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(57) To Provide a vacuum pump having a high ex-
hausting ability and low power consumption. In the vac-
uum pump according to the present invention, an outer
diameter of a spiral plate disposed on a downstream side
is set smaller than an outer diameter of a spiral plate
disposed on an upstream side. Specifically, a stepped
portion is provided by setting a blade length of the spiral
plate disposed on the downstream side shorter than a
blade length of the spiral plate disposed on the upstream
side. In addition, in a spacer provided in the stepped por-
tion, a relief formation portion is provided to allow a con-
tact surface in contact with an upstream spacer (i.e.,
spacer opposed to the spiral plate having the unreduced
outer diameter) and a contact surface in contact with a
downstream spacer (i.e., spacer opposed to the spiral
plate having the reduced outer diameter) in the stepped
portion to have an equal inner diameter. This configura-
tion allows the vacuum pump having a high exhausting
ability and low power consumption to be provided.
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Description

[0001] The present invention relates to a vacuum pump
and to a spiral plate and a spacer each included in the
vacuum pump.
[0002] More particularly, the present invention relates
to a vacuum pump which reduces a stress generated in
a spiral plate disposed on a downstream side thereof and
to the spiral plate and a spacer each included in the vac-
uum pump.
[0003] In a vacuum pump for performing a vacuum ex-
haust process in a vacuum chamber disposed in the vac-
uum pump, a gas transfer mechanism is contained as a
structure including a rotor portion and a stator portion to
perform an exhausting function.
[0004] Such gas transfer mechanisms include a type
configured to compress a gas using an interaction be-
tween spiral plates disposed in the rotor portion and stator
discs disposed in the stator portion.
[0005] Japanese Translation of PCT Application No.
2015-505012 describes a technique in which spiral plates
(such as spiral blades 30) are disposed on a side surface
of a rotating cylinder of a vacuum pump and, in at least
one slot 40 (configuration referred to as slit in a descrip-
tion of the present application) provided in each of the
spiral plates, a stator disc (such as a perforated inter-
secting element 14) provided with hole portions (such as
perforated holes 38) in the form of an array is disposed.
[0006] FIG. 7 is a view for illustrating an existing vac-
uum pump 1000 including a stator disc 10 in which such
hole portions in the form of an array as described above
are provided.
[0007] FIG. 8 is a view for illustrating an existing com-
posite-type vacuum pump 1100 including the stator disc
10 in which such hole portions in the form of an array as
described above are provided.
[0008] As shown in FIG. 7, in the existing vacuum pump
1000, spiral plates 9 disposed on upstream and down-
stream sides thereof are configured to have equal outer
diameters.
[0009] As shown in FIG. 8, in the existing composite-
type vacuum pump 1100 including a turbo molecular
pump portion T and a thread-groove pump portion S also,
the spiral plates 9 disposed on upstream and down-
stream sides thereof are configured to have equal outer
diameters.
[0010] The vacuum pump 1000 (1100) having such a
configuration has such a stress-related problem to be
solved as described below.
[0011] To improve the exhausting ability of the vacuum
pump 1000 (1100), it is generally desirable to adopt a
configuration in which an angle formed between an up-
stream surface (spiral surface) of each of the spiral plates
9 and a horizontal surface (virtual line) is set larger on
the upstream side of the vacuum pump (1000 or 1100)
and set smaller on the downstream side thereof.
[0012] However, when the angle is reduced on the
downstream side, a stress in a base (portion of the spiral

plate 9 which is bonded to a rotor 8) of the spiral plate 9
may be increased (stress concentration).
[0013] Accordingly, it is necessary to reduce the stress
by, e.g., limiting a winding number of the spiral plate 9 or
by increasing the angle on the downstream side.
[0014] An object of the present invention is to provide
a vacuum pump which reduces a stress generated par-
ticularly in a spiral plate disposed on a downstream side
thereof and the spiral plate, a spacer, and a rotating cy-
lindrical body each included in the vacuum pump.
[0015] The present invention in a first aspect provides
a vacuum pump including: a housing in which an inlet
port and an outlet port are formed; a rotating shaft en-
closed in the housing and supported rotatably; spiral
plates disposed in a spiral form on an outer peripheral
surface of the rotating shaft or of a rotating cylinder dis-
posed on the rotating shaft, and provided with at least
one slit; a stator disc provided in the slit of the spiral
plates, with a predetermined space from the slit, and hav-
ing a hole portion penetrating the stator disc; spacers for
fixing the stator disc; and a vacuum exhaust mechanism
for transferring, to the outlet port, gas sucked from the
inlet port by an interaction between the spiral plates and
the stator disc. Outer diameters of the spiral plates be-
come smaller after at least one of the slits serving as a
boundary than before the slit.
[0016] The present invention in a second aspect pro-
vides the vacuum pump in the first aspect in which inner
diameters of the spacers become smaller after at least
one of the stator discs serving as a boundary than before
the stator disc.
[0017] The present invention in a third aspect provides
the vacuum pump in the second aspect in which at least
one of the spacers opposed to each other via the stator
disc has a relief formation portion which allows respective
contact surfaces between the stator disc and the spacers
to have an equal inner diameter.
[0018] The present invention in a fourth aspect pro-
vides the vacuum pump in the third aspect in which the
relief formation portion has an inclined portion which is
inclined downstream in at least a portion of a side surface
thereof opposed to the spiral plate.
[0019] The present invention in a fifth aspect provides
the vacuum pump in the third or fourth aspect in which a
horizontal position of a lower end of the relief formation
portion coincides with a horizontal position of an up-
stream surface of the spiral plate which is opposed to the
spacer having the relief formation portion via a predeter-
mined gap.
[0020] The present invention in a sixth aspect provides
a spiral plate which is provided in the vacuum pump in
any one of the first to fifth aspects.
[0021] The present invention in a seventh aspect pro-
vides a spacer which is provided in the vacuum pump in
any one of the second to fifth aspects.
[0022] The present invention in an eighth aspect pro-
vides a rotating cylindrical body including the vacuum
pump in the sixth aspect.
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[0023] In accordance with the present invention, it is
possible to reduce a stress particularly in a portion (base)
of the downstream-located spiral plate 9 among the spiral
plates disposed in the vacuum pump which is bonded to
the rotor 8. This allows the downstream spiral plate to
have an ideal angle.
[0024] As a result, it is possible to implement the vac-
uum pump having a high exhausting ability and low power
consumption.
[0025] In addition, by forming a relief in a spacer locat-
ed in a portion (stepped portion) resulting from an outer
diameter reduction, it is possible to equalize a load ap-
plied to the stator disc 10 from thereabove and a load
applied to the stator disc 10 from therebelow, the loads
allowing the stator disc 10 to be held in-between. Accord-
ingly, it is possible to reduce upstream warping (bending)
of the stator disc 10. Moreover, since the flow of a gas
passing through the stepped portion is allowed to be
smoothed, deposition of a reaction product can be re-
duced.

FIG. 1 is a view showing an example of a schematic
configuration of a vacuum pump according to a first
embodiment of the present invention;
FIG. 2 is a view for illustrating spiral plates and spac-
ers according to the first embodiment of the present
invention;
FIG. 3 is a view showing an example of a schematic
configuration of a vacuum pump according to a sec-
ond embodiment of the present invention;
FIG. 4 is a view for illustrating spiral plates and spac-
ers according to the second embodiment of the
present invention;
FIG. 5 is a view showing an example of a schematic
configuration of a composite-type vacuum pump ac-
cording to a third embodiment of the present inven-
tion;
FIG. 6 is a view showing an example of a schematic
configuration of a composite-type vacuum pump ac-
cording to a fourth embodiment of the present inven-
tion;
FIG. 7 is a view for illustrating a related-art technique;
and
FIG. 8 is a view for illustrating the related-art tech-
nique.

(i) Outline of Embodiments

[0026] In a vacuum pump according to each of embod-
iments of the present invention, outer diameters of spiral
plates disposed therein are set smaller on a downstream
side than on an upstream side. In other words, blade
lengths of the spiral plates disposed on the downstream
side are set shorter than blade lengths of the spiral plates
disposed on the upstream side. The resulting portion is
hereinafter referred to as a stepped portion.
[0027] In addition, of spacers opposed to the spiral
plates having the outer diameters reduced as described

above via predetermined clearances (spaces), the spac-
er disposed in the stepped portion is provided with a relief
formation portion. By providing the spacer with the relief
formation portion, it is possible to allow a contact surface
in contact with the upstream spacer (i.e., spacer opposed
to the spiral plate having the unreduced outer diameter)
and a contact surface in contact with the downstream
spacer (i.e., spacer opposed to the spiral plate having
the reduced outer diameter) in the stepped portion to
have equal inner diameters.
[0028] The relief formation portion formed in the spacer
has at least one inner-diameter portion which is slightly
inclined downstream.
[0029] The configuration described above can reduce
a stress on the downstream side of the vacuum pump.
The configuration described above can also reduce a
cross-sectional area of an exhaust mechanism on the
downstream side. As a result, it is possible to reduce
power consumption of the vacuum pump.

(ii) Details of Embodiments

[0030] The following will describe the preferred em-
bodiments of the present invention in detail with refer-
ence to FIGS. 1 to 6.
[0031] FIG. 1 is a view showing an example of a sche-
matic configuration of a vacuum pump 1 according to a
first embodiment of the present invention, which shows
a cross-sectional view of the vacuum pump 1 in an axis
direction thereof.
[0032] Note that, in each of the embodiments of the
present invention, for the sake of convenience, a descrip-
tion will be given on the assumption that a diametrical
direction of a rotor blade is a "diameter (diametrical/ra-
dial) direction" and a direction perpendicular to the dia-
metrical direction of the rotor blade is the "axis direction
(or axial direction)".
[0033] A casing (outer cylinder) 2 forming a casing of
the vacuum pump 1 has a generally cylindrical shape
and is included in a housing of the vacuum pump 1 in
conjunction with a base 3 provided in a lower portion
(closer to an outlet port 6) of the casing 2. In the housing,
a gas transfer mechanism as a structure which causes
the vacuum pump 1 to perform an exhausting function is
contained.
[0034] In the present embodiment, the gas transfer
mechanism is basically configured to include a rotatably-
supported rotor portion (rotor component) and a stator
portion (stator component) fixed to the housing.
[0035] In addition, although not shown in the figure,
outside the casing of the vacuum pump 1, a control device
which controls an operation of the vacuum pump 1 is
connected to the vacuum pump 1 via a dedicated line.
[0036] In an end portion of the casing 2, an inlet port
4 for introducing a gas into the vacuum pump 1 is formed.
Around an end surface of the casing 2 closer to the inlet
port 4, a radially outwardly protruding flange portion 5 is
formed.
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[0037] In the base 3, the outlet port 6 for exhausting
the gas from the vacuum pump 1 is formed.
[0038] Of the gas transfer mechanism, the rotor portion
includes a shaft 7 as a rotating shaft, a rotor (rotating
cylindrical body) 8 disposed around the shaft 7, a plurality
of spiral plates 9 provided on the rotor 8, and a plurality
of spiral plates 900 provided on the rotor 8.
[0039] Each of the spiral plates 9 and the spiral plates
900 is formed of a spiral disc member extending radially
from an axis line of the shaft 7 and extending so as to
form a spiral flow path. Note that, in the disc member, at
least one slit is formed in a horizontal direction relative
to the axis line of the shaft 7.
[0040] In the present embodiment, the spiral plates 900
having blade lengths (radial lengths) shorter than those
of the spiral plates 9 provided closer to the inlet port 4
(on the upstream side) are provided closer to the outlet
port 6 than (on the downstream side of) a stepped portion
serving as a boundary.
[0041] Note that the spiral plates 900 may be either
configured to be formed integrally with the rotor 8 or con-
figured to be placed as separate components on the rotor
8.
[0042] At about a middle of the shaft 7 in the axis di-
rection, a motor portion 20 for rotating the shaft 7 at a
high speed is provided and enclosed in a stator column
80.
[0043] In the stator column 80, radial magnetic bearing
devices 30 and 31 for supporting the shaft 7 in a radial
direction (diametrical direction) in non-contact relation
are also provided to be closer to the inlet port 4 and the
outlet port 6 than the motor portion 20 of the shaft 7. At
a lower end of the shaft 7, an axial magnetic bearing
device 40 for supporting the shaft 7 in the axis direction
(axial direction) in non-contact relation is provided.
[0044] Of the gas transfer mechanism, the stator por-
tion is formed on an inner peripheral side the housing
(casing 2).
[0045] In the stator portion, stator discs 10 spaced
apart from each other by spacers 70 and spacers 700
each having a cylindrical shape and fixed are disposed.
[0046] Each of the stator discs 10 is a plate-like mem-
ber in the form of a disc extending radially and perpen-
dicularly to the axis line of the shaft 7 and has a hole
portion (bore portion) as a hole formed to extend through
at least one portion thereof. In the present embodiment,
each of the stator discs 10 is formed in a circular shape
by joining together semi-circular (incompletely circular)
members. On the inner peripheral side of the casing 2,
the stator discs 10 and the spiral plates 9 are alternately
disposed in the axis direction to form a plurality of pairs.
Note that the number of the pairs may be determined
appropriately by configuring the vacuum pump 1 such
that an arbitrary number of the stator discs 10 and (or)
an arbitrary number of the spiral plates 9 which satisfy
the exhaust performance (discharge performance) re-
quirement for the vacuum pump 1 are provided.
[0047] Each of the spacers 70 and the spacers 700 is

a fixing member having a cylindrical shape. The stator
discs 10 in the individual pairs are spaced apart from
each other by the spacers 70 and the spacers 700 to be
fixed.
[0048] In the present embodiment, the spacers 700
having inner diameters smaller than those of the spacers
70 provided closer to the inlet port 4 (on the upstream
side) are provided closer to the outlet port 6 than (on the
downstream side of) the stepped portion serving as the
boundary.
[0049] Such a configuration allows the vacuum pump
1 to perform a vacuum exhaust process in a vacuum
chamber (not shown) disposed in the vacuum pump 1.

First Embodiment

[0050] With reference to FIG. 2, a description will be
given of the spiral plates 900 and the spacers 700 which
are disposed in the vacuum pump 1 described above.
[0051] FIG. 2 is a view for illustrating the spiral plates
900 and the spacers 700 according to the first embodi-
ment of the present invention, which is an enlarged view
of the vicinity of the stepped portion shown by a dotted
line A in FIG. 1.
[0052] As shown in FIG. 2, the spiral plates 900 having
blade lengths shorter than those of the spiral plates 9
disposed on the upstream side (closer to the inlet port 4)
are disposed on the downstream side (closer to the outlet
port 6). In the present first embodiment, the blade lengths
of the spiral plates are shorter below any slit formed in
the spiral plate 9 serving as a boundary than above the
slit. It is assumed that the first and subsequent spiral
plates having the shorter blade lengths (on the down-
stream side) are the spiral plates 900. Note that the
stepped portion resulting from a blade length change may
also be provided at each of two or more locations.
[0053] Also, the spacers 700 having the inner diame-
ters smaller than those of the spacers 70 provided on the
upstream side are disposed to be opposed to the spiral
plates 900 via predetermined spaces (gaps/clearances).
In other words, in the stepped portion, the stator disc 10
is configured to be held between the spacer 70 and the
spacer 700 which have the different inner diameters.
[0054] This configuration in which the outer diameters
of the spiral plates 900 disposed on the downstream side
are set smaller than those of the spiral plates 9 disposed
on the upstream side can reduce a stress formed in each
of the downstream spiral plates 900 of the vacuum pump
1. The configuration can also reduce the cross-sectional
area of the exhaust mechanism on the downstream side.
As a result, it is possible to reduce the power consumption
of the vacuum pump 1.

Second Embodiment

[0055] FIG. 3 is a view showing an example of a sche-
matic configuration of a vacuum pump 100 according to
a second embodiment of the present invention.
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[0056] Note that components equivalent to those in the
first embodiment are given the same reference numerals
and a description thereof is omitted.
[0057] In the second embodiment, in the same manner
as in the first embodiment described above, the spacers
700 having the inner diameters smaller than those of the
spacers 70 provided on the upstream side are provided
on the downstream side of the stepped portion serving
as the boundary.
[0058] In the present second embodiment, spacers
710 are provided.
[0059] Note that, on the downstream side of spacers
710 described above, the same spacers 700 as in the
first embodiment described above are provided.
[0060] FIG. 4 is a view for illustrating the spiral plate
900 and the spacer 710 according to the second embod-
iment of the present invention, which is an enlarged view
of a stepped portion shown by a dotted line B in FIG. 3.
[0061] As shown in FIG. 4, in the present second em-
bodiment, among the spacers 700 opposed to the spiral
plates 900 via the predetermined spaces, the spacer 710
disposed in the stepped portion is provided with a relief
formation portion 715 in which a relief N is to be formed.
[0062] The relief formation portion 715 can be formed
by processing an upstream side of the spacer 710 such
that a contact surface 72 in contact with each of the up-
stream spacer 70 (i.e., opposed to the spiral plate 9 hav-
ing the unreduced diameter) and the stator disc 10 and
a contact surface 711 in contact with each of the down-
stream spacer 710 (i.e., opposed to the spiral plate 900
having the reduced diameter) and the stator disc 10 in
the stepped portion have equal contact areas.
[0063] In other words, in the present second embodi-
ment, the stator disc 10 in the stepped portion has a con-
figuration in which the stator disc 10 is held between the
two spacers 70 and 710 having equal inner diameters on
the upstream side and having different inner diameters
on the downstream side.
[0064] The configuration in which an upper contact
width (of the contact surface 72) and a lower contact width
(of the contact surface 711) of the portion of the stator
disc 10 which is held in-between are set equal allows the
stator disc 10 to be equally pressed (held in-between)
from thereabove and therebelow to be fixed. As a result,
it is possible to reduce upstream warping (bending) of
the stator disc 10 in the course of assembly in which the
stator disc 10 is held in-between to be fixed or during
exhaust.
[0065] In addition, a relief-formation-portion radially in-
ner surface 73 as the surface of the relief formation por-
tion 715 which is closer to the axial middle of the vacuum
pump 100 is preferably configured to have at least one
portion thereof slightly inclined in a downstream direction.
[0066] More specifically, as shown in FIG. 4, a config-
uration is adopted in which a radially horizontal surface
and the relief-formation-portion radially inner surface 73
have an inclination angle θ therebetween. The inclination
angle θ preferably has a value as large as possible within

a range determined by a clearance with R between the
stator disc 10 and the spiral plate 900 and a radial width
r of the portion of the spacer 710 (relief formation portion
715) extending from the spacer 70 in the stepped portion.
[0067] The configuration having the inclination angle
θ can smooth the flow of a gas passing through the
stepped portion. Consequently, it is possible to reduce
the deposition of a reaction product particularly in the
vicinity of the relief-formation-portion radially inner sur-
face 73 of the relief formation portion 715.
[0068] In addition, the configuration is preferably such
that the position/height (shown by an arrow β) of the
downstream terminal end (i.e., the lowermost surface of
the relief formation portion 715 and shown by the lower
one of the two dot-dash lines shown in FIG. 4) of the
relief-formation-portion radially inner surface 73 which
determines a depth of the stepped portion coincides with
the position/height (shown by an arrow α) of the upstream
surface of the spiral plate 900.
[0069] By configuring the relief formation portion 715
as described above, it is possible to make optimal use
of an interaction occurring in a space formed between
an axial side surface of the spacer 710 and an axial side
surface of the spiral plate 900.
[0070] In each of the embodiments described above,
the vacuum pump 1 (100) is provided with the one
stepped portion (at one location), but the configuration
is not limited thereto. It may also be possible to adopt a
configuration in which the stepped portions are provided
at two or more locations. Specifically, the configuration
may also be such that spiral plates having blade lengths
shorter than those of the spiral plates 900 are further
provided downstream of the stepped portion formed by
the spiral plate 900. In that case, the configuration of the
spacers 700 (710) is also such that spacers having inner
diameters smaller than those of the spacers 700 are pro-
vided downstream of the second stepped portion serving
as a boundary.

Third Embodiment

[0071] FIG. 5 is a view showing an example of a sche-
matic configuration of a composite-type vacuum pump
110 according to a third embodiment of the present in-
vention.
[0072] In the composite-type vacuum pump 110 ac-
cording to the third embodiment, a turbo molecular pump
portion T is disposed closer to the inlet port 4, while a
thread-groove pump portion S is disposed closer to the
outlet port 6. Between the turbo molecular pump portion
T and the thread-groove pump portion S, a configuration
including the spiral plates 900 and the spacers 700 is
disposed.
[0073] More specifically, the turbo molecular pump
portion T has a plurality of rotor blades 90 and a plurality
of stator blades 91 each having a blade-like shape and
closer to the inlet port 4 in the rotor 8. The stator blades
91 are formed of blades each extending from the inner
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peripheral surface of the casing 2 toward the shaft 7,
while being inclined at a predetermined angle from a
plane perpendicular to the axis line of the shaft 7. The
stator blades 91 and the rotor blades 90 are alternately
disposed in the axis direction to form a plurality of pairs.
[0074] The thread-groove pump portion S includes a
rotor cylindrical portion (skirt portion) 8a and a thread-
groove exhaust element 71. The rotor cylindrical portion
8a is a cylindrical member having a cylindrical shape co-
axial with a rotation axis of the rotor 8. The thread-groove
exhaust element 71 has a thread groove (spiral groove)
formed in the surface thereof opposed to the rotor cylin-
drical portion 8a.
[0075] The surface of the thread-groove exhaust ele-
ment 71 opposed to the rotor cylindrical portion 8a (i.e.,
an inner peripheral surface thereof parallel with the axis
line of the vacuum pump 110) is opposed to an outer
peripheral surface of the rotor cylindrical portion 8a with
a predetermined clearance being interposed therebe-
tween. When the rotor cylindrical portion 8a rotates at a
high speed, with the rotation of the rotor cylindrical portion
8a, a gas compressed by the composite-type vacuum
pump 110 is transmitted toward the outlet port 6, while
being guided by a thread groove. In other words, the
thread groove serves as a flow path which transports the
gas.
[0076] Thus, the surface of the thread-groove exhaust
element 71 opposed to the rotor cylindrical portion 8a
and the rotor cylindrical portion 8a are opposed to each
other with the predetermined clearance being interposed
therebetween to form the gas transfer mechanism in
which the gas is transferred by the thread groove formed
in the inner peripheral surface of the thread-groove ex-
haust element 71 in a direction of the axis line.
[0077] Note that, to reduce the force which causes a
backward flow of the gas toward the inlet port 4, the clear-
ance is preferably minimized.
[0078] A direction of the thread groove formed in the
thread-groove exhaust element 71 corresponds to a di-
rection in which a gas flows toward the outlet port 6 when
transported in a direction of rotation of the rotor 8 in the
thread groove.
[0079] A depth of the thread groove decreases with
approach to the outlet port 6 so that the gas transported
in the thread groove is increasingly compressed with ap-
proach to the outlet port 6.
[0080] The configuration described above allows the
composite-type vacuum pump 110 to perform a vacuum
exhaust process in a vacuum chamber (not shown) dis-
posed in the vacuum pump 110.
[0081] The configuration of the composite-type vacu-
um pump 110 allows a gas compressed by the turbo mo-
lecular pump portion T to be subsequently compressed
by the portion including the spiral plates 900 and the
spacers 700 in the present embodiment and further com-
pressed by the thread-groove pump portion S. Accord-
ingly, it is possible to further enhance evacuation per-
formance.

Fourth Embodiment

[0082] FIG. 6 is a view showing an example of a sche-
matic configuration of a composite-type vacuum pump
120 according to a fourth embodiment of the present in-
vention.
[0083] Note that components equivalent to those in the
third embodiment are given the same reference numerals
and a description thereof is omitted.
[0084] In the composite-type vacuum pump 120 ac-
cording to the fourth embodiment, the turbo molecular
pump portion T is disposed closer to the inlet port 4, while
the thread-groove pump portion S is disposed closer to
the outlet port 6. Between the turbo molecular pump por-
tion T and the thread-groove pump portion S, a configu-
ration including the spiral plates 900, the spacers 710,
and the spacers 700 which are described above is dis-
posed.
[0085] The configuration of the composite-type vacu-
um pump 120 allows a gas compressed by the turbo mo-
lecular pump portion T to be subsequently compressed
by the portion including the spiral plates 900, the spacers
710, and the spacers 700 in the present embodiment and
further compressed by the thread-groove pump portion
S. Accordingly, it is possible to further enhance evacua-
tion performance.
[0086] The configuration in which the stepped portion
is provided described above can reduce a stress gener-
ated in each of the spiral plates 900 on the downstream
side of the vacuum pump 1 (100, 110, or 120) in each
the embodiments of the present invention. The configu-
ration can also reduce the cross-sectional area of the
exhaust mechanism on the downstream side. As a result,
it is possible to reduce the power consumption of the
vacuum pump 1 (100, 110, or 120).
[0087] Note that the embodiments of the present in-
vention and the individual modifications thereof may also
be configured to be combined with each other as neces-
sary.
[0088] Various modifications can be made to the
present invention without departing from the spirit of the
present invention. It should be clearly understood that
the present invention is intended to encompass such
modifications.
[0089]

1 Vacuum pump
2 Casing (outer cylinder)
3 Base
4 Inlet port
5 Flange portion
6 Outlet port
7 Shaft
8 Rotor
8a Rotor cylindrical portion
9 Spiral plate
10 Stator disc
20 Motor portion

9 10 
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30 Radial magnetic bearing device
31 Radial magnetic bearing device
40 Axial magnetic bearing device
70 Spacer
71 Thread-groove exhaust element
72 Contact surface
73 Relief-formation-portion radially inner surface
80 Stator column
90 Rotor blade
91 Stator blade
100 Vacuum pump
110 Vacuum pump (composite type)
120 Vacuum pump (composite type)
700 Spacer
710 Spacer
711 Contact surface
715 Relief formation portion
900 Spiral plate
1000 Existing vacuum pump
1100 Existing vacuum pump (composite type)

Claims

1. A vacuum pump comprising:

a housing in which an inlet port and an outlet
port are formed;
a rotating shaft enclosed in the housing and sup-
ported rotatably;
spiral plates disposed in a spiral form on an outer
peripheral surface of the rotating shaft or of a
rotating cylinder disposed on the rotating shaft,
and provided with at least one slit;
a stator disc provided in the slit of the spiral
plates, with a predetermined space from the slit,
and having a hole portion penetrating the stator
disc;
spacers for fixing the stator disc; and
a vacuum exhaust mechanism for transferring,
to the outlet port, gas sucked from the inlet port
by an interaction between the spiral plates and
the stator disc, wherein
outer diameters of the spiral plates become
smaller after at least one of the slits serving as
a boundary than before the slit.

2. The vacuum pump according to claim 1, wherein in-
ner diameters of the spacers become smaller after
at least one of a plurality of the stator discs serving
as a boundary than before the stator disc.

3. The vacuum pump according to claim 2, wherein at
least one of the spacers opposed to each other via
the stator disc has a relief formation portion which
allows respective contact surfaces between the sta-
tor disc and the spacers to have an equal inner di-
ameter.

4. The vacuum pump according to claim 3, wherein the
relief formation portion has an inclined portion which
is inclined downstream in at least a portion of a side
surface thereof opposed to the spiral plate.

5. The vacuum pump according to claim 3 or 4, wherein
a horizontal position of a lower end of the relief for-
mation portion coincides with a horizontal position
of an upstream surface of the spiral plate which is
opposed to the spacer having the relief formation
portion via a predetermined gap.

6. A spiral plate which is provided in the vacuum pump
according to any one of claims 1 to 5.

7. A spacer which is provided in the vacuum pump ac-
cording to any one of claims 2 to 5.

8. A rotating cylindrical body comprising the spiral plate
according to claim 6.
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