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(54) Vane pump

(57) A vane pump includes a housing, a cam ring, a
rotor, a plurality of vanes that forms a plurality of pump
chambers, a side plate constituting a portion of an intake
port, an intermediate plate axially adjacent to the housing
and the side plate, and a cover member. A portion of a
flow passage, through which a fluid flows, is constituted
by a surface of the intermediate plate and at least one of
the housing, the side plate, and the cover member, the
surface of the intermediate plate being adjacent to the at
least one of the housing, the side plate, and the cover
member. A through-hole or a recessed portion is formed
in the intermediate plate, and the through-hole or the re-
cessed portion ofthe intermediate plate and the side plate
constitute a portion of the intake port.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Theinvention relates to a vane pump that pres-
surizes and supplies a fluid.

2. Description of Related Art

[0002] A vane pump is used as a hydraulic pressure
supply source that supplies a fluid such as oil to hydraulic
equipment. For example, a configuration is known in
which the vane pump is mounted on a vehicle as an oil
pump that supplies pressurized oil to a transmission or
a power steering system of the vehicle. In such a vane
pump, a rotary driving force of an engine or the like is
input to a rotor, whereby a pump operation is performed.
Therefore, depending on the traveling condition of the
vehicle, the number of revolutions of the rotor becomes
high due to an increase in the number of revolutions of
the engine. Then, a large amount of oil is sucked from
an intake port into a pump chamber, whereby hydraulic
pressure in the intake port is lowered and a cavitation
may be caused in an opening portion of the intake port
or the pump chamber.

[0003] If acavitation is caused, vibration, noise, or ero-
sion, or the like may be caused. Therefore, for example,
Japanese Patent Application Publication No. 06-280754
(JP 06-280754 A) describes a configuration in which a
back flow of centrifugal hydraulic pressure from a pump
chamber to an intake port is prevented by appropriately
setting the radial width of an opening portion of the intake
port with respect to the pump chamber. Further, for ex-
ample, JP 2006-266106 A describes a configuration in
which when hydraulic pressure of a discharge port be-
comes greater than or equal to a certain value, a part of
the pressurized oil is returned to an intake port. With this
configuration, the hydraulic pressure of the intake port is
prevented from becoming excessively low pressure,
whereby occurrence of a cavitation is suppressed.
[0004] In the vane pump, an increase in the flow rate
(pressure) of a fluid is required according to diversifica-
tion or the like of hydraulic equipment, and a vibration or
noise is required to be reduced in order to improve qui-
etness.

SUMMARY OF THE INVENTION

[0005] An object of the invention is to provide a vane
pump in which occurrence of a cavitation can be sup-
pressed with the use of a configuration different from a
configuration in related art.

[0006] According to an aspect of the invention, there
is provided a vane pump including: a housing; a camring
that is provided inside the housing and has a cam face
in an inner peripheral surface of the cam ring; a rotor that
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is rotatably provided on an inner periphery side of the
cam ring and has a plurality of accommodation grooves
extending radially inward from an outer peripheral sur-
face of the rotor; a plurality of vanes that is slidably ac-
commodated in the respective accommodation grooves
and circumferentially divides a space between the cam
face and the outer peripheral surface of the rotor to form
a plurality of pump chambers; a side plate that is axially
adjacent to the cam ring and the rotor and constitutes a
portion of an intake port that is opened so as to allow a
fluid to be sucked into the pump chambers; an interme-
diate plate axially adjacent to the housing and the side
plate; and a cover member that is fixed to an axial end
portion of the housing in a manner such that the interme-
diate plate is interposed between the cover member and
the housing, wherein a portion of a flow passage, through
which the fluid flows, is constituted by a surface of the
intermediate plate and at least one of the housing, the
side plate, and the cover member, the surface of the in-
termediate plate being adjacent to the at least one of the
housing, the side plate and the cover member, and
wherein a through-hole or a recessed portion is formed
in the intermediate plate, and the through-hole or the re-
cessed portion of the intermediate plate and the side plate
constitute a portion of the intake port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a sectional view of a vane pump according
to an embodiment of the invention, in a direction or-
thogonal to an axis of the vane pump;

FIG. 2 is a sectional view taken along a line II-l in
FIG. 1, the sectional view showing a portion of FIG.
1; and

FIG. 3 is a view showing a rear side plate and an
intermediate plate seen in an axial direction.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] A vane pump 1 according to an embodiment
will be described with reference to the drawings. In this
embodiment, a configuration is exemplified in which oil
is used as a fluid and the vane pump 1 is applied as a
supply source that supplies hydraulic pressure used for
a clutch control for a transmission of a vehicle. The vane
pump 1 is operated when the rotary driving force of an
engine or the like of the vehicle is input to a drive shaft
90, and the vane pump 1 discharges oil at a flow rate
according to the number of revolutions of the engine.

[0009] The vane pump 1 may have a configuration in
which a flow rate control valve (not shown) is provided
so as to control the discharge flow rate proportional to
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the number of revolutions of the drive shaft 90 to a pre-
determined flow rate necessary for hydraulic equipment.
In this embodiment, a transmission-side (right side of
FIG. 1) in the vane pump 1 is regarded as a front side,
and a side (left side of FIG. 1) in the vane pump 1, which
is opposite to the transmission, is regarded as a rear side.
[0010] The vane pump 1 is configured to include a
housing 10, a cam ring 20, a rotor 30, a plurality of vanes
40, a front side plate 50, a rear side plate 60, an inter-
mediate plate 70, and a cover member 80, as shown in
FIG. 1. The housing 10 has an accommodation portion
11 having a tubular shape and is opened at a fitting end
face 12 on the rear side. Further, in the fitting end face
12, agroove 12ais formed at a phase different from that
in FIG. 1. The groove 12a of the housing 10 and the
surface of the intermediate plate 70 adjacent to the fitting
end face 12 constitute a portion of a flow passage Ts for
oil.

[0011] Further, the housing 10 supports the drive shaft
90 through a bearing 13 so that the drive shaft 90 is ro-
tatable. The drive shaft 90 is a shaft member to which a
rotary driving force is input by the engine through a belt.
Further, a first intake oil passage Ti1 is formed in the
housing 10. The first intake oil passage Ti1 is formed in
a tubular shape, and oil introduced from the outside into
the housing 10 flows to the inner portion of the housing
10 through the firstintake oil passage Ti1. The first intake
oil passage Ti1 is opened in the inner peripheral surface
of the accommodation portion 11.

[0012] The entire cam ring 20 is formed in an annular
shape. The cam ring 20 is provided in the inner portion
(the accommodation portion 11) of the housing 10. The
camring 20 is accommodated in the accommodation por-
tion 11 of the housing 10 in a state in which the cam ring
20 is sandwiched between the front side plate 50 and the
rear side plate 60 from both sides in an axial direction.
Relative rotation of the cam ring 20 with respect to the
housing 10 is restricted by pins (not shown). A cam face
21 is formed in the inner peripheral surface of the cam
ring 20, as shown in FIG. 2. The cam face 21 has a sub-
stantially elliptical shape, and varies at intervals of 180
degrees.

[0013] Then, a clearance is formed between the inner
peripheral surface of the accommodation portion 11 and
the camring 20 at a site where the first intake oil passage
Ti1 is opened, in the housing 10. The clearance is a flow
passage in which oil that has passed through the first
intake oil passage Ti1 can flow in a circumferential direc-
tion on the outer periphery side of the cam ring 20. The
clearance forms a second intake oil passage Ti2 in the
vane pump 1. That is, the second intake oil passage Ti2
is constituted by the inner peripheral surface of the ac-
commodation portion 11 of the housing 10 and the outer
peripheral surface of the cam ring 20.

[0014] The rotor 30 is disposed on the inner periphery
side of the cam ring 20 and spline-fitted to the drive shaft
90. Thus, the rotor 30 rotates together with the drive shaft
90 and is rotatable with respect to the cam ring 20. Fur-
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ther, a plurality of accommodation grooves 31 extending
radially inward from the outer periphery surface is formed
inthe rotor 30. The accommaodation grooves 31 are radial
slits formed at regular intervals (in this embodiment, at
ten locations) in the circumferential direction, as shown
in FIG. 2.

[0015] Each of the vanes 40 is formed in a plate shape
and accommodated in a corresponding one of the ac-
commodation grooves 31 in the rotor 30 so as to be able
to slide in the radial direction of the rotor 30. A distal end
portion of each of the vanes 40 is always brought into
contact with the cam face 21 of the cam ring 20 by the
hydraulic pressure of oil introduced into the inner portion
of the rotor 30, a centrifugal force, a spring force, or the
like. Thus, the vanes 40 circumferentially divide a space
between the camface 21 and the outer peripheral surface
of the rotor 30 to form a plurality of pump chambers Cp.
[0016] More specifically, each of the pump chambers
Cp is defined in the axial direction by the rear-side end
face of the front side plate 50 and the front-side end face
of the rear side plate 60. The rotor 30 is sandwiched by
the rear-side end face of the front side plate 50 and the
front-side end face of the rear side plate 60 from both
sides in the axial direction. Therefore, each of the pump
chambers Cp is configured so that the volume of the
pump chamber Cp expands and contracts depending on
a change in the distance between the cam face 21 and
the outer peripheral surface of the rotor 30, with the ro-
tation of the rotor 30. In a pump operation of the vane
pump 1, each of the pump chambers Cp repeatedly per-
forms an intake process of sucking oil with an increase
in the volume, a compression process of compressing
the sucked oil, and a discharge process of discharging
the oil with a reduction in the volume.

[0017] The front side plate 50 is disposed adjacent to
the front side of the cam ring 20 and fixed to a bottom
portion of the accommodation portion 11 in the housing
10 through a seal member, as shown in FIG. 1. A pair of
recessed grooves 51 is formed in the rear-side end face
of the front side plate 50. The recessed grooves 51 ex-
tend radially outward from positions corresponding to the
angular ranges of two locations where the respective
pump chambers Cp in the intake process are located.
[0018] The recessed grooves 51 of the front side plate
50 are formed such that a groove width increases toward
the radially outside. The recessed grooves 51 with the
above-described configuration, and the front-side end
face of the cam ring 20 constitute a pair of first intake
ports Pi1 which is opened to the respective pump cham-
bers Cp in the intake process and through which oil is
supplied to the respective pump chambers Cp. The first
intake ports Pi1 communicate with the second intake oil
passage Ti2, and thus, oil is supplied to the first intake
ports Pi1.

[0019] The rear side plate 60 is axially adjacent to the
rear sides of the cam ring 20 and the rotor 30 and is
positioned with respect to the housing 10 by pins (not
shown). Then, the cover member 80 (described later) is
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fixed to the housing 10, whereby the rear side plate 60
is fixed with respect to the housing 10 through the inter-
mediate plate 70. Further, a pair of cutout portions 61 is
formed in the rear side plate 60, as shown in FIG. 3. Each
of the cutout portions 61 is formed by cutting out a portion
of an outer peripheral edge of the rear side plate 60 to-
ward the radially inside. Each of the cutout portions 61
is formed such that a circumferential width increases to-
ward the radially outside.

[0020] The cutout portions 61 of the rear side plate 60,
which have the above-described configuration, and the
rear-side end face of the cam ring 20 constitute a pair of
second intake ports Pi2 which is opened to the respective
pump chambers Cp in the intake process and through
which oil is supplied to the respective pump chambers
Cp. The second intake ports Pi2 are located on the op-
posite side in the axial direction to the first intake ports
Pi1 with the pump chambers Cp interposed therebe-
tween. The second intake ports Pi2 communicate with
the second intake oil passage Ti2, and thus, oil is supplied
to the second intake ports Pi2.

[0021] Further, in the rear side plate 60, a pair of
through-holes 62 axially extending through the rear side
plate 60 is formed between the cutout portions 61 in the
circumferential direction. The through-holes 62 are re-
spectively disposed so as to correspond to the angular
ranges of two locations where the respective pump
chambers Cp in the discharge process among the pump
chambers Cp are located, and the through-holes 62 are
opened to the respective pump chambers Cp in the dis-
charge process. The through-holes 62 constitute a pair
of discharge ports Px through which oil is discharged
from the respective pump chambers Cp in the discharge
process.

[0022] The intermediate plate 70 is disposed adjacent
to the rear sides of the housing 10 and the rear side plate
60 and interposed between the housing 10 and the cover
member 80, as shown in FIG. 1. In the intermediate plate
70, as shownin FIG. 3, through-holes 71 are respectively
formed at positions corresponding to the cutout portions
61 of the rear side plate 60. The shape of the section of
the through-hole 71 orthogonal to the axis is substantially
the same as the shape of the section of the cutout portion
61 orthogonal to the axis.

[0023] In the intermediate plate 70, discharge holes
72, each of which has a shape substantially the same as
the shape of the through-hole 62, are respectively formed
at positions corresponding to the discharge ports Px (the
through-holes 62) of the rear side plate 60. Each of the
discharge holes 72 communicates with the correspond-
ing through-hole 62. Each of the discharge holes 72 and
the corresponding through-hole 62 constitute a dis-
charge port Px. Thus, oil discharged from the pump
chamber Cp can flow out from the through-hole 62
through the discharge hole 72 to the cover member 80-
side.

[0024] Further, in the intermediate plate 70, sealability
is secured at sites where the intermediate plate 70 comes

10

15

20

25

30

35

40

45

50

55

into surface contact with the fitting end face 12 of the
housing 10 and the front-side end face of the cover mem-
ber 80. Thus, the intermediate plate 70 also functions as
a partition plate that separates the low-pressure side (the
housing 10-side) where oil is led into the vane pump 1,
from the high-pressure side (the cover member 80-side)
where oil is led out from the vane pump 1 to the outside.
[0025] Further, as described above, a portion of the
flow passage Ts for oil is constituted by the groove 12a
of the fitting end face 12 and a portion of the surface of
the intermediate plate 70, the surface being adjacent to
the fitting end face 12 of the housing 10. In this manner,
the vane pump 1 according to this embodimentis different
from a configuration in which a rear side plate is formed
integrally with a cover member, as in related art. In the
vane pump 1 according to this embodiment, a portion of
the flow passage Ts and the like are configured in the
intermediate plate 70.

[0026] The cover member 80 is fixed to the fitting end
face 12 that is an axial end portion of the housing 10 in
a manner such that the intermediate plate 70 is inter-
posed between the cover member 80 and the housing
10, as shown in FIG. 1. Specifically, the cover member
80 is positioned with respect to the housing 10 by a plu-
rality of pins 81 and fixed by connection members such
as bolts inserted through holes formed in the intermediate
plate 70. Thus, the cover member 80 and the intermedi-
ate plate 70 close an opening portion of the accommo-
dation portion 11 in the housing 10. Further, the cover
member 80 supports an end portion of the drive shaft 90
through abearing 82 so thatthe drive shaft 90 is rotatable,
by a bearing portion having a cylindrical inner peripheral
surface concentric with the drive shaft 90.

[0027] Further, inthe cover member 80, recessed por-
tions 83 are respectively formed to extend toward the
rear side from the front-side end face at positions corre-
sponding to the through-holes 71 of the intermediate
plate 70. Each of the recessed portions 83 is formed such
that the shape of the section of the recessed portion 83
orthogonal to the axis is substantially the same as that
of the through-hole 71 of the intermediate plate 70. Each
ofthe recessed portions 83 communicates with the cutout
portion 61 of the rear side plate 60 through the through-
hole 71.

[0028] With this configuration, a portion of each of the
second intake ports Pi2 is constituted by the through-
hole 71 of the intermediate plate 70, the recessed portion
83 of the cover member 80, and the cutout portion 61 of
the rear side plate 60. More specifically, the second in-
take ports Pi2, which communicate with the second in-
take oil passage Ti2 and are opened to the pump cham-
bers Cp in the intake process, are constituted by the cut-
out portions 61 of the rear side plate 60, the rear-side
end face of the cam ring 20, the through-holes 71 of the
intermediate plate 70, and the recessed portions 83 of
the cover member 80. Thus, since oil can flow through
the through-hole 71 and the recessed portion 83, the vol-
ume of each of the second intake ports Pi2 is increased.
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[0029] Further,inthe covermember 80, discharge pas-
sages (not shown) communicating with the discharge
holes 72 of the intermediate plate 70 are respectively
formed at positions corresponding to the discharge holes
72.Oilwhose pressure has become high in the discharge
ports Px is led to the outside of the vane pump 1 through
the discharge passages. In addition, in the cover member
80, a flow rate control valve may be provided, for exam-
ple, between the discharge passage and the second in-
take port Pi2. The flow rate control valve is provided for
returning a part of oil discharged into the discharge pas-
sage, to the intake side through a bypass passage, and
controlling the flow rate of oil delivered to hydraulic equip-
ment to a certain flow rate.

[0030] Next, an operation of the vane pump 1 having
the above-described configuration will be described.
When the drive shaft 90 of the vane pump 1 is rotated
by an engine, the rotor 30 is rotated inside the cam ring
20. Next, in the pump chambers Cp in the intake process
(located so as to be shifted by 180 degrees), whose vol-
umes are increased by the rotation of the rotor 30, oil is
sucked through the opening portions of the first intake
ports Pi1 and the second intake ports Pi2.

[0031] Then, inthe compression process, the volumes
of the pump chambers Cp are gradually reduced with the
rotation of the rotor 30 so that the sucked oil is com-
pressed. Inthe pump chambers Cp in the discharge proc-
ess in which the volumes of the pump chambers Cp are
further reduced after the compression process, oil is dis-
charged from the opening portions of the discharge ports
Px constituted by the through-holes 62 of the rear side
plate 60 and the discharge holes 72 of the intermediate
plate 70. Then, pressurized oil is led out from the vane
pump 1 to the transmission outside the vane pump 1 by
way of the discharge passages of the cover member 80.
[0032] When oil is sucked in the pump operation, first,
oilis introduced from an oil tank (not shown) into the vane
pump 1, and thus the oil flows from the first intake oil
passage Ti1 into the second intake oil passage Ti2 on
the outer periphery side of the cam ring 20. Then, the oll
flows to each of phases where the first intake ports Pi1
(second intake ports Pi2) are formed, through the second
intake oil passage Ti2. Thereafter, the oil diverges to both
sides in the axial direction of the cam ring 20 and is sup-
plied to the first intake ports Pi1 on the front side and the
second intake ports Pi2 on the rear side.

[0033] Further, the oil supplied to the second intake
ports Pi2 also flows into and is filled in the through-holes
71 of the intermediate plate 70 and the recessed portions
83 of the cover member 80. Then, the amount of oil ac-
cording to the number of revolutions of the rotor 30 is
supplied from the opening portions of the intake ports Pi1
and Pi2 facing each other in the axial direction, into the
pump chambers Cp in the intake process.

[0034] At this time, in each of the second intake ports
Pi2, an effective sectional area through which oil flows
is increased by the through-hole 71 and the recessed
portion 83. Therefore, the intake ports Pi1 and Pi2 in-
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crease the maximum supply amount of oil that can be
supplied to the pump chambers Cp in the intake process
at one time, as a whole, and thus suppress shortage of
oil when the rotor 30 is rotated at a high speed. Thus,
when oil is supplied to the pump chambers Cp, an ex-
cessive drop in hydraulic pressure in the intake ports Pi1
and Pi2 is prevented.

[0035] Withthe vane pump 1describedabove, the sec-
ond intake ports Pi2 are constituted by the respective
cutout portions 61 of the rear side plate 60, the respective
through-holes 71 of the intermediate plate 70, and the
respective recessed portions 83 of the cover member 80.
Thus, as compared to a case where an intake port is
constituted by the cutout portion 61 and the surface on
the front side of the intermediate plate 70, it is possible
to increase the volume of each of the second intake ports
Pi2. Accordingly, itis possible to suitably supply oil to the
pump chambers Cp in the intake process even when the
rotor 30 is rotated at a high speed, and therefore, an
excessive pressure drop in the second intake ports Pi2
can be prevented. As a result, it is possible to reliably
suppress an occurrence of a cavitation due to the oper-
ation of the vane pump 1.

[0036] Further, the intermediate plate 70 and the
groove 12a of the fitting end face 12 of the housing 10
constitute a portion of the flow passage Ts through which
oil flows. The degree of freedom of design of the flow
passage Ts can be improved by constituting the flow pas-
sage Ts while securing sealability, with the use of differ-
ent members (the housing 10 and the intermediate plate
70) in this manner. Thus, it is possible to form the flow
passage Ts having a complicated shape in the housing
10, and it is also possible to reduce the manufacturing
cost of the housing 10.

[0037] Further, in this embodiment, a portion of each
of the second intake ports Pi2 is constituted by the
through-hole 71 of the intermediate plate 70 and the re-
cessed portion 83 of the cover member 80. Thus, it is
possible to increase the volume of each of the second
intake ports Pi2 by forming the recessed portion 83 in a
range that does not affect the oil flow passage or the like
formed inthe cover member 80. Accordingly, itis possible
to suitably supply oil to the pump chambers Cp even
when the rotor 30 is rotated at a high speed, in response
to anincrease in the speed of a rotation input to the vane
pump 1. Therefore, itis possible to more reliably suppress
occurrence of a cavitation due to the operation of the
vane pump 1.

[0038] Inthisembodiment, a portion of each of the sec-
ond intake ports Pi2 is constituted by the through-hole
71 of the intermediate plate 70 and the recessed portion
83 of the cover member 80. On the other hand, each of
the second intake ports Pi2 may be constituted by the
through-hole 71 of the intermediate plate 70 and the front-
side end face of the cover member 80. Thus, the volume
of each of the second intake ports Pi2 is increased de-
pending on the sectional area of the through-hole 71 and
the thickness of the intermediate plate 70.
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[0039] In this configuration, the amount of increase in
the volume of each of the second intake ports Pi2 is re-
duced, as compared to the configuration exemplified in
this embodiment. However, since the recessed portions
83 are not formed in the cover member 80, it is possible
to reduce machining cost, and itis also possible to easily
suppress occurrence of a cavitation by only machining
the intermediate plate 70. Further, the through-holes 71
can be formed in the intermediate plate 70, for example,
by punching at the same time as the time when other
holes, i.e., discharge holes 72 and pin holes are formed.
Therefore, it is possible to suppress the manufacturing
cost, as in the embodiment.

[0040] In addition, each of the second intake ports Pi2
may be formed by a recessed portion formed to be shal-
lower than the thickness of the intermediate plate 70.
Thus, since each of the second intake ports Pi2 is formed
in the surface on the front side of the intermediate plate
70, the recessed portion does not have an influence on
the cover member 80-side. Accordingly, it is possible to
increase the effective sectional area of each of the sec-
ond intake ports Pi2 by the recessed portion while the
intermediate plate 70 maintains sealability with respect
to the cover member 80.

[0041] Further, in this configuration, since the shape
of each of the recessed portions of the intermediate plate
70 can be appropriately set, it is possible to rectify the
flow of oil by setting the shape of the recessed portion in
accordance with a supply path for oil from the second
intake oil passage Ti2 to the secondintake port Pi2. Thus,
it is possible to prevent an excessive pressure drop in
the second intake ports Pi2, and as a result, it is possible
to suppress occurrence of a cavitation.

[0042] In this embodiment, oil is used as the fluid and
the vane pump 1 is used as a hydraulic pressure supply
source that supplies oil to hydraulic equipment. On the
other hand, the invention may be applied to a vane pump
for a fluid other than oil, if the vane pump can discharge
the fluid introduced by a pump operation.

[0043] Further, in this embodiment, the intermediate
plate 70 and the groove 12a of the fitting end face 12 in
the housing 10 constitute a portion of the flow passage
Ts for oil. On the other hand, if a vane pump has a con-
figuration in which the intermediate plate 70 and another
member constitute the flow passage Ts for oil, the intake
port, and the discharge port, the invention may be applied
to the vane pump. Accordingly, for example, the interme-
diate plate 70 and a groove or a hole formed in the end
face of the rear side plate 60 or the cover member 80
adjacent to the intermediate plate 70 may similarly con-
stitute the flow passage for oil, the intake port, or the like.
[0044] A vane pump includes a housing, a camring, a
rotor, a plurality of vanes that forms a plurality of pump
chambers, a side plate constituting a portion of an intake
port, an intermediate plate axially adjacent to the housing
and the side plate, and a cover member. A portion of a
flow passage, through which a fluid flows, is constituted
by a surface of the intermediate plate and at least one of
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the housing, the side plate, and the cover member, the
surface of the intermediate plate being adjacent to the at
least one of the housing, the side plate, and the cover
member. A through-hole or a recessed portion is formed
in the intermediate plate, and the through-hole or the re-
cessed portion of the intermediate plate and the side plate
constitute a portion of the intake port.

Claims
1. A vane pump comprising:

a housing;

a cam ring that is provided inside the housing
and has a cam face in an inner peripheral sur-
face of the cam ring;

a rotor that is rotatably provided on an inner pe-
riphery side of the cam ring and has a plurality
of accommodation grooves extending radially
inward from an outer peripheral surface of the
rotor;

a plurality of vanes that s slidably accommodat-
ed in the respective accommodation grooves
and circumferentially divides a space between
the cam face and the outer peripheral surface
of the rotor to form a plurality of pump chambers;
a side plate that is axially adjacent to the cam
ring and the rotor and constitutes a portion of an
intake port that is opened so as to allow a fluid
to be sucked into the pump chambers;

an intermediate plate axially adjacent to the
housing and the side plate; and

a cover member that is fixed to an axial end por-
tion of the housing in a manner such that the
intermediate plate is interposed between the
cover member and the housing,

wherein a portion of a flow passage, through
which the fluid flows, is constituted by a surface
of the intermediate plate and at least one of the
housing, the side plate, and the cover member,
the surface of the intermediate plate being ad-
jacentto the at least one of the housing, the side
plate and the cover member, and

wherein a through-hole or a recessed portion is
formed in the intermediate plate, and the
through-hole or the recessed portion of the in-
termediate plate and the side plate constitute a
portion of the intake port.

2. Thevane pump according to claim 1, wherein a por-
tion of the intake port is constituted by the through-
hole of the intermediate plate and a recessed portion
that is formed in the cover member so as to commu-
nicate with the through-hole.

3. The vane pump according to claim 1, wherein a por-
tion of the intake port is constituted by the through-
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hole of the intermediate plate and an end face of the
cover member.

The vane pump according to claim 1, wherein a por-
tion of the intake port is constituted by the recessed
portion that is formed to be shallower than a thick-
ness of the intermediate plate.

Amended claims in accordance with Rule 137(2)
EPC.

1. A vane pump (1) comprising:

a housing (10);

a cam ring (20) that is provided inside the hous-
ing (10) and has a cam face (21) in an inner
peripheral surface of the cam ring (20);

arotor (30) that is rotatably provided on an inner
periphery side of the cam ring (20) and has a
plurality of accommodation grooves (31) ex-
tending radially inward from an outer peripheral
surface of the rotor (30);

a plurality of vanes (40) that is slidably accom-
modated in the respective accommodation
grooves (31) and circumferentially divides a
space between the cam face and the outer pe-
ripheral surface of the rotor (30) to form a plu-
rality of pump chambers (Cp);

a side plate (50, 60) that is axially adjacent to
the cam ring (20) and the rotor and constitutes
a portion of an intake port (Pi1, Pi2) that is
opened so as to allow a fluid to be sucked into
the pump chambers (Cp);

an intermediate plate (70) axially adjacent to the
housing (10) and the side plate (60); and

a cover member (80) that is fixed to an axial end
portion of the housing (10) in a manner such that
the intermediate plate (70) is interposed be-
tween the cover member (80) and the housing
(10),

wherein a portion of a flow passage, through
which the fluid flows, is constituted by a surface
of the intermediate plate (70) and at least one
of the housing (10), the side plate (60), and the
cover member (80), the surface of the interme-
diate plate (70) being adjacent to the at least
one of the housing (10), the side plate (60) and
the cover member (80), and

wherein a through-hole (71) or a recessed por-
tion is formed in the intermediate plate (70), and
the through-hole (71) or the recessed portion of
the intermediate plate (70) and the side plate
(50, 60) constitute a portion of the intake port
(Pi1, Pi2),

characterized in that

a pair of cutout portions (61) is formed in the
side plate (60).
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2. The vane pump (1) according to claim 1, wherein
a portion of the intake port (Pi1, Pi2) is constituted
by the through-hole (71) of the intermediate plate
(70) and a recessed portion (83) that is formed in the
cover member (80) so as to communicate with the
through-hole.

3. The vane pump according to claim 1, wherein a
portion of the intake port (Pi1, Pi2) is constituted by
the through-hole (71) of the intermediate plate (70)
and an end face of the cover member (80).

4. The vane pump according to claim 1, wherein a
portion of the intake port (Pi1, Pi2) is constituted by
the recessed portion that is formed to be shallower
than a thickness of the intermediate plate.
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