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(54) VANE PUMP

(57) A vane pump 100 includes: the rotor 2 that is
linked to the driving shaft 1; the plurality of slits 7 that are
formed in the rotor 2 in a radiating pattern and have open-
ing in the outer circumference of the rotor 2; the plurality
of vanes 3 that are respectively inserted into the plurality
of slits 7 in a slidable manner; the cam ring 4 that has
the cam face 4a on which the tip-ends of the vanes 3
slide by the rotation of the rotor 2; and the pump chambers
6 that are defined by the rotor 2, the cam ring 4, and a
pair of adjacent vanes 3. The plurality of vanes 3 have
the plurality of first vanes 3a that are formed by applying
the DLC coating on the base material and the second
vanes 3b that are formed such that the base material is
exposed, and the first vanes 3a are respectively inserted
into at least two adjacent slits 7 of the plurality of slits 7.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] JP1999-230057A discloses a vane pump in-
cluding a rotor that is accommodated in a housing and
rotationally driven, vanes that move in a sliding manner
in slits in the rotor, and a cam ring that is arranged at the
outer side of the vanes and forms pump chambers with
the rotor, the vanes, and so forth.

SUMMARY OF INVENTION

[0003] Because working oil has high viscosity and high
viscous resistance in a low-temperature situation, in the
vane pump in the low-temperature situation, the vanes
are prevented from sliding due to the viscous resistance
of the working oil. Therefore, at a starting time of the vane
pump in the low-temperature situation, the pump cham-
bers are not easily defined by the vanes. As described
above, in the low-temperature situation, the starting per-
formance of the vane pump is deteriorated.
[0004] An object of the present invention is to improve
the starting performance of a vane pump.
[0005] According to one aspect of the present inven-
tion, a vane pump includes a rotor linked to a driving
shaft; a plurality of slits formed in the rotor in a radiating
pattern to open in an outer circumference of the rotor; a
plurality of vanes respectively inserted into the plurality
of slits in a slidable manner; 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 the pair of adjacent vanes,
wherein the plurality of vanes have: a plurality of first
vanes formed by applying DLC coating on a base mate-
rial; and a second vane formed such that the base ma-
terial is exposed, and the first vanes are respectively in-
serted into at least two adjacent slits of the plurality of slits.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

[FIG. 1] FIG. 1 is a front view of a vane pump ac-
cording to a first embodiment of the present inven-
tion.
[FIG. 2] FIG. 2 is a sectional view of the vane pump
according to the first embodiment of the present in-
vention.
[FIG. 3] FIG. 3 is a front view of the vane pump ac-
cording to a second embodiment of the present in-
vention.
[FIG. 4] FIG. 4 is a front view of the vane pump ac-
cording to a third embodiment of the present inven-

tion.

DESCRIPTION OF EMBODIMENTS

(First Embodiment)

[0007] An overall configuration of a vane pump 100
according to a first embodiment of the present invention
will be described with reference to FIGs. 1 and 2.
[0008] The vane pump 100 is used as a fluid pressure
source for a fluid pressure apparatus mounted on a ve-
hicle, such as, for example, a power steering apparatus,
a continuously variable transmission, or the like. In this
embodiment, the fixed displacement vane pump 100 us-
ing working oil as working fluid will be described. The
vane pump 100 may also be a variable displacement
vane pump.
[0009] In the vane pump 100, motive force from an
engine (not shown) is transmitted to an end portion of a
driving shaft 1, and a rotor 2 linked to the driving shaft 1
is rotated. The rotor 2 is rotated in the clockwise direction
in FIG. 1.
[0010] As shown in FIGs. 1 and 2, the vane pump 100
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 that accommodates the rotor 2
and has a cam face 4a serving as an inner circumferential
surface on which tip-ends of the vanes 3 slide by rotation
of the rotor 2, a pump body 10 having an accommodating
concave portion 10a for accommodating the cam ring 4,
and a pump cover 11 that is fastened to the pump body
10 to seal the accommodating concave portion 10a. As
shown in FIG. 2, the driving shaft 1 is rotatably supported
by the pump body 10.
[0011] As shown in FIG. 1, in the rotor 2, slits 7 having
openings in an outer circumferential surface of the rotor
2 are formed in a radiating pattern with predetermined
gaps. The vanes 3 are respectively inserted into the slits
7 in a reciprocatable manner. In the slits 7, back pressure
chambers 8 into which discharge pressure is guided are
defined by base-end portions of the vanes 3. In addition,
the adjacent back pressure chambers 8 are communi-
cated with each other by a back pressure groove 8a
formed in the pump cover 11 (see FIG. 2).
[0012] In the vane pump 100, twelve vanes 3 are pro-
vided. The vanes 3 are pushed in the directions in which
the vanes 3 are drawn out from the slits 7 by the pressure
of the working oil guided into the back pressure chambers
8, and tip-end portions of the vanes 3 are brought into
contact with the cam face 4a of the cam ring 4. With such
a configuration, a plurality of pump chambers 6 are de-
fined in the cam ring 4 by the outer circumferential surface
of the rotor 2, the cam face 4a of the cam ring 4, and the
adjacent vanes 3. The configuration of the vanes 3 will
be described in detail later.
[0013] The cam ring 4 is an annular member in which
the cam face 4a on the inner circumference has a sub-
stantially oval shape. The cam ring 4 has suction regions
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4b in which volumes of the pump chambers 6, which are
defined between respective vanes 3 that slide on the cam
face 4a by the rotation of the rotor 2, are increased and
discharge regions 4c in which volumes of the pump
chambers 6 are decreased. As described above, respec-
tive pump chambers 6 are expanded/contracted by the
rotation of the rotor 2. In this embodiment, the cam ring
4 has two suction regions 4b and two discharge regions
4c.
[0014] As shown in FIG. 2, the pump cover 11 is ar-
ranged so as to be in contact with the one side surface
of each of the rotor 2 and the cam ring 4 (upper side
surface in FIG. 2), and a side plate 5 is arranged so as
to be in contact with the other side surface of each of the
rotor 2 and the cam ring 4 (lower side surface in FIG. 2).
The pump cover 11 and the side plate 5 are arranged in
such a manner that both side surfaces of each of the
rotor 2 and the cam ring 4 are sandwiched, and thereby,
the pump chambers 6 are sealed.
[0015] On an end surface 11a of the pump cover 11
on which the rotor 2 slides, the two arc-shaped suction
ports (not shown) are formed so as to respectively open
to the two suction regions 4b of the cam ring 4 (see FIG.
1) in a corresponding manner and to guide the working
oil to the pump chambers 6. In addition, in the pump cover
11, a suction passage (not shown) through which a tank
(not shown) is communicated with the suction ports and
that guides the working oil in the tank into the pump cham-
bers 6 through the suction ports is formed.
[0016] The side plate 5 has two arc-shaped discharge
ports 20 that are formed so as to penetrate through the
side plate 5 and open correspondingly to the discharge
regions 4c of the cam ring 4.
[0017] In the pump body 10, a high-pressure chamber
21 into which the working oil that has been discharged
from the pump chambers 6 in the discharge regions 4c
is guided is formed. The working oil that has been dis-
charged from the pump chambers 6 is guided the high-
pressure chamber 21 through the discharge ports 20 of
the side plate 5. The working oil guided into the high-
pressure chamber 21 is supplied to an external hydraulic
apparatus through a discharge passage (not shown) that
is formed in the pump body 10 and is in communication
with the high-pressure chamber 21.
[0018] In the side plate 5, two arc-shaped back pres-
sure ports 22 that are in communication with the high-
pressure chamber 21 are formed. Each of the back pres-
sure ports 22 communicates with the back pressure
chambers 8. With such a configuration, the working oil
in the high-pressure chamber 21 is guided into the back
pressure chambers 8 through the back pressure ports 22.
[0019] With the vane pump 100, as the rotor 2 is rotat-
ed, the working oil is sucked from the tank to each of the
pump chambers 6 in the suction regions 4b of the cam
ring 4 through the suction ports and the suction passage,
and the working oil is discharged to the outside from each
of the pump chambers 6 in the discharge regions 4c of
the cam ring 4 through the discharge ports 20 and the

discharge passage. As described above, in the vane
pump 100, the working oil is supplied/discharged by ex-
pansion/contraction of the respective pump chambers 6
caused by the rotation of the rotor 2.
[0020] Next, the configurations of the vanes 3 will be
specifically described.
[0021] As shown in FIG. 1, the plurality of vanes 3 have
first vanes 3a that are formed by coating DLC (Diamond
Like Carbon) on a base material and second vanes 3b
that are formed such that the base material is exposed.
A state in which the base material is exposed means a
state in which the DLC coating is not applied over the
entirety of the vane 3 and the surface of the base material
remains exposed as the surface of the vane 3.
[0022] The plurality of vanes 3 have two first vanes 3a
that are respectively inserted into the slits 7, which are
adjacent to each other. Because the first vanes 3a on
which the DLC coating is applied have a superior slida-
bility, the viscous resistance of the working oil has less
effect on the first vanes 3a. Thus, even in the low-tem-
perature situation in which the viscosity and the viscous
resistance of the working oil are high, the first vanes 3a
project out from the slits 7 easily by the rotation of the
rotor 2. Thereby, one pump chamber (hereinafter re-
ferred to as "an initial pump chamber 6a") is defined by
the adjacent first vanes 3a, and the starting performance
of the vane pump 100 in the low-temperature situation is
improved.
[0023] In addition, because the initial pump chamber
6a is defined by the two adjacent first vanes 3a, a part
of the working oil discharged from the initial pump cham-
ber 6a is guided into the back pressure chambers 8
through the high-pressure chamber 21 and the back
pressure ports 22. Thus, the second vanes 3b on which
the DLC coating is not applied are also pushed into the
directions in which the second vanes 3b are drawn out
from the slits 7 by the pressure in the back pressure
chambers 8, and thereby, the second vanes 3b project
out from the slits 7 and define the pump chambers 6. As
described above, because the initial pump chamber 6a
is defined by the two first vanes 3a, it is possible to facil-
itate projection of other vanes 3 (the second vanes 3b)
from the slits 7, and so, it is possible to further improve
the starting performance in the low-temperature situa-
tion.
[0024] Although the first vanes 3a have the superior
slidability, because the DLC coating is applied on the
base material, the cost required for the manufacture is
high. Thus, if all of the plurality of vanes 3 are formed as
the first vanes 3a in order to improve the starting per-
formance of the vane pump 100, the manufacturing cost
of the vane pump 100 is increased.
[0025] In contrast, in the vane pump 100, other ten
vanes 3 than the two first vanes 3a are all formed as the
second vanes 3b. Even there are only two adjacent first
vanes 3a, because the initial pump chamber 6a is defined
by the first vanes 3a at the starting time, the working oil
discharged from the initial pump chamber 6a is guided
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into respective back pressure chambers 8, and the pro-
jection of the second vanes 3b from the slits 7 is facili-
tated. Thereby, the starting performance of the vane
pump 100 is improved sufficiently. Therefore, by forming
only two adjacent vanes 3 of twelve vanes 3 as the first
vanes 3a, it is possible to improve the starting perform-
ance of the vane pump 100 in the low-temperature situ-
ation, and at the same time, it is possible to suppress the
increase in the manufacturing cost of the vane pump 100.
[0026] In addition, by applying the DLC coating, the
wear resistance of the first vanes 3a is also improved.
Thus, the durability of the vane pump 100 is also im-
proved.
[0027] Next, a modification of the above-mentioned
first embodiment will be described.
[0028] In the above-mentioned first embodiment, the
vane pump 100 has the two suction regions 4b and two
discharge regions 4c. Instead of this configuration, the
vane pump 100 may have one or at least three suction
regions 4b and one or at least three discharge regions 4c.
[0029] According to the first embodiment mentioned
above, the advantages described below are afforded.
[0030] In the vane pump 100, because the sliding re-
sistance of the first vanes 3a on which the DLC coating
is applied is small, even in the low-temperature situation,
the first vanes 3a project out from the slits 7 easily by the
centrifugal force caused by the rotation of the rotor 2.
Thus, at the starting time of the vane pump 100, the initial
pump chamber 6a is formed easily by the adjacent first
vanes 3a. Therefore, it is possible to improve the starting
performance of the vane pump 100.
[0031] In addition, in the vane pump 100, because the
initial pump chamber 6a is defined by the two adjacent
first vanes 3a, the working oil is guided into the back
pressure chambers 8 through the high-pressure cham-
ber 21 and the back pressure ports 22, and so, the second
vanes 3b also project out from the slits 7 and define the
pump chambers 6. As described above, because the in-
itial pump chamber 6a is defined by the two first vanes
3a, it is possible to facilitate projection of the second
vanes 3b from the slits 7, and so, it is possible to further
improve the starting performance in the low-temperature
situation.
[0032] In addition, in the vane pump 100, even there
are only two adjacent first vanes 3a, because the initial
pump chamber 6a is defined by the first vanes 3a at the
starting time and the working oil is guided into the re-
spective back pressure chambers 8, the projection of the
second vanes 3b from the slits 7 is facilitated. Therefore,
by forming only two adjacent vanes 3 of twelve vanes 3
as the first vanes 3a, it is possible to improve the starting
performance of the vane pump 100 in the low-tempera-
ture situation, and at the same time, it is possible to sup-
press the increase in the manufacturing cost of the vane
pump 100.

(Second Embodiment)

[0033] Next, a vane pump 200 according to a second
embodiment of the present invention will be described
with reference to FIG. 3. In the following, differences from
the above-mentioned first embodiment will be mainly de-
scribed, and components that are the same as those in
the vane pump 100 in the above-mentioned first embod-
iment are assigned the same reference numerals and
descriptions thereof will be omitted.
[0034] In the above-mentioned first embodiment, the
two adjacent first vanes 3a are provided, and all the vanes
3 other than the first vanes 3a are formed as the second
vanes 3b. Instead of employing this configuration, the
vane pump 200 differs from that in the above-mentioned
first embodiment in that three first vanes 3a are provided.
[0035] As shown in FIG. 3, the vane pump 200 has
three first vanes 3a and nine second vanes 3b.
[0036] The three first vanes 3a are arranged side by
side in a consecutive manner, and two initial pump cham-
bers 6a are respectively defined between the first vanes
3a.
[0037] According to the second embodiment men-
tioned above, the advantages described below are af-
forded.
[0038] In the vane pump 200, similarly to the vane
pump 100, because the sliding resistance of the first
vanes 3a on which the DLC coating is applied is small,
even in the low-temperature situation, the first vanes 3a
project out from the slits 7 easily by the centrifugal force
caused by the rotation of the rotor 2. Thus, at the starting
time of the vane pump 200, the initial pump chambers
6a are formed easily by the consecutive three first vanes
3a. Therefore, it is possible to improve the starting per-
formance of the vane pump 200.
[0039] In addition, in the vane pump 200, similarly to
the vane pump 100, because the initial pump chambers
6a are each defined by the two adjacent first vanes 3a,
the working oil is guided into the back pressure chambers
8 through the high-pressure chamber 21 and the back
pressure ports 22, and thereby, the second vanes 3b
also project out from the slits 7 and form the pump cham-
bers. As described above, because two initial pump
chambers 6a are defined by the three first vanes 3a, it is
possible to facilitate projection of the second vanes 3b
from the slits 7, and so, it is possible to further improve
the starting performance in the low-temperature situa-
tion.
[0040] In addition, in the vane pump 200, even at the
starting time, the first vanes 3a project out from the slits
7 easily, and the projected first vanes 3a are pushed back
into the slits 7 as they enter the discharge regions 4c. By
the first vanes 3a that are pushed back into the slits 7,
the working oil in the back pressure chambers 8 defined
by these first vanes 3a is guided into the back pressure
chambers 8 in the adjacent suction regions 4b through
the back pressure groove 8a. Thereby, it is possible to
further facilitate projection of the vanes 3 in the suction
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regions 4b.
[0041] In addition, in the vane pump 200, because two
initial pump chambers 6a are defined, it is possible to
increase the flowing amount of the working oil guided
into the back pressure chambers 8 at the starting time.
Thus, it is possible to allow the second vanes 3b to project
out from the slits 7 with high reliability, and it is possible
to further improve the starting performance of the vane
pump 200.

(Third Embodiment)

[0042] Next, a vane pump 300 according to a third em-
bodiment of the present invention will be described with
reference to FIG. 4. In the following, differences from the
above-mentioned second embodiment will be mainly de-
scribed, and components that are the same as those in
the vane pump 200 in the above-mentioned second em-
bodiment are assigned the same reference numerals and
descriptions thereof will be omitted.
[0043] In the above-mentioned second embodiment,
two initial pump chambers 6a are defined by the consec-
utive three first vanes 3a arranged side by side. Instead
of employing this configuration, the vane pump 300 dif-
fers from that in the above-mentioned second embodi-
ment in that the two initial pump chambers 6a are defined
by four first vanes 3a.
[0044] As shown in FIG. 4, in the vane pump 300, the
vanes 3 have four first vanes 3a and eight second vanes
3b.
[0045] In the vane pump 300, the four first vanes 3a
are arranged such that pairs of the adjacent first vanes
3a face against each other with the center of the rotor 2
located therebetween. In other words, one initial pump
chamber 6a is defined by two adjacent first vanes 3a,
and two initial pump chambers 6a that face against each
other with the center of the rotor 2 located therebetween
are defined by the four first vanes 3a.
[0046] According to the above-mentioned third embod-
iment, in addition to the advantages similar to those of-
fered by the above-mentioned second embodiment, the
advantages described below are afforded.
[0047] In the vane pump 300, in a case where, in par-
ticular, the rotor 2 is provided such that the central axis
thereof is inclined from the vertical direction, a state in
which a part of the vanes 3 are moved downward in the
vertical direction due to the gravitational force and are
brought into contact with the cam face 4a (a state in which
the vanes 3 are projected out from the slits 7) may be
maintained even when the operation is stopped. In the
vane pump 300, because the two initial pump chambers
6a that face against each other with the center of the
rotor 2 located therebetween are defined, when the op-
eration is stopped, as compared with the case in the vane
pumps 100 and 200 according to the first and second
embodiments, the first vanes 3a are more likely to be
located at the position where a state in which the first
vanes 3a are projected out from the slits 7 is achieved

(in particular, at the lower portion in the vertical direction).
Therefore, in the vane pump 300, even when the oper-
ation is stopped, the initial pump chamber 6a is likely to
be defined, and it is possible to further improve the start-
ing performance.
[0048] The configurations, operations, and effects of
the embodiment of the present invention will be collec-
tively described below.
[0049] The vane pumps 100, 200, and 300 include: the
rotor 2 that is linked to the driving shaft 1; the plurality of
slits 7 that are formed in the rotor 2 in a radiating pattern
and have opening in the outer circumference of the rotor
2; the plurality of vanes 3 that are respectively inserted
into the plurality of slits 7 in a slidable manner; the cam
ring 4 that has the cam face 4a on which the tip-ends of
the vanes 3 slide by the rotation of the rotor 2; and the
pump chambers 6 that are defined by the rotor 2, the cam
ring 4, and a pair of adjacent vanes 3. The plurality of
vanes 3 have the plurality of first vanes 3a that are formed
by applying the DLC coating on the base material and
the second vanes 3b that are formed such that the base
material is exposed, and the first vanes 3a are respec-
tively inserted into at least two adjacent slits 7 of the plu-
rality of slits 7.
[0050] With this configuration, because the sliding re-
sistance of the first vanes 3a on which the DLC coating
is applied is small, even in the low-temperature situation,
the first vanes 3a project out from the slits 7 easily by the
centrifugal force caused by the rotation of the rotor 2.
Thus, at the starting time of the vane pumps 100, 200,
and 300, the initial pump chamber 6a is formed easily by
the adjacent first vanes 3a. Therefore, the starting per-
formance of the vane pumps 100, 200, and 300 is im-
proved.
[0051] In addition, the vane pumps 100, 200, and 300
further include the back pressure chambers 8 that are
defined in the slits 7 by the base-end portions of the vanes
3 and into which the working oil discharged from the pump
chambers 6 is guided.
[0052] With this configuration, because the initial pump
chamber 6a is defined by the two adjacent first vanes 3a,
the working oil is guided into the back pressure chambers
8, and the second vanes 3b also project out from the slits
7 by the pressure of the working oil in the back pressure
chambers 8 and define the pump chambers 6. As de-
scribed above, because the initial pump chamber 6a is
defined by the two first vanes 3a, it is possible to facilitate
projection of the second vanes 3b from the slits 7, and
so, it is possible to further improve the starting perform-
ance in the low-temperature situation.
[0053] In addition, in the vane pump 100, the plurality
of vanes 3 have two first vanes 3a.
[0054] With this configuration, even there are only two
adjacent first vanes 3a, because the initial pump chamber
6a is defined by the first vanes 3a at the starting time and
the working oil is guided into the respective back pressure
chambers 8, the projection of the second vanes 3b from
the slits 7 is facilitated. Therefore, by forming only two
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adjacent vanes 3 of the plurality of vanes 3 as the first
vanes 3a, it is possible to improve the starting perform-
ance of the vane pump 100 in the low-temperature situ-
ation, and at the same time, it is possible to suppress the
increase in the manufacturing cost of the vane pump 100.
[0055] In addition, the vane pump 200 has three first
vanes 3a, and the three first vanes 3a are arranged side
by side in a consecutive manner.
[0056] With this configuration, because two initial
pump chambers 6a are defined, at the starting time, it is
possible to increase the flowing amount of the working
oil guided into the back pressure chambers 8. Thus, it is
possible to allow the second vanes 3b to project out from
the slits 7 with high reliability, and thereby, it is possible
to further improve the starting performance of the vane
pumps 200 and 300.
[0057] In addition, the vane pump 300 has four first
vanes 3a, and the four first vanes 3a are arranged such
that the pairs of the adjacent first vanes 3a face against
each other with the center of the rotor 2 located therebe-
tween.
[0058] With this configuration, because the pairs of the
adjacent first vanes 3a are arranged so as to face against
each other with the center of the rotor 2 located therebe-
tween, even when the operation of the vane pump 300
is stopped, it is likely that the first vanes 3a are located
at the lower portion of the rotor 2 in the vertical direction
and the initial pump chamber 6a is defined. Therefore, it
is possible to further improve the starting performance
of the vane pump 300.
[0059] 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.
[0060] This application claims priority based on Japa-
nese Patent Application No.2015-191667 filed with the
Japan Patent Office on September 29, 2015, the entire
contents of which are incorporated into this specification.

Claims

1. A vane pump comprising:

a rotor linked to a driving shaft;
a plurality of slits formed in the rotor in a radiating
pattern to open in an outer circumference of the
rotor;
a plurality of vanes respectively inserted into the
plurality of slits in a slidable manner;
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 the pair of adjacent vanes,
wherein the plurality of vanes have:

a plurality of first vanes formed by applying
DLC coating on a base material; and
a second vane formed such that the base
material is exposed, and
the first vanes are respectively inserted into
at least two adjacent slits of the plurality of
slits.

2. The vane pump according to claim 1, further com-
prising
back pressure chambers into which working fluid dis-
charged from the pump chamber is guided, the back
pressure chambers being defined in the slits by
base-end portions of the vanes.

3. The vane pump according to claim 1, wherein
the plurality of vanes have the two first vanes.

4. The vane pump according to claim 1, wherein
the plurality of vanes have the three first vanes, and
the three first vanes are arranged side by side in a
consecutive manner.

5. The vane pump according to claim 1, wherein
the plurality of vanes have the four first vanes, and
the four first vanes are arranged such that pairs of
the adjacent first vanes face against each other with
a center of the rotor located therebetween.
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