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(54) SCREW-TYPE FLUID MACHINE

(57) A vacuum pump includes rotary shafts connect-
ed to a pair of screw-type rotors, respectively, and a pair
of shaft retainers extending in the housing. Each shaft
retainer supports the corresponding rotary shaft by
means of a proximal bearing portion and a distal bearing
portion. Each pair of the proximal and distal bearing por-
tions are fixed in the axial direction with respect to the
corresponding rotary shaft and shaft retainer. Lubricant
oil is stored in an oil storage space in a gear case attached
to the housing. A cooling water passage through which
cooling water to cool the lubricant oil passes is formed
in the gear case. A solenoid valve controls the flow rate
of cooling water in the cooling water passage. A temper-
ature sensor is provided in the oil storage space and de-
tects the temperature of the lubricant oil. A controller con-
trols the solenoid valve in accordance with the tempera-
ture detected by the temperature sensor, so that the tem-
perature of the lubricant oil in the oil storage space is
kept constant. With this configuration, when the bearing
portions are fixed in the axial direction with respect to the
rotary shafts and the shaft retainers, it is possible to pre-
vent load from being applied to the bearing portions in
the axial direction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a screw-type
fluid machine such as a vacuum pump, that is used in,
for example, a semiconductor manufacturing process.

BACKGROUND ART

[0002] For example, a screw-type vacuum pump de-
scribed in Patent Document 1 has been known as a
screw-type fluid machine. The screw-type vacuum pump
according to Patent Document 1 includes a pair of screw-
shaped rotors, which are adjacent to and meshed with
each other, in the casing. Each rotor has a rotary shaft.
The rotary shafts are supported with respect to the cas-
ing, which operates as a shaft retainer, with upper bear-
ings and lower bearings.
[0003] A synchronous gear is fixed to each rotary shaft,
and the synchronous gears are meshed with each other.
A lubricant oil passage extending in the axial direction is
formed in the interior of the each rotary shaft, and the
lubricant oil passage functions as a centrifugal pump.
The lubricant oil passage has an inlet open to the lower
end of the rotary shaft and an outlet open to the circum-
ferential surface of the rotary shaft above the upper bear-
ing. A heat exchanger is provided near the inlet of the
lubricant oil passage. Lubricant oil is stored in the casing,
and the lower end of the rotary shaft is immersed in the
lubricant oil stored therein. Further, a cooling water pipe
is provided in the casing, and heat exchange takes place
between the cooling water and the lubricant oil in the heat
exchanger.
[0004] As the vacuum pump is driven, the centrifugal
pump draws up lubricant oil stored in the casing. The
lubricant oil is subjected to heat exchange and cooled
down by the heat exchanger when being drawn up by
the centrifugal pump. The lubricant oil thus drawn up
comes out through the outlet of the lubricant oil passage
and flows down to the upper bearing to cool the upper
bearing. After that, the lubricant oil flows down from the
upper bearing along the rotary shaft and is again stored
in the casing. With such circulation of the lubricant oil,
the upper and lower bearings, the rotary shaft, and other
members, are cooled. If the rotary shaft is thermally ex-
panded due to, for example, load is applied to the bear-
ings, by which the rotary shaft is supported with respect
to the casing, in the axial direction. However, since the
bearings and rotary shafts are cooled by the lubricant oil,
such thermal expansion is suppressed, and the load on
the bearings is reduced.
[0005] However, by only cooling the lubricant oil mere-
ly using the heat exchanger, it is impossible to finely ad-
just the temperature of the lubricant oil in accordance
with the running state of the vacuum pump. Therefore,
practically, the thermal expansion of the rotary shaft can-
not be sufficiently suppressed, and it is not possible to

sufficiently suppress the load applied to the bearings in
the axial direction.
[0006] If the bearings are provided between the casing
and the rotary shaft so as to allow displacement of the
rotary shaft in the axial direction with respect to the cas-
ing, load resulting from thermal expansion of the rotary
shafts can be prevented from being applied to the bear-
ings in the axial direction. However, when such a config-
uration is used, it is impossible to prevent the rotary shafts
from being subjected to lateral sway and longitudinal
sway, which likely to result in vibrations and noises.

Patent Document 1: Japanese Laid-Open Patent
Publication No. 4-314991

DISCLOSURE OF THE INVENTION

[0007] It is an objective of the present invention to pro-
vide a screw-type fluid machine capable of preventing
load from being applied to bearings in the axial direction
even when the bearings are fixed in the axial direction
with respect to rotary shafts and a shaft retainer.
[0008] In order to achieve the above objective and in
accordance with one aspect of the present invention, a
screw-type fluid machine is provided that includes a
housing, a pair of screw-shaped rotors which are accom-
modated in the housing and are meshed with each other,
a pair of rotary shafts which are connected to both rotors
so as to become coaxial with the rotors respectively, and
a pair of cylindrical shaft retainers extending in the hous-
ing. Each rotary shaft has an end portion protruding from
the housing. Each shaft retainer has a first end portion
and a second end portion, and also has a through hole
into which one of the rotary shafts is inserted. The first
bearing is mounted in the through hole at the first end
portion, and the second bearing is mounted in the through
hole at the second end portion. Each pair of the first and
second bearings supports the corresponding rotary shaft
rotatably with respect to the shaft retainer. The first and
second bearings are fixed in the axial direction with re-
spect to the corresponding rotary shafts and the shaft
retainers. Synchronous gears are provided at the end
portions of both rotary shafts protruding from the housing,
respectively. A gear case accommodates the synchro-
nous gears, and the gear case defines an oil reservoir
space in which lubricant oil can be stored. A cooling por-
tion cools down the lubricant oil using a cooling fluid. The
flow rate changing portion controls the flow rate of the
cooling fluid. A temperature sensor is provided in the oil
reservoir space and detects the temperature of the lubri-
cant oil. A control portion controls the flow rate changing
portion in accordance with the temperature detected by
the temperature sensor so that the temperature of lubri-
cant oil in the oil reservoir space is kept constant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

1 2 
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Fig. 1 is a longitudinally cross-sectional view of a
vacuum pump according to one embodiment of the
present invention;
Fig. 2 is a cross-sectional view taken along line A-A
of the vacuum pump of Fig. 1;
Fig. 3 is an enlarged view showing a major portion
of a proximal bearing portion and a distal bearing
portion in the vacuum pump of Fig. 1;
Fig. 4 is a cross-sectional view taken along line B-B
of the vacuum pump of Fig. 1; and
Fig. 5 is an enlarged sectional view of an oil feed
pump in the vacuum pump of Fig. 1.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] One embodiment according to the present in-
vention will now be described, with reference to Figs. 1
to 5. As shown in Fig. 1, a screw-type fluid machine ac-
cording to the present embodiment is a screw-type vac-
uum pump 10 which is vertically placed and used for sem-
iconductor manufacturing (hereinafter simply referred to
as a "vacuum pump"). The vacuum pump 10 has a hous-
ing 14 having an upper housing member 11, a rotor hous-
ing member 12, and a lower housing member 13. The
housing 14 forms the shell of the vacuum pump 10.
[0011] In detail, the upper housing member 11 is con-
nected to the upper end of the rotor housing member 12,
and the lower housing member 13 is connected to the
lower end of the rotor housing member 12. A suction port
15 to draw in a compressive fluid is formed in the upper
housing member 11 so as to communicate with the inte-
rior of the housing 14. The lower housing member 13 is
provided with a discharge port 16 to discharge the com-
pressive fluid. The discharge port 16 communicates with
the interior of the housing 14. Also, the lower housing
member 13 is provided with an extension part 13a caused
to extend sideways, and a drive motor 17 operating as a
drive source is installed on the extension part 13a. Fur-
thermore, a gear case 18 to cover the lower housing
member 13 including the extension part 13a from down-
ward thereof is connected to the lower housing member
13.
[0012] As shown in Fig. 2, a screw-type male rotor 21
and a screw-type female rotor 31, which are meshed with
each other, are accommodated in the housing 14. An
operation chamber is formed by the rotors 21, 31 and the
housing 14. The male rotor 21 has an insertion hole 22
extending from the discharge port 16 toward the suction
port 15 and an connection hole 23, the diameter of which
is smaller than that of the insertion hole 22, extending
upward from the upper end of the insertion hole 22. A
rotary shaft 25 passing through the lower housing mem-
ber 13 is inserted into the connection hole 23. The male
rotor 21 and the rotary shaft 25 are connected to each
other by using a stop plate 26 and a connection bolt 27.
Accordingly, the male rotor 21 and the rotary shaft 25
rotate integrally. Similarly, the female rotor 31 shown in
Fig. 2 is provided with an insertion hole 32 and a con-

nection hole 33, and is connected to a rotary shaft 35 by
using a stop plate 36 and a connection bolt 37. Each of
the respective rotors 21 and 31 is coaxial with the corre-
sponding one of the rotary shafts 25 and 35.
[0013] The lower housing member 13 has a pair of
cylindrical shaft retainers 28, 38 extending upward, and
as shown in Fig. 2, the proximal portions of the shaft
retainers 28, 38 are linked with each other and integrated.
In this embodiment, the shaft retainers 28, 38 are fixed
to the lower housing member 13 by fixing bolts 41. The
shaft retainer 28 is inserted into the insertion hole 22 of
the male rotor 21, and a slight space is formed between
the outer circumferential surface of the shaft retainer 28
and the inner-circumferential surface of the insertion hole
22. The shaft retainer 38 is inserted into the insertion hole
32 of the female rotor 31, and a slight space is also formed
between the outer circumferential surface of the shaft
retainer 38 and the inner circumferential surface of the
insertion hole 32.
[0014] A through hole 29 extending in the axial direc-
tion is formed at the center of the shaft retainer 28, and
the rotary shaft 25 for the male rotor 21 is inserted into
the through hole 29. A pair of upper and lower bearing
portions 42, 43 consisting of roller bearings are provided
between the rotary shaft 25 and the shaft retainer 28.
The bearing portions 42, 43 are disposed at the upper
and lower parts of the shaft retainer 28. In this embodi-
ment, the upper bearing portion 42 is a distal bearing
portion or a second bearing portion, and the lower roller
bearing 43 is a proximal bearing portion or a first bearing
portion. An upper large diameter hole 29a having a larger
diameter than the diameter of the through hole 29 is
formed at the upper end portion (the second end portion)
of the shaft retainer 28, continuous to the through hole
29. The distal bearing portion 42 is disposed in the upper
large diameter hole 29a. Also, the portion between the
distal bearing 42 and the proximal bearing 43 at the rotary
shaft 25 has a slightly larger diameter than that of the
upper and lower parts of the rotary shaft 25. As shown
in Fig. 3, the portion of the rotary shaft 25, the diameter
of which changes, forms a distal step portion 25a and a
proximal step portion 25b.
[0015] As shown in Figs. 1 and 2, a sealing member
30 is located between the rotary shaft 25 and the shaft
retainer 28 at a position above the distal bearing portion
42. A lower large diameter hole 29b having a larger di-
ameter than that of the through hole 29 is provided at the
lower end portion (the first end portion) of the shaft re-
tainer 28, continuous to the through hole 29. The proximal
bearing portion 43 is disposed in the lower large diameter
hole 29b.
[0016] These bearing portions 42, 43 are provided to
rotatably support the rotary shaft 25 with respect to the
shaft retainer 28. In the embodiment, each of the distal
bearing portion 42 and the proximal bearing portion 43
is structured by stacking two roller bearings each one
being a single row.
[0017] A further detailed description will now be given
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of the distal bearing portion 42. The distal bearing portion
42 is composed of a combination of two angular ball bear-
ings 42a, 42b. As shown in Fig. 3, both bearings 42a,
42b are disposed in the upper large diameter hole 29a
in a state of Duplex Back-to-back. The outer rings of both
bearings 42a, 42b are pressure-fitted to the upper large
diameter hole 29a and fixed to the shaft retainer 28. In
addition, the inner rings of both bearings 42a, 42b are
pressure-fitted to the rotary shaft 25.
[0018] The inner ring of the angular ball bearing 42b
is pressed against the distal step portion 25a of the rotary
shaft 25, and the inner ring of the angular ball bearing
42a is pressed against the inner ring of the angular ball
bearing 42b by a nut 49a screwed in the rotary shaft 25.
As a result, the rolling elements of the angular ball bear-
ings 42a, 42b are in contact with the inner and outer rings
without any space in either of the axial direction or the
radial direction.
[0019] On the other hand, as shown in Fig. 3, the an-
gular ball bearings 43a, 43b are disposed at the lower
large diameter hole 29b at the proximal bearing portion
43 in a state of Duplex Back-to-back. The outer rings of
the bearings 43a, 43b are pressure-fitted to the lower
large diameter hole 29b and are fixed to the shaft retainer
28. The inner ring of the angular ball bearing 43a is
pressed against the proximal step portion 25b of the ro-
tary shaft 25, and the inner ring of the angular ball bearing
43b is pressed against the inner ring of the angular ball
bearing 43a by a nut 49b screwed in the rotary shaft 25.
Therefore, the rolling elements of the angular ball bear-
ings 43a, 43b are in contact with the inner and outer rings
without any space in either of the axial direction or the
radial direction.
[0020] Since the distal bearing portions 42 and the
proximal bearing portions 43 are each composed of two
angular ball bearings in the state of Duplex Back-to-back,
the rotary shaft 25 does not move in the axial direction
and the radial direction with respect to the shaft retainer
28. That is, the distal bearing portion 42 and the proximal
bearing portion 43 are fixed in the axial direction by
means of nuts 49a, 49b and the step portions 25a, 25b.
[0021] These angular ball bearings 42a, 42b, 43a, 43b
secure a slight space between the outer circumferential
surface of the rotary shaft 25 and the inner circumferential
surface of the through hole 29 of the shaft retainer 28.
The space forms a lubricant oil recovery passage 48
(hereinafter, simply referred to as an oil recovery pas-
sage 48). The oil recovery passage 48 causes lubricant
oil 62, which is a cooling medium, to be brought into con-
tact with the rotary shaft 25 and the shaft retainer 28,
which are objects to be cooled down. The oil recovery
passage 48 is also a passage that supplies lubricant oil
62 to the gear case 18.
[0022] On the other hand, a long conduit 44 extending
along the axis of the rotary shaft 25 is formed in the rotary
shaft 25. The long conduit 44 reaches the underside of
the distal bearing portion 42 from the lower end of the
rotary shaft 25. A short conduit 45 extending in the radial

direction of the rotary shaft 25 is formed in the rotary shaft
25 below the distal bearing portion 42. The upper end of
the long conduit 44 is located below the distal bearing
portion 42, and is connected to the short conduit 45. The
short conduit 45 is made open to the circumferential sur-
face of the rotary shaft 25 at a position below the distal
bearing portion 42 so as to communicate with the oil re-
covery passage 48. The long conduit 44 and the short
conduit 45 compose an oil feed passage 46 that supplies
lubricant oil 62 to the oil recovery passage 48. The oil
feed passage 46 and the oil recovery passage 48 com-
pose an oil circulation passage.
[0023] In the above, a description has been given of
respective elements such as the shaft retainer 28 at the
male rotor 21, rotary shaft 25, bearing portions 42, 43.
Respective elements at the female rotor 31 basically
have the same configuration as those at the male rotor
21. That is, as shown in Fig. 2, the rotary shaft 35 is
inserted into the through hole 39 of the shaft retainer 38.
The shaft retainer 38 is provided with an upper large di-
ameter hole 39a and a lower large diameter hole 39b as
in the shaft retainer 28. A distal bearing portion 52 and
a proximal bearing portion 53 are disposed in the upper
large diameter hole 39a and the lower large diameter
hole 39b, respectively. The bearing portions 52, 53 are
disposed between the rotary shaft 35 and the shaft re-
tainer 38.
[0024] A distal bearing portion 52 is composed of two
angular ball bearings 52a, 52b in a state of Duplex Back-
to-back as in the distal bearing portion 42 of the male
rotor 21, and is pushed down by a nut 59a. Further, a
sealing member 40 is disposed at a position above the
distal bearing portion 52. The proximal bearing portion
53 is composed of two angular ball bearings 53a, 53b in
a state of Duplex Back-to-back as in the proximal bearing
portion 43 of the male rotor 21, and is pushed upward by
a nut 59b.
[0025] In addition, an oil feed passage 56 composed
of a long conduit 54 and a short conduit 55 is formed in
the rotary shaft 35 of the female rotor 31. Further, a space
that forms an oil recovery passage 58 is formed between
the rotary shaft 35 and the shaft retainer 38. The axial
diameters of the rotary shafts 25, 35 are identical to each
other, and the distal bearing portions 42, 52 and the prox-
imal bearing portions 43, 53 use angular ball bearings of
the same specification.
[0026] A detailed description will now be given of the
male rotor 21. As shown in Fig. 4, the male rotor 21 has
five teeth 24, and these teeth 24 are disposed equidistant
in the circumferential direction of the male rotor 21. Also,
the teeth 24 spirally extend from the upper end of the
male rotor 21 to the lower end thereof. And, as shown in
Fig. 2, the teeth 24 are formed so that the lead angle
decreases from the upper end toward the lower end.
[0027] On the other hand, tooth grooves 34 in the fe-
male rotor 31 are formed so as to correspond to the teeth
24 of the male rotor 21 as shown in Fig. 4, and the number
of the tooth grooves 34 is six. That is, since the number
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of the teeth 24 of the male rotor 21 is fewer than the
number of the tooth grooves 34 of the female rotor 31,
the rotation speed of the male rotor 21 becomes faster
than that of the female rotor 31 when both rotors 21 and
31 synchronously rotate, and the rotation speed of the
female rotor 31 becomes lower than that of the male rotor
21. Such screw-type rotors 21 and 31 are called a gradual
change type.
[0028] As shown in Figs. 1 and 2, the rotary shaft 25
of the male rotor 21 extends so as to pass through the
lower housing member 13, and the lower end of the rotary
shaft 25 is positioned in the gear case 18. The portion
located in the gear case 18 of the rotary shaft 25 is pro-
vided with a synchronous gear 47. On the other hand,
the rotary shaft 35 of the female rotor 31 extends so as
to pass through the lower housing member 13 as well,
and the lower end of the rotary shaft 35 is positioned in
the gear case 18. The portion located in the gear case
18 of the rotary shaft 35 is provided with a synchronous
gear 57. Both synchronous gears 47, 57 are meshed with
each other.
[0029] As shown in Fig. 1, the synchronous gear 47 at
the male rotor 21 is meshed with an intermediate gear
50 secured in the gear case 18. The intermediate gear
50 is meshed with a drive gear 20 attached to the drive
shaft 19 of the drive motor 17 in the gear case 18. An oil
storage chamber 61 that composes an oil reservoir space
is formed at the lower part of the gear case 18, and lu-
bricant oil 62 is stored in the oil storage chamber 61.
[0030] A cylindrical projection 63 is formed at the por-
tion of the bottom plate 18a of the gear case 18, which
is opposite to the lower end of the rotary shaft 25. As
shown in Fig. 5, the projection 63 defines a circular hole
63a having a bottom. A trochoidal oil feed pump 70 op-
erating as an oil feed portion is disposed in the circular
hole 63a. The oil feed pump 70 includes an outer rotor
72 consisting of an inner-toothed gear and an inner rotor
71 consisting of an outer-toothed gear. The inner rotor
71 is disposed inside the outer rotor 72. The outer cir-
cumferential surface of the outer rotor 72 is rotatably fitted
to the inner circumferential surface of the circular hole
63a. The lower end of the rotary shaft 25 is fitted in and
fixed in the through hole 71a of the inner rotor 71.
[0031] The inner rotor 71 is eccentric with respect to
the outer rotor 72. When the inner rotor 71 rotates, the
outer rotor 72 also rotates therewith. An opening at the
upper end of the cylindrical projection 63 is blocked by
an upper cover 73, and the upper cover 73 covers the
inner rotor 71 and the outer rotor 72. In addition, the oil
feed pump 70 has an oil suction portion 75 and an oil
discharge portion 76. The oil suction portion 75 commu-
nicates with the oil storage chamber 61. The oil discharge
portion 76 communicates with the oil feed passage 46 of
the rotary shaft 25 via a guide passage 77 formed on the
bottom of the circular hole 63a.
[0032] As the rotary shaft 25 rotates, lubricant oil 62
stored in the oil storage chamber 61 is drawn in the oil
feed pump 70 through the oil suction portion 75, in detail,

drawn in a space between the rotors 71 and 72. The
lubricant oil is conveyed through the space between the
rotors 71 and 72 and reaches the oil discharge portion
76. The oil is then fed from the oil discharge portion 76
to the oil feed passage 46 through the guide passage 77.
[0033] On the other hand, as shown in Fig. 2, a cylin-
drical projection 64 is formed at the portion of the bottom
plate portion 18a of the gear case 18, which is opposite
to the lower end of the rotary shaft 35. The projection 64
defines the circular hole 64a having a bottom. A trochoi-
dal oil feed pump 80 operating as an oil feed device is
disposed in the circular hole 64a. Although the structure
of the oil feed pump 80 is not illustrated in detail, the
structure is equivalent to the oil feed pump 70. That is,
the oil feed pump 80 includes an inner rotor 81 and an
outer rotor 82. The outer circumferential surface of the
outer rotor 82 is rotatably fitted to the inner circumferential
surface of the circular hole 64a, and the inner rotor 81 is
linked with the rotary shaft 35. The inner rotor 81 and the
outer rotor 82 are covered by an upper cover 83. Also,
although not illustrated, the oil feed pump 80 has an oil
suction portion communicating with the oil storage cham-
ber 61 and an oil discharge portion communicating with
the oil feed passage 56 through a guide passage 87.
When the inner rotor 81 rotates together with the rotary
shaft 35, the outer rotor 82 rotates, accordingly, and the
lubricant oil 62 in the oil storage chamber 61 is fed to the
oil feed passage 56 through the oil suction portion, a
space between both rotors 81 and 82, the oil discharge
portion, and the guide passage 87.
[0034] In addition, the vacuum pump 10 according to
the present embodiment has a configuration to cool the
lubricant oil 62 stored in the gear case 18. That is, a
plurality of cooling water passages 88 through which
cooling water operating as a cooling fluid passes are
formed in the bottom plate portion 18a of the gear case
18. The cooling water passages 88 extend so as to pass
through the bottom plate 18a. Since cooling water is
caused to pass through the cooling water passage 88,
the lubricant oil 62 stored in the gear case 18 is then
cooled. The cooling water passages 88 function as a
cooling portion to cool down the lubricant oil 62 by using
the cooling fluid.
[0035] As shown in Fig. 1, the upstream part of the
cooling water passage 88 is connected to an upstream
pipe 89 provided with a solenoid valve 91 as a flow rate
changing portion, and the downstream part of the cooling
water passage 88 is connected to a downstream pipe
90. The solenoid valve 91 is controlled so as to open and
close the upstream pipe 89 by a controller 92 operating
as a control portion. The controller 92 is connected to a
temperature sensor 93 that directly measures the tem-
perature of the lubricant oil 62 in the gear case 18. The
temperature sensor 93 is disposed in the gear case 18,
that is, in the oil storage chamber 61. The controller 92
controls the solenoid valve 91 based on detection signals
from the temperature sensor 93 so that the temperature
of the lubricant oil 62 in the gear case 18 is maintained
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to be constant.
[0036] Next, a description is given of operations of the
vacuum pump 10 according to the embodiment. When
the drive motor 17 is rotated, rotation of the drive motor
17 is transmitted to the synchronous gear 47 of the male
rotor 21 via the drive gear 20 and the intermediate gear
50. Thus, the synchronous gears 47, 57 rotate in syn-
chronization with each other, and the rotors 21, 31 rotate
along with the rotary shafts 25, 35. Since the rotors 21
and 31 rotate in a state where the teeth 24 of the male
rotor 21 are engaged with the tooth grooves 34 of the
female rotor 31, a compressive fluid is drawn in the op-
eration chamber through the suction port 15. The com-
pressive fluid drawn in the operation chamber is con-
veyed to the discharge port 16 while being compressed
by the rotors 21 and 31, and is discharged through the
discharge port 16. If the suction port 15 is connected to
a closed space such as a chamber or a vessel, the closed
space can be made in a vacuum state.
[0037] When the vacuum pump 10 is operating, the
rotary shafts 25, 35 are caused to rotate at a high speed
in directions opposed to each other. Oil feed pumps 70,
80 secured at the end portion of the rotary shaft 25, 35
draw in lubricant oil 62 stored in the oil storage chamber
61 through respective oil suction portions and discharge
the same through the respective oil discharge portions.
Discharged lubricant oil 62 flows into the lower ends of
the long conduits 44, 54 of the rotary shafts 25, 35 through
the guide passages 77, 87 communicating with the re-
spective oil discharge portions, and reaches the under-
side of the distal bearing portions 42, 52, passing through
the short conduits 45, 55.
[0038] When the lubricant oil 62 that has reached the
underside of the distal bearing portions 42, 52 passes
through the oil recovery passages 48, 58 and is oriented
downward, it cools the rotary shafts 25, 35 and the shaft
retainers 28, 38. By the rotary shafts 25, 35 and the shaft
retainers 28, 38 being cooled down, a difference in the
temperature between the rotary shafts 25, 35 and the
shaft retainers 28, 38 is suppressed. The lubricant oil 62
is recovered in the oil storage chamber 61 in the gear
case 18 after having cooled the rotary shafts 25, 35 and
the shaft retainers 28, 38. And, the lubricant oil 62 is
conveyed from the oil storage chamber 61 to the oil feed
pump 70, 80 again, and the same action as above is
repeated. Further, the lubricant oil 62 lubricates the syn-
chronous gears 47, 57 via the synchronous gears 47, 57
on the way of being recovered into the oil storage cham-
ber 61.
[0039] Also, the lubricant oil 62 stored in the gear case
18 is cooled by cooling water passing through the cooling
water passage 88. That is, in the present embodiment,
the lubricant oil 62 is cooled by using cooling water so
that the temperature of the lubricant oil 62 supplied for
cooling by actions of the oil feed pumps 70, 80 is kept
constant. In detail, the controller 92 monitors the temper-
ature of the lubricant oil 62 by means of the temperature
sensor 93, and controls the solenoid valve 91 so that the

temperature of the lubricant oil 62 is maintained at a pre-
set cooling temperature. The controller 92 opens and
closes the solenoid valve 91 in accordance with the tem-
perature of the lubricant oil 62, which is detected by the
temperature sensor 93, and adjusts the flow of the cooling
water in the cooling water passage 88. That is, the con-
troller 92 opens the solenoid valve 91 when the temper-
ature of the lubricant oil 62 is likely to rise, and prevents
the temperature rise of the lubricant oil 62 in the gear
case 18 by causing cooling water to flow through the
cooling water passages 88. In addition, the controller 92
closes the solenoid valve 91 when the temperature of
the lubricant oil 62 is likely to lower, and does not cool
the lubricant oil 62 by cooling water by not causing the
cooling water to flow through the cooling water passages
88. In this case, the temperature of the lubricant oil 62
stored in the oil storage chamber 61 is prevented from
being lowered by the heat of the lubricant oil 62 stored
in the oil storage chamber 61.
[0040] By causing the lubricant oil 62, which is kept at
a constant temperature, to pass through the oil recovery
passages 48, 58, a difference in temperature between
the rotary shafts 25, 35 and the shaft retainers 28, 38
can be preferably suppressed, and thermal expansion of
the rotary shafts 25, 35 is prevented from occurring.
Therefore, it is possible to reliably prevent load generated
by thermal expansion of the rotary shafts 25, 35 from
being applied to the bearings 42a, 42b, 43a, 43b, 52a,
52b, 53a, and 53b in the axial direction.
[0041] The vacuum pump 10 according to the present
embodiment has the following advantages.

(1) The controller 92 controls the solenoid valve 91
based on a detection result of the temperature of
lubricant oil 62 by the temperature sensor 93. There-
fore, the flow rate of cooling water is adjusted so that
the lubricant oil 62 stored in the oil storage chamber
61 is kept at a constant temperature. By causing •
the lubricant oil 62, the temperature of which is kept
constant, to pass through the oil recovery passages
48, 58, it is possible to cool the rotary shafts 25, 35
and the shaft retainers 28, 38. Consequently, it is
possible to prevent a difference in temperature from
occurring between the rotary shaft 25 and the shaft
retainer 28 and to prevent a difference in tempera-
ture from occurring between the rotary shaft 35 and
the shaft retainer 38.

(2) The angular ball bearings 42a, 42b, 43a, 43b,
52a, 52b, 53a, and 53b are fixed immovably in the
axial direction with respect to the rotary shafts 25,
35 and the shaft retainers 28, 38. However, in the
present embodiment, by preventing a difference in
temperature from occurring between the rotary
shafts 25, 35 and the shaft retainers 28, 38, thermal
expansion that results in displacement of the rotary
shafts 25, 35 in the axial direction with respect to the
shaft retainers 28, 38 is prevented from occurring.
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Accordingly, it becomes possible to reliably prevent
load from being applied to the bearings 42a, 42b,
43a, 43b, 52a, 52b, 53a, and 53b in the axial direc-
tion.

(3) Since load is prevented from being applied to the
respective bearings 42a, 42b, 43a, 43b, 52a, 52b,
53a, and 53b, the reliability of the respective bear-
ings is improved, and the power consumption of the
vacuum pump 10 is reduced.

(4) Since load is prevented from being applied to the
respective bearings 42a, 42b, 43a, 43b, 52a, 52b,
53a, and 53b, the distance between the distal bear-
ing portions 42, 52 and the proximal bearing portions
43, 53 can be increased. That is, the configuration
adds the flexibility of the arrangement of the bearing
portions 43 and 53 with respect to the rotary shafts
25, 35.

(5) Since the bearings 42a, 42b, 43a, 43b, 52a, 52b,
53a, and 53b are fixed at the rotary shafts 25, 35 and
the shaft retainers 28, 38, it is possible to prevent
the rotary shafts 25, 35 from swaying in the horizontal
and vertical directions. It is thus possible to prevent
vibrations and noise in the vacuum pump 10 regard-
less of the rotation speed of the rotary shafts 25, 35.

(6) Since lubricant oil 62 is supplied into the oil re-
covery passages 48, 58 at the lower side of the distal
bearing portions 42, 52, the lubricant oil 62 supplied
to the oil recovery passages 48, 58 is hardly influ-
enced by sliding heat of the distal bearing portions
42, 52. It thus becomes easy to control the temper-
ature of the lubricant oil 62 in the oil recovery pas-
sages 48, 58.

(7) Since the lubricant oil 62 passes through the syn-
chronous gears 47, 57 on the way of being recovered
into the oil storage chamber 61, the synchronous
gears 47, 57 can also be lubricated.

[0042] The present invention is not to be limited to the
foregoing embodiment, but may be modified as follows
within the scope of the invention.
[0043] A gear pump may be adopted for the oil feed
pumps 70, 80 instead of a trochoidal pump.
[0044] The lead angle of the teeth of the male rotor
and the tooth grooves of the female rotor may be fixed.
[0045] In the above-described embodiment, the re-
spective bearing portions are composed of two angular
ball bearings in a state of Duplex Back-to-back. However,
these may be composed by a combination thereof in a
state of Duplex Face-to-face or by a combination thereof
in a state of Duplex Tandem. Further, the respective bear-
ing portions are not limited to angular ball bearings, but
may be composed of ordinal deep groove type roller bear-
ings. Still further, the number of the roller bearings is not

specifically limited, and the respective bearing portions
may be composed of three or more roller bearings. Also,
in order to prevent horizontal sway of the rotary shafts
with respect to the shaft retainers, it is preferable that
angular ball bearings be combined at the backs thereof.
[0046] A thermostat may be used instead of an open/
close type solenoid valve 91, or a flow rate control valve
which is capable of adjusting the opening degree based
on proportional control may be adopted.
[0047] The short conduits 45, 55 may be provided at
the upper side of the distal bearing portions 42, 52, and
lubricant oil may be supplied from the upper side of the
distal bearing portions 42, 52. In this case, the lubricant
oil is influenced by the sliding heat of the distal bearing
portions 42, 52. Thus, if the lubricant oil is cooled with
such influence taken into consideration, the advantages
almost equivalent to those of the above-described em-
bodiment are obtained.
[0048] The shaft retainer 28 of the male rotor 21 and
the shaft retainer 38 of the female rotor 31 may be com-
posed of completely separate members. In this case, it
becomes easy to manufacture the shaft retainers 28, 38.
[0049] The screw-type fluid machine according to the
present invention is not limited to a screw-type vacuum
pump, but may be applicable to a screw-type compres-
sor.

Claims

1. A screw-type fluid machine, comprising:

a housing;
a pair of screw-type rotors accommodated in the
housing and meshed with each other;
a pair of rotary shafts each coaxially coupled to
one of the rotors, each rotary shaft having an
end portion protruding from the housing;
a pair of cylindrical shaft retainers extending in
the housing, each shaft retainer having a first
end portion and a second end portion, and hav-
ing a through hole into which one of the rotary
shafts is inserted;
first bearing portions each mounted in the
through hole at one of the first end portions;
second bearing portions each mounted in the
through hole at one of the second end portions,
each pair of the first and second bearing portions
rotatably supporting the corresponding rotary
shaft with respect to the shaft retainer, and each
pair of the first and second bearing portions be-
ing fixed in the axial direction with respect to the
corresponding rotary shaft and the correspond-
ing shaft retainer;
synchronous gears each provided at the end
portion of one of the rotary shafts protruding from
the housing;
a gear case in which the synchronous gears are
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accommodated, the gear case defining an oil
storage space capable of storing lubricant oil;
a cooling portion for cooling the lubricant oil by
using a cooling fluid;
a flow rate changing portion for controlling the
flow rate of the cooling fluid;
a temperature sensor provided in the oil storage
space, which detects the temperature of the lu-
bricant oil; and
a control portion for controlling the flow rate
changing portion in accordance with the temper-
ature detected by the temperature sensor so that
the temperature of the lubricant oil in the oil stor-
age space is kept constant.

2. The screw-type fluid machine according to claim 1,
wherein the first and second bearing portions are
each composed of a combination of at least two roller
bearings.

3. The screw-type fluid machine according to claim 2,
wherein the roller bearings include angular ball bear-
ings.

4. The screw-type fluid machine according to any one
of claims 1 to 3, wherein the cooling portion includes
a cooling water passage extending in the gear case
so as to permit passage of the cooling fluid.

5. The screw-type fluid machine according to any one
of claims 1 to 4, further including oil feed portions
each driven by one of the rotary shafts so that the
shaft retainers and the rotary shafts are cooled by
using lubricant oil in the oil storage space.

6. The screw-type fluid machine according to claim 5,
wherein a space is provided between the inner cir-
cumferential surface of each shaft retainer and the
outer circumferential surface of the corresponding
rotary shaft, an oil feed passage having an inlet open-
ing to the end portion of the rotary shaft and an outlet
communicating with the space is formed at each ro-
tary shaft, wherein the oil feed portion is a pump pro-
vided at the end portion of each of the rotary shafts,
and the pump supplies lubricant oil existing in the oil
storage space to the inlet of the oil feed passage of
the corresponding rotary shaft.
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