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(54) PUMP DEVICE

(57) The purpose of the present invention is to sup-
press the occurrence of unevenness in a rotor of an in-
ternal gear pump, suppress the formation of gaps be-
tween the end surfaces (side surfaces) of an inner rotor
and an outer rotor, and to prevent a decline in volume
efficiency. Thus, the pump device of the present invention
includes an internal gear pump (10), in which an inner
rotor (13) is inscribed to an outer rotor (12), and includes
a plate member (7) which is provided to an end surface
of the rotors. The plate member (7) is formed of a material
having high hardness, has a shape that does not block
a suction port (150), has a through-hole (73) formed
therein, and has O-ring grooves (71,72), which each have
a continuous shape and house an O-ring formed therein.
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Description

TECHNICAL FIELD

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

BACKGROUND ART

[0002] As gear pumps, there are an external gear
pump and an internal gear pump (e.g., a trochoid pump:
a registered trade mark).
[0003] In conventional examples, the internal gear
pump is used in a region with a relatively low pressure
as compared with the external gear pump.
[0004] In recent years, an internal gear pump which is
applied for a coolant (a cooling liquid or a cutting liquid)
as a working fluid has been suggested (see, e.g., Patent
Literature 1).
[0005] However, since there are hard foreign sub-
stances (particles) are present in the coolant, the hard
foreign substances abrade a rotor of the internal gear
pump.
[0006] Further, when the rotor is abraded, there arises
a problem such as formation of a gap between end sur-
faces (side surfaces) of an inner rotor and an outer rotor,
a decrease in volume efficiency, and a reduction in dis-
charge amount.
[0007] Furthermore, at the present stage, an effective
measure for the problem concerning the internal gear
pump has not been suggested.

CITATION LIST

PATENT LITERATURE

[0008] Patent Literature 1: International Publication
No. 2012/053231

SUMMARY OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0009] In view of the problem of the prior art described
above, it is an object of the present invention to provide
a pump device which can suppress abrasion of rotors of
an internal gear pump, suppress formation of a gap be-
tween end surfaces (side surfaces) of an inner rotor and
an outer rotor, and prevent a decrease in volume effi-
ciency.

SOLUTIONS FOR PROBLEM

[0010] A pump device (100 to 100C, 200 to 200C) ac-
cording to the present invention is characterized in that
the pump device (100 to 100C, 200 to 200C) includes an
internal gear pump (10) in which an inner rotor (13, 213)
is inscribed to an outer rotor (12, 212), a plate member

(a balance plate 7, 7A, 207, 207A) is provided on end
surfaces (suction side end surfaces: end surfaces apart
from a drive source) of the rotors (the outer rotor 12, 212
and the inner rotor 13, 213), and the plate member (the
balance plate 7, 7A, 207, 207A) is made of a material
with high hardness, formed into a shape which does not
block a suction port (150, Pi), has a through-hole (a dis-
charge pressure introducing hole 73, 73A) formed there-
in, and also has O-ring grooves (71, 71A, 72, 72A, 207a,
207b, 207k, 207j) formed thereon which have continuous
shapes and in which O-rings are accommodated therein.
[0011] In the present invention, it is preferable that said
O-ring grooves (71, 72, 207a, 207b) are formed on a
surface of the plate member (the balance plate 7, 207)
which is apart from the rotors, and the O-rings are at-
tached in the O-ring grooves (71, 72, 207a, 207b) with a
prescribed tightening margin.
[0012] Alternatively, in the present invention, it is pref-
erable that a blind space (a blind hole BH) is formed in
the plate member (the balance plate 7A, 207A) on an
opposite side of the rotors, and elastic members (9) are
accommodated in the blind space.
[0013] In the present invention, it is preferable for a
second plate member (a fixing plate 8) to be arranged
on end surfaces of the rotors on the opposite side of said
plate member (the balance plate 7, 7A, 207, 207A) and
to have a shape which does not block a discharge port
(140).
[0014] Further, according to the present invention, in
the internal gear pump, a suction side and a discharge
side for a working fluid may be arranged on different sides
along a rotation axis direction of the rotors.
[0015] Alternatively, the suction side and the discharge
side of the working fluid may be arranged on the same
side along the rotation axis direction of the rotors.

ADVANTAGEOUS EFFECTS of INVENTION

[0016] According to the present invention comprising
the above-mentioned construction, since the plate mem-
ber (the balance plate 7, 7A, 207, 207A) is provided on
the end surfaces (the suction-side end surfaces: the end
surfaces apart from the drive source) of the rotors (the
outer rotor and the inner rotor), the plate member (the
balance plate 7, 7A, 207, 207A) is made of the material
having high hardness and has a shape which does not
block (close) the suction port (150, Pi) and has a the
through-hole (the discharge pressure introducing hole
73, 73A) formed therein, a discharge pressure (or the
pressurized working fluid) is introduced to the side of the
plate member (7, 7A, 207, 207A) apart from the rotors
through the gap between the outer rotor (12, 212) and
the inner rotor (13, 213) and the through-hole (the dis-
charge pressure introducing hole 73, 73A).
[0017] Here, since the O-ring grooves (71, 71A, 72,
72A, 207a, 207b, 207k, 207j) are formed on the plate
member (the balance plate 7, 7A, 207, 207A) and the O-
rings are fitted (snapped) therein, the discharge pressure
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is introduced to the plate member (7, 7A, 207, 207A),
and the O-rings prevent leakage even if the pressurized
working fluid is supplied.
[0018] Further, since an area of a region of the plate
member (7, 7A, 207, 207A) to which the discharge pres-
sure is introduced is defined (set) so as to be larger than
an area of a region to which the discharge pressure in
the gap between the outer rotor (12, 212) and the inner
rotor (13, 213) where is operated, the plate member (7,
7A, 207, 207A) is pressed toward the rotor side (the dis-
charge side in the first to fourth embodiments: the left
side in FIG. 1).
[0019] Even if the discharge pressure becomes zero
or a negative pressure, the plate member is pressed by
a tightening margin of the O-rings or elastic repulsive
force of the elastic member (the spring 9), and hence no
gap is formed between the rotors (12, 13, 212, 213) and
the plate member (7, 7A, 207, 207A).
[0020] According to the present invention, since the
plate member (7, 7A, 207, 207A) is made of the material
having high hardness, the plate member is not abraded.
On the other hand, although the side surfaces of the ro-
tors (12, 13, 212, 213) are abraded, the plate member
(7, 7A, 207, 207A) pressed against the rotors maintains
the flat state without being abraded, and hence the side
surfaces of the rotors (12, 13, 212, 213) are not abraded
into an uneven shape. Furthermore, as regards an abrad-
ed amount of the rotors (12, 13, 212, 213), the plate mem-
ber (7, 7A, 207, 207A) moves to the rotor side in order
to reduce a clearance (the gap) (formed due to the abra-
sion). As a result of reducing the clearance (the gap),
according to the pump device of the present invention,
the volume efficiency is improved.
[0021] It is to be noted that, since the plate member
(7, 7A, 207, 204A) is formed to a shape which does not
close (block) the suction port (150, Pi) side, provision of
the plate member (7, 7A, 207, 207A) does not inhibit a
suction of the working fluid into the internal gear pump.
[0022] Here, since force which presses the plate mem-
ber (7, 7A, 207, 207A) toward the rotor side is introduced
from the discharge pressure of the internal gear pump,
the discharge pressure does not operate on the plate
member at the time, that is, for example, start-up of the
internal gear pump.
[0023] However, in the present invention, mechanical
force other than the discharge pressure of the internal
gear pump can press the plate member (7, 7A, 207,
207A) toward the rotor side.
[0024] For example, the O-rings are arranged on the
plate member (7, 207) on the opposite side of the rotors,
the O-rings are disposed in the O-ring grooves (71, 72,
207a, 207b) with a prescribed tightening margin, and the
elastic repulsive force of the O-rings operates to the plate
member (7, 207), and therefore, the plate member is
pressed toward the rotor side.
[0025] Alternatively, since a blind space (a blind hole
BH), a space which is not a through-hole, is formed on
the end surface of the plate member (7A, 207A) on the

opposite side of the rotors and accommodating the elas-
tic member (9) in the blind space, the elastic repulsive
force of the elastic member (9: the spring) operate to the
plate member (7A, 207A), and therefore, the elastic re-
pulsive force presses the plate member (7A, 207A) to-
ward the rotor side.
[0026] Consequently, in the present invention, al-
though the pump device thereof is even at the time of
startup or the like of an internal gear pump, the plate
member (7, 7A, 207, 207A) is pressed toward the rotor
side.
[0027] Since the plate member (7, 7A, 207, 207A)
made of the material having high hardness maintains a
flat state without being abraded as described above, the
side surfaces of the rotors (12, 13, 212, 213) pressed
against this member is not abraded into an uneven
shape. Moreover, the plate member (7, 7A, 207, 207A)
moves toward the rotor side depending upon an abraded
amount of the rotors (12, 13, 212, 213), a clearance (the
gap) (formed due to the abrasion) is reduced, and hence
the volume efficiency is improved.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

FIG. 1 is a front cross-sectional view showing a first
embodiment according to the present invention;
FIG. 2 is a side elevation view of rotors of an internal
gear pump according to the first embodiment;
FIG. 3 is a view showing a balance plate according
to the first embodiment;
FIG. 4 is a partially sectional front view showing parts
near the balance plate according to the first embod-
iment;
FIG. 5 is a view showing a fixing plate according to
the first embodiment;
FIG. 6 is a front cross-sectional view showing a sec-
ond embodiment according to the present invention;
FIG. 7 is a front cross-sectional view showing a third
embodiment according to the present invention;
FIG. 8 is a view showing a balance plate according
to the third embodiment;
FIG. 9 is a partially sectional front view showing parts
near the balance plate according to the third embod-
iment;
FIG. 10 is a front cross-sectional view showing a
fourth embodiment according to the present inven-
tion;
FIG. 11 is a front cross-sectional view showing a fifth
embodiment according to the present invention;
FIG. 12 is a side elevation view (a view taken along
an arrow Y in FIG. 11) according to the fifth embod-
iment;
FIG. 13 is a front cross-sectional view showing a
sixth embodiment according to the present inven-
tion;
FIG. 14 is a front cross-sectional view showing a
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seventh embodiment according to the present inven-
tion; and
FIG. 15 is a front cross-sectional view showing an
eighth embodiment according to the present inven-
tion.

DESCRIPTIONS OF EMBODIMENTS

[0029] Embodiments according to the present inven-
tion will now be described hereinafter with reference to
the accompanying drawings.
[0030] A first embodiment according to the present in-
vention will be first described with reference to FIG. 1 to
FIG. 5.
[0031] In FIG. 1, a pump device which is denoted as a
whole by reference sign 100 has an internal gear pump
10.
[0032] The internal gear pump 10 includes a gear case
11, an outer rotor 12, and an inner rotor 13. In FIG. 1,
reference sign 14 denotes a pump housing, and refer-
ence sign 15 designates a pump lower end plate (which
will be abbreviated as an "end plate" hereinafter). The
inner rotor 13 is fixed to a rotary shaft 5 by a non-illus-
trated key.
[0033] FIG. 2 shows how a pressure of a working fluid
is raised by mesh of the outer rotor 12 and the inner rotor
13.
[0034] In FIG. 2, the internal gear pump 10 according
to the embodiment rotates in the same direction (arrows
R) while seven inner teeth 12t of the outer rotor 12 mesh
with six outer teeth 13t of the inner rotor 13.
[0035] The pressure of the working fluid is raised by
the mesh of the seven inner teeth 12t of the outer rotor
12 and the six outer teeth 13t of the inner rotor 13.
[0036] In FIG. 2, the pressure of the working fluid in a
hatched region E1 is raised.
[0037] The working fluid subjected to the pressure rise
in the region E1 (FIG. 2) flows from a discharge port 140
(which is indicated by a broken line in FIG. 2) formed in
an end surface on the rotor 12 or 13 side through a dis-
charge flow path 141 of the pump housing 14 (FIG. 1),
and is discharged from a discharge opening 142.
[0038] In FIG. 1, the pump device 100 has a primary
cyclone 40 provided in a cyclone casing 45 and has a
plurality of secondary cyclones 50 provided outside the
primary cyclone 40 along a radial direction. Each of the
primary cyclone 40 and the secondary cyclones 50 is a
tapered member having a diameter contracted toward its
lower end (a foreign substance ejection opening 42, 52).
An inflow opening 45i from which the working fluid is tak-
en in is formed near a lower end of the cyclone casing 45.
[0039] Further, the pump device 100 also has an im-
peller 30 (a cyclone relay impeller) accommodated in an
impeller housing 31.
[0040] A tapered guide member 55 is arranged below
the primary cyclone 40, and a foreign substance ejection
impeller 60 is further provided below this member.
[0041] The inner rotor 13, the cyclone relay impeller

30, and the foreign substance ejection impeller 60 are
fixed to the rotary shaft 5, and driven to rotate by a non-
illustrated electric motor.
[0042] Flows (F1 to F11: Fc1 to Fc4) of the working
fluid taken in from the inflow opening 45i of the pump
device 100 will now be described.
[0043] The working fluid F1 taken in from the inflow
opening 45i flows up in the cyclone casing 45 (an arrow
F2), turns back at a ceiling portion of a guide member
312, and flows into the primary cyclone 40 (an arrow F3).
[0044] The working fluid which has flowed into the pri-
mary cyclone 40 is dragged by the rotary shaft 5 and
vortically flows down (an arrow F4), foreign substances
with large specific gravity (e.g., foreign substances such
as chips included in the coolant) are ejected from the
foreign substance ejection opening 42 (an arrow Fc1 in-
dicated by a dotted line), and the clean working fluid flows
up to a positon of the cyclone relay impeller 30 (an arrow
F5).
[0045] The rotation of the cyclone relay impeller 30
raises the pressure of the working fluid, and the working
fluid flows into the secondary impellers 50 (an arrow F6).
[0046] The working fluid which has flowed into the sec-
ondary cyclones 50 vortically flows down (an arrow F7),
the foreign substances with large specific gravity flow
down, are ejected from the foreign substance ejection
opening 52, and slide down on the tapered guide member
55 (an arrow Fc2 indicated by a dotted line), and the
working fluid which has been cleaned in two stages
moves up and flows through a suction pipe 21 provided
in a suction plate 20 (an arrow F8).
[0047] The working fluid passes through a flow path
22 of the suction plate 20 and is sucked into the internal
gear pump 10 from a suction port 150 of the end plate
15 (an arrow F9). Furthermore, the working fluid is sub-
jected to pressure rising by the internal gear pump 10
and discharged from a discharge opening 142 of the
pump housing 14 through the discharge port 140 and the
discharge flow path 141 of the pump housing 14 (an arrow
F10, an arrow F11). Although particulars will be de-
scribed later, a part of the working fluid (indicated by an
arrow F10R) subjected to the pressure rising by the in-
ternal gear pump 10 flows into a discharge pressure in-
troducing hole 73 (FIG. 3) formed in a balance plate 7.
[0048] It is to be noted that the working fluid (arrows
Fc1 and Fc2) containing foreign substances ejected from
the foreign substance ejection opening 42 of the primary
cyclone 40 and the foreign substance ejection opening
52 of the secondary cyclones 50 is provided with a dy-
namic pressure by the foreign substance ejection impel-
ler 60 (an arrow Fc3), and ejected from a foreign sub-
stance discharge opening 63 to the outside of the pump
(an arrow Fc4).
[0049] The pump device 100 shown in FIG. 1 is a pump
which is a type that a suction side (the end plate 15 side)
and a discharge side (the pump housing 14 side) are
arranged on different sides along a direction of the rotary
shaft 5 (an up-and-down direction in FIG. 1) of the internal
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gear pump 10.
[0050] As rules of thumb grasped by the present in-
ventor, in this type of pump device, there occurs a phe-
nomenon that the rotors 12 and 13 of the internal gear
pump 10 have higher abrasion losses on the end plate
15 side (the suction side: the lower side in FIG. 1) than
on the pump housing 14 side (the discharge side: the
upper side in FIG. 1).
[0051] To suppress steps formed by the abrasion of
the rotors 12 and 13, the balance plate 7 (see FIG. 3) is
arranged on the end plate 15 side (the suction side: the
lower side in FIG. 1) in the gear pump 10 of the pump
device 100. The balance plate 7 is made of a material
with high hardness.
[0052] In FIG. 1, a balance plate attaching hole 15h is
formed in a surface 15f of the end plate 15 which is in
contact with the rotors 12 and 13, and a depth dimension
of the balance plate attaching hole 15h is slightly larger
than a thickness dimension of the balance plate 7. More-
over, the balance plate 7 is attached in the balance plate
attaching hole 15h.
[0053] As shown in FIG. 3, the balance plate 7 has
such a planar shape that bases of two semicircles 7oa
(a large semicircle) and 7ob (a small semicircle) having
different radii are connected to each other.
[0054] In a portion where the semicircles 7oa and 7ob
are connected to each other, the semicircles 7oa and
7ob are smoothly connected to each other through arcs
r with small radial dimensions.
[0055] In FIG. 3, the center of curvature of the large
semicircle 7oa is denoted by reference sign C1, and the
center of curvature of the small semicircle 7ob is denoted
by reference sign C2. In FIG. 3, the two centers of cur-
vature C1 and C2 are offset (in the up-and-down direction
in FIG. 3).
[0056] O-ring grooves 71 and 72 are formed on a plane
of the balance plate 7, and each of the O-ring grooves
71 and 72 is annularly formed as seen from a plane and
has a rectangular cross-sectional shape.
[0057] A center C3 of the O-ring groove 72 which is
small (in the radial dimension) is placed on a horizontal
line Lh (an alternate long and short dash line extended
in a left-and-right direction in FIG. 3) running through said
center of curvature C1, and is placed to be offset to the
left side in FIG. 3 with respect to the center of curvature
C1.
[0058] A through-hole 7i is formed in the small O-ring
groove 72 in the radial direction. The through-hole 7i is
concentric with the O-ring groove 72, and a radius of the
through-hole 7i is smaller than a radius of curvature of
the small O-ring groove 72. Additionally, the rotary shaft
5 (FIG. 1) is inserted into the through-hole 7i.
[0059] Although not shown in FIG. 1 and FIG. 3, O-
rings (elastic members resistant to the working fluid:
which are made of, e.g., rubber) are fitted in the O-ring
grooves 71 and 72, respectively.
[0060] On a bottom portion of the balance plate attach-
ing hole 15h (see FIG. 1), a region E2 (a hatched region

in FIG. 3) surrounded by the two O-ring grooves 71 and
72 shown in FIG. 3 becomes a sealed space (a hermet-
ically closed space) by the non-illustrated two O-rings.
[0061] In the sealed space (the region E2 surrounded
by the O-ring grooves 71 and 72: the hatched region in
FIG. 3), two through-holes (discharge pressure introduc-
ing holes) 73 extended in a thickness direction of the
balance plate 7 are formed, and the working fluid (the
working fluid indicated by an arrow F10R) enters via the
through-holes 73. The working fluid which has entered
said sealed space (the hatched region E2 in FIG. 3) ap-
plies pressing force which moves the balance plate 7
upward in FIG. 1, and presses the balance plate 7 against
the rotors 12 and 13.
[0062] It is to be noted that the two discharge pressure
introducing holes 73 in the balance plate 7 are arranged
so that one of them is not closed even if the other one is
closed by the inner rotor 13.
[0063] Reference sign 74 in FIG. 3 denotes a pin hole
into which a non-illustrated locking pin is inserted. The
non-illustrated locking pin prevents the balance plate 7
from rotating (corotation caused by rotation of the rotary
shaft 5) .
[0064] It is to be noted that the pin hole 74 is a blind
hole, and it is opened on a side where the O-ring grooves
71 and 72 are formed.
[0065] In FIG. 1, a fixing plate 8 is arranged on the
upper side of the rotors 12 and 13 (the opposite side of
the balance plate 7) so that it comes into contact with the
rotors 12 and 13. The fixing plate 8 is made of a material
with higher hardness than the rotors 12 and 13. Further,
the hardness is preferably higher than that of foreign sub-
stances which may be mixed into the coolant.
[0066] FIG. 5 shows the detail of the fixing plate 8.
[0067] In FIG. 5, a suction port 82 and a discharge port
81 are formed in the fixing plate 8. However, the suction
port 82 of the fixing plate 8 does not have to be formed.
It is to be noted that, when the suction port 82 of the fixing
plate 8 is not formed, a sealing pressure relieving hole
(not shown) must communicate with a suction chamber.
[0068] As the fixing plate (the fixing plate in the first
embodiment) 8 in FIG. 5, to commonalize with a fixing
plate (commonalize a part) in a pump (FIG. 11 to FIG.
15) in which a suction side and a discharge side for the
working fluid are arranged on the same side along a ro-
tary shaft direction of an inner rotor, one having both the
suction port 82 and the discharge port 81 formed therein
is just illustrated. Here, when a rotating direction differs,
the fixing plate in the pump (FIG. 11 to FIG. 15) is turned
over and then used.
[0069] Reference sign 84 in FIG. 5 denotes a locking
pin attaching hole, and reference sign 8i denotes an in-
sertion hole for the rotary shaft 5.
[0070] In the internal gear pump 10, a gap between
the outer rotor 12 and the inner rotor 13 is continuous
from the suction side (the lower side in FIG. 1) to the
discharge side (the upper side in FIG. 1). Thus, the dis-
charge pressure of the internal gear pump 10 is led to a
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lower end surface of the balance plate 7 in FIG. 1 (the
bottom portion of the balance plate attaching hole 15h)
through the gap between the outer rotor 12 and the inner
rotor 13 (the arrow F10R) and the discharge pressure
introducing hole 73 formed in the balance plate 7 along
the pump rotary shaft direction (the up-and-down direc-
tion in FIG. 1), and supplied (applied) to said sealed
space (the hatched region E2 in FIG. 3). Further, the
discharge pressure presses the balance plate 7 against
the rotors 12 and 13 (toward the upper side in FIG. 1).
[0071] On the other hand, in FIG. 2, the hatched region
E1 is a gap between the outer rotor 12 and the inner rotor
13 at a given moment, and it represents a region where
the discharge pressure operates. Furthermore, the dis-
charge pressure in the hatched region E1 operates to
press the balance plate 7 toward the lower side in FIG.
1 (a direction to get away from the rotors 12 and 13).
[0072] As obvious from FIG. 2 and FIG. 3, since the
following setting is constructed, a pressure applied to the
E2 side with a larger area (the lower side of the balance
plate 7 in FIG. 1) is higher than a pressure applied to the
E1 side with a smaller region (the upper side of the bal-
ance plate 7 in FIG. 1):

Area of E1 < Area of E2

Consequently, the balance plate 7 is pressed toward the
discharge side (the upper side in FIG. 1: the rotor 12 or
13 side).
[0073] Here, when force which presses the balance
plate 7 toward the discharge side (the upper side in FIG.
1) is too strong, the pressure applied to the region E2
side prevents the rotation of the rotors 12 and 13. On the
other hand, when the force which presses the balance
plate 7 toward the rotor 12 or 13 side (the upper side in
FIG. 1) is too weak, the volume efficiency is lowered due
to the abrasion at the end portions of the rotors 12 and 13.
[0074] In the first embodiment, positions of the O-rings
(i.e., positions of the O-ring grooves 71 and 72) are de-
termined so that this problem does not occur. In other
words, the positions of the O-ring grooves 71 and 72 are
set to positions which enable assuredly pressing the bal-
ance plate 7 toward the rotor 12 or 13 side (the upper
side in FIG. 1) and preventing a decrease in volume ef-
ficiency caused due to the abrasion at the end portions
of the rotors 12 and 13 without interrupting the rotation
of the rotors 12 and 13 by the pressure applied to the
region E2 side.
[0075] It is to be noted that an actual device is affected
by a pressure gradient of the discharge pressure leaking
to an outer periphery of the outer rotor 12 and an inner
periphery of the inner rotor 13 from the region E1, and
hence an area of the region E2 is determined based on
experiments.
[0076] In FIG. 3, the region E2 surrounded by the two
O-ring grooves 71 and 72 is set so that the suction port
(a region whose boundary is indicated by a broken line
Li in FIG. 3) side (the lower side in FIG. 3) is extremely

small and the discharge port 140 (a region Lo surrounded
by an alternate long and two dashes line in FIG. 3) is
large. That is because the pump discharge pressure is
higher than a suction pressure, and hence the pump dis-
charge side region Lo where the discharge pressure of
the balance plate 7 operates is pressed toward the rotor
12 or 13 side with the large pressure. That is, in the bal-
ance plate 7, the two O-ring grooves 71 and 72 are set
so that the pump discharge side region Lo which is a
region where the discharge pressure operates is pressed
toward the rotor 12 or 13 side with the large pressure and
an amount of the balance plate 7 pressing the rotors 12
and 13 is uniformized.
[0077] On the other hand, the balance plate 7 is formed
into a shape which does not block the suction port 150
(reference sign Li in FIG. 3) side, which is a shape which
does not prevent suction of the working fluid into the in-
ternal gear pump 10. In other words, on the suction side
(the lower side in FIG. 1), a region which is not blocked
by the balance plate 7 constitutes the suction port 150
of the internal gear pump 10.
[0078] The balance plate 7 having such a construction
presses the end surfaces of the rotors 12 and 13 on the
suction side (the lower side in FIG. 1) toward the dis-
charge side (the upper side in FIG. 1) with the use of the
discharge pressure of the internal gear pump 10.
[0079] As described above, since the balance plate 7
is made of a material having high hardness, it is not abrad-
ed and maintains a flat state. Thus, the side surfaces of
the rotors 12 and 13 pressed by the balance plate 7 are
not abraded into uneven shapes. Furthermore, the bal-
ance plate 7 moves toward the rotors 12 and 13 for abrad-
ed amounts of the rotors 12 and 13, and a clearance (the
gap) formed due to the abrasion is reduced. Thus, the
volume efficiency of the internal gear pump 10 is im-
proved.
[0080] As described above, the force which presses
the balance plate 7 against the end surfaces of the rotors
12 and 13 on the suction side (the lower side in FIG. 1)
is provided from the discharge pressure of the internal
gear pump 10. Thus, at the time of startup of the internal
gear pump 10, the discharge pressure does not operate
on the balance plate.
[0081] On the other hand, in the first embodiment,
since the O-rings each having a cross section whose
diametric dimension is larger than a depth dimension of
each O-ring groove 71 or 72 are attached in the O-ring
grooves 71 and 72 respectively, elastic repulsive force
Fr of the O-rings OR operates on the O-ring grooves 71
and 72, and the balance plate 7 is pressed against the
lower end surfaces of the rotors 12 and 13 (which are
not shown in FIG. 4) by the elastic repulsive force Fr
(which operates upward in FIG. 4).
[0082] In other words, an initial pressure which presses
the balance plate 7 against the lower end surfaces of the
rotors 12 and 13 at the time of, e.g., startup is provided
by the elastic repulsive force Fr of the O-rings in the first
embodiment. Thus, even at startup when the discharge
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pressure of the internal gear pump 10 does not operate
on the balance plate 7, the balance plate 7 is pressed
against the lower end surfaces of the rotors 12 and 13 in
FIG. 4. Here, since the balance plate 7 made of the ma-
terial with high hardness maintains a flat state without
being abraded, the side surfaces of the rotors 12 and 13
pressed by the balance plate 7 are not abraded into un-
even shapes, and formation of steps on the side surfaces
of the rotors 12 and 13 is suppressed. Moreover, the
balance plate 7 moves toward the rotors 12 and 13 for a
length corresponding to abraded amounts of the rotors
12 and 13, and a clearance (the gap) formed by the abra-
sion is reduced. Consequently, the volume efficiency of
the internal gear pump 10 is improved.
[0083] A second embodiment according to the present
invention will now be described with reference to FIG. 6.
In FIG. 6, an entire pump device is denoted by reference
sign 100A.
[0084] In the first embodiment shown in FIG. 1 to FIG.
5, the fixing plate 8 (FIG. 5) is provided on the discharge
side (above the rotors 12 and 13 in FIG. 1) of the internal
gear pump 10.
[0085] On the other hand, in the second embodiment
shown in FIG. 6, no fixing plate is provided. Experiments
conducted by the present inventor have revealed that
abrasion of rotors 12 and 13 on a pump housing 14 side
(a discharge side: which is above the rotors 12 and 13
in FIG. 6) is not considerable. Thus, the fixing plate can
be omitted depending on a required specification.
[0086] Other structures, operations, and effects in the
second embodiment shown in FIG. 6 are the same as
those in the first embodiment shown in FIG. 1 to FIG. 5.
[0087] A third embodiment according to the present
invention will now be described with reference to FIG. 7
to FIG. 9. In FIG. 7, an entire pump device is denoted by
reference sign 100B.
[0088] In the first embodiment and the second embod-
iment shown in FIG. 1 to FIG. 6, as shown in FIG. 4, at
the time of startup of the internal gear pump 10, the initial
pressure which presses the balance plate 7 toward the
discharge side (the upper side in FIG. 1) (for example,
the force which presses the balance plate 7 against the
end surfaces of the rotors 12 and 13 at the time of startup:
upward force in FIG. 4) is provided by the elastic repulsive
force Fr of the O-rings.
[0089] On the other hand, in the third embodiment
shown in FIG. 7 to FIG. 9, at the time of startup of an
internal gear pump 10, an initial pressure which presses
a balance plate 7A toward discharge side (the upper side
in FIG. 7) (force which presses a balance plate 7A against
end surfaces of rotors 12 and 13: upward force in FIG.
9) is provided by elastic repulsive force of a spring (a coil
spring) 9 instead of the elastic repulsive force of the O-
rings.
[0090] As obvious from comparison between FIG. 9
and FIG. 4, in the third embodiment, positions of O-ring
grooves 71A and 72A or O-rings OR (see FIG. 9) in the
balance plate 7A are different from those in the first em-

bodiment and the second embodiment (see FIG. 4).
[0091] In FIG. 4 (the first embodiment, second embod-
iment), the O-ring grooves 71 and 72 or the O-rings OR
on the balance plate 7 are formed on the end surfaces
of the balance plate 7 on the suction side (the lower side
in FIG. 4).
[0092] On the other hand, in FIG. 9 (the third embod-
iment), the O-ring grooves 71A and 72A or the O-rings
OR on the balance plate 7A are arranged, along the ro-
tation axis direction (the up-and-down direction in FIG.
9), in a region between an end surface of the balance
plate 7A on the suction side (a lower side in FIG. 9) and
an end surface of the same on the discharge side (an
upper side in FIG. 9) and at positions along an outer
peripheral surface and an inner peripheral surface of the
balance plate 7A. Additionally, an inner O-ring 72A faces
a bush BS fitted and fixed in an end plate 15.
[0093] As shown in FIG. 9 (and FIG. 7), a blind hole
BH is formed in the end surface of the balance plate 7A
on the suction side (the lower side in FIG. 7), and the
spring 9 is accommodated in the blind hole BH. This
spring 9 is accommodated in a compressed state, and
elastic repulsive force operates in a direction along which
the spring 9 expands.
[0094] Consequently, the balance plate 7A is pressed
toward the discharge side (the upper side in FIG. 7 and
FIG. 9) by the elastic repulsive force of the spring 9 (ex-
panding force of the spring 9), and the initial pressure at
the time of startup of the internal gear pump 10 (for ex-
ample, force which presses the balance plate 7A against
the end surface of the rotors 12 and 13 at the time of
startup) is provided.
[0095] In FIG. 8, reference sign 73A denotes a dis-
charge pressure introducing hole 73, and reference sign
74A designates a locking pin attaching hole.
[0096] Further, circles (alternate long and short dash
line) denoted by reference sign G on both left and right
ends in FIG. 8 indicate contact positions of the two
springs 9 set in balance plate attaching holes 15h.
[0097] It is to be noted that, as a fixing plate in the third
embodiment, the fixing plate 8 which is common to the
first embodiment is used.
[0098] In the third embodiment which provides the in-
itial pressure at the time of startup of the internal gear
pump by the elastic repulsive force of the springs 9, as
compared with the first and second embodiment each of
which provides the initial pressure by the elastic repulsive
force of the O-rings, an amount of pressing the balance
plate 7A by the elastic repulsive force (a moving amount)
can be set to be larger than that in the first embodiment
and the second embodiment.
[0099] Thus, in the third embodiment, even if abrasion
losses of the rotors 12 and 13 are considerable, the bal-
ance plate 7A which is made of a material with high hard-
ness and maintains a flat state without being abraded is
appropriately pressed against side surfaces of the rotors
12 and 13. Thus, formation of steps on the side surface
of the rotors 12 and 13 is suppressed. Further, the bal-
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ance plate 7 moves toward the rotors 12 and 13 for a
length corresponding to the abrasion losses of the rotors
12 and 13 to reduce a clearance (a gap) formed due to
the abrasion, and hence volume efficiency is improved.
[0100] Other structures, operations, and effects in the
third embodiment shown in FIG. 7 to FIG. 9 are the same
as those in the embodiments shown in FIG. 1 to FIG. 6.
[0101] A fourth embodiment according to the present
invention will now be described with reference to FIG.
10. In FIG. 10, an entire pump device is denoted by ref-
erence sign 100C.
[0102] In the third embodiment shown in FIG. 7 to FIG.
9, the fixing plate 8 (which is the same as that in FIG. 5)
is provided on the discharge side (the upper side in FIG.
7) of the internal gear pump. On the other hand, in the
fourth embodiment shown in FIG. 10, no fixing plate is
provided.
[0103] Other structure, operations, and effects in the
fourth embodiment shown in FIG. 10 are the same as
those in the third embodiment shown in FIG. 7 to FIG. 9.
[0104] A fifth embodiment according to the present in-
vention will now be described with reference to FIG. 11
to FIG. 14. In FIG. 11, an entire pump device is denoted
by reference sign 200.
[0105] In the first to fourth embodiments shown in FIG.
1 to FIG. 10 are all embodiments applied to the pump
device which is a type that the suction side and the dis-
charge side for the working fluid are arranged on different
sides along the rotary shaft direction of the inner rotor 13.
[0106] On the other hand, in the fifth embodiment
shown in FIG. 11 to FIG. 14 is an embodiment applied
to a pump device which is a type that a suction side and
a discharge side for a working fluid are arranged on the
same side along a rotary shaft direction of an inner rotor
213.
[0107] In FIG. 11 and FIG. 12, the pump device denot-
ed as a whole by reference sign 200 has a rotary shaft
205, a gear case 211, an outer rotor 212, an inner rotor
213, a pump housing 214, an end cap 215, and a support
member 216. The support member 216, the pump hous-
ing 214, the gear case 211, and the end cap 215 are
integrally fixed with the use of two through bolts B1 and
nuts with washers NW. Further, the support member 216
and the pump housing 214 are fastened by a bolt B2,
and the end cap 215, the gear case 211, and the pump
housing 214 are fastened by a bolt B3.
[0108] A rotary shaft 205 pierces through the pump
housing 214 and the inner rotor 213, and is supported
by a bearing BG intermediately installed in the pump
housing 214 and a bearing BS intermediately installed in
the end cap 215.
[0109] Here, reference sign K denotes a key which fix-
es the inner rotor 213 to the rotary shaft 205, and refer-
ence sign SW denotes a thrust washer, and reference
sign MS denotes an oil seal.
[0110] In FIG. 11, a balance plate attaching hole (a
blind hole) 215H in which a balance plate 207 is attached
is formed in a surface of the end cap 215 which is in

contact with the rotors 212 and 213 (a left end surface
of the end cap 215 in FIG. 11).
[0111] On the other hand, a fixing plate attaching hole
(a concave portion) 214H in which a fixing plate 8 is at-
tached is formed in a surface of the pump housing 214
which is in contact with the rotors 212 and 213 (a right
end surface of the pump housing 214 in FIG. 11).
[0112] In FIG. 12, a working fluid is sucked into a pump
device 200 as indicated by an outline arrow Fi, flows
through the pump device 200 as indicated by arrows of
a broken line, and is discharged from the pump device
200 as indicated by an outline arrow Fo.
[0113] In FIG. 12, reference sign Pi designates a suc-
tion port, and reference sign Po designates a discharge
port. As shown in FIG. 13, in the fifth embodiment, the
suction port Pi is present on the same side as the dis-
charge port Po along a rotary shaft direction. Thus, in
FIG. 12, both the suction port Pi and the discharge port
Po are shown on the assumption that they are provided
on the same side.
[0114] In FIG. 11 and FIG. 12, the outer rotor 212 and
the inner rotor 213 rotate in the same direction, the work-
ing fluid which has flowed in from the suction port Pi is
raised its pressure by a fluctuation in volume of a gap
between gears of the rotors 212 and 213, and the working
fluid is discharged to the outside of the pump device 200
from a discharge opening 214o of the pump housing 214
(FIG. 12) through the discharge port Po.
[0115] A construction of the balance plate 207 (FIG.
11) in the pump device 200 is common to the balance
plate 7 (FIG. 3) in the first embodiment. However, since
a rotating direction of the rotor is different, the balance
plate 207 has a shape which is axisymmetric to an X-X
axis in FIG. 3 with respect to the balance plate shown in
FIG. 3.
[0116] The balance plate 207 has an O-ring groove
207a having a large radial dimension and an O-ring
groove 207b having a small radial dimension, and O-
rings are fitted in the O-ring grooves 207a and 207b, re-
spectively. Further, a through-hole (which is the same as
the discharge pressure introducing hole 73 in FIG. 3) is
formed in the balance plate 207, and a locking pin hole
(which is the same as the pin hole 74 in FIG. 3) is also
formed.
[0117] A construction of a fixing plate 8 in the fifth em-
bodiment is common to the fixing plate 8 in the first em-
bodiment. However, when a rotor rotating direction is dif-
ferent, the fixing plate 8 in the fifth embodiment has a
construction which is provided by reversing the fixing
plate 8 in the first embodiment.
[0118] In the fifth embodiment shown in FIG. 11 and
FIG. 12, like the first embodiment shown in FIG. 1 to FIG.
5, the balance plate 207 is pressed against the rotor 212
and 213. Furthermore, an initial pressure is provided from
elastic repulsive force of the O-rings.
[0119] Other structures, operations, and effects of the
fifth embodiment shown in FIG. 11 and 12 are the same
as those in the first embodiment shown in FIG. 1 to FIG. 5.
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[0120] A sixth embodiment according to the present
invention will now be described with reference to FIG.
13. In FIG. 13, an entire pump device is denoted by ref-
erence sign 200A.
[0121] In the fifth embodiment shown in FIG. 11 and
FIG. 12, the fixing plate 8 is provided on a drive source
side (a left side in FIG. 11) along the rotary shaft direction
of the internal gear pump.
[0122] On the other hand, in the sixth embodiment
shown in FIG. 13, no fixing plate is provided.
[0123] Other structure, operations, and effects of the
sixth embodiment shown in FIG. 13 are the same as
those in the fifth embodiment of the fifth embodiment
shown in FIG. 11 and FIG. 12.
[0124] A seventh embodiment will now be described
with reference to FIG. 14. In FIG. 14, an entire pump
device is denoted by reference sign 200B.
[0125] In FIG. 11 to FIG. 13, when the discharge pres-
sure does not operate on the balance plate 207 at the
time of, e.g., startup of the internal gear pump, the initial
pressure which presses the balance plate 207 toward
the drive source side (the left side in FIG. 11) is provided
by the elastic repulsive force of the O-rings like the first
embodiment and the second embodiment.
[0126] On the other hand, in the seventh embodiment
shown in FIG. 14, when a discharge pressure does not
operate on a balance plate 207A at the time of, e.g., star-
tup of an internal gear pump, an initial pressure which
presses the balance plate 207A toward a drive source
side (the left side in FIG. 14) is provided by elastic repul-
sive force of a spring 209 like the third embodiment and
the fourth embodiment.
[0127] A construction of the balance plate 207A (FIG.
14) in the pump device 200B is common to the balance
plate 7A (FIG. 8 and FIG. 9) in the third embodiment.
However, since a rotating direction of the rotors is differ-
ent, the balance plate 207A has a shape which is axisym-
metric to an X-X axis in FIG. 8 with respect to the balance
plate 7A in FIG. 8.
[0128] Moreover, in the pump device 200B, likewise,
even if abrasion losses of rotors 212 and 213 increase,
since the balance plate 207A which is made of a material
with high hardness and maintains a flat state without be-
ing abraded is appropriately pressed against side sur-
faces of the rotors 212 and 213, formation of steps on
the side surfaces of the rotors 212 and 213 is suppressed.
Moreover, the balance plate 207A moves toward the rotor
212 or 213 side for a length corresponding to abrasion
losses of the rotors 212 and 213 to reduce a clearance
(a gap) formed due to abrasion, and hence volume effi-
ciency is improved.
[0129] Other structures, operations, and effects of the
seventh embodiment in FIG. 14 are the same as those
in the embodiments shown in FIG. 11 to FIG. 13.
[0130] An eighth embodiment according to the present
invention will now be described with reference to FIG.
15. In FIG. 15, an entire pump device is denoted by ref-
erence sign 200C.

[0131] In the seventh embodiment shown in FIG. 14,
the fixing plate 8 is provided on the drive source side (a
left side in FIG. 14) along a rotary shaft direction.
[0132] On the other hand, in the eighth embodiment
shown in FIG. 15, no fixing plate is provided.
[0133] Other structures, operations, and effects of the
eighth embodiment shown in FIG. 15 are the same as
those in the seventh embodiment shown in FIG. 14.
[0134] It is additionally noted that the illustrated em-
bodiments are just illustrative examples and they are not
descriptions which restrict a technical scope of the
present invention.
[0135] For example, in the illustrated embodiments,
the balance plate is provided on the suction side (the
right side in FIG. 1) only, and it is not provided on the
discharge side (the left side in FIG. 1). On the other hand,
the balance plate can be provided on the discharge side
(the left side in FIG. 1) only. In such a case, a shape of
the port must be changed from that in the illustrated em-
bodiments.

REFERENCE SYMBOLS LIST

[0136]

5 ... rotary shaft
7 ... balance plate
8 ... fixing plate
9 ... spring
10 ... internal gear pump
11 ... gear case
12 ... outer rotor
13 ... inner rotor
14 ... pump housing
15 ... end plate
20 ... suction plate
30 ... cyclone relay impeller
40 ... primary cyclone
45 ... cyclone casing
50 ... secondary cyclone
60 ... foreign substance ejection impeller

Claims

1. A pump device characterized in that the pump de-
vice comprises an internal gear pump in which an
inner rotor is inscribed to an outer rotor, wherein a
plate member is provided on end surfaces of the ro-
tors, and the plate member is made of a material with
high hardness, formed into a shape which does not
block a suction port, has a through-hole formed
therein, and also has O-ring grooves formed thereon
which have continuous shapes and in which O-rings
are accommodated therein.

2. The pump device according to claim 1, wherein, in
the present invention, said O-ring grooves are
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formed on a surface of the plate member which is
apart from the rotors, and the O-rings are attached
in the O-ring grooves with a prescribed tightening
margin.

3. The pump device according to claim 1, wherein a
blind space is formed in the plate member on an
opposite side of the rotors, and elastic members are
accommodated in the blind space.
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