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Description

TECHNICAL FIELD

[0001] This invention relates to a vane-type vacuum
pump and, more particularly, to a vane-type vacuum
pump for evacuating a tank for use in vehicles.

BACKGROUND ART

[0002] The conventional vane-type vacuum pump
shown in section in Figs. 12 and 13 comprises a housing
1, which comprises a cup-shaped main body 3 including
a suction port 2 and a discharge port 4 with a valve and
a bracket 6 closing an open end of the main body 3 for
defining a pump chamber 5 therein. The pump chamber
5 is a cylindrical space defined in the housing 1 by two
parallel end faces 7 and 8, and a cylindrical surface 9
between the end faces 7 and 8. A bearing 10 of the brack-
et 6 supports a rotary shaft 11 in an eccentric relationship
with respect to a central axis of the cylindrical pump
chamber 5, and an inner end of the rotary shaft 11 is
supported by a bearing 12 of the main body 13. Secured
to an outer end of the rotary shaft 11 are a pinion, a pulley,
a sprocket, cum and the like 13 for receiving a driving
power from an external drive unit (not illustrated) such
as gears.
[0003] Within the housing 1, a rotor 14 is housed in a
concentric relationship with the rotary shaft 11 and there-
fore in an eccentric relationship with the pump chamber
5 (housing 1). The rotor 14 is a substantially cylindrical
member having two end surfaces and a cylindrical sur-
face and is rotated by the rotary shaft 11 within the hous-
ing 1. The rotor 14 is provided with four slots 15 radially
extending from one end surface to the other, the slots 15
each has inserted therein a vane 16 radially slidable and
capable of being brought into a slidable contact at its tip
with a cylindrical surface 9 of the housing 1
[0004] In the vehicular vane-type vacuum pump as
above described, when the rotor 14 is rotated in clockwise
direction in Fig. 11, the vanes 16 in the slots 15 moves
outward due to the centrifugal force, the tips of the vanes
16 slide along the cylindrical surface 9 of the pump cham-
ber 5 while they are kept contacting. Since the rotary
shaft 11 of the rotor 14 is eccentric to the center of the
pump chamber 5, the volume of the compression cham-
ber defined between the vanes 16 are changed as the
rotation of the rotor 14, the air is sucked from the suction
port 2 of the housing 1 and pumped to the discharge port
4 and a vacuum is generated on the side of the suction
port 2 connecting to the unillustrated tank. At this time,
engine oil is supplied to various sliding contact portions
of the vane-type vacuum pump such as those portions
of the vanes 16 that is sliding-contacting with other por-
tions such as the rotor 14, the end surfaces 7 and 8 and
the cylindrical surface 9 and also to the bearing portions
and those sliding contact portions are lubricated.
[0005] The portions between the side end surfaces 7

and 8 of the housing 1 and the axial end surfaces of the
rotor 14 are also sliding portions, in which engine oil films
are interposed to prevent abrasion between these por-
tions and to establish hermetic seal between the rotor
and the housing. However, the oil films in these sliding
portions can be locally broken. Once the oil films are bro-
ken, not only the problem of friction arises, but also the
effect of hermetic seal is reduced, causing the problem
of degrading the vacuum characteristics of the vane-type
vacuum pump.
[0006] While it is possible to increase the pump capac-
ity or rotor speed in order to solve the above problems,
the former measure increases the overall dimensions of
the vane-type vacuum pump and poses the problems
such as poor mountability of the engine and increase the
weight and the latter measure poses the problems such
as shortened life due to increased vibration, increased
mechanical wear and the like.
[0007] WO 02/18791 A1 is related to a vacuum pump
of the rotary vane type in which a rotor is covered with
sealing rings at the ends thereof. The sealing rings have
ribs, which are accommodated in grooves formed in the
housing.

DISCLOSURE OF INVENTION

[0008] Accordingly, the object of the present invention
is to provide a vane-type vacuum pump of small size that
is improved in hermetic seal between the rotor and the
housing to exhibits good vacuum characteristics, a suf-
ficient lubrication can be maintained to reduce wear.
[0009] In order to achieve this object, the vane-type
vacuum pump of the present invention has the construc-
tion as described bellow.

(1) A vane-type vacuum pump comprising, a housing
having a cylindrical pump chamber including a suc-
tion port and a discharge port, a rotor eccentrically
accommodated within said pump chamber, a rotary
shaft secured to said rotor for rotating said rotor with-
in said pump chamber, and a vane radially movably
inserted into said rotor while maintaining a sliding
contact with said housing within said pump chamber,
wherein the air within said pump chamber is pumped
from said suction port to said discharge port by the
rotation of said rotor to generate a vacuum on the
side of said suction port side, characterized by a lab-
yrinth seal disposed between said housing and said
rotor to extending over an entire circumference and
including at least one pair of a circular ring-shaped
groove and a circular ridge-shaped projection ring
concentrically disposed to said rotary shaft, said
groove and said projection ring engage together and
relatively movable to each other in circumferential
direction.
The circular ring-shaped groove is disposed in a side
end surface of said rotor and said circular ridge-
shaped projection ring is disposed on the rotor, and

1 2 



EP 1 553 301 B1

3

5

10

15

20

25

30

35

40

45

50

55

wherein a recess is provided in the side end surface
of said vane for receiving said projection ring and
not to impede the radial movement of said vane.
(2) The labyrinth seal may be concentrically provided
in a plurality of pairs.
(3) The labyrinth seal may be disposed on both side
end faces of said rotor.
(4) The rotary shaft may be an output rotary shaft of
a vehicular alternator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a schematic sectional view taken along line
1-1 of Fig. 2 showing the vane-type vacuum pump
according to that an embodiment doesn’t form part
of the invention.
Fig. 2 is a schematic sectional view taken along the
plane perpendicular to the shaft of the vane-type vac-
uum pump shown in Fig. 1.
Fig. 3 is schematic sectional view showing the details
of the labyrinth seal of the vane-type vacuum pump
shown in Fig. 1.
Fig. 4 is a partial perspective view showing the rotor
and the vane of the present invention.
Fig. 5 is a schematic sectional view showing the
vane-type vacuum pump according to an embodi-
ment of the present invention.
Fig. 6 is a schematic sectional view showing the de-
tails of the labyrinth seal of the vane-type vacuum
pump shown in Fig. 5.
Fig. 7 is a partial perspective view showing the rotor
and the vane of the present invention.
Fig. 8 is a schematic sectional view showing the
vane-type vacuum pump according to an embodi-
ment that doesn’t form part of the invention.
Fig. 9 is a schematic sectional view showing the
vane-type vacuum pump according to another em-
bodiment of the present invention.
Fig. 10 is a schematic sectional view showing an
example in which the vane-type vacuum pump of
Fig. 4 is directly connected to a. c. generator.
Fig. 11 is a graph showing the results of the com-
parison tests of the vacuum degree of the vane-type
vacuum pump of the present invention shown in Figs.
1 to 4 with that of the conventional vane-type vacuum
pump shown in Figs. 12 and 13.
Fig. 12 is a schematic sectional view showing the
conventional vane-type vacuum pump taken along
line 12-12 of Fig. 13.
Fig. 13 is a schematic sectional view of the vane-
type vacuum pump taken along the plane perpen-
dicular to the shaft of Fig. 12.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] A vane-type vacuum pump illustrated in Figs. 1

to 3 comprises a housing 21, which comprises a cup-
shaped main body 23 having a suction port 22 and a
discharge port 24 both with a valve, and a bracket 26
closing an open end of the main body 23 to define a pump
chamber 25 therein. The pump chamber 25 is a space
defined by two parallel end surfaces 27 and 28 of the
housing 21 and a cylindrical surface 29 between the end
surfaces 27 and 28. A bearing 30 of the bracket 26 sup-
ports a rotary shaft 31 disposed extending through the
cylindrical pump chamber 25 and the inner end of the
rotary shaft 31 is supported in an eccentric relationship
relative to a central axis of the pump chamber 25. An
outer end of the rotary shaft 31 has secured thereto a
pinion 33, pulley, sprocket, cum or the like for receiving
a driving force from an external drive unit (not illustrated)
such as gears or the like.
[0012] Within the housing 21, a rotor 34 concentric to
the rotary shaft 31 and therefore eccentric to the pump
chamber 25 (the housing 21) is accommodated. The rotor
34 is a substantially cylindrical member having two flat
end surfaces 35 and 36 and a cylindrical surface 37 and
the rotor 34 is caused to rotated by the rotary shaft 31
within the housing 21. The rotor 34 is provided with four
slots 38 extending through the rotor 34 in the radial di-
rection from one end surface to the other. These slots 38
each has inserted therein a plate shaped vane 42 that
can be brought into sliding contact at its tip end 39 with
the cylindrical surface 29 of the housing 21 and that is in
sliding contact at flat end surfaces 40 and 41 with the
end surfaces 27 and 28 of the housing 21, the vanes 42
being slidable in the slots 38 in the radial direction.
[0013] As best shown in Figs. 3 and 4, the rotor 34 has
provided on the end surfaces 35 and 36, except at the
position where the slot 38 is formed, with an annular ridge
or projection ring 43 concentric with the rototary shaft 31.
On the end surfaces 27 and 28 of the housing 21, a con-
tinuous annular groove 44 is provided at the position cor-
responding to the annular projection ring 43 for receiving
therein the projection ring 43. The clearance 45 in the
radial direction as well as the clearance 46 in the radial
direction between the groove 44 and the projection ring
43 are made greater than the clearances between the
end surfaces 35, 36 of the rotor 34 and the end surfaces
27, 28 of the housing 21, .and the axial clearance 46 is
made greater than the radial clearance 45. Therefore, a
space for maintaining engine oil is defined between the
annular projection ring 43 and the annular groove 44.
Since this space is defined between the projection ring
43 and the groove 44, it is a labyrinth seal for preventing
the engine oil from flowing in the radial direction.
[0014] When the rotor 34 is rotated in the counter clock-
wise direction in Fig. 2, the vane 42 moves within the slot
38 into the radially outward direction by the centrifugal
force and the tips 39 of the vanes 42 abut against and
slide along the cylindrical surface 29 of the pump cham-
ber 25. Since the rotary shaft 31 of the rotor 34 is eccentric
to the center of the pump chamber 25, the volumes of
the compression chambers defined between the vanes
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42 vary as the rotor 34 rotates and air is sucked from the
suction port 22 of the housing 21 to be pumped to the
discharge port 24 to generate vacuum at the side of the
suction port 22 connected to an unillustrated tank.
[0015] At this time, various sliding portions within the
vane-type vacuum pump, particularly those portions to
which the vanes 42 are brought into the sliding contact,
such as the rotor 34, the end surfaces 27, 28 and the
cylindrical surface 29 of the housing 1 and further the
bearing portion are supplied with engine oil from the out-
side, thereby to lubricate the sliding contact portions.
[0016] According to the present invention, the sliding
contact portion between the side end surfaces 27 and 28
of the housing 1 and the axial end surfaces 35 and 36 of
the rotor 34 are provided with the annular projection ring
43 concentric to the rotary shaft 31 and the annular con-
tinuous groove 44 for receiving the projection ring 43
therein, whereby a U-shaped bent labyrinth-like seal is
defined therebetween and at the same time a space in
which engine oil can be maintained is defined. Therefore,
this labyrinth-like seal can prevent the engine oil from
flowing out through the sliding portion and the oil film from
being broken, and the oil reservoir space can continue
to supply engine oil, so that the wearing of the sliding
contact portion can be prevented and the hermetic seal
between the rotor and the housing can be maintained.
[0017] Figs. 5 to 7 illustrate an example in which an
annular projection ring 47 is disposed on the side walls
27 and 28 of the housing 21 and an annular groove 48
is disposed in the end surfaces 35 and 36 of the rotor 34.
The projection ring 47 on the housing 21 is a continuous
annular ridge-shaped projection having a substantially
rectangular cross-section and concentric to the rotary
shaft 31 of the rotor 34. The groove 48 in the rotor 34 is
an annular groove concentric to the rotary shaft 31 for
receiving the projection ring 47 therein, but is discontin-
uous at the position where the slots 38 for accommodat-
ing the vanes 42 are located. In the end surfaces 40 of
the vane 42, recesses 49 as escape grooves are provided
for allowing the vanes 42 to be slidably movable within
the slots 38 in the radial direction relative to the rotor 34
without interfering with the projection ring 47 on the hous-
ing 21.
[0018] Also in this vane-type vacuum pump, the sliding
contact portion between the side end surfaces 27 and 28
of the housing 1 and the axial end surfaces 35 and 36 of
the rotor 34 are provided with the annular projection ring
47 on the housing 21 and the annular continuous groove
48 for receiving the projection ring 47 therein at the side
of the rotor 34, whereby a U-shaped bent labyrinth-like
seal is defined between the groove 48 and the projection
ring 47, and at the same time a space in which engine
oil can be maintained is defined. Therefore, the wearing
of the sliding contact portion can be prevented and the
hermetic seal between the rotor and the housing can be
maintained.
[0019] In the vane-type vacuum pump illustrated in Fig.
8, rotor 34 is provided at the end surfaces with two annular

projection rings 51 and 52 and the housing 21 is provided
with two annular grooves 53 and 54. Each of the projec-
tion rings 51 and 52 and the grooves 53 and 54 has similar
structure to those shown in Figs. 1 to 4. In this vane-type
vacuum pump, labyrinth-like seal and the oil reservoir
space are doubled, so that the sealing function is signif-
icantly improved as compared to that of the previous em-
bodiments.
[0020] In the vane-type vacuum pump illustrated in Fig.
9, rotor 34 is provided at the end surfaces with two annular
grooves 55 and 56 and the housing 21 is provided with
two annular projection rings 57 and 58. Each of the
grooves 55 and 56 and the projection rings 57 and 58
has similar structure to those shown in Figs. 5 to 7. Es-
cape grooves 59 provided in the end surfaces 47 and 48
of the vanes 42 have a radial dimension large enough to
prevent interference with the doubled projection rings 55
and 56 and the doubled grooves 57 and 58. In this vane-
type vacuum pump, labyrinth-like seal and the oil reser-
voir space are doubled, so that the sealing function is
significantly improved as compared to that of the previous
embodiments.
[0021] Fig. 10 is a schematic sectional view showing
an example in which the vane-type vacuum pump shown
in Figs. 1 to 4 is directly connected to a vehicular ac gen-
erator. In the illustrated example, the vehicular ac gen-
erator 60 comprises a stator 62 supported within a hous-
ing 61 and a rotor 66 having a rotary shaft 65 supported
by bearings 63 and 64 mounted to the housing 61, the
rotary shaft 65 extends at its left-hand end as viewed in
the figure to the outside of the housing 61 and into the
housing 71 of the vane-type vacuum pump 70 of the
present invention. That is, the bracket 72 of the housing
71 of the vane-type vacuum pump 70 is attached to the
housing 61 of the vehicular ac generator 60, and, while
the bracket 72 has no bearing, the bracket 72 has at-
tached thereto a housing main body 73 to constitute the
housing 71 of the pump. Attached to the rotary shaft 65
within the housing 71 is the rotor 34 of the vane-type
vacuum pump 70 and the annular projection rings 43 and
the annular grooves 44 of the present invention are dis-
posed between the rotor 34 and the housing 71, whereby
a labyrinth-like seal extending in substantially entire cir-
cumference is provided.
[0022] Fig. 11 is a graph showing the comparison test
results as to the vacuum degree of the vane-type vacuum
pump shown in Figs. 1 to 4 and the conventional vane-
type vacuum pump shown in Figs. 12 and 13. Two curves
A and B show the degrees of vacuum expressed in the
height (mmHg) of a mercury column at the suction side
of the vane-type vacuum pump as plotted against the
operation time (seconds) on abscissa, the curve A rep-
resenting the vacuum characteristics of the vane-type
vacuum pump of the present invention and the curve B
representing the vacuum characteristics of the conven-
tional vane-type vacuum pump. It is understood from this
graph that the difference between the degrees of vacuum
gradually increases from the starting of the pump until
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the pump reaches to its constant operational state, where
the degrees of vacuum themselves are also constant,
and that the degree of vacuum according to the present
invention is higher by from about 12% to about 15%.
[0023] As has been described in the foregoing descrip-
tion, the vane-type vacuum pump of the present invention
comprises a labyrinth seal extending over an entire cir-
cumference, the labyrinth seal including at least one pair
of circular ring-shaped grooves 48 and circular ridge-
shaped projection rings 47 disposed concentrically to the
rotary shaft 31 between the housing 21 and the rotor 34,
the grooves and the projection rings engaging together
and being relatively movable to each other in circumfer-
ential direction.
[0024] The circular ring-shaped grooves 48 may be
disposed in side end surfaces of the rotor 34 and the
circular ridge-shaped projection rings 47 may be dis-
posed on the housing 21, and wherein grooves 49 may
be provided in the side end surfaces of the vane 42 for
receiving the projection rings 47 and not to impede the
radial movement of the vane 42. The labyrinth seal may
be concentrically provided in a plurality of pairs, or the
labyrinth seal may be disposed on both side end surfaces
of the rotor.

INDUSTRIAL APPLICABILITY

[0025] As has been described, the vane-type vacuum
pump of the present invention is useful as a vacuum
pump for evacuating a tank constituting a vehicular brake
assistor, for example.

Claims

1. A vane-type vacuum pump comprising;
a housing (21) having a cylindrical pump chamber
(25) including a suction port (22) and a discharge
port (24);
a rotor (34) eccentrically accommodated within said
pump chamber (25);
a rotary shaft (31) secured to said rotor (34) for ro-
tating said rotor within said pump chamber (25);
a vane (42) radially movably inserted into said rotor
(34) while maintaining a sliding contact with said
housing (21) within said pump chamber (25); and
a labyrinth seal (43, 44) disposed between said
housing (21) and said rotor (34) to extending over
an entire circumference and including at least one
pair of a circular ring-shaped groove (44) and a cir-
cular ridge-shaped projection ring (43) concentrically
disposed to said rotary shaft (31), said groove (44)
and said projection ring (43) engaging together and
relatively movable to each other in circumferential
direction;
wherein the air within said pump chamber (25) is
pumped from said suction port (22) to said discharge
port (24) by the rotation of said rotor (34) to generate

a vacuum on the side of said suction port side;
characterized in that
said circular ring-shaped groove (44) is disposed in
a side end surface of said rotor (34) and said circular
ridge-shaped projection ring (43) is disposed on the
housing (21), and that
a recess (49) is provided in the side end surface of
said vane (42) for receiving said projection ring (43)
and not to impede the radial movement of said vane
(42).

2. A vane-type vacuum pump as claimed in claim 1,
wherein said labyrinth seal (43, 44) is concentrically
provided in a plurality of pairs.

3. A vane-type vacuum pump as claimed in claim 1 or
2, wherein said labyrinth seal (43, 44) is disposed
on both side end faces of said rotor (34).

4. A vane-type vacuum pump as claimed in any one of
claims 1 to 3, wherein said rotary shaft (31) is an
output rotary shaft of a vehicular alternator.

Patentansprüche

1. Flügelzellenvakuumpumpe, mit:

einem Gehäuse (21) mit einer zylindrischen
Pumpenkammer (25), die eine Ansaugöffnung
(22) und eine Ablassöffnung (24) umfasst;
einem Rotor (34), der exzentrisch innerhalb der
Pumpenkammer (25) untergebracht ist;
einer Rotationswelle (31), die an dem Rotor (34)
befestigt ist, zum Drehen des Rotors innerhalb
der Pumpenkammer (25);
einem Flügel (42), der radial bewegbar in den
Rotor (34) eingeführt ist, während er einen glei-
tenden Kontakt mit dem Gehäuse (21) innerhalb
der Pumpenkammer (25) beibehält; und
einer Labyrinthdichtung (43, 44), die zwischen
dem Gehäuse (21) und dem Rotor (34) ange-
ordnet ist, wobei sie sich über einen gesamten
Umfang erstreckt und zumindest ein Paar einer
kreisförmig ringförmigen Nut (44) und eines
kreisförmig rippenförmigen Vorsprungsrings
(43), konzentrisch zu der Rotationswelle (31)
angeordnet, umfasst, wobei die Nut (44) und der
Vorsprungsring (43) zusammen eingreifen und
relativ zueinander in Umfangsrichtung beweg-
bar sind;

wobei die Luft innerhalb der Pumpenkammer (25)
von der Ansaugöffnung (22) zu der Ablassöffnung
(24) durch die Drehung des Rotors (34) gepumpt
wird, um ein Vakuum auf der Seite der Ansaugöff-
nungsseite zu erzeugen;
dadurch gekennzeichnet, dass
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die kreisförmig ringförmige Nut (44) in einer Seiten-
endoberfläche des Rotors (34) angeordnet ist, und
der kreisförmig rippenförmige Vorsprungsring (43)
an dem Gehäuse (21) angeordnet ist, und dass
eine Aussparung (49) in der Seitenendfläche des
Flügels (42) vorgesehen ist, zum Aufnehmen des
Vorsprungsrings (43) und um die radiale Bewegung
des Flügels (42) nicht zu behindern.

2. Flügelzellenvakuumpumpe nach Anspruch 1, wobei
die Labyrinthdichtung (43, 44) konzentrisch in einer
Vielzahl von Paaren vorgesehen ist.

3. Flügelzellenvakuumpumpe nach Anspruch 1 oder 2,
wobei die Labyrinthdichtung (43, 44) an beiden Sei-
tenendflächen des Rotors (34) angeordnet ist.

4. Flügelzellenvakuumpumpe nach einem der Ansprü-
che 1 bis 3, wobei die Rotationswelle (31) eine Ab-
triebsrotationswelle eines Fahrzeuggenerators ist.

Revendications

1. Pompe à vide du type à palettes, comprenant :

un logement (21) comportant une chambre de
pompe cylindrique (25) incluant un orifice d’as-
piration (22) et un orifice de refoulement (24) ;
un rotor (34) logé excentriquement au sein de
ladite chambre de pompe (25) ;
un arbre tournant (31) assujetti audit rotor (34)
pour faire tourner ledit rotor au sein de ladite
chambre de pompe (25) ;
une palette (42) insérée de manière radialement
mobile dans ledit rotor (34) tout en maintenant
un contact de glissement avec ledit logement
(21) au sein de ladite chambre de pompe (25) ;
et
un joint labyrinthique (43, 44) disposé entre ledit
logement (21) et ledit rotor (34) en s’étendant
sur une entière circonférence et incluant au
moins une paire d’une gorge en forme de bague
circulaire (44) et d’une bague formant saillie en
forme de nervure circulaire (43) disposées con-
centriquement audit arbre tournant (31), ladite
gorge (44) et ladite bague formant saillie (43)
s’engageant mutuellement et étant mobiles
l’une par rapport à l’autre suivant une direction
circonférencielle ;

dans laquelle l’air au sein de ladite chambre de pom-
pe (25) est pompé dudit orifice d’aspiration (22) audit
orifice de refoulement (24) sous l’effet de la rotation
dudit rotor (34) pour générer un vide sur le côté du
côté d’orifice d’aspiration ;
caractérisée en ce que
ladite gorge en forme de bague circulaire (44) est

disposée dans une surface d’extrémité latérale du
rotor (34) et ladite bague formant saillie en forme de
nervure circulaire (43) est disposée sur le logement
(21), et en ce que
un évidement (49) est ménagé dans la surface d’ex-
trémité latérale de ladite palette (42) pour recevoir
ladite bague formant saillie (43) et ne pas gêner le
mouvement radial de ladite palette (42).

2. Pompe à vide du type à palettes selon la revendica-
tion 1, dans laquelle ledit joint labyrinthique (43, 44)
est disposé concentriquement dans une pluralité de
paires.

3. Pompe à vide du type à palettes selon la revendica-
tion 1 ou 2, dans laquelle ledit joint labyrinthique (43,
44) est disposé sur les deux faces d’extrémité laté-
rale dudit rotor (34).

4. Pompe à vide du type à palettes selon l’une quel-
conque des revendications 1 à 3, dans laquelle ledit
arbre tournant (31) est un arbre tournant de sortie
d’un alternateur de véhicule.
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