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(54) INTERNAL GEAR PUMP

(57) An internal gear pump (1) includes: a pinion gear
(3); a ring gear (4); a housing (5) including a crescent
(54) and a slide surface (51) on which an outer circum-
ferential surface (41) of the ring gear slides; a high-pres-
sure oil supply (8) having an introduction port (81) open
to the slide surface to supply high-pressure hydraulic oil;

and a recess (9) in the slide surface so as to increase
the distance between the outer circumferential surface
of the ring gear and the slide surface. The introduction
port is located in the increasing pressure region, whereas
the recess is located in the high-pressure region.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an internal
gear pump.

BACKGROUND ART

[0002] Patent Document 1 discloses an internal gear
pump including a driving gear with external teeth and a
driven gear with internal teeth. The internal gear pump
according to Patent Document 1 also includes a pocket
in a circumferential surface of a pump housing on a side
opposite to a meshing point between the driving and driv-
en gears. The pocket communicates with a discharge
port of the internal gear pump. In an operation of the
internal gear pump, part of high-pressure hydraulic oil
discharged from the discharge port is introduced through
the pocket into the gap between the driven gear and the
housing.
[0003] A crescent-shaped space is formed between
the driven gear and the drive gear. The crescent-shaped
space is sealed by the abutting teeth of the driving and
driven gears. The high-pressure hydraulic oil discharged
from the pocket pushes the driven gear so as to press
the tooth tips of the driven gear onto the tooth tips of the
driving gear. This configuration reduces leakage of the
hydraulic oil inside the crescent space from the gaps be-
tween the tooth tips of the driving and driven gears.
[0004] Patent Document 2 also describes an internal
gear pump that reduces leakage of hydraulic oil in a hous-
ing. The internal gear pump according to Patent Docu-
ment 2 has an oil groove in the inner circumferential sur-
face of the housing. The oil groove communicates with
a discharge port and extends in the circumferential di-
rection to a position corresponding to the crescent space.
In an operation of the internal gear pump, high-pressure
hydraulic oil introduced through the oil groove into the
housing pushes an outer rotor. This configuration reduc-
es leakage of the hydraulic oil from the gaps between
the internal teeth of the outer rotor and the external teeth
of an inner rotor.
[0005] An internal gear pump described in Patent Doc-
ument 3 includes two pressure balance grooves in the
inner circumferential surface of a housing. The two pres-
sure balance grooves are spaced apart from each other
in the circumferential direction in a high-pressure region
in which a discharge port is open. Each of the two pres-
sure balance grooves is connected to the discharge port.
In an operation of the internal gear pump, high-pressure
hydraulic oil is supplied through each of the two pressure
balance grooves into the gap between the outer circum-
ferential surface of a ring gear and the inner circumfer-
ential surface of the housing. This configuration allows
the ring gear in a floating state to rotate with respect to
the housing and thus reduces the seizure of the ring gear.

CITATION LIST

PATENT DOCUMENTS

[0006]

Patent Document 1: Japanese Unexamined Utility
Model Application Publication No. S61-179385
Patent Document 2: Japanese Unexamined Patent
Publication No. H07-151066
Patent Document 3: Japanese Unexamined Utility
Model Application Publication No. S62-158181

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0007] As described in Patent Documents 1 and 2, the
internal gear pump supplies the high-pressure hydraulic
oil to the gap between the outer circumferential surface
of the ring gear and the inner circumferential surface of
the housing. In a low-speed operation, the internal gear
pump reduces leakage of the hydraulic oil from the gaps
between the external teeth of the pinion gear and the
internal teeth of the ring gear in an increasing pressure
region in which the internal and external teeth are apart
from each other. In addition, the internal gear pump with
the configuration described above has a smaller gap be-
tween the outer circumferential surface of the ring gear
and the inner circumferential surface of the housing in a
high-pressure region. This configuration reduces the
leakage of the hydraulic oil from the high-pressure region
to a low-pressure region in which a suction port is open.
[0008] However, the present inventor found that an in-
creasing amount of hydraulic oil inside the housing
leaked in a high-speed operation of the internal gear
pump with the configuration described above.
[0009] The present disclosure reduces leakage of hy-
draulic oil inside a housing of an internal gear pump.

SOLUTION TO THE PROBLEM

[0010] Assume that the ring gear is pushed and moved
from the outer periphery of the increasing pressure region
to the rotation center of the ring gear by the high-pressure
hydraulic oil supplied to the gap between the outer cir-
cumferential surface of the ring gear and the inner cir-
cumferential surface of the housing. This reduces the
gap between the outer circumferential surface of the ring
gear and the inner circumferential surface of the housing
in the high-pressure region as described above. In an
operation of the internal gear pump, what is called a
"wedge effect" occurs at the gap between the outer cir-
cumferential surface of the ring gear and the inner cir-
cumferential surface of the housing in accordance with
the rotation of the ring gear. Note that the "wedge effect"
is the following phenomenon. In accordance with the ro-
tation of the ring gear, the hydraulic oil is drawn to the
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small gap between the outer circumferential surface of
the ring gear and the inner circumferential surface of the
housing, which increases the pressure of an oil film
formed between the outer circumferential surface of the
ring gear and the inner circumferential surface of the
housing.
[0011] In a low-speed operation of the internal gear
pump, since the "wedge effect" is low, the gap between
the outer circumferential surface of the ring gear and the
inner circumferential surface of the housing is small in
the high-pressure region, which reduces the leakage of
the hydraulic oil.
[0012] The present inventor found that, in a high-speed
operation of the internal gear pump, the wedge effect
increases at the gap between the outer circumferential
surface of the ring gear and the inner circumferential sur-
face of the housing to push and move the ring gear from
the outer periphery of the high-pressure region to the
rotation center of the ring gear. Once the ring gear is
pushed and moved from the outer periphery of the high-
pressure region to the rotation center of the ring gear due
to the wedge effect, the gap increases between the outer
circumferential surface of the ring gear and the inner cir-
cumferential surface of the housing in the high-pressure
region. This increases the leakage of the hydraulic oil
from the gap between the outer circumferential surface
of the ring gear and the inner circumferential surface of
the housing. In the increasing pressure region as well,
an increasing amount of hydraulic oil leaks out of the
gaps between the external teeth of the pinion gear and
the internal teeth of the ring gear.
[0013] From the finding described above, the present
inventor decided to partially increase the distance be-
tween the outer circumferential surface of the ring gear
and the inner circumferential surface of the housing to
reduce the wedge effect. The present inventor confirmed
that the recess in a specific position in the inner circum-
ferential surface of the housing reduced the leakage of
the hydraulic oil inside the housing of the internal gear
pump operating at a high speed, and completed the tech-
nique disclosed herein.
[0014] Specifically, an internal gear pump according
to the present disclosure includes: a pinion gear having
external teeth; a ring gear having, on an inner circumfer-
ential surface thereof, internal teeth that mesh with the
external teeth; a crescent in a position in which the pinion
gear and the ring gear are disengaged from each other,
the external teeth and the internal teeth abutting on the
crescent; a housing having a slide surface on which an
outer circumferential surface of the ring gear slides and
rotatably housing the pinion gear and the ring gear; a
high-pressure oil supply that has an introduction port
open to the slide surface and is configured to supply high-
pressure hydraulic oil through the introduction port to a
gap between the outer circumferential surface of the ring
gear and the slide surface; and a recess in the slide sur-
face so as to increase a distance between the outer cir-
cumferential surface of the ring gear and the slide sur-

face.
[0015] A space inside the housing is divided into three
regions of: a low-pressure region in which a suction port
is open, a high-pressure region in which a discharge port
is open, and an increasing pressure region including the
crescent. The introduction port is located in the increas-
ing pressure region, whereas the recess is located in the
high-pressure region.
[0016] According to this configuration, the pinion gear
and the ring gear rotate from the low-pressure region
through the increasing pressure region to the high-pres-
sure region.
[0017] In an operation of the internal gear pump, high-
pressure hydraulic oil is introduced from the introduction
port in the increasing pressure region into the gap be-
tween the outer circumferential surface of the ring gear
and the slide surface of the housing. The high-pressure
hydraulic oil pushes and moves the ring gear from the
outer periphery of the increasing pressure region toward
the rotation center of the ring gear and presses the inter-
nal teeth of the ring gear onto the crescent. In the in-
creasing pressure region, less hydraulic oil leaks out of
the gaps between the internal teeth of the ring gear and
the crescent. In the high-pressure region, less hydraulic
oil leaks out of the gap between the outer circumferential
surface of the ring gear and the slide surface of the hous-
ing.
[0018] Since the ring gear is pushed from the outer
periphery of the increasing pressure region toward the
rotation center of the ring gear, the wedge effect occurs
at the gap between the outer circumferential surface of
the ring gear and the slide surface of the housing in the
high-pressure region. In the high-pressure region, the
slide surface has a recess. The recess partially increases
the distance between the outer circumferential surface
of the ring gear and the slide surface of the housing. The
recess reduces the wedge effect.
[0019] Since the wedge effect decreases, the ring gear
is not pushed and moved from the outer periphery of the
high-pressure region toward the rotation center of the
ring gear in a high-speed operation of the internal gear
pump. As a result, in the high-pressure region, less hy-
draulic oil leaks out through the gap between the outer
circumferential surface of the ring gear and the slide sur-
face of the housing. In the increasing pressure region,
less hydraulic oil leaks out of the gaps between the in-
ternal teeth of the ring gear and the crescent.
[0020] In a low-speed operation of the internal gear
pump, the wedge effect does not increase. In the high-
pressure region, less hydraulic oil thus leaks out through
the gap between the outer circumferential surface of the
ring gear and the slide surface of the housing. In the
increasing pressure region, less hydraulic oil leaks out
of the gaps between the internal teeth of the ring gear
and the crescent.
[0021] The hydraulic oil introduced through the intro-
duction port into the gap between the outer circumferen-
tial surface of the ring gear and the slide surface of the
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housing also functions as lubricating oil between the ring
gear and the housing. This reduces the seizure between
the ring gear and the housing.
[0022] As described above, the heat generated inside
the housing is reduced by reducing the leakage of the
hydraulic oil inside the housing. This also reduces the
seizure between the ring gear and the housing.
[0023] The recess may be in a shape of a groove.
[0024] The recess in the shape of the groove effectively
reduces the wedge effect. The groove-shaped recess is
easily formed in the slide surface of the housing.
[0025] The recess may not be connected to the dis-
charge port.
[0026] As described above, the recess functions to re-
duce the wedge effect by increasing the distance be-
tween the outer circumferential surface of the ring gear
and the slide surface of the housing. The recess does
not necessarily function to introduce high-pressure hy-
draulic fluid into the housing.
[0027] Assume that high-pressure hydraulic oil is in-
troduced through the recess into the housing. The ring
gear is then pushed from the outer periphery of the high-
pressure region toward the rotation center of the ring gear
by the high-pressure hydraulic oil introduced from the
recess. This may also promote, in the high-pressure re-
gion, the leakage of the hydraulic oil through the gap
between the outer circumferential surface of the ring gear
and the slide surface of the housing. This may also pro-
mote, in the increasing pressure region, the leakage of
the hydraulic oil from the gaps between the internal teeth
of the ring gear and the crescent.
[0028] The introduction of the high-pressure hydraulic
oil from the introduction port in the increasing pressure
region is combined with the reduction in the wedge effect
using the recess in the high-pressure region. This com-
bination reduces both the leakage of the hydraulic oil
inside the housing and the seizure of the ring gear.
[0029] The high-pressure oil supply may include: an
oil passage connecting the discharge port and the intro-
duction port together; and a choke in the oil passage to
reduce pressure of the hydraulic oil.
[0030] If the hydraulic oil introduced through the intro-
duction port into the housing has a too high pressure, the
tooth tips of the ring gear are strongly pressed onto the
crescent. The wear of the teeth of the ring gear easily
progresses. The pressure of the hydraulic oil introduced
into the housing may be adjusted by a choke provided in
the oil passage.
[0031] The adjustment of the pressure of the hydraulic
oil introduced into the housing is combined with the re-
duction in the wedge effect using the recess. This com-
bination reduces the leakage of the hydraulic oil inside
the housing and provides reliable lubricity between the
ring gear and the housing in a well-balanced manner.
[0032] A lubricating coating may be applied on the out-
er circumferential surface of the ring gear.
[0033] Accordingly, the seizure between the ring gear
and the housing decreases. Processed at a relatively low

processing accuracy with no lubricating coating applied
on the outer circumferential surface of a ring gear, typical
internal gear pumps need to have the following configu-
ration. As described in Patent Document 3, the hydraulic
oil needs to be introduced through the two balance
grooves into the housing to reduce the seizure between
the ring gear and the housing.
[0034] By contrast, the present internal gear pump can
be processed at a higher processing accuracy with the
lubricating coating applied on the outer circumferential
surface of the ring gear. This configuration reduces the
seizure between the ring gear and the housing without
introducing the hydraulic oil through two balance grooves
into the housing.

ADVANTAGE OF THE INVENTION

[0035] The internal gear pump described above reduc-
es leakage of hydraulic oil inside the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

FIG. 1 is a cross-sectional view of an internal gear
pump.
FIG. 2 is an end view taken along line II-II in FIG. 1.
FIG. 3 is a cross-sectional view taken along line III-
III in FIG. 2 and a view on arrow A.
FIG. 4 is a cross-sectional view taken along line IV-
IV in FIG. 2 and a view on arrow B.
FIG. 5 is an enlarged cross-sectional view of mesh-
ing between a pinion gear and a ring gear in an op-
eration of the internal gear pump.
FIG. 6 is a cross-sectional view showing a configu-
ration of a high-pressure oil supply different from that
in FIG. 3 and a view on arrow C.

DESCRIPTION OF EMBODIMENT

[0037] Now, an embodiment of an internal gear pump
1 will be described with reference to the drawings. The
following description is an example of the internal gear
pump 1.

(Overall Configuration of Internal Gear Pump)

[0038] FIG. 1 is a cross-sectional view of the internal
gear pump 1. FIG. 2 is an end view taken along line II-II
in FIG. 1. The internal gear pump 1 includes a shaft 2, a
pinion gear 3, a ring gear 4, a gear housing 5, a front
cover 6, and a rear cover 7. In FIG. 2, the end surfaces
of the shaft 2, the pinion gear 3, and the ring gear 4 are
not hatched for easier understanding.
[0039] The shaft 2 extends in left-and-right direction in
the drawing plane of FIG. 1. The shaft 2 is connected to
a prime mover (not shown). The prime mover is an elec-
tric motor, for example.
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[0040] The pinion gear 3 is fixed to the shaft 2. The
pinion gear 3 and the shaft 2 are coaxial. The pinion gear
3 rotates together with the shaft 2. The pinion gear 3 has
external teeth 31.
[0041] The ring gear 4 meshes with the pinion gear 3.
The ring gear 4 is eccentric with respect to the shaft 2.
The ring gear 4 has, on its inner circumferential surface,
internal teeth 41. In the right region of the drawing plane
of FIG. 2, some of the external teeth 31 of the pinion gear
3 mesh with some of the internal teeth 41 of the ring gear
4. Although not shown in the drawings, a lubricating coat-
ing is applied on the outer circumferential surface 42 of
the ring gear 4. The lubricating coating may be made of
a material containing an inorganic material and a fluorine-
based resin, for example.
[0042] The gear housing 5 houses the pinion gear 3
and the ring gear 4. The gear housing 5 has a through-
hole 53. The shaft 2 is located in the through-hole 53.
[0043] The pinion gear 3 and the ring gear 4 are rotat-
ably housed in the gear housing 5. The gear housing 5
has a slide surface 51 on which the outer circumferential
surface 42 of the ring gear 4 slides. The outer circumfer-
ential surface 42 of the ring gear 4 has a circular trans-
verse section. The slide surface 51 of the gear housing
5 also has a circular transverse section. The slide surface
51 is eccentric with respect to the shaft 2.
[0044] The gear housing 5 has a side surface 52 per-
pendicular to the slide surface 51. The slide surface 51
and the side surface 52 define a space 50 that houses
the pinion gear 3 and the ring gear 4. The space 50 is
open to the left of the drawing plane of FIG. 1. Each of a
first side surface (i.e., the right side surface in FIG. 1) 32
of the pinion gear 3 and a first side surface (i.e., the right
side surface in FIG. 1) 43 of the ring gear 4 slides on the
side surface 52 of the gear housing 5.
[0045] The front cover 6 is adjacent to the gear housing
5. The front cover 6 is in contact with the gear housing 5
and has a side surface 61 that closes the space 50. Each
of a second side surface (i.e., the left side surface in FIG.
1) 33 of the pinion gear 3 and a second side surface (i.e.,
the left side surface in FIG. 1) 44 of the ring gear 4 slide
on the side surface 61 of the front cover 6. The front cover
6 has a bearing member support hole 62 through which
the shaft 2 passes. The shaft 2 is supported by the front
cover 6 via a bearing 63 and bearing members 64 and 64.
[0046] The rear cover 7 is located opposite to the front
cover 6 with the gear housing 5 interposed therebetween.
The front cover 6, the gear housing 5, and the rear cover
7 are fixed to each other to be integral. The front cover
6, the gear housing 5, and the rear cover 7 define a hous-
ing 10 of the internal gear pump 1.
[0047] Each of the front cover 6 and the gear housing
5 has a suction port 11 through which hydraulic oil is
sucked into the space 50, in other words, into the housing
10. As shown in FIG. 1, the inlet of the suction port 11 is
open to the outer circumferential surface of the front cover
6. The outlets of the suction port 11 are open to the side
surface 61 of the front cover 6 and the side surface 52

of the gear housing 5. As shown in FIG. 2, the outlet of
the suction port 11 extends in the circumferential direc-
tion in which the shaft 2 rotates.
[0048] Each of the front cover 6, the gear housing 5,
and the rear cover 7 has a discharge port 12 through
which hydraulic oil is discharged from the inside of the
housing 10. As shown in FIG. 1, the outlet of the discharge
port 12 is open to the outer circumferential surface of the
rear cover 7. The orientations of the inlet of the suction
port 11 and the outlet of the discharge port 12 may be
the same as illustrated in FIG. 1, or may be different from
each other although not shown.
[0049] The inlets of the discharge port 12 are open to
the side surface 61 of the front cover 6 and the side sur-
face 52 of the gear housing 5. As shown in FIG. 2, the
inlet of the discharge port 12 extends in the circumferen-
tial direction in which the shaft 2 rotates on the side op-
posite to the suction port 11 with the shaft 2 interposed
therebetween.
[0050] The gear housing 5 includes a crescent 54. The
crescent 54 is placed in a position where the pinion gear
3 and the ring gear 4, which have been meshed with each
other, are disengaged from each other. The crescent 54
separates a high-pressure region and a low-pressure re-
gion, which will be described later.
[0051] The crescent 54 extends in the circumferential
direction over a predetermined angular range in the ro-
tational direction of the shaft 2. More specifically, the
crescent 54 has two arc surfaces, namely, a first arc sur-
face 541 and a second arc surface 542, each of which
stand on the side surface 52 of the gear housing 5 (see
also FIG. 3). As shown in FIG. 2, the crescent 54 is in
the shape of a crescent as viewed along the axis of the
shaft 2. The tooth tips of the external teeth 31 of the pinion
gear 3 abut on the first arc surface 541 of the crescent
54. The tooth tips of the internal teeth 41 of the ring gear
4 abut on the second arc surface 542 of the crescent 54.
[0052] Here, the inside of the housing 10 is divided into
three regions, namely, low-, increasing, and high-pres-
sure regions in the circumferential direction about the
rotation center O of the ring gear 4. The suction port 11
is open in the low-pressure region. The crescent 54 is
located in the increasing pressure region. The discharge
port 12 is open in the high-pressure region.
[0053] Now, an operation of the internal gear pump 1
will be briefly described. Once the prime mover rotates
the shaft 2 in the direction indicated by a white arrow in
FIG. 2, the pinion gear 3 and the ring gear 4 rotate from
the low-pressure region through the increasing pressure
region to the high-pressure region.
[0054] In the low-pressure region inside the housing
10, with an increasing distance between the external
teeth 31 of the pinion gear 3 and the internal teeth 41 of
the ring gear 4, which have been meshed with each other,
the hydraulic oil is sucked from the suction port 11 into
the gaps between the external and internal teeth 31 and
41. In accordance with the rotation of the pinion gear 3
and the ring gear 4, the sucked hydraulic oil is carried
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from the low-pressure region through the increasing
pressure region to the high-pressure region.
[0055] In the high-pressure region inside the housing
10, the external teeth 31 of the pinion gear 3 and the
internal teeth 41 of the ring gear 4, which have been apart
from each other, gradually come closer to each other to
mesh with each other. Accordingly, the hydraulic oil is
discharged from the gaps between the external and in-
ternal teeth 31 and 41 through the discharge port 12.

(Configuration for Reducing Leakage of Hydraulic Oil in-
side Housing)

[0056] The internal gear pump 1 includes a high-pres-
sure oil supply 8 that supplies high-pressure hydraulic oil
to the gap between the outer circumferential surface 42
of the ring gear 4 and the slide surface 51 of the gear
housing 5. FIG. 3 illustrates a configuration of the high-
pressure oil supply 8. FIG. 3 corresponds to the cross
section taken along line III-III in FIG. 2.
[0057] The high-pressure oil supply 8 pushes and
moves the ring gear 4 from the outer periphery of the
increasing pressure region toward the rotation center O
of the ring gear 4 using the high-pressure hydraulic oil to
reduce the leakage of the hydraulic oil inside the housing
10. The high-pressure oil supply 8 includes an introduc-
tion port 81 open to the slide surface 51, an oil passage
82 connecting the discharge port 12 and the introduction
port 81 together, and a choke 83 in the oil passage 82.
[0058] As shown in FIG. 2, the introduction port 81 is
located in the increasing pressure region. More specifi-
cally, the introduction port 81 is opposed to the crescent
54 in a radial direction. As will be described later, the
introduction port 81 introduces part of the high-pressure
hydraulic oil discharged from the discharge port 12 into
the housing 10. Not to allow the high-pressure hydraulic
oil introduced into the housing 10 to flow into the low-
pressure region, the introduction port 81 is located from
an intermediate position to a position closer to the high-
pressure region in the increasing pressure region in one
preferred embodiment. The introduction port 81 is locat-
ed in the position closer to the high-pressure region and
away from a line connecting the end point of the second
arc surface 542 of the crescent 54 and the rotation center
O at an angle ϕ of 10 to 40° in the circumferential direction
in one more preferred embodiment. In order to effectively
press the tooth tips of the ring gear 4 onto the crescent
54 using the high-pressure hydraulic oil introduced from
the introduction port 81, the introduction port 81 faces
the crescent 54 in one preferred embodiment.
[0059] As illustrated in FIG. 3, the introduction port 81
is located at the center or a substantial center of the slide
surface 51 in the axial direction of the shaft 2. The opening
of the introduction port 81 is in a circular shape in the
configuration example of FIG. 3. Note that the opening
of the introduction port 81 is not limited to a specific
shape.
[0060] In the configuration example of FIG. 3, the oil

passage 82 is located inside the gear housing 5. The oil
passage 82 connects the discharge port 12 open to the
side surface 52 of the gear housing 5 to the introduction
port 81. As virtually indicated by a chain line in FIG. 3,
an oil passage may be provided in the front cover 6 and
the gear housing 5 so as to connect the discharge port
12 in the front cover 6 to the introduction port 81. Alter-
natively, the oil passage may connect the discharge port
12 in the gear housing 5 to the introduction port 81, and
the discharge port 12 in the front cover 6 to the introduc-
tion port 81.
[0061] The choke 83 reduces the cross-sectional area
of the oil passage 82. The choke 83 may be an orifice or
a choke. The pressure of the hydraulic oil flowing inside
the oil passage 82 from the discharge port 12 toward the
introduction port 81 is reduced by the choke 83. The pres-
sure of the hydraulic oil introduced into the gear housing
5 through the introduction port 81 is lower than the pres-
sure of the hydraulic oil discharged from the discharge
port 12. The pressure of the hydraulic oil introduced into
the gear housing 5 can be adjusted by changing the struc-
ture of the choke 83.
[0062] As described above, in an operation of the in-
ternal gear pump 1, part of the hydraulic oil discharged
from the discharge port 12 is introduced through the oil
passage 82 and the introduction port 81 to the gap be-
tween the outer circumferential surface of the ring gear
4 and the slide surface 51 of the gear housing 5. The
high-pressure hydraulic oil pushes and moves the ring
gear 4 from the outer periphery of the increasing pressure
region toward the rotation center O. Accordingly, the
tooth tips of the ring gear 4 are pressed onto the crescent
54, which reduces the leakage of the hydraulic oil through
the gaps between the tooth tips of the ring gear 4 and
the crescent 54 in the increasing pressure region. The
leakage of the hydraulic oil through the gap between the
outer circumferential surface of the ring gear 4 and the
slide surface 51 of the gear housing 5 is also reduced in
the high-pressure region. A reduction in the leakage in-
side the housing 10 improves the efficiency of the internal
gear pump 1.
[0063] Here, the choke 83 arranged in the oil passage
82 reduces the pressure of the hydraulic oil introduced
into the housing 10, which reduces the strong press of
the tooth tips of the ring gear 4 onto the crescent 54.
Accordingly, the wear of the tooth tips of the ring gear 4
is also reduced.
[0064] The hydraulic oil introduced into the gap be-
tween the outer circumferential surface 42 of the ring
gear 4 and the slide surface 51 of the gear housing 5
also functions as lubricating oil between the outer cir-
cumferential surface 42 of the ring gear 4 and the slide
surface 51 of the gear housing 5. Accordingly, the seizure
between the ring gear 4 and the gear housing 5 is re-
duced. As described above, since the leakage inside the
housing 10 is reduced, less heat is generated inside the
housing 10. This also reduces the seizure between the
ring gear 4 and the gear housing 5.
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[0065] Further, the internal gear pump 1 has a recess
9. FIG. 4 illustrates a configuration of the recess 9. FIG.
4 corresponds to a cross section taken along line IV-IV
in FIG. 2.
[0066] The recess 9 is located in the slide surface 51
of the gear housing 5. As enlarged in FIG. 5, the recess
9 is recessed radially outward from the slide surface 51.
In FIG. 5, the size of the gap between the outer circum-
ferential surface 42 of the ring gear 4 and the slide surface
51 of the gear housing 5 is exaggerated for easier un-
derstanding. The recess 9 partially increases the dis-
tance between the outer circumferential surface 42 of the
ring gear 4 and the slide surface 51 of the gear housing
5 (see L in FIG. 5).
[0067] In the configuration example of FIG. 4, the re-
cess 9 is in the shape of a groove extending along the
axis of the shaft 2. The recess 9 may have a depth of
about 1 to several millimeters, for example.
[0068] The shape of the recess 9 is not limited to the
groove. As will be described later, the recess 9 only needs
to function to reduce the wedge effect caused between
the outer circumferential surface 42 of the ring gear 4
and the slide surface 51 of the gear housing 5. The recess
9 only needs to partially increase the distance between
the outer circumferential surface 42 of the ring gear 4
and the slide surface 51 of the gear housing 5. Although
not shown, the recess 9 may include, for example, a plu-
rality of holes recessed from the slide surface 51. The
recess 9 may be obtained by aligning a plurality of short
grooves along the axis of the shaft 2. The recess 9 in the
shape of a groove as shown in FIG. 4 is advantageous
in being easily processed.
[0069] Only one recess 9 may be provided as shown
in FIG. 4. Although not shown, a plurality of recesses 9
may be provided along the circumference of the slide
surface 51.
[0070] As shown in FIG. 2, the recess 9 is located in
the high-pressure region. As described above, the ring
gear 4 is pushed and moved from the outer periphery of
the increasing pressure region toward the rotation center
O using the high-pressure hydraulic oil introduced from
the introduction port 81 of the high-pressure oil supply 8.
Since the gap between the outer circumferential surface
42 of the ring gear 4 and the slide surface 51 of the gear
housing 5 decreases in the high-pressure region, a
wedge effect occurs (see the arrow in FIG. 5). In the high-
pressure region causing the wedge effect, the recess 9
is located near the position where the wedge effect large-
ly occurs in one preferred embodiment. More specifically,
as shown in FIG. 2, the recess 9 may be located in a
position away from the meshing point A between the pin-
ion gear 3 and the ring gear 4 in the circumferential di-
rection at an angle θ of 10 to 40°. At a too large angle θ
(i.e., a too large distance of the recess 9 from the meshing
point A between the pinion gear 3 and the ring gear 4),
the point causing a large wedge effect is apart and thus
the function of reducing the wedge effect, which will be
described later, works less. On the other hand, a too small

angle θ (i. e., a too small distance of the recess 9 from
the meshing point A between the pinion gear 3 and the
ring gear 4) may promote the leakage of the hydraulic oil
through the gap between the outer circumferential sur-
face 42 of the ring gear 4 and the slide surface 51 of the
gear housing 5.
[0071] Since both of the pinion gear 3 and the ring gear
4 rotate together, the meshing point A between the gears
3 and 4 moves in the circumferential direction within a
certain range. Here, the center point of the movable range
is defined as the meshing point A (see FIG. 2).
[0072] Unlike the high-pressure oil supply 8, the recess
9 does not function to introduce the high-pressure hy-
draulic oil into the gear housing 5. The recess 9 is not
connected to the discharge port 12.
[0073] The recess 9 provided in the slide surface 51 in
the high-pressure region partially increases the distance
between the outer circumferential surface 42 of the ring
gear 4 and the slide surface 51 of the gear housing 5 and
thus reduces the wedge effect. Since the wedge effect
decreases, the ring gear 4 is not pushed and moved from
the outer periphery of the high-pressure region toward
the rotation center O at a high rotation speed of the in-
ternal gear pump 1. As a result, in the high-pressure re-
gion, less hydraulic oil leaks out through the gap between
the outer circumferential surface 42 of the ring gear 4
and the slide surface 51 of the gear housing 5. At the
same time, in the increasing pressure region, less hy-
draulic oil leaks out of the gaps between the internal teeth
41 of the ring gear 4 and the crescent 54. In a low-speed
operation of the internal gear pump 1, the wedge effect
is originally low. Accordingly, in the high-pressure region,
less hydraulic oil leaks out through the gap between the
outer circumferential surface 42 of the ring gear 4 and
the slide surface 51 of the gear housing 5. At the same
time, in the increasing pressure region, less hydraulic oil
leaks out of the gaps between the internal teeth 41 of the
ring gear 4 and the crescent 54.
[0074] As described above, the recess 9 is not con-
nected to the discharge port 12 and does not function to
introduce the high-pressure hydraulic oil. Assume that
high-pressure hydraulic oil is introduced through the re-
cess 9 into the housing 10. The ring gear 4 is then pushed
from the outer periphery of the high-pressure region to-
ward the rotation center O by the high-pressure hydraulic
oil. This may promote, in the high-pressure region, the
leakage of the hydraulic oil through the gap between the
outer circumferential surface 42 of the ring gear 4 and
the slide surface 51 of the gear housing 5. This may also
promote, in the increasing pressure region, the leakage
of the hydraulic oil from the gaps between the internal
teeth 41 of the ring gear 4 and the crescent 54. The recess
9 not connected to the discharge port 12 reduces the
leakage of the hydraulic oil inside the housing 10 of the
internal gear pump 1.
[0075] Typical internal gear pumps are processed at a
relatively low processing accuracy and no lubricating
coating is applied on the outer circumferential surface of
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a ring gear. This leads to employing the configuration in
which High-pressure hydraulic oil is introduced from a
plurality of introduction ports in a slide surface into a hous-
ing to reduce the seizure between the ring gear and the
housing.
[0076] By contrast, the internal gear pump 1 according
to the present disclosure can be processed at a relatively
high processing accuracy and lubricating coating is ap-
plied on the outer circumferential surface 24 of the ring
gear 4. The internal gear pump 1 reduces the seizure
between the ring gear 4 and the gear housing 5 without
employing the configuration of introducing the hydraulic
oil through a plurality of introduction ports into the hous-
ing.
[0077] In this point of view, this internal gear pump 1
includes the introduction port 81 of the high-pressure oil
supply 8 in the increasing pressure region to introduce
the high-pressure hydraulic oil into the housing 10. On
the other hand, the recess 9 into which no high-pressure
hydraulic oil is introduced is provided in the high-pressure
region. A combination of the high-pressure oil supply 8
and the recess 9 reduces the leakage of the hydraulic oil
inside the housing 10, while reducing the seizure be-
tween the ring gear 4 and the gear housing 5. This internal
gear pump 1 is highly reliable and highly efficient.
[0078] A lubricating coating may be applied on the slide
surface 51 of the gear housing 5, or on both the outer
circumferential surface 42 of the ring gear 4 and the slide
surface 51 of the gear housing 5.
[0079] FIG. 6 shows a variation of the high-pressure
oil supply. The high-pressure oil supply 80 shown in FIG.
6 includes an introduction port 810, an oil passage 820,
and a choke 830. The introduction port 810 is different
in shape from the introduction port 81 shown in FIG. 3,
namely, in the shape of a groove. The introduction port
810 is open to the slide surface 51 and extends along
the axis of the shaft 2. The introduction port 810 is also
open to the surface of the gear housing 5 that abuts on
the side surface 61 of the front cover 6.
[0080] In the configuration example of FIG. 6, the oil
passage 820 is located in the front cover 6. Like the oil
passage 82 described above, the oil passage 820 con-
nects the discharge port 12 and the introduction port 810
together. In the configuration example of FIG. 6, the oil
passage 820 extends along the axis of the shaft 2. The
oil passage 820 is open to the side surface 61 of the front
cover 6 and is connected to the opening of the introduc-
tion port 810. The choke 830 is located in an intermediate
point of the oil passage 820.
[0081] Like the high-pressure oil supply 8 described
above, the high-pressure oil supply 80 with this configu-
ration also introduces high-pressure hydraulic oil into the
housing 10 in the increasing pressure region. According-
ly, less hydraulic oil leaks out of the gaps between the
tooth tips of the ring gear 4 and the crescent 54, and out
of the gap between the outer circumferential surface 42
of the ring gear 4 and the slide surface 51 of the gear
housing 5.

[0082] As indicated by a chain line in FIG. 6, the oil
passage may be a recessed groove recessed from the
surface of the front cover 6 in contact with the gear hous-
ing 5 and extends in the radial direction. Although not
shown, the oil passage and the choke may be located in
the gear housing 5.
[0083] The recess 9 is not connected to the discharge
port 12. However, the recess 9 may be connected to the
discharge port 12. However, in this case, the ring gear 4
is not pushed and moved from the outer periphery of the
increasing pressure region toward the rotation center O
by the hydraulic oil introduced through the recess 9 into
the gap between the outer circumferential surface 42 of
the ring gear 4 and the slide surface 51 of the gear hous-
ing 5 in one preferred embodiment.
[0084] Although the internal gear pump 1 illustrated
here is of a fixed type where the crescent 54 is immov-
able, a movable crescent may be included. The tech-
nique disclosed herein is also applicable to an internal
gear pump without any crescent. In the internal gear
pump without any crescent, the combination of the high-
pressure oil supply 8 and the recess 9 described above
reduces the leakage of the hydraulic oil from the gaps
between the tooth tips of the ring gear 4 and the pinion
gear 3, and from the gap between the outer circumfer-
ential surface 42 of the ring gear 4 and the slide surface
51 of the gear housing 5, while reducing the seizure be-
tween the ring gear 4 and the gear housing 5.
[0085] Internal gear pumps of the type where a suction
port or a discharge port is open to a slide surface originally
have no wedge effect. Even if the technique disclosed
herein is applied to this type of internal gear pumps, the
advantage cannot be expected.

DESCRIPTION OF REFERENCE CHARACTERS

[0086]

1 Internal Gear Pump
10 Housing
3 Pinion Gear
31 External Teeth
4 Ring Gear
41 Internal Teeth
42 Outer Circumferential Surface
5 Gear Housing
51 Slide Surface
54 Crescent
6 Front Cover
7 Rear Cover
8 High-Pressure Oil Supply
80 High-Pressure Oil Supply
81 Introduction Port
810 Introduction Port
82 Oil Passage
820 Oil Passage
83 Choke
830 Choke
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9 Recess

Claims

1. An internal gear pump comprising:

a pinion gear having external teeth;
a ring gear having, on an inner circumferential
surface thereof, internal teeth that mesh with the
external teeth;
a crescent in a position in which the pinion gear
and the ring gear are disengaged from each oth-
er, the external teeth and the internal teeth abut-
ting on the crescent;
a housing having a slide surface on which an
outer circumferential surface of the ring gear
slides and rotatably housing the pinion gear and
the ring gear;
a high-pressure oil supply that has an introduc-
tion port open to the slide surface and is config-
ured to supply high-pressure hydraulic oil
through the introduction port to a gap between
the outer circumferential surface of the ring gear
and the slide surface; and
a recess in the slide surface so as to increase a
distance between the outer circumferential sur-
face of the ring gear and the slide surface,
wherein
a space inside the housing is divided into three
regions of: a low-pressure region in which a suc-
tion port is open, a high-pressure region in which
a discharge port is open, and an increasing pres-
sure region including the crescent,
the introduction port is located in the increasing
pressure region, and
the recess is located in the high-pressure region.

2. The internal gear pump of claim 1, wherein
the recess is in a shape of a groove.

3. The internal gear pump of claim 1 or 2, wherein
the recess is not connected to the discharge port.

4. The internal gear pump of any one of claims 1 to 3,
wherein
the high-pressure oil supply includes:

an oil passage connecting the discharge port
and the introduction port together; and
a choke in the oil passage to reduce pressure
of the hydraulic oil.

5. The internal gear pump of any one of claims 1 to 4,
wherein
a lubricating coating is applied on the outer circum-
ferential surface of the ring gear.

15 16 



EP 3 828 415 A1

10



EP 3 828 415 A1

11



EP 3 828 415 A1

12



EP 3 828 415 A1

13



EP 3 828 415 A1

14



EP 3 828 415 A1

15



EP 3 828 415 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 828 415 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 3 828 415 A1

18

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP S61179385 B [0006]
• JP H07151066 B [0006]

• JP S62158181 B [0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

