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(54) VANE PUMP

(57)  Avane pump 100 that is provided with, inside a
case, a cam ring 18, a rotor 19 that is disposed inside
this cam ring 18 so as to be freely rotatable, a plurality
of vanes 20 that is accommodated in each of a plurality
of vane grooves that is radially formed in this rotor 19
and slides along the cam surface of the cam ring 18 ac-
companying the rotation of the rotor 19, and a front com-
bination side plate 3a and a rear combination side plate

7a that are disposed on opposite sides of the rotor 19
and the vanes 20. In the vane pump 100, the front com-
bination side plate 3a is a combination side plate formed
by a first front plate 1a and a second front plate 2a, the
rear combination side plate 7ais a combination side plate
formed by a first rear plate 5a and a second rear plate
6a, and the front combination side plate 3 a and the rear
combination side plate 7a have an identical rigidity and
are symmetrically disposed with respect to the rotor 19.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a vane pump
that has a pair of side plates, each side plate being dis-
posed on opposite sides of a rotor.

BACKGROUND ART

[0002] Pumps that generate a fluid pressure include,
for example, trochoidal pumps, gear pumps, and piston
pumps. A vane pump, which is known as one mode of
such a pump, is used, for example, as a pump for sup-
plying a pressurized fluid to the power steering apparatus
of an automobile. Generally, this vane pump includes a
cam ring that has an elliptical through hole formed there-
in. In addition, a rotor that is rotated due to a drive shaft
is accommodated inside the cam ring. A plurality of ra-
dially disposed vane grooves is provided in this rotor, and
a vane is accommodated in each of the vane grooves so
as to be able to slide.

[0003] When the rotor rotates, the vanes are urged in
a radial direction by, for example, centrifugal force, and
rotate along with the rotor while in contact with the cam
surface on the inner circumference of the camring. When
the rotor and the vanes rotate in this manner, the volume
of the working chamber changes, this working chamber
being defined by adjacent vanes and the cam surface on
the inner circumference of the camring. Thus, the intake,
pressurization, and discharge of the fluid can be carried
out by using this change in volume.

[0004] In addition, in such a vane pump, side plates
that form a portion of the working chamber may be dis-
posed on opposite sides the rotor and the vanes. In order
to generate a high pressure by using a vane pump of this
type, it is important to reduce and maintain the gaps be-
tween the rotor and vanes and these side plates (referred
to as "side clearance"). Thus, various technologies have
been proposed that have the object of reducing and main-
taining this side clearance.

[0005] For example, in Patent Document 1 the follow-
ing technology has been proposed. According to Patent
Document 1, in a vane pump that is provided with a mov-
able side plate on one side, a pressurized fluid having a
pressure Pout that is discharged from the working cham-
ber is caused to flow, at the pump intake section, into the
vane back pressure chambers that are provided at the
bottom of each vane groove. The pressurized fluid having
this pressure Pout is further pressurized to a pressure
Pv when each of the vanes in the pump discharge section
is pressed against the inner circumferential surface of
the cam ring. Subsequently, the pressurized fluid having
this pressure Pv flows into a back pressure chamber that
is formed by the movable side plate. In this vane pump,
because the pressure Pv is larger than the pressure Pout,
the movable side plate is urged from the back pressure
chamber side toward the side of the rotor and the vanes.
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As aresult, it is possible to reduce and maintain the side
clearances.

[0006] [Patent Document 1] Japanese Patent Applica-
tion Publication No. 6-207587

DISCLOSURE OF THE INVENTION
[Problems to be Solved by the Invention]

[0007] In a typical vane pump, including the one de-
scribed above, frequently the shape of a back pressure
chamber is determined by taking into consideration the
ease of manufacturing. Thus, side clearances may be
comparatively wide because the effect of urging a mov-
able side plate becomes insufficient. This is because the
pumping capacity is established in the case in which this
pump is designed for high viscosity fluids or in the case
in which a certain amount of bending in the side plate is
permitted because the pump is designed for low pressure
use. However, when a low viscosity fluid such as light oil
is pressurized in such a vane pump so as to try to attain
a high pressure, the movable side plate becomes bent
and much of the fluid leaks. Thus, a highly pressurized
fluid cannot be delivered under pressure by this pump.
In addition, in such a pump, a stationary side plate may
be deformed due to the pressure inside the pump during
the operation of the pump. When the side clearances
increase due to this deformation, the amount of leakage
of the pressurized fluid increases.

Thus, similarly, the pump cannot supply a fluid that has
been highly pressurized.

[0008] In consideration of the problems described
above, it is an object of the present invention to provide
a vane pump that can advantageously maintain side
clearances by suppressing to a minimum the bending of
the side plates when assembled and suppressing to a
minimum the deformation of the side plates even during
the operation of the pump.

[Means to Solve the Problems]

[0009] The vane pump according to the presentinven-
tion is provided, inside a case, with a cam ring, a rotor
that is disposed inside the cam ring so as to be freely
rotatable, a plurality of vanes that is accommodated in a
plurality of vane grooves that is radially formed in the
rotor and slides along the cam surface of the cam ring
accompanying the rotation of the rotor, and side plates
that are disposed on opposite sides of the rotor and the
vanes, and is characterized in that the side plates have
an identical rigidity and are disposed symmetrically with
respect to the rotor.

[0010] According to the present invention, the side
plates that are fastened to opposite side surfaces of the
rotor and the vanes have a symmetrical structure that
encloses the rotor. Thus, minute deformations in prox-
imity to the axial center that occur when fastened by bolts
to the side surface of the cam ring and deformations that
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are caused by pressure inside the pump become sym-
metrical because the rotor is enclosed between side
plates. Because the symmetry between the side plates
can be ensured in this manner, it is possible to maintain
a pressure distribution of the pressurized fluid that is ap-
plied to opposite side surfaces of the rotor and the vanes
to be symmetrical. Therefore, it is possible to suppress
advantageously the deformation of the rotor and the
vanes, and it is possible to suppress scorching due to a
high surface pressure state that is produced by the rotor
and the vanes coming into contact with the side plates.
[0011] In addition, in the present invention, each of
combination side plates may be formed by identical ma-
terials and by identical shapes. Thereby, it is possible to
further increase the symmetry between a pair of first
plates that is deformed due to the pressure inside the
pump.

[0012] In addition, in the present invention, the side
plates may be a combination side plate made by a first
plate and a second plate, and a back pressure chamber
into which the pressurized fluid is caused to flow may be
provided between the first plate and the second plate.
Thereby, it is possible to separately manufacture the
combination side plates as two parts, the first plate and
the second plate, and thus it is possible to manufacture
the side plates that form the back pressure chamber sim-
ply and inexpensively.

[0013] In addition, the vane pump according to the
present invention is provided, in a case, with a cam ring,
a rotor that is disposed inside the cam ring so as to be
freely rotatable, a plurality of vanes that is accommodat-
ed in a plurality of vane grooves that is radially disposed
in the rotor and slides along the cam surface of the cam
ring accompanying the rotation of the rotor, and side
plates that are disposed on opposite sides of the rotor
and the vanes, characterized in that a bolt is inserted into
a center hole in at least one of the side plates.

[0014] According tothe presentinvention, itis possible
to apply a compression force on the first plate by tight-
ening a linking bolt that fastens the first plate and the
second plate. Thereby, it is possible to increase the ri-
gidity of the first plate, and thus it is possible to suppress
the deformation of the first plate that is due to the pressure
inside the pump. Thereby, because an excess side clear-
ance is not necessary in order to prevent scorching be-
tween the rotor, the vanes, and the first plate, it is possible
to reduce the side clearance further.

[0015] Inaddition, in the present invention, each of the
side plates may be a linked combination side plate in
which a first plate and a second plate are held together
by a linking bolt, the linking bolt is inserted into a center
hole in the second plate, and fastened in an internal
thread that is formed in a center hole in the first plate.
Thereby, itis possible to increase the rigidity of the center
hole vicinity of the first plate.

[0016] In addition, in the present invention, the linking
bolt may be a hollow bolt. Thereby, interference between
the linking bolt and the drive shaft that is coupled with

10

15

20

25

30

35

40

45

50

55

the rotor can be avoided, and it is possible thereby to
dispose the combination side plate in the vane pump.
[0017] In addition, in the present invention, a back
pressure chamber into which pressurized fluid is caused
to flow may be provided between the first plate and the
second plate. Thereby, because it is possible to sepa-
rately manufacture the side plates as two parts, the first
plate and the second plate, it is possible to manufacture
the side plates that form the back pressure chamber eas-
ily and inexpensively.

[0018] In addition, in the present invention, the linked
combination side plates and the cam ring may be fas-
tened by fastening bolts that are disposed in the outer
circumferential portion thereof, and a compression force
may be applied in advance to the center hole vicinity of
thefirst plate by tightening the linking bolt. In this manner,
when the linked combination side plates are fastened by
bolts at the outer circumferential vicinity of the cam ring,
the center hole vicinity of the first plate is deformed to-
wards the rotor side due to the influence of the fastening
force. By using this structure, by tightening the linking
bolt, a compression force that is in a direction opposite
to the direction of the deformation in the center hole vi-
cinity of the first plate can be applied in advance before
deformation, and thus it is possible to suppress the de-
formation of the first plate.

[0019] In addition, in the present invention, both of the
side plates may be linked combination side plates. In the
case in which both of the side plates are linked combi-
nation side plates, these side plates have a symmetrical
structure that encloses the rotor. Thus, it is possible to
maintain the symmetry of the pressure distribution of the
fluid that is applied to the opposite side surfaces of the
rotor and the vanes.

[0020] In addition, in the present invention, one of the
side plates may be the linked combination side plate, and
the other may be the combination side plate. In this case,
including the linked combination side plate, by tightening
the linking bolt in advance by an amount of tightening
that allows for the deformation of the other combination
side plate, it is possible to ensure the symmetry of the
distribution of the fluid pressure that is applied to opposite
sides of the rotor and the vanes. Thereby, it is possible
to suppress advantageously the deformation of the rotor
and the vanes, and it is possible to suppress scorching
due to a high surface pressure state that is produced by
the rotor and the vanes coming into contact with each of
the first plates.

[0021] In addition, in the present invention, one of the
side plates may be a linked combination side plate, and
the other may be a movable side plate that freely slides
in an axial direction. In this case, furthermore, it is pos-
sible to set the deflection of the flatness of the contact
face of this movable side plate with the rotor and the
vanes.

[0022] In addition, in the present invention, one of the
side plates may be the movable combination side plate
that freely slides in an axial direction, and the other may
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be the combination side plate. Due to this structure, sim-
ilar to the linked combination side plate, this movable
combination side plate can suppress the deformation of
the first plate by increasing the rigidity in proximity to a
shaft center. Furthermore, it is possible to set the deflec-
tion of the flatness of the contact face of this movable
combination side plate with the rotor and the vanes.
[0023] In addition, in the present invention, one of the
side plates may be the movable combination side plate
that freely slides in an axial direction, and the other may
be the linked combination side plate. In this case, further-
more, because it is possible to set the amount of tight-
ening of the linking bolt 9 on the combination side plate
side, there is a high degree of freedom to change the
rigidity.

[0024] In addition, in the present invention, one of the
side plates may be the movable combination side plate
that freely slides in an axial direction, and the other may
be the movable side plate. In this case, furthermore, it is
possible to set the deflection of the flatness of the contact
face with the rotor and the vanes.

[0025] In addition, in the present invention, one of the
side plates may be the movable combination side plate
the freely slides in an axial direction. In this case, further-
more, because these side plates have a symmetrical
structure that encloses the rotor, itis possible to maintain
the symmetry of the pressure distribution of the fluid that
is applied to the opposite side surfaces of the rotor and
the vanes.

[Effects of the Invention]

[0026] Accordingtothe presentinvention, itis possible
to provide a vane pump that can suppress to a minimum
the bending of the side plates during assembly, can sup-
press to a minimum the deformation of the side plates
even during the operation of the pump, and can maintain
the side clearances advantageously.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

[FIG. 1]

FIG. 1 is an external view of a vane pump according
to the present invention.

[FIG. 2]

FIG. 2 is a cross-sectional drawing of the vane pump
according to the present invention.

[FIG. 3]

FIG. 3 is a cross-sectional drawing that shows an
example of a pressurized portion of the vane pump
according to the present invention, in which both of
a pair of side plates are combination side plates.
[FIG. 4]

FIG. 4 is a cross-sectional drawing of a pressurized
portion of the vane pump according to the present
invention along the line A-A in FIG. 3.
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[FIG. 5]

FIG. 5(a) and FIG. 5(b) show drawings for explaining
the combination side plates of the vane pump ac-
cording to the present invention.

[FIG. 6]

FIG. 6 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which both side
plates are linked combination side plates.

[FIG. 7]

FIG. 7 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which one of
the side plates is the linked combination side plate
and the other is the combination side plate.

[FIG. 8]

FIG. 8 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which one of
the side plates is the linked combination side plate
and the other is a movable side plate.

[FIG. 9]

FIG. 9 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which one of
the side plates is a movable combination side plate
and the other is a combination side plate.

[FIG.10]

FIG. 10 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which one of
the side plates is the movable combination side plate
and the other is the linked combination side plate.
[FIG.11]

FIG. 11 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which one of
the side plates is the movable combination side plate
and the other is the movable side plate.

[FIG. 12]

FIG. 12 is a cross-sectional drawing that shows an
example of the pressurized portion of the vane pump
according to the present invention in which both of
the side plates are the movable combination side
plates.

BEST MODES FOR CARRYING OUT THE INVENTION

[0028] Below, best modes of carrying out the present
invention will be explained.

First Embodiment

[0029] FIG. 1is an external view of a vane pump 100.
As shown in FIG. 1, a case of the vane pump 100 is
formed such that a head flange cover 10 is fastened to
a center case 11, for example, by press fitting or a bolt
fastening, and a case rear cover 12 is fastened to the
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center case 11 by fastening bolts 13. In addition, FIG. 2
is a cross-sectional drawing of the vane pump 100 that
is shown in FIG. 1. The vane pump 100 accommodates
a pressurized portion inside the case.

[0030] FIG. 3is a cross-sectional drawing of this pres-
surized portion that isolates and shows the portion that
is enclosed by the circle in FIG. 2. As shown in FIG. 3, a
front combination side plate 3 a and a rear combination
side plate 7a are disposed on the sides of a cam ring 18.
Furthermore, a front cover 15 is disposed on the side
surface of a front combination side plate 3a. Similarly, a
rear cover 16 is disposed on the side surface of a rear
combination side plate 7a. The front combination side
plate 3ais structured by afirst front plate 1a and a second
front plate 2a. Similarly, the rear combination side plate
7ais structured by a first rear plate 5a and a second rear
plate 6a. In each of the members described above, a
plurality of concentrically disposed through holes is
formed in the outer circumferential portion, and further-
more, internal threading is formed in the through holes
in the front cover 15. The pressurized portion that is
shown in FIG. 3 is integrally formed by inserting a fas-
tening bolt 17 into a through hole from the front cover 15
side and fastening the fastening bolt 17 to the rear cover
16. A rotor 19 and vanes 20 are accommodated inside
the cam ring 18.

[0031] FIG. 4 is a cross-sectional drawing along line
A-A of the pressurized portion that is shown in FIG. 3.
As shown in FIG. 4, the cam ring 18 has a through hole
that is elliptically formed, and the rotor 19 is accommo-
dated inside the camring 18. A plurality of radially formed
grooves that extend in a radial direction is arranged at
equal intervals in the circumferential direction on the out-
er circumferential surface of the rotor 19. The vanes 20,
which can slide in a radial direction, are accommodated
in respective grooves, and are continuously pressed
against the inner circumferential surface of the cam ring
18 by being urged in the radial direction by, for example,
centrifugal force. The rotor 19 is linked to a drive shaft
21 by fitting the drive shaft 21, which includes a corre-
sponding spline shaft, into a spline hole that is formed at
the center of rotation of the rotor 19. The drive shaft 21
rotates due to the drive force of an internal combustion
engine or the like. Working chambers 23 are formed in
the spaces that are enclosed by two adjacent vanes 20
andthe camring 18. As shown in FIG. 3, the wall surfaces
of each working chamber 23 in the axial direction are the
first front plate 1a and the first rear plate 5a. The volume
of the working chamber 23 expands and contracts ac-
companying the rotation because the inner circumferen-
tial surface of the elliptically shaped through hole of the
cam ring 18 forms a portion of the wall surface of the
working chamber 23.

[0032] In FIG. 4, intake ports 24 that each draw the
fluid into the vane pump and discharge ports 25 that dis-
charge the pressurized fluid to the outside are formed in
the first rear plate 5a. The first front plate 1a is also struc-
tured similarly. The intake ports 24 are formed at posi-
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tions in the circumferential direction, at which a suction
force is generated due to the volume of the working cham-
bers 23 expanding, and in the radial direction, that cor-
respond to the working chambers 23. In addition, the dis-
charge ports 25 are formed at positions in the circumfer-
ential direction, at which a pressure is generated due to
the volume of the working chambers 23 contracting, and
in the radial direction, that correspond to working cham-
bers 23.

[0033] In this structure, when the drive shaft 21 is ro-
tated, the volume of the working chamber 23 expands
and contracts accompanying this rotation. Thus, during
a volume expanding step of the working chamber 23, a
suction force is generated accompanying the expansion
of the volume, and the working chamber 23 draws the
fluid from the outside portion through the intake port 24
that is formed in a side plate. As the rotation of the drive
shaft 21 advances, among the vanes 20 that form the
working chamber 23, the vane 20 that is disposed toward
the back with respect to the direction of the rotation pass-
es by the intake port 24 and the working chamber 23
become a closed space. Then, as the rotation of the drive
shaft 21 advances further, the working chamber 23
reaches a volume contraction step, and the fluid is pres-
surized accompanying the contraction of the volume.
Among the vanes 20 that form the working chamber 23,
when the vane 20 that is disposed toward the front with
respect to the direction of rotation passes by the dis-
charge port 25, the fluid, which has become highly pres-
surized, is discharged from the discharge port 25 to the
outside portion.

[0034] Inrelation to this, as shown in FIG. 3, when the
front combination side plate 3a and the rear combination
side plate 7a are each fastened by the fastening bolts 17
to the side faces of the cam ring 18, due to the fastening
force, as shown in FIG. 5(a), a center hole vicinity 26 of
the first front plate 1a may be deformed toward the rotor
side. This is similar in the first rear plate 5a as well. In
addition, during the operation of the pump, the first front
plate 1a and the first rear plate 5a may also deform due
to the internal pressure of the pump. In the present em-
bodiment, as shown in FIG. 3, the front combination side
plate 3 a and the rear combination side plate 7a are sym-
metrically structured so as to enclose the rotor 19. Fur-
thermore, these combination side plates are formed so
as to have identical shapes and have the same rigidity
by using identical members.

[0035] By usingthe symmetric structure that has been
described above, the minute deformations of the center
hole vicinities 26 of the front combined side plate 3a and
the rear combination side plate 7a that occur when the
they are fastened to the side surface of the cam ring 18
by the fastening bolts 17 and the deformations that are
caused by the pressure inside the pump become sym-
metric as the rotor is enclosed by both of the combined
side plates. By ensuring the symmetry of the deforma-
tions between each of the combined side plates in this
manner, the symmetry of the distribution of the fluid pres-
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sure that is applied to the opposite side surfaces of the
rotor 19 and the vanes 20 can be ensured. Therefore, it
is possible to suppress advantageously the deformation
of the rotor 19 and the vanes 20, and it is possible to
suppress scorching due to a high surface pressure state
that is produced by the rotor 19 and the vanes 20 coming
into contact with the combination side plates. In addition,
because these combined side plates are formed so as
to have identical shapes and identical rigidity by using
the identical members, it is possible to increase further
the symmetry of the front combination side plate 3a and
the rear combination side plate 7a that have been de-
formed due to the pressure inside the pump and the like.
[0036] In addition, in the present embodiment, a
stepped through hole is formed in the inner circumferen-
tial surface in the second front plate 2a. A front back
pressure chamber 4 is formed by the cylindrical space
that is defined by the step of this inner circumferential
surface and the wall surface on the second front plate 2a
side of the first front plate 1a. Similarly, a stepped through
hole is also formed in the second rear plate 6a, and a
cylindrical rear back pressure chamber 8 is thereby
formed. The front back pressure chamber 4 and the rear
back pressure chamber 8 communicate, via communi-
cation ducts (not illustrated), with each of the discharge
ports 25 that are shown in FIG. 4, and pressurized fluid
that has attained a high pressure is caused to flow toward
each of the back pressure chambers.

[0037] Because the back pressure chambers 4 and 8
are formed in the manner described above, these com-
bination side plates can each be manufactured separate-
ly as two parts, the first front plate 1a and the second
front plate 2a, and the first rear plate 5a and the second
rear plate 6a, respectively. Thus, it is possible to manu-
facture the side plates that form the back pressure cham-
bers easily and inexpensively.

Second Embodiment

[0038] FIG. 6is a cross-sectional drawing of the pres-
surized portion, and the present embodiment can be ac-
commodated in the portion that is enclosed by the circle
in FIG. 2 in place of the pressurized portion that is shown
in FIG. 3. A front combination side plate 3b is structured
by a first front plate 1b and a second front plate 2b. Sim-
ilarly, a rear combination side plate 7b is structured by a
firstrear plate 5b and the second rear plate 6b. A stepped
through hole is formedinthe inner circumferential surface
of the second front plate 2b. In addition, the cylindrical
space that is defined by the step in the inner circumfer-
ential surface and the wall surface on the second front
plate 2b side of the first front plate 1b forms a front back
pressure chamber 4. Similarly, a stepped through hole
is also formed in the second rear plate 6b, and a cylin-
drical rear back pressure chamber 8 is formed. The front
back pressure chamber 4 and the rear back pressure
chamber 8 communicate by a communication ducts (not
illustrated) with each of the discharge ports that are
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shown in FIG. 4, and a pressurized fluid that has attained
a high pressure is caused to flow into each of the back
pressure chambers. Through holes are formed in the first
front plate 1b and the first rear plate 5b at their respective
axial centers, and furthermore, internal threads 14 are
formed in these through holes. In addition, a counter bore
32 that accommodates the bolt head of a linking bolt 9
is formed at the axial center of the side surface of the
second front plate 2b on the front cover 15 side. Similarly,
a counter bore 32 that accommodates the bolt head of a
linking bolt 9 is formed at the axial center of the side
surface of the second rear plate 6b on the rear cover 16
side. The linking bolt 9 links together the first front plate
1b and the second front plate 2b. Similarly, the linking
bolt 9 links together the first rear plate 5b and the second
rear plate 6b. The linking bolts 9 that are used are hollow,
and the drive shaft 21 is accommodated inside the linking
bolts 9.

[0039] In relation to this, when the front combination
side plate 3b and the rear combination side plate 7b are
fastened by the fastening bolts 17 to the side surfaces
of the camring 18, in the case in which there is no linking
bolt 9, the center hole vicinities 26 of the first front plate
1b and the first rear plate 5b may each deform toward
the rotor 19 side, similar to the deformation that is shown
in FIG. 5(a), due to the fastening force. When such de-
formation occurs, the symmetry of the fluid pressure that
is applied to opposite sides of the rotor 19 and the vanes
20 may be broken, and as a result, the rotor 19 and the
vanes 20, for which the center hole vicinities 26 serve as
a supporting point, may break down. As a result, the po-
sition and amount of the gap between the rotor 19, the
vanes 20, and each of the side plates becomes impre-
cise. Furthermore, during the operation of the pump, the
position and amount of this gap changes accompanying
the rotation of the rotor 19 and the vanes 20, and these
cannot be known. When such a condition occurs, scorch-
ing may occur when the rotor 19 and the vanes 20 come
into contact with the first front plate 1b and the first rear
plate 5b to produce a high surface pressure state.
[0040] However,inthe presentembodiment, as shown
in FIG. 5(b), it is possible to suppress the deformation
described above to a given constant level by applying in
advance a compression force that is in a direction that is
opposite to the direction of the deformation by tightening
the linking bolts 9 in the center hole vicinities 26 of the
first front plate 1b and the first rear plate 5b. In addition,
because the deformation of these center hole vicinities
26 can be suppressed to a given constant level, the sym-
metry of a first side clearance 22a and a second side
clearance 22b on opposite sides of the rotor 19 can be
ensured at a given constant level. Thus, it is possible to
maintain a symmetrical distribution of the fluid pressure
that is applied to opposite side surfaces of the rotor 19
and the vanes 20, and it is possible to suppress thereby
scorching of the rotor 19 and the vanes 20. In addition,
if the deformation in the center hole vicinities 26 and the
deformation of each of the first plates 1b and 5b due to
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the fluid pressure described above are ascertained as
known values by experimentation and the like, it is pos-
sible to set the amount of the tightening of the linking bolt
9 such that the first side clearance 22a and the second
clearance 22b can be ensured at a given constant
amount. In addition, by applying a compression force by
tightening the linking bolts 9, it is possible to increase the
rigidity of the center hole vicinities 26 of the first front
plate 1b and the first rear plate 5b. By increasing the
rigidity in this manner, the deformation of the first front
plate 1b and the first rear plate 5b due to the pressure
inside the pump can be suppressed. Thereby, in the case
in which there is a concern that the side plates would
usually be deformed, normally, it is necessary to ensure
a wide first side clearance 22a and the second side clear-
ance 22b in order to prevent scorching between the side
plates, the rotor 19, and the vanes 20. However, in the
present embodiment, these side clearances can be fur-
ther reduced. In addition, normally, in order to change
the rigidity of the side plates, the plate thickness of the
side plates is changed, the material is changed, or the
shape is changed. However, in the present embodiment,
in addition to these methods, it is possible to change the
rigidity of the first front plate 1b and the first rear plate
5b, which are portions of the side plate, according to the
amount of tightening of the linking bolts 9, and thus there
is a high degree of freedom to change the rigidity of the
side plates.

[0041] In addition, similar to the first embodiment, be-
cause the front combination side plate 3b and the rear
combination side plate 7b that enclose the rotor 19 have
a symmetrical structure, the present embodiment can al-
so ensure a symmetrical distribution of the fluid pressure
that is applied to opposite side surfaces of the rotor 19
and the vanes 20, and it can prevent thereby scorching
of the rotor. In addition, similar to the first embodiment,
because the first front side plate 3b can be separated
into two members, the first front plate 1b and the second
front plate 2b, the parts manufacturing for forming the
front back pressure chamber 4 is simple. The first rear
side plate 7b is identical in this respect. Thus, the parts
manufacturing is inexpensive and suitable for mass pro-
duction. Note that similar to the first embodiment, the
front combination side plate 3b and the rear combination
side plate 7b may be identical members and have iden-
tical rigidity. In addition, according to the structure of the
vane pump, the linking bolts 9 that are used need not be
hollow, and may be any suitable bolt.

Third Embodiment

[0042] The pressurized portion that is shown in FIG. 7
is a cross-sectional drawing of a pressurized portion that
is provided with a front combination side plate 3b for one
among the pair of side plates. This pressurized portion
can be accommodated in the portion that is enclosed by
the circle in FIG. 2 in place of the pressurized portion that
is shown in FIG. 3. In addition, this pressurized portion
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is one in which the front combination side plate 3 a of the
pressurized portion that is shown in FIG. 3 is replaced
by the front combination side plate 3b of the pressurized
portion described in the second embodiment.

[0043] Evenifonlyoneside plateis a front combination
side plate 3b that is fastened together by a linking bolt 9,
as in this pressurized portion, similar to the embodiment
2, for a deformation such as that shown in FIG. 5(a), it is
possible to suppress the deformation of the center hole
vicinity 26 of the front plate 1b by tightening the linking
bolt 9. In addition, because it is possible to suppress de-
formation that is caused by the pressure inside the pump
by tightening the linking bolt 9 to increase the rigidity of
the center hole vicinity 26, it is possible to reduce the
side clearance 22a further. Furthermore, if a deformation
similar to that shown in FIG. 5(a) and a deformation of
the first front plate 1b and the first rear plate 5a on op-
posite sides of the rotor 19 and the vanes 20 that is
caused by the pressure inside the pump are ascertained
as known values by experimentation and the like, it is
possible to set the amount of tightening of the linking bolt
9 so as to enable ensuring the first side clearance 22a
and the second side clearance 22b that are at given con-
stant amounts. By tightening the linking bolt 9 by this
tightening amount, it is possible to ensure the symmetry
of the distribution of the fluid pressure that is applied to
the opposite side surfaces of the rotor 19.

[0044] In addition, in the pressurized portion that is
shown in FIG. 8, a rear ring 29a that can accommodate
afront plate 5c is provided on the side surface of the cam
ring 18 instead of the rear combination side plate 7a that
is shown in FIG. 7, and the first rear plate 5c is accom-
modated inside the rear ring 29a. This first rear plate 5¢
is @ movable side plate that freely slides in an axial di-
rection. Furthermore, a second rear plate 6¢ is provided
to the rear ring 29a on a side away from the cam ring 18.
The second rear plate 6¢ is a cylindrical member, and a
step is formed on the inner circumferential surface there-
of. A rear back pressure chamber 8 is formed by the
space that is defined by the step of this inner circumfer-
ential surface and the wall surface of the second rear
plate 6¢ that is opposite to the rotor, and pressurized fluid
is caused to flow in through communication ducts (not
illustrated). In addition, the second rear plate 6¢c accom-
modates a movable side plate set spring 27a inside the
cylinder. Due to this movable side plate set spring 27a
and the pressure of the pressurized fluid, the first rear
plate 5c is urged toward the rotor 19 side.

[0045] In the case of this pressurized unit, the defor-
mation of the first front plate 1b, similar to the deformation
that is shown in FIG. 5(a), and the deformations of the
first front plate 1b and the first rear plate 5¢ due to the
pressure inside the pump can be suppressed by tighten-
ing the linking bolt 9, similar to the pressurized portion
that is shown in FIG. 7 and described above. Thereby,
similar to the cases described above, it is possible to
ensure the symmetry of the distribution of the fluid pres-
sure that is applied to the opposite side surfaces of the
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rotor 19 and the vanes 20. Note that in the pressurized
portions that are shown in FIG. 7 and FIG. 8, for the com-
bination of the pair of side plates that enclose the rotor
19, a structure may be used in which the side plates of
the front side and the side plates of the rear side are
interchanged.

Fourth Embodiment

[0046] The pressurized portion that is shown in FIG. 9
provides a rear ring 29b that can accommodate one
among a pair of side plates, and the movable combination
side plate 7d is accommodated inside this rear ring 29b.
This movable rear combination side plate 7d freely slides
the combination side plate 7b in an axial direction. This
combination side plate 7b is that of the pressurized por-
tion thatis shownin FIG. 6 to FIG. 8 and described above.
The pressurized portion that is shown in FIG. 9 can be
accommodated in the portion that is enclosed by the cir-
cle in FIG. 2 in place of the pressurized portion that is
shown in FIG. 3. In addition, in this pressurized portion,
the rear combination side plate 7a of the pressurized por-
tion of the first embodiment that is shown in FIG. 3 is
replaced with the movable rear combination side plate
7d. Furthermore, among the side surfaces of the rearring
29b, the side surface that is away from the cam ring 18
is provided with a third rear plate 31. The movable rear
combination side plate 7d that is provided in the pressu-
rized portion that is shown in FIG. 9 is formed by using
the linking bolt 9 to fasten together the first rear plate 5d
and the second rear plate 6d. The third rear plate 31 is
a cylindrical member that forms a rear back pressure
chamber 8 inside thereof and accommodates a movable
side plate set spring 27b. Communication ducts (not il-
lustrated) cause the pressurized fluid to flow into this rear
back pressure chamber 8. Due to this pressure of the
pressurized fluid and the movable side plate set spring
27b, the movable rear combination side plate 7d is urged
toward the rotor 19 side.

[0047] In the case of this pressurized portion as well,
similar to the pressurized portion in FIG. 7, by increasing
the rigidity, it is possible to suppress the deformation of
the second rear plate 5d that is caused by pressure inside
the pump. In addition, by allowing for the deformation of
the first front plate 1a and the first rear plate 5d on the
sides of the rotor 19 when tightening the linking bolt 9 by
a suitable amount, similarly, it is possible to ensure the
symmetry of the distribution of the fluid pressure that is
applied to opposite side surfaces of the rotor 19 and the
vanes 20. Furthermore, by providing the movable rear
combination side plate 7d that can move in the axial di-
rection, it is possible to set the deflection of the flatness
of the contact face with the rotor 19 and the vanes 20.
[0048] In addition, the pressurized portion that is
shown in FIG. 10 is provided with the movable rear com-
bination side plate 7d on one side and is provided with
the front combination side plate 3b, which has been de-
scribed above, on the other side. In the case of this pres-
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surized portion as well, it is possible to suppress the de-
formation of the first front plate 1b, which is similar to the
deformation that is shown in FIG. 5(a). In addition, it is
possible to suppress the deformation of the first front
plate 1b and the first rear plate 5d due to the pressure
inside the pump by increasing the rigidity. In addition, by
allowing for the deformation of the first front plate 1b and
the first rear plate 5d on opposite sides of the rotor 19
when tightening the linking bolt 9, similarly, it is possible
to ensure the symmetry of the distribution of the fluid
pressure that is applied to the opposite side surfaces of
the rotor 19 and the vanes 20. In addition, similar to the
pressurized portion that is shown in FIG. 9, by providing
the movable rear combination side plate 7d that can move
in the axial direction, it is possible to set the deflection of
the flatness of the contact face with the rotor 19 and the
vanes 20. Furthermore, because it is possible to set the
amount of tightening of the linking bolt 9 for both the first
front plate 1b and the first rear plate 5d, there is a high
degree of freedom to change the rigidity.

[0049] In addition, the pressurized portion that is
shown in FIG. 11 is provided with a movable front com-
bination side plate 3d on one side, and is provided with
the first rear plate 5c, which is a movable side plate, on
the other side. This movable front combination side plate
3d has a structure that is identical to that of the movable
rear combination side plate 7d of the pressurized portion
that is shown in FIG. 10. In the case of this pressurized
pump as well, by allowing for the deformation of the first
front plate 1d and the first rear plate 5¢ that are on op-
posite sides of the rotor 19 when tightening the linking
bolt 9 by an appropriate amount, it is possible to ensure
the symmetry of the distribution of the fluid pressure that
is applied to the opposite side surfaces of the rotor 19
and the vanes 20. In addition, by increasing the rigidity,
itis possible to suppress the deformation of the first front
plate 1d that is caused by the pressure inside the pump.
In addition, similar to FIG. 9 and FIG. 10, by providing
the movable front combination side plate 3d that can free-
ly slide in the axial direction, it is possible to set the de-
flection of the flatness of the contact face with the rotor
19 and the vanes 20.

[0050] In addition, the pressurized portion that is
shown in FIG. 12 is one in which the pair of plates that
encloses the rotor 19 are both formed as movable com-
bination side plates. As shown in FIG. 12, these side
plates are the movable front combination side plate 3d
and the movable rear combination side plate 7d. In the
case of this pressurized portion as well, by increasing
the rigidity, it is possible to suppress the deformation of
the first front plate 1d and the first rear plate 5d that is
caused by pressure inside the pump. In addition, by al-
lowing for the deformation of the first front plate 1d and
the first rear plate 5d that are on the opposite sides of
the rotor 19 when tightening the linking bolt 9 by an ap-
propriate amount, it is possible to maintain the symmetry
of the distribution of the pressurized fluid pressure that
is applied to opposite sides of the rotor 19. In addition,
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similar to FIG. 9, FIG. 10, and FIG. 11, by providing the
movable front combination side plate 3d and the movable
rear combination side plate 7d that freely slide in the axial
direction, itis possible to set the deflection of the flatness
of the contact face with the rotor 19 and the vanes 20.
Furthermore, because the pair of side plates that enclose
the rotor 19 is symmetrical, the symmetry of the distribu-
tion of the fluid pressure that is applied to the opposite
sides of the rotor 19 and the vanes 20 can be further
ensured. Therefore, it is possible to suppress the defor-
mation of the rotor 19 and the vanes 20 advantageously,
and it is possible to suppress scorching due to a high
surface pressure state that is produced by the rotor 19
and the vanes 20 coming into contact with each of the
combination side plates 3d and 7d. Note that an identical
material may be used for and an identical shape may be
applied to these combination side plates 3d and 7d, and
they may be formed so as to have an identical rigidity. In
this case, it is possible to increase the symmetry between
the front combination side plate 3d and the rear combi-
nation side plate 7d. In addition, in the pressurized por-
tions that are shown in FIG. 9, FIG. 10, and FIG. 11, for
the combination of the pair of side plates that enclose
the rotor 19, a structure may be used in which the side
plates of the front side and the side plates of the rear side
are interchanged.

[0051] According to these embodiments, it is possible
to realize a vane pump that can suppress to a minimum
the bending of the side plates during installation, that can
suppress to a minimum the deformation of the side plates
even during the operation of the pump, and that can ad-
vantageously maintain side clearances.

[0052] Whilethe preferred embodiments of the present
invention have been explained above in detail, the
present invention is not limited by these particular em-
bodiments, and various modifications and changes are
possible that are within the scope of the presentinvention
that is recited within the claims.

Claims

1. Avane pump comprising, inside a case, a cam ring,
a rotor that is disposed inside the cam ring so as to
be freely rotatable, a plurality of vanes that is accom-
modated in each of a plurality of vane grooves that
is radially formed in the rotor and slides along a cam
surface of the cam ring accompanying the rotation
of the rotor, and side plates that are disposed on
opposite sides of the rotor and the vanes, wherein:

the side plates have an identical rigidity and are
disposed symmetrically with respect to the rotor.

2. The vane pump according to claim 1, wherein each
of the side plates are formed by identical members
and by identical shapes.
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3.

10.

11.

The vane pump according to claim 1 or 2, wherein
each of the side plates is a combined side plate com-
prising a first plate and a second plate and has a
back pressure chamber into which a pressurized flu-
id is caused to flow between the first plate and the
second plate.

A vane pump comprising, inside a case, a cam ring,
a rotor that is disposed inside the cam ring so as to
be freely rotatable, a plurality of vanes that is accom-
modated in each of a plurality of vane grooves that
is radially formed in the rotor and slides along the
cam surface of the cam ring accompanying the ro-
tation of the rotor, and side plates that are disposed
on the opposite sides of the rotor and the vanes,
wherein:

a bolt is inserted into a center hole of at least
one of the side plates.

The vane pump according to claim 4, wherein each
of the side plates is a linked combination side plate
in which a first plate and a second plate are held
together by a linking bolt, and the linking bolt is in-
serted into a center hole of the second plate and
fastened in aninternal thread thatis formed in a cent-
er hole of the first plate.

The vane pump according to claim 4 or 5, wherein
the linking bolt is a hollow bolt.

The vane pump according to any one of claims 4 to
6, wherein a back pressure chamber into which a
pressurized fluid is caused to flow is provided be-
tween the first plate and the second plate.

The vane pump according to any one of claims 4 to
7, wherein the linked combination side plate and the
cam ring are fastened by a fastening bolt that is dis-
posed on the outer circumference portion thereof,
and a compressing force is applied in advance to a
center hole vicinity of the first plate by tightening the
linking bolt.

The vane pump according to any one of claims 4 to
8, wherein both of the side plates are the linked com-
bination side plates.

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is the linked com-
bination side plate, and the other is the combination
side plate.

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is the linked com-
bination side plate, and the other is a movable side
plate that freely slides in an axial direction.
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13.

14.

15.

17 EP 1 857 679 A1

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is a movable com-
bination side plate that freely slides in an axial direc-
tion, and the other is the combination side plate.

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is the movable com-
bination side plate that freely slides in an axial direc-
tion, and the other is the linked combination side
plate.

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is the movable com-
bination side plate that freely slides in an axial direc-
tion, and the other is the movable side plate.

The vane pump according to any one of claims 4 to
8, wherein one of the side plates is a movable com-
bination side plate that freely slides in an axial direc-
tion.
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