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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 evacuating a process
gas used in manufacturing of semiconductor devices,
liquid crystals, LEDs, solar cells, or the like.

Description of the Related Art:

[0002] In manufacturing process for manufacturing
semiconductor devices, 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 process or CVD process. The process gas that
has introduced into the process chamber is evacuated by
a vacuum pump apparatus. Generally, the vacuum pump
apparatus used in these manufacturing processes that
require high cleanliness is a so-called dry vacuum pump
apparatus that does not use oil in gas 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 a high sublimation temperature. When a temperature
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
surface 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 the solidification of the by-product,
a heater is 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 coolant 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 cooling system can prevent overheating of
the electric motor and the gears and can therefore
achieve stable operation of the vacuum pump apparatus.
With respect to such a vacuum pump apparatus, refer-
ence is made to JP 2003-35290 A and JP 2012-251470.
[0005] Further reference is made to JP 2009 092 042
A, which relates to a rotary rotor pump in which rotating
rotors are housed in a main housing forming an exhaust
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chamber having an intake port and an exhaust port. The
rotating rotors are positioned on respective rotor shafts
connected to a motor. The rotor shafts are rotatably
supported by bearings and a bearing protection mechan-
ism is formed by a bearing housing which is attached to
the main housing and which forms a cavity, in which the
bearings are supported without direct contact to the
housing, thereby providing a heat insulating space be-
tween the bearing and an exhaust chamber formed in the
main housing.

[0006] However, the heatofthe pump casing heated by
the heater is likely to be transferred to the motor housing
and the gear housing having low temperatures. As a
result of such heat transfer, the temperature of the rotor
chamberinthe pump casing may drop. In particular, since
an end surface of the rotor chamber is located near the
motor housing or the gear housing having a low tempera-
ture, the temperature of the end surface of the rotor
chamber tends to decrease. As a result, the by-product
contained in the process gas may be solidified in the rotor
chamber. One solution for such a drawback may be to
use a high-power heater, but such a heater requires more
electric power, and an energy-saving operation of the
vacuum pump apparatus cannot be achieved.

SUMMARY OF THE INVENTION

[0007] Therefore, the present invention provides a va-
cuum pump apparatus capable of preventing a decrease
in temperature of a pump casing due to heat transfer, and
capable of maintaining a high temperature in a rotor
chamber.

[0008] In accordance with the present invention, a
vacuum pump apparatus as set forth in the appended
claims is provided. In an embodiment, there is provided a
vacuum pump apparatus inter alia comprising: a pump
casing having a rotor chamber therein; pump rotors dis-
posed in the rotor chamber; rotation shafts to which the
pump rotors are fixed; bearings rotatably supporting the
rotation shafts; an electric motor coupled to the rotation
shafts; a side cover forming an end surface of the rotor
chamber; and a housing structure located outwardly of
the side cover in an axial direction of the rotation shafts,
wherein the side cover includes an inner wall portion
forming the end surface of the rotor chamber, an outer
wall portion located outwardly of the inner wall portion in
the axial direction of the rotation shafts, and a narrow
portion located between the inner wall portion and the
outer wall portion, the bearings are located outwardly of
the narrow portion and are housed in recesses formed in
the outer wall portion, the inner wall portion, the outer wall
portion, and the narrow portion are an integrally-formed
structure, and the narrow portion has a cross-sectional
area smaller than cross-sectional areas of the inner wall
portion and the outer wall portion.

[0009] Inanembodiment,the vacuum pump apparatus
further comprises a heater arranged in the side cover.
[0010] In an embodiment, the heater is removably
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attached to the side cover.

[0011] In an embodiment, the side cover has a heater
housing having ahole, the hole is openin an outer surface
of the side cover, and the heater is arranged in the hole..
[0012] In an embodiment, the hole extends linearly,
and the heater is a rod-shaped heater.

[0013] Inanembodiment,the vacuum pump apparatus
further comprises a fixing mechanism configured to re-
movably fix the heater to the heater housing.

[0014] In an embodiment, the heater housing is con-
nected to the inner wall portion.

[0015] In an embodiment, at least a part of the heater
housing is separated from the outer wall portion.
[0016] Inanembodiment,the vacuum pump apparatus
further comprises: a cooling flow passage provided in the
housing structure; a flow passage valve coupled to the
cooling flow passage; a temperature sensor attached to
any one of the electric motor, the side cover, and the
housing structure; and a valve controller configured to
open the flow passage valve when a temperature mea-
sured by the temperature sensor exceeds a threshold
value and close the flow passage valve when the tem-
perature falls below the threshold value.

[0017] The side cover having the narrow portion with a
small cross-sectional area can reduce heat transfer from
the pump casing to the housing structure. Therefore, the
inside of the rotor chamber can be maintained at a high
temperature. In addition, the heat transfer to the bearing
can be reduced, so that the bearing does not exceed its
heat resisting temperature.

[0018] The heater can heat the side cover itself, which
caninturnincrease the temperature in the rotor chamber
whose end surface is formed by the side cover.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

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

FIG. 2 is a side view of a side cover;

FIG. 3 is a view seen from a direction indicated by
arrow A in FIG 2;

FIG. 4 is a perspective view of the side cover shown
in FIG. 2;

FIG. 5 is a cross-sectional view showing another
embodiment of the vacuum pump apparatus;

FIG. 6is aside view of the side cover shownin FIG. 5;

FIG. 7 is a view seen from a direction indicated by
arrow B in FIG. 6;

FIG. 8 is a perspective view of the side cover shown
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in FIG. 6; and

FIG. 9 is a cross-sectional view showing still another
embodiment of the vacuum pump apparatus.

DESCRIPTION OF EMBODIMENTS

[0020] Embodiments will now be described with refer-
ence to the drawings.

[0021] 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.

[0022] As shownin 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
an electric motor 8 coupled to the rotation shafts 7. The
pump rotor 5 and the rotation shaft 7 may be an integral
structure. Although only one pump rotor 5 and one rota-
tion shaft 7 are depicted in FIG. 1, a pair of pump 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 rotation shafts 7. In one embodi-
ment, a pair of electric motors 8 may be coupled to the
pair of rotation shafts 7, respectively.

[0023] 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-
dimentthe pump rotors 5 may be multistage pump rotors.
[0024] 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 screws
(not shown).

[0025] 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 evacuating a process gas that has
been introduced into the process chamber.
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[0026] 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 10Ais 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.

[0027] Each rotary 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 a motor 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 structures,
and the housing structures are not limited to this embodi-
ment. For example, the housing structure may be a
bearing housing that holds the bearing.

[0028] A pairof gears 20 that mesh with each other are
arranged in the gear housing 16. In FIG. 1, only one gear
20 is depicted. The electric motor 8 is rotated by a motor
driver (not shown), and one rotation shaft 7 that is
coupled the electric motor 8 rotates the other rotation
shaft 7 to which the electric motor 8 is not coupled in the
opposite direction via the gears 20.

[0029] In one embodiment, a pair of electric motors 8
may be coupled to the pair of rotation shafts 7, respec-
tively. The pair of motors 8 are synchronously rotated in
opposite directions by a motor driver (not shown), so that
the pair of rotation shafts 7 and the pair of pump rotors 5
are synchronously rotated in opposite directions. The
role of the gears 20 in this case is to prevent out of the
synchronous rotations of the pump rotors 5 due to a
sudden external cause.

[0030] 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 rotors 5.

[0031] A cooling flow passage 21 is provided in the
motor housing 14. Similarly, a cooling flow passage 22 is
provided in the gear housing 16. The cooling flow pas-
sage 21 extends an entire peripheral wall of the motor
housing 14, and the cooling flow passage 22 extends an
entire peripheral wall of the gear housing 16. The cooling
flow passage 21 and the cooling flow passage 22 are
coupled to a coolant supply source (not shown). A coolant
is supplied from the coolant supply source to the cooling
flow passage 21 and the cooling flow passage 22. The
coolant flowing through the cooling flow passage 21 can
cool the motor housing 14, whereby the electric motor 8
and the bearings 17 arranged in the motor housing 14 can
be cooled. The coolant flowing through the cooling flow
passage 22 can cool the gear housing 16, whereby the
gears 20 and the bearings 18 arranged in the gear
housing 16 can be cooled.

[0032] Some ofthe process gases to be handled by the
vacuum pump apparatus of the present embodiment
include by-product that is solidified as the temperature
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decreases. During the operation 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, the inside of the
rotor chamber 1 becomes hot due to the heat of compres-
sion 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 are cooled by the coolant flowing
through the cooling passages 21 and 22.

[0033] 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 cast iron.
[0034] Since the side covers 10A and 10B basically
have the same configuration, the side cover 10A will be
described below. FIG. 2 is a side view of the side cover
10A, FIG. 3 is a view seen from a direction indicated by
arrow A in FIG. 2, and FIG. 4 is a perspective view of the
side cover 10A shown in FIG. 2. The side cover 10A has
through-holes 27 through which the rotation shafts 7
extend. The through-holes 27 communicate with the rotor
chamber 1.

[0035] The side cover 10A includes an inner wall por-
tion 31 forming an end surface 31a of the rotor chamber 1,
anouterwall portion 32 located outwardly of the inner wall
portion 31 in the axial direction of the rotation shafts 7,
and a 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 (see FIG. 1),
and the outer wall portion 32 is coupled to the motor
housing 14. The outer wall portion 32 has recesses 32ain
which the bearings 17 are housed. A heat insulating
material may be arranged between the outer wall portion
32 and the motor housing 14.

[0036] The inner wall portion 31, the outer wall portion
32, and the narrow portion 33 are an integrally-formed
structure. In the present embodiment, the inner wall
portion 31, the outer wall portion 32, and the narrow
portion 33 are an integrally-formed casting. As described
above, since the side cover 10A includes the integrally-
formed structure, it is not necessary to separately pre-
pare a plurality of parts and assemble them. As aresult, a
manufacturing cost can be reduced.

[0037] The narrow portion 33 has an outer peripheral
length shorter than those 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-sec-
tional areas of the inner wall 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
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same material, but 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. As a
result, the heat is unlikely to be transferred from the inner
wall portion 31 to the outer wall portion 32 through the
narrow portion 33. Although descriptions are omitted, the
side cover 10B basically has the same configuration.
Since the side covers 10A and 10B include the narrow
portions 33 have a high heat insulation, the inside of the
rotor chamber 1 can be maintained at a high temperature.
In addition, the side covers 10A and 10B can prevent the
pump casing 2 from being cooled by the coolant flowing
through the cooling flow passage 21 and the cooling flow
passage 22.

[0038] FIG. 5 is a cross-sectional view showing an-
other embodiment of the vacuum pump apparatus. Con-
figurations of the present embodiment, which will not be
particularly described, are the same as those of the
embodiments described with reference to FIGS. 1 to 4,
and duplicate descriptions thereof will be omitted. The
vacuum pump apparatus shownin FIG. 5 furtherincludes
heaters 40A and 40B arranged in the side covers 10A and
10B, respectively. The heaters 40A and 40B are remo-
vably mounted to the side covers 10A and 10B.

[0039] The side covers 10A and 10B have basically the
same configuration, and the heaters 40A and 40B have
basically the same configuration. Therefore, the side
cover 10A and the heater 40A will be described below.
FIG. 6is aside view of the side cover 10A shownin FIG. 5,
FIG. 7 is aview seen from a direction indicated by arrow B
in FIG. 6, and FIG. 8 is a perspective view of the side
cover 10A shown in FIG. 6. The side cover 10A has two
heater housings 35 having holes 35a, respectively. The
two heater housings 35, the inner wall portion 31, the
outer wall portion 32, and the narrow portion 33 are an
integrally-formed structure. Each hole 35a is open in an
outer surface of the side cover 10A (more specifically, in
an outer surface of the heater housing 35), and each
heater 40A is arranged in each hole 35a. In the present
embodiment, the two heaters 40A are arranged such that
the rotation shafts 7 (see FIG. 5) are located between
these two heaters 40A. In one embodiment, only one
heater 40A may be provided, or three or more heaters
40A may be provided.

[0040] The hole 35a extends linearly, and the heater
40Ais arod-shaped heater that also extends linearly. The
heater 40A is inserted into the hole 35a and fixed to the
side cover 10A by a screw 45 which is a fixing mechan-
ism. More specifically, the heater housing 35 has a screw
hole 46 communicating with the hole 35a, and the screw
45 is screwed into the screw hole 46 until an end of the
screw 45 presses the heater 40A in the hole 35a against
the heater housing 35. As a result, the position of the
heater 40A is fixed. When the screw 45 is loosened, the
heater 40A can be removed from the hole 35a. Since the
hole 35a is open in the outer surface of the side cover
10A, the heater 40A can be removed from the side cover
10A without disassembling the vacuum pump apparatus.
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Therefore, the heater 40A can be easily replaced with a
new heater in case the heater 40A gets out of order.
[0041] The heat generated by the heater 40A is trans-
ferred to the rotor chamber 1 (see FIG. 5) through the
heater housing 35 and the inner wall portion 31 to thereby
heat the rotor chamber 1. In particular, since the heater
housing 35 and the inner wall portion 31 are integrally
formed, an efficiency of the heat transfer from the heater
40A to the inner wall portion 31 is improved.

[0042] Asshownin FIG. 8, atleast a part of the heater
housing 35 is separated from the outer wall portion 32.
Although not shown, the entire heater housing 35 may be
separated from the outer wall portion 32. With such a
configuration, the heat generated by the heater 40A is
unlikely to be transferred to the outer wall portion 32.
Therefore, the heater 40A hardly heats the motor housing
14 (see FIG. 5), which is a housing structure coupled to
the outer wall portion 32, while the heater 40A can heat
the rotor chamber 1.

[0043] As shown in FIG. 5, the heater 40B is also
arranged in the side cover 10B. The descriptions with
reference to FIGS. 6 to 8 can be applied to the side cover
10B and the heater 40B disposed in the side cover 10B,
and repetitive descriptions thereof will be omitted.
[0044] FIG. 9 is a cross-sectional view showing an-
other embodiment of the vacuum pump apparatus. Con-
figurations of the present embodiment, which will not be
particularly described, are the same as those of the
embodiments described with reference to FIGS. 1 to 4,
and duplicate descriptions thereof will be omitted. The
vacuum pump apparatus shown in FIG. 9 includes cool-
ing flow passages 21 and 22 provided in the motor
housing 14 and the gear housing 16 which are housing
structures, flow passage valves 51 and 52 coupled to the
cooling flow passages, respectively, a temperature sen-
sor 55 attached to the electric motor 8, a temperature
sensor 56 attached to the side cover 10B, and a valve
controller 60 configured to control operations of the flow
passage valves 51 and 52 based on temperatures mea-
sured by the temperature sensors 55 and 56. In the
present embodiment, the temperature sensor 55 is at-
tached to the motor stator 8B of the electric motor 8, and
the temperature sensor 56 is attached to the outer wall
portion 32 (see FIGS. 2 to 4) coupled to the gear housing
16. The valve controller 60 is constituted by at least one
computer.

[0045] The temperature sensors 55, 56 and the flow
passage valves 51, 52 are electrically coupled to the
valve controller 60. The temperature sensor 55 attached
to the electric motor 8 measures the temperature of the
electric motor 8 and transmits a measured value of the
temperature to the valve controller 60. The valve con-
troller 60 is configured to open the flow passage valve 51
when the temperature of the electric motor 8 exceeds a
predetermined threshold value and close the flow pas-
sage valve 51 when the temperature of the electric motor
8 falls below the threshold value. Similarly, the tempera-
ture sensor 56 attached to the side cover 10B measures
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the temperature of the side cover 10B and transmits a
measured value of the temperature to the valve controller
60. The valve controller 60 is configured to open the flow
passage valve 52 when the temperature of the side cover
10B exceeds a predetermined threshold value and close
the flow passage valve 52 when the temperature of the
side cover 10B falls below the threshold value.

[0046] According to the presentembodiment, the cool-
ant flows through the cooling flow passage 21 in the
motor housing 14 only when the temperature of the
electric motor 8 exceeds the threshold value, so that
excessive cooling of the side cover 10A by the coolant
can be prevented. Similarly, the coolant flows through the
cooling flow passage 22 in the gear housing 16 only when
the temperature of the side cover 10B exceeds the
threshold value, so that excessive cooling of the side
cover 10B by the coolant can be prevented.

[0047] Inone embodiment, the temperature sensor 55
may be attached to the motor housing 14 or the outer wall
portion 32 (see FIGS. 2 to 4) of the side cover 10A,
instead of the electric motor 8. In this case also, the valve
controller 60 is configured to open the flow passage valve
51 when the temperature measured by the temperature
sensor 55 exceeds a predetermined threshold value and
close the flow passage valve 51 when the temperature
measured by the temperature sensor 55 falls below the
threshold value. In one embodiment, the temperature
sensor 56 may be attached to the gear housing 16,
instead of the side cover 10B. The valve controller 60
is configured to open the flow passage valve 52 when the
temperature measured by the temperature sensor 56
exceeds a predetermined threshold value and close
the flow passage valve 52 when the temperature mea-
sured by the temperature sensor 56 falls below the
threshold value. These embodiments can also prevent
excessive cooling of the side covers 10A and 10B by the
coolant.

[0048] The embodiment shown in FIG. 9 may be com-
bined with the embodiments described with reference to
FIGS. 5 to 8.

[0049] The previous description of embodiments is
provided to enable a person skilled in the art to make
and use the present invention. Moreover, various mod-
ifications to these embodiments will be readily apparent
to those skilled in the art, and the generic principles and
specific examples defined herein may be applied to other
embodiments. Therefore, the present invention is not
intended to be limited to the embodiments described
herein but is to be accorded the widest scope as defined
by limitation of the claims.

Claims

1. A vacuum pump apparatus comprising:

a pump casing (2) having a rotor chamber (1)
therein;
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pump rotors (5) disposed in the rotor chamber
(1

rotation shafts (7) to which the pump rotors (5)
are fixed;

bearings (17, 18) rotatably supporting the rota-
tion shafts (7);

an electric motor (8) coupled to the rotation
shafts (7);

a side cover (10A, 10B) forming an end surface
(31a) of the rotor chamber (1); and

a housing structure (14, 16) located outwardly of
the side cover (10A, 10B) in an axial direction of
the rotation shafts (7),

wherein the side cover (10A, 10B) includes an
inner wall portion (31) forming the 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 narrow portion (33) located
between the inner wall portion (31) and the outer
wall portion (32),

the bearings (17, 18) are located outwardly of
the narrow portion (33) and are housed in re-
cesses (32a) formed in the outer wall portion
(32),

the inner wall portion (31), the outer wall portion
(32), and the narrow portion (33) are an inte-
grally-formed structure, and

the narrow portion (33) has a cross-sectional
area smaller than cross-sectional areas of the
inner wall portion (31) and the outer wall portion
(32).

The vacuum pump apparatus according to claim 1,
further comprising a heater (40A, 40B) arranged in
the side cover (10A, 10B).

The vacuum pump apparatus according to claim 2,
wherein the heater (40A, 40B) is removably attached
to the side cover (10A, 10B).

The vacuum pump apparatus according to claim 3,
wherein:

the side cover (10A, 10B) has a heater housing
(35) having a hole (35a);

the hole (35a) is open in an outer surface of the
side cover (10A, 10B); and

the heater (40A, 40B) is arranged in the hole
(35a).

The vacuum pump apparatus according to claim 4,
wherein the hole (35a) extends linearly and the
heater (40A, 40B) is a rod-shaped heater.

The vacuum pump apparatus according to claim 4 or
5, further comprising a fixing mechanism (45) con-
figured to removabily fix the heater (40A, 40B) to the
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heater housing (35).

The vacuum pump apparatus according to any one
of claims 4 to 6, wherein the heater housing (35) is
connected to the inner wall portion (31).

The vacuum pump apparatus according to claim 7,
wherein at least a part of the heater housing (35) is
separated from the outer wall portion (32).

The vacuum pump apparatus according to any one
of claims 1 to 8, further comprising:

a cooling flow passage (21, 22) provided in the
housing structure (14, 16);

a flow passage valve (51, 52) coupled to the
cooling flow passage (21, 22);

a temperature sensor (55, 56) attached to any
one of the electric motor (8), the side cover (10A,
10B), and the housing structure (14, 16); and
a valve controller (60) configured to open the
flow passage valve (51, 52) when a temperature
measured by the temperature sensor (55, 56)
exceeds a threshold value and close the flow
passage valve (51, 52) when the temperature
falls below the threshold value.

The vacuum pump apparatus according to any one
of claims 1 to 9, wherein the inner wall portion (31)
and the outer wall portion (33) are separated from
each other.

The vacuum pump apparatus according claim 5,
wherein the linearly extending hole (35a) is perpen-
dicular to the rotation shafts (7), and the rod-shaped
heater (40A, 40B) is removably arranged in the
linearly extending hole (35a).

Patentanspriiche

1.

Vakuumpumpenvorrichtung, die Folgendes auf-
weist:

ein Pumpengehause (2) mit einer Rotorkammer
(1) darin;

Pumpenrotoren (5), die in der Rotorkammer (1)
angeordnet sind;

Drehwellen (7), an denen die Pumpenrotoren
(5) befestigt sind;

Lager (17, 18), welche die Drehwellen (7) dreh-
bar tragen;

einen Elektromotor (8), der mit den Drehwellen
(7) gekoppelt ist;

eine Seitenabdeckung (10A, 10B), die eine End-
flache (31a) der Rotorkammer (1) bildet; und
eine Gehausestruktur (14, 16), die in einer axia-
len Richtung der Drehwellen (7) auRerhalb der
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Seitenabdeckung (10A, 10B) angeordnet ist,
wobei die Seitenabdeckung (10A, 10B) einen
inneren Wandteil (31) aufweist, der die Endfla-
che (31a) der Rotorkammer (1) bildet, einen
auleren Wandteil (32), der in der axialen Rich-
tung der Drehwellen (7) auRRerhalb des inneren
Wandteils (31) angeordnet ist, und einen
schmalen Teil (33), der zwischen dem inneren
Wandteil (31) und dem aufleren Wandteil (32)
angeordnet ist,

wobei die Lager (17, 18) aufRerhalb des schma-
len Teils (33) angeordnet sind und in Vertiefun-
gen (32a) aufgenommen sind, die in dem auRe-
ren Wandteil (32) geformt sind,

wobei der innere Wandteil (31), der aulere
Wandteil (32) und der schmale Teil (33) eine
integral geformte Struktur sind, und

wobei der schmale Teil (33) eine kleinere Quer-
schnittsflache hat als die Querschnittsflachen
des inneren Wandteils (31) und des auReren
Wandteils (32).

Vakuumpumpenvorrichtung nach Anspruch 1, die
weiter eine Heizung (40A, 40B) aufweist, die in der
Seitenabdeckung (10A, 10B) angeordnet ist.

Vakuumpumpenvorrichtung nach Anspruch 2, wo-
bei die Heizung (40A, 40B) in entfernbarer Weise an
der Seitenabdeckung (10A, 10B) befestigt ist.

Vakuumpumpenvorrichtung nach Anspruch 3, wo-
bei

die Seitenabdeckung (10A, 10B) ein Heizungs-
gehause (35) mit einem Loch (35a) hat;

wobei das Loch (35a) in einer Auf3enflache der
Seitenabdeckung (10A, 10B) offen ist; und
wobei die Heizung (40A, 40B)indem Loch (35a)
angeordnet ist.

Vakuumpumpenvorrichtung nach Anspruch 4, wo-
bei das Loch (35a) sich linear erstreckt und die
Heizung (40A, 40B) eine stabférmige Heizung ist.

Vakuumpumpenvorrichtung nach Anspruch 4 oder
5, die weiter einen Befestigungsmechanismus (45)
aufweist, der konfiguriert ist, um in entfernbarer
Weise die Heizung (40A, 40B) an dem Heizungsge-
hause (35) zu befestigen.

Vakuumpumpenvorrichtung nach einem der An-
spriiche 4 bis 6, wobei das Heizungsgehause (35)
mit dem inneren Wandteil (31) verbunden ist.

Vakuumpumpenvorrichtung nach Anspruch 7, wo-
bei zumindest ein Teil des Heizungsgehauses (35)
von dem &ufleren Wandteil (32) getrennt ist.
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Vakuumpumpenvorrichtung nach einem der An-
spriche 1 bis 8, die weiter Folgendes aufweist:

einen Kuhlflussdurchlass (21, 22), der in der
Gehausestruktur (14, 16) vorgesehen ist;

ein Flussdurchlassventil (51, 52), das mit dem
Kuhlflussdurchlass (21, 22) gekoppelt ist;
einen Temperatursensor (55, 56), der an einem
von Folgenden befestigt ist: dem Elektromotor
(8), der Seitenabdeckung (10A, 10B), der Geh-
ausestruktur (14, 16); und

eine Ventilsteuervorrichtung (60), die konfigu-
riertist, um das Flussdurchlassventil (51, 52) zu
offnen, wenn eine Temperatur, die durch den
Temperatursensor (55, 56) gemessen wird, ei-
nen Schwellenwert Uiberschreitet, und um das
Flussdurchlassventil (51, 52) zu schlie3en,
wenn die Temperatur unter den Schwellenwert
fallt.

10. Vakuumpumpenvorrichtung nach einem der An-

1.

spriiche 1 bis 9, wobei der innere Wandteil (31)
und der dufere Wandteil (33) voneinander getrennt
sind.

Vakuumpumpenvorrichtung nach Anspruch 5, wo-
bei das sich linear erstreckende Loch (35a) senk-
recht zu den Drehwellen (7) ist, und wobei die stab-
férmige Heizung (40A, 40B) in entfernbarer Weise in
dem sich linear erstreckenden Loch (35a) angeord-
net ist.

Revendications

1.

Appareil de pompe a vide comprenant :

un carter de pompe (2) dans lequel se trouve
une chambre de rotor (1) ;

des rotors de pompe (5) disposés dans la cham-
bre du rotor (1) ;

des arbres de rotation (7) sur lesquels sont fixés
les rotors de la pompe (5) ;

des paliers (17, 18) supportant en rotation les
arbres de rotation (7) ;

un moteur électrique (8) couplé aux arbres de
rotation (7) ;

un couvercle latéral (10A, 10B) formant une
surface d’extrémité (31a) de lachambre du rotor
(1); et

une structure de boitier (14, 16) située a I'exté-
rieur du couvercle latéral (10A, 10B) dans une
direction axiale des arbres de rotation (7),
dans lequel le couvercle latéral (10A, 10B)
comporte une partie de paroi intérieure (31)
formant la surface d’extrémité (31a) de lacham-
bre de rotor (1), une partie de paroi extérieure
(32) située a l'extérieur de la partie de paroi
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intérieure (31) dans la direction axiale des ar-
bres de rotation (7) et une partie étroite (33)
située entre la partie de paroi intérieure (31) et
la partie de paroi extérieure (32),

les paliers (17, 18) sont situés a I'extérieur de la
partie étroite (33) et sontlogés dans des cavités
(32a) formés dans la partie de paroi extérieure
(32),

la partie de paroi intérieure (31), la partie de
paroi extérieure (32) et la partie étroite (33) sont
une structure formée d’un seul tenant, et

la partie étroite (33) a une section transversale
plus petite que les sections transversales de la
partie de paroi intérieure (31) et de la partie de
paroi extérieure (32).

Appareil de pompe a vide selon la revendication 1,
comprenant en outre un élément chauffant (40A,
40B) disposé dans le couvercle latéral (10A, 10B).

Appareil de pompe a vide selon la revendication 2,
dans lequel I'élément chauffant (40A, 40B) est fixé
de fagcon amovible au couvercle latéral (10A, 10B).

Appareil de pompe a vide selon la revendication 3,
dans lequel :

le couvercle latéral (10A, 10B) comporte un
carter de I'élément chauffant (35) comportant
un orifice (35a) ;

I'orifice (35a) est ouvert dans une surface exté-
rieure du couvercle latéral (10A, 10B) ; et
I'élément chauffant (40A, 40B) est disposé dans
I'orifice (35a).

Appareil de pompe a vide selon la revendication 4,
dans lequel l'orifice (35a) s’étend linéairement et
I'élément chauffant (40A, 40B) est un élément de
chauffage en forme de tige.

Appareil de pompe a vide selon la revendication 4 ou
5, comprenant en outre un mécanisme de fixation
(45) configuré pour fixer de fagon amovible I'élément
chauffant (40A, 40B) au carter de I'élément chauffant
(35).

Appareil de pompe a vide selon I'une quelconque
des revendications 4 a 6, dans lequel le carter de
I’élément chauffant (35) est connecté a la partie de
paroi intérieure (31).

Appareil de pompe a vide selon la revendication 7,
dans lequel au moins une partie du carter de I'élé-
ment chauffant (35) est séparée de la partie de paroi
extérieure (32).

Appareil de pompe a vide selon 'une quelconque
des revendications 1 a 8, comprenant en outre :
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un passage d’écoulement de refroidissement
(21, 22) prévu dans la structure du boitier (14,
16);

une vanne de passage d’écoulement (51, 52)
couplée au passage d’écoulement de refroidis- 5
sement (21, 22) ;

un capteur de température (55, 56) fixé a I'un
quelconque parmi le moteur électrique (8), le
couvercle latéral (10A, 10B) et la structure du
boitier (14, 16) ; et 10
un contrdéleur de vanne (60) configuré pour ou-

vrir la vanne de passage d’écoulement (51, 52)
lorsqu’une température mesurée par le capteur

de température (55, 56) dépasse une valeur
seuil et pour fermer la vanne de passage d'é- 15
coulement (51, 52) lorsque la température
tombe en dessous de la valeur seuil.

10. Appareil de pompe a vide selon I'une quelconque
des revendications 1 a 9, dans lequel la partie de 20
paroi intérieure (31) et la partie de paroi extérieure
(33) sont séparées I'une de l'autre.

11. Appareil de pompe a vide selon la revendication 5,
dans lequel l'orifice s’étendant linéairement (35a) 25
est perpendiculaire aux arbres de rotation (7) et
I'élément chauffant en forme de tige (40A, 40B)

est disposés de fagon amovible dans I'orifice s’éten-

dant linéairement (35a).
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