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(54) VARIABLE DISPLACEMENT VANE PUMP

(57) A variable displacement vane pump includes: a
control orifice 104 that imparts resistance to a flow of
working oil discharged from pump chambers 6; a
flow-amount control valve 102 that operates in accord-
ance with an upstream-downstream differential pressure
of the control orifice 104 and controls a flow amount of
the working oil discharged from the pump chambers 6;
a variable control valve 103 that is operated by the work-

ing oil that has passed through the control orifice 104 and
controls an amount of eccentricity of a cam ring 4 with
respect to a rotor 2 by controlling a pressure difference
between a first fluid pressure chamber 15 and a second
fluid pressure chamber 16; and a return passage 42 that
is connected to the flow-amount control valve 102 and
circulates a part of the working oil discharged from the
pump chambers 6 through a suction passage 40.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a variable dis-
placement vane pump that is used as a fluid pressure
source in a fluid pressure apparatus.

BACKGROUND ART

[0002] As conventional variable displacement vane
pumps, there are pumps in which a discharge capacity
is changed by changing an amount of eccentricity of a
cam ring with respect to a rotor by making the cam ring
swing about a pin as a support point.
[0003] JP2009-275537A discloses a variable dis-
placement vane pump that includes a control valve that
operates in accordance with an upstream-downstream
differential pressure of a flow-amount detection orifice
and controls an amount of eccentricity of a cam ring with
respect to a rotor, a return passage that returns, to a
suction passage, a part of working fluid that has been
discharged from pump chambers through a discharge
passage, and a flow dividing valve that adjusts an open-
ing area of the return passage to the discharge passage.
[0004] With the variable displacement vane pump dis-
closed in JP2009-275537A, when the rotating speed of
the rotor is increased and the upstream-downstream dif-
ferential pressure of the flow-amount detection orifice
reaches a predetermined value, the amount of eccentric-
ity of the cam ring is reduced by the control valve. There-
by, the discharge capacity of the pump chambers is re-
duced, and the flow amount discharged from the variable
displacement vane pump is controlled so as to achieve
a predetermined flow amount.

SUMMARY OF INVENTION

[0005] With the variable displacement vane pump dis-
closed in JP2009-275537A, when the flow amount of the
working fluid discharged from the pump chambers reach-
es the flow amount at which a predetermined upstream-
downstream differential pressure of the flow-amount de-
tection orifice is generated, the flow amount of the work-
ing fluid is controlled to a constant flow amount by the
control valve so as to maintain the discharge flow amount.
Thereby, the working fluid is guided to the return passage
at the returning flow amount that is the difference be-
tween the discharge flow amount of the variable displace-
ment vane pump controlled by the control valve so as to
be constant and the flow amount of the working fluid guid-
ed to the discharge passage by being controlled by the
flow dividing valve. As described above, with the variable
displacement vane pump disclosed in JP2009-275537A,
while the discharge flow amount is controlled by the con-
trol valve so as to be constant, the returning flow amount
is substantially constant.
[0006] With the variable displacement vane pump de-

scribed above, because the discharge flow amount is
controlled by the control valve and the returning flow
amount becomes substantially constant, there is a risk
in that, when the rotating speed of the pump is high, cav-
itation may be caused due to insufficient suction.
[0007] An object of the present invention is to provide
a variable displacement vane pump that is capable of
suppressing occurrence of cavitation.
[0008] According to one aspect of the present inven-
tion, A variable displacement vane pump includes: a rotor
linked to a driving shaft; a plurality of vanes provided so
as to be able to reciprocate in a radial direction relative
to the rotor; a cam ring having an inner circumferential
surface on which tip ends of the vanes slide by rotation
of the rotor; pump chambers defined by the rotor, the
cam ring, and pairs of the adjacent vanes; a suction pas-
sage configured to guide working fluid to the pump cham-
bers; a first fluid pressure chamber and a second fluid
pressure chamber defined in an outer-circumferential ac-
commodating space on outer side of the cam ring, the
first fluid pressure chamber and the second fluid pressure
chamber being configured to make the cam ring eccentric
with respect to the rotor by pressure difference between
the first fluid pressure chamber and the second fluid pres-
sure chamber; a control restrictor configured to impart
resistance to a flow of the working fluid discharged from
the pump chambers; a flow-amount control valve oper-
ated in accordance with an upstream-downstream differ-
ential pressure of the control restrictor, the flow-amount
control valve being configured to control flow amount of
the working fluid discharged from the pump chambers;
a variable control valve operated by the working fluid that
has passed through the control restrictor, the variable
control valve being configured to control an amount of
eccentricity of the cam ring with respect to the rotor by
controlling pressure difference between the first fluid
pressure chamber and the second fluid pressure cham-
ber; and a return passage connected to the flow-amount
control valve, the return passage being configured to cir-
culate a part of the working fluid discharged from the
pump chambers through the suction passage.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

[FIG. 1] FIG. 1 is a hydraulic circuit diagram of a
variable displacement vane pump according to an
embodiment of the present invention.
[FIG. 2A] FIG. 2A is a graph showing a flow amount
characteristic of the variable displacement vane
pump according to the embodiment of the present
invention and is a diagram showing a case in which
a flow amount required for operation of a variable
control valve is less than a cracking flow amount of
a flow-amount control valve.
[FIG. 2B] FIG. 2B is a graph showing the flow amount
characteristic of the variable displacement vane
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pump according to the embodiment of the present
invention and is a diagram showing a case in which
the flow amount required for operation of the variable
control valve is greater than a maximum flow amount
of the flow-amount control valve.
[FIG. 2C] FIG. 2C is a graph showing the flow amount
characteristic of the variable displacement vane
pump according to the embodiment of the present
invention and is a diagram showing a case in which
the flow amount required for operation of the variable
control valve is greater than the cracking flow amount
of the flow-amount control valve, but is less than the
maximum flow amount of the flow-amount control
valve.
[FIG. 3] FIG. 3 is a hydraulic circuit diagram of a
variable displacement vane pump according to a
comparative example of the present invention.
[FIG. 4A] FIG. 4A is a graph showing a flow amount
characteristic of the variable displacement vane
pump according to the comparative example of the
present invention and is a diagram showing a case
in which the flow amount required for operation of
the variable control valve is less than a flow amount
controlled by a flow-amount control valve.
[FIG. 4B] FIG. 4B is a graph showing the flow amount
characteristic of the variable displacement vane
pump according to the comparative example of the
present invention and is a diagram showing a case
in which the flow amount required for operation of
the variable control valve is greater than the flow
amount controlled by the flow-amount control valve.

DESCRIPTION OF EMBODIMENTS

[0010] A variable displacement vane pump 100 ac-
cording to an embodiment of the present invention will
be described below with reference to the drawings.
[0011] The variable displacement vane pump 100
(hereinafter, simply referred to as "vane pump ") is used
as a hydraulic source for a hydraulic apparatus mounted
on a vehicle, such as, for example, a power steering ap-
paratus, a transmission, and the like.
[0012] As shown in FIG. 1, the vane pump 100 includes
a pump cartridge 101 that discharges working oil (work-
ing fluid), a flow-amount control valve 102 that controls
the flow amount of the working oil that is discharged from
the pump cartridge 101 through a discharge passage 41
and supplied to a hydraulic apparatus 18, and a variable
control valve 103 that controls the flow amount of the
working oil that is discharged from the pump cartridge
101.
[0013] In addition, the vane pump 100 further includes
a control orifice 104 that is provided in the discharge pas-
sage 41 and serves as a control restrictor for imparting
resistance to a flow of the working oil discharged from
the pump cartridge 101 and a variable orifice 105 that
serves as a variable restrictor for imparting resistance to
a flow of the working oil that has passed through the

control orifice 104.
[0014] In the pump cartridge 101, motive power from
an engine (not shown) as a motive-power source is trans-
mitted to an end portion of a driving shaft 1, and a rotor
2 linked to the driving shaft 1 is rotated. The rotor 2 is
rotated in the clockwise direction in FIG. 1.
[0015] The pump cartridge 101 includes a plurality of
vanes 3 that are provided so as to be able to reciprocate
in the radial direction relative to the rotor 2, a cam ring 4
having an inner circumferential surface on which tip ends
of the vanes 3 slide by rotation of the rotor 2, and an
annular adapter ring 5 that is provided so as to surround
the cam ring 4.
[0016] A plurality of pump chambers 6 are defined with-
in the cam ring 4 by an outer circumferential surface of
the rotor 2, the inner circumferential surface of the cam
ring 4, and pairs of adjacent vanes 3.
[0017] In the pump cartridge 101, as the rotor 2 is ro-
tated, the working oil is sucked into the pump chambers
6 through a suction passage 40 from a tank 17 in a suction
region at which the volumes of the pump chambers 6 are
expanded, and the working oil is discharged from the
pump chambers 6 through the discharge passage 41 in
a discharge region at which the volumes of the pump
chambers 6 are contracted.
[0018] A support pin 10 for supporting the cam ring 4
is provided on an inner circumferential surface of the
adapter ring 5. The cam ring 4 swings around inside the
adapter ring 5 about the support pin 10 as a supporting
point, and thereby, the cam ring 4 is made eccentric with
respect to the center of the rotor 2. As described above,
the support pin 10 is the supporting point for the swinging
of the cam ring 4.
[0019] At a position axisymmetric to the support pin 10
with respect to the driving shaft 1 in the inner circumfer-
ential surface of the adapter ring 5, a seal member 11,
which is in sliding contact with an outer circumferential
surface of the cam ring 4 when the cam ring 4 swings
around, is fitted.
[0020] As described above, in a space between the
outer circumferential surface of the cam ring 4 and the
inner circumferential surface of the adapter ring 5, which
is an outer-circumferential accommodating space on the
outer side of the cam ring 4, a first fluid pressure chamber
15 and a second fluid pressure chamber 16 are defined
by the support pin 10 and the seal member 11.
[0021] A first fluid pressure passage 47 of the variable
control valve 103, which will be described later, is con-
nected to the first fluid pressure chamber 15, and the
working oil is guided through the first fluid pressure pas-
sage 47. A second fluid pressure passage 48 of the var-
iable control valve 103, which will be described later, is
connected to the second fluid pressure chamber 16. A
part of the working oil that has been discharged from the
pump chambers 6 is guided to the second fluid pressure
chamber 16 through a restricting passage 50 provided
with an orifice 106.
[0022] The cam ring 4 swings around the support pin
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10 by pressure difference of the working oil between the
first fluid pressure chamber 15 and the second fluid pres-
sure chamber 16. As the cam ring 4 swings around the
support pin 10, the amount of eccentricity of the cam ring
4 with respect to the rotor 2 is changed, and the discharge
capacity of the pump chambers 6 is changed. When the
pressure in the first fluid pressure chamber 15 is greater
than the pressure in the second fluid pressure chamber
16, the amount of eccentricity of the cam ring 4 with re-
spect to the rotor 2 is reduced, and the discharge capacity
of the pump chambers 6 is reduced. In contrast, when
the pressure in the second fluid pressure chamber 16 is
greater than the pressure in the first fluid pressure cham-
ber 15, the amount of eccentricity of the cam ring 4 with
respect to the rotor 2 is increased, and the discharge
capacity of the pump chambers 6 is increased. As de-
scribed above, in the vane pump 100, by the pressure
difference between the first fluid pressure chamber 15
and the second fluid pressure chamber 16, the amount
of eccentricity of the cam ring 4 with respect to the rotor
2 is changed, and the discharge capacity of the pump
chambers 6 is changed.
[0023] A return passage 42 that is in communication
with the suction passage 40 is connected to the flow-
amount control valve 102. A part of the working oil that
has been discharged from the pump cartridge 101 is guid-
ed to the suction passage 40 through the flow-amount
control valve 102 and the return passage 42. The flow-
amount control valve 102 has a first spool 20 that moves
in response to an upstream-downstream differential
pressure between upstream and downstream of the con-
trol orifice 104 that imparts resistance to the flow of the
working oil that has been discharged from the pump
chambers 6. The first spool 20 is inserted into a first-spool
accommodating portion 21 in a freely slidable manner.
The first spool 20 has a first land portion 20A and a sec-
ond land portion 20B that are in sliding contact with an
inner circumference of the first-spool accommodating
portion 21. A first circular groove 20C that opens to an
outer circumferential surface of the first spool 20 is
formed between the first land portion 20A and the second
land portion 20B.
[0024] A first pressure chamber 22 is defined between
the first land portion 20A of the first spool 20 and the one
end portion of the first-spool accommodating portion 21.
A second pressure chamber 23 is defined between the
second land portion 20B of the first spool 20 and the other
end portion of the first-spool accommodating portion 21.
A first control passage 43 that is in communication with
the discharge passage 41 at the upstream side of the
control orifice 104 is connected to the first pressure cham-
ber 22, and the working oil is guided to the first pressure
chamber 22 from the upstream side of the control orifice
104. A second control passage 44 that is in communica-
tion with the discharge passage 41 at the downstream
side of the control orifice 104 is connected to the second
pressure chamber 23, and the working oil that has passed
through the control orifice 104 is guided from the down-

stream side thereof to the second pressure chamber 23.
As described above, while the working oil that has been
discharged from the pump chambers 6 is guided directly
to the first pressure chamber 22, the working oil that has
been depressurized by passing through the control orifice
104 is guided to the second pressure chamber 23.
[0025] In the second pressure chamber 23, a first
spring 24 serving as a biasing member for biasing the
first spool 20 in the direction in which the volume of the
second pressure chamber 23 is increased is accommo-
dated. Therefore, the first spool 20 is located at a position
where the load based on the upstream-downstream dif-
ferential pressure of the control orifice 104 and the bias-
ing force exerted by the first spring 24 are balanced.
[0026] A return port 25 that guides the working oil from
the first pressure chamber 22 to the return passage 42
is provided on the first-spool accommodating portion 21.
In a state in which the upstream-downstream differential
pressure of the control orifice 104 is small and the first
spring 24 is extended, as shown in FIG. 1, the return port
25 is in a state closed by the first land portion 20A of the
first spool 20. As the upstream-downstream differential
pressure of the control orifice 104 is increased and the
first spool 20 moves against the biasing force exerted by
the first spring 24, the return port 25 is opened.
[0027] On the inner circumference of the first-spool ac-
commodating portion 21, a recessed opposing port 26 is
formed at a position opposite to the return port 25, in
other words, at a position symmetrical to the return port
25 with respect to the axis of the first-spool accommo-
dating portion 21. The working oil that has flown into the
opposing port 26 from the first pressure chamber 22 is
guided to the return port 25 through the first circular
groove 20C. By providing the opposing port 26 on the
first-spool accommodating portion 21, the pressure bal-
ance acting on the first spool 20 is improved, and the
sliding property of the first spool 20 against the first-spool
accommodating portion 21 is improved.
[0028] When the rotation speed of an engine, in other
words, the pump rotation speed that is the rotation speed
of the rotor 2 is low, the upstream-downstream differential
pressure of the control orifice 104 is small, and the state
in which the return port 25 is closed is achieved. Thus,
the working oil is not guided to the return passage 42.
[0029] As the pump rotation speed is increased, the
upstream-downstream differential pressure of the control
orifice 104 reaches a predetermined value at which the
first spool 20 of the flow-amount control valve 102 moves
against the biasing force exerted by the first spring 24
and the return port 25 is opened. When the upstream-
downstream differential pressure of the control orifice
104 reaches the predetermined value at which the return
port 25 is opened, in accordance with an opening area
of the return port 25, a part of the working oil that has
been discharged from the pump cartridge 101 is guided
to the suction passage 40 through the first pressure
chamber 22, the return port 25, and the return passage
42. By operation of the flow-amount control valve 102 as
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described above, a part of the working oil discharged
from the pump cartridge 101 is guided to the return pas-
sage 42, and the flow amount of the working oil guided
to the hydraulic apparatus 18 is controlled so as to
achieve a predetermined flow amount. In addition, resist-
ance is imparted to the flow of the working oil passing
through the return port 25 in accordance with the opening
area of the return port 25. Thus, flowing speed of the
working oil guided to the return passage 42 is increased,
negative pressure is caused in the return passage 42.
Because negative pressure is caused in this way, the
working oil is sucked from the tank 17 more effectively,
and the working oil can be supercharged to a suction port
through the suction passage 40 more effectively. There-
fore, occurrence of cavitation in the pump chambers 6 is
suppressed.
[0030] The variable orifice 105 is provided at the down-
stream side of the control orifice 104 in the discharge
passage 41. More specifically, the variable orifice 105 is
provided on the discharge passage 41 at the downstream
side of a location at which the second control passage
44 that is connected to the second pressure chamber 23
of the flow-amount control valve 102 communicates with
the discharge passage 41. By providing the variable or-
ifice 105 as described above, the working oil to which
resistance has been imparted by the variable orifice 105
is prevented from being guided to the second pressure
chamber 23 of the flow-amount control valve 102. The
variable orifice 105 is a variable restrictor capable of
changing resistance to be imparted to the flow of the
working oil passing therethrough by changing its opening
area by controlling amount of current flowing to a solenoid
(not shown).
[0031] The variable control valve 103 has a second
spool 30 that moves in response to the upstream-down-
stream differential pressure between upstream and
downstream of the variable orifice 105 that is generated
by guiding, to the variable orifice 105, the working oil that
has passed through the control orifice 104. The second
spool 30 has a third land portion 30A and a fourth land
portion 30B that are in sliding contact with an inner cir-
cumference of a second spool accommodating portion
31. A second circular groove 30C that opens to an outer
circumferential surface of the second spool 30 is formed
between the third land portion 30A and the fourth land
portion 30B.
[0032] A third pressure chamber 32 is defined between
the third land portion 30A of the second spool 30 and the
one end portion of the second spool accommodating por-
tion 31. A fourth pressure chamber 33 is defined between
the fourth land portion 30B of the second spool 30 and
the other end portion of the second spool accommodating
portion 31. A third control passage 45 that is in commu-
nication with the discharge passage 41 at a location be-
tween the control orifice 104 and the variable orifice 105
is connected to the third pressure chamber 32, and the
working oil is guided to the third pressure chamber 32
from the upstream side of the variable orifice 105. A fourth

control passage 46 that is in communication with the dis-
charge passage 41 at the downstream side of the variable
orifice 105 is connected to the fourth pressure chamber
33, and the working oil is guided to the fourth pressure
chamber 33 from the downstream side of the variable
orifice 105. As described above, while the working oil that
has been discharged from the pump chambers 6 and
depressurized by the control orifice 104 is guided to the
third pressure chamber 32, the working oil that has been
depressurized by passing through the control orifice 104
and the variable orifice 105 is guided to the fourth pres-
sure chamber 33.
[0033] In the fourth pressure chamber 33, a second
spring 34 serving as a biasing member for biasing the
second spool 30 in the direction in which the volume of
the fourth pressure chamber 33 is increased is accom-
modated. Therefore, the second spool 30 is located at a
position where the load based on the upstream-down-
stream differential pressure of the variable orifice 105
and the biasing force exerted by the second spring 34
are balanced.
[0034] The first fluid pressure passage 47 and the sec-
ond fluid pressure passage 48 that are in communication
with the first fluid pressure chamber 15 and the second
fluid pressure chamber 16, respectively, and a drain pas-
sage 49 that is in communication with the second circular
groove 30C and the suction passage 40 are connected
to the second spool accommodating portion 31.
[0035] When the pump rotation speed is low, because
the upstream-downstream differential pressure of the
variable orifice 105 is small, the second spring 34 is ex-
tended, and thereby, the first fluid pressure passage 47
is communicated with the second circular groove 30C
and the second fluid pressure passage 48 is closed by
the fourth land portion 30B of the second spool 30. In
other words, the first fluid pressure chamber 15 is com-
municated with the drain passage 49 through the second
circular groove 30C, and the communication between
the second fluid pressure chamber 16 and the second
circular groove 30C is closed. The working oil that has
been discharged from the pump cartridge 101 is con-
stantly guided to the second fluid pressure chamber 16
through the restricting passage 50. With such a config-
uration, as shown in FIG. 1, the cam ring 4 is brought
into contact with the inner circumferential surface of the
adapter ring 5 by the pressure in the second fluid pres-
sure chamber 16, and thereby, the amount of eccentricity
of the cam ring 4 with respect to the rotor 2 is maximized.
[0036] As the pump rotation speed is increased and
the upstream-downstream differential pressure of the
variable orifice 105 is increased, the second spool 30
moves against the biasing force exerted by the second
spring 34, and thereby the third pressure chamber 32 is
communicated with the first fluid pressure passage 47
and the second circular groove 30C is communicated
with the second fluid pressure passage 48.
[0037] As the pump rotation speed is increased further,
the opening area of the first fluid pressure passage 47
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to the third pressure chamber 32 is increased, and the
opening area of the second fluid pressure passage 48 to
the second circular groove 30C is increased. The working
oil in the third pressure chamber 32 is supplied to the first
fluid pressure chamber 15 through the first fluid pressure
passage 47, and the working oil in the second fluid pres-
sure chamber 16 is discharged to the tank 17 through
the second fluid pressure passage 48, the second circu-
lar groove 30C, and the drain passage 49. With such a
configuration, the cam ring 4 moves such that the amount
of eccentricity with respect to the rotor 2 is reduced in
response to the pressure difference between the first fluid
pressure chamber 15 and the second fluid pressure
chamber 16.
[0038] As the pressure difference between the first fluid
pressure chamber 15 and the second fluid pressure
chamber 16 is increased in response to the increase in
the pump rotation speed, the cam ring 4 is brought into
contact with the inner circumferential surface of the
adapter ring 5 and the amount of eccentricity of the cam
ring 4 is minimized, and thereby, the discharge capacity
of the pump chambers 6 becomes a minimum discharge
capacity. As described above, because the variable con-
trol valve 103 is operated in accordance with the up-
stream-downstream differential pressure of the variable
orifice 105, even when the pump rotation speed is in-
creased, the discharge flow amount of the pump cartridge
101 is controlled so as to be substantially constant.
[0039] The upstream-downstream differential pres-
sure of the variable orifice 105 is generated at amount in
accordance with the opening area of the variable orifice
105 that is controlled by the amount of current flow to the
solenoid and the passing flow amount passing through
the variable orifice 105. Therefore, by controlling the
opening area of the variable orifice 105 by the solenoid,
it is possible to arbitrarily set the passing flow amount of
the variable orifice 105 that generates the upstream-
downstream differential pressure for operating the vari-
able control valve 103.
[0040] Next, operation of the vane pump 100 will be
described with reference to FIGs. 2 to 4. FIG. 2 is a graph
showing the relationship between the pump rotation
speed and the flow amount of the working oil of the vane
pump 100. FIG. 3 is a hydraulic circuit diagram of a vane
pump 200 as a comparative example, FIG. 4 is a graph
showing the relationship between the pump rotation
speed and the flow amount of the working oil of the vane
pump 200. In FIGs. 2 and 4, a flow amount Q shown with
a solid line is a supply flow amount of the working oil
supplied to the hydraulic apparatus 18, and a flow amount
Q1 shown with a broken line is a discharge flow amount
of the working oil discharged from the pump cartridge
101. In addition, in FIGs. 2 and 4, a flow amount Q2 shown
with a one-dot chain line is a flow amount of the working
oil controlled by the flow-amount control valve 102. In
addition, in FIGs. 2 and 4, a flow amount Q3 is a passing
flow amount of the variable orifice 105 required to gen-
erate the upstream-downstream differential pressure for

operating the variable control valve 103.
[0041] In the following description, the passing flow
amount of the control orifice 104 required to generate the
upstream-downstream differential pressure for operating
the flow-amount control valve 102 is referred to as "the
cracking flow amount", the flow amount Q2 of the working
oil controlled by the flow-amount control valve 102 is re-
ferred to as "the control flow amount Q2", and the control
flow amount of the flow-amount control valve 102 at the
pump maximum rotation speed N1 used with the vane
pump 100 is referred to as "the maximum control flow
amount". In addition, the passing flow amount Q3 of the
variable orifice 105 required to generate the upstream-
downstream differential pressure for operating the vari-
able control valve 103 is referred to as "the variable-con-
trol-setting flow amount Q3", and the discharge flow
amount of the pump cartridge 101 that is kept constant
by the variable control valve 103 is referred to as "the
constant discharge flow amount".
[0042] The variable-control-setting flow amount Q3 is
set by controlling the opening area of the variable orifice
105 by changing the amount of current flow to the sole-
noid. For example, in a case where the opening area of
the variable orifice 105 is set, by flow of the working oil
passing through the variable orifice 105 at the flow
amount greater than the cracking flow amount, such that
the upstream-downstream differential pressure for oper-
ating the variable control valve 103 is generated, the var-
iable-control-setting flow amount Q3 becomes greater
than the cracking flow amount of the flow-amount control
valve 102.
[0043] In addition, in a case where the opening area
of the variable orifice 105 is set, by flow of the working
oil passing through the variable orifice 105 at the flow
amount smaller than the cracking flow amount, such that
the upstream-downstream differential pressure for oper-
ating the variable control valve 103 is generated, the var-
iable-control-setting flow amount Q3 becomes smaller
than the cracking flow amount of the flow-amount control
valve 102.
[0044] For ease of understanding the vane pump 100,
the vane pump 200 as a comparative example will be
described with reference to FIGs. 3 and 4.
[0045] As shown in FIG. 3, the vane pump 200 includes
the variable control valve 103 that is operated by the up-
stream-downstream differential pressure of the variable
orifice 105 provided on the discharge passage 41 and
the flow-amount control valve 102 that is operated by the
upstream-downstream differential pressure of the control
orifice 104 provided on the discharge passage 41 at the
downstream side of the variable orifice 105. In other
words, in the vane pump 200, the flow-amount control
valve 102 is provided at the downstream side of the var-
iable control valve 103.
[0046] FIG. 4(a) is a diagram showing the relationship
between the pump rotation speed and the flow amount
in a case where the variable-control-setting flow amount
Q3 is set so as to be smaller than the cracking flow
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amount of the flow-amount control valve 102. FIG. 4(b)
is a diagram showing the relationship between the pump
rotation speed and the flow amount in a case where the
variable-control-setting flow amount Q3 is set so as to
be greater than the maximum control flow amount of the
flow-amount control valve 102.
[0047] With the vane pump 200, as shown in FIG. 4(a),
in a case where the variable-control-setting flow amount
Q3 is set so as to be smaller than the cracking flow
amount of the flow-amount control valve 102, the dis-
charge flow amount of the working oil from the pump
cartridge 101 reaches the variable-control-setting flow
amount Q3 in response to the increase in the pump ro-
tation speed, and thereby, the variable control valve 103
is operated. In other words, as the pump rotation speed
is increased, before the upstream-downstream differen-
tial pressure of the control orifice 104 reaches a prede-
termined differential pressure at which the flow-amount
control valve 102 is operated, the upstream-downstream
differential pressure of the variable orifice 105 reaches
a predetermined differential pressure at which the vari-
able control valve 103 is operated, and thereby, the var-
iable control valve 103 is operated. Thus, the discharge
flow amount from the pump cartridge 101 is controlled to
be constant so as to keep the discharge flow amount. In
other words, as shown in FIG. 4(a), with the vane pump
200, when the upstream-downstream differential pres-
sure of the variable orifice 105 reaches a predetermined
value, the flow amount discharged from the pump car-
tridge 101 is controlled as the constant discharge flow
amount so as to keep the variable-control-setting flow
amount Q3.
[0048] As described above, when the variable control
valve 103 is operated, because the discharge flow
amount from the pump cartridge 101 is not increased
even when the pump rotation speed is increased, the
discharge flow amount does not reach the cracking flow
amount of the flow-amount control valve 102. In other
words, even in a case where the variable-control-setting
flow amount Q3 that is set so as to be smaller than the
cracking flow amount of the flow-amount control valve
102 passes through the control orifice 104, the upstream-
downstream differential pressure for operating the flow-
amount control valve 102 is not generated at the control
orifice 104. Thus, as shown in FIG. 4(a), the flow amount
of the working oil that has passed through the variable
orifice 105 is not controlled by the flow-amount control
valve 102, and the working oil whose flow amount is con-
trolled by the variable control valve 103 so as to achieve
the variable-control-setting flow amount Q3 is guided to
the hydraulic apparatus 18. As described above, in a case
where the variable-control-setting flow amount Q3 is set
so as to be smaller than the cracking flow amount of the
flow-amount control valve 102, because the flow-amount
control valve 102 is not operated, the working oil is not
guided to the suction passage 40 through the return pas-
sage 42.
[0049] As shown in FIG. 4(b), in a case where the var-

iable-control-setting flow amount Q3 is set so as to be
higher than the maximum control flow amount of the flow-
amount control valve 102, the discharge flow amount
from the pump cartridge 101 is increased in response to
the increase in the pump rotation speed and reaches the
cracking flow amount of the flow-amount control valve
102. Thus, the upstream-downstream differential pres-
sure of the control orifice 104 reaches a predetermined
value and the flow-amount control valve 102 is operated,
and thereby, the return port 25 is opened. The flow
amount of the working oil that has been discharged from
the pump cartridge 101 is controlled by the flow-amount
control valve 102 so as to achieve the control flow amount
Q2 and the working oil is guided to the hydraulic appa-
ratus 18. In this case, because the variable control valve
103 is in a non-operating state, the cam ring 4 is in the
maximum eccentric state and the discharge capacity of
the pump chambers 6 is maintained in the maximum
state. Therefore, as the pump rotation speed is further
increased, the discharge flow amount from the pump car-
tridge 101 is increased in a manner proportional to the
increase in the pump rotation speed. When the discharge
flow amount from the pump cartridge 101 is increased
and reaches the variable-control-setting flow amount Q3,
the upstream-downstream differential pressure of the
variable orifice 105 reaches a predetermined value.
Thereby, the variable control valve 103 is operated, and
as shown in FIG. 4(b), the discharge flow amount from
the pump cartridge 101 is controlled so as to achieve the
variable-control-setting flow amount Q3 as the constant
discharge flow amount.
[0050] As described above, with the vane pump 200,
because the variable control valve 103 is provided at the
upstream side of the flow-amount control valve 102, as
the pump rotation speed is increased, the discharge flow
amount from the pump cartridge 101 is controlled by the
variable control valve 103 so as to achieve the variable-
control-setting flow amount Q3, and so, the discharge
flow amount does not exceeds the variable-control-set-
ting flow amount Q3. Therefore, a part of the working oil
guided to the flow-amount control valve 102 at the vari-
able-control-setting flow amount Q3 is guided to the suc-
tion passage 40 as the returning flow amount. In other
words, in the vane pump 200, as shown in FIG. 4(b), the
returning flow amount guided to the return passage 42
is a difference between the control flow amount Q2 and
the variable-control-setting flow amount Q3 as the con-
stant discharge flow amount.
[0051] In contrast, in the vane pump 100, as shown in
FIG. 2(a), in a case where the variable-control-setting
flow amount Q3 is set so as to be smaller than the crack-
ing flow amount of the flow-amount control valve 102 by
controlling the amount of current flow to the solenoid,
similarly to the vane pump 200, the flow-amount control
valve 102 is not operated and the working oil is not guided
to the suction passage 40 through the return passage
42. In this case, all of the working oil discharged from the
pump cartridge 101 is guided to the hydraulic apparatus
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18.
[0052] As shown in FIG. 2(b), in a case where the var-
iable-control-setting flow amount Q3 is set so as to be
greater than the maximum control flow amount of the
flow-amount control valve 102, similarly to the vane pump
200, the discharge flow amount from the pump cartridge
101 of the vane pump 100 is increased in response to
the increase in the pump rotation speed and reaches the
cracking flow amount of the flow-amount control valve
102. Thereby, the working oil whose flow amount is con-
trolled by the flow-amount control valve 102 so as to
achieve the control flow amount Q2 is guide to the hy-
draulic apparatus 18. In addition, a part of the working
oil discharged from the pump cartridge 101 through the
return passage 42 is guided to the suction passage 40.
[0053] As described above, in a case where the vari-
able-control-setting flow amount Q3 is set so as to be
greater than the maximum control flow amount of the
flow-amount control valve 102, because the control flow
amount Q2 does not reach the variable-control-setting
flow amount Q3 even when the pump rotation speed is
increased, the variable control valve 103 is not operated
and the cam ring 4 of the pump cartridge 101 is main-
tained in the maximum eccentric state. Therefore, the
discharge capacity of the pump chambers 6 is maintained
in the maximum state, and the discharge flow amount
from the pump cartridge 101 is increased in a manner
proportional to the increase in the pump rotation speed.
Therefore, as shown in FIG. 2(b), the difference between
the discharge flow amount Q 1 of the pump cartridge 101,
in which the discharge capacity of the pump chambers
6 is in the maximum state (the cam ring 4 is in the max-
imum eccentric state), and the control flow amount Q2
can be used as the returning flow amount.
[0054] FIG. 2(c) is a diagram showing a case in which
the variable-control-setting flow amount Q3 is set be-
tween the cracking flow amount of the flow-amount con-
trol valve 102 and the maximum control flow amount. In
this case, until the control flow amount Q2 reaches the
variable-control-setting flow amount Q3, the difference
between the discharge flow amount Q1 of the pump car-
tridge 101, in which the discharge capacity of the pump
chambers 6 is in the maximum state, and the control flow
amount Q2 is guided to the suction passage 40 as the
returning flow amount.
[0055] As the pump rotation speed is increased, the
control flow amount Q2 reaches the variable-control-set-
ting flow amount Q3, and the upstream-downstream dif-
ferential pressure of the variable orifice 105 reaches a
predetermined value, the variable control valve 103 is
operated. Thereby, as shown in FIG. 2(c), even when
the pump rotation speed is increased, the discharge flow
amount from the pump cartridge 101 is controlled so as
to achieve the constant discharge flow amount at which
the discharge flow amount becomes constant. Therefore,
the working oil is guided to the hydraulic apparatus 18 at
the variable-control-setting flow amount Q3, and the dif-
ference between the discharge flow amount Q1 as the

constant discharge flow amount and the variable-control-
setting flow amount Q3 is guided to the return passage
42 as the returning flow amount.
[0056] As described above, with the vane pump 100,
because the variable control valve 103 is operated by
the working oil whose flow amount is controlled by the
flow-amount control valve 102 so as to achieve the con-
trol flow amount Q2, the variable control valve 103 is not
operated until the control flow amount Q2 reaches the
variable-control-setting flow amount Q3, and the amount
of eccentricity of the cam ring 4 is maintained in the max-
imum state. In other words, the discharge capacity of the
pump chambers 6 is maintained at the maximum dis-
charge capacity. Thereby, with the vane pump 100, the
working oil can be discharged from the pump cartridge
101 at the flow amount equal to or greater than the var-
iable-control-setting flow amount Q3 in response to the
increase in the pump rotation speed, and the difference
between the discharge flow amount Q1 and the control
flow amount Q2 can be guided to the suction passage
40 as the returning flow amount. Therefore, with the vane
pump 100, it is possible to secure greater returning flow
amount.
[0057] The variable-control-setting flow amount Q3 is
set on the basis of, for example, the pump rotation speed.
[0058] The setting shown in FIG. 2(a), in which the var-
iable-control-setting flow amount Q3 is set so as to be
smaller than the cracking flow amount of the flow-amount
control valve 102, is used when the pump rotation speed
is low, for example. By reducing the discharge flow
amount from the pump cartridge 101, torque of the vane
pump 100 is reduced, and it is possible to improve a fuel
consumption efficiency of a vehicle.
[0059] The setting shown in FIG. 2(b), in which the var-
iable-control-setting flow amount Q3 is set so as to be
greater than the maximum control flow amount of the
flow-amount control valve 102, is used when the pump
rotation speed is high, for example. By setting the varia-
ble-control-setting flow amount Q3 so as to be greater
than the maximum control flow amount of the flow-
amount control valve 102, it is possible to secure greater
returning flow amount, and so, occurrence of the cavita-
tion can be suppressed when the pump rotation speed
is high.
[0060] When the flow amount guided to the hydraulic
apparatus 18 reaches the required flow amount in re-
sponse to the increase in the pump rotation speed, as
shown in FIG. 2(c), the variable-control-setting flow
amount Q3 may be set between the maximum control
flow amount of the flow-amount control valve 102 and
the cracking flow amount. By setting the variable-control-
setting flow amount Q3 as described above, it is possible
to secure greater returning flow amount while supplying
a constant flow amount to the hydraulic apparatus 18.
Thereby, occurrence of the cavitation is suppressed
when the pump rotation speed is high, and it is possible
to prevent loss of energy caused by guiding the working
oil to the hydraulic apparatus 18 at the flow amount ex-
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ceeding the required amount and to improve the fuel con-
sumption efficiency.
[0061] The settings of the variable-control-setting flow
amount Q3 are not limited to those based on the pump
rotation speed, and the setting may be performed on the
basis of a driving state of a vehicle, an operating state of
the hydraulic apparatus 18, and so forth. For example,
even when the pump rotation speed is low, when a gear
of a vehicle is shifted, the vane pump 100 may be oper-
ated so as to output large torque by setting the variable-
control-setting flow amount Q3 so as to be equal to or
greater than the maximum control flow amount of the
flow-amount control valve 102 and by maintaining the
cam ring 4 in the maximum eccentric state.
[0062] According to the embodiment mentioned
above, the advantages described below are afforded.
[0063] According to the vane pump 100, a part of the
working oil discharged from the pump chambers 6 of the
pump cartridge 101 is guided to the return passage 42
by the flow-amount control valve 102, and the flow
amount of the working oil is controlled so as to achieve
the control flow amount Q2. Thereby, the variable control
valve 103 is operated by the working oil whose control
flow amount is controlled by the flow-amount control
valve 102. When the pump rotation speed is low and the
control flow amount Q2 is smaller than the variable-con-
trol-setting flow amount Q3, the variable control valve
103 is not operated and the discharge capacity of the
pump chambers 6 is maintained in the maximum state.
As described above, because the variable control valve
103 is operated by the working fluid whose flow amount
is controlled by the control flow amount Q2, it is possible
to discharge the working fluid from the pump chambers
6 of the pump cartridge 101 at the flow amount equal to
or greater than the variable-control-setting flow amount
Q3. Therefore, the difference between the discharge flow
amount from the pump chambers 6 that is increased to
the variable-control-setting flow amount Q3 or more in
response to the increase in the pump rotation speed and
the control flow amount Q2 is guided to the return pas-
sage 42. Therefore, it is possible to circulate greater
amount of the working oil through the return passage 42
and to suppress occurrence of the cavitation.
[0064] In addition, by performing the setting such that
the upstream-downstream differential pressure for oper-
ating the variable control valve 103 is generated by pass-
ing the working fluid through the variable orifice 105 of
the vane pump 100 at the flow amount greater than the
cracking flow amount, in other words, by setting the var-
iable-control-setting flow amount Q3 so as to be greater
than the cracking flow amount of the flow-amount control
valve 102, it is possible to operate the flow-amount con-
trol valve 102 before the variable control valve 103 in
response to the increase in the discharge flow amount
Q1 of the pump cartridge 101 due to the increase in the
pump rotation speed. Thereby, it is possible to operate
the variable control valve 103 with the working fluid
whose flow amount is controlled so as to achieve the

control flow amount Q2. Therefore, it is possible to secure
greater returning flow amount by discharging the working
fluid from the pump chambers 6 of the pump cartridge
101 at the flow amount equal to or greater than the var-
iable-control-setting flow amount Q3, and to prevent oc-
currence of the cavitation.
[0065] 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.
[0066] In the above-mentioned embodiment, the
amount of eccentricity of the cam ring 4 with respect to
the rotor 2 is controlled by the pressure difference be-
tween the pressure of the working oil guided to the first
fluid pressure chamber 15 and the pressure of the work-
ing oil guided to the second fluid pressure chamber 16.
In contrast, it may be possible to provide a biasing mem-
ber (for example, a coil spring) that biases the cam ring
4 in the direction in which the amount of eccentricity is
increased. In this case, the amount of eccentricity of the
cam ring 4 is controlled by the biasing force exerted by
the biasing member and the pressure difference between
the first fluid pressure chamber 15 and the second fluid
pressure chamber 16.
[0067] This application claims priority based on Japa-
nese Patent Application No.2015-90303 filed with the Ja-
pan Patent Office on April 27, 2015, the entire contents
of which are incorporated into this specification.

Claims

1. A variable displacement vane pump comprising:

a rotor linked to a driving shaft;
a plurality of vanes provided so as to be able to
reciprocate in a radial direction relative to the
rotor;
a cam ring having an inner circumferential sur-
face on which tip ends of the vanes slide by ro-
tation of the rotor;
pump chambers defined by the rotor, the cam
ring, and pairs of the adjacent vanes;
a suction passage configured to guide working
fluid to the pump chambers;
a first fluid pressure chamber and a second fluid
pressure chamber defined in an outer-circum-
ferential accommodating space on outer side of
the cam ring, the first fluid pressure chamber
and the second fluid pressure chamber being
configured to make the cam ring eccentric with
respect to the rotor by pressure difference be-
tween the first fluid pressure chamber and the
second fluid pressure chamber;
a control restrictor configured to impart resist-
ance to a flow of the working fluid discharged
from the pump chambers;
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a flow-amount control valve operated in accord-
ance with an upstream-downstream differential
pressure of the control restrictor, the flow-
amount control valve being configured to control
flow amount of the working fluid discharged from
the pump chambers;
a variable control valve operated by the working
fluid that has passed through the control restric-
tor, the variable control valve being configured
to control an amount of eccentricity of the cam
ring with respect to the rotor by controlling pres-
sure difference between the first fluid pressure
chamber and the second fluid pressure cham-
ber; and
a return passage connected to the flow-amount
control valve, the return passage being config-
ured to circulate a part of the working fluid dis-
charged from the pump chambers through the
suction passage.

2. The variable displacement vane pump according to
claim 1, further comprising
a variable restrictor capable of changing resistance
imparted to a flow of the working fluid that has passed
through the control restrictor, wherein
the variable control valve is operated in accordance
with the upstream-downstream differential pressure
of the variable restrictor.

3. The variable displacement vane pump according to
claim 2, wherein
an opening area of the variable restrictor is set such
that the upstream-downstream differential pressure
for operating the variable control valve is generated
by allowing the working fluid to pass through the var-
iable restrictor at a flow amount that is greater than
a passing flow amount of the control restrictor for
generating the upstream-downstream differential
pressure for operating the flow-amount control valve.
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