EP 4 350 147 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 4 350 147 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
10.04.2024 Bulletin 2024/15

(21) Application number: 22815541.2

(22) Date of filing: 28.01.2022

(51) International Patent Classification (IPC):
F04D 13/08 (2006.01) F04D 29/58 (2006.07)

(562) Cooperative Patent Classification (CPC):
F04D 13/08; F04D 29/58

(86) International application number:
PCT/JP2022/003444

(87) International publication number:
WO 2022/254781 (08.12.2022 Gazette 2022/49)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFR GB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 04.06.2021 JP 2021094395
(71) Applicant: EBARA CORPORATION

Ota-ku,
Tokyo 144-8510 (JP)

(72) Inventors:
* HIRAMOTO, Kazuya
Tokyo 144-8510 (JP)
* KURONUMA, Takayuki
Tokyo 144-8510 (JP)
* OISHI, Yohei
Tokyo 144-8510 (JP)

(74) Representative: Schmidbauer, Andreas Konrad
Wagner & Geyer Partnerschaft mbB
Patent- und Rechtsanwailte
Gewiirzmiihlstrasse 5
80538 Miinchen (DE)

(54) UNDERWATER MOTOR PUMP

(57)  An underwater motor pump includes a motor
case that accommodates an electric motor which sup-
plies a rotational force to an output shaft, a pump case
that has a discharge pipe and that accommodates a first
impeller provided on the output shaft, and an inverter
case that accommodates an inverter device which con-
trols the electric motor. The inverter case is disposed
between the pump case and the motor case.
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Description

[Technical Field]

[0001] The presentinvention relates to an underwater
motor pump.
[0002] Priority is claimed on Japanese Patent Applica-

tion No. 2021-094395, filed Jun 4, 2021, the content of
which is incorporated herein by reference.

[Background Art]

[0003] Conventionally, there has been an underwater
motor pump that is installed in a water tank and used in
a submerged state in water in order to discharge water
such as wastewater, drainage, or river water stored in
the water tank (Patent Document 1).

[Citation List]
[Patent Document]
[0004] [Patent Document 1]

Japanese Unexamined Patent Application, First Publica-
tion No. 2019-15204

[Summary of Invention]
[Technical Problem]

[0005] However,there isroom forimprovementin cool-
ing of a control unit in the conventional underwater motor
pumps.

[0006] The present invention provides an underwater
motor pump capable of effectively cooling a built-in in-
verter device.

[Solution to Problem]

[0007]
pects.

The present invention has the following as-

(1) According to an aspect of the present invention,
there is provided an underwater motor pump is pro-
vided including: a motor case configured to accom-
modate an electric motor that applies a rotational
force to an output shaft; a pump case including a
discharge pipe and configured to accommodate a
first impeller provided on the output shaft; and an
inverter case configured to accommodate an inverter
device that controls the electric motor, in which the
inverter case is disposed between the pump case
and the motor case.

(2) In the aspect (1), the inverter device may be dis-
posed in contact with a lower partition wall of the
inverter case.

(3) In the aspect (1), the inverter device may be dis-
posed apart from an upper partition wall and a lower
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partition wall of the inverter case.

(4) In any one of the aspects (1) to (3), a mechanical
seal case configured to accommodate a mechanical
sealing portion that rotatably seals the output shaft
and a lubricating liquid that lubricates the mechanical
sealing portion may be further provided, and the in-
verter case may be disposed between the mechan-
ical seal case and the motor case.

(5) In any one of the aspects (1) to (3), a mechanical
seal case configured to accommodate a mechanical
sealing portion that rotatably seals the output shaft
and a lubricating liquid that lubricates the mechanical
sealing portion may be further provided, and the in-
verter case may be disposed between the mechan-
ical seal case and the pump case.

(6) In the aspect (4) or (5), the output shaft may in-
clude a second impeller that is disposed inside the
mechanical seal case and that causes the lubricating
liquid to flow toward the inverter case.

(7) In any one of the aspects (1) to (3), the inverter
case may accommodate a mechanical sealing por-
tion that rotatably seals the output shaft and a lubri-
cating liquid that lubricates the mechanical sealing
portion, and the inverter device may be disposed in-
side the inverter case.

(8) In the aspect (7), the output shaft may include a
second impeller that is disposed inside the inverter
case and that causes the lubricating liquid to flow
toward the inverter case.

[Advantageous Effects of Invention]

[0008] According to the presentinvention, itis possible
to provide an underwater motor pump capable of effec-
tively cooling a built-in inverter device.

[Brief Description of Drawings]

[0009]

FIG. 1 is a side view of an underwater motor pump
according to a first embodiment.

FIG. 2 is a side view of an underwater motor pump
according to a second embodiment.

FIG. 3 is a side view of an underwater motor pump
according to a third embodiment.

FIG. 4 is a side view of an underwater motor pump
according to a fourth embodiment.

[Description of Embodiments]
(First Embodiment)

[0010] Hereinafter,an underwater motor pump 100 ac-
cording to a first embodiment will be described. FIG. 1 is
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a side view of the underwater motor pump 100 according
to the firstembodiment. In FIGS. 1 to 4, a vertical direction
is indicated by an arrow Z, and a horizontal direction is
indicated by an arrow X and an arrow Y.

[0011] AsshowninFIG. 1, the underwater motor pump
100 according to the first embodiment can be applied to,
for example, a pump that pumps up water such as waste-
water, drainage, or river water. The underwater motor
pump 100 is typically placed on a bottom surface G of a
water tank in which water is stored up to a water level L,
and is used in a submerged state in the water.

[0012] The underwater motor pump 100 includes a mo-
tor case 10 that accommodates an electric motor 12
which supplies a rotational force to an output shaft 11, a
pump case 20 that includes a discharge pipe 24 and that
accommodates a first impeller 21 provided on the output
shaft 11, and an inverter case 30 that accommodates an
inverter device 31 which controls the electric motor 12.
The electric motor 12 and the inverter device 31 of the
underwater motor pump 100 are appropriately connected
to a power source (not shown) via a power cable C that
penetrates the inverter case 30 while maintaining water
tightness.

[0013] The motor case 10 is provided above the pump
case 20. As aresult, even in a case where the water level
L decreases and the motor case 10 is exposed above
the water surface of the water stored in the water tank,
the operation of the underwater motor pump 100 can
continue. In addition, the planar dimension of the under-
water motor pump 100 can be made compact.

[0014] The motor case 10 and the pump case 20 are
sealed in a state in which the output shaft 11 is pivotally
supported to be freely rotatable.

[0015] The motor case 10 accommodates the electric
motor 12 including a rotor and a stator in a watertight
manner. The electric motor 12 is connected to the power
source located outside the underwater motor pump 100.
Further, the electric motor 12 is connected to the inverter
device 31. The stator supplies a rotational force to the
rotor through an electromagnetic action. The rotor is me-
chanically coupled to the output shaft 11 on which the
first impeller 21 is provided, and the rotational force of
the rotor is transmitted to the output shaft 11.

[0016] The motor case 10 and the pump case 20 are
sealed in a state in which the output shaft 11 is pivotally
supported to be freely rotatable.

[0017] The pump case 20 is placed on the bottom sur-
face G of the water tank such that the underwater motor
pump 100 can function by acting on the water stored in
the water tank, even when the water level L of the water
stored in the water tank decreases.

[0018] The pump case 20 includes the discharge pipe
24 and a suction port 22. An internal space of the pump
case 20 accommodates the first impeller 21 provided on
the output shaft 11. The pump case 20 is submerged in
water stored in the water tank and is supported via leg
portions 23 that are in contact with the bottom surface G
of the water tank. The pump case 20 suctions water into
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the internal space of the pump case 20 through the suc-
tion port 22 using the energy supplied by the first impeller
21 and discharges the suctioned water in the internal
space to the discharge pipe 24.

[0019] The discharge pipe 24 is a pipe for discharging
water in the internal space of the pump case 20. One end
of the discharge pipe 24 is open to the pump case 20,
and the other end is connected to a main pipe (not shown)
through which the suctioned water passes.

[0020] The suction port 22 is an opening for suctioning
water stored in the water tank. The suction port 22 is
directed downward.

[0021] The inverter case 30 accommodates the invert-
er device 31 inside.

[0022] The inverter device 31 includes, for example, a
substrate, an inverter circuit mounted on the substrate,
a power supply circuit mounted on the substrate, a ca-
pacitor or the like mounted on the substrate.

[0023] Here, the inverter case 30 is disposed between
the pump case 20 and the motor case 10. That is, the
pump case 20 is placed on the bottom surface G of the
water tank, the inverter case 30 is disposed above the
pump case 20, and the motor case 10 is disposed above
the inverter case 30. As a result, heat exchange with a
partition wall of the upper part of the pump case 20 can
be performed using the flow of water inside the pump
case 20 generated by the first impeller 21, so that the
inverter case 30 disposed above the pump case 20 can
be cooled. Therefore, the built-in inverter device 31 in
the underwater motor pump 100 can be effectively
cooled. Further, since the distance between the inverter
device 31 and the electric motor 12 can be shortened,
the electrical wiring between the two can be shortened.
Therefore, the structure of the underwater motor pump
100 can be made compact.

[0024] Further, the underwater motor pump 100 may
include a mechanical seal case 40 that accommodates
a mechanical sealing portion 41 that rotatably seals the
output shaft 11 and a lubricating liquid 42 that lubricates
the mechanical sealing portion 41. The mechanical seal-
ing portion 41 may be a sliding bearing. The mechanical
sealing portion 41 may be, for example, a bushing made
of a synthetic resin. The lubricating liquid 42 lubricates a
gap between the mechanical sealing portion 41 and the
output shaft 11. As a result, wear and overheating of the
mechanical sealing portion 41 can be suppressed while
maintaining the sealing between the motor case 10 and
the pump case 20. It is preferable that the inside of the
mechanical seal case 40 is filled with the lubricating liquid
42. The lubricating liquid 42 may be, for example, turbine
oil or may be a liquid resin having insulating properties.
[0025] The inverter case 30 may be disposed between
the mechanical seal case 40 and the motor case 10. As
aresult, itis possible to seal a space between the electric
motor 12 and the pump case 20 in a state in which the
output shaft 11 is pivotally supported to be freely rotata-
ble, and itis possible to perform heat exchange between
the water flowing inside the pump case 20 and the in-
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verter device 31 accommodated in the inverter case 30
via the lubricating liquid 42 accommodated in the inverter
case 30. Therefore, the inverter device 31 can be effec-
tively cooled.

[0026] In addition, the output shaft 11 may include a
second impeller 43 thatis disposed inside the mechanical
seal case 40 and cause the lubricating liquid 42 to flow
toward the inverter case 30. As a result, the lubricating
liquid 42 that has flowed toward the inverter device 31
by the second impeller 43 undergoes heat exchange with
a lower partition wall 30D of the inverter case 30. There-
fore, the rotation of the output shaft 11 can be used to
effectively cool the inverter device 31 accommodated in
the inverter case 30.

(Second Embodiment)

[0027] Next, anunderwater motor pump 200 according
to a second embodiment will be described. FIG. 2 is a
side view of the underwater motor pump 200 according
to the second embodiment. Description of matters com-
mon to the underwater motor pump 100 according to the
first embodiment may not be repeated.

[0028] The underwater motor pump 200 according to
the second embodiment may include the mechanical seal
case 40 that accommodates the mechanical sealing por-
tion 41 which rotatably seals the output shaft 11 and the
lubricating liquid 42 which lubricates the mechanical seal-
ing portion 41, as in the underwater motor pump 100
according to the first embodiment.

[0029] Here, the inverter case 30 may be disposed be-
tween the mechanical seal case 40 and the pump case
20. As aresult, it is possible to seal the space between
the electric motor 12 and the pump case 20 in a state in
which the output shaft 11 is pivotally supported to be
freely rotatable, and it is possible to perform heat ex-
change between the water flowing inside the pump case
20 and the inverter device 31 accommodated in the in-
verter case 30 via the lower partition wall 30D of the in-
verter case 30 and to perform heat exchange between
the lubricating liquid 42 accommodated in the mechanical
seal case 40 and the inverter device 31 accommodated
in the inverter case 30 via a partition wall of the upper
part of the inverter case 30. In other words, the inverter
case 30 can be cooled from both upper and lower sides
by the lubricating liquid 42 and the water flowing inside
the pump case 20. Therefore, the inverter device 31 can
be effectively cooled.

(Third Embodiment)

[0030] Next, anunderwater motor pump 300 according
to a third embodiment will be described. FIG. 3 is a side
view of the underwater motor pump 300 according to the
third embodiment. Description of matters common to the
underwater motor pump 100 according to the first em-
bodiment or the underwater motor pump 200 according
to the second embodiment may not be repeated.
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[0031] Unlike the underwater motor pump 100 accord-
ing to the firstembodiment or the underwater motor pump
200 according to the second embodiment, the underwa-
ter motor pump 300 according to the third embodiment
includes the inverter case 30 that also functions as the
mechanical seal case 40.

[0032] Thatis, the inverter case 30 of the underwater
motor pump 300 according to the third embodiment ac-
commodates the mechanical sealing portion 41 that ro-
tatably seals the output shaft 11 and the lubricating liquid
42 that lubricates the mechanical sealing portion 41. The
inverter device 31 is disposed inside the inverter case
30. As a result, the inverter device 31 can undergo heat
exchange by coming into direct contact with the lubricat-
ing liquid 42, so that the inverter device 31 can be effec-
tively cooled.

[0033] Here, the inverter device 31 may be disposed
in contact with the lower partition wall 30D of the inverter
case 30. This can facilitate heat exchange between the
inverter device 31 and the water inside the pump case
20. The inverter device 31 can be effectively cooled.

(Fourth Embodiment)

[0034] Next, anunderwater motor pump 400 according
to a fourth embodiment will be described. FIG. 4 is a side
view of the underwater motor pump 400 according to the
fourth embodiment. Description of matters common to
the underwater motor pump 100 according to the first
embodiment to the underwater motor pump 300 accord-
ing to the third embodiment may not be repeated.
[0035] The underwater motor pump 400 according to
the fourth embodimentincludes the inverter case 30 that
also functions as the mechanical seal case 40, as in the
underwater motor pump 300 according to the third em-
bodiment.

[0036] Here, the inverter device 31 may be disposed
apart from an upper partition wall 30U and the lower par-
tition wall 30D of the inverter case 30. As a result, the
lubricating liquid 42 can circulate above and below the
inverter device 31, which can facilitate heat exchange
between the inverter device 31 and the lubricating liquid
42. Therefore, the inverter device 31 can be effectively
cooled.

[0037] Further, by rotating and driving the output shaft
11 and a stirring blade (second impeller 43) in synchro-
nization with each other, the lubricating liquid 42 can be
stirred to promote heat dissipation of the inverter device
31, which can contribute to the cooling of the inverter
device 31.

[0038] The underwater motor pump 400 according to
each embodiment may not include the second impeller
43.

[0039] Further, with the underwater motor pump 300
according to the third embodiment shown in FIG. 3 or the
underwater motor pump 400 according to the fourth em-
bodiment shown in FIG. 4 in which the functions of the
inverter case 30 and of the mechanical seal case 40 are
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combined into the inverter case 30 having a single cham-
ber, the dimension in the vertical direction (height) can
be reduced by the absence of the partition wall partition-
ing the inverter case 30 and the mechanical seal case
40, as compared with the underwater motor pump 100
according to the first embodiment shown in FIG. 1 or the
underwater motor pump 200 according to the second em-
bodiment shown in FIG. 2 in which the inverter case 30
and the mechanical seal case 40 are separately provid-
ed. Therefore, the structures of the underwater motor
pumps 300 and 400 can be made compact.

[0040] Although the embodiments have been de-
scribed above with reference to the drawings, the present
invention is notlimited to the above description. A plurality
of features described as the embodiments may be freely
combined.

[0041] The underwater motor pump 100 according to
the present embodimentincludes the motor case 10 that
accommodates the electric motor 12 which supplies a
rotational force to the output shaft 11, the pump case 20
that includes the discharge pipe 24 and that accommo-
dates the first impeller 21 provided on the output shaft
11, and the inverter case 30 that accommodates the in-
verter device 31 which controls the electric motor 12. The
inverter case 30 is disposed between the pump case 20
and the motor case 10. As a result, heat exchange with
the partition wall of the upper part of the pump case 20
can be performed using the flow of water inside the pump
case 20 generated by the first impeller 21, so that the
inverter case 30 disposed above the pump case 20 can
be cooled. Therefore, the built-in inverter device 31 in
the underwater motor pump 100 can be effectively
cooled. Further, since the distance between the inverter
device 31 and the electric motor 12 can be shortened,
the electrical wiring between the two can be shortened.
Therefore, the structure of the underwater motor pump
100 can be made compact.

[Reference Signs List]
[0042]

10: Motor case

11: Output shaft

12: Electric motor

20: Pump case

21: First impeller

22: Suction port

23: Leg portion

24: Discharge pipe

30: Inverter case

30D: Lower partition wall
30U: Upper partition wall
31: Inverter device

40: Mechanical seal case
41: Mechanical sealing portion
42: Lubricating liquid

43: Second impeller
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100, 200, 300, 400: Underwater motor pump
C: Power cable

G: Bottom surface

L: Water level

Claims
1. An underwater motor pump comprising:

a motor case configured to accommodate an
electric motor that supplies a rotational force to
an output shaft;

apump case including adischarge pipe and con-
figured to accommodate a firstimpeller provided
on the output shaft; and

an inverter case configured to accommodate an
inverter device that controls the electric motor,
wherein the inverter case is disposed between
the pump case and the motor case.

2. The underwater motor pump according to Claim 1,
wherein the inverter device is disposed in contact
with a lower partition wall of the inverter case.

3. The underwater motor pump according to Claim 1,
wherein the inverter device is disposed apart from
an upper partition wall and a lower partition wall of
the inverter case.

4. The underwater motor pump according to any one
of Claims 1 to 3, further comprising:

a mechanical seal case configured to accom-
modate a mechanical sealing portion that rotat-
ably seals the output shaft and a lubricating lig-
uid that lubricates the mechanical sealing por-
tion,

wherein the inverter case is disposed between
the mechanical seal case and the motor case.

5. The underwater motor pump according to any one
of Claims 1 to 3, further comprising:

a mechanical seal case configured to accom-
modate a mechanical sealing portion that rotat-
ably seals the output shaft and a lubricating lig-
uid that lubricates the mechanical sealing por-
tion,

wherein the inverter case is disposed between
the mechanical seal case and the pump case.

6. The underwater motor pump according to Claim 4
or 5,
wherein the output shaft includes a second impeller
that is disposed inside the mechanical seal case and
that causes the lubricating liquid to flow toward the
inverter case.
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The underwater motor pump according to any one
of Claims 1 to 3,

wherein the inverter case accommodates a me-
chanical sealing portion that rotatably seals the
output shaft and a lubricating liquid that lubri-
cates the mechanical sealing portion, and
theinverterdevice is disposed inside the inverter
case.

The underwater motor pump according to Claim 7,
wherein the output shaft includes a second impeller
that is disposed inside the inverter case and that
causes the lubricating liquid to flow toward the in-
verter case.
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FIG. 3
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