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(57)  Alinternal gear pump (1) includes a pinion gear
(3), aring gear (4), a housing (10), and a crescent (54)
including a first arc wall (54 1) onto which external teeth
(31) abut and a second arc wall (542) onto which internal
teeth (41) abut; the first arc wall and the second arc wall
are both fixed walls that do not move toward the external
teeth and the internal teeth; in the housing, a pressure

FIG.1

transmission oil path (91) extending from the discharge
port is formed only in a region closer to the ring gear,
which is one of a region closer to the pinion gear and the
region closer to the ring gear that sandwich the crescent;
and the pressure transmission oil path allows the dis-
charge portand spaces between the teeth of the ring gear
to communicate with each other.
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Description
TECHNICAL FIELD

[0001] The technique disclosed herein relates to an
internal gear pump.

BACKGROUND ART

[0002] Patent Document 1 discloses an internal gear
pump (1). This internal gear pump (1) includes a separa-
tion member (7) (a so-called "crescent"). The tips of teeth
of an internal gear (2) and the tips of teeth of a pinion (3)
abut onto the separation member (7).

[0003] The separation member (7) includes an inner
part (13), an outer part (14), and a spring (16). The spring
(16) presses theinner part (13) onto the tips of the teeth of
the pinion (3), and presses the outer part (14) onto the tips
of the teeth of the internal gear (2). The separation
member (7) has a movable structure. The movable se-
paration member (7) reduces leakage flow in the internal
gear pump (1) and increases the pump efficiency.
[0004] The separation member (7) also includes a
middle space (17) between the inner part (13) and the
outer part (14). The middle space (17) communicates
with a pressurization region (9) of the internal gear pump
(1). The inner part (13) and the outer part (14) have a
penetration part (19). The penetration part (19) radially
penetrates the inner part (13) and the outer part (14), and
allows the middle space (17) to communicate with the
spaces between the teeth of the pinion (3) and the teeth of
the internal gear (2). When the internal gear pump (1) is
operated, the pressure of the middle space (17) is the
same as that of the pressurization region (9), and thus the
pressure of the spaces between the teeth of the pinion (3)
and the teeth of the internal gear (2) increase through the
penetration part (19). The high pressure of the spaces
between the teeth reduces rapid pressure changes at the
pump discharge part and then reduces noise of the
internal gear pump (1).

CITATION LIST
PATENT DOCUMENT

[0005]
6297277

Patent Document 1: Japanese Patent No.

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0006] The penetration part (19) of the internal gear
pump (1) of Patent Document 1 supplies liquid from the
pump discharge part to both the gap between the separa-
tion member (7) and the pinion (3) and the gap between
the separation member (7) and the internal gear (2) in
order to reduce noise. However, this supply of liquid
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increases leakage flow in the internal gear pump (1). A
conventional internal gear pump produces less noise but
operates less efficiently.

[0007] According to the technique disclosed herein,
the internal gear pump achieves both less noise and less
reduction in its efficiency.

SOLUTION TO THE PROBLEM

[0008] The internal gear pump (1) of Patent Document
1includes a crescent having a movable structure. Unlike
this, internal gear pumps including a crescent with an
immovable structure are known.

[0009] The inventors of the present invention studied
and newly found that if the crescent has an immovable
structure, the pressure of the spaces between the teeth of
the pinion gear is relatively high. This seems because the
wall of the crescent is not pressed onto the external teeth
of the pinion gear so that minute gaps are present be-
tween the teeth of the pinion gear and the wall of the
crescent. The minute gaps allow leakage flow from the
discharge port, and this leakage flow raises the pressure
of the spaces between the teeth of the pinion gear.
[0010] Even if, for the purpose of noise reduction, the
internal gear pump has an extra structure for supplying
operation oil from the discharge port to the spaces be-
tween the teeth of the pinion gear, this only leads to more
leakage flow and less pump efficiency, and the internal
gear pump substantially fails to reduce noise.

[0011] Thus, the inventors of the present invention
decided to provide in the housing only the pressure
transmission oil path extending from the discharge port
to the spaces between the teeth of the ring gear in the
internal gear pump including a crescent with an immo-
vable structure.

[0012] Specifically, the technique disclosed herein re-
lates to an internal gear pump. This internal gear pump
includes: a pinion gear including external teeth; a ring
gear including internal teeth that mesh with the external
teeth; a housing including a suction port and a discharge
port and configured to rotatably house the pinion gear
and the ring gear; and a crescent located at a position
where the pinion gear and the ring gear are disengaged
from each other, and including a first arc wall onto which
the external teeth abut and a second arc wall onto which
the internal teeth abut, wherein the first arc wall and the
second arc wall are both fixed walls that do not move
toward the external teeth and the internal teeth; in the
housing, a pressure transmission oil path extending from
the discharge port is formed only in a region closer to the
ring gear, which is one of aregion closer to the pinion gear
and the region closer to the ring gear that sandwich the
crescent; and the pressure transmission oil path allows
the discharge port and spaces between the teeth of the
ring gear to communicate with each other.

[0013] Thespacebetweentheteethoftheringgearisa
space between teeth adjacent to each other of the ring
gear.
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[0014] This internal gear pump includes a crescent
with an immovable structure. As described above, the
pressure of the spaces between the teeth of the pinion
gears is relatively high.

[0015] In the housing, the pressure transmission oil
path is formed only in a region closer to the ring gear,
which is one of a region closer to the pinion gear and the
region closer to the ring gear that sandwich the crescent.
The pressure transmission oil path extending from the
discharge port distributes part of the operation oil from the
discharge port to the low pressure side. The pressure
transmission oil path allows the discharge port and the
spaces between the teeth of the ring gear to commu-
nicate with each other, and thus part of the high-pressure
operation oil in the discharge port flows into the spaces
between the teeth of the ring gear. The pressure of the
spaces between the teeth of the ring gear increases. The
high pressure of the spaces between the teeth reduces
rapid pressure changes at the discharge port.

[0016] The pressure of the spaces between the teeth of
the pinion gear is high even if the pressure transmission
oil path is absent. Also, in the region closer to the pinion
gear, rapid pressure changes at the discharge port are
reduced.

[0017] The pressure transmission oil path formed only
in the region closer to the ring gear, which is one of the
regions that sandwich the crescent with an immovable
structure, reduces rapid pressure changes at the dis-
charge port in both the region closer to the ring gear
and the region closer to the pinion gear. Thus, the internal
gear pump produces less noise.

[0018] The pressure transmission oil path promotes
leakage flow of the internal gear pump, but the pressure
transmission oil path is formed only in the region closer to
the ring gear and is not formed in the region closer to the
pinion gear. Thus, the internal gear pump achieves less
increase in the leakage flow. Accordingly, the pump
efficiency is less reduced.

[0019] Thus,theinternal gear pump achieves both less
noise and less reduction in its efficiency.

[0020] The housing may have a sliding surface on
which an outer circumferential surface of the ring gear
slides, the internal gear pump may include a high-pres-
sure oil supply portion configured to supply high-pressure
operation oil to a gap between the outer circumferential
surface and the sliding surface through an inlet that is
open to the sliding surface, and the inlet may be located
opposite the crescent with the ring gear sandwiched
therebetween.

[0021] The high-pressure oil supply portion supplies
high-pressure operation oil to the gap between the outer
circumferential surface of the ring gear and the sliding
surface of the housing. The supplied high-pressure op-
eration oil presses the ring gear toward the rotation axis of
the ring gear. Since the inlet is located opposite the
crescent with the ring gear sandwiched therebetween,
the internal teeth of the ring gear are pressed onto the
second arc wall of the crescent. Then, less operation oil
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leaks from a gap between the internal teeth and the
second arc wall. Thus, the high-pressure oil supply por-
tion increases the pump efficiency of the internal gear
pump.

[0022] Theinternalteeth ofthe ring gear being pressed
onto the second arc wall of the crescent increases the
pump efficiency, but reduces a pressure increase in the
spaces between the teeth of the ring gear due to leakage
flow from the discharge port. If the pressure of the spaces
between the teeth of the ring gear is low, the internal gear
pump produces more noise.

[0023] The internal gear pump includes the pressure
transmission oil path formed only in the region closer to
the ring gear in the housing. As described above, the
pressure transmission oil path raises the pressure of the
spaces between the teeth of the ring gear. Combination of
the high-pressure oil supply portion and the pressure
transmission oil path closer to the ring gear enables
the internal gear pump to achieve both less noise and
less reduction in its efficiency at a high level.

[0024] The housing may include a first support surface
and a second support surface, each supporting a respec-
tive one of two side surfaces of the ring gear, where the
two side surfaces of the ring gear are orthogonal to a
rotation axis, the discharge port may be formed in each of
the first support surface and the second support surface,
the pressure transmission oil path may be formed as a
recess from the first support surface, the second support
surface, or both the first support surface and the second
support surface, and the pressure transmission oil path
may overlap the spaces between the teeth of the ring
gear when viewed in a direction of the rotation axis.
[0025] The pressure transmission oil path formed on
the first support surface and/or the second support sur-
face overlaps the spaces between the teeth of the ring
gear when viewed in the direction of the rotation axis,
which enables the operation oil to be supplied from the
discharge portto the spaces between the teeth of the ring
gear. Thus, the pressure of the spaces between the teeth
of the ring gear increases.

[0026] The transverse section of the pressure trans-
mission oil path formed on the first support surface and/or
the second support surface may be triangular. The trans-
verse section of the pressure transmission oil path
formed on the first support surface and/or the second
support surface may be quadrangular.

[0027] The pressure transmission oil path may be a
groove formed on the first support surface and/or the
second support surface.

[0028] The pressure transmission oil path may be
straight. The pressure transmission oil path may be
curved.

[0029] The pressure transmission oil path may be
formed as a recess from the second arc wall of the
crescent.

[0030] The pressure transmission oil path may be
formed by cutting out the surface of the crescent.
[0031] The pressure transmission oil path formed on
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the second arc wall of the crescent communicates with
the spaces between the teeth of the ring gear. The
pressure transmission oil path can supply the operation
oil from the discharge port to the spaces between the
teeth of the ring gear. Thus, the pressure of the spaces
between the teeth of the ring gear increases.

[0032] The depth of the pressure transmission oil path
may be gradually shallower as its distance from the
discharge port is longer. The depth of the pressure
transmission oil path may be constant. The width of
the pressure transmission oil path may be gradually
narrower as its distance from the discharge portis longer.
The width of the pressure transmission oil path may be
constant.

a tip end of the pressure transmission oil path may be
located away from an edge of the discharge port by an
angle 61 or more with respect to a rotation axis of the ring
gear, where the angle 61 is equivalent to a tooth width of
the ring gear; and also be located within a range of an
angle 62 or less formed from the discharge port to a
middle position of the crescent extending to the dis-
charge port.

[0033] The pressure transmission oil path having an
appropriate length enables the internal gear pump to
achieve both less noise and less reduction iniits efficiency
at a high level.

[0034] If the tip end of the pressure transmission oil
path is located at a position of the angle 61 or less, the
pressure transmission oil path is too short. That is, the
pressure transmission oil path that is too short cannot
raise the pressure of the spaces between the teeth of the
ring gear before the spaces turn open to the discharge
port.

[0035] Evenifthe tip end of the pressure transmission
oil path is located at a position of the angle of over 62,
noise is reduced at substantially the same level as if the
angle 02 or less. On the other hand, the pressure trans-
mission oil path thatis too long leads to more leakage flow
of the operation oil and less pump efficiency.

[0036] If the tip end of the pressure transmission oil
path is located within a range of the angle of 61 or more
and 02 or less, both less noise and less reduction in the
pump efficiency can be achieved.

ADVANTAGES OF THE INVENTION

[0037] The internal gear pump achieves both less
noise and less reduction in its efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038]

FIG. 1 is an exploded view of an internal gear pump.
FIG. 2 is a cross-sectional view of the internal gear
pump.

FIG. 3 shows a pressure transmission oil path.
FIG. 4 is a variation of the pressure transmission oil
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path.
FIG. 5 is another variation of the pressure transmis-
sion oil path.

DESCRIPTION OF EMBODIMENTS

[0039] Anembodimentofan internal gear pump will be
described with reference to the drawings. The internal
gear pump described herein is a mere example.

(General Structure of Internal Gear Pump)

[0040] FIGS. 1 and 2 show an internal gear pump 1.
The internal gear pump 1 includes a shaft 2, a pinion gear
3, aringgear4, agear housing 5, and a front cover 6. The
gear housing 5 and the front cover 6 constitute a housing
10 of the internal gear pump 1. FIG. 1is an exploded view
where the front cover 6 is removed from the gear housing
5.

[0041] The shaft2 extends laterally in FIG. 2. The shaft
2 includes a first shaft 21 and a second shaft 22. The first
shaft 21 and the second shaft 22 are coaxially coupled
and integrally rotated. The second shaft 22 protrudes
from the housing 10 and is connected to a prime mover
(not shown). The prime mover is, for example, an electric
motor.

[0042] The piniongear3isintegrally formedinamiddle
position of the first shaft 21. The pinion gear 3 and the
shaft 2 are coaxial. The pinion gear 3 rotates together
with the shaft 2. The pinion gear 3 includes external teeth
31.

[0043] The ring gear 4 meshes with the pinion gear 3.
The ring gear 4 is eccentric to the shaft 2. In FIG. 1, C1
represents the rotation axis of the pinion gear 3, and C2
represents the rotation axis of the ring gear 4. The ring
gear 4 has the inner circumferential surface provided with
internal teeth 41. In the right area of the right figure of FIG.
1, part of the external teeth 31 of the pinion gear 3 mesh
with part of the internal teeth 41 of the ring gear 4.
[0044] The gear housing 5 houses the pinion gear 3
and the ring gear 4. The gear housing 5 has an inner hole
53. An end of the first shaft 21 is located in the inner hole
53.

[0045] The pinion gear 3 and the ring gear 4 are rota-
tably housed in the gear housing 5. The gear housing 5
has a sliding surface 51 on which the outer circumfer-
ential surface 42 of the ring gear 4 slides. The outer
circumferential surface 42 of the ring gear 4 has a circular
transverse section. The sliding surface 51 of the gear
housing 5 also has a circular transverse section. The
sliding surface 51 is eccentric to the shaft 2.

[0046] The gear housing 5 has a first support surface
52 orthogonal to the sliding surface 51. The sliding sur-
face 51 and the first support surface 52 form a space 50
that houses the pinion gear 3 and the ring gear 4. The
space 50is opentotheleftin FIG. 2. Afirst side surface 32
of the pinion gear 3 and a first side surface 43 of the ring
gear 4 are supported by the first support surface 52 of the



7 EP 4 542 043 A1 8

gear housing 5 and slide on the first support surface 52.
The first side surface 32 of the pinion gear 3 is orthogonal
to the rotation axis C1 of the pinion gear 3 and is the right
side surface in FIG. 2. The first side surface 43 of the ring
gear4is orthogonal to the rotation axis C2 of the ring gear
4 and is the right side surface in FIG. 2.

[0047] The frontcover6is adjacentto the gear housing
5. The front cover 6 and the gear housing 5 are fixed
together, thereby being integrated together. The front
cover 6 includes a second support surface 61 which is
in contact with the gear housing 5 and which closes the
space 50. A second side surface 33 of the pinion gear 3
and a second side surface 44 of the ring gear 4 are
supported by the second support surface 61 of the front
cover 6 and slide on the second support surface 61. The
second side surface 33 of the pinion gear 3 is orthogonal
to the rotation axis C1 of the pinion gear 3 and is the left
side surface in FIG. 2. The second side surface 44 of the
ring gear 4 is orthogonal to the rotation axis C2 of the ring
gear 4 and is the left side surface in FIG. 2.

[0048] The front cover 6 has a support hole 62 which
the shaft 2 passes though. The shaft 2 is rotatably sup-
ported by the front cover 6 and the gear housing 5 via a
bearing 63 and a support member 64. The opening of the
support hole 62 is closed by a sealing member 621.
[0049] The front cover 6 and the gear housing 5 have a
suction port 11. The suction port 11 is a port for sucking
the operation oil into the space 50 inside the housing 10.
As shown in FIG. 2, an inlet of the suction port 11 is open
tothe outer circumferential surface of the front cover 6. As
shown in FIGS. 1 and 2, the outlet of the suction port 11 is
open to each of the second support surface 61 of the front
cover 6 and the first support surface 52 of the gear
housing 5. The outlet of the suction port 11 also extends
in the circumferential direction along the direction of
rotation of the shaft 2.

[0050] The front cover 6 and the gear housing 5 also
have a discharge port 12. The discharge port 12 is a port
for discharging the operation oil from the space 50 inside
the housing 10. As shown in FIG. 2, the outlet of the
discharge port 12 is open to the outer circumferential
surface of the gear housing 5. The inlet of the suction port
11 and the outlet of the discharge port 12 may have
different orientations as shown in FIG. 2, or may have
the same orientation although not shown.

[0051] Theinletofthedischarge port12isopentoeach
of the second support surface 61 of the front cover 6 and
the first support surface 52 of the gear housing 5. As
shown in FIG. 1, the inlet of the discharge port 12 is
opposite the suction port 11 with the shaft 2 sandwiched
therebetween, and extends in the circumferential direc-
tion along the direction of rotation of the shaft 2.

[0052] The gearhousing 5includes a crescent54. The
crescent 54 is located at a place where the pinion gear 3
and the ring gear 4 are disengaged from each other. The
crescent 54 separates a second region and a first region,
which will be described later.

[0053] The crescent 54 extends in the circumferential
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direction in a predetermined angle range along the direc-
tion of rotation of the shaft 2. As shown in FIG. 1, the
crescent 54 is in a crescent shape when viewed along the
axis of the shaft 2. The crescent 54 has two arc walls,
namely, a first arc wall 541 and a second arc wall 542,
each standing on the first support surface 52 of the gear
housing 5.

[0054] The tips of the external teeth 31 of the pinion
gear 3 substantially abut onto the first arc wall 541 of the
crescent 54. The tips of the internal teeth 41 of the ring
gear 4 substantially abut onto the second arc wall 542 of
the crescent 54. Both the firstarc wall 541 and the second
arc wall 542 are fixed walls that do not move toward the
external teeth 31 and the internal teeth 41.

[0055] Theinside of the housing 10 can be divided into
afirstregion in which the suction port 11 is open, a second
region in which the discharge port 12 is open, and a third
region between the first region and the second region in
which the crescent 54 is provided, where the three re-
gions are provided in the circumferential direction about
the rotation axis C2 of the ring gear 4. The first region is a
low-pressure region, and the second region is a high-
pressure region.

[0056] Next, operation of the internal gear pump 1 will
be described briefly. When the prime mover makes the
shaft 2 rotated clockwise in the right figure of FIG. 1, the
pinion gear 3 and the ring gear 4 each rotate in the
direction from the first region to the second region
through the third region.

[0057] In the first region in the housing 10, as the
external teeth 31 of the pinion gear 3 and the internal
teeth 41 of the ring gear 4 having meshed with each other
are separated from each other, the operation oil is sucked
from the suction port 11 into the spaces between the
external teeth 31 and the internal teeth 41. The sucked
operation oil is carried from the first region to the second
region through the third region in accordance with the
rotation of the pinion gear 3 and the ring gear 4.

[0058] In the second region in the housing 10, the
external teeth 31 of the pinion gear 3 and the internal
teeth 41 of the ring gear 4 having been separated from
each other gradually approach each other and eventually
mesh with each other. Accordingly, the operation oil is
discharged from the gap between the external teeth 31
and the internal teeth 41 through the discharge port 12.

(Structure for Enhancing Pump Efficiency)

[0059] The internal gear pump 1 includes a high-pres-
sure oil supply portion 8. The high-pressure oil supply
portion 8 supplies high-pressure operation oil to the gap
between the outer circumferential surface 42 of the ring
gear 4 and the sliding surface 51 of the gear housing 5.
The high-pressure oil supply portion 8 is shown in FIG. 1
only.

[0060] The high-pressure oil supply portion 8 supplies
the high-pressure operation oil to press and move thering
gear 4 from the outer periphery of the third region toward
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the rotation axis C2. The tips of the of tooth of the ring gear
4 are pressed onto the second arc wall 542 of the cres-
cent 54, and thus operation oil leaks less from the high
pressure side to the low pressure side in the housing 10.
[0061] The high-pressure oil supply portion 8 includes
an inlet 81 that is open to the sliding surface 51 and a
supply passage 82 that connects the discharge port 12
and the inlet 81.

[0062] AsshowninFIG. 1, theinlet 81 islocated inthe
third region. More specifically, the inlet 81 faces the
crescent 54 in the radial direction with the ring gear 4
sandwiched therebetween. The inlet 81 introduces part
of the high-pressure operation oil discharged from the
discharge port 12 into the housing 10. In order to effi-
ciently press the tips of the teeth of the ring gear 4 onto the
crescent 54, the inlet 81 is preferably located to face the
crescent 54. For the high-pressure operation oil intro-
duced into the housing 10 to flow less into the low-
pressure first region, the inlet 81 is preferably located
in the high-pressure region, which is one of two equally
divided regions, the low-pressure region and the high-
pressure region, of the third region.

[0063] The supply passage 82 is formed in the gear
housing 5. The supply passage 82 connects the dis-
charge port 12 that is open to the first support surface
52 of the gear housing 5 with the inlet 81. The supply
passage may be formed in the front cover 6 and the gear
housing 5 so as to connect the discharge port 12 that is
open to the second support surface 61 of the front cover 6
with the inlet 81. The supply passage may connect the
discharge port 12 that is open to the first support surface
52 with the inlet 81, and also may connect the discharge
port 12 thatis open to the second support surface 61 with
the inlet 81.

[0064] As described above, when the internal gear
pump 1 is operated, part of the high-pressure operation
oil in the discharge port 12 is introduced into the gap
between the outer circumferential surface of the ring gear
4 and the sliding surface 51 of the gear housing 5 through
the supply passage 82 and the inlet 81. The high-pres-
sure operation oil presses the ring gear 4 from the outer
periphery of the third region toward the rotation axis C2.
The tips of the teeth of the ring gear 4 are pressed onto the
second arc wall 542 of the crescent 54. In the third region,
the operation oil leaks less from the high pressure side to
the low pressure side through the gap between the tips of
the teeth of the ring gear 4 and the second arc wall 542 of
the crescent 54. The reduction in leakage flow in the
housing 10 improves the pump efficiency of the internal
gear pump 1.

[0065] The high-pressure oil supply portion 8 may in-
clude an orifice in the middle of the supply passage 82.
The orifice adjusts the pressure of the operation oil
introduced into the gap between the outer circumferential
surface of the ring gear 4 and the sliding surface 51 of the
gear housing 5.

[0066] In the internal gear pump 1, the high-pressure
oil supply portion 8 may be omitted. The high-pressure oil
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supply portion 8 is not an essential element of the internal
gear pump 1.

(Structure for Reducing Noise)

[0067] When the spaces between the teeth of the
pinion gear 3 and the spaces between the teeth of the
ring gear 4 pass through the third region and then turn
open to the discharge port 12, the internal gear pump 1
produces noise due to the pressure difference between
the pressure of the discharge port 12 and the pressure of
the spaces between the teeth. As the pressure difference
between the pressure of the discharge port 12 and the
pressure of the spaces between the teeth is larger, the
pressure fluctuation is larger when the spaces between
the teeth are open to the discharge port 12, and thus the
internal gear pump produces larger noise. The internal
gear pump 1 has a pressure transmission oil path 91 for
reducing the noise.

[0068] By using the high pressure of the discharge port
12, the pressure transmission oil path 91 raises in ad-
vance in the third region, the pressure of the operation oil
confined in the spaces between the teeth, thereby redu-
cing the pressure difference between the pressure of the
discharge port 12 and the pressure of the spaces be-
tween the teeth. If the pressure difference is small, the
pressure fluctuation is small when the spaces between
the teeth are open to the discharge port 12, and thus the
internal gear pump produces less noise.

[0069] Intheinternalgear pump 1 of FIGS. 1 and 3, the
pressure transmission oil path 91 is formed as a recess
from the second support surface 61 of the front cover 6. In
the right figure of FIG. 1 and FIG. 3, the pressure trans-
mission oil path 91 formed in the front cover 6 is shown by
along-dashed double-short-dashed line, where the pres-
sure transmission oil path 91 is projected onto the gear
housing 5 to clearly describe the positional relationship
among the pressure transmission oil path 91, the ring
gear 4, and the crescent 54.

[0070] The pressure transmission oil path 91 is a
groove formed on the second support surface 61. As
shownin FIG. 3, the shape of the transverse section of the
pressure transmission oil path 91 is triangular. The shape
of the transverse section of the pressure transmission oil
path 91 is not necessarily triangular. The shape of the
transverse section may be quadrangular, for example.
[0071] The pressure transmission oil path 91 extends
straight from the edge of the discharge port 12 toward the
low pressure side of the third region. As shown in FIG. 3,
the depth of the pressure transmission oil path 91 is
gradually shallower as its distance from the discharge
port 12 is longer, and the width of the pressure transmis-
sion oil path 91 is gradually narrower as its distance from
the discharge port 12 is longer. The depth of the pressure
transmission oil path may be constant, and the width of
the pressure transmission oil path may be constant.
[0072] The pressure transmission oil path 91 overlaps
the spaces between the teeth of the ring gear 4 when
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viewed in the direction of the rotation axis C2 of the ring
gear 4, in other words, when viewed in the right figure of
FIG. 1 or FIG. 3. The pressure transmission oil path 91 is
straight, whereas the crescent 54 is crescent. Thus, the
base end of the pressure transmission oil path 91 (i.e., the
end of the pressure transmission oil path 91 that is con-
nected with the discharge port 12) is located near the
radially outermost edge of the discharge port 12. The
middle portion of the pressure transmission oil path 91 is
located near the second arc wall 542 of the crescent 54.
The tip end of the pressure transmission oil path 91 is
located away from the second arc wall 542 of the crescent
54. The pressure transmission oil path 91 can extend
without being interfered with by the crescent 54.

[0073] Inthe third region, the spaces between the teeth
of the ring gear 4 are closed because the tips of the teeth
of the ring gear 4 are pressed onto the second arc wall
542 of the crescent 54. The pressure transmission oil
path 91 communicates with the spaces between teeth of
the ring gear 4 in the direction orthogonal to the plane of
FIG. 1 or 3. Part of the high-pressure operation oil in the
discharge port 12 flows into the spaces between the teeth
of the ring gear 4 through the pressure transmission oil
path 91, thereby raising the pressure of those spaces.
The inventors of the present invention measured the real
pressure in the housing 10, confirming thatif the pressure
transmission oil path 91 is absent, the pressure of the
spaces between the teeth of the ring gear 4 decreases
with respectto the discharge pressurein the region closer
to the ring gear 4, which is one of the region closer to the
pinion gear 3 and the region closer to the ring gear 4 that
sandwich the crescent 54 in the third region, whereas if
the pressure transmission oil path 91 is present, the
pressure of the same spaces increases. Since the pres-
sure of the spaces between the teeth of the ring gear 4
increases in advance in the third region, the pressure
difference between the pressure of the discharge port 12
and the pressure of the spaces between the teeth de-
creases. Since the pressure fluctuation is smaller when
those spaces are open to the discharge port 12, the
internal gear pump 1 produces less noise. The inventors
of the present invention studied and confirmed that the
pressure transmission oil path 91 contributes to decrease
in the noise level and that, as the discharge pressure of
the internal gear pump 1 is higher, the noise level is more
improved.

[0074] In the housing 10, the internal gear pump 1 is
formed only in the region closerto the ring gear 4, whichis
one of the region closer to the pinion gear 3 and the region
closer to the ring gear 4 that sandwich the crescent 54 in
the third region. The pressure transmission oil path is not
formed in the region closer to the pinion gear 3.

[0075] The inventors of the present invention studied
and found that the pressure of the spaces between the
teeth of the pinion gear 3 is relatively high even if the
pressure transmission oil path is absent, and that the
pressure is higher than or equal to the pressure in the
region closer the ring gear 4 where the pressure trans-
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mission oil path 91 is present. The pressure fluctuation is
relatively small when the spaces between the teeth of the
pinion gear 3 are open to the discharge port 12. This is
because the crescent 54 is configured so that the first arc
wall 541 and the second arc wall 542 are not movable,
and because there are minute gaps between the tips of
the teeth of the pinion gear 3 and the first arc wall 541. In
the region closer to the pinion gear 3, those gaps allow
leakage flow from the discharge port 12 to the spaces
between the teeth of the pinion gear 3. As a result, in the
third region, the pressure of the spaces between the teeth
of the pinion gear 3 is relatively high.

[0076] Since the pressure of the spaces between the
teeth of the pinion gear 3iis relatively high, the pressure of
the space does not increase any more even if the pres-
sure transmission oil path is present in the region closer
to the pinion gear 3. Thus, the internal gear pump 1 is
unlikely to reduce noise. On the other hand, if the pres-
sure transmission oil path is present, the leakage flow
increases accordingly. Thus, the pump efficiency of the
internal gear pump 1 might be lowered.

[0077] Thus, in the internal gear pump 1, the pressure
transmission oil path 91 is present only in the region
closer to the ring gear 4 in the housing, whereas the
pressure transmission oil path is absent in the region
closerto the pinion gear 3. Thus, the internal gear pump 1
achieves both less noise and higher pump efficiency.
[0078] Next, a preferable length of the pressure trans-
mission oil path 91 will be studied. Here, the length of the
pressure transmission oil path 91 is determined by con-
sidering at which position of the third region in the housing
10 the tip end of the pressure transmission oil path 91 is
located. The length referred to herein of the pressure
transmission oil path 91 is not the length along the
straight pressure transmission oil path 91.

[0079] As described above, the pressure transmission
oil path 91 has a function of raising the pressure of the
spaces between the teeth of the ring gear 4 before those
spaces communicate with the discharge port 12. If the
pressure transmission oil path 91 is too short, it is difficult
to raise in advance the pressure of the spaces between
the teeth of the ring gear 4 before those spaces commu-
nicate with the discharge port 12. There is the minimum
length of the pressure transmission oil path 91 that allows
the pressure transmission oil path 91 to perform that
function.

[0080] Specifically, as shown in FIG. 3, the tip end of
the pressure transmission oil path 91 is located away
from the edge of the discharge port 12 by an angle 61 or
more with respectto the rotation axis C2 ofthering gear 4,
where the angle 61 is equivalent to the tooth width TW of
the ring gear 4. If the pressure transmission oil path 91
extends to a position of the angle 61 or more, the pressure
transmission oil path 91 allows the discharge port 12 and
the spaces between the teeth to communicate with each
other beyond at least one of the teeth of the ring gear 4.
The pressure transmission oil path 91 can supply the
high-pressure operation oil into the spaces between the
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teeth before those spaces reach the discharge port 12.
Thatis, the pressure transmission oil path 91 can raise in
advance the pressure of the spaces between the teeth of
the ring gear 4 before those spaces communicate with
the discharge port 12.

[0081] Lengthening the pressure transmission oil path
91 is advantageous in raising the pressure of the spaces
between the teeth of the ring gear 4. However, the pres-
sure transmission oil path 91 that is lengthened to a
certain degree or more cannot raise the pressure of
the spaces between the teeth. On the other hand, as
the pressure transmission oil path 91 is more lengthened,
leakage flow in the housing 10 increases. Thus, the tip
end of the pressure transmission oil path 91 is located
within a range of an angle 62 or less formed from the edge
of the discharge port 12 to the middle position of the
crescent 54. In the drawing, the tip end of the pressure
transmission oil path 91 is located in the middle position
of the crescent 54. The middle position of the crescent 54
is a circumferentially middle position of the crescent 54
extending in the circumferential direction from the dis-
charge port 12 to the suction port 11. The pressure
transmission oil path 91 thatis nottoo long can sufficiently
raise the pressure of the spaces between the teeth of the
ring gear 4 and can reduce an increase in the leakage
flow.

(Variation of Pressure Transmission Oil Path)

[0082] In the internal gear pump 1 of FIG. 1, the pres-
sure transmission oil path 91 is formed on the second
support surface 61 of the front cover 6. The pressure
transmission oil path 91 may be formed as a recess from
the first support surface 52 of the gear housing 5. The
pressure transmission oil path 91 may be formed on both
the second support surface 61 of the front cover 6 and the
first support surface 52 of the gear housing 5.

[0083] The pressure transmission oil path is not ne-
cessarily straight. FIG. 4 shows a pressure transmission
oil path 92 that is curved. Similarly to the pressure trans-
mission oil path 91, the pressure transmission oil path 92
is formed on the second support surface 61 of the front
cover 6. In FIG. 4, similarly to FIG. 3, the pressure
transmission oil path 92 formed in the front cover 6 is
also projected onto the gear housing 5.

[0084] The pressure transmission oil path 92 extends
in an arc shape along the curve of the second arc wall 542
of the crescent 54. When viewed in the direction of the
rotation axis C2 of the ring gear 4, the pressure transmis-
sion oil path 92 overlaps the spaces between the teeth of
the ring gear 4. The pressure transmission oil path 92
communicates with the spaces between the teeth of the
ring gear 4. Since the pressure of the spaces between the
teeth of the ring gear 4 increases in the third region, the
pressure difference between the pressure of the dis-
charge port 12 and the pressure of the spaces between
the teeth is small when the spaces are open to the
discharge port 12. Thus, the internal gear pump 1 pro-
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duces less noise.

[0085] The arc shape of the pressure transmission oil
path 92 of FIG. 4 is a mere example. The curved pressure
transmission oil path 92 is notlimited toan arc shape. The
depth of the pressure transmission oil path 92 may be
gradually shallower as its distance from the discharge
port 12 is longer, or may be constant. The width of the
pressure transmission oil path 92 may be gradually nar-
rower as its distance from the discharge port 12 is longer,
or may be constant. The location of the tip end of the
pressure transmission oil path 92 can be set within the
above-described range of 61 or more and 62 or less as
necessary. Instead of or in addition to being formed on the
second support surface 61 of the front cover 6, the
pressure transmission oil path 92 may be formed on
the first support surface 52 of the gear housing 5.
[0086] The pressure transmission oil path formed on
the first support surface 52 and/or the second support
surface 61 may be bent at its middle position.

[0087] The pressure transmission oil path is not ne-
cessarily formed on the first support surface 52 and/or the
second supportsurface 61. FIG. 5is a perspective view of
the internal gear pump 1 where the front cover 6 is
removed. This internal gear pump 1 includes a pressure
transmission oil path 93 formed on the crescent 54.
[0088] The pressure transmission oil path 93 is formed
on the upper end of the second arc wall 542 of the
crescent 54. The pressure transmission oil path 93 is
formed by cutting out the surface of the crescent 54. The
upper end referred to herein is the end of the crescent 54
that stands on the first support surface 52 of the gear
housing 5, where the end is located opposite the first
support surface 52. The upper end of the second arc wall
542 is the end abutting on the second support surface 61
of the front cover 6.

[0089] The pressure transmission oil path 93 extends
from the end of the crescent 54 on the high pressure side
(i.e., the left end in FIG. 5) to the middle position of the
crescent 54. The pressure transmission oil path 93 com-
municates with the discharge port 12 that is open to the
second supportsurface 61 of the front cover 6. The length
of the pressure transmission oil path 93 can be set within
the above-described range of 61 or more and 62 or less
as necessary. In the exemplary configuration of FIG. 5,
the width and depth of the pressure transmission oil path
93 are gradually narrower and shallower, respectively, as
its distance from the discharge port 12 is longer. The
width and depth of the pressure transmission oil path 93
may be constant.

[0090] Similarly to the pressure transmission oil paths
91 and 92, the pressure transmission oil path 93 formed
on the crescent 54 also allows the spaces between the
teeth of the ring gear 4 and the discharge port 12 to
communicate with each other. Since the pressure of
the spaces between the teeth of the ring gear 4 increases
in the third region, the pressure difference between the
pressure of the discharge port 12 and the pressure of the
spaces between the teeth is small when the spaces are
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open to the discharge port 12. Then the pressure fluctua-
tion is reduced, and thus the internal gear pump 1 pro-
duces less noise.

[0091]
the crescent 54 is not necessarily formed on the upper

The pressure transmission oil path formed on

end of the crescent 54. The pressure transmission oil
path may be formed on a vertically middle position of the
second arc wall 542 of the crescent 54. The pressure

transmission oil path may be formed on the lower end of

the crescent 54.

DESCRIPTION OF REFERENCE CHARACTERS

[0092]

1
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Claims

1.

Internal Gear Pump

Housing

Suction Port

Discharge Port

Pinion Gear

External Teeth

Ring Gear

Internal Teeth

Outer Circumferential Surface
First Side Surface

Second Side Surface

Gear Housing (Housing)
Sliding Surface

First Support Surface

Crescent

First Arc Wall

Second Arc Wall

Front Cover (Housing)

Second Support Surface
High-Pressure Oil Supply Portion
Inlet

Pressure Transmission Oil Path
Pressure Transmission Oil Path
Pressure Transmission Qil Path
Rotation Axis

An internal gear pump comprising:

a pinion gear including external teeth;

a ring gear including internal teeth that mesh
with the external teeth;

a housing including a suction port and a dis-
charge port and configured to rotatably house
the pinion gear and the ring gear; and

a crescent located at a position where the pinion
gear and the ring gear are disengaged from
each other, and including a first arc wall onto
which the external teeth abut and a second arc
wall onto which the internal teeth abut,
wherein

the first arc wall and the second arc wall are both
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fixed walls that do not move toward the external
teeth and the internal teeth,

in the housing, a pressure transmission oil path
extending from the discharge port is formed only
in aregion closer to the ring gear, which is one of
a region closer to the pinion gear and the region
closer to the ring gear that sandwich the cres-
cent, and

the pressure transmission oil path allows the
discharge port and spaces between the teeth
of the ring gear to communicate with each other.

2. The internal gear pump of claim 1, wherein

the housing has a sliding surface on which an
outer circumferential surface of the ring gear
slides,

the internal gear pump includes a high-pressure
oil supply portion configured to supply high-
pressure operation oil to a gap between the
outer circumferential surface and the sliding sur-
face through an inlet that is open to the sliding
surface, and

theinletis located opposite the crescent with the
ring gear sandwiched therebetween.

3. The internal gear pump of claim 1 or 2, wherein

the housing includes a first support surface and
a second support surface, each supporting a
respective one of two side surfaces of the ring
gear, where the two side surfaces of the ring
gear are orthogonal to a rotation axis of the ring
gear,

the discharge port is formed in each of the first
support surface and the second support sur-
face,

the pressure transmission oil path is formed as a
recess from the first support surface, the second
support surface, or both the first support surface
and the second support surface, and

the pressure transmission oil path overlaps the
spaces between the teeth of the ring gear when
viewed in a direction of the rotation axis.

4. The internal gear pump of claim 1 or 2, wherein
the pressure transmission oil path is formed as a
recess from the second arc wall of the crescent.

5. The internal gear pump of claim 1 or 2, wherein

a tip end of the pressure transmission oil path is
located away from an edge of the discharge port
by an angle 61 or more with respect to a rotation axis
of the ring gear, where the angle 61 is equivalentto a
tooth width of the ring gear; and also is located within
a range of an angle 62 or less formed from the
discharge port to a middle position of the crescent
extending to the discharge port.
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