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Description
TECHNICAL FIELD

[0001] This disclosure relates to an oil pump, and par-
ticularly relates to an oil pump including an inner rotor
and an outer rotor.

BACKGROUND DISCUSSION

[0002] Intherelated art, an oil pump including an inner
rotor and an outer rotor is known (for example, refer to
JP 2008-308991A).

[0003] JP 2008-308991A discloses a pump (oil pump)
including a driving motor (inner rotor) and a driven motor
(outer rotor). The pump disclosed in JP 2008-308991A
includes a housing that houses the driving motor and the
driven motor. Here, the pump disclosed in JP
2008-308991A is located at a position eccentric as much
as a predetermined amount from the driving motor.
[0004] The pump disclosed in JP 2008-308991A in-
cludes a plurality of external teeth and a recessed groove
formed in a tooth bottom between the plurality of external
teeth. The pump disclosed in JP 2008-308991A includes
aplurality ofinternal teeth which respectively engage with
the plurality of external teeth. The pump disclosed in JP
2008-308991 A has an inter-tooth space formed by the
plurality of external teeth and the plurality of internal teeth.
The housing disclosed in JP 2008-308991A has a suction
port that supplies oil to the inter-tooth space and a dis-
charge portthatdischarges the oil of the inter-tooth space
outside the inter-tooth space. In the housing disclosed in
JP 2008-308991A, a through-hole through the recessed
groove of the inter-tooth space and an outside area of
the housing communicate with each other is formed clos-
er to the discharge port side than a maximum volume
position of the inter-tooth space disposed between the
suction port and the discharge port.

[0005] The pump disclosed in JP 2008-308991A is
configured so that a bubble contained in the oil inside the
inter-tooth space is discharged outside the housing by
the recessed groove and the through-hole. In detail, ac-
cording to the pump disclosed in JP 2008-308991A, a
centrifugal force generated by rotating the driving motor
is used so that the bubble contained in the oil is collected
on a tooth bottom portion side of the inter-tooth space.
According to the pump disclosed in JP 2008-308991A,
a volume of the inter-tooth space is reduced than a vol-
ume at the maximum volume position of the inter-tooth
space, and the inter-tooth space is set to have positive
pressure. In this manner, the bubble contained in the oil
collected on the tooth bottom side of the inter-tooth space
is discharged outside the housing after passing passes
through the recessed groove and the through-hole. Ac-
cording to the pump disclosed in JP 2008-308991A, the
inter-tooth space has negative pressure at the maximum
volume position of the inter-tooth space.

[0006] Here, according to the pump disclosed in JP
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2008-308991A, the inter-tooth space at the maximum
volume position of the inter-tooth space has the negative
pressure. Accordingly, the oil flows toward the inter-tooth
space at the maximum volume position from the inter-
tooth space closer to the suction port side than the max-
imum volume position. According to the pump disclosed
in JP 2008-308991A, the inter-tooth space at the maxi-
mum volume position has the negative pressure, and the
inter-tooth space closer to the discharge port side than
the maximum volume position has the positive pressure.
Accordingly, the oil flowing from the inter-tooth space
closer to the discharge port side than the maximum vol-
ume position flows toward the inter-tooth space at the
maximum volume position.

[0007] According to the pump disclosed in JP
2008-308991A, due to the oil flowing toward the inter-
tooth space at the maximum volume position, the bubble
collected inward in a radial direction of the driving motor
inside the inter-tooth space at the maximum volume po-
sition is diffused (scattered). In this case, the bubble col-
lected inward in the radial direction is less likely to be
discharged outside the housing. Therefore, according to
the pump disclosed in JP 2008-308991A, it is desirable
to improve bubble removal capability inside the inter-
tooth space (pump chamber) as follows. The bubble in
the inter-tooth space at the maximum volume position
needs to be prevented from being diffused. The bubble
contained in the oil collected on the tooth bottom portion
side of the inter-tooth space needs to be easily dis-
charged outside the housing from the recessed groove
and the through-hole.

[0008] Thus, a need exists for an oil pump capable of
improving the bubble removal capability inside the pump
chamber.

SUMMARY

[0009] An oil pump according to an aspect of this dis-
closure includes an inner rotor having a plurality of ex-
ternal teeth, an outer rotor having a plurality of internal
teeth that engage with the plurality of external teeth of
the inner rotor, a housing that houses the inner rotor and
the outer rotor, a suction port thatis formed in the housing
and guides oil into a pump chamber formed by the plu-
rality of external teeth and the plurality of internal teeth,
adischarge port that is formed in the housing and guides
the oil to outside the pump chamber, and a discharge
passage through which the pump chamber and an out-
side area of the housing communicate with each other
and that discharges a bubble contained in the oil inside
the pump chamber to the outside area of the housing. A
bubble accommodation portion having a recess shape
recessed to a side in a rotation direction of the inner rotor
is formed in a side surface portion of each of the plurality
of external teeth on a side in an opposite direction of the
rotation direction of the inner rotor.

[0010] In the oil pump according to the aspect of this
disclosure, as described above, the bubble accommo-
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dation portion having the recess shape recessed to the
side in the rotation direction of the inner rotor is formed
in the side surface portion of each of the plurality of ex-
ternal teeth on the side in the opposite direction of the
rotation direction of the inner rotor. Here, when the inner
rotor and the outer rotor rotationally move the pump
chamber, the oil having higher specific gravity than the
bubble inside the pump chamber is moved outward in
the radial direction of the inner rotor due to a centrifugal
force. Accordingly, the bubble contained in the oil is col-
lected inward the radial direction of the inner rotor inside
the pump chamber. The oil vigorously and linearly flows
into the pump chamber at a maximum volume position
from the positive pressure pump chamber closer to the
discharge port side than the maximum volume position.
In this manner, a flow of the oil flowing from the negative
pressure pump chamber closer to the suction port side
than the maximum volume position diverges into an out-
ward flow of the oil and an inward flow of the oil in the
radial direction of the rotor along an inner surface of the
pump chamber. Out of these flows, the inward flow of the
oil in the radial direction of the inner rotor is used. The
bubble collected inward in the radial direction of the inner
rotor inside the pump chamber can be accommodated
and stored in the bubble accommodation portion dis-
posed on a side surface on the side in the opposite di-
rection of the rotation direction of the external teeth. As
aresult, the bubble can be prevented from being diffused
(scattered) in the pump chamber by accommodating and
storing the bubble in the bubble accommodation portion
at the maximum volume position. Accordingly, bubble
removal capability inside the pump chamber can be im-
proved, compared to a case where the bubble is diffused
in the pump chamber.

[0011] In the oil pump according to the aspect, it is
preferable that the discharge passage includes a dis-
charge hole disposed in a tooth bottom portion between
the external teeth of the inner rotor or in a portion of the
housing which corresponds to the tooth bottom portion,
and the bubble accommodation portion is disposed to
extend to a position at which the bubble accommodation
portion communicates with the discharge hole in a radial
direction of the inner rotor.

[0012] According to this configuration, the bubble ac-
commodation portion and the discharge hole can directly
communicate with each other. Accordingly, the bubble
contained in the oil inside the pump chamber can be
smoothly discharged outside the housing via the dis-
charge hole. As a result, the bubble removal capability
inside the pump chamber can be further improved.
[0013] Inthis case, itis preferable that, in an extending
direction of a rotation axis of the inner rotor, a depth of
the bubble accommodation portion on a discharge hole
side is shallower than a depth of the bubble accommo-
dation portion on a side opposite to the discharge hole.
[0014] According to this configuration, the bubble in-
side the bubble accommodation portion can be easily
guided to aregion close to the discharge hole by a shallow
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portion of the bubble accommodation portion on the dis-
charge hole side. As a result, the bubble contained in the
oilinside the pump chamber can be efficiently discharged
outside the housing via the discharge hole. Accordingly,
the bubble removal capability inside the pump chamber
can be further improved.

[0015] In the oil pump including the bubble accommo-
dation portion that communicates with the discharge
hole, it is preferable that the discharge hole is disposed
in a portion of the housing which corresponds to the tooth
bottom portion, when viewed in the rotation direction of
the innerrotor, the bubble accommodation portionis con-
figured to close a portion of the side surface portion of
the external teeth on a side opposite to the discharge
hole, and open a portion of the side surface portion of
the external teeth on the discharge hole side, and the
bubble accommodation portion and the discharge hole
communicate with each other in an extending direction
of a rotation axis of the inner rotor.

[0016] According to this configuration, out of the side
surface portion of the external teeth, the portion on the
side opposite to the discharge hole is closed. In this man-
ner, it is possible to secure a thickness in the rotation
direction in the external teeth of the inner rotor. In this
manner, strength of the external teeth can be prevented
from being weakened due to the bubble accommodation
portion disposed in the external teeth. Out of the side
surface portion of the external teeth, the portion on the
discharge hole side is opened. In this simple manner, the
bubble accommodation portion and the discharge hole
can communicate with each other in the extending direc-
tion of the rotation axis of the inner rotor. As a result, the
strength of the external teeth can be prevented from be-
ing weakened due to the bubble accommodation portion
disposed in the external teeth, and a simple configuration
enables the bubble accommodation portion and the dis-
charge hole to communicate with each other.

[0017] In this case, it is preferable that, in the radial
direction of the inner rotor, an end portion of the bubble
accommodation portion on the discharge hole side is
flush with an end portion of the discharge hole on the
rotation axis side, or is located closer to the rotation axis
side than the end portion of the discharge hole on the
rotation axis side.

[0018] Accordingtothis configuration, awhole opening
of the discharge hole on the bubble accommodation por-
tion side can communicate with the bubble accommoda-
tion portion. Accordingly, the bubble contained in the oil
inside the pump chamber can be smoothly discharged
outside the housing via the discharge hole.

[0019] In the oil pump according to the aspect, it is
preferable that, the bubble accommodation portion is dis-
posed at a position of the side surface portion of each of
the external teeth of the inner rotor, which is capable of
accommodating the bubble flowing due to a flow of the
oil leaking and flowing in the rotation direction from an
inter-tooth space between the internal teeth of the outer
rotor and the external teeth of the inner rotor.
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[0020] According to this configuration, the bubble ac-
commodation portion can be disposed at a more optimal
position. Accordingly, a larger amount of the bubbles can
be accommodated in the bubble accommodation portion
by using the flow of the oil inside the pump chamber at
the maximum volume position formed by the flow of the
oil of the pump chamber closer to the suction port side
than the maximum volume position and the flow of the
oil of the pump chamber closer to the discharge port side
than the maximum volume position.

[0021] According to the aspect of this disclosure, it is
conceivable that the oil pump according to the aspect
adopts the following configuration.

Supplementary Configuration 1

[0022] Thatis, in the oil pump according to the aspect,
the outer end portion of the bubble accommodation por-
tion is located inward of each outer end portion of the
plurality of external teeth in the radial direction of the inner
rotor.

[0023] According to this configuration, the bubble flow-
ing to the pump chamber from the bubble accommoda-
tion portion can be blocked by the outer end portion of
the bubble accommodation portion in the radial direction
of the inner rotor. Accordingly, a larger amount of the
bubbles can be collected inside the bubble accommoda-
tion portion.

[0024] In the oil pump according to the aspect, when
viewed in the extending direction of the rotation axis of
the inner rotor, the bubble accommodation portion has
an arc recess shape.

[0025] According to this configuration, the bubble can
smoothly flow along an arc-shaped surface from the bub-
ble accommodation portion to the discharge hole. Ac-
cordingly, the bubble contained in the oil inside the pump
chamber can be smoothly discharged outside the hous-
ing via the discharge hole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

Fig. 1 is a perspective view illustrating a state where
a cover is removed from an oil pump according to a
first embodiment;

Fig. 2 is a plan view illustrating a state where the
cover is removed from the oil pump according to the
first embodiment;

Fig. 3 is an enlarged view illustrating a state of a first
closing process in the oil pump according to the first
embodiment;

Fig. 4 is a sectional view in which a cross section
taken along line 100-100 in Fig. 3 is partially omitted;
Fig. 5 is an enlarged view illustrating a state of a
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compression process in the oil pump according to
the first embodiment;

Fig. 6 is an enlarged view illustrating a state of a
bubble discharge process in the oil pump according
to the first embodiment;

Fig. 7 is sectional view in which a cross section taken
along line 110-110 in Fig. 6 is partially omitted;

Fig. 8A is a plan view of a suction process of the oil
pump according to the first embodiment;

Fig. 8B is aplan view illustrating the first closing proc-
ess ofthe oil pump according to the firstembodiment;
Fig. 9A is a plan view illustrating the compression
process of the oil pump according to the first embod-
iment;

Fig. 9Bis a planview illustrating the bubble discharge
process of the oil pump according to the first embod-
iment;

Fig. 10A is a plan view illustrating a second closing
process of the oil pump according to the first embod-
iment;

Fig. 10B is a plan view illustrating a discharge proc-
ess ofthe oil pump according to the firstembodiment;
Fig. 11 is a plan view illustrating a state where a
cover is removed from an oil pump according to a
second embodiment;

Fig. 12 is an enlarged view illustrating a state of a
bubble discharge process in the oil pump according
to the second embodiment;

Fig. 13 is a sectional view in which a cross section
taken along line 200-200 in Fig. 12 is partially omit-
ted;

Fig. 14A is a plan view of a suction process of the
oil pump according to the second embodiment;

Fig. 14B is a plan view illustrating a first closing proc-
ess of the oil pump according to the second embod-
iment;

Fig. 15A is a plan view illustrating the compression
process of the oil pump according to the first embod-
iment;

Fig. 15B is a plan view illustrating the bubble dis-
charge process of the oil pump according to the first
embodiment;

Fig. 16Ais a plan view illustrating the second closing
process of the oil pump according to the first embod-
iment;

Fig. 16B is a plan view illustrating the discharge proc-
ess of the oil pump according to the firstembodiment;
Fig. 17A is a sectional view corresponding to the
cross section taken along line 110-110 in Fig. 6 in
an oil pump according to a first modification example;
Fig. 17B is a sectional view corresponding to the
cross section taken along line 110-110 in Fig. 6 in
the oil pump according to the first modification ex-
ample;

Fig. 18A is a sectional view corresponding to the
cross section taken along line 110-110 in Fig. 6 in
an oil pump according to a second modification ex-
ample;



7 EP 3 667 085 A1 8

Fig. 18B is a sectional view corresponding to the
cross section taken along line 110-110 in Fig. 6 in
the oil pump according to the second modification
example; and

Fig. 19is a sectional view corresponding to the cross
section taken along line 200-200 in Fig. 12 in an oil
pump according to a third modification example.

DETAILED DESCRIPTION

[0027] Hereinafter, embodiments disclosed here will
be described with reference to the drawings.

First Embodiment

[0028] Referring to Figs. 1 to 7, a configuration of a
vehicle oil pump 1 according to a first embodiment will
be described.

Configuration of Oil Pump

[0029] Asillustratedin Fig. 1, the oil pump 1is mounted
on an automobile (not illustrated) including an engine.
The oil pump 1 is configured so that oil A (lubricating oil)
inside an oil pan is drawn to be supplied (pumped) to a
periphery of a piston of the engine, a movable unit (sliding
unit) such as a crankshaft, and a hydraulic device (hy-
draulic drive unit) such as a variable valve mechanism.
The oil pump 1is an inscribed gear type pump (trochoidal
type pump).

[0030] The oil pump 1 includes a housing 2, a suction
port 3, a discharge port 4, a shaft 5, an inner rotor 6, an
outer rotor 7, and a discharge passage 8 (refer to Fig.
2). Here, an extending direction of a rotation axis C of
the shaft 5 will be referred to as an X-direction, one side
in the X-direction will be referred to as an X1-direction,
and the other side in the X-direction will be referred to as
an X2-direction. A rotation direction around a rotation axis
of the shaft 5 will be referred to as a rotation direction R.
A radial direction of the inner rotor 6 will be referred to
as a radial direction Rd.

[0031] The housing 2 is configured to house the inner
rotor 6 and the outer rotor 7. Specifically, the housing 2
includes a body 21 and a cover 22. The body 21 and the
cover 22 are arranged adjacent to each other in the X-
direction. Specifically, the body 21 and the cover 22 are
assembled to be in surface contact with each other in the
X-direction. The oil pump 1 has a rotor housing space 23
for housing the inner rotor 6 and the outer rotor 7, which
is formed by assembling the body 21 and the cover 22
to each other.

[0032] A suction port 3 is formed in the housing 2, and
is configured to guide the oil A into a pump chamber S
formed by a plurality of external teeth 6a (to be described
later) and a plurality of internal teeth 7a (to be described
later). That is, the suction port 3 has a function as a guid-
ance passage for guiding the oil A suctioned into the oil
pump 1 to the pump chamber S. A discharge port 4 is
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formed in the housing 2, and is configured to guide the
oil A outside the pump chamber S. That is, the discharge
port 4 has a function as a deriving passage for guiding
the oil A inside the pump chamber S outside the oil pump
1. Both the suction port 3 and the discharge port 4 are
disposed across the body 21 and the cover 22.

[0033] The shaft 5 is rotatably attached to the housing
2 in the rotation direction R. The shaft 5 has a cylindrical
shape extending in the X-direction. The shaft 5 is rota-
tionally driven by receiving a rotational driving force
(torque) from a crankshaft via a belt (not illustrated) at-
tached to any end portion of the shaft 5 in the X-direction,
thereby rotationally driving the inner rotor 6. The shaft 5
is inserted (fitted) into the inner rotor 6 by means of press
fitting, and rotates the inner rotor 6 in synchronization
therewith.

Configuration of Inner Rotor and Outer Rotor

[0034] As illustrated in Fig. 2, the inner rotor 6 is con-
figured to rotate the outer rotor 7 by rotating around a
rotation center axis C eccentric from a rotation center
axis of the outer rotor 7. That is, a portion of the inner
rotor 6 engages with a portion of the outer rotor 7. Spe-
cifically, the inner rotor 6 includes the plurality of external
teeth 6a. The outer rotor 7 has the plurality of internal
teeth 7arespectively engaging with the plurality of exter-
nal teeth 6a of the inner rotor 6. The external teeth 6a of
the inner rotor 6 are arranged inside the outer rotor 7 so
as to internally engage with the internal teeth 7a of the
outer rotor 7. The number of the external teeth 6a in the
inner rotor 6 is one less than the number of the internal
teeth 7a in the outer rotor 7.

[0035] If the inner rotor 6 is rotated in the rotation di-
rection R, the outerrotor 7 is rotated in the same direction.
During the rotation, the external teeth 6a of the inner rotor
6 and the internal teeth 7a of the outer rotor 7 mesh with
each other on a side where a distance is short between
the inner rotor 6 and the outer rotor 7. The number of the
external teeth 6a is one less than the number of the in-
ternal teeth 7a. Accordingly, on a side where the distance
is long, the external teeth 6a and the internal teeth 7a do
not mesh with each other, thereby forming a gap (pump
chamber S) between the external teeth 6a and the inter-
nal teeth 7a.

[0036] The inner rotor 6 and the outer rotor 7 fulfill a
pump function by rotationally moving the pump chamber
S in the rotation direction R to expand and contract the
pump chamber S. Therefore, the oil A flows into the pump
chamber S from the suction port 3, as a volume of the
pump chamber S expands. In this case, pressure inside
the pump chamber S decreases (has negative pressure).
The oil A flows out to the discharge port 4 from the pump
chamber S, as the volume of the pump chamber S con-
tracts. Inthis case, the pressure inside the pump chamber
S increases (has positive pressure). Here, in the pump,
as the volume of the pump chamber S expands or con-
tracts, a plurality of processes are performed from a suc-
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tion process (Fig. 8A) in which the oil A is suctioned into
the pump chamber S to a discharge process (Fig. 10B)
in which the oil A inside the pump chamber S is dis-
charged.

[0037] The plurality of processes include a suction
process (refer to Fig. 8A), a first closing process (refer
to Fig. 8B), a compression process (refer to Fig. 9A), a
bubble discharge process (refer to Fig. 9B), a second
closing process (refer to Fig. 10A), and a discharge proc-
ess (refer to Fig. 10B). In the suction process and the
first closing process, the pressure inside the pump cham-
ber S is the negative pressure. In the compression proc-
ess, the bubble discharge process, the second closing
process, and the discharge process, the pressure inside
the pump chamber S is the positive pressure.

[0038] When the inner rotor 6 and the outer rotor 7
rotationally move the pump chamber S in the rotation
direction R, the oil A having a higher specific gravity than
the bubble B (air) is moved outward in the radial direction
Rd due to a centrifugal force P, inside the pump chamber
S. That is, when the oil pump 1 is driven, the bubble B
contained in the oil A is collected inward (on the shaft 5
side) in the radial direction Rd inside the pump chamber
S.

Bubble Accommodation Portion and Discharge Hole

[0039] As illustrated in Fig. 3, the inner rotor 6 accord-
ing to the first embodiment is configured to collect the
bubble B contained in the oil A by using a flow of the oil
A inside the pump chamber S during a first closing proc-
ess (process between the suction process and the com-
pression process).

[0040] The flow of the oil A inside the pump chamber
S in the first closing process will be described.

[0041] In the oil pump 1, pressure inside the pump
chamber S at a first closing position W2 is negative pres-
sure. Here, the first closing position W2 is a maximum
volume position of the pump chamber S. Therefore, the
oil A inside the pump chamber S (pump chamber S at a
suction position W1) closer to the suction port 3 side than
the first closing position W2 flows into the pump chamber
S at the first closing position W2 from a gap between the
internal teeth 7a and the external teeth 6a on the suction
port 3 side in the pump chamber S at the first closing
position W2. The oil A inside the pump chamber S (pump
chamber S at compression position W3) closer to the
discharge port 4 side than the first closing position W2
flows into the pump chamber S at the first closing position
W2 from a gap between the internal teeth 7a and the
external teeth 6a on the discharge port 4 side in the pump
chamber S at the first closing position W2. Here, the
pump chamber S on the discharge port4 side has positive
pressure. Accordingly, the oil A flowing from the pump
chamber S closer to the discharge port side than the first
closing position W2 is ejected. As a result, due to the oll
A ejected from the pump chamber S closer to the dis-
charge port side than the first closing position W2, the oll
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A flowing from the pump chamber S closer to the suction
port 3 side than the first closing position W2 diverges into
an outward diverging flow F1 and an inward diverging
flow F2.

[0042] That is, in the first closing process, the inner
rotor 6 is configured so that the bubble B contained in
the oil A collected inward (on the shaft 5 side) in the radial
direction Rd inside the pump chamber S is not diffused
by the inward diverging flow F2. Here, the inward diverg-
ing flow F2 is the flow of the oil A inside the pump chamber
S for collecting the bubble B contained in the oil A.
[0043] Specifically, a bubble accommodation portion
61 having a recess shape recessed to a side in the rota-
tion direction R of the inner rotor 6 is formed in a side
surface portion 64 (hereinafter, referred to as a first side
surface portion 64) of the plurality of external teeth 6a on
a side in an opposite direction of the rotation direction R
of the inner rotor 6. The bubble accommodation portion
61 is formed in a pocket shape for collecting the bubble
B contained in the oil A. Specifically, the bubble accom-
modation portion 61 has an arc recess shape when
viewed in an extending direction (X-direction) of the ro-
tation axis C of the inner rotor 6. Here, an outer end por-
tion 61a of the bubble accommodation portion 61 in the
radial direction Rd extends from the first side surface
portion 64 along the rotation direction R. The inner side
of the outer end portion 61a in the radial direction Rd is
curved toward a side in the opposite direction of the ro-
tation direction R as the inner side faces inward in the
radial direction Rd.

[0044] The bubble accommodation portion 61 is dis-
posed at a position of the first side surface portion 64 of
the inner rotor 6, which is capable of accommodating the
bubble B flowing due to the oil A leaking and flowing along
the rotation direction R from aninter-tooth space between
the internal teeth 7a of the outer rotor 7 and the external
teeth 6a of the inner rotor 6. That is, the bubble accom-
modation portion 61 is disposed in a bubble collection
region CR capable of collecting the bubble B contained
in the oil A flowing due to the inward diverging flow F2.
Specifically, the outer end portion 61a in the radial direc-
tion Rd is located inside each outer end portion 63 of the
plurality of external teeth 6a. An inner end portion in the
radial direction Rd is located inside each tooth bottom
portion 62 of the plurality of external teeth 6a in the radial
direction Rd. It is more preferable that the outer end por-
tion 61a in the radial direction Rd of the external teeth 6a
of the inner rotor 6 is located inside each central position
in the radial direction Rd of the plurality of external teeth
6a.

[0045] The bubble accommodation portion 61 is con-
figured to block the bubble B flowing due to the inward
diverging flow F2. That is, the bubble accommodation
portion 61 is configured to collect the bubble B internally
flowing due to the inward diverging flow F2. Specifically,
the bubble accommodation portion 61 is formed in ablind
alley (tapered) shape in a flowing direction of the inward
diverging flow F2. In this way, the bubble accommodation
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portion 61 has a structure in which the bubble B can be
collected on arear side ofthe blind alley shape by causing
the inward diverging flow F2 to driving the bubble B into
the bubble accommodation portion 61.

[0046] The bubble accommodation portion 61 has a
volume capable of discharging a desired amount of the
bubbles B from the discharge hole 8a out of the bubbles
B contained in the oil A inside the pump chamber S. That
is, the bubble accommodation portion 61 has a volume
capable of accommodating a desired amount of the bub-
bles B out of the bubbles B contained in the oil A inside
the pump chamber S. Here, the bubble accommodation
portion 61 has a volume having a predetermined propor-
tion with respect to a volume of the pump chamber S at
the first closing position W2. The volume of the bubble
accommodation portion 61 is smaller than the volume of
the pump chamber S at the first closing position W2.
[0047] As illustrated in Fig. 4, the external teeth 6a of
the inner rotor 6 are configured so that the outer rotor 7
can be rotated by the inner rotor 6 even if the bubble
accommodation portion 61 having the recess shape is
formed. That is, the bubble accommodation portion 61
is formed by partially cutting out the external teeth 6a of
the inner rotor 6 in the extending direction of the rotation
axis C. Specifically, when viewed in the rotation direction
R of the inner rotor 6, the bubble accommodation portion
61 is configured to close a portion on a side opposite to
the discharge hole 8a out of a side surface portion 65
(hereinafter, referred to as a second side surface portion
65) of the external teeth 6a, and to open a portion on the
discharge hole 8a side. Here, the second side surface
portion 65 is a side surface portion in a direction perpen-
dicular to the rotation direction R of the inner rotor 6. In
this way, the thickness in the rotation direction R is se-
cured. Accordingly, strength of the external teeth 6a of
the inner rotor 6 can be prevented from being weakened
due to the bubble accommodation portion 61 disposed
in the external teeth 6a.

[0048] The bubble accommodation portion 61 has a
shape corresponding to each of the inward diverging flow
F2 (refer to Fig. 3) and the discharge flow F3 (refer to
Fig. 7). That is, the bubble accommodation portion 61
has a shape that collects a larger amount of the bubbles
B flowing through the inward diverging flow F2 and more
easily discharges the bubble B through the discharge
flow F3. Specifically, in the extending direction of the ro-
tation axis C of the inner rotor 6, a depth D2 of the bubble
accommodation portion 61 on the discharge hole 8a side
is shallower than a depth D1 on a side opposite to the
discharge hole 8a.

[0049] Therefore, in the bubble accommodation por-
tion 61, the depth D2 of the portion of the bubble accom-
modation portion 61 on the discharge hole 8a side is shal-
lower than the depth D1 on the side opposite to the dis-
charge hole 8a so that the bubble B can be easily col-
lected in the discharge hole 8a by using the discharge
flow F3. In the bubble accommodation portion 61, the
depth D1 of the portion of the bubble accommodation
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portion 61 on the discharge hole 8a side is deeper so
that the bubble B can easily stay in the bubble accom-
modation portion 61 by using the inward diverging flow
F2.

[0050] In the extending direction of the rotation axis C
of the inner rotor 6, the portion of the bubble accommo-
dation portion 61 opposite to the discharge hole 8a is
curved to the discharge hole 8a as the portion faces in-
ward in the radial direction Rd. That is, in the bubble
accommodation portion 61, the depth of the bubble ac-
commodation portion 61 in the extending direction of the
rotation axis C gradually decreases as the bubble ac-
commodation portion 61 is closer to the discharge hole
8a. The bubble accommodation portion 61 has a flat sur-
face portion 61b connected to the discharge hole 8a in
the inner end portion in the radial direction Rd.

[0051] As illustrated in Fig. 5, during the compression
process, the oil pump 1 is configured so that the pressure
inside the pump chamber S is pressurized and changed
from the negative pressure to the positive pressure by
reducing the volume inside the compression chamber S.
That is, the oil pump 1 is configured so that the flow of
the oil A generated in the pump chamber S having the
negative pressure at the first closing position W2 is pre-
vented by changing the pressure inside the pump cham-
ber S to the positive pressure.

[0052] Specifically, in the oil pump 1, the pump cham-
ber S at the compression position W3 internally has the
positive pressure. Therefore, the oil A inside the pump
chamber S (pump chamber S at the suction position W1)
closer to the suction port 3 side than the compression
position W3 is prevented from flowing into the pump
chamber S at the compression position W3 from the gap
between the internal teeth 7a and the external teeth 6a
on the suction port 3 side in the pump chamber S at the
compression position W3. The oil A inside the pump
chamber S (pump chamber S at the discharge position
W®6) closer to the discharge port 4 side than the com-
pression position W3 is prevented from flowing into the
pump chamber S at the compression position W3 from
the gap between the internal teeth 7a and the external
teeth 6aonthe discharge port4 side in the pump chamber
S at the compression position W3. As a result, the out-
ward diverging flow F1 and the inward diverging flow F2
which are generated at the first closing position W2 are
less likely to be generated at the compression position
W3.

[0053] During the compression process, the oil pump
1 is configured to collect the bubble B contained in the
oil A again inward (to the shaft 5 side) in the radial direc-
tion Rd inside the pump chamber S. That is, the oil pump
1 is configured as follows. In a state of preventing the
flow of the oil A which is generated in the pump chamber
S at the first closing position W2, the bubble B contained
in the oil A is collected inward in the radial direction Rd
inside the pump chamber S by using the centrifugal force
P when the inner rotor 6 and the outer rotor 7 rotationally
move the pump chamber S in the rotation direction R.
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[0054] In this way, the oil pump 1 is configured so that
the flow of the oil A inside the pump chamber S is further
stabilized than that at the first closing position W2, while
the first closing process is changed to the bubble dis-
charge process.

[0055] As illustrated in Figs. 6 and 7, the oil pump 1 is
configured as follows. During the bubble discharge proc-
ess (process between the first closing process and the
discharge process), the pump chamber S is internally
pressurized. In this manner, the bubble B contained in
the oil A collected inward in the radial direction Rd inside
the chamber S is discharged outside the housing 2 via
the discharge hole 8a. That is, during the bubble dis-
charge process, the oil pump 1 is configured so that the
bubble B is discharged using the discharge flow F3 gen-
erated from the inside the pump chamber S toward the
discharge hole 8a by internally pressurizing the pump
chamber S.

[0056] Here, the discharge hole 8a is configured so
that the pump chamber S and the outside area of the
housing 2 are caused to communicate with each other
to discharge the bubble B contained in the oil A inside
the pump chamber S to the outside area of the housing
2. Specifically, the discharge hole 8a is disposed in a
portion of the housing 2 corresponding to the tooth bottom
portion 62 between the external teeth 6a of the inner rotor
6. The discharge hole 8a penetrates the cover 22 in the
X-direction in the extending direction of the rotation axis
C.

Relationship between Bubble Accommodation Portion
and Discharge Hole

[0057] As illustrated in Fig. 7, in the bubble discharge
process, the bubble accommodation portion 61 is con-
figured to cause the collected bubble B to flow in the
discharge passage 8 by using the discharge flow F3. That
is, the discharge passage 8 includes the discharge hole
8a connected to the bubble accommodation portion 61
in an inner end portion 61c in the radial direction Rd of
the bubble accommodation portion 61. Specifically, the
bubble accommodation portion 61 is disposed to extend
to a position at which the bubble accommodation portion
61 communicates with the discharge hole 8a in the radial
direction Rd. The bubble accommodation portion 61 and
the discharge hole 8a communicate with each other in
the extending direction of the rotation axis C of the inner
rotor 6. That s, the end portion 61c of the bubble accom-
modation portion 61 on the discharge hole 8a side is lo-
cated to be flush with the end portion 122 on the side in
the rotation axis C of the discharge hole 8a in the radial
direction Rd.

[0058] As illustrated in Fig. 6, during the bubble dis-
charge process, the bubble accommodation portion 61
and the discharge hole 8a are connected to each other
in a central portion in the rotation direction R of the bubble
accommodation portion 61. Specifically, the bubble ac-
commodation portion 61 is disposed in the rotation direc-
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tion R so as to extend to at least a position at which the
bubble accommodation portion 61 communicates with
the discharge hole 8a. That is, the bubble accommoda-
tion portion 61 and the discharge hole 8a overlap each
otherinthe X-direction (extending direction of the rotation
axis C).

Operation of Oil Pump

[0059] Hereinafter, referring to Figs. 8A to 10B, an op-
eration of the pump 1 from the suction process to the
discharge process will be described.

[0060] First, asillustrated in Fig. 8A, during the suction
process, the oil A is supplied from the suction port 3 into
the pump chamber S at the suction position W1 having
the negative pressure, inside the oil pump 1. In this case,
in the oil pump 1, the bubble B contained in the oil A also
flows into the pump chamber S at the suction position
W1. However, due to the centrifugal force P applied to
the pump chamber S at the suction position W1, the bub-
ble B is collected inside the pump chamber S at the suc-
tion position W1. In the oil pump 1, the inner rotor 6 is
rotated in the rotation direction R, thereby changing the
suction process to the first closing process.

[0061] As illustrated in Fig. 8B, during the first closing
process, in the oil pump 1, the pump chamber S at the
first closing position W2 has a maximum volume. That
is, the first closing position W2 is a maximum volume
position of the pump chamber S. Here, the pressure in-
side the pump chamber S at the first closing position W2
is the negative pressure lower than the pressure inside
the pump chamber S at the suction position W1. In this
case, in the oil pump 1, the bubble B contained in the oil
Ainside the pump chamber S at the first closing position
W2 is collected in the bubble accommodation portion 61
by using the inward diverging flow F2 (refer to Fig. 3). In
the oil pump 1, the suction process is changed to the
compression process by rotating the inner rotor 6 in the
rotation direction R.

[0062] Asillustratedin Fig. 9A, during the compression
process, the oil pump 1 has a smaller volume than the
pump chamber S during the first closing process. Here,
the pressure inside the pump chamber S at the compres-
sion position W3 is the positive pressure higher than the
pressure inside the pump chamber S during the first clos-
ing process. In this case, in the oil pump 1, in a state of
preventing the outward diverging flow F1 (refer to Fig. 3)
and the inward diverging flow F2 (refer to Fig. 3) which
are generated at the first closing position W2, the bubble
B inside the pump chamber S is collected inward in the
radial direction Rd by using the centrifugal force P gen-
erated when the pump chamber S is rotationally moved
in the rotation direction R. In the oil pump 1, the com-
pression process is changed to the bubble discharge
process by rotating the inner rotor 6 in the rotation direc-
tion R.

[0063] As illustrated in Fig. 9B, during the bubble dis-
charge process, the oil pump 1 has a smaller volume
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than the pump chamber S during the compression proc-
ess. Here, the pressure inside the pump chamber S dur-
ing the bubble discharge process is the positive pressure
higher than the pressure inside the pump chamber S in
the compression process. In this case, in the oil pump 1,
the bubble B is discharged outside the housing 2 from
the discharge hole 8a (refer to Fig. 7). In the oil pump 1,
the bubble discharge process is changed to the dis-
charge process through the second closing process by
rotating the inner rotor 6 in the rotation direction R.
[0064] As illustrated in Figs. 10A and 10B, in the oil
pump 1, at the second closing position W5 during the
second closing process and at the discharge position W6
during the discharge process, the oil pump 1 further in-
creases the pressure inside the pump chamber S. In this
manner, the oil A from which the bubble B is discharged
via the discharge hole 8a and which does rarely contain
the bubble B is discharged to various engine components
(not illustrated) via the discharge port 4. According to the
above-described procedure, a series of operations in the
oil pump 1 is completed.

Advantageous Effects of First Embodiment

[0065] Accordingto the first embodiment, the following
advantageous effects can be achieved.

[0066] Accordingto the firstembodiment, as described
above, the bubble accommodation portion 61 having the
recess shape recessed to the side inthe rotation direction
of the inner rotor 6 is formed in the first side surface por-
tion 64 on the side in the opposite direction of the rotation
direction R of each inner rotor 6 of the plurality of external
teeth 6a. Here, when the inner rotor 6 and the outer rotor
7 rotationally move the pump chamber S, the oil A having
the higher specific gravity than the bubble B inside the
pump chamber S is moved outward in the radial direction
Rd due to the centrifugal force P. Accordingly, the bubble
B contained in the oil A is collected inward in the radial
direction Rd inside the pump chamber S. Due to the flow
of the oil A vigorously and linearly ejected to the pump
chamber S at the first closing position W2 from the pump
chamber S having the positive pressure closer to the dis-
charge port 4 side than the first closing position W2 (max-
imum volume position), the flow of the oil A flowing from
the pump chamber S having the negative pressure closer
to the suction port 3 side than the first closing position
W2 diverges into the outward diverging flow F1 and the
inward diverging flow F2 along the inner surface of the
pump chamber S. Out of the flows, the inward diverging
flow F2 is used. In this manner, the bubble B collected
inward in the radial direction Rd of the inner rotor inside
the pump chamber S can be accommodated and stored
in the bubble accommodation portion 61 disposed in the
first side surface portion 64 on the side in the opposite
direction of the rotation direction R of the external teeth
6a. As aresult, the bubble B isaccommodated and stored
in the bubble accommodation portion 61 at the first clos-
ing position W2. In this manner, the bubble B of the pump
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chamber S can be prevented from being diffused. Ac-
cordingly, compared to a case where the bubble B is
diffused (scattered) in the pump chamber S, the bubble
removal capability inside the pump chamber can be im-
proved.

[0067] According tothe firstembodiment, as described
above, the discharge passage 8 has the discharge hole
8a disposed in the tooth bottom portion 62 between the
external teeth 6a of the inner rotor 6, or the portion of the
housing 2 corresponding to the tooth bottom portion 62.
The bubble accommodation portion 61 is disposed to ex-
tend to the position at which the bubble accommodation
portion 61 communicates with the discharge hole 8a in
the radial direction Rd. In this manner, the bubble ac-
commodation portion 61 and the discharge hole 8a can
directly communicate with each other. Accordingly, the
bubble B contained in the oil A inside the pump chamber
S can be smoothly discharged outside the housing 2 via
the discharge hole 8a. As a result, the bubble removal
capability inside the pump chamber S can be further im-
proved.

[0068] According tothe firstembodiment, as described
above, in the extending direction of the rotation axis C of
the inner rotor 6, the depth D2 of the portion of the bubble
accommodation portion 61 on the discharge hole 8a side
is shallower than the depth D1 on the side opposite to
the discharge hole 8a of the bubble accommodation por-
tion 61. In this manner, the bubble B inside the bubble
accommodation portion 61 can be easily guided to a re-
gion close to the discharge hole 8a by using the portion
on the discharge hole 8a side of the bubble accommo-
dation portion 61 having the shallower depth D2. As a
result, the bubble B contained in the oil A inside the pump
chamber S can be efficiently discharged outside the
housing 2 via the discharge hole 8a. Accordingly, the
bubble removal capability inside the pump chamber S
can be further improved.

[0069] According tothe firstembodiment, as described
above, the discharge hole 8a is disposed in the portion
ofthe housing 2 corresponding to the tooth bottom portion
62. When viewed in the rotation direction R of the inner
rotor 6, the bubble accommodation portion 61 is config-
ured to close the portion opposite to the discharge hole
8a out of the second side surface portion 65 and to open
the portion on the discharge hole 8a side. The bubble
accommodation portion 61 and the discharge hole 8a are
disposed to extend to the position where both of these
are configured to communicate with each other in the
extending direction of the rotation axis C of the inner rotor
6. In this manner, the thickness in the rotation direction
R can be secured in the external teeth 6a of the inner
rotor 6 by closing the portion on the side opposite to the
discharge hole 8a out of the second side surface portion
65. Therefore, the strength of the external teeth 6a can
be prevented from being weakened due to the bubble
accommodation portion 61 disposed in the external teeth
6a. Out of the second side surface portion 65, the portion
on the discharge hole 8a side is opened. In this simple
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manner, the bubble accommodation portion 61 and the
discharge hole 8a can communicate with each other in
the extending direction of the rotation axis C of the inner
rotor 6. As a result, the strength of the external teeth 6a
can be prevented from being weakened due to the bubble
accommodation portion 61 disposed in the external teeth
6a, and a simple configuration enables the bubble ac-
commodation portion 61 and the discharge hole 8a to
communicate with each other.

[0070] Accordingto the firstembodiment, as described
above, in the radial direction Rd, the end portion 61c on
the discharge hole 8a side of the bubble accommodation
portion 61 is located to be flush with the end portion 122
on the side in the rotation axis C of the discharge hole
8a. In this manner, the whole opening of the discharge
hole 8a on the bubble accommodation portion 61 side
can communicate with the bubble accommodation por-
tion 61. Accordingly, the bubble B contained in the oil A
inside the pump chamber S can be smoothly discharged
outside the housing 2 via the discharge hole 8a.

[0071] Accordingto the firstembodiment, as described
above, the bubble accommodation portion 61 is disposed
at the position of the first side surface portion 64 of the
inner rotor 6, which is capable of accommodating the
bubble B flowing due to the oil A leaking and flowing along
the rotation direction R from the inter-tooth space be-
tween the internal teeth 7a of the outer rotor 7 and the
external teeth 6a of the inner rotor 6. In this manner, the
bubble accommodation portion 61 can be disposed at a
more optimal position. Accordingly, a larger amount of
the bubbles B can be accommodated in the bubble ac-
commodation portion 61 by using the inward diverging
flow F2.

[0072] Accordingto the firstembodiment, as described
above, in the radial direction Rd, the outer end portion
61a of the bubble accommodation portion 61 is located
inside each outer end portion 63 of the plurality of external
teeth 6a. In this manner, the bubble B flowing out from
the bubble accommodation portion 61 to the pump cham-
ber S can be blocked by the outer end portion 61a in the
radial direction Rd of the bubble accommodation portion
61. Accordingly, a larger amount of the bubbles B can
be collected inside the bubble accommodation portion
61.

[0073] Accordingto the firstembodiment, as described
above, when viewed in the extending direction of the ro-
tation axis C of the inner rotor 6, the bubble accommo-
dation portion 61 is disposed in the arc recess shape. In
this manner, the bubble B can smoothly flow from the
bubble accommodation portion 61 to the discharge hole
8a along the arc-shaped surface. Accordingly, the bubble
B contained in the oil A inside the pump chamber S can
be smoothly discharged outside the housing 2 via the
discharge hole 8a.

Second Embodiment

[0074] Next, referring to Figs. 11 to 13, a configuration
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of an oil pump 201 according to a second embodiment
of this disclosure will be described. In the second em-
bodiment, unlike the first embodiment in which the dis-
charge passage 8 of the oil pump 1 is formed in the hous-
ing 2, an example willbe described in which the discharge
passage 208 that discharges the bubble B contained in
the oil A is formed in a shaft 205. In the second embod-
iment, the same reference numerals will be given to the
same components as those according to the first embod-
iment, and description thereof will be omitted.

Configuration of Oil Pump

[0075] As illustrated in Fig. 11, the oil pump 201 ac-
cording to the second embodiment includes a housing
202, the suction port 3, the discharge port 4, the shaft
205, the inner rotor 6, the outer rotor 7, and the discharge
passage 208. The shaft 205 includes a rotary shaft 205a
and a stationary shaft 205b. The rotary shaft 205a is ro-
tatably attached to the housing 202. On the other hand,
the stationary shaft 205b is fixed and attached to the
housing 2.

Bubble Accommodation Portion and Discharge Passage

[0076] The first side surface portion 64 of each inner
rotor 6 of the plural of external teeth 6a has, the bubble
accommodation portion 61 having the recess shape re-
cessed to the side in the rotation direction R of the inner
rotor 6. That is, as in the first embodiment, the inner rotor
6 according to the second embodiment is configured to
collect the bubble B contained in the oil A by using the
flow of the oil A inside the pump chamber S during the
first closing process (process between the suction proc-
ess and the compression process).

[0077] The external teeth 6a of the inner rotor 6 are
configured so that the outer rotor 7 is rotated by the inner
rotor 6 even if the bubble accommodation portion 61 hav-
ing the recess shape is formed. Specifically, when viewed
in the rotation direction R of the inner rotor 6, the bubble
accommodation portion 61 is configured to close a por-
tion on the cover 22 side of the second side surface por-
tion 65 and to open a portion on the body 21 side.
[0078] As illustrated in Figs. 12 and 13, the discharge
passage 208 is disposed across the inner rotor 6 and the
shaft 205. The discharge passage 208 causes the pump
chamber S at a bubble discharge position W4 and the
outside area of the housing 202 to communicate with
each other. The oil pump 201 is configured to discharge
the bubble B contained in the oil A inside the pump cham-
ber S at the bubble discharge position W4 to the outside
area of the housing 202 via the discharge passage 208.
[0079] Specifically, the discharge passage 208 in-
cludes a first discharge hole 208a disposed in the tooth
bottom portion 62 of the inner rotor 6, and a second dis-
charge hole 208b connected to a downstream side end
portion of the first discharge hole 208a and disposed in
the shaft 205. The first discharge hole 208a is configured
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to include a through-hole penetrating the shaft 205 side
in the radial direction Rd.

[0080] That is, as illustrated in Fig. 11, the first dis-
charge hole 208a is disposed in the inner rotor 6, the
rotary shaft 205a, and the stationary shaft 205b. Out of
these, a plurality of portions disposed in the inner rotor
6 and the rotary shaft 205a of the first discharge hole
208aaredisposed atan equalinterval in a circumferential
direction of the rotation axis C. The second discharge
hole 208b is configured to include a through-hole pene-
trating the shaft 205 in the extending direction of the ro-
tation axis C. Here, the discharge passage 208 is con-
figured so that the first discharge hole 208a and the sec-
ond discharge hole 208b communicate with each other
at a predetermined rotation angle during the rotation of
the inner rotor 6 and the rotary shaft 205a.

[0081] During the bubble discharge process, the oil
pump 201 internally pressurizes the pump chamber S.
In this manner, the oil pump 201 is configured so that the
bubble B contained in the oil A collected inward in the
radial direction Rd inside the pump chamber S is dis-
charged outside the housing 202 via the discharge pas-
sage 208. That is, during the bubble discharge process,
the oil pump 201 is configured so that the bubble B is
discharged using the discharge flow F3 generated from
the inside of the pump chamber S toward the discharge
passage 208 by internally pressurizing the pump cham-
ber S. In this case, in the oil pump 201, the first discharge
hole 208a and the second discharge hole 208b commu-
nicate with each other.

Operation of Oil Pump

[0082] Hereinafter, referring to Figs. 14A to 16B, an
operation of the oil pump 201 from suction process to the
discharge process will be described.

[0083] First, as illustrated in Figs. 14A, 14B, and 15A,
the oil pump 201 similarly performs the suction process,
the first closing process, and the compression process
which are respectively illustrated in Figs. 8A, 8B, and 9A.
[0084] As illustrated in Fig. 15B, during the bubble dis-
charge process, the oil pump 201 discharges the bubble
B outside the housing 202 from the first discharge hole
208a and the second discharge hole 208b. Thereatfter,
as illustrated in Figs. 16A and 16B, the oil pump 201
similarly performs the second closing process and the
discharge process which are respectively illustrated in
Figs. 10A and 10B. According to the above-described
procedure, a series of operations in the oil pump 201 is
completed. Other configurations according to the second
embodiment are the same as those according to the first
embodiment.

Advantageous Effects of Second Embodiment
[0085] According to the second embodiment, the fol-

lowing advantageous effects can be achieved.
[0086] According to the second embodiment, as de-
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scribed above, the bubble accommodation portion 61
having the recess shape recessed to the side in the ro-
tation direction R of the inner rotor 6 is formed in the first
side surface portion 64 on the side in the rotation direction
R of each inner rotor 6 of the plurality of external teeth
6a. In this manner, the inward diverging flow F2 is used
so that the bubble B collected inward in the radial direc-
tion Rd of the inner rotor inside the pump chamber S can
be accommodated and stored in the bubble accommo-
dation portion 61 disposed in the first side surface portion
64 on the side in the opposite direction of the rotation
direction R of the external teeth 6a. As aresult, the bubble
B is accommodated and stored in the bubble accommo-
dation portion 61 at the first closing position W2. In this
manner, the bubble B of the pump chamber S can be
prevented from being diffused. Accordingly, compared
to a case where the bubble B is diffused (scattered) in
the pump chamber S, the bubble removal capability in-
side the pump chamber can be improved.

[0087] According to the second embodiment, as de-
scribed above, the discharge passage 208 has the dis-
charge hole 8a disposed in the tooth bottom portion 62
between the external teeth 6a of the inner rotor 6. The
bubble accommodation portion 61 is disposed to extend
to the position at which the bubble accommodation por-
tion 61 communicates with the discharge hole 8a in the
radial direction Rd. In this manner, the bubble accommo-
dation portion 61 and the discharge hole 8a can directly
communicate with each other. Accordingly, the bubble B
contained in the oil A inside the pump chamber S can be
smoothly discharged outside the housing 202 via the dis-
charge hole 8a. As a result, the bubble removal capability
inside the pump chamber S can be further improved. Oth-
er advantageous Effects according to the second em-
bodiment are the same as those according to the first
embodiment.

Modification Example

[0088] The embodiments disclosed here should be
considered as illustrative in all points and not restrictive.
The scope of this disclosure is shown not by the above-
described embodiments but by the scope of claims, and
further includes meanings equivalent to the scope of
claims and all modifications (modification examples)
within the scope.

[0089] For example, in the first and second embodi-
ments, an example has been described in which the oil
pump 1 (201) is the oil pump using the crankshaft as a
drive source. However, this disclosure is not limited
thereto. In this disclosure, the oil pump may be an electric
oil pump.

[0090] Intheabove-described firstembodiment, an ex-
ample has been described in which each external teeth
6a of the plurality of inner rotors 6 has only the bubble
accommodation portion 61 configured to close the por-
tion on the side opposite to the discharge hole 8a out of
the second side surface portion 65 and to open the por-
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tion on the discharge hole 8a when viewed in the rotation
direction R of the inner rotor 6. However, this disclosure
is not limited thereto. According to this disclosure, as in
a first modification example illustrated in Figs. 17A and
17B, a discharge hole 322b may be formed not only in a
cover 322 but also in a body 321. In order that a bubble
accommodation portion 361 alternately communicates
with the discharge hole 322a of the cover 322 and the
discharge hole 322b of the body 321, closed portions of
side surface portions 365 of the plurality of external teeth
306a of the inner rotor 306 may be alternately changed
in the extending direction of the rotation axis C in the
bubble accommodation portion 361.

[0091] Inthe above-describedfirstembodiment, anex-
ample has been described in which the portion of the
bubble accommodation portion 61 opposite to the dis-
charge hole 8a is curved to the discharge hole 8a side
in the extending direction of the rotation axis C of the
inner rotor 6 as the portion faces inward in the radial
direction Rd. However, this disclosure is not limited there-
to. According to this disclosure, as in a second modifica-
tion example illustrated in Fig. 18A, a portion 461c of the
bubble accommodation portion 461 opposite to the dis-
charge hole 8a may be inclined to the discharge hole 8a
side as the portion 461c faces inward in the radial direc-
tion Rd in the extending direction of the rotation axis C
of the inner rotor 406. Alternatively, as illustrated in Fig.
18B, a portion 461f of the bubble accommodation portion
461 opposite to the discharge hole 8a may be linearly
formed along the radial direction Rd in the extending di-
rection of the rotation axis C of the inner rotor 406.
[0092] Intheabove-described second embodiment, an
example has been described in which the bubble accom-
modation portion 61 is configured to close the portion on
the cover 22 side out of the second side surface portion
65 and to open the portion on the body 21 side. However,
this disclosure is not limited thereto. According to this
disclosure, as in a third modification example illustrated
in Fig. 19, the bubble accommodation portion 561 may
be configured to close the portion on the cover 22 side
out of the side surface portion 565 of the external teeth
506a and to close the portion on the body 21 side. Here,
the bubble accommodation portion 561 and the first dis-
charge hole 208a communicate with each other in a cen-
tral portion in the extending direction of the rotation axis
C.

[0093] Inthe above-described firstand second embod-
iments, an example has been described in which the out-
er end portion 61a of the bubble accommodation portion
61 in the radial direction Rd extends from the first side
surface portion 64 along the rotation direction R. How-
ever, this disclosure is not limited thereto. According to
this disclosure, the outer end portion of the bubble ac-
commodation portion in the radial direction may have a
return portion protruding inward in the radial direction in
order that the bubble collected in the bubble accommo-
dation portion is more likely to stay therein.

[0094] Inthe above-described firstembodiment, an ex-
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ample has been described in which the discharge hole
8a and the portion of the bubble accommodation portion
61 opposite to the discharge hole 8a in the extending
direction of the rotation axis C of the inner rotor 6 are
connected to each other by the flat surface portion 61b
when viewed in the rotation direction R. However, this
disclosure is not limited thereto. According to this disclo-
sure, a tip portion of the curved side surface of the bubble
accommodation portion opposite to the discharge hole
may be directly connected to the discharge hole without
using the flat surface portion in the radial direction of the
inner rotor.

[0095] Intheabove-described firstembodiment, an ex-
ample has been described in which the end portion 61¢c
of the bubble accommodation portion 61 on the discharge
hole 8a side is located to be flush with the end portion
122 of the discharge hole 8a on the rotation axis C side
in the radial direction Rd. However, this disclosure is not
limited thereto. According to this disclosure, the end por-
tion of the bubble accommodation portion on the dis-
charge hole side may be located closer to the shaft side
than the end portion of the discharge hole on the rotation
axis side in the radial direction of the inner rotor.

[0096] The principles, preferred embodiment and
mode of operation of the present invention have been
described in the foregoing specification. However, the
invention which is intended to be protected is not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are
to be regarded as illustrative rather than restrictive. Var-
iations and changes may be made by others, and equiv-
alents employed, without departing from the spirit of the
present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which
fall within the spirit and scope of the presentinvention as
defined in the claims, be embraced thereby.

Claims
1. An oil pump (1, 201) comprising:

an inner rotor (6, 306, 406) having a plurality of
external teeth (6a);

an outer rotor (7) having a plurality of internal
teeth (7a) that engage with the plurality of exter-
nal teeth of the inner rotor;

a housing (2, 202) that houses the inner rotor
and the outer rotor;

a suction port (3) that is formed in the housing
and guides oil (A) into a pump chamber (S)
formed by the plurality of external teeth and the
plurality of internal teeth;

adischarge port (4) that is formed in the housing
and guides the oil to outside the pump chamber;
and

a discharge passage (8, 208) through which the
pump chamber and an outside area of the hous-
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ing communicate with each other and that dis-
charges a bubble (B) contained in the oil inside
the pump chamber to the outside area of the
housing, wherein

a bubble accommodation portion (61, 361, 461,
561) having a recess shape recessed to a side
in a rotation direction (R) of the inner rotor is
formed in a side surface portion (64) of each of
the plurality of external teeth on a side in an op-
posite direction of the rotation direction of the
inner rotor.

The oil pump according to claim 1, wherein

the discharge passage includes a discharge hole
(8a) disposed in a tooth bottom portion (62) between
the external teeth of the inner rotor or in a portion of
the housing which corresponds to the tooth bottom
portion, and

the bubble accommodation portion is disposed to
extend to a position at which the bubble accommo-
dation portion communicates with the discharge hole
in a radial direction of the inner rotor.

The oil pump according to claim 2, wherein

in an extending direction of a rotation axis (C) of the
inner rotor, a depth (D2) of the bubble accommoda-
tion portion on a discharge hole side is shallower
than a depth (D1) of the bubble accommodation por-
tion on a side opposite to the discharge hole.

The oil pump according to claim 2 or 3, wherein
the discharge hole is disposed in a portion of the
housing which corresponds to the tooth bottom por-
tion,

when viewed in the rotation direction of the inner
rotor, the bubble accommodation portion is config-
ured to close a portion of the side surface portion of
the external teeth on a side opposite to the discharge
hole, and open a portion of the side surface portion
of the external teeth on a discharge hole side, and
the bubble accommodation portion and the dis-
charge hole communicate with each other in an ex-
tending direction of a rotation axis of the inner rotor.

The oil pump according to claim 4, wherein

in the radial direction of the inner rotor, an end portion
(61b) of the bubble accommodation portion on the
discharge hole side is flush with an end portion (122)
of the discharge hole on the rotation axis side, oris
located closer to the rotation axis side than the end
portion of the discharge hole on the rotation axis side.

The oil pump according to any one of claims 1 to 5,
wherein

the bubble accommodation portion is disposed at a
position of the side surface portion of each of the
external teeth of the inner rotor, which is capable of
accommodating the bubble flowing due to a flow of
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the oil leaking and flowing in the rotation direction
from an inter-tooth space between the internal teeth
of the outer rotor and the external teeth of the inner
rotor.
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