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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a vacuum
pump apparatus, and more particularly to a vacuum
pump apparatus suitable for use in exhausting a process
gas used in manufacturing of semiconductor devices,
liquid crystals, LEDs, solar cells, or the like.

Description of the Related Art:

[0002] In process of manufacturing semiconductor de-
vices, liquid crystal panels, LEDs, solar cells, etc., a
process gas is introduced into a process chamber to
perform a certain type of process, such as etching pro-
cess or CVD process. The process gas that has been
introduced into the process chamber is exhausted by a
vacuum pump apparatus. Generally, the vacuum pump
apparatus used in these manufacturing processes that
require high cleanliness is so-called dry vacuum pump
apparatus that does not use oil in gas flow passages. One
typical example of such a dry vacuum pump apparatus is
a positive-displacement vacuum pump apparatus having
a pair of pump rotors in a rotor chamber which are rotated
in opposite directions to deliver the gas.

[0003] The process gas may contain by-product hav-
ing high sublimation temperature. When atemperature in
the rotor chamber of the vacuum pump apparatus is low,
the by-product may be solidified in the rotor chamber and
may be deposited on the pump rotors and an inner sur-
face of a pump casing. The solidified by-product may
prevent the rotation of the pump rotors, causing the pump
rotors to slow down and, in the worst case, causing
shutdown of the vacuum pump apparatus. Therefore,
in order to prevent solidification of the by-product, a
heateris provided on an outer surface of the pump casing
to heat the rotor chamber.

[0004] On the other hand, it is necessary to cool an
electric motor that drives the pump rotors and gears that
are fixed to rotation shafts of the pump rotors. Therefore,
the vacuum pump apparatus described above usually
includes a cooling system for cooling the electric motor
and the gears. The cooling system is configured to cool
the electric motor and the gears by, for example, circulat-
ing a cooling liquid through a cooling pipe provided in a
motor housing accommodating the electric motor and a
cooling pipe provided in a gear housing accommodating
the gears. Such a cooling system can prevent overheat-
ing of the electric motor and the gears and can therefore
achieve stable operation of the vacuum pump apparatus.
[0005] Examples of such vacuum pumps are shown in
e.g. in JP 2003 035290 A, and JP 2021 063 503 A.
Furthermore, WO 2020 255 300 A1 discloses a vacuum
pump according to the preamble of claim 1.

[0006] The heater attached to the pump casing in the
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Japanese documents is sandwiched between side cov-
ers. Therefore, when the heater is to be replaced due to
the end of its service life, etc., the vacuum pump appa-
ratus should be disassembled, and as aresult, the heater
cannot be easily replaced.

SUMMARY OF THE INVENTION

[0007] Therefore, the presentinvention provides a va-
cuum pump apparatus capable of maintaining a high
temperature in a rotor chamber of a pump casing and
capable of allowing a heater to be easily attached and
removed. In accordance with the invention, a vacuum
pump apparatus as set forth in the claims is provided.
[0008] In an embodiment, there is provided a vacuum
pump apparatus comprising: a pump casing having a
rotor chamber therein; a pump rotor arranged in the rotor
chamber; a rotation shaft to which the pump rotor is fixed;
an electric motor coupled to the rotation shaft; a side
cover forming an end surface of the rotor chamber; a
housing structure located outwardly of the side cover in
an axial direction of the rotation shaft; and a cartridge
heater disposed in the side cover or in the pump casing
and removably attached to the side cover or the pump
casing, wherein the cartridge heater has a heater and a
heater casing covering at least a part of the heater, and
the heater casing has a slit extending from one end to
other end thereof.

[0009] Inanembodiment, the heater casing is made of
a material having a higher coefficient of linear expansion
than that of a material constituting an outer shell of the
heater.

[0010] Inanembodiment, the heater casing is made of
one of aluminum alloy, aluminum, copper, and magne-
sium.

[0011] In an embodiment, the side cover or the pump
casing has a hole which is open in an outer surface of the
side cover or the pump casing, the hole extending line-
arly, and the cartridge heater has a rod shape and is
arranged in the hole.

[0012] Inanembodiment,the vacuum pump apparatus
further comprises: a fixing mechanism configured to
removably fix the cartridge heater to the side cover or
the pump casing.

[0013] According to the present invention, an inside of
the rotor chamber can be maintained at a high tempera-
ture by attaching the cartridge heater in the side cover or
in the pump casing.

[0014] The slit formed in the heater casing can absorb
thermal expansion of the heater and the heater casing.
As a result, deformation of the cartridge heater due to
deformation of the heater over time can be prevented,
and the cartridge heater can be easily removed from the
side cover or the pump casing.

[0015] Theheatercasingis made of amaterial havinga
higher coefficient of linear expansion than that of a ma-
terial constituting the outer shell of the heater, so that a
gap between the side cover or the pump casing and the
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heater can be filled by thermal expansion of the heater
casing. Therefore, heat can be efficiently transferred
from the cartridge heater to the side cover or the pump
casing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1is a cross-sectional view showing an embodi-
ment of a vacuum pump apparatus;

FIG. 2 is a side view of a side cover according to the
embodiment shown in FIG. 1;

FIG. 3 is a cross-sectional view taken along a line A-
A of FIG. 2;

FIG. 4 is a perspective view of a cartridge heater;
FIG.5is a cross-sectional view taken along a line B-B
of FIG. 4;

FIG.6 is an enlarged cross-sectional view of the
cartridge heater inserted into a hole;

FIG.7 is an enlarged cross-sectional view of the
cartridge heater during heating;

FIG. 8 is a cross-sectional view showing another
embodiment of the vacuum pump apparatus;

FIG. 9is a cross-sectional view taken along a line C-
C of FIG. 8;

FIG. 10 is a cross-sectional view showing still an-
other embodiment of the vacuum pump apparatus;
FIG. 11 is a side view of a side cover according to the
embodiment shown in FIG. 10;

FIG. 12 is a diagram as viewed from a direction
indicated by an arrow D in FIG. 11; and

FIG. 13is a perspective view of the side cover shown
in FIG. 11.

DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings.
[0018] FIG. 1 is a cross-sectional view showing an
embodiment of a vacuum pump apparatus. The vacuum
pump apparatus of the embodiment described below is a
positive-displacement vacuum pump apparatus. In par-
ticular, the vacuum pump apparatus shown in FIG. 1 is a
so-called dry vacuum pump apparatus that does not use
oil in its flow passages for a gas. Since a vaporized oil
does not flow to an upstream side, the dry vacuum pump
apparatus can be suitably used for a semiconductor-
device manufacturing apparatus that requires high
cleanliness.

[0019] As shown in FIG. 1, the vacuum pump appara-
tus includes a pump casing 2 having a rotor chamber 1
therein, pump rotors 5 arranged in the rotor chamber 1,
rotation shafts 7 to which the pump rotors 5 are fixed, and
electric motor 8 coupled to the rotation shafts 7. Each
pump rotor 5 and each rotation shaft 7 may be an integral
structure. Although only one pump rotor 5 and only one
rotation shaft 7 are depicted in FIG. 1, a pair of pump
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rotors 5 are arranged in the rotor chamber 1, and are
secured to a pair of rotation shafts 7, respectively. The
electric motor 8 is coupled to one of the pair of rotation
shafts 7. In one embodiment, a pair of electric motors 8
may be coupled to the pair of rotation shafts 7, respec-
tively.

[0020] The pump rotors 5 of the present embodiment
are Roots-type pump rotors, while the type of the pump
rotors 5 is not limited to the present embodiment. In one
embodiment, the pump rotors 5 may be screw-type pump
rotors. Further, although the pump rotors 5 of the present
embodiment are single-stage pump rotors, in one embo-
diment the pump rotors 5 may be multistage pump rotors.
[0021] The vacuum pump apparatus further includes
side covers 10A and 10B located outwardly of the pump
casing 2 in an axial direction of the rotation shafts 7. The
side covers 10A and 10B are provided on both sides of
the pump casing 2 and are coupled to the pump casing 2.
In the present embodiment, the side covers 10A and 10B
are fixed to end surfaces of the pump casing 2 by not-
shown screws.

[0022] The rotor chamber 1 is formed by an inner sur-
face of the pump casing 2 and inner surfaces of the side
covers 10A and 10B. The pump casing 2 has an intake
port 2a and an exhaust port 2b. The intake port 2a is
coupled to a chamber (not shown) filled with gas to be
delivered. In one example, the intake port 2a may be
coupled toaprocess chamber of a semiconductor-device
manufacturing apparatus, and the vacuum pump appa-
ratus may be used for exhausting a process gas that has
been introduced into the process chamber.

[0023] The vacuum pump apparatus further includes a
motor housing 14 and a gear housing 16 which are
housing structures located outwardly of the side covers
10A and 10B in the axial direction of the rotation shafts 7.
The side cover 10A is located between the pump casing 2
and the motor housing 14, and the side cover 10B is
located between the pump casing 2 and the gear housing
16.

[0024] Each rotation shaft 7 is rotatably supported by a
bearing 17 held by the side cover 10A and a bearing 18
held by the side cover 10B. The motor housing 14 ac-
commodates amotor rotor 8A and a motor stator 8B of the
electric motor 8 therein. The motor housing 14 and the
gear housing 16 are examples of the housing structure,
and the housing structures are not limited to this embodi-
ment. For example, the housing structure may be a
bearing housing that holds a bearing.

[0025] Inside the gear housing 16, a pair of gears 20
that mesh with each other are arranged. In FIG. 1, only
one gear 20 is depicted. The electric motor 8 is rotated by
a not-shown motor driver, and one rotation shaft 7 to
which the electric motor 8 is coupled rotates the other
rotation shaft 7 to which the electric motor 8 is not coupled
in an opposite direction via the gears 20.

[0026] In one embodiment, a pair of electric motors 8,
which are coupled to the pair of rotation shafts 7, respec-
tively, may be provided. The pair of electric motors 8 are
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synchronously rotated in opposite directions by a not-
shown motor driver, so that the pair of rotation shafts 7
and the pair of pump rotors 5 are synchronously rotated in
opposite directions. In this case, the role of the gears 20 is
to prevent loss of the synchronous rotation of the pump
rotors 5 due to a sudden external cause.

[0027] When the pump rotors 5 are rotated by the
electric motor 8, a gas is sucked into the pump casing
2 through the intake port 2a. The gas is transferred from
the intake port 2a to the exhaust port 2b by the rotating
pump rotor 5.

[0028] A cooling channel 21 is provided in the motor
housing 14. Similarly, a cooling channel 22 is provided in
the gear housing 16. The cooling channel 21 extends
through an entire circumferential wall of the motor hous-
ing 14, and the cooling channel 22 extends through an
entire circumferential wall of the gear housing 16. The
cooling channel 21 and the cooling channel 22 are
coupled to a not-shown cooling-liquid supply source.
Cooling liquid is supplied from the cooling-liquid supply
source to the cooling channel 21 and the cooling channel
22. The cooling liquid flowing through the cooling channel
21 cools the motor housing 14, so that the electric motor 8
and the bearings 17 arranged in the motor housing 14 can
be cooled. The cooling liquid flowing through the cooling
channel 22 cools the gear housing 16, so that the gears
20 and the bearings 18 arranged in the gear housing 16
can be cooled.

[0029] Some of the process gases to be handled by the
vacuum pump apparatus include by-product that is soli-
dified as the temperature decreases. During the opera-
tion of the vacuum pump apparatus, the process gas is
compressed in the process of being transferred from the
intake port 2a to the exhaust port 2b by the pump rotors 5.
Therefore, an inside of the rotor chamber 1 becomes hot
due to the heat of compression of the process gas. The
side cover 10A is configured to reduce heat transfer from
the pump casing 2 to the motor housing 14, and the side
cover 10B is configured to reduce heat transfer from the
pump casing 2 to the gear housing 16. Therefore, the side
covers 10A and 10B can maintain the inside of the rotor
chamber 1 at a high temperature. In particular, the side
covers 10A and 10B can maintain the inside of the rotor
chamber 1 at a high temperature while the motor housing
14 and the gear housing 16 is cooled with the cooling
liquid flowing through the cooling channels 21 and 22.
[0030] In the present embodiment, the pump casing 2
and the side covers 10A and 10B forming the rotor
chamber 1 are made of cast iron. In one embodiment,
the side covers 10A and 10B may be made of a material
having a lower thermal conductivity than that of the cast
iron.

[0031] The vacuum pump apparatus further includes
cartridge heaters 70A and 70B disposed in the side
covers 10A and 10B, respectively. The cartridge heaters
70A and 70B are removably attached to the side covers
10A and 10B, respectively. Details of configurations of
the cartridge heaters 70A and 70B will be described later.
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[0032] Since the side covers 10A and 10B have basi-
cally the same configuration, and the cartridge heaters
70A and 70B have basically the same configuration, the
side cover 10A and the cartridge heater 70A will be
described below. FIG. 2 is a side view of the side cover
10A according to the embodiment shown in FIG. 1. FIG. 3
is a cross-sectional view taken along a line A-A of FIG. 2.
The side cover 10A has through-holes 27 through which
the rotation shafts 7 extend. The through-holes 27 com-
municate with the rotor chamber 1.

[0033] The side cover 10A has an inner wall portion 31
forming an end surface 31a of the rotor chamber 1, an
outer wall portion 32 located outwardly of the inner wall
portion 31 in the axial direction of the rotation shafts 7,
and a plurality of spacers 34 sandwiched between the
inner wall portion 31 and the outer wall portion 32. The
inner wall portion 31 and the outer wall portion 32 are
located away from each other by the spacers 34. The
inner wall portion 31 is coupled to the pump casing 2 (see
FIG. 1), and the outer wall portion 32 is coupled to the
motor housing 14. The outer wall portion 32 has recesses
(not shown) in which the bearings 17 are accommodated.
A heat insulating material may be disposed between the
outer wall portion 32 and the motor housing 14.

[0034] The inner wall portion 31 of the side cover 10A
has holes 31b opened in an outer surface of the side
cover 10A (more specifically, an outer surface of the inner
wall portion 31). The holes 31b extend linearly. Each
cartridge heater 70A has a rod shape extending linearly,
and is arranged in each hole 31b. The vacuum pump
apparatus of this embodiment allows the cartridge hea-
ters 70A to be locally mounted by providing the holes 31b
at desired positions where the cartridge heaters 70A are
to be attached.

[0035] In this embodiment, two cartridge heaters 70A
are arranged so as to sandwich the rotation shafts 7 (see
FIG. 1). In one embodiment, only one cartridge heater
70A may be provided, or three or more cartridge heaters
70A may be provided. In this embodiment, the inner wall
portion 31 and the outer wall portion 32 are separated,
while in one embodiment, the inner wall portion 31 and
the outer wall portion 32 may be integrally formed without
providing the spacers 34. Further, in one embodiment,
the hole 31b may be formed in an outer surface of an
existing side cover of the vacuum pump apparatus, and
the cartridge heater 70A may be inserted into the hole
31b.

[0036] With the cartridge heaters 70A inserted into the
holes 31b, the cartridge heaters 70A are fixed to the side
cover 10A by screws 45, respectively, which are fixing
mechanisms. More specifically, the inner wall portion 31
of the side cover 10A has screw holes 46 communicating
with the holes 31b. When each screw 45 is screwed into
each screw hole 46, adistal end of each screw 45 presses
the cartridge heater 70A in the hole 31b against the inner
wall portion 31, so that positions of the cartridge heaters
70A are fixed. When each of the screws 45 is loosened,
the cartridge heaters 70A can be removed from the holes
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31b. Since the holes 31b are open in the outer surface of
the side cover 10A, the cartridge heaters 70A can be
removed from the side cover 10A without disassembling
the vacuum pump apparatus. Therefore, if a malfunction
of the cartridge heater 70A occurs, the cartridge heater
70A can be easily replaced with a new cartridge heater.
[0037] Next, the configuration of the cartridge heater
70A will be described. FIG. 4 is a perspective view of the
cartridge heater 70A. FIG. 5 is a cross-sectional view
taken along aline B-B of FIG. 4. The cartridge heater 70A
has a heater 71 and a heater casing 72 covering atleast a
partofthe heater 71. The heater 71 has a heating element
71a and an outer shell 71b surrounding the heating
element 71a. The outer shell 71b is made of metal and
has a function of transferring heat generated by the
heating element 71a while protecting the heating element
71a. The cartridge heater 70A is a heating device in which
the heater 71 is inserted inside the heater casing 72. A
type of the heater 71 is not particularly limited, while a
sheathed heater, which is a kind of electric heater, can be
used for the heater 71. The heater 71 is a rod-shaped
heater extending linearly.

[0038] The heater casing 72 is open at both ends
thereof and has a cylindrical shape forming a columnar
space therein. The heater casing 72 has a slit 72a ex-
tending from one end to other end thereof. The slit 72a
extends over an entire length of the heater casing 72. A
cross section of the heater casing 72 has an annular
shape opened at the slit 72a having a width s1. In this
embodiment, the entire length of the heater casing 72 is
the same as an entire length of the heater 71, and the
heater casing 72 covers the entire heater 71. In one
embodiment, the entire length of heater casing 72 may
be longer than the entire length of heater 71.

[0039] FIG.6is an enlarged cross-sectional view of the
cartridge heater 70A inserted into the hole 31b. As shown
in FIG. 6B, before the heater 71 generates heat, an inner
diameter @1 of the hole 31b of the side cover 10A s larger
than an outer diameter @2 of the heater casing 72. There-
fore, a gap is formed between the side cover 10A (more
specifically, an inner wall forming the hole 31b) and the
heater casing 72 when the cartridge heater 70A has been
insertedinto the hole 31b. Before the heater 71 generates
the heat, an inner diameter ¢3 of the heater casing 72 is
larger than an outer diameter ¢4 of the heater 71. There-
fore, a gap is formed between the heater 71 and the
heater casing 72 before the heater 71 generates the heat.
[0040] In this embodiment, the outer shell 71b of the
heater 71 is made of stainless steel. The stainless steel
has a higher coefficient of linear expansion than that of
cast iron constituting the pump casing 2 and the side
covers 10A and 10B. The heater casing 72 is made of a
material having a higher coefficient of linear expansion
than that of the outer shell 71b of the heater 71. More
specifically, the heater casing 72 is made of metal having
a higher coefficient of linear expansion than that of the
outer shell 71b of the heater 71. Examples of the metal
having a higher coefficient of linear expansion than that of
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the stainless steel constituting the outer shell 71b of the
heater 71 include aluminum alloy, aluminum, copper,
magnesium, etc.

[0041] When the heater 71 generates the heat, the
heat is transferred through the heater casing 72 and
transferred from the side cover 10A to the rotor chamber
1 (see FIG. 1), so that the rotor chamber 1 can be heated.
As a result, the inside of the rotor chamber 1 can be
maintained at a high temperature, and solidification of by-
product contained in the process gas can be prevented.
[0042] The heater 71 may be heated up to about
600°C, which causes the heater 71 itself to thermally
expand. When the heater 71 is repeatedly heated over a
long period of operations, the entire heater 71 may be
deformed. As a result, there is a problem that the heater
71 cannot be removed from the side cover 10A, and the
heater 71 cannot be easily replaced when a malfunction
of the cartridge heaters 70A occurs. If the inner diameter
¢1 of the hole 31b of the inner wall portion 31 is enlarged
in consideration of the deformation of the heater 71, the
heat cannot be efficiently transferred from the heater 71
to the side cover 10A. As a result, power consumption of
the heater 71 may increase, and operating cost may
increase.

[0043] FIG.7isanenlarged cross-sectional view of the
cartridge heater 70A during heating. According to the
present embodiment, the cartridge heater 70A includes
the heater casing 72 covering the heater 71. Therefore,
when the heater 71 generates the heat, the heater 71 and
the heater casing 72 thermally expand. As a result, the
gap between the heater 71 and the heater casing 72
becomes smaller. More specifically, the inner diameter
¢3 of the heater casing 72 becomes equal to the outer
diameter ¢4 of the heater 71. The heater casing 72 having
the slit 72a can absorb the deformation of the heater 71
over time. Therefore, deformation of the entire cartridge
heater 70A due to the deformation of the heater 71 over
time can be prevented, so that the cartridge heater 70A
can be easily removed from the side cover 10A.

[0044] The heater casing 72, which is made of the
material having a higher coefficient of linear expansion
than that of the outer shell 71b of the heater 71, thermally
expands more greatly than the heater 71. The heater
casing 72 expands until the heater casing 72 contacts the
inner wall forming the hole 31b of the side cover 10A.
More specifically, the outer diameter ¢2 of the heater
casing 72 becomes equal to the inner diameter ¢1 of the
hole 31b. Thus, the thermally-expanding heater casing
72 can fill the gap between the side cover 10A (more
specifically, the inner wall forming the hole 31b) and the
heater 71. Therefore, the heat can be transferred effi-
ciently from the cartridge heater 70A to the side cover
10A.

[0045] As can be seen from comparison between
FIGS.6 and 7, the thermal expansion of the heater casing
72 after contacting the hole 31b is absorbed by the slit 72a
of the heater casing 72. More specifically, the thermal
expansion of the heater casing 72 is restricted by the hole
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31b, while the heater casing 72 expands in a direction in
which the slit 72a narrows. As a result, stress generated
in the heater casing 72 is reduced, so that the deforma-
tion and breakage of the heater casing 72 are prevented.
[0046] When the heat generation of the heater 71 is
stopped and the temperatures of the heater 71 and the
heater casing 72 are lowered, the heater 71 and the
heater casing 72 contract. As a result, the gap is formed
again between the side cover 10A (more specifically, the
inner wall forming the hole 31b) and the heater casing 72.
Therefore, the cartridge heater 70A can be easily at-
tached to and removed from the side cover 10A.
[0047] FIG. 8 is a cross-sectional view showing an-
other embodiment of the vacuum pump apparatus. FIG. 9
is a cross-sectional view taken along a line C-C of FIG. 8.
Configurations of this embodiment, which will not be
particularly described, are the same as those of the
embodiment described with reference to FIGS. 1 to 7,
and duplicated descriptions will be omitted. The vacuum
pump apparatus shownin FIG. 8 has cartridge heaters 70
disposed in the pump casing 2. The cartridge heaters 70
are removably attached to the pump casing 2. Details of
the configuration of each of the cartridge heaters 70 are
the same as those of the configuration of the cartridge
heater 70A described with reference to FIGS. 4 and 5.
[0048] The cartridge heaters 70 are arranged at both
sides of the intake port 2a and at both sides of the exhaust
port 2b of the pump casing 2. As shown in FIG. 9, the
pump casing 2 has holes 2c opened in an outer surface of
the pump casing 2. The holes 2c extend linearly. Each
cartridge heater 70 has a rod shape extending linearly,
and is arranged in each hole 2c. The vacuum pump
apparatus of this embodiment allows the cartridge hea-
ters 70 to be locally mounted by providing the holes 31c at
desired positions where the cartridge heaters 70 are to be
attached. In this embodiment, four cartridge heaters 70
are arranged so as to sandwich the intake port 2a and the
exhaust port 2b of the pump casing 2. In one embodi-
ment, three or less, or five or more cartridge heaters 70
may be provided.

[0049] With the cartridge heaters 70 inserted into the
holes 2c, the cartridge heaters 70 are fixed to the pump
casing 2 by screws 45, respectively, which are fixing
mechanisms. More specifically, the pump casing 2 has
screw holes 46 communicating with the holes 2c. When
each screw 45 is screwed into each screw hole 46, a
distal end of each screw 45 presses the cartridge heater
70 in the hole 2c against the pump casing 2, so that
positions of the cartridge heaters 70 are fixed. When each
ofthe screws 45 is loosened, the cartridge heaters 70 can
be removed from the holes 2c. Since the holes 2c are
open in the outer surface of the pump casing 2, the
cartridge heaters 70 can be removed from the pump
casing 2 without disassembling the vacuum pump appa-
ratus. Therefore, if a malfunction of the cartridge heater
70 occurs, the cartridge heater 70 can be easily replaced
with a new cartridge heater.

[0050] A relationship between an inner diameter of the
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hole 2c of the pump casing 2, an outer diameter and an
inner diameter of the heater casing 72 of the cartridge
heater 70, and an outer diameter of the heater 71 of the
present embodiment is the same as the relationship of
the inner diameter @1 of the hole 31b of the side cover
10A, the outer diameter ¢2 and the inner diameter ¢3 of
the heater casing 72 of the cartridge heater 70A, and the
outer diameter @4 of the heater 71 described with refer-
ence to FIGS. 6 and 7, and duplicated descriptions are
omitted.

[0051] When the heater 71 generates the heat, the
heat is transferred through the heater casing 72 and
transferred from the pump casing 2 to the rotor chamber
1 (see FIG. 8), so that the rotor chamber 1 can be heated.
As a result, the inside of the rotor chamber 1 can be
maintained at a high temperature, and solidification of by-
product contained in the process gas can be prevented.
[0052] According to the present embodiment, the car-
tridge heater 70 includes the heater casing 72 covering
the heater 71. Therefore, when the heater 71 generates
the heat, the heater 71 and the heater casing 72 thermally
expand. As a result, the gap between the heater 71 and
the heater casing 72 becomes smaller. More specifically,
the inner diameter of the heater casing 72 becomes equal
to the outer diameter of the heater 71. The heater casing
72 having the slit 72a can absorb the deformation of the
heater 71 over time. Therefore, deformation of the entire
cartridge heater 70 due to the deformation of the heater
71 over time can be prevented, so that the cartridge
heater 70 can be easily removed from the pump casing
2.

[0053] The heater casing 72, which is made of the
material having a higher coefficient of linear expansion
than that of the outer shell 71b of the heater 71, thermally
expands more greatly than the heater 71. The heater
casing 72 expands until the heater casing 72 contacts an
inner wall forming the hole 2¢ of the pump casing 2. More
specifically, the outer diameter of the heater casing 72
becomes equal to the inner diameter of the hole 2c. Thus,
the thermally-expanding heater casing 72 can fill the gap
between the pump casing 2 (more specifically, the inner
wall forming the hole 2c) and the heater 71. Therefore,
the heat can be transferred efficiently from the cartridge
heater 70 to the pump casing 2.

[0054] When the heat generation of the heater 71 is
stopped and the temperatures of the heater 71 and the
heater casing 72 are lowered, the heater 71 and the
heater casing 72 contract, so that the gap is formed again
between the pump casing 2 (more specifically, the inner
wall forming the hole 2c) and the heater casing 72.
Therefore, the cartridge heater 70 can be easily attached
to and removed from the pump casing 2.

[0055] Inone embodiment, the vacuum pump appara-
tus may furtherinclude the cartridge heaters 70A and 70B
in the side covers 10A and 10B as well as the embodi-
ments described with reference to FIGS. 1 to 7, in addi-
tion to the cartridge heaters 70 in the pump casing 2
described above.



1 EP 4 177 465 B1 12

[0056] FIG. 10 is a cross-sectional view showing still
another embodiment of the vacuum pump apparatus.
FIG. 11 is a side view of a side cover according to the
embodiment shown in FIG. 10. FIG. 12 is a diagram as
viewed from a direction indicated by an arrow D in FIG.
11. FIG. 13 is a perspective view of the side cover 10A
shown in FIG. 11. Configurations of this embodiment,
which will not be particularly described, are the same as
those of the embodiment described with reference to
FIGS. 1 to 7, and duplicated description will be omitted.
Side covers 10A and 10B of the vacuum pump apparatus
shown in FIG. 10 further include narrow portions 33 and
heater housings 35. The cartridge heaters 70A and 70B
are removably attached to the heater housings 35 of the
side covers 10A and 10B, respectively. Details of the
configurations of the cartridge heaters 70A and 70B are
the same as those of the configurations of the cartridge
heater 70A described with reference to FIGS. 4 and 5.

[0057] The side cover 10A of this embodiment has an
inner wall portion 31 forming an end surface 31a of the
rotor chamber 1, an outer wall portion 32 located out-
wardly of the inner wall portion 31 in the axial direction of
the rotation shafts 7, and the narrow portion 33 located
between the inner wall portion 31 and the outer wall
portion 32. The inner wall portion 31 is coupled to the
pump casing 2 and the outer wall portion 32 is coupled to
the motor housing 14. The outer wall portion 32 has
recesses 32a in which the bearings 17 are accommo-
dated. A heat insulating material may be disposed be-
tween the outer wall portion 32 and the motor housing 14.
[0058] The inner wall portion 31, the outer wall portion
32, and the narrow portion 33 are an integral structure. In
this embodiment, the inner wall portion 31, the outer wall
portion 32, and the narrow portion 33 are an integrally
molded casting. Since the side cover 10A includes the
integral structure, it is not necessary to produce multiple
members separately and assemble these multiple mem-
bers. As a result, manufacturing cost can be reduced.

[0059] The narrow portion 33 has an outer peripheral
length shorter than outer peripheral lengths of the inner
wall portion 31 and the outer wall portion 32. Specifically,
the narrow portion 33 has a cross-sectional area smaller
than cross-sectional areas of the innerwall portion 31 and
the outer wall portion 32. The inner wall portion 31, the
outer wall portion 32, and the narrow portion 33 are made
of the same material, while the cross-sectional area of the
narrow portion 33 is smaller than the cross-sectional
areas of the inner wall portion 31 and the outer wall
portion 32. Therefore, the heat is less likely to be trans-
ferred from the inner wall portion 31 through the narrow
portion 33 to the outer wall portion 32. Although descrip-
tions are omitted, the side cover 10B also basically has
the same configuration as the side cover 10A. Since the
side covers 10A and 10B having such narrow portions 33
have high heat insulating performances, the interior of
the rotor chamber 1 can be maintained at a high tem-
perature. Furthermore, cooling of the pump casing 2 by
the cooling liquid flowing through the cooling channel 21
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and the cooling channel 22 can be prevented.

[0060] The side cover 10A has two heater housings 35
having holes 35a, respectively. The two heater housings
35, theinnerwall portion 31, the outer wall portion 32, and
the narrow portion 33 are an integral structure. Each hole
35a is open in an outer surface of the side cover 10A
(more specifically, an outer surface of the heater housing
35), and the cartridge heater 70A is arranged in the hole
35a. In this embodiment, two cartridge heaters 70A are
arranged so as to sandwich the rotation shafts 7. In one
embodiment, only one cartridge heater 70A may be
provided, or three or more cartridge heaters 70A may
be provided.

[0061] The holes 35a extend linearly, and the cartridge
heaters 70A are rod-shaped heaters extending linearly.
With the cartridge heaters 70A inserted into the holes
35a, the cartridge heaters 70A are fixed to the side cover
10A by screws 45, respectively, which are fixing mechan-
isms. More specifically, the heater housing 35 has screw
holes 46 communicating with the holes 35a. When each
screw 45 is screwed into each screw hole 46, a distal end
of each screw 45 presses the cartridge heater 70A in the
hole 35a against the heater housing 35, so that positions
of the cartridge heaters 70A are fixed. When each of the
screws 45 is loosened, the cartridge heaters 70A can be
removed from the holes 35a. Since the holes 35a are
open in the outer surface of the side cover 10A, the
cartridge heaters 70A can be removed from the side
covers 10A without disassembling the vacuum pump
apparatus. Therefore, if the cartridge heater 70A breaks
down, the cartridge heater 70A can be easily replaced
with a new cartridge heater.

[0062] A relationship between an inner diameter of the
hole 35a of the heater housing 35, an outer diameter