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(54) Automotive vane-type vacuum pump

(57) An automotive vane-type vacuum pump re-
strains seizure from taking place between an axial end
surface of a rotor and a case, thereby permitting im-
proved durability. The automotive vane-type vacuum
pump for forcibly feeding a fluid from an inlet to an outlet
includes a bottomed cylindrical case having an inlet and
an outlet, a rotor eccentrically accommodated in the
case, a shaft that is secured to the rotor, having both
ends thereof rotatably supported by both bottom surfac-
es of the case, and rotates the rotor by an external driv-
ing force, and a vane that rotates slidably in contact with
the inner peripheral surface of the case while moving in
and out of the rotor as the rotor rotates. The axial move-
ment of the shaft is restricted by slidable contact be-
tween axial movement restricting stepped portions pro-
vided on both ends of the shaft, and the case. Further-
more, a very small gap is formed between an axial end
surface of the rotor and the case.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an improve-
ment of an automotive vane-type vacuum pump.

2. Description of the Related Art

[0002] Fig. 11 is a side view, which is partly a sectional
view, showing a part of a conventional automotive vane-
type vacuum pump disclosed in, for example, Interna-
tional Publication No. WO00/36303. Fig. 12 is a section-
al view taken along the line E-E of Fig. 11. Referring to
Fig. 11 and Fig. 12, the conventional automotive vane-
type vacuum pump has an inlet 1, an outlet 2, and a
sealed space formed by a substantially cylindrical hous-
ing 4 with a bottom and a bracket 5 that are coupled by
a bolt 3, the housing 4 and the bracket 5 being made of
aluminum. The bracket 5 rotatably supports a shaft 21
by a bearing portion 8.
[0003] The shaft 21 is provided with a rotor 24 that is
eccentrically accommodated in the housing 4 and al-
lowed to rotate in the housing 4. The rotor 24 formed of
aluminum is provided with vane slots 10 radially formed,
and a vane 11 is retractably disposed in the vane slots
10.
[0004] As the rotor 24 rotates, the vane 11 rotates to-
gether with the rotor 24 with the outer edge thereof sli-
dably in contact with the inner peripheral surface of the
housing 4 in an attempt to jut out radially outward from
the vane slots 10 due to a centrifugal force. As the rotor
24 rotates, the rotor 24 and the vane 11 together draw
in a fluid through the inlet 1 and forcibly feed the fluid to
discharge it through the outlet 2. The shaft 21 is
equipped with a coupling 13 so as to enable torque to
be input from a vehicle.
[0005] In such a vane-type vacuum pump, the shaft
portion of the shaft 21, which is as long as the full axial
length of the housing 4 of a shaft main body 22, is pro-
vided with two fin-like protuberances 23 that extend in
an axial direction and project in a radial direction, the
two protuberances 23 being disposed at positions
where they oppose each other in the radial direction.
The rotor 24 has two axial grooves 25 in which the two
fin-like protuberances 23 fit so that torque can be trans-
mitted via the fin-like protuberances 23 and the axial
grooves 25.
[0006] The rotor 24 is integrally formed on the shaft
21 by one-piece casting, so that there is no play between
the shaft main body 22 of the shaft 21 and the rotor 24.
The rotor is integrally formed by one-piece molding by,
for example, aluminum die casting or plastic molding.
[0007] In such an automotive vane-type vacuum
pump, when torque is transmitted from a coupling 13 to
the shaft 21, the rotor 24 rotates at a decentered position

in the housing 4. This causes the vane 11 on the rotor
24 to be rotated by the eccentric rotation while slidably
contacting the inner peripheral surface of the housing 4
in an attempt to project radially outward from the rotor
24 by a centrifugal force, thereby drawing in a fluid
through the inlet 1 and forcibly feeding the fluid to dis-
charge it through the outlet 2.
[0008] In the automotive vane-type vacuum pump
having the construction described above, the movement
of the rotor 24 and the shaft 21 in an axial direction has
been restricted by the contact between the side surfaces
of the rotor 24 and the housing 4 and the bracket 5. More
specifically, the side surfaces of the rotor 24 slidably
contact the housing 4 and the bracket 5 thereby to re-
strict the movement of the rotor 24 and the shaft 21 in
the axial direction.
[0009] The rotor 24, the housing 4, and the bracket 5
are all formed of the same metal, namely, aluminum.
This has been presenting a problem of seizure.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention has been
made with a view toward solving the problem mentioned
above, and it is an object of the present invention to pro-
vide an automotive vane-type vacuum pump free of the
problem of seizure between an axial end surface of a
rotor and a case, thus permitting higher quality and re-
liability, and improved durability.
[0011] To this end, according to one aspect of the
present invention, there is provided an automotive vane-
type vacuum pump for forcibly feeding a fluid from an
inlet to an outlet, including a bottomed cylindrical case
having an inlet and an outlet, a rotor eccentrically ac-
commodated in the case, a shaft that is secured to the
rotor, having both ends thereof rotatably supported by
both bottom surfaces of the case, and rotates the rotor
by an external driving force, and a vane that rotates sl-
idably in contact with the inner peripheral surface of the
case while moving in and out of the rotor as the rotor
rotates, wherein the axial movement of the shaft is re-
stricted by slidable contact between axial movement re-
stricting stepped portions provided on both ends of the
shaft and the case, and a very small gap is formed be-
tween an axial end surface of the rotor and the case.
[0012] In a preferred from of the automotive vane-type
vacuum pump in accordance with the present invention,
the shaft and the case are formed of different metals.
[0013] In another preferred form, an oil reservoir is
provided on the axial end surface of the rotor.
[0014] In still another preferred form, the oil reservoir
is formed at the same time when the rotor is formed by
one-piece molding.
[0015] In a further preferred form, the rotor is cast in-
tegrally with the shaft by insert molding, and the shaft is
provided with a slippage-proof groove in its peripheral
direction.
[0016] In another preferred form, a lubricant groove is
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formed in a bearing portion of the case.
[0017] In yet another preferred form, a drive transmit-
ting means is provided outside the bearing portion of the
shaft, and the bearing portion has a length that has been
set so that the drive transmitting means does not contact
the case even if the bearing portion expands or con-
tracts due to heat.
[0018] In a further preferred form, a portion of an axial
restriction flange provided on the shaft that is associated
with a vane slot is cut so that it is smaller than the inner-
most diameter of the vane slot in a radial direction and
larger than the width of the vane slot in the peripheral
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a side view, which is partly a sectional view,
showing an embodiment of an automotive vane-
type vacuum pump in accordance with the present
invention;
Fig. 2 is a front view of the embodiment viewed from
A of Fig. 1, partly showing the sections of a rotor
and a shaft;
Fig. 3 is a sectional view taken along the line B-B
of Fig. 2;
Fig. 4 is a rear view of a rotor and a shaft of another
embodiment of the automotive vane-type vacuum
pump in accordance with the present invention;
Fig. 5 is a side view showing the section of the rotor,
taken along the line C-C of Fig. 4;
Fig. 6 is a front view of the rotor and the shaft;
Fig. 7 is a rear view showing a rotor and a shaft of
yet another embodiment of the automotive vane-
type vacuum pump in accordance with the present
invention;
Fig. 8 is a side view showing the section of the rotor,
taken along the line D-D of Fig. 7;
Fig. 9 is a front view of the rotor and the shaft;
Fig. 10 is a side view, which is partly a sectional
view, showing an essential section of another em-
bodiment of the automotive vane-type vacuum
pump in accordance with the present invention;
Fig. 11 is a side view, which is partly a sectional
view, showing a conventional automotive vane-type
vacuum pump; and
Fig. 12 is a sectional view taken along the line E-E
of Fig. 11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0020] Fig. 1 is a side view, which is partly a sectional
view, showing a first embodiment of an automotive
vane-type vacuum pump in accordance with the present

invention. Fig. 2 is a front view of the embodiment
viewed from A of Fig. 1, partly showing the sections of
a rotor and a shaft. Fig. 3 is a sectional view taken along
the line B-B of Fig. 2.
[0021] The automotive vane-type vacuum pump ac-
cording to the first embodiment includes a substantially
cylindrical bottomed housing 4, which has an inlet 1 and
an outlet 2, and a bracket 5 that covers an opening of
the housing 4, the housing 4 and the bracket 5 being
coupled by a bolt 3. The housing 4 and the bracket 5
form a sealed space of a cylindrical case 30 having bot-
tom surfaces at its both ends. The housing 4 and the
bracket 5 are made of aluminum. A shaft 21 is disposed
such that it penetrates the case 30, and its both ends
are rotatably supported by both bottom surfaces of the
case 30. The shaft 21 is composed of carbon steel or
alloy steel or the like.
[0022] A side surface of the housing 4 includes a lu-
bricating port 27. A lubricant is supplied through the lu-
bricating port 27. The lubricating port 27 is in communi-
cation with an inner surface of the housing 4 via a shaft
end of the shaft 21.
[0023] One end of the shaft 21 that is close to the lu-
bricating port 27 is provided with a stepped portion 28
serving as a stepped portion for restricting axial move-
ment. The other end of the shaft 21 is provided with a
flange 29 also serving as the stepped portion for restrict-
ing axial movement. The stepped portion 28 slidably
contacts the inner surface of the housing 4 so that its
movement to the left in Fig. 1 is restricted, while the
flange 29 slidably contacts the inner surface of the
bracket 5 so that its movement to the right in Fig. 1 is
restricted. A spiral lubricant groove 21b is formed in a
bearing portion of the bracket 5.
[0024] A rotor 24 that is eccentrically accommodated
in the housing 4 and able to rotate in the housing 4 is
secured to the shaft 21, the rotor 24 being made of alu-
minum. A very small gap is formed between an axial end
surface of the rotor 24 and the inner surface of the hous-
ing 4, and another very small gap is formed between the
axial end surface of the rotor 24 and the inner surface
of the bracket 5. This means that both axial end surfaces
of the rotor 24 are not in contact with the housing 4 and
the bracket 5 constituting the case 30. The rotor 24 has
vane slots 10 radially arranged, and a vane 11 retract-
ably disposed in the vane slots 10.
[0025] As the rotor 24 rotates, the vane 11 rotates to-
gether with the rotor 24 with the outer edge thereof sli-
dably in contact with the inner peripheral surface of the
housing 4 in an attempt to jut out radially outward from
the vane slots 10 due to a centrifugal force. As the rotor
24 rotates, the rotor 24 and the vane 11 together draw
in a fluid through the inlet 1 and forcibly feeds the fluid
to discharge, it through the outlet 2. The shaft 21 is
equipped with a coupling 13 serving as a drive transmit-
ting means so as to enable torque to be input from a
vehicle. The drive transmitting means may be a gear, a
sprocket, a pulley, or the like in place of the coupling 13.
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[0026] The rotor 24 is integrally formed and installed
on the shaft 21 by one-piece casting, so that there is no
play between a shaft main body 22 of the shaft 21 and
the rotor 24. The rotor 24 is integrally formed by one-
piece molding by, for example, casting, forging, alumi-
num die casting or plastic molding. As shown in Fig. 2
and Fig. 3, an oil reservoir 24a is provided on an axial
end surface of the rotor 24. The other end surface of the
rotor 24 at the rear side is also provided with the oil res-
ervoir 24a. The oil reservoirs 24a are formed at the same
time when the rotor 24 is integrally formed as mentioned
above.
[0027] In such an automotive vane-type vacuum
pump described above, when torque is transmitted from
the coupling 13 to the shaft 21, the rotor 24 rotates at a
decentered position in the housing 4. This causes the
vane 11 on the rotor 24 to be rotated by the eccentric
rotation while slidably contacting the inner peripheral
surface of the housing 4 in an attempt to project radially
outward from the rotor 24 due to a centrifugal force,
thereby drawing in a fluid through the inlet 1 and forcibly
feeding the fluid to discharge it through the outlet 2.
[0028] A lubricant is supplied through the lubricating
port 27 to lubricate the shaft ends of the shaft 21, then
the lubricant reaches the inner surface of the housing 4.
The lubricant then gathers in the oil reservoir 24a to per-
form lubrication between the rotor 24 and the housing
4. Thereafter, the lubricant passes through a hollow por-
tion of the rotor 24 to reach the other side, and gathers
in the oil reservoir 24a on the other side to perform lu-
brication between the rotor 24 and the bracket 5. Then,
the lubricant gathers in the lubricant groove 21b formed
in the bearing portion of to perform lubrication between
the shaft 21 and the bracket 5.
[0029] An automotive vane-type vacuum pump con-
structed as described above includes the bottomed cy-
lindrical case 30 having the inlet 1 and the outlet 2, the
rotor 24 eccentrically accommodated in the case 30, the
shaft 21 that is secured to the rotor 24, having both ends
thereof rotatably supported by both bottom surfaces of
the case 30, and rotates the rotor 24 by an external driv-
ing force, and the vane 11 that rotates slidably in contact
with the inner peripheral surface of the case 30 while
moving in and out of the rotor 24 as the rotor 24 rotates.
The axial movement of the shaft 21 is restricted by the
slidable contact between axial movement restricting
stepped portions, namely, the stepped portion 28 and
the flange 29, which are provided on both ends of the
shaft, and the case 30. A very small gap is formed be-
tween the axial end surface of the rotor 24 and the case
30. This arrangement restrains seizure from taking
place between the axial end surface of the rotor 24 and
the case 30, thus leading to higher quality and reliability,
and improved durability.
[0030] The shaft 21 and the case 30 are made of dif-
ferent metals. To be more specific, the shaft 21 is com-
posed of carbon steel, alloy steel, or the like, while the
case 30 is composed of aluminum. Hence, seizure be-

tween the axial end surface of the rotor 24 and the case
30 can be further restrained, resulting in higher quality
and improved durability.
[0031] The oil reservoirs 24a are provided on the axial
end surfaces of the rotor 24. Therefore, seizure between
the axial end surface of the rotor and the case can be
further restrained, permitting higher quality and im-
proved durability to be achieved. Moreover, there will be
less friction, allowing rotational load to be reduced.
[0032] The oil reservoirs 24a are formed at the same
time when the rotor 24 is fabricated by one-piece mold-
ing. Hence, the oil reservoirs 24a can be easily formed,
permitting a reduction in cost.
[0033] The lubricant groove formed in the bearing por-
tion of the case restrains wear on the shaft, so that du-
rability can be improved, and friction can be reduced
with resultant reduced rotational load.

Second Embodiment

[0034] Fig. 4 is a rear view of a rotor and a shaft of a
second embodiment of the automotive vane-type vacu-
um pump in accordance with the present invention. Fig.
5 is a side view showing the section of the rotor, taken
along the line C-C of Fig. 4. Fig. 6 is a front view of the
rotor and the shaft.
[0035] In the second embodiment, a rotor 24 is inte-
grally cast with a shaft 21 by insert molding, as in the
case of the first embodiment. The shaft 21 is, however,
provided with a slippage-proof groove 24c formed along
the full periphery thereof to prevent slipping off. This ar-
rangement securely prevents the shaft 21 from coming
off the rotor 24, leading to higher reliability.
[0036] The slippage-proof groove 24c, however, may
not necessarily be formed over the full periphery. The
same advantage can be obtained by, for example, inter-
mittently forming the slippage-proof groove 24c in the
peripheral direction.

Third Embodiment

[0037] Fig. 7 is a rear view showing a rotor and a shaft
of a third embodiment of the automotive vane-type vac-
uum pump in accordance with the present invention.
Fig. 8 is a side view showing the section of the rotor,
taken along the line D-D of Fig. 7. Fig. 9 is a front view
of the rotor and the shaft.
[0038] A shaft 21 in this embodiment is provided with
an axial restriction flange 29 for restricting the lateral
movement (in Fig. 8) of the shaft 21, as in the case of
the first embodiment. Furthermore, in the third embodi-
ment, the portion of the axial movement restriction
flange 29 that is associated with a vane slot 10 is pro-
vided with a cutout 29a that is smaller than the innermost
diameter of the vane slot 10 in a radial direction and larg-
er than the width of the vane slot 10 in the peripheral
direction.
[0039] Generally, a vane slot is integrally cast with the
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shaft 21 by insert molding, then finished by machining.
In the third embodiment, the provision of the cutout 29a
permits easy insertion and removal of a cutting tool in
an axial direction. This allows easier machining of the
vane slot 10, allowing reduced cost to be achieved.

Fourth Embodiment

[0040] Fig. 10 is a side view, which is partly a sectional
view, showing an essential section of a fourth embodi-
ment of the automotive vane-type vacuum pump in ac-
cordance with the present invention. In the fourth em-
bodiment, a gear 31 serving as a drive transmitting
means is secured, by shrink fitting, outside a bearing
portion 21a of a shaft 21. The length of the bearing por-
tion 21a is set so that the gear 31 will not contact a brack-
et 5 even if the bearing portion 21a expands or contracts
due to heat.
[0041] More specifically, an axial length Y of the bear-
ing portion 21a is set such that a difference in thermal
expansion coefficient between the bracket 5 and the
shaft 21 does not cause the length Y to relatively be-
come smaller than a thickness X of the bracket 5. With
this arrangement, the rotation of the bearing portion 21a
will not be restricted by being caught between a shaft
main body 22 and the gear 31. Accordingly, the reliability
can be improved.
[0042] Thus, the automotive vane-type vacuum pump
for forcibly feeding a fluid from an inlet to an outlet in
accordance with the present invention includes a bot-
tomed cylindrical case having an inlet and an outlet, a
rotor eccentrically accommodated in the case, a shaft
that is secured to the rotor, having both ends thereof
rotatably supported by both bottom surfaces of the case,
and rotates the rotor by an external driving force, and a
vane that rotates slidably in contact with the inner pe-
ripheral surface of the case while moving in and out of
the rotor as the rotor rotates, wherein the axial move-
ment of the shaft is restricted by slidable contact be-
tween axial movement restricting stepped portions pro-
vided on both ends of the shaft and the case, and a very
small gap is formed between an axial end surface of the
rotor and the case. This arrangement restrains seizure
from taking place between the axial end surfaces of the
rotor and the case, leading to higher quality and relia-
bility, and improved durability.
[0043] The shaft and the case are formed of different
metals. This will further restrains seizure from taking
place between the axial end surfaces of the rotor and
the case, resulting in higher quality and improved dura-
bility.
[0044] An oil reservoir is provided on the axial end sur-
face of the rotor. This will further restrain the seizure
from taking place between the axial end surface of the
rotor and the case, permitting higher quality and im-
proved durability to be achieved. Moreover, there will be
less friction, allowing rotational load to be reduced.
[0045] The oil reservoir is formed at the same time

when the rotor is fabricated by casting or forging. Hence,
the oil reservoir can be easily formed, permitting a re-
duction in cost.
[0046] The rotor is cast integrally with the shaft by in-
sert molding, and the shaft is provided with a slippage-
proof groove formed in the peripheral direction. This ar-
rangement makes it possible to securely prevent the
shaft from slipping off the rotor, leading to higher relia-
bility.
[0047] The lubricant groove formed in the bearing por-
tion of the case restrains wear on the shaft, so that du-
rability can be improved, and friction can be reduced,
with resultant reduced rotational load.
[0048] A drive transmitting means is provided outside
the bearing portion of the shaft, and the bearing portion
has a length that has been set so that the drive trans-
mitting means does not contact the case even if the
bearing portion expands or contracts due to heat. There-
fore, the rotation of the bearing portion will not be re-
stricted by being caught between a shaft main body and
a drive transmitting means, allowing higher reliability to
be achieved.
[0049] A portion of an axial restriction flange provided
on the shaft that is associated with a vane slot is cut so
that it is smaller than the innermost diameter of the vane
slot in a radial direction and larger than the width of the
vane slot in the peripheral direction. This arrangement
permits easier machining of the vane slot, with a conse-
quent reduction in cost.

Claims

1. An automotive vane-type vacuum pump for forcibly
feeding a fluid from an inlet (1) to an outlet (2), com-
prising:

a bottomed cylindrical case (30) having the inlet
(1) and the outlet (2);
a rotor (24) eccentrically accommodated in the
case (30);
a shaft (21) that is secured to the rotor (24),
having both ends thereof rotatably supported
by both bottom surfaces of the case (30), and
rotates the rotor (24) by an external driving
force; and
a vane (11) that rotates slidably in contact with
the inner peripheral surface of the case (30)
while moving in and out of the rotor (24) as the
rotor (24) rotates,

wherein the axial movement of the shaft is re-
stricted by slidable contact between axial move-
ment restricting stepped portions (28) provided on
both ends of the shaft (21) and the case (30), and
a very small gap is formed between an axial end
surface of the rotor (24) and the case (30).
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2. An automotive vane-type vacuum pump according
to Claim 1, wherein the shaft (21) and the case (30)
are formed of different metals.

3. An automotive vane-type vacuum pump according
to Claim 1 or 2, wherein an oil reservoir (24a) is pro-
vided on the axial end surface of the rotor (24).

4. An automotive vane-type vacuum pump according
to Claim 3, wherein the oil reservoir (24a) is formed
at the same time when the rotor (24) is formed by
one-piece molding.

5. An automotive vane-type vacuum pump according
to any one of Claims 1 to 4, wherein the rotor (24)
is cast integrally with the shaft (21) by insert mold-
ing, and the shaft (21) is provided with a slippage-
proof groove (24c) in its peripheral direction.

6. An automotive vane-type vacuum pump according
to any one of Claims 1 to 5, wherein a lubricant
groove (21b) is formed in a bearing portion of the
case (30).

7. An automotive vane-type vacuum pump according
to any one of Claims 1 to 6, wherein drive transmit-
ting means is provided outside the bearing portion
of the shaft (21), and the bearing portion has a
length that has been set so that the drive transmit-
ting means does not contact the case (30) even if
the bearing portion expands or contracts due to
heat.

8. An automotive vane-type vacuum pump according
to any one of Claims 1 to 7, wherein a portion of an
axial movement restriction flange (29) provided on
the shaft (21) that is associated with a vane slot (10)
is cut so that it is smaller than the innermost diam-
eter of the vane slot (10) in a radial direction and
larger than the width of the vane slot (10) in the pe-
ripheral direction.

9 10



EP 1 193 396 A2

7



EP 1 193 396 A2

8



EP 1 193 396 A2

9



EP 1 193 396 A2

10



EP 1 193 396 A2

11



EP 1 193 396 A2

12



EP 1 193 396 A2

13


	bibliography
	description
	claims
	drawings

