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(54) Vacuum pump

(57) A vacuum pump has an oil housing (14), which
defines a pump chamber (43) and an oil zone (331) ad-
jacent to the pump chamber (43). A rotary shaft (19, 20)
extends from the pump chamber (43) through the oil
housing (14) and projects to the oil zone (331). A non-
contact sealing element (67, 68, 72) is attached to the
rotary shaft (19, 20) to integrally rotate with the rotary
shaft (19, 20). The element (67, 68, 72) prevents oil from
entering the pump chamber (43). The vacuum pump

draws gas by operating a gas conveying body (23) in
the pump chamber (43) through rotation of the rotary
shaft (19, 20). When the rotary shaft (19, 20) shifts from
an operation state to a stopped state, the pressure dif-
ference occurs between the pump chamber (43) and the
oil zone (331). Rotation of the rotary shaft (19, 20) is
controlled such that the pressure difference becomes
maximum before the rotary shaft (19, 20) completely
stops.
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Description

[0001] The present invention relates to an oil leak pre-
vention structure of vacuum pumps that draw gas by op-
erating a gas conveying body in a pump chamber
through rotation of a rotary shaft.
[0002] In a typical vacuum pump, lubricant oil is used
for lubricating moving parts. Japanese Laid-Open Pat-
ent Publications No. 63-129829 and No. 3-11193 dis-
close vacuum pumps having structures for preventing
oil from entering zones where presence of lubricant oil
is undesirable.
[0003] In the vacuum pump disclosed in Publication
No. 63-129829, a plate for preventing oil from entering
a generator chamber is attached to a rotary shaft. Spe-
cifically, when moving along the surface of the rotary
shaft toward the generator chamber, oil reaches the
plate. The centrifugal force of the plate spatters the oil
to an annular groove around the plate. The oil flows to
the lower portion of the annular groove and is then
drained to the outside along a drain passage connected
to the lower portion.
[0004] The vacuum pump disclosed in Publication No.
3-11193 has an annular chamber for supplying oil to a
bearing and a slinger provided in the annular chamber.
When moving along the surface of a rotary shaft from
the annular chamber to a vortex flow pump, oil is thrown
away by the slinger. The thrown oil is then sent to a mo-
tor chamber through a drain hole connected to the an-
nular chamber.
[0005] The plate (slinger), which rotates integrally
with the rotary shaft, is a mechanism that prevents oil
from entering undesirable zones. When rotation of the
rotary shaft is stopped, oil leak preventing operation uti-
lizing centrifugal force of the plate (slinger) is discontin-
ued. When the vacuum pump shifts from an operating
state to a stopped state, pressure difference occurs be-
tween a motor chamber (generator chamber) and a
pump chamber that are adjacent to each other. If contact
type seals such as lip seals are not used, oil could enter
the pump chamber from the motor chamber (generator
chamber) depending on the level of the pressure differ-
ence. Contact type seals such as lip seals prevent oil
leakage caused by the pressure difference. However,
sealing performance of contact type seals deteriorate
over a time and can cause oil leakage.
[0006] Accordingly, it is an objective of the present in-
vention to prevent oil from entering a pump chamber
when a vacuum pump is shifted from an operating state
to a stopped state.
[0007] To achieve the above objective, the present in-
vention provides a vacuum pump that draws gas by op-
erating a gas conveying body in a pump chamber
through rotation of a rotary shaft. The vacuum pump in-
cludes an oil housing and a non-contact seal for prohib-
iting the oil from entering the pump chamber. The oil
housing defines an oil zone adjacent to the pump cham-
ber. The rotary shaft extends from the pump chamber

through the oil housing and projects to the oil zone.
When the rotary shaft shifts from an operation state to
a stopped state, the pressure difference occurs between
the pump chamber and the oil zone. The non -contact
seal having an end face is attached to the rotary shaft
to integrally rotate with the rotary shaft. Rotation of the
rotary shaft is controlled such that the pressure differ-
ence between the pump chamber and the oil zone be-
comes maximum before the rotary shaft completely
stops.
[0008] The present invention further provides a vacu-
um pump including a housing, a pair of rotary shafts, a
pair of rotors, a gear mechanism, and a controller. The
housing has a pump chamber and an oil zone. The
housing also has a partition wall, which separates the
pump chamber from the oil zone. The rotary shafts are
parallel to each other and extend from the pump cham-
ber through the partition wall into the oil zone. When the
rotary shafts shift from an operation state to a stopped
state, the pressure difference occurs between the pump
chamber and the oil zone. The rotors are arranged in
the pump chamber. Each rotor is attached to one of the
rotary shafts. The rotor on one of the rotary shafts mesh-
es with the rotor on the other one of the rotary shafts.
The gear mechanism is arranged in the oil zone and
couples the rotary shafts with each other such that the
rotary shafts integrally rotate with each other. The con-
troller controls rotation of the rotary shafts such that the
pressure difference between the pump chamber and the
oil zone becomes maximum before the rotary shafts
completely stop.
[0009] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.
[0010] The invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

Fig. 1(a) is a cross-sectional plan view illustrating a
multiple-stage Roots pump according to a first em-
bodiment of the present invention;
Fig. 1(b) is an enlarged partial cross-sectional view
of the pump shown in Fig. 1(a);
Fig. 2(a) is a cross-sectional view taken along line
2a-2a in Fig. 1(a);
Fig. 2(b) is a cross-sectional view taken along line
2b-2b in Fig. 1(a);
Fig. 3(a) is a cross-sectional view taken along line
3a-3a in Fig. 1(a);
Fig. 3(b) is a cross-sectional view taken along line
3b-3b in Fig. 1(a);
Fig. 4(a) is a cross-sectional view taken along line
4a-4a in Fig. 3(b);
Fig. 4(b) is an enlarged partial cross-sectional view
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of the pump shown in Fig. 4(a);
Fig. 5(a) is a cross-sectional view taken along line
5a-5a in Fig. 3(b);
Fig. 5(b) is an enlarged partial cross-sectional view
of the pump shown in Fig. 5(a);
Fig. 6 is an enlarged cross-sectional view of the
pump shown in Fig. 1(a);
Fig. 7 is a graph explaining deceleration; and
Fig. 8 is a graph explaining another example of de-
celeration.

[0011] A multiple-stage Roots pump 11 according to
a first embodiment of the present invention will now be
described with reference to Figs. 1(a) to 7.
[0012] As shown in Fig. 1(a), the pump 11, which is a
vacuum pump, includes a rotor housing member 12, a
front housing member 13, and a rear housing member
14. The front housing member 13 is coupled to the front
end of the rotor housing member 12. A lid 36 closes the
front opening of the front housing member 13. The rear
housing member 14 is coupled to the rear end of the
rotor housing member 12. The rotor housing member
12 includes a cylinder block 15 and chamber defining
walls 16, the number of which is four in this embodiment.
As shown in Fig. 2(b), the cylinder block 15 includes a
pair of blocks 17, 18. Each chamber defining wall 16 in-
cludes a pair of wall sections 161, 162. As shown in Fig.
1(a), a first pump chamber 39 is defined between the
front housing member 13 and the leftmost chamber de-
fining wall 16. Second, third, and fourth pump chambers
40, 41, 42 are each defined between two adjacent
chamber defining walls 16 in this order from the left to
the right as viewed in the drawing. A fifth pump chamber
43 is defined between the rear housing member 14 and
the rightmost chamber defining wall 16.
[0013] A first rotary shaft 19 is rotatably supported by
the front housing member 13 and the rear housing mem-
ber 14 with a pair of radial bearings 21, 37. Likewise, a
second rotary shaft 20 is rotatably supported by the front
housing member 13 and the rear housing member 14
with a pair of radial bearings 22, 38. The first and second
rotary shafts 19, 20 are parallel to each other. The rotary
shafts 19, 20 extend through the chamber defining walls
16. The radial bearings 37, 38 are supported by bearing
holders 45, 46. Two bearing receptacles 47, 48 are
formed in end 144 of the rear housing member 14. The
bearing holders 45, 46 are fitted in the bearing recepta-
cles 47, 48, respectively.
[0014] First, second, third, fourth, and fifth rotors 23,
24, 25, 26, 27 are formed integrally with the first rotary
shaft 19. Likewise, first, second, third, fourth, and fifth
rotors 28, 29, 30, 31, 32 are formed integrally with the
second rotary shaft 20. As viewed in the direction along
the axes 191, 201 of the rotary shafts 19, 20, the shapes
and the sizes of the rotors 23-32 are identical. The thick-
ness of each rotor 23, 24, 25, 26, 27 of the first rotary
shaft 19 decreases in this order and the thickness of
each rotor 28, 29, 30, 31, 32 of the second rotary shaft

20 decreases in this order. The first rotors 23, 28 are
accommodated in the first pump chamber 39 and are
engaged with each other. The second rotors 24, 29 are
accommodated in the second pump chamber 40 and
are engaged with each other. The third rotors 25, 30 are
accommodated in the third pump chamber 41 and are
engaged with each other. The fourth rotors 26, 31 are
accommodated in the fourth pump chamber 42 and are
engaged with each other. The fifth rotors 27, 32 are ac-
commodated in the fifth pump chamber 43 and are en-
gaged with each other. The first to fifth pump chambers
39-43 are not lubricated. Thus, the rotors 23-32 are ar-
ranged not to contact any of the cylinder block 15, the
chamber defining walls 16, the front housing member
13, and the rear housing member 14. Further, the rotors
of each engaged pair do not slide against each other.
[0015] As shown in Fig. 2(a), the first rotors 23, 28
define a suction zone 391 and a pressurization zone 392
in the first pump chamber 39. The pressure in the pres-
surization zone 392 is higher than the pressure in the
suction zone 391. Likewise, the second to fourth rotors
24-26, 29-31 define suction zones 391 and pressuriza-
tion zones 392 in the associated pump chambers 40-42.
As shown in Fig. 3(a), the fifth rotors 27, 32 define a
suction zone 431 and a pressurization zone 432, which
are similar to the suction zone 391 and the pressuriza-
tion zone 392, in the fifth pump chamber 43.
[0016] As shown in Fig. 1(a), a gear housing member
33 is coupled to the rear housing member 14. A pair of
through holes 141, 142 is formed in the rear housing
member 14. The rotary shafts 19, 20 extend through the
through holes 141, 142 and the first and second bearing
receptacles 47, 48, respectively. The rotary shafts 19,
20 thus project into the gear housing member 33 to form
projecting portions 193, 203, respectively. Gears 34, 35
are secured to the projecting portions 193, 203, respec-
tively, and are meshed together. An electric motor M is
connected to the gear housing member 33. A shaft cou-
pling 44 transmits the drive force of the motor M, which
is an induction motor, to the first rotary shaft 19. The
motor M rotates the first rotary shaft 19 in the direction
indicated by arrow R1 of Figs. 2(a) to 3(b). The gears
34, 35 transmit the rotation of the first rotary shaft 19 to
the second rotary shaft 20. The second rotary shaft 20
thus rotates in the direction indicated by arrow R2 of
Figs. 2(a) to 3(b). Accordingly, the first and second ro-
tary shafts 19, 20 rotate in opposite directions. The
gears 34, 35 cause the rotary shafts 19, 20 to rotate in-
tegrally.
[0017] As shown in Figs. 4(a) and 5(a), a gear accom-
modating chamber 331 is defined in the gear housing
member 33. The gear accommodating chamber 331 re-
tains lubricant oil Y for lubricating the gears 34, 35. The
gears 34, 35 form a gear mechanism, which is accom-
modated in the gear accommodating chamber 331. The
gear accommodating chamber 331 and the bearing re-
ceptacles 47, 48 form a sealed oil zone. The gear hous-
ing member 33 and the rear housing member 14 form

3 4



EP 1 304 484 A2

5

5

10

15

20

25

30

35

40

45

50

55

an oil housing, or an oil zone adjacent to the fifth pump
chamber 43. A portion of the rear housing serves as a
partition wall according to the present invention. The
gears 34, 35 rotate to agitate the lubricant oil in the gear
accommodating chamber 331. The lubricant oil thus lu-
bricates the radial bearings 37, 38.
[0018] As shown in Fig. 2(b), a passage 163 is formed
in the interior of each chamber defining wall 16. Each
chamber defining wall 16 has an inlet 164 and an outlet
165 that are connected to the passage 163. Each adja-
cent pair of the pump chambers 39-43 are connected to
each other by the passage 163 of the associated cham-
ber defining wall 16.
[0019] As shown in Fig. 2(a), an inlet 181 extends
through the block 18 of the cylinder block 15 and is con-
nected to the suction zone 391 of the first pump chamber
39.
[0020] As shown in Fig. 3(a), an outlet 171 extends
through the block 17 of the cylinder block 15 and is con-
nected to the pressurization zone 432 of the fifth pump
chamber 43. When gas enters the suction zone 391 of
the first pump chamber 39 from the inlet 181, rotation of
the first rotors 23, 28 sends the gas to the pressurization
zone 392. In the pressurization zone 392, the gas is
compressed and its pressure is higher than in the suc-
tion zone 391. Thereafter, the gas is sent to the suction
zone of the second pump chamber 40 through the inlet
164, the passage 163, and the outlet 165 in the corre-
sponding chamber defining wall 16. Afterwards, the gas
flows from the second pump chamber 40 to the third,
fourth, and fifth pump chambers 41, 42, 43 in this order
while repeatedly compressed. The volumes of the first
to fifth pump chambers 39-43 become gradually smaller
in this order. When the gas reaches the suction zone
431 of the fifth pump chamber 43, rotation of the fifth
rotors 27, 32 moves the gas to the pressurization zone
432. The gas is then discharged from the outlet 171 to
the exterior of the vacuum pump 11. That is, each rotor
23-32 functions as a gas conveying body for conveying
gas.
[0021] The outlet 171 functions as a discharge pas-
sage for discharging gas to the exterior of the vacuum
pump 11. The fifth pump chamber 43 is a final-stage
pump chamber that is connected to the outlet 171.
Among the pressurization zones of the first to fifth pump
chambers 39-43, the pressure in the pressurization
zone 432 of the fifth pump chamber 43 is the highest,
and the pressurization zone 432 functions as a maxi-
mum pressurization zone. The outlet 171 is connected
to the maximum pressurization zone 432 defined by the
fifth rotors 27, 32 in the fifth pump chamber 43.
[0022] As shown in Fig. 1(a), first and second annular
shaft seals 49, 50 are securely fitted about the first and
second rotary shafts 19, 20, respectively. The shaft
seals 49, 50 are located in the first and second bearing
receptacles 47, 48, respectively. A seal ring 51 is located
between the inner circumferential surface of the first
shaft seal 49 and the circumferential surface 192 of the

first rotary shaft 19. Likewise, a seal ring 52 is located
between the inner circumferential surface of the second
shaft seal 50 and the circumferential surface 202 of the
second rotary shaft 20. Each seal ring 51, 52 prevents
lubricant oil Y from leaking from the associated recep-
tacle 47, 48 to the fifth pump chamber 43 along the cir-
cumferential surface 192, 202 of the associated rotary
shaft 19, 20.
[0023] As shown in Fig. 4(b), space exists between
the outer circumferential surface 491 of a large diameter
portion 60 of the first shaft seal 49 and the circumferen-
tial wall 471 of the first receptacle 47. Also, as shown in
Fig. 5(b), space exists between the outer circumferential
surface 501 of the large diameter portion 60 of the sec-
ond shaft seal 50 and the circumferential wall 481 of the
second receptacle 48. Also, space exists between the
front surface 492 of the first shaft seal 49 and the bottom
472 of the first receptacle 47, and space exists between
the front surface 502 of the second shaft seal 50 and
the bottom 482 of the second receptacle 48. The shaft
seals 49, 50 rotate integrally with the rotary shafts 19,
20, respectively.
[0024] Annular projections 53 coaxially project from
the bottom 472 of the first receptacle 47. In the same
manner, annular projections 54 coaxially project from
the bottom 482 of the second receptacle 48. Annular
grooves 55 are coaxially formed in the front surface 492
of the first shaft seal 49, which faces the bottom 472 of
the first receptacle 47. In the same manner, annular
grooves 56 are coaxially formed in the front surface 502
of the second shaft seal 50, which faces the bottom 482
of the second receptacle 48. Each annular projection 53,
54 projects in the associated groove 55, 56. The distal
end of the projection 53, 54 is located close to the bottom
of the groove 55, 56. Each projection 53 divides the in-
terior of the associated groove 55 of the first shaft seal
49 to a pair of labyrinth chambers 551, 552. Each pro-
jection 54 divides the interior of the associated groove
56 of the second shaft seal 50 to a pair of labyrinth cham-
bers 561, 562. The projections 53 and the grooves 55
form a first labyrinth seal 57 corresponding to the first
rotary shaft 19. The projections 54 and the grooves 56
form a second labyrinth seal 58 corresponding to the
second rotary shaft 20. The labyrinth seals 57, 58, which
are non-contact seals, are mechanisms that prevent oil
from entering the fifth pump chamber 43 from the gear
accommodating chamber 331. The labyrinth seals 57,
58 function as a non-contact seal means for prohibiting
the oil from entering the pump chamber.
[0025] The front surfaces 492, 502 of the shaft seals
49, 50 function as sealing surface of the shaft seals 49,
50. The bottoms 472, 482 of the bearing receptacles 47,
48 function as sealing surface of the rear housing mem-
ber 14. In this embodiment, the front surface 492 and
the bottom 472 are formed along a plane perpendicular
to the axis 191 of the first rotary shaft 19. Likewise, the
front surface 502 and the bottom 482 are formed along
a plane perpendicular to the axis 201 of the rotary shaft
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20. In other words, the front surface 492 and the bottom
472 are seal forming surfaces that extend in a radial di-
rection of the first shaft seal 49. Likewise, the front sur-
face 502 and the bottom 482 are seal forming surfaces
that extend in a radial direction of the second shaft seal
50.
[0026] As shown in Fig. 4(b), a first helical groove 61
is formed in the outer circumferential surface 491 of the
large diameter portion 60 of the second shaft seal 49.
As shown in Fig. 5(b), a second helical groove 62 is
formed in the outer circumferential surface 501 of the
large diameter portion 60 of the second shaft seal 50.
Along the rotational direction R1 of the first rotary shaft
19, the first helical groove 61 forms a path that leads
from a side corresponding to the gear accommodating
chamber 331 toward the fifth pump chamber 43. Along
the rotational direction R2 of the second rotary shaft 20,
the second helical groove 62 forms a path that leads
from a side corresponding to the gear accommodating
chamber 331 toward the fifth pump chamber 43. There-
fore, each helical groove 61, 62 exerts a pumping effect
and conveys fluid from a side corresponding to the fifth
pump chamber 43 toward the gear accommodating
chamber 331 when the rotary shafts 19, 20 rotate. That
is, each helical groove 61, 62 forms pumping means that
urges the lubricant oil between the outer circumferential
surface 491, 501 of the associated shaft seal 49, 50 and
the circumferential wall 471, 481 of the associated re-
ceptacle 47, 48 to move from a side corresponding to
the fifth pump chamber 43 toward the oil zone. The
pumping means is a mechanism that prevents oil from
entering the fifth pump chamber 43 from the gear ac-
commodating chamber 331. The circumferential walls
471, 481 of the bearing receptacles 47, 48 function as
sealing surfaces. The outer circumferential surfaces
491, 501 face the sealing surfaces. In the wide sense,
the pumping means serves as a non-contact seal
means for prohibiting the oil from entering the pump
chamber.
[0027] As shown in Fig. 3(b), first and second dis-
charge pressure introducing channels 63, 64 are formed
in a chamber defining wall 143 of the rear housing mem-
ber 14. The chamber defining wall 143 defines the fifth
pump chamber 43, which is at the final stage of com-
pression. As shown in Fig. 4(a), the first discharge pres-
sure introducing channel 63 is connected to the maxi-
mum pressurization zone 432, the volume of which is
varied by rotation of the fifth rotors 27, 32. The first dis-
charge pressure introducing channel 63 is also connect-
ed to the through hole 141. As shown in Fig. 5(a), the
second discharge pressure introducing channel 64 is
connected to the maximum pressurization zone 432 and
the through hole 142.
[0028] As shown in Figs. 1(b), 6(a) and 6(b), an an-
nular leak prevention ring 66 is fitted about the small
diameter portion 59 of the first shaft seal 49 to block flow
of oil. The leak prevention ring 66 includes a first seal
67 having a smaller diameter and a second seal 68 hav-

ing a larger diameter. A front end portion of the bearing
holder 45 has an annular projection 69 projecting inward
and defines an annular first oil chamber 70 and an an-
nular second oil chamber 71 about the leak prevention
ring 66. The first oil chamber 70 surrounds the first seal
67, and the second oil chamber 71 surrounds the sec-
ond seal 68.
[0029] A third seal 72 is integrally formed with the
large diameter portion 60 of the first shaft seal 49. A third
annular oil chamber 73 is defined in the first receptacle
47 to surround the third seal 72. It is to be noted that the
first, second and third seals 67, 68 , 72 function as a
non-contact seal means for prohibiting the oil from en-
tering the pump chamber.
[0030] A drainage channel 74 is defined in the lowest
portion of the first receptacle 47 and the end 144 of the
rear housing 14 to return the lubricant oil Y to the gear
accommodation chamber 331. The drainage channel 74
has an axial portion 741, which is formed in the lowest
part of the receptacle 47, and a radial portion 742, which
is formed in the end 144. The axial portion 741 is com-
municated with the third oil chamber 73, and the radial
portion 742 is communicated with the gear accommo-
dation chamber 331. That is, the third oil chamber 73 is
connected to the gear accommodating chamber 331 by
the drainage channel 74.
[0031] An annular leak prevention ring 66 is fitted
about the small diameter portion 59 of the second shaft
seal 50 to block flow of oil. A third seal 72 is formed on
the large diameter portion 60 of the second shaft seal
50. The first and second oil chambers 70, 71 are defined
in the bearing holder 46, and the third oil chamber 73 is
defined in the second receptacle 48. The drainage chan-
nel 74 is formed in the lowest part of the receptacle 48.
Part of the third oil chamber 73 corresponding to the sec-
ond shaft seal 50 is connected to the gear accommo-
dating chamber 331 by the drainage channel 74 corre-
sponding to the second shaft seal 50.
[0032] Lubricant oil Y stored in the gear accommodat-
ing chamber 331 lubricates the gears 34, 35 and the ra-
dial bearings 37, 38. After lubricating the radial bearings
37, 38, lubricant oil Y enters a through hole 691 formed
in the projection 69 of each bearing holder 45, 46
through space 371, 381in each radial bearing 37, 38.
Then, the lubricant oil Y moves toward the correspond-
ing first oil chamber 70 via a space between the circum-
ference of the small diameter portion 59 of the shaft seal
49, 50 and the circumference of the through hole 691,
and a space g1 between the rear surface 672 of the cor-
responding first seal 67 and the end surface 701 of the
corresponding first oil chamber 70. At this time, some of
the lubricant oil Y that reaches the rear surface 672 of
the first seal 67 is thrown to the circumferential surface
702 or the end surface 701 of the first oil chamber 70 by
the centrifugal force generated by rotation of the first
seal 67. At least part of the lubricant oil Y thrown to the
circumferential surface 702 or the end surface 701 re-
mains on the circumferential surface 702 or the end sur-
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face 701. The remaining oil Y falls along the surfaces
701, 702 by the self weight and reaches the lowest part
of the first oil chamber 70. After reaching the lowest part
of the first oil chamber 70, the lubricant oil Y moves to
the lowest part of the second oil chamber 71.
[0033] After entering the first oil chamber 70, the lu-
bricant oil Y moves toward the second oil chamber 71
through a space g2 between the rear surface 681 of the
second seal 68 and the end surface 711 of the second
oil chamber 71. At this time, the lubricant oil Y on the
rear surface 681 is thrown to the circumferential surface
712 or the end surface 711 of the second oil chamber
71 by the centrifugal force generated by rotation of the
second seal 68. At least part of the lubricant oil Y thrown
to the circumferential surface 712 or the end surface 711
remains on the circumferential surface 712 or the end
surface 711. The remaining oil Y falls along the surfaces
712, 711 by the self weight and reaches the lowest part
of the second oil chamber 71.
[0034] After reaching the lowest part of the second oil
chamber 71, the lubricant oil Y moves to the lowest part
of the third oil chamber 73. After entering the second oil
chamber 71, the lubricant oil Y moves toward the third
oil chamber 73 through a space g3 between the rear
surface 601 of the third seal 72 and the end surface 731
of the third chamber 73. At this time, the lubricant oil Y
on the rear surface 601 is thrown to the circumferential
surface 732 or the end surface 731 of the third oil cham-
ber 73 by the centrifugal force generated by rotation of
the third seal 72. At least part of the lubricant oil Y thrown
to the circumferential surface 732 or the end surface 731
remains on the surface 732 or the surface 731. The re-
maining oil Y falls along the circumferential surface 732
and the surface 731 by the self weight and reaches the
lowest part of the third oil chamber 73.
[0035] After being thrown from the rear surface 672
of the first seal 67 to part of the circumferential surface
702 or the end surface 701 that is above the rotary shafts
19, 20, part of the oil may drop on a tapered circumfer-
ential surface 671. Also, after being thrown from the rear
surface 681 to the circumferential surface 712 or the end
surface 711, part of the oil Y drops on the tapered cir-
cumferential surface 671. After dropping on the tapered
circumferential surface 671, the oil Y is thrown toward
the circumferential surface 702 by the centrifugal force
generated by rotation of the leak prevention ring 66 or
moves from the side corresponding to the second seal
68 toward the end surface 701 along the surface 671.
When moving on the tapered circumferential surface
671 toward the end surface 701, the oil Y is thrown to
the end surface 701 or moves to the rear surface 672 of
the first seal 67. Therefore, after reaching the tapered
circumferential surface 671, the oil Y moves to the low-
est part of the second oil chamber 71.
[0036] After reaching the lowest part of the third oil
chamber 73, the lubricant oil Y is returned to the gear
accommodating chamber 331 by the corresponding
drainage channel 74. Each of the pairs of the first seal

67 and the first oil chamber 70, the second seal 68 and
the second oil chamber 71, and the third seal 72 and the
third oil chamber 73 forms a mechanism that prevents
oil from entering the fifth pump chamber 43 from the
gear accommodating chamber 331.
[0037] As shown in Fig. 1(a), an inverter 65 is electri-
cally connected to the motor M. The inverter 65 receives
a command from a controller 75. The controller 75 con-
trols the output of the inverter 65 based on the signal
from the on-off switch 76. The inverter 65 controls the
rotational speed of the electric motor M in accordance
with the command from the controller 75 by the power
from an alternator 77.
[0038] A curved line E1 in Fig. 7 shows variation of
the rotational speed of the rotary shafts 19, 20 after the
on-off switch 76 is turned off at time t0 while the vacuum
pump 11 is operating. When the on-off switch 76 is
turned off while the vacuum pump 11 is operating, the
controller 75 sends a command to the inverter 65. The
command causes the rotational speed of the rotary
shafts 19, 20 to vary in a manner as shown by the curved
line E1. Based on the command from the controller 75,
the inverter 65 stops the motor M such that the rotational
speed of the rotary shafts 19, 20 varies in a manner
shown by the curved line E1. The controller 75 is a stop
control means for stopping the operation of the vacuum
pump 11.
[0039] In the preferred embodiment, the rotary shafts
19, 20 are rotated at a constant rotational speed N dur-
ing a normal operation of the vacuum pump 11. When
the vacuum pump 11 is in the normal operation, the
pressure in the maximum pressurization zone 432 of the
fifth pump chamber 43 and the pressure in the gear ac-
commodating chamber 331 are substantially the same.
[0040] The preferred embodiment has the following
advantages.
[0041] (1-1) A curved line P0 in Fig. 7 shows the var-
iation of the pressure difference between the maximum
pressurization zone 432 of the fifth pump chamber 43
and the gear accommodating chamber 331 when rota-
tions of the rotary shafts 19, 20 are decelerated at a con-
stant deceleration shown by a straight line D. The max-
imum pressure difference occurs after time t1 at which
the rotation of the rotary shafts 19, 20 are completely
stopped.
[0042] A curved line P1 in Fig. 7 shows variation of
the pressure difference between the maximum pressur-
ization zone 432 of the fifth pump chamber 43 and the
gear accommodating chamber 331 when rotations of
the rotary shafts 19, 20 are decelerated in a manner as
shown by the curved line E1.
[0043] Time required for the rotary shafts 19, 20 to
completely stop when decelerating in a manner shown
by the curved line E1 is equal to time (t1 - t0) required
for the rotary shafts 19, 20 to completely stop when de-
celerating in a manner shown by the straight line D. The
maximum pressure difference, in this case, is caused
before the time t1 at which the rotation of the rotary
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shafts 19, 20 completely stops. The pressure difference
at which the rotary shafts 19, 20 completely stops is less
than the case in which the rotary shafts 19, 20 are de-
celerated in the manner shown by the straight line D.
[0044] When rotation of the rotary shafts 19, 20 are
completely stopped, the pumping operation of the
pumping means and the oil leak preventing operation of
the first, second and third stoppers 67, 68, and 72 are
stopped. At this time, if the pressure difference between
the maximum pressurization zone 432 and the gear ac-
commodating chamber 331 is great, oil can leak into the
fifth pump chamber 43. Thus, if the maximum pressure
difference between the maximum pressurization zone
432 of the fifth pump chamber 43 and the gear accom-
modating chamber 331 is caused after the time t1, oil
could leak into the fifth pump chamber 43.
[0045] According to the curved line E1, the rotations
of the rotary shafts 19, 20 start to decrease by a greater
deceleration than the constant deceleration shown by
the straight line D and subsequently the rotations of the
rotary shafts 19, 20 are decreased by a smaller decel-
eration than a constant deceleration shown by the
straight line D. The rotations of the rotary shafts 19, 20
are stopped by the time (t1 - t0) required to stop the ro-
tation of the rotary shafts 19, 20 at the constant decel-
eration shown by the straight line D. Controlling the max-
imum pressure difference between the maximum pres-
surization zone 432 of the fifth pump chamber 43 and
the gear accommodating chamber 331 to be caused be-
fore the time t1 prevents the oil from entering the fifth
pump chamber 43.
[0046] (1-2) The curved line E1 is an exponential
curve, which is represented by "a 3 e-bt". The character
t represents time, the characters a and b are positive
constant numbers. The exponential curve is suitable for
minimizing the maximum pressure difference and mini-
mizing the pressure difference when the rotary shafts
19, 20 are completely stopped.
[0047] (1-3) While the vacuum pump is operating, the
pressures in the five pump chambers 39, 40, 41, 42, 43
are lower than the pressure in the gear accommodating
chamber 331, which is a zone exposed to the atmos-
pheric pressure. Thus, the atomized lubricant oil Y
moves along the surface of the leak prevention rings 66
and the surface of the shaft seals 49, 50 toward the fifth
pump chamber 43. To prevent the atomized lubricant oil
Y from entering the fifth pump chamber 43, the lubricant
oil Y is preferably liquefied on a stationary wall. Also,
the lubricant oil Y on the rotary shafts 19, 20 or on the
members integrally rotating with the rotary shaft 19, 20
is preferably moved to the stationary wall.
[0048] The stoppers 67, 68, 72 effectively move the
lubricant oil Y to the walls defining the oil chambers 70,
71, 73. As the number of the stoppers is increased, the
area for receiving oil in the stoppers is increased. As the
area for receiving oil is increased, the amount of oil that
is thrown by the centrifugal force generated by rotation
of the stoppers is increased- That is, the stoppers 67,

68, 72, which are arranged on each rotary shaft 19, 20,
effectively blocks flow of oil.
[0049] (1-4) The diameters of the front surfaces 492,
502 of the shaft seals 49, 50 fitted about the rotary shafts
19, 20 are larger than the diameter of the circumferential
surfaces 192, 202 of the rotary shafts 19, 20. Therefore,
the diameters of the labyrinth seals 57, 58 between the
front surfaces 492, 502 of the shaft seals 49, 50 and the
bottom 472, 482 of the bearing receptacles 47, 48 are
larger than the diameters of the labyrinth seals located
between the circumferential surface 192, 202 of the ro-
tary shafts 19, 20 and the rear housing member 14. As
the diameters of the labyrinth seals 57, 58 increase, the
volumes of the labyrinth chambers 551, 552, 561, 562
for preventing pressure fluctuation are increased, which
improves the sealing performance of the labyrinth seals
57, 58. That is, the spaces between the front surface
492, 502 of each shaft seals 49, 50 and the bottom 472,
482 of the corresponding bearing receptacle 47, 48 is
suitable for retaining the labyrinth seal 57, 58 in terms
of increasing the volumes of the labyrinth chambers
551, 552, 561, 562 to improve the sealing property.
[0050] (1-5) As the space between each bearing re-
ceptacle 47, 48 and the corresponding shaft seal 49, 50
is decreased, it is harder for the lubricant oil Y to enter
the space between the bearing receptacle 47, 48 and
the shaft seal 49, 50. The bottom surface 472, 482 of
each receptacle 47, 48, which has the circumferential
wall 471, 481, and the front surface 492, 502 of the cor-
responding shaft seal 49, 50 are easily formed to be
close to each other. Therefore, the space between the
end of each annular projection 53, 54 and the bottom of
the corresponding annular groove 55, 56 and the space
between the bottom surface 472, 482 of each receptacle
47, 48 and the front surface 492, 502 of the correspond-
ing shaft seal 49, 50 can be easily decreased. As the
spaces are decreased, the sealing performance of the
labyrinth seals 57, 58 is improved. That is, the bottom
surface 472, 482 of each receptacle 47, 48 is suitable
for accommodating the labyrinth seal 57, 58.
[0051] (1-6) The labyrinth seals 57, 58 sufficiently
blocks flow of gas. When the Roots pump 11 is started,
the pressures in the five pump chambers 39-43 are high-
er than the atmospheric pressure. However, each laby-
rinth seal 57, 58 prevents gas from leaking from the fifth
pump chamber 43 to the gear accommodating chamber
331 along the surface of the associated shaft seal 49,
50. That is, the labyrinth seals 57, 58 stop both oil leak
and gas leak and are optimal non-contact type seals.
[0052] (1-7) Although the sealing performance of a
non-contact type seal does not deteriorate over time un-
like a contact type seal such as a lip seal, the sealing
performance of a non-contact type seal is inferior to the
sealing performance of a contact type seal. The stop-
pers 67, 68, 72 compensate for the sealing perform-
ance.
[0053] (1-8) As the first rotary shaft 19 rotates, the lu-
bricant oil Y in the first helical groove 61 is guided from
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the side corresponding to the fifth pump chamber 43 to
the side corresponding to the gear accommodating
chamber 331. The lubricant oil Y in the helical groove
61 is moved from the side corresponding to the fifth
chamber 43 to the gear accommodating chamber 331.
As the second rotary shaft 20 rotates, the lubricant oil Y
in the second helical groove 62 is guided from the side
corresponding to the fifth pump chamber 43 to the side
corresponding to the gear accommodating chamber
331. The lubricant oil Y in the helical groove 62 is moved
from the side corresponding to the fifth chamber 43 to
the gear accommodating chamber 331. That is, the
shaft seals 49, 50, which have the first and second hel-
ical grooves 61, 62 functioning as pumping means, pos-
itively prevent leakage of the lubricant oil Y.
[0054] (1-9) The outer circumferential surfaces 491,
501, on which the helical grooves 61, 62 are formed,
coincide with the outer surface of the large diameter por-
tions 60 of the first and second shaft seals 49, 50. At
these parts, the velocity is maximum when the shaft
seals 49, 50 rotate. Gas located between the outer cir-
cumferential surface 491, 501 of each shaft seal 49, 50
and the circumferential wall 471, 481 of the correspond-
ing receptacle 47, 48 is effectively urged from the side
corresponding to the fifth pump chamber 43 to the side
corresponding to the gear accommodating chamber
331 through the first and second helical grooves 61, 62,
which are moving at a high speed. The lubricant oil Y
located between the outer circumferential surface 491,
501 of each shaft seal 49, 50 and the circumferential
wall 471, 481 of the corresponding receptacle 47, 48
flows with gas that is effectively urged from the side cor-
responding to the fifth pump chamber 43 to the side cor-
responding to the gear accommodating chamber 331.
The helical grooves 61, 62 formed in the outer circum-
ferential surface 491, 501 of each shaft seal 49, 50 ef-
fectively prevent the lubricant oil Y from leaking into the
fifth pump chamber 43 from the corresponding bearing
receptacle 47, 48 via the spaces between the outer cir-
cumferential surface 491, 501 and the circumferential
wall 471, 481.
[0055] (1-10) A small space is created between the
circumferential surface 192 of the first rotary shaft 19
and the through hole 141. Also, a small space is created
between each rotor 27, 32 and the chamber defining
wall 143 of the rear housing member 14. Therefore, the
labyrinth seal 57 is exposed to the pressure in the fifth
pump chamber 43 introduced through the narrow spac-
es. Likewise, a small space is created between the cir-
cumferential surface 202 of the second rotary shaft 20
and the through hole 142. Therefore, the second laby-
rinth seal 58 is exposed to the pressure in the fifth pump
chamber 43 through the space. If there are no channels
63, 64, the labyrinth seals 57, 58 are equally exposed
to the pressure in the suction zone 431 and to the pres-
sure in the maximum pressurization zone 432.
[0056] The first and second discharge pressure intro-
ducing channels 63, 64 expose the labyrinth seals 57,

58 to the pressure in the maximum pressurization zone
432. That is, the labyrinth seals 57, 58 are influenced
more by the pressure in the maximum pressurization
zone 432 via the introducing channels 63, 64 than by
the pressure in the suction zone 431. Thus, compared
to a case where no discharge pressure introducing
channels 63, 64 are formed, the labyrinth seals 57, 58
of the preferred embodiment receive higher pressure.
As a result, compared to a case where no discharge
pressure introducing channels 63, 64 are formed, the
difference between the pressures acting on the front
surface and the rear surface of the labyrinth seals 57,
58 is significantly small. In other words, the discharge
pressure introducing channels 63, 64 significantly im-
prove the oil leakage preventing performance of the lab-
yrinth seals 57, 58.
[0057] (1-11) Since the Roots pump 11 is a dry type,
no lubricant oil Y is used in the five pump chambers 39,
40, 41, 42, 43. Therefore, the present invention is suit-
able for the Roots pump 11.
[0058] In the present invention, the rotational speed
of the rotary shafts 19, 20 may be decelerated in a man-
ner shown by a sequential line E2 in Fig. 8. According
to the sequential line E2, the rotation of the rotary shafts
19, 20 start to decelerate at a constant deceleration
greater than the constant deceleration shown by the
straight line D and subsequently decelerate at a con-
stant deceleration smaller than the constant decelera-
tion shown by the straight line D. The sequential line E2
is a deceleration line that stops the rotations of the rotary
shafts 19, 20 by the time (t1 - t0) required for stopping
the rotary shafts 19, 20 by the constant deceleration
shown by the straight line D. The deceleration control
shown by the sequential line E2 creates the maximum
pressure difference between the maximum pressuriza-
tion zone 432 of the fifth pump chamber 43 and the gear
accommodating chamber 331 before the time t1.
[0059] It should be apparent to those skilled in the art
that the present invention may be embodied in many
other specific forms without departing from the spirit or
scope of the invention. Particularly, it should be under-
stood that the invention may be embodied in the follow-
ing forms.

(1) The rotary shafts 19, 20 may be controlled to
decelerate in a manner shown by a curved line that
consists of three or more straight lines.

(2) The rotary shafts 19, 20 may be controlled to
decelerate in a manner shown by a deceleration line
that consists of a straight line and a curved line.

(3) The present invention may be applied to a vac-
uum pump that has no pumping means and the
stoppers 67, 68, 72, and has only the labyrinth seals
57, 58.

(4) The present invention may be applied to a vac-
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uum pump that has no pumping means and has the
stoppers 67, 68, 72 and the labyrinth seals 57, 58.

(5) The present invention may be applied to a vac-
uum pump that has no stoppers 67, 68, 72 and has
pumping means and the labyrinth seals 57, 58.

(6) The present invention may be applied to other
types of vacuum pumps than Roots types.

(7) The time required to stop the rotation of the ro-
tary shafts 19, 20 is not necessarily coincident to
the time (t1 - t0) required to stop we the rotation of
the rotary shafts 19, 20 at the constant deceleration
shown by the straight line D.

[0060] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive and the invention is not to be limited to the de-
tails given herein, but may be modified within the scope
and equivalence of the appended claims.

Claims

1. A vacuum pump having an oil housing (14) defining
a pump chamber (43) and an oil zone (331) adja-
cent to the pump chamber (43), wherein a rotary
shaft (19, 20) extends from the pump chamber (43)
through the oil housing. (14) and projects to the oil
zone (331), wherein a non-contact seal means (57,
58; 53, 54, 55, 56; 61, 62; 67, 68, 72 ) is attached
to the rotary shaft (19, 20) for the integral rotation
with the rotary shaft (19, 20), and the non-contact
seal means (57, 58; 53, 54, 55, 56; 61, 62; 67, 68,
72 ) prevents oil from entering the pump chamber
(43), and wherein the vacuum pump draws gas by
operating a gas conveying body (23) in the pump
chamber (43) through rotation of the rotary shaft
(19, 20), the vacuum pump being characterized
in that:

rotation of the rotary shaft (19, 20) is controlled
to increase the differential pressure between
the pump chamber (43) and the oil zone (331)
when the rotary shaft (19, 20) shifts from an op-
eration state to a stopped state and maximize
the differential pressure before the complete
stop of the rotary shaft (19, 20). becomes max-
imum

2. The vacuum pump according to claim 1, character-
ized in that the rotary shaft (19, 20) is first deceler-
ated at greater deceleration than a constant decel-
eration and subsequently decelerated at smaller
deceleration than the constant deceleration within
a period (t1) required for the rotary shaft (19, 20) to
be completely stopped when decelerated at the

constant deceleration.

3. The vacuum pump according to claim 2, character-
ized in that the deceleration of the rotary shaft (19,
20) is indicated by an exponential curve represent-
ed by a formula a 3 e-bt.

4. The vacuum pump according to claim 2, character-
ized in that the deceleration of the rotary shaft (19,
20) is represented by a deceleration line including
at least two straight lines.

5. The vacuum pump according to any one of the pre-
ceding claims, characterized in that the rotary
shaft (19, 20) is one of a plurality of rotary shafts
(19, 20) located parallel to each other, wherein the
rotary shafts (19, 20) are coupled to each other by
a gear mechanism (34, 35) such that the rotary
shafts (19, 20) integrally rotate, and wherein the
gear mechanism (34, 35) is accommodated in the
oil zone (331).

6. The vacuum pump according to any one of the pre-
ceding claims, characterized in that a bearing for
rotatably supporting the rotary shaft (19, 20) is ac-
commodated in the oil zone.

7. The vacuum pump according to any one of preced-
ing claims, characterized by a controller (75) for
controlling rotation of the rotary shaft (19, 20).

8. The vacuum pump according to any one of the pre-
ceding claims, characterized in that said non-con-
tact seal means includes labyrinth seals (57, 58)
disposed between the rotary shaft (19, 20) and the
oil housing (14).

9. The vacuum pump according to any one of claims
1 to 7, characterized by a first receptacle (47) and
a second receptacle (48) respectively having bot-
toms (472),(482), and a first shaft seal (49) and sec-
ond shaft seal (50) respectively fitted to the first
shaft (19) and the second shaft (20), wherein first
annular projections (53) and second annular projec-
tions (54) respectively project from the bottoms
(472),(482) of the receptacles (47) (48), and where-
in the first shaft seal (49) and the second shaft seal
(50) respectively have annular grooves (55), (56)
facing the associated projection (53) forming a first
labyrinth seal (57) and a second labyrinth seal (58),
wherein said non-contact seal means includes the
first labyrinth seal (57) and the second labyrinth seal
(58).

10. The vacuum pump according to any one of claim 1
to 7, characterized by a first shaft seal (49) and a
second shaft seal (50) respectively fitted to the first
shaft (19) and the second shaft (20), wherein said
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non-contact seal means includes a pumping means
having helical grooves (61) (62) respectively
formed in outer circumferential surfaces of the shaft
seals (49), (50) to urge the lubricant oil between the
shaft seals (49), (50) and associated receptacles
(47), (48) .

11. The vacuum pump according to any one of claims
1 to 7, characterized in that said non-contact seal
means includes seals (67, 68, 72) respectively hav-
ing end faces.
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