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(54) VANE PUMP

(57) The vane pump 100 includes the high-pressure
chamber 12 that is formed in a form of a groove in the
bottom portion of the pump-accommodating concave
portion 10a, the working fluid is discharged from the first
discharge port 9a and the second discharge port 9b being
led to the high-pressure chamber 12, and the high-pres-
sure passage 19 that has the opening portion 19a open-
ing to the high-pressure chamber 12 and guides the work-
ing fluid to the outside of the high-pressure chamber 12.
In the vane pump 100, one of the first discharge port 9a
and the second discharge port 9b is arranged so as to
face the opening portion 19a of the high-pressure pas-
sage 19, and the flow-passage cross-sectional area of
the high-pressure chamber 12 is smaller than the total
flow-passage cross-sectional area of the first discharge
port 9a and the second discharge port 9b.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a vane pump.

BACKGROUND ART

[0002] JP2002-161869A discloses a balanced vane
pump having two discharge ports at symmetrical posi-
tions. Discharged oil discharged from these two dis-
charge ports flows through an annular pressure chamber
provided in a housing and flows into a flow passage con-
nected to a flow-amount control valve.

SUMMARY OF INVENTION

[0003] However, in the vane pump described in
JP2002-161869A, flows of the discharged oil that have
been discharged from the two discharge ports are mixed
in the pressure chamber, and thereafter, the mixed flow
of the discharged oil flows into the flow passage connect-
ed to the flow-amount control valve. In the vane pump of
this type, in order to reduce pressure loss of the dis-
charged oil mixed in the pressure chamber, the flow-pas-
sage cross-sectional area of the pressure chamber
needs to be equal to or greater than the total flow-pas-
sage cross-sectional area of the two discharge ports.
Thus, it is difficult to make the flow-passage cross-sec-
tional area of the pressure chamber smaller, and to re-
duce the size of the vane pump.
[0004] The present invention has been conceived in
light of the problems mentioned above, and an object
thereof is to reduce the size of a vane pump.
[0005] According to a certain aspect of the present in-
vention, a vane pump includes: a rotor linked to a driving
shaft and having a plurality of vanes on an outer circum-
ference thereof; a cam ring configured to accommodate
the rotor and define pump chambers in a space therein;
a pump body provided with a pump-accommodating con-
cave portion into which the rotor and the cam ring are
accommodated; a side plate provided between the rotor
and the pump body; a plurality of discharge ports formed
in the side plate and configured to discharge working fluid
from the pump chambers; a high-pressure chamber in a
form of a groove formed in a bottom portion of the pump-
accommodating concave portion, the working fluid dis-
charged from the plurality of discharge ports being led to
the high-pressure chamber; and a high-pressure pas-
sage having an opening portion opening to the high-pres-
sure chamber, the high-pressure passage being config-
ured to guide the working fluid to outside of the high-
pressure chamber, wherein one of the plurality of dis-
charge ports is arranged so as to face the opening portion
of the high-pressure passage, and a flow-passage cross-
sectional area of the high-pressure chamber is smaller
than a total flow-passage cross-sectional area of the plu-
rality of discharge ports.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

[FIG. 1] FIG. 1 is a sectional view of a vane pump
according to an embodiment of the present inven-
tion.
[FIG. 2] FIG. 2 is a plan view showing a bottom por-
tion of a pump-accommodating concave portion of
the vane pump according to the embodiment of the
present invention.

DESCRIPTION OF EMBODIMENT

[0007] A vane pump 100 according to an embodiment
of the present invention will be described below with ref-
erence to the drawings. FIG. 1 is a sectional view showing
a cross section of the vane pump 100, cut in parallel to
a driving shaft.
[0008] The vane pump 100 is used as a fluid pressure
source for a fluid pressure apparatus mounted on a ve-
hicle, such as, for example, a power steering apparatus,
a transmission, or the like. Oil, aqueous alternative fluid
of other types, or the like may be used as working fluid.
[0009] In the vane pump 100, motive force from an
engine (not shown) is transmitted to an end portion of a
driving shaft 1, and a rotor 2 linked to the driving shaft 1
is rotated.
[0010] The vane pump 100 includes a plurality of vanes
3 provided in the rotor 2 so as to be capable of recipro-
cating in the radial direction of the rotor 2, and a cam ring
4 that accommodates the rotor 2 therein such that tip-
end portions of the vanes 3 slide on a cam face 4a on
the inner circumference of the cam ring 4 by rotation of
the rotor 2.
[0011] In the rotor 2, slits having openings on an outer
circumferential surface of the rotor 2 are formed in a ra-
diating pattern with predetermined gaps therebetween,
and the vanes 3 are respectively inserted into the slits in
a freely slidable manner. At the base-end sides of the
slits, back pressure chambers 17 into which discharge
pressure of the pump is guided are defined. The vanes
3 are pushed by the pressure in the back pressure cham-
bers 17 in the directions in which the vanes 3 are drawn
out from the slits, and the tip-end portions of the vanes
3 are brought into contact with the cam face 4a on the
inner circumference of the cam ring 4. With such a con-
figuration, a plurality of pump chambers 7 are defined in
the cam ring 4 by the outer surface of the rotor 2, the cam
face 4a of the cam ring 4, and the adjacent vanes 3.
[0012] The cam ring 4 is an annular member of which
the cam face 4a on the inner circumference has an oval
shape, and the cam ring 4 has suction regions in which
volumes of the pump chambers 7 partitioned by and be-
tween the respective vanes 3, which slide on the cam
face 4a by the rotation of the rotor 2, are expanded and
discharge regions in which volumes of the pump cham-
bers 7 are contracted. The respective pump chambers 7
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are expanded/contracted by the rotation of the rotor 2.
The vane pump 100 is a so-called balanced vane pump
in which the cam ring 4 has two suction regions and two
discharge regions.
[0013] A pump cover 5 is arranged so as to be in con-
tact with one side surfaces of the rotor 2 and the cam
ring 4 on the one side (upper side in FIG. 1), and a side
plate 6 is arranged so as to be in contact with the other
side surfaces of the rotor 2 and the cam ring 4 on the
other side (lower side in FIG. 1). As described above, the
pump cover 5 and the side plate 6 are arranged in such
a manner that both side surfaces of the rotor 2 and the
cam ring 4 are sandwiched, and thereby, the pump cham-
bers 7 are sealed.
[0014] At the surface of the pump cover 5 on which the
rotor 2 slides, two arc-shaped suction ports 8 that open
so as to correspond to the suction regions of the cam
ring 4 and that guide working oil as the working fluid to
the pump chambers 7 are formed so as to form grooves.
[0015] In the side plate 6, a pair of an arc-shaped first
discharge port 9a and an arc-shaped second discharge
port 9b are formed so as to penetrate through the side
plate 6. The first discharge port 9a and the second dis-
charge port 9b are formed so as to open correspondingly
to the discharge regions of the cam ring 4 and discharge
the working oil that has been discharged from the pump
chambers 7 to a high-pressure chamber 12.
[0016] As the rotor 2 is rotated, the respective pump
chambers 7 suck the working oil through the suction ports
8 in the suction regions of the cam ring 4 and discharge
the working oil through the first discharge port 9a and the
second discharge port 9b in the discharge regions of the
cam ring 4. As described above, the respective pump
chambers 7 supply/discharge the working oil by the ex-
pansion/contraction due to the rotation of the rotor 2.
[0017] The driving shaft 1 is rotatably supported by a
pump body 10 via a bush 26. A pump-accommodating
concave portion 10a for accommodating the rotor 2, the
cam ring 4, and the side plate 6 is formed in the pump
body 10.
[0018] An annular groove portion 15 is formed in a bot-
tom portion of the pump-accommodating concave por-
tion 10a. The side plate 6 is arranged on the bottom por-
tion of the pump-accommodating concave portion 10a,
and the annular high-pressure chamber 12 is defined by
the groove portion 15 and the side plate 6. The working
oil that has been discharged from the pump chambers 7
through the first discharge port 9a and the second dis-
charge port 9b is guided into the high-pressure chamber
12. The driving shaft 1 penetrates through the side plate
6.
[0019] The cam ring 4 is accommodated in the pump-
accommodating concave portion 10a so as to be stacked
on the side plate 6. The pump cover 5 is fastened to an
end surface 10c of an annular skirt 10b of the pump body
10, and thereby, the pump-accommodating concave por-
tion 10a is sealed by the pump cover 5.
[0020] The side plate 6 is provided with two positioning

pins 14 that penetrate through concave portions (not
shown) formed on an outer circumferential surface of the
cam ring 4 and inserted into pin holes 5a of the pump
cover 5. With the positioning pins 14, relative rotation of
the pump cover 5 and the side plate 6 with respect to the
cam ring 4 is restricted, thereby achieving positioning of
the suction ports 8 of the pump cover 5 to the suction
regions of the cam ring 4 and positioning of the first dis-
charge port 9a and the second discharge port 9b of the
side plate 6 to the discharge regions of the cam ring 4.
[0021] In addition, in the pump body 10, a suction pas-
sage 11 that communicates with the suction ports 8 and
guides the working oil to the suction ports 8 and a dis-
charge passage 13 that communicates with the high-
pressure chamber 12 and supplies the working oil in the
high-pressure chamber 12 to an external hydraulic ap-
paratus through a high-pressure passage 19 are formed.
[0022] A flow-amount control valve 20 (see FIG. 2) for
controlling the flow amount of the working oil supplied to
the hydraulic apparatus is interposed in the discharge
passage 13. The flow-amount control valve 20 is accom-
modated in an assembly hole 18 formed in the pump
body 10.
[0023] The working oil in the high-pressure chamber
12 is guided to the flow-amount control valve 20 through
the high-pressure passage 19 formed in the pump body
10. The high-pressure passage 19 has an opening por-
tion 19a that opens to the high-pressure chamber 12 and
an exit portion 19b that opens to the assembly hole 18.
[0024] Next, the high-pressure chamber 12 and the
high-pressure passage 19 will be described in detail with
reference to FIG. 2. FIG. 2 is a plan view of the pump
body 10 viewed from the direction of an arrow A in FIG.
1, and is a diagram showing a state in which the pump-
accommodating concave portion 10a is empty.
[0025] As shown in FIG. 2, in the bottom portion of the
pump-accommodating concave portion 10a, the annular
groove portion 15 is formed so as to surround the periph-
ery of an insert hole 1a into which the driving shaft 1 is
inserted. The groove portion 15 may be formed in an arc
shape.
[0026] The side plate 6 is mounted on an annular step
portion 10d forming an outer edge of the bottom portion
of the pump-accommodating concave portion 10a, there-
by sealing the groove portion 15 and defining the high-
pressure chamber 12. The first discharge port 9a and the
second discharge port 9b of the side plate 6 open to the
high-pressure chamber 12 and guide the working oil that
has been discharged from the pump chambers 7 to the
high-pressure chamber 12. The first discharge port 9a
and the second discharge port 9b are formed so as to
face each other with the driving shaft 1 located therebe-
tween. The working oil that has been guided to the high-
pressure chamber 12 through the first discharge port 9a
and the second discharge port 9b flows into the high-
pressure passage 19 from the opening portion 19a.
[0027] As shown in FIG. 2, of the first discharge port
9a and the second discharge port 9b, the first discharge
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port 9a is arranged so as to face the opening portion 19a
of the high-pressure passage 19. By arranging the first
discharge port 9a as described above, the working oil
that has been guided from the first discharge port 9a to
the high-pressure chamber 12 crosses the high-pressure
chamber 12 and flows directly into the high-pressure pas-
sage 19. On the other hand, the second discharge port
9b is arranged at a position remote from the opening
portion 19a of the high-pressure passage 19. By arrang-
ing the second discharge port 9b as described above,
the flow of the working oil that has been guided from the
second discharge port 9b to the high-pressure chamber
12 is divided into two flows flowing into a first high-pres-
sure chamber 12a and a second high-pressure chamber
12b, through which the second discharge port 9b is com-
municated with the opening portion 19a of the high-pres-
sure passage 19 along the circumferential direction at
the left side and the right side in FIG. 2, respectively.
Subsequently, the flows of the working oil in the first high-
pressure chamber 12a and the second high-pressure
chamber 12b are mixed at the opening portion 19a of the
high-pressure passage 19, and the mixed flow flows into
the high-pressure passage 19. As described above, only
the working oil that has been discharged from the second
discharge port 9b flows through the high-pressure cham-
ber 12. Therefore, in order to reduce pressure loss of the
working oil, which has been discharged through the sec-
ond discharge port 9b, caused by the high-pressure
chamber 12, it suffices to ensure that the total flow-pas-
sage cross-sectional area of the first high-pressure
chamber 12a and the second high-pressure chamber
12b is greater than the flow-passage cross-sectional area
of the second discharge port 9b. Therefore, it is possible
to make the flow-passage cross-sectional area of the
high-pressure chamber 12 smaller than the total flow-
passage cross-sectional area of the first discharge port
9a and the second discharge port 9b.
[0028] In a case in which the high-pressure chamber
12 is formed in an arc shape, in other words, for example,
in a case in which the high-pressure chamber 12 is con-
stituted of the first high-pressure chamber 12a only, it
suffices to ensure that the flow-passage cross-sectional
area of the high-pressure chamber 12 (the first high-pres-
sure chamber 12a) is greater than the flow-passage
cross-sectional area of the second discharge port 9b.
[0029] According to the embodiment mentioned
above, the advantages described below are afforded.
[0030] In the vane pump 100, the first discharge port
9a is arranged so as to face the opening portion 19a of
the high-pressure passage 19. With this configuration,
the working oil that has been guided from the first dis-
charge port 9a to the high-pressure chamber 12 crosses
the high-pressure chamber 12 and flows directly into the
high-pressure passage 19. Thus, because only the work-
ing oil that has been guided through the second discharge
port 9b flows through the high-pressure chamber 12, it
is possible to make the flow-passage cross-sectional ar-
ea of the high-pressure chamber 12 smaller than the total

flow-passage cross-sectional area of the first discharge
port 9a and the second discharge port 9b. Accordingly,
even when the depth of the groove portion 15 is reduced
and the flow-passage cross-sectional area of the high-
pressure chamber 12 is reduced compared with those of
a conventional vane pump, it is possible to ensure the
required flow-passage cross-sectional area of the high-
pressure chamber 12. Therefore, it is possible to reduce
the size of the vane pump 100.
[0031] In addition, in a case in which the high-pressure
chamber 12 is formed in an annular shape, because the
working oil that has been guided from the second dis-
charge port 9b to the high-pressure chamber 12 flows by
being divided into two flows flowing into the first high-
pressure chamber 12a and the second high-pressure
chamber 12b, as compared with a case in which the high-
pressure chamber 12 is formed in the arc shape (a case
in which only the first high-pressure chamber 12a is
formed), it is possible to make respective flow-passage
cross-sectional areas of the first high-pressure chamber
12a and the second high-pressure chamber 12b smaller.
Accordingly, it is possible to further reduce the size of
the vane pump.
[0032] The configurations, operations, and effects of
the embodiment of the present invention configured as
described above will be collectively described.
[0033] The vane pump 100 includes the rotor 2 that is
linked to the driving shaft 1 and has the plurality of vanes
3 on the outer circumference thereof, the cam ring 4 that
accommodates the rotor 2 and defines the pump cham-
bers 7 in a space therein, the pump body 10 that is pro-
vided with the pump-accommodating concave portion
10a into which the rotor 2 and the cam ring 4 are accom-
modated, the side plate 6 that is provided between the
rotor 2 and the pump body 10, a plurality of discharge
ports (the first discharge port 9a and the second dis-
charge port 9b) that are formed in the side plate 6 and
discharge the working fluid from the pump chambers 7,
the high-pressure chamber 12 that is formed in a form of
a groove in the bottom portion of the pump-accommo-
dating concave portion 10a, the working fluid is dis-
charged from the plurality of discharge ports (the first
discharge port 9a and the second discharge port 9b) be-
ing led to the high-pressure chamber 12, and the high-
pressure passage 19 that has the opening portion 19a
opening to the high-pressure chamber 12 and guides the
working fluid to the outside of the high-pressure chamber
12. In the vane pump 100, one (the first discharge port
9a) of the plurality of discharge ports (the first discharge
port 9a and the second discharge port 9b) is arranged
so as to face the opening portion 19a of the high-pressure
passage 19, and the flow-passage cross-sectional area
of the high-pressure chamber 12 is smaller than the total
flow-passage cross-sectional area of the plurality of dis-
charge ports (the first discharge port 9a and the second
discharge port 9b).
[0034] In this configuration, of the first discharge port
9a and the second discharge port 9b, the first discharge
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port 9a is arranged so as to face the opening portion 19a
of the high-pressure passage 19. Therefore, the working
fluid that has been discharged from the first discharge
port 9a flows directly into the high-pressure passage 19.
Accordingly, because only the working oil that has been
guided through the second discharge port 9b flows
through the high-pressure chamber 12, it is possible to
make the flow-passage cross-sectional area of the high-
pressure chamber 12 smaller than the total flow-passage
cross-sectional area of the first discharge port 9a and the
second discharge port 9b. Therefore, it is possible to re-
duce the size of the vane pump 100.
[0035] In addition, in the vane pump 100, the plurality
of discharge ports (the first discharge port 9a and the
second discharge port 9b) include the first discharge port
9a that is arranged so as to face the opening portion 19a
of the high-pressure passage 19 and the second dis-
charge port 9b that is arranged at a position remote from
the opening portion 19a of the high-pressure passage
19; the high-pressure chamber 12 is formed in an annular
shape such that the flow of the working fluid that has
been guided from the second discharge port 9b to the
high-pressure chamber 12 is divided into two flows flow-
ing into the first high-pressure chamber 12a and the sec-
ond high-pressure chamber 12b in the high-pressure
chamber 12, and thereafter, the flows are mixed at the
opening portion 19a of the high-pressure passage 19;
and the total flow-passage cross-sectional area of the
first high-pressure chamber 12a, and the second high-
pressure chamber 12b is larger than the flow-passage
cross-sectional area of the second discharge port 9b.
[0036] In this configuration, the total flow-passage
cross-sectional area of the first high-pressure chamber
12a and the second high-pressure chamber 12b is larger
than the flow-passage cross-sectional area of the second
discharge port 9b. Accordingly, it is possible to reduce
the pressure loss of the working oil, which has been dis-
charged through the second discharge port 9b, caused
by the high-pressure chamber 12. In addition, because
the flow of the working fluid that has been guided from
the second discharge port 9b to the high-pressure cham-
ber 12 is divided into two flows flowing into the first high-
pressure chamber 12a and the second high-pressure
chamber 12b, it is possible to make the respective flow-
passage cross-sectional areas of the first high-pressure
chamber 12a and the second high-pressure chamber
12b small. Accordingly, it is possible to further reduce
the size of the vane pump 100.
[0037] Embodiments of this invention were described
above, but the above embodiments are merely examples
of applications of this invention, and the technical scope
of this invention is not limited to the specific constitutions
of the above embodiments.
[0038] For example, there may be three or more dis-
charge ports as the plurality of discharge ports, as long
as one of them is arranged so as to face the high-pressure
passage 19. In addition, in the above-mentioned embod-
iment, although the vane pump 100 includes the flow-

amount control valve 20, the vane pump 100 may have
a configuration in which the flow-amount control valve 20
is not included.
[0039] This application claims priority based on Japa-
nese Patent Application No.2015-179525 filed with the
Japan Patent Office on September 11, 2015, the entire
contents of which are incorporated into this specification.

Claims

1. A vane pump comprising: a rotor linked to a driving
shaft and having a plurality of vanes on an outer cir-
cumference thereof;
a cam ring configured to accommodate the rotor and
define pump chambers in a space therein;
a pump body provided with a pump-accommodating
concave portion into which the rotor and the cam ring
are accommodated;
a side plate provided between the rotor and the pump
body;
a plurality of discharge ports formed in the side plate
and configured to discharge working fluid from the
pump chambers;
a high-pressure chamber in a form of a groove
formed in a bottom portion of the pump-accommo-
dating concave portion, the working fluid discharged
from the plurality of discharge ports being led to the
high-pressure chamber; and
a high-pressure passage having an opening portion
opening to the high-pressure chamber, the high-
pressure passage being configured to guide the
working fluid to outside of the high-pressure cham-
ber, wherein
one of the plurality of discharge ports is arranged so
as to face the opening portion of the high-pressure
passage, and
a flow-passage cross-sectional area of the high-
pressure chamber is smaller than a total flow-pas-
sage cross-sectional area of the plurality of dis-
charge ports.

2. The vane pump according to claim 1, wherein
the plurality of discharge ports includes a first dis-
charge port and a second discharge port, the first
discharge port being arranged so as to face the open-
ing portion of the high-pressure passage and the
second discharge port being arranged at a position
remote from the opening portion of the high-pressure
passage,
the high-pressure chamber is formed in an annular
shape such that a flow of the working fluid that has
been guided from the second discharge port to the
high-pressure chamber is divided into two flows flow-
ing into a first high-pressure chamber and a second
high-pressure chamber in the high-pressure cham-
ber, and thereafter, the flows are mixed at the open-
ing portion of the high-pressure passage, and
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a total flow-passage cross-sectional area of the first
high-pressure chamber and the second high-pres-
sure chamber is larger than a flow-passage cross-
sectional area of the second discharge port.
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