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VACUUM PUMP AND WATER COOLING SPACER 

 

BACKGROUND OF THE INVENTION 

 

1. Field of the Invention 

[0001] The present invention relates to a vacuum pump and a 

water cooling spacer used in a vacuum pump. 

2. Description of the Related Art 

[0002] As a related art of the present technical field, for 

example, Japanese Patent Application Publication No. 2018-

96336 discloses “a vacuum pump that includes a casing having 

an inlet port, a stator column provided upright inside the 

casing, a rotating body shaped to surround an outer periphery 

of the stator column, supporting means for rotatably 

supporting the rotating body, and driving means for driving 

the rotating body to rotate, wherein gas is sucked in from the 

inlet port by rotation of the rotating body, and the stator 

column is made of an aluminum alloy casting material having an 

elongation of 5% or more as a mechanical material property” 

(see the abstract). 

[0003] According to Japanese Patent Application Publication 

No. 2018-96336, since the stator column is made of an aluminum 

alloy casting material with an elongation of 5% or more, even 

if the breaking energy of the rotating body acts on the stator 

column, the breaking energy can adequately be absorbed by the 

elongation of the stator column, preventing problems such as 
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cracking of the stator column caused by the breaking energy, 

and scattering of broken pieces from the inlet port as a 

result of the destruction of the stator column. 

[0004] 

 

SUMMARY OF THE INVENTION 

[0005] Incidentally, a vacuum pump may adopt a 

configuration in which an interior component is cooled by a 

water cooling spacer which is one component of a casing of the 

vacuum pump.  Furthermore, a water cooling pipe is embedded 

inside such a water cooling spacer, so that the interior 

component of the vacuum pump is cooled by the water flowing 

through the water cooling pipe.  In the case of this 

configuration, it is important at any rate to avoid scattering 

of debris and the like of an interior component of the vacuum 

pump to the outside of the casing, with the debris and the 

like being generated by the breaking energy of the rotating 

body.  In addition, the debris may also act on the water 

cooling spacer, which is one component of the casing, thereby 

damaging the water cooling pipe.  For example, if the water 

cooling pipe cracks, there is a concern that a semiconductor 

manufacturing apparatus or the like in which the vacuum pump 

is used will be exposed to water and break down.  Therefore, 

when using a water cooling spacer as one component of the 

casing of the vacuum pump, the water cooling spacer is 

required to have higher reliability.  However, Japanese Patent 
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Application Publication No. 2018-96336 does not mention any 

technique of preventing the water cooling spacer from being 

damaged by the destruction of an interior component, and 

therefore has room for improvement. 

[0006] The present invention has been made in view of the 

actual conditions described above, and a main object of the 

present invention is to provide a vacuum pump capable of 

preventing a water cooling spacer, which is one component of a 

casing, from being damaged by destruction of an interior 

component. 

[0007] In order to achieve the foregoing object, the 

present invention provides a vacuum pump that includes a 

casing having an inlet port, a stator column provided upright 

inside the casing, and a rotating body shaped to surround an 

outer periphery of the stator column, with gas being sucked in 

from the inlet port by rotation of the rotating body, wherein 

the casing is composed of a plurality of components including 

a water cooling spacer having a water cooling pipe disposed 

therein, and the water cooling spacer is made of an aluminum 

alloy casting material having an elongation of 5% or more as a 

mechanical material property. 

[0008] Also, in the above configuration, the casing may be 

configured to include a base located on a base end side 

thereof in an axial direction of the casing, a case located on 

a tip end side thereof, and the water cooling spacer located 

between the base and the case. 
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[0009] Furthermore, in the above configuration, the 

rotating body may include a plurality of moving blades 

arranged in multiple stages, the case may include a plurality 

of stator blades arranged in multiple stages so as to face the 

plurality of moving blades, and the water cooling spacer may 

be in direct or indirect thermal contact with at least one of 

the plurality of stator blades. 

[0010] Also, in the above configuration, the casing may 

include therein a heater spacer for heating the gas sucked in 

from the inlet port, and the heater spacer may be located 

between the rotating body and the water cooling spacer. 

[0011] Moreover, in the above configuration, vacuum 

pressure may act on an inner peripheral surface of the heater 

spacer, atmospheric pressure may act on an outer peripheral 

surface of the heater spacer and an inner peripheral surface 

of the water cooling spacer, and atmospheric pressure may act 

on an outer peripheral surface of the water cooling spacer. 

[0012] Further, in the above configuration, the water 

cooling spacer may be positioned in a radial direction of the 

casing at the base end side in the axial direction of the 

casing, and a gap may be formed in the radial direction of the 

casing at least on the tip end side of the water cooling 

spacer and the heater spacer. 

[0013] In addition, in the above configuration, the water 

cooling spacer may include a first flange portion located on 

the tip end side of the casing in the axial direction, a 
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second flange portion located on the base end side, and a body 

portion connecting the first flange portion and the second 

flange portion, outer diameters of the first flange portion 

and the second flange portion may be larger than an outer 

diameter of the body portion so a step is formed between outer 

peripheral surfaces of the first and second flange portions 

and an outer peripheral surface of the body portion, the 

casing may be positioned in the radial direction by the second 

flange portion, and the water cooling pipe may be embedded in 

the first flange portion. 

[0014] In the above configuration, vacuum pressure may act 

on the inner peripheral surface of the water cooling spacer, 

and atmospheric pressure may act on the outer peripheral 

surface of the water cooling spacer. 

[0015] Furthermore, in order to achieve the foregoing 

object, another aspect of the present invention is a water 

cooling spacer that constitutes one component of a casing of a 

vacuum pump and cools an interior component of the vacuum 

pump, the water cooling spacer including a water cooling pipe 

disposed therein and being made of an aluminum alloy casting 

material having an elongation of 5% or more as a mechanical 

material property. 

[0016] According to the present invention, it is possible 

to prevent the water cooling spacer from being damaged by the 

destruction of an interior component of a vacuum pump.  Issues, 

configurations and effects other than those described above 
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will be clarified by the following description of embodiments. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a cross-sectional view of a vacuum pump 

according to a first embodiment of the present invention; 

 FIG. 2 is a plan view of a water cooling spacer 

illustrated in FIG. 1; 

 FIG. 3 is a cross-sectional view taken along III-III of 

FIG. 2; 

 FIG. 4 is an enlarged view of a main part of FIG. 1; and 

 FIG. 5 is a cross-sectional view of a vacuum pump 

according to a second embodiment of the present invention. 

 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] Embodiments the present invention are now described 

hereinafter with reference to the drawings. 

[0019] First Embodiment 

 FIG. 1 is a cross-sectional view of a vacuum pump 

according to a first embodiment of the present invention.  As 

shown in FIG. 1, a vacuum pump P1 according to the first 

embodiment is a compound pump having a turbomolecular pump 

mechanism portion Pt and a thread groove pump mechanism 

portion Ps as gas exhaust mechanisms and is used as a gas 

exhaust means or the like for a process chamber or other 

enclosed chamber of, for example, a semiconductor 

manufacturing apparatus, a flat panel display manufacturing 
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apparatus, and a solar panel manufacturing apparatus.  Unless 

otherwise specified, a vertical direction is as shown in FIG. 

1, where the lower side is the base end side and the upper 

side is the tip end side. 

[0020] A casing 1 forms an outer shell of the vacuum pump 

P1 and is composed of a plurality of components.  Specifically, 

the casing 1 includes an upper case (case) 10, an intermediate 

spacer 30, a water cooling spacer 20, a heat insulating spacer 

31, and a base portion 3A.  The casing 1 has a substantially 

cylindrical shape with the base portion 3A as a bottom 

portion, and various interior components described later are 

installed in an internal space of the casing 1.  These 

components are arranged coaxially and integrally coupled by a 

fastening member such as bolts. 

[0021] The height dimension of the vacuum pump P1 is 

determined by stacking the components in an axial direction 

from the base end side (lower side) to the tip end side (upper 

side).  Therefore, for example, the water cooling spacer 20 

functions as a component for positioning the vacuum pump P1 in 

a height direction.  In the present embodiment, although the 

base portion 3A is integrated with a stator column 3, the base 

portion 3A and the stator column 3 may be separate bodies. 

[0022] Further, in the present embodiment, a heat 

insulating spacer 35 and a heater spacer 15 (described later) 

are provided inside the intermediate spacer 30 and the water 

cooling spacer 20.  The upper case 10 and the intermediate 
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spacer 30 are sealed by a seal ring 50, the intermediate 

spacer 30 and the heat insulating spacer 35 are sealed by a 

seal ring 51, the heat insulating spacer 35 and the heater 

spacer 15 are sealed by a seal ring 52, the heater spacer 15 

and the heat insulating spacer 31 are sealed by a seal ring 

53, and the heat insulating spacer 31 and the base portion 3A 

are sealed by a seal ring 54.  For the seal rings 50, 51, 52, 

53, and 54, generally O-rings are used. 

[0023] Therefore, vacuum pressure acts on an inner surface 

of the casing 1, that is, specifically, each of inner 

peripheral surfaces of the upper case 10, the intermediate 

spacer 30, the heat insulating spacer 35, the heater spacer 

15, the heat insulating spacer 31, and the base portion 3A, 

and atmospheric pressure acts on an outer peripheral surface 

of the heater spacer 15 and an outer surface of the casing 1.  

Since the water cooling spacer 20 is arranged outside the 

heater spacer 15 and is shielded from the space where the 

vacuum pressure acts by the seal rings 51, 52, and 53, the 

pressure that acts on an inner peripheral surface and an outer 

peripheral surface of the water cooling spacer 20 is 

atmospheric pressure. 

[0024] An upper end portion side of the upper case 10 is 

opened as an inlet port 1A, and an outlet port 2 is provided 

above the base portion 3A.  Specifically, the casing 1 is 

configured to include the inlet port 1A and the outlet port 2.  

Although not shown, the inlet port 1A is connected to an 



9 

enclosed chamber, not shown, which becomes high vacuum, such 

as a process chamber of a semiconductor manufacturing 

apparatus, while the outlet port 2 is communicated and 

connected with an auxiliary pump, also not shown. 

[0025] Although the details of the water cooling spacer 20 

will be described later, the water cooling spacer 20 is formed 

in a cylindrical shape, and a water cooling pipe 21 is 

arranged inside the water cooling spacer 20.  The water cooling 

pipe 21 is arranged so as to go around substantially one 

circle along a circumferential direction.  The water cooling 

spacer 20 is made of an aluminum alloy casting material having 

an elongation of 5% or more as a mechanical material property.  

In the present embodiment, for example, JIS AC4CH-T6 is used 

as the material of the aluminum alloy cast, but any material 

may be used as long as it is an aluminum alloy cast having an 

elongation of 5% or more. 

[0026] The term “elongation” used herein refers to a ratio 

between the length of a test piece made of metal (aluminum 

alloy, in the present embodiment) that is generated upon 

breakage when being pulled by a tensile tester, and the 

original length of the test piece.  Specifically, when the 

original length of the test piece is represented as L and the 

length of the test piece upon breakage is represented as L + 

ΔL, the term “elongation” refers to a numerical value 

representing ΔL/L in percentage. 

[0027] Further, the water cooling pipe 21 is formed from, 
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for example, a stainless steel tube and is embedded in the 

water cooling spacer 20.  Water flows through the water cooling 

pipe 21 to cool an interior component of the vacuum pump P1.  

In addition, various cooling media such as coolant may be used 

instead of water.  In other words, the fluid flowing through 

the water cooling pipe 21 is not limited to water.  The water 

cooling spacer 20 is in thermal contact with at least one of a 

plurality of stator blades 7, which are interior components, 

via the intermediate spacer 30, and the water flowing through 

the water cooling pipe 21 cools the plurality of stator blades 

7. 

[0028] Here, the term “thermal contact” used herein is 

synonymous with being connected so that heat can be exchanged.  

Therefore, it can be said that the stator blades 7 and the 

water cooling spacer 20 are configured to be able to exchange 

heat via the intermediate spacer 30.  Of course, the stator 

blades 7 and the water cooling spacer 20 may be configured to 

be in direct contact with each other without having the 

intermediate spacer 30 therebetween.  That is, a configuration 

is possible in which at least one of the plurality of stator 

blades 7 is in thermal contact with the water cooling spacer 

20, and heat exchange is directly or indirectly performed 

therebetween, so that at least one of the plurality of stator 

blades 7 is cooled by the water cooling spacer 20.  In other 

words, a configuration is possible in which the heat 

insulating member is not interposed between at least one of 
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the plurality of stator blades 7 and the water cooling spacer 

20.  Reference numeral 49 is a temperature sensor for detecting 

the temperature of the water cooling spacer 20. 

[0029] The stator column 3 is provided upright inside the 

casing 1.  In particular, in the vacuum pump P1 of FIG. 1, the 

stator column 3 is located in a central portion inside the 

casing 1, and as described above, the flange-shaped base 

portion 3A integrally formed at the lower portion of the 

stator column 3 constituting the bottom portion of the casing 

1. 

[0030] A rotating body 4 is provided outside the stator 

column 3.  Various electrical components, such as a magnetic 

bearing MB as support means for supporting the rotating body 4 

in radial and axial directions thereof, and a drive motor MT 

as a driving means for driving the rotating body 4 to rotate, 

are embedded in the stator column 3.  Since the magnetic 

bearing MB and the drive motor MT are well-known electrical 

components, detailed descriptions of the specific 

configurations of said electrical components are omitted. 

[0031] The rotating body 4 is shaped to surround an outer 

periphery of the stator column 3.  The rotating body 4 adopts a 

structure in which two cylindrical bodies with different 

diameters (a first cylindrical body 4A constituting the thread 

groove pump mechanism portion Ps and a second cylindrical body 

4B constituting the turbomolecular pump mechanism portion Pt) 

are coupled to each other in a cylinder axial direction by a 
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coupling portion 4C, a structure having a fastening portion 4D 

for fastening the second cylindrical body 4B and a rotating 

shaft 41 described hereinafter to each other, and a structure 

in which a plurality of moving blades 6 described hereinafter 

are arranged in multiple stages on an outer peripheral surface 

of the second cylindrical body 4B.  Of course, the rotating 

body 4 is not limited to having these structures. 

[0032] The rotating shaft 41 is provided inside the 

rotating body 4.  The rotating shaft 41 is located inside the 

stator column 3 and fastened integrally to the rotating body 4 

via the fastening portion 4D.  The rotating body 4 is 

configured to be rotatably supported at a predetermined 

position in the axial and radial directions thereof by the 

magnetic bearing MB supporting the rotating shaft 41, and the 

rotating body 4 is also configured to be driven to rotate 

about a rotation center thereof (specifically, around the 

rotating shaft 41) by the drive motor MT rotating the rotating 

shaft 41.  The rotating body 4 may be supported and driven to 

rotate using a different structure. 

[0033] The vacuum pump P1 includes gas flow paths R1 and R2 

as means for sucking gas in from the inlet port 1A by means of 

rotation of the rotating body 4 and exhausting the sucked gas 

from the outlet port 2 to the outside.  Of the entire gas flow 

paths R1 and R2, the inlet-side gas flow path R1 (the upstream 

side of the coupling portion 4C of the rotating body 4) in the 

first half is configured by the plurality of moving blades 6 
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that are provided on the outer peripheral surface of the 

rotating body 4 and the plurality of stator blades 7 that are 

fixed to the inner peripheral surfaces of the upper case 10 

and the heat insulating spacer 35 via spacers 9.  The outlet-

side gas flow path R2 (the downstream side of the coupling 

portion 4C of the rotating body 4) in the latter half is 

configured as a thread groove-like flow path by the outer 

peripheral surface of the rotating body 4 (specifically, an 

outer peripheral surface of the first cylindrical body 4A) and 

a thread groove pump stator 8 facing the outer peripheral 

surface of the rotating body 4. 

[0034] The configuration of the inlet-side gas flow path R1 

is now described in more detail.  The plurality of moving 

blades 6 are arranged radially around a pump axial center 

(e.g., the rotation center of the rotating body 4, etc.).  The 

plurality of stator blades 7, on the other hand, are arranged 

and fixed to the inner periphery of the upper case 10 and the 

heat insulating spacer 35 so as to be positioned in a pump 

radial direction and a pump axial direction via the spacers 9, 

and are arranged radially around the pump axial center.  The 

moving blades 6 and the stator blades 7 that are arranged 

radially as described above configure the inlet-side gas flow 

path R1 by being arranged alternately in multiple stages along 

the direction of the pump axial center (vertical direction). 

[0035] In the inlet-side gas flow path R1, the rotating 

body 4 and the plurality of moving blades 6 are rotated 
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integrally at height speed by the activation of the drive 

motor MT.  As a result, the moving blades 6 impart a downward 

momentum to gas molecules that have entered into the upper 

case 10 from the inlet port 1A.  The gas molecules having such 

downward momentum are sent by the stator blades 7 to the 

moving blades 6 of the next stage.  The step of imparting a 

momentum to gas molecules and the step of sending such gas 

molecules are repeated through the multiple stages, whereby 

the gas molecules present at the inlet port 1A are exhausted 

in such a manner as to sequentially shift toward the outlet-

side gas flow path R2 through the inlet-side gas flow path R1. 

[0036] The configuration of the outlet-side gas flow path 

R2 will be described next in more detail.  The thread groove 

pump stator 8 is an annular fixing member surrounding a 

downstream-side outer peripheral surface of the rotating body 

4 (specifically, the outer peripheral surface of the first 

cylindrical body 4A.  The same is true hereinafter), and is 

disposed in such a manner that an inner peripheral surface 

thereof faces the downstream-side outer peripheral surface of 

the rotating body 4 via a predetermined gap therebetween. 

[0037] Also, a thread groove 8A is formed in an inner 

peripheral portion of the thread groove pump stator 8.  The 

thread groove 8A has a tapered cone shape in which the depth 

of the thread groove 8A becomes small toward the bottom of the 

thread groove pump stator 8, and is engraved in a spiral shape 

from an upper end of the thread groove pump stator 8 to a 
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lower end of the same. 

[0038] In the vacuum pump P1 of FIG. 1, the downstream-side 

outer peripheral surface of the rotating body 4 and the inner 

peripheral portion of the thread groove pump stator 8 being 

opposed to each other configure the outlet-side gas flow path 

R2 as a thread groove-like gas flow path.  Another embodiment 

can employ a configuration in which the outlet-side gas flow 

path R2 described above is formed by, for example, providing 

the thread groove 8A on the downstream-side outer peripheral 

surface of the rotating body 4. 

[0039] In the outlet-side gas flow path R2, when the 

rotating body 4 is rotated by the activation of the drive 

motor MT, the gas flows from the inlet-side gas flow path R1 

and is exhausted in such a manner as to shift while being 

compressed from a transitional flow to a viscous flow by a 

drag effect between the thread groove 8A and the downstream-

side outer peripheral surface of the rotating body 4. 

[0040] The heater spacer 15 is located between the heat 

insulating spacer 31 and the heat insulating spacer 35 in the 

axial direction, and is provided so as to cover the outer 

peripheral surface of the thread groove pump stator 8.  The 

heater spacer 15 is formed in a substantially cylindrical 

shape, and is made of a stainless steel material, for example, 

which has a small decrease in yield strength even at high 

temperatures and is unlikely to be deformed by heat.  The 

heater spacer 15 is provided with a plurality of holes along 
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the circumferential direction, and a heater 45, which is a 

heating source, is inserted into these holes.  The heat of the 

heater 45 heats the thread groove pump stator 8 via the heater 

spacer 15 and heats the gas flowing through the outlet-side 

gas flow path R2.  As a result, it is possible to prevent 

liquefaction and solidification of the gas flowing through the 

outlet-side gas flow path R2, preventing the gas molecules 

from accumulating in the outlet-side gas flow path R2 

(particularly, the thread groove 8A).  As a result, the 

rotating body 4 is prevented from being damaged by the gas 

molecules. 

[0041] Furthermore, a support ring 5 is provided on the 

heater spacer 15.  In the flow path from the exit of the 

outlet-side gas flow path R2 to the outlet port 2, the support 

ring 5 plays a role of separating the heated gas from a low 

temperature portion, i.e., the stator column 3 and the base 

portion 3A,  so that, as mentioned later, the temperature of 

the gas does not drop and liquefies or solidifies by coming 

into contact with the low temperature portion. 

[0042] As shown in FIG. 1, a bottom plate 13 is attached to 

the lower portion of the casing 1, and the magnetic bearing MB 

and the drive motor MT can be taken out by removing the bottom 

plate 13 at the time of maintenance.  Reference numerals 47 and 

48 indicate water cooling pipes, and the stator column 3 is 

cooled by a cooling medium such as water flowing through the 

water cooling pipes 47 and 48. 
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[0043] Next, the shape of the water cooling spacer 20 will 

be described in detail with reference to FIGS. 2 and 3.  FIG. 2 

is a plan view of the water cooling spacer 20.  FIG. 3 is a 

cross-sectional view taken along line III-III of FIG. 2.  FIG. 

4 is an enlarged view of a main part of FIG. 1.  As shown in 

FIG. 2, a water cooling pipe 21 is embedded inside the water 

cooling spacer 20 so as to go around substantially one circle 

in the circumferential direction, and a water supply port 62 

is provided at one of both ends of the water cooling pipe 21 

and a drainage port 63 is provided at the other end.  The water 

supply port 62 is provided with a joint 42, and the drainage 

port 63 is provided with a joint 43.  The water cooling pipe 21 

may be configured to go around in circles. 

[0044] As shown in FIG. 3, the water cooling spacer 20 has 

an upper flange (first flange portion) 22, a body portion 24, 

and a lower flange (second flange portion) 23, wherein the 

water cooling pipe 21 is embedded in the upper flange 22.  The 

outer diameter of the body portion 24 is smaller than the 

outer diameters of the upper flange 22 and the lower flange 

23.  Therefore, a step is formed due to the difference between 

the outer diameters of the upper flange 22 and the lower 

flange 23 and the outer diameter of the body portion 24.  That 

is, the water cooling spacer 20 is formed to have a U-shaped 

cross section in which the body portion 24 is constricted. 

[0045] The body portion 24 is provided with a hole 26 for 

inserting the heater 45 and a hole 27 for connecting the 
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outlet port 2, and an electrical wire 46 (see FIG. 1) of the 

heater 45 is wound around the body portion 24.  That is, the 

body portion 24 functions as a storage portion for storing the 

electrical wire 46 and the like.  Since the electrical wire 46 

is wound around the body portion 24, the electrical wire 46 

does not protrude outside outer peripheral surfaces of the 

upper flange 22 and the lower flange 23. 

[0046] A chamfered corner portion 25 is formed at the 

connection portion between the body portion 24 and the upper 

flange 22.  This prevents cracks and the like from occurring in 

the connection portion between the body portion 24 and the 

upper flange 22. 

[0047] Here, as shown in FIG. 4, the lower flange 23 of the 

water cooling spacer 20 is in abutment with a stepped portion 

31A of the heat insulating spacer 31, and the stepped portion 

31A positions the water cooling spacer 20 in the radial 

direction.  As a result, a gap CL of, for example, 

approximately 1 mm is formed between the water cooling spacer 

20 and the heater spacer 15 in the radial direction.  This gap 

CL is provided to suppress the transfer of heat between the 

water cooling spacer 20 having a low temperature and the 

heater spacer 15 having a high temperature, and is provided 

over the entire height direction (axial direction) of the 

water cooling spacer 20.  However, the gap CL may be formed at 

least on the upper flange 22 side (tip end side) where the 

water cooling pipe 21 is embedded. 
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[0048] Actions and effects of the vacuum pump P1 according 

to the first embodiment configured as described above will be 

described next. 

[0049] Since the water cooling spacer 20 is made of an 

aluminum alloy casting material with an elongation of 5% or 

more, even if the breaking energy of the rotating body 4 acts 

on the water cooling spacer 20, the breaking energy can 

adequately be absorbed by the elongation of the water cooling 

spacer 20, preventing broken pieces of an interior component 

generated as a result of the destruction of the rotating body 

4 (e.g., broken pieces of the rotating body 4 itself, broken 

pieces of the stator column 3, chunks containing broken pieces 

of an electrical component such as the drive motor MT and 

broken pieces of the stator column 3, and the like) from 

scattering to the outside.  Moreover, since the water cooling 

spacer 20 is made of an aluminum alloy casting material, the 

manufacturing cost of the water cooling spacer 20 can be 

suppressed.  Moreover, since the pressure acting on the inner 

peripheral surface and the outer peripheral surface of the 

water cooling spacer 20 is atmospheric pressure, it is not 

necessary to configure the water cooling spacer 20 with a 

pressure-resistant member.  Therefore, the cost of the water 

cooling spacer 20 can be further reduced. 

[0050] Also, since the gap CL is formed between the heater 

spacer 15 and the water cooling spacer 20, even if the impact 

caused by the breakage of an interior component is transmitted 
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to the heater spacer 15, the impact is absorbed by the gap CL.  

As a result, it becomes difficult for the impact to be 

transmitted to the water cooling spacer 20, thereby preventing 

cracks and damage from occurring in the water cooling pipe 21. 

[0051] Since the lower flange 23 of the water cooling 

spacer 20 and the stepped portion 31A of the heat insulating 

spacer 31 are in abutment with each other, there is a 

possibility that the impact caused by the breakage of an 

interior component is transmitted to the lower flange 23 via 

the heat insulating spacer 31.  Even in this case, since the 

water cooling pipe 21 is embedded in the upper flange 22 and 

is separated from the lower flange 23 on which the impact 

acts, the impact on the water cooling pipe 21 is alleviated.  

As a result, it is possible to reduce the damage to the water 

cooling pipe 21. 

[0052] As described above, according to the first 

embodiment, a highly reliable vacuum pump P1 can be obtained. 

[0053] Second Embodiment 

 FIG. 5 is a cross-sectional view of a vacuum pump 

according to a second embodiment of the present invention.  A 

vacuum pump P2 according to the second embodiment is different 

from the vacuum pump P1 according to the first embodiment 

mainly in that the vacuum pump P2 does not include the heater 

45 and the heater spacer 15.  Therefore, the differences 

therebetween will be mainly described below, and the same 

components as those in the first embodiment will be designated 
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by the same reference numerals and the description thereof 

will be omitted accordingly. 

[0054] As shown in FIG. 5, a casing 101 of the vacuum pump 

P2 according to the second embodiment includes the upper case 

10, a water cooling spacer 120, and a base portion 102.  The 

casing 101 has a substantially cylindrical shape with the base 

portion 102 as a bottom portion, and various interior 

components described below are installed in an internal space 

of the casing 101.  These components are arranged coaxially and 

integrally coupled by a fastening member such as bolts. 

[0055] In addition, in the present embodiment, the upper 

case 10 and the water cooling spacer 120 are sealed by the 

seal ring 50, and the water cooling spacer 120 and the base 

portion 102 are sealed by the seal ring 54. 

[0056] Thus, vacuum pressure acts on the inner surface of 

the casing 101, that is, specifically, the inner peripheral 

surfaces of the upper case 10, the water cooling spacer 120, 

and the base portion 102, and atmospheric pressure acts on the 

outer peripheral surface of the casing 1.  Therefore, in the 

second embodiment, the magnitude of the pressure acting on the 

inner peripheral surface of the water cooling spacer 120 is 

different from that acting on the outer peripheral surface of 

the same.  Therefore, the water cooling spacer 120 needs to be 

designed in consideration of the vacuum pressure, and the 

material of the water cooling spacer 120 is an aluminum alloy 

casting material with an elongation of 5% or more, and a 
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material satisfying this design condition is used. 

[0057] In the second embodiment, a stator column 103 is 

configured as a separate body from the base portion 102, and 

the stator column 103 is mounted on the base portion 102. 

[0058] According to the vacuum pump P2 of the second 

embodiment, since the water cooling spacer 120 is made of an 

aluminum alloy casting material with an elongation of 5% or 

more, the same action and effect as those of the first 

embodiment can be achieved.  In particular, since the vacuum 

pump P2 according to the second embodiment does not require 

the heater spacer 15, the number of components can be reduced 

as compared with the vacuum pump P2 of the first embodiment, 

and therefore cost reduction can be realized.  Thus, the vacuum 

pump P2 according to the second embodiment is suitable in an 

environment where there is no concern about liquefaction or 

solidification of the gas flowing through the outlet-side gas 

flow path R2. 

[0059] The present invention is not limited to the 

foregoing embodiments, and various modifications can be made 

without departing from the gist of the present invention.  All 

the technical matters included in the technical idea described 

in the claims are the subject of the present invention.  

Although the foregoing embodiments have illustrated favorable 

examples, those skilled in the art can realize various 

alternatives, corrections, modifications, or improvements from 

the details disclosed in the present specification, and these 
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are included in the technical scope set forth in the appended 

claims. 

 

REFERENCE SIGNS LIST 

[0060] 

1, 101 Casing 

1A Inlet port 

2 Outlet port 

3, 103 Stator column 

3A, 102 Base portion (base) 

4 Rotating body 

6 Moving blade 

7 Stator blade 

8 Thread groove pump stator 

8A Thread groove 

10 Upper case (case) 

15 Heater spacer 

20, 120 Water cooling spacer 

21 Water cooling pipe 

22 Upper flange (first flange portion) 

23 Lower flange (second flange portion) 

24 Body portion 

25 Chamfered corner portion 

30 Intermediate spacer 

31 Heat insulating spacer 

31A Step portion 
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35 Heat insulating spacer 

42, 43 Joint 

45 Heater 

46 Electrical wire 

50, 51, 52, 53, 54 Seal ring 

62 Water supply port 

63 Drainage port 

CL Gap 

MB Magnetic bearing 

MT Drive motor 

P1, P2 Vacuum pump 

Pt Turbomolecular pump mechanism portion 

Ps Thread groove pump mechanism portion 

R1, R2 Gas flow path  
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What Is Claimed Is: 

 1. A vacuum pump, comprising: 

 a casing having an inlet port; 

 a stator column provided upright inside the casing; and 

 a rotating body shaped to surround an outer periphery of 

the stator column, with  gas being sucked in from the inlet 

port by rotation of the rotating body, wherein 

 the casing is composed of a plurality of components 

including a water cooling spacer having a water cooling pipe 

disposed therein, and 

 the water cooling spacer is made of an aluminum alloy 

casting material having an elongation of 5% or more as a 

mechanical material property. 

 

 2. The vacuum pump according to claim 1, wherein the 

casing is composed of a base located on a base end side 

thereof in an axial direction of the casing, a case located on 

a tip end side thereof, and the water cooling spacer located 

between the base and the case. 

 

 3. The vacuum pump according to claim 2, wherein 

 the rotating body includes a plurality of moving blades 

arranged in multiple stages, 

 the case includes a plurality of stator blades arranged 

in multiple stages so as to face the plurality of moving 

blades, and 
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 the water cooling spacer is in direct or indirect thermal 

contact with at least one of the plurality of stator blades. 

 

 4. The vacuum pump according to any one of claims 1 to 3, 

wherein 

 the casing includes therein a heater spacer for heating 

the gas sucked in from the inlet port, and 

 the heater spacer is located between the rotating body 

and the water cooling spacer. 

 

 5. The vacuum pump according to claim 4, wherein 

 vacuum pressure acts on an inner peripheral surface of 

the heater spacer, 

 atmospheric pressure acts on an outer peripheral surface 

of the heater spacer and an inner peripheral surface of the 

water cooling spacer, and 

 atmospheric pressure acts on an outer peripheral surface 

of the water cooling spacer. 

 

 6. The vacuum pump according to claim 4 or 5, wherein 

 the water cooling spacer is positioned in a radial 

direction of the casing on the base end side in the axial 

direction of the casing, and 

 a gap is formed in the radial direction of the casing at 

least on the tip end side of the water cooling spacer and the 

heater spacer. 
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 7. The vacuum pump according to claim 6, wherein 

 the water cooling spacer includes a first flange portion 

located on the tip end side of the casing in the axial 

direction, a second flange portion located on the base end 

side, and a body portion connecting the first flange portion 

and the second flange portion, 

 outer diameters of the first flange portion and the 

second flange portion are larger than an outer diameter of the 

body portion so a step is formed between outer peripheral 

surfaces of the first and second flange portions and an outer 

peripheral surface of the body portion, 

 the casing is positioned in the radial direction by the 

second flange portion, and 

 the water cooling pipe is embedded in the first flange 

portion. 

 

 8. The vacuum pump according to any one of claims 1 to 3, 

wherein 

 vacuum pressure acts on the inner peripheral surface of 

the water cooling spacer, and atmospheric pressure acts on the 

outer peripheral surface of the water cooling spacer. 

 

 9. A water cooling spacer that constitutes one component 

of a casing of a vacuum pump and cools an interior component 

of the vacuum pump, the water cooling spacer including a water 
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cooling pipe disposed therein and being made of an aluminum 

alloy casting material having an elongation of 5% or more as a 

mechanical material property. 


