic rotating portion and the cylindrical rotating portion
made from the FRP in the vacuum pump.

[0016] Therefore, in the aforementioned Japanese
Patent Publication No. 3098139 and Japanese Patent
Application Publication No. 2004-278512 no attention is
paid to rapid load variations occurring in the cylindrical
body (cylindrical rotating portion) formed from the FRP
in a boundary section of a portion which is actually in
contact with the metallic rotor provided on the inner side
of the cylindrical body and to which a load is applied and
a portion which is not in contact with the metallic rotor
and to which, therefore, no load is applied.

[0017] Further, where a FRP is used for the cylindrical
body portion of rotating blades of a vacuum pump, when
the FRP is designed, fibers strengthening a material are
wound in the circumferential direction to ensure resist-
ance to a load created by a centrifugal force applied in
the circumferential direction. In the direction in which the
fibers are inserted (that is, the circumferential direction)
in the cylindrical body using the FRP formed in such a
manner, the fibers bear the load applied to the cylindrical
body and, therefore, the strength of the cylindrical body
is increased.

[0018] However, in the direction in which the fibers are
not inserted (that is, an axial direction or a radial direc-
tion), the resin joining the fibers bears the load applied
to the cylindrical body. For this reason, the strength in
the direction in which the fibers are not inserted is prac-
tically the same as that before the fibers have been in-
serted, or the strength can even decrease as a result of
stress concentration.

[0019] Further, because of the above-described ani-
sotropy, the cylindrical body formed from the FRP can
be deformed even by a slight load in the axial direction
or radial direction in which the fibers are not inserted.
[0020] A vacuum pump including such a cylindrical ro-
tating portion manufactured from a FRP is sometimes
provided in an environment in which a corrosive gas (for
example, a halogen gas) is discharged. In such a case,
the surface of the portions (parts) where such gas flows
is subjected to anticorrosive surface treatment such as
electroless nickel plating. Other examples of anticorro-
sive surface treatmentinclude vapor deposition process-
es such as physical vapor deposition (PVD), chemical
vapor deposition (CVD), sputtering, and ion plating, and
electrodeposition coating.

[0021] When the cylindrical rotating portion is thus sub-
jected to the anticorrosive surface treatment (anticorro-
sive coating on the surface), where large load variations
occur in the axial direction in a boundary portion of a
joined section where the metallic rotating portion and the
cylindrical rotating portion formed from a FRP are joined
and a non-joined section where the two are not joined in
a vacuum pump and the boundary portion of the joined
section and non-joined section is partially significantly
deformed, the anticorrosive surface coating in this portion
(joined portion) can be damaged due to cracking of a
plated layer on a boundary surface.
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[0022] Accordingly, itis an object of the present inven-
tion to provide a rotor having a relaxation structure for
load variations in a joined section with a rotating body
[0023] (rotor)in a vacuum pump, and a vacuum pump
that includes such a rotor and has improved gas dis-
charge performance.

[0024] The invention asin claim 1 provides a rotor pro-
vided in a vacuum pump and joined to a cylindrical body
formed from a different material, wherein a load variation
relaxation structure is provided at a surface that is in con-
tact with the cylindrical body.

[0025] The invention as in claim 2 provides the rotor
according to claim 1, wherein the load variation relaxation
structure is a gradual taper structure formed at an outer
diametrical surface of the rotor such that an outer diam-
eter of the rotor decreases gradually from an end surface
side where the cylindrical body is joined to the rotor to-
ward a center of the cylindrical body.

[0026] The invention as in claim 3 provides the rotor
according to claim 1 or 2, wherein the load variation re-
laxation structure is a gradual taper structure formed at
an outer diametrical surface of the rotor such that an outer
diameter of the rotor decreases gradually from a center
of the cylindrical body toward an end surface side where
the cylindrical body is joined to the rotor.

[0027] The invention as in claim 4 provides the rotor
according to claim 2, wherein a taper angle of the taper
structure is less than an angle at which the cylindrical
body gradually reduces in diameter from the end surface
side that is joined to the rotor toward the center of the
cylindrical body.

[0028] The invention as in claim 5 provides the rotor
according to claim 3, wherein a taper angle of the taper
structure is less than an angle at which the cylindrical
body gradually reduces in diameter from the center of
the cylindrical body toward the end surface side that is
joined to the rotor.

[0029] The invention as in claim 6 provides the rotor
according to any one of claims 2 to 5, wherein the load
variation relaxation structure is configured such that an
end point of the taper structure on the end surface side
where the cylindrical body is joined to the rotor is formed
in a curved shape.

[0030] The invention as in claim 7 provides the rotor
according to any one of claims 2 to 6, wherein the load
variation relaxation structure is configured such that the
taper structure is extended to a position where the rotor
and the cylindrical body do not have a contact surface in
common.

[0031] The invention as in claim 8 provides the rotor
according to claim 1, wherein the load variation relaxation
structure is a gradual curved structure formed at an outer
diametrical surface of the rotor such that an outer diam-
eter of the rotor decreases gradually from an end surface
side where the cylindrical body is joined to the rotor to-
ward a center of the cylindrical body.

[0032] The invention as in claim 9 provides the rotor
according to claim 1 or 8, wherein the load variation re-
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laxation structure is a gradual curved structure formed
at an outer diametrical surface of the rotor such that an
outer diameter of the rotor decreases gradually from a
center of the cylindrical body toward an end surface side
where the cylindrical body is joined to the rotor.

[0033] The invention as in claim 10 provides the rotor
according to claim 8 or 9, wherein the load variation re-
laxation structure is configured such that the curved
structure is extended to a position where the rotor and
the cylindrical body do not have a contact surface in com-
mon.

[0034] Theinvention asin claim 11 provides a vacuum
pump including a spiral-groove pump portion and a rotor
joined to a cylindrical body formed from a different ma-
terial, wherein the rotor is the rotor of any one of claims
1to 10.

[0035] In accordance with the present invention, it is
possible to provide a rotor having a relaxation structure
for load variations in a joined section with a rotating body
of a vacuum pump, and also a vacuum pump that in-
cludes the rotor and has improved discharge perform-
ance.

FIG. 1 illustrates a schematic configuration example
of a turbomolecular pump provided with a load var-
iation relaxation structure according to the first em-
bodiment of the present invention;

FIG. 2 is a schematic drawing of the load variation
relaxation structure according to the first embodi-
ment of the present invention;

FIG. 3 illustrates the load variation relaxation struc-
ture according to variation example 1 of the first em-
bodiment of the present invention;

FIG. 4 illustrates the load variation relaxation struc-
ture according to variation example 2 of the first em-
bodiment of the present invention;

FIG. 5 illustrates the load variation relaxation struc-
ture according to variation example 3 of the first em-
bodiment of the present invention;

FIG. 6 illustrates the load variation relaxation struc-
ture according to variation example 4 of the first em-
bodiment of the present invention;

FIG. 7 is a schematic drawing of the load variation
relaxation structure according to the second embod-
iment of the present invention;

FIG. 8 illustrates a schematic configuration example
of a spiral-groove pump provided with the load var-
iation relaxation structure according to the third em-
bodiment of the present invention; and

FIG. 9illustrates a schematic configuration example
of the joined section of a rotating portion and a cy-
lindrical rotating portion according to the related art.

(i) Summary of Embodiments
[0036] In the embodiments of the present invention,

the vacuum pump has a load variation relaxation struc-
ture that relaxes load variations caused by thermal
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stresses or the like in a joined section in which the cylin-
drical rotating portion formed from a FRP or the like is
joined to a metallic rotating portion made from an alumi-
num alloy or the like.

[0037] More specifically, a gentle taper is provided in
a boundary portion of the rotating portion and the cylin-
drical rotating portion.

(i) Detailed Description of Embodiments

[0038] The preferred embodiments of the present in-
vention will be described below in greater detail with ref-
erence to FIGS. 1 to 8.

[0039] A first embodiment is explained using the so-
called composite turbomolecular pump equipped with a
turbomolecular pump portion and a spiral-groove pump
portion as an example of a vacuum pump.

[0040] In the present embodiment, a turbomolecular
pump 1 explained by way of example has provided there-
in a rotor 8 manufactured from an aluminum alloy and a
cylindrical rotor portion 9 manufactured from a FRP.
[0041] FIG. 1 shows a schematic configuration exam-
ple of the turbomolecular pump 1 provided with a load
variation relaxation structure according to the first em-
bodiment of the present invention. FIG. 1 shows a cross
section in the axial line direction of the turbomolecular
pump 1.

[0042] A casing 2forming a casing of the turbomolecu-
lar pump 1 has a substantially cylindrical shape and con-
stitutes, together with a base 3 provided below (outlet
port 6 side) the casing 2, a housing of the turbomolecular
pump 1. A gas transfer mechanism, which is a structural
component demonstrating a discharge function in the tur-
bomolecular pump 1, is accommodated inside the hous-
ing.

[0043] The gas transfer mechanism is mainly consti-
tuted by a rotationally disposed rotor portion and a stator
portion fixed to the housing.

[0044] Aninlet port 4 for introducing a gas into the tur-
bomolecular pump 1 is formed in an end section of the
casing 2. A flange portion 5 projecting to the outer pe-
ripheral side is formed in an end surface of the casing 2
on the inlet port 4 side.

[0045] An outlet port 6 for discharging the gas from the
turbomolecular pump 1 is formed in the base 3.

[0046] The rotating portion is constituted by a shaft 7,
which is a rotating shaft, a rotor 8 provided on the shaft
7, a plurality of rotating blades 8a provided at the rotor
8, and acylindrical rotating portion 9 provided at the outlet
port 6 side (spiral-groove pump portion). A rotor portion
is constituted by the shaft 7 and the rotor 8.

[0047] Each rotating blade 8a is constituted by a blade
that extends radially from the shaft 7 and is inclined at a
predetermined angle to a plane perpendicular to an axial
line of the shaft 7.

[0048] The cylindrical rotating portion 9 is constituted
by a cylindrical member having a cylindrical shape coax-
ial with the rotation axial line of the rotor 8.
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[0049] A motor portion 20 for rotating the shaft 7 at a
high speed is provided at the intermediate location in the
axial line direction of the shaft 7 and included in a stator
column 10.

[0050] Further, radial magnetic bearing devices 30, 31
for rotationally supporting the shaft 7 in a radial direction
in a contactless manner are provided at the inlet port 4
side and outlet port 6 side of the shaft 7 with respect to
the motor portion 20, and an axial magnetic bearing de-
vice 40 for rotationally supporting the shaft 7 in the axial
direction in a contactless manner is provided at a lower
end of the shaft 7.

[0051] The stator portion is formed at an inner circum-
ferential side of the housing. The stator portion is consti-
tuted by a plurality of fixed blades 50 provided at the inlet
port 4 side (turbomolecular pump portion) and a groove
spacer 60 provided on an inner circumferential surface
of the casing 2.

[0052] Each fixed blade 50 is constituted by a blade
that extends from the inner circumferential surface of the
housing toward the shaft 7 and is inclined at a predeter-
mined angle to a plane perpendicular to the axial line of
the shaft 7.

[0053] The fixed blades 50 of different stages are sep-
arated from each other by the spacer 70 having a cylin-
drical shape.

[0054] In the turbomolecular pump portion, the fixed
blades 50 and rotating blades 8a are disposed alternately
in a plurality of stages in the axial direction.

[0055] In the spiral groove spacer 60, a spiral groove
is formed at a surface facing the cylindrical rotating por-
tion 9.

[0056] The spiral groove spacer 60 faces an outer cir-
cumferential surface of the cylindrical rotating portion 9,
with a predetermined clearance being left therebetween.
Where the cylindrical rotating portion 9 rotates at a high
speed, the gas compressed in the turbomolecular pump
1is fed, while being guided by the groove (spiral groove),
to the outlet port 6 side following the rotation of the cy-
lindrical rotating portion 9. Thus, the spiral groove serves
as a flow channel for transferring the gas. The spiral
groove spacer 60 and the cylindrical rotating portion 9
face each other, with a predetermined clearance being
left therebetween, thereby constituting a gas transfer
mechanism transferring the gas in the spiral groove.
[0057] It is preferred that the clearance should be as
small as possible to reduce a force causing the gas to
flow back to the inlet port 4 side.

[0058] A direction of the spiral groove formed in the
spiral groove spacer 60 is such that where the gas is
transferred in a rotation direction of the rotor 8 inside the
spiral groove, this direction is toward the outlet port 6.
[0059] A depth of the spiral groove decreases as the
outlet port 6 is approached, and the gas transferred in
the spiral groove is compressed as the outlet port 6 is
approached. Thus, after the gas sucked in from the inlet
port 4 has been compressed in the turbomolecular pump
portion, the gas is further compressed in the spiral-
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groove pump portion and discharged from the outlet port
6.

[0060] When the turbomolecular pump 1 that is con-
figured in the above-described manner and has provided
therein the cylindrical rotating portion 9 manufactured us-
ing FRP is used in the semiconductor fabrication process
including a large number of steps in which a semicon-
ductor substrate is treated with a variety of process gases
such as a halogen gas, a fluorine gas, a chlorine gas, or
a bromine gas, the locations that come into contact with
the gas (constituent parts) are subjected to anticorrosive
surface treatment such as electroless nickel plating to
prevent corrosion induced by the gases.

[0061] The turbomolecular pump 1 of the first embod-
iment of the present invention that has the above-de-
scribed configuration has a load variation relaxation
structure at a boundary portion (joined section) of the
rotor 8 and the cylindrical rotating portion 9.

[0062] FIG. 2 is an enlarged view of portion A (joined
section) in FIG. 1 which is a schematic view of the load
variation relaxation structure according to the first em-
bodiment of the present invention.

[0063] As shown by a segment of3 in FIG. 2, the tur-
bomolecular pump 1 of the first embodiment of the
present invention has a gradual taper (segment of) as
the load variation relaxation structure in a boundary por-
tion where the rotor 8 and the cylindrical portion 9 are
joined together. This taper can be formed by forming an
outer diameter of the rotor 8 such that degreases grad-
ually from an end surface side of the cylindrical rotating
portion 9 toward a center thereof.

[0064] An angle represented by 61 in FIG. 2 indicates
a deformation angle (diameter reduction angle) of the
cylindrical rotating portion 9 deformed by thermal expan-
sion of the rotor 8 when the taper serving as the load
variation relaxation structure is not provided (FIG. 9).
[0065] An angle represented by 62 in FIG. 2 indicates
a taper angle of the taper provided as the load variation
relaxation structure.

[0066] A width represented by t in FIG. 2 indicates a
taper length of the taper as the load variation relaxation
structure according to the firstembodiment of the present
invention, that is, a projection length of the segment a.f.
[0067] A width represented by t0in FIG. 2 indicates an
interference width of the cylindrical rotation portion 9 and
the rotor 8. In other words, this width is a difference be-
tween the outer diameter of the rotor 8, which is a part
provided on the inner side, and an inner diameter of the
cylindrical rotating portion 9, which is a part provided on
the outer side.

[0068] Typically, when a part is to be inserted, a taper
having a taper angle of about 15 degrees to 30 degrees
is provided at a portion to be inserted in order to facilitate
the insertion.

[0069] However, since the deformation angle 61 of the
cylindrical rotating portion 9 observed when the rotor 8
rotates at a high speed and undergoes thermal deforma-
tionis an angle (generally, several degrees) much small-
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er than the taper angle (15 degrees to 30 degrees), the
usually provided taper angle, such as described herein-
above, fails to check load variations caused by thermal
expansion.

[0070] Accordingly, the taper angle 62 relating to the
load variation relaxation structure of the first embodi-
ment, is set to be much smaller than the deformation
angle of a material, that is, the FRP forming the cylindrical
rotating portion 9.

[0071] In other words, as shown in FIG. 2, in the first
embodiment, a configuration is used in which the rotor 8
is provided with a taper having the taper angle 62 which
is smaller than the deformation angle 61 of the cylindrical
rotating portion 9. With such a configuration, the taper
functions as a relaxation structure that relaxes the load,
so that the shape of the cylindrical rotating portion 9 de-
formed smoothly.

[0072] Further, in the first embodiment, the taper angle
02 is set, for example, to a value equal to or less than 5
degrees. However, taking into account that the angle 61
varies depending on the thickness of the cylindrical ro-
tating portion 9, material constituting the cylindrical ro-
tating portion 9, content of fibers in the material, and wind-
ing angle of the fibers contained in the material, it is de-
sirable thatthe taperangle 62 be changed as appropriate.
[0073] With the above-described configuration, in the
turbomolecular pump 1 having the load variation relaxa-
tion structure according to the first embodiment of the
present invention, the deformation of the cylindrical ro-
tating portion 9 is made smooth by the taper serving as
the load variation relaxation structure. Therefore, rapid
load variations caused by thermal stresses at the bound-
ary of the rotor 8 and the cylindrical rotating portion 9 can
be relaxed. As a result, damage such as cracking of the
anticorrosive coating which is caused by failure to relax
the rapid load variations can be prevented.

[0074] Further, the load variation relaxation structure
according to the firstembodiment of the present invention
is configured such that the taper length t (projection
length of the segment af3) of the taper provided at the
rotor 8 is sufficiently large. More specifically, the taper
(segment ap) is extended to a position where the rotor 8
and the cylindrical rotating portion 9 do not have a contact
surface in common and a gap 90 is formed between the
rotor 8 and the cylindrical rotating portion 9 by an outer
surface of the rotor 8 and an inner surface of the cylin-
drical rotating portion 9.

[0075] Thelength (taperlengtht:segment of3) neces-
sary for the taper becomes larger when the rotor 8 pro-
vided in the inner side undergoes thermal expansion at
a high temperature and a force causing outward expan-
sion increases. Accordingly, when the aforementioned
taper length t is determined, it is desirable that the taper
length t be determined under the condition of increasing
interference width t0, that is, a portion where the rotor 8
and the cylindrical rotating portion 9 have a contact sur-
face in common, in other words, under the condition of
the temperature rising to a maximum.
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[0076] With the above-described configuration, in the
turbomolecular pump 1 having the load variation relaxa-
tion structure according to the first embodiment of the
present invention, the deformation of the cylindrical ro-
tating portion 9 is made smooth by the taper serving as
the load variation relaxation structure. Therefore, rapid
load variations caused by thermal stresses at the bound-
ary of the rotor 8 and the cylindrical rotating portion 9 can
be relaxed. As a result, damage such as cracking of the
anticorrosive coating which is caused by failure to relax
the rapid load variations can be prevented.

[0077] The turbomolecular pump 1 having the load var-
iation relaxation structure according to the first embodi-
ment of the present invention can be also used as a
means for preventing the deformation when intensive de-
formations are also caused by a centrifugal force in ad-
dition to thermal expansion.

[0078] The boundary portion (contact portion) of the
rotor 8 and the cylindrical rotating portion 9 should not
necessarily be in a taper (linear) form. In other words,
since it is desirable that a portion (portion where straight
lines intersect) where the taper starts in the rotor 8 be
rounded rather than angular, the boundary portion for
buffering the load may be provided with a smooth curve.
[0079] Accordingly, the following variation examples
can be considered for the load variation relaxation struc-
ture according to the first embodiment of the present in-
vention.

(iii) variation example 1

[0080] FIG. 3 illustrates a load variation relaxation
structure according to variation example 1 of the firstem-
bodiment of the present invention.

[0081] In FIG. 3, the rotor 81 according to variation
example 1 of the first embodiment of the present inven-
tion is arranged side by side with a rotor 80 of a conven-
tional shape selected for comparison with the rotor 81.
A two-dot-dash line on the rotor 81 indicates the end po-
sition of the conventional rotor 80.

[0082] As shown in FIG. 3, the rotor 81 relating to the
load variation relaxation structure of variation example 1
has a curved section (curve ay) and a taper section (seg-
ment yB) in a contact portion with the cylindrical rotating
portion 9.

[0083] Where the boundary portion of the rotor 81 and
the cylindrical rotating portion 9 is thus constituted by a
gentle curved section and taper section, rapid load var-
iations caused by thermal stresses on the boundary of
the rotor 81 and the cylindrical rotating portion 9 can be
relaxed more effectively. As a result, the damage such
as cracking of the anticorrosive coating that results from
the failure to check such rapid load variations can be
prevented.

[0084] In variation example 1, a configuration is used
in which the joined section of the rotor 80 of the conven-
tional shape is extended to provide the load variation
relaxation structure, but the load variation relaxation
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structure may be also provided without extending the
joined section.

(iv) variation example 2

[0085] FIG. 4 illustrates a load variation relaxation
structure according to variation example 2 of the first em-
bodiment of the present invention.

[0086] FIG. 4 shows a rotor 82 according to variation
example 2 of the first embodiment of the present inven-
tion. A two-dot-dash line on the rotor 82 indicates the end
position of the conventional rotor 80.

[0087] As shown in FIG. 4, the rotor 82 relating to the
load variation relaxation structure of variation example 2
has a corner R (curve o) in a contact portion with the
cylindrical rotating portion 9.

[0088] Where the boundary portion of the rotor 82 and
the cylindrical rotating portion 9 is thus constituted by a
gentle curved section, rapid load variations caused by
thermal stresses on the boundary of the rotor 82 and the
cylindrical rotating portion 9 can be relaxed more effec-
tively. As a result, the damage such as cracking of the
anticorrosive coating that results from the failure to check
such rapid load variations can be prevented.

[0089] Further, in variation example 2, a configuration
is used in which the joined section of the rotor 80 of the
conventional shape is extended to provide the load var-
iation relaxation structure, but the load variation relaxa-
tion structure may be also provided without extending
the joined section.

(v) variation example 3

[0090] FIG. 5 illustrates a load variation relaxation
structure according to variation example 3 of the first em-
bodiment of the present invention.

[0091] FIG. 5 shows a rotor 83 according to variation
example 3 of the first embodiment of the present inven-
tion. A two-dot-dash line on the rotor 83 indicates the end
position of the conventional rotor 80.

[0092] As shown in FIG. 5, in the rotor 83 relating to
the load variation relaxation structure of variation exam-
ple 3, the lower section (outlet port 6 side) to which the
cylindrical rotating portion 9 is to be joined and which is
in contact with the cylindrical rotating portion 9 has a thin-
sheet portion 84 that is formed thinner than the rotor on
the inlet port 4 side.

[0093] Further, in the rotor 83 according to variation
example 3 of the first embodiment of the present inven-
tion, a corner R (curve af) is provided in the contact por-
tion with the cylindrical rotating portion 9 by bending the
aforementioned thin-sheet portion 84 radially inward to
obtain a bent thin-sheet portion 85.

[0094] Where the boundary portion of the rotor 83 (bent
thin-sheet portion 85) and the cylindrical rotating portion
9 is thus constituted by a gentle curved section, rapid
load variations caused by thermal stresses on the bound-
ary of the rotor 83 (bent thin-sheet portion 85) and the
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cylindrical rotating portion 9 can be relaxed more effec-
tively. As a result, the damage such as cracking of the
anticorrosive coating that results from the failure to check
such rapid load variations can be prevented.

[0095] Further, in variation example 3, a configuration
is used in which the joined section of the rotor 80 of the
conventional shape is extended to provide the load var-
iation relaxation structure, but the load variation relaxa-
tion structure may be also provided without extending
the joined section.

[0096] The above-described variation examples 1to 3
can be also applied, as shown in the below-described
FIGS. 6A to 6C, even in the case in which a rotor 800
and the cylindrical rotating portion 9 are joined in the con-
ventional manner as shown in FIG. 9B.

(vi) variation example 4

[0097] FIG. 6 illustrates a load variation relaxation
structure according to variation example 4 of the firstem-
bodiment of the present invention.

[0098] FIG.6Ashowsarotor801 according to variation
example 4 of the first embodiment of the present inven-
tion. In this rotor, a taper (segment ap) is present in a
contact portion with the cylindrical rotating portion 9.
[0099] FIG. 6B showsarotor802according to variation
example 4 of the first embodiment of the present inven-
tion. In this rotor, a curved section (curve ay) and a taper
section (segmentyp) are presentin a contact portion with
the cylindrical rotating portion 9.

[0100] FIG.6C shows arotor 803 according to variation
example 4 of the first embodiment of the present inven-
tion. In this rotor, a corner R (curve ap) is present in a
contact portion with the cylindrical rotating portion 9.
[0101] With the configurations shown in FIGS. 6A to
6C, rapid load variations caused by thermal stresses on
the boundaries of the rotors 801, 802, and 803 relating
to the load variation relaxation structures of variation ex-
ample 4 and the cylindrical rotating portion 9 can be re-
laxed more effectively. As a result, the damage such as
cracking of the anticorrosive coating that results from the
failure to check such rapid load variations can be pre-
vented.

(vii) Second Embodiment

[0102] FIG. 7 illustrates a load variation relaxation
structure according to the second embodiment of the
present invention.

[0103] FIG. 7A shows a rotor 8001 according to the
second embodiment of the present invention. This rotor
has a taper also on the upper section of the contact por-
tion with the cylindrical rotating portion 9.

[0104] For reference, a conventional rotor 8000 is
shown in FIG. 7B.

[0105] As shown in FIG. 7A, in the second embodi-
ment, the load variation relaxation structure is also pro-
vided on the upper section of the contact portion. The
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taper angle thereof is much less than the deformation
angle of the material, that is, the FRP constituting the
cylindrical rotating portion 9. In the second embodiment,
the rotor 8001 is provided with the taper having an angle
less than the deformation angle of the cylindrical rotating
portion 9. With such a configuration, the taper functions
as a relaxation structure relaxing a load, so that the cy-
lindrical rotating portion 9 is gently deformed.

[0106] In the second embodiment, this taper angle is,
for example, equal to or less than 5 degrees. However,
it is desirable that the taper angle be changed, as appro-
priate, according to the thickness of the cylindrical rotat-
ing portion 9, material constituting the cylindrical rotating
portion 9, content of fibers in the material, and winding
angle of the fibers contained in the material.

[0107] With the above-described configuration, in the
turbomolecular pump 1 having the load variation relaxa-
tion structure according to the second embodiment of the
present invention, the deformation of the cylindrical ro-
tating portion 9 is made smooth by the taper on the upper
side in the contact direction, which serves as the load
variation relaxation structure. Therefore, rapid load var-
iations caused by thermal stresses at the boundary of
the rotor 8001 and the cylindrical rotating portion 9 can
be relaxed. As a result, damage such as cracking of the
anticorrosive coating which is caused by failure to relax
the rapid load variations can be prevented.

[0108] Further, the turbomolecular pump 1 having the
load variation relaxation structure according to the sec-
ond embodiment of the present invention can be also
used as a means for preventing the deformation when
intensive deformations are also caused by a centrifugal
force in addition to thermal expansion.

[0109] The boundary portion (contact portion) of the
rotor 8001 and the cylindrical rotating portion 9 should
not necessarily be in a taper (linear) form. In other words,
since it is desirable that a portion (portion where straight
lines intersect) where the taper starts in the rotor 8001
be rounded rather than angular, the boundary portion for
buffering the load may be provided with a smooth curve.
A configuration may be used in which the taper or round-
ed smooth curve is provided only on the upper side.
[0110] The load variation relaxation structure accord-
ing to the second embodiment of the present invention
may be combined with the embodiments and variation
examples of the load variation relaxation structure on the
lower side that is described in the first embodiment.

(viii) Third Embodiment

[0111] The above-described firstembodimentand var-
iation examples 1 to 4 thereof and the second embodi-
ment are explained with reference to the so-called com-
posite turbomolecular pump 1, which includes a turbo-
molecular pump portion and a spiral-groove pump por-
tion, as an example of a vacuum pump, but such a con-
figuration is not limiting, and the present invention can
be also applied to a spiral-groove pump which does not
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have a turbomolecular pump portion.

[0112] FIG. 8 is a schematic configuration diagram of
a spiral-groove pump 100 according to the third embod-
iment of the present invention. The explanation of fea-
tures same as those in the above-described first embod-
iment and second embodiment of the present invention
is omitted.

[0113] In the spiral-groove pump 100 according to the
third embodiment of the present invention that is shown
in FIG. 8, the load variation relaxation structure explained
in the first embodiment and second embodiment is also
formed in the boundary portion (portion A) of the rotor 8
and the cylindrical rotating portion 9. Furthermore, the
above-described variation examples can be also used.
[0114] In the embodiments and variation examples of
the present invention, the rotor 8 is made from an alumi-
num alloy, and the cylindrical rotating portion 9 is a cy-
lindrical body formed from a FRP, but such selection of
materials is not limiting, and any two materials for which
large thermal stresses are generated by the difference
in thermal expansion at a high temperature can be used.
For example, the above-described embodiments and
variation examples are also applicable to a configuration
in which the rotor 8 is made from an aluminum alloy, and
the cylindrical rotating portion 9 is a cylindrical body
formed from a titanium alloy or a precipitation-hardened
stainless steel.

[0115] The vacuum pumps according to the above-de-
scribed embodiments and variation examples of the
present invention are explained under an assumption
that the inner diameter of the cylindrical body prior to
joining is substantially constant, but when the inner di-
ameter of the cylindrical body changes in the axial direc-
tion, for example, when the inner diameter decreases
gradually toward the end surface side that is joined to
the rotor, the taper angle may be determined according
thereto.

[0116] Thus, in the vacuum pumps according to the
embodiments and variation examples of the present in-
vention, the deformation of the cylindrical rotating portion
9is made gentle by the taper serving as the load variation
relaxation structure, and rapid load variations at the
boundary of the rotor 8 and the cylindrical rotating portion
9 can be relaxed.

[0117] In other words, with the above-described con-
figurations of the embodiments and variation examples
of the present invention, a rotating body can be config-
ured by providing the cylindrical rotating portion 9 of a
lighter, different material (FRP or the like) at the rotor 8
from an aluminum alloy. Therefore, it is possible to pro-
vide a vacuum pump with rotation performance and dis-
charge performance improved over those in the related
art.

[0118] Further, with the above-described configura-
tions of the embodiments and variation examples of the
present invention, the function of relaxing load variations
in the boundary portion of the rotor 8 and the cylindrical
rotating portion 9 is improved, thereby making it possible
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to provide the rotor 8 in which the anticorrosive coating
can be prevented from damage caused by rapid varia-
tions in the load. As a result, by providing the rotor 8, it
is possible to provide a vacuum pump in which corrosion
resistance is improved and, therefore, reliability and du-
rability are improved over those in the conventional vac-
uum pump.

[0119]

1 turbomolecular pump

2 casing

3 base

4 inlet port

5 flange portion
6 outlet port

7 shaft

8 rotor

8a rotating blade
9 cylindrical rotating portion
10 stator column
20 motor portion

30,31  radial magnetic bearing devices

40 axial magnetic bearing device
50 fixed blade

60 spiral groove spacer
70 spacer

80 rotor (conventional)

81 rotor

82 rotor

83 rotor

84 thin-sheet portion

85 bent thin-sheet portion
90 gap

100 spiral-groove pump
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rotor (conventional)
rotor
rotor

rotor

8000 rotor (conventional)

8001 rotor

Claims

A rotor provided in a vacuum pump and joined to a
cylindrical body formed from a different material,
wherein

a load variation relaxation structure is provided at a
surface that is in contact with the cylindrical body.

The rotor according to claim 1, wherein the load var-
iation relaxation structure is a gradual taper structure
formed at an outer diametrical surface of the rotor
such that an outer diameter of the rotor decreases
gradually from an end surface side where the cylin-
drical body is joined to the rotor toward a center of
the cylindrical body.

The rotor according to claim 1 or 2, wherein the load
variation relaxation structure is a gradual taper struc-
ture formed at an outer diametrical surface of the
rotor such that an outer diameter of the rotor de-
creases gradually from a center of the cylindrical
body toward an end surface side where the cylindri-
cal body is joined to the rotor.

The rotor according to claim 2, wherein a taper angle
of the taper structure is less than an angle at which
the cylindrical body gradually reduces in diameter
from the end surface side that is joined to the rotor
toward the center of the cylindrical body.

The rotor according to claim 3, wherein a taper angle
of the taper structure is less than an angle at which
the cylindrical body gradually reduces in diameter
from the center of the cylindrical body toward the end
surface side that is joined to the rotor.

The rotor according to any one of claims 2 to 5,
wherein the load variation relaxation structure is con-
figured such that an end point of the taper structure
on the end surface side where the cylindrical body
is joined to the rotor is formed in a curved shape.

The rotor according to any one of claims 2 to 6,
wherein the load variation relaxation structure is con-
figured such that the taper structure is extended to
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a position where the rotor and the cylindrical body
do not have a contact surface in common.

The rotor according to claim 1, wherein the load var-
iation relaxation structure is a gradual curved struc-
ture formed at an outer diametrical surface of the
rotor such that an outer diameter of the rotor de-
creases gradually from an end surface side where
the cylindrical body is joined to the rotor toward a
center of the cylindrical body.

The rotor according to claim 1 or 8, wherein the load
variation relaxation structure is a gradual curved
structure formed at an outer diametrical surface of
the rotor such that an outer diameter of the rotor de-
creases gradually from a center of the cylindrical
body toward an end surface side where the cylindri-
cal body is joined to the rotor.

The rotor according to claim 8 or 9, wherein the load
variation relaxation structure is configured such that
the curved structure is extended to a position where
the rotor and the cylindrical body do not have a con-
tact surface in common.

A vacuum pump comprising a spiral-groove pump
portion and

a rotor joined to a cylindrical body formed from a
different material, wherein

the rotor is the rotor of any one of claims 1 to 10.
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