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Description
Technical Field

[0001] The presentinvention relates to a motor pump.

Background Art

[0002] A pump apparatusincluding a moto and a pump
coupled by a coupling is known. Such a pump apparatus
has a structure that transmits a driving force of a motor
to an impeller of the pump via the coupling.

Citation List
Patent Literature

[0003] Patentdocument 1: Japanese laid-open patent
publication No. 2000-303986

Summary of Invention
Technical Problem

[0004] However, in such a pump apparatus, since the
pump and the motor are arranged side by side, an instal-
lation area becomes large. On the other hand, in recent
years, the demand for compactness (and energy saving)
has increased. As a result, the demand for an integral
structure of the pump and the motor has also increased.
[0005] Therefore, the presentinvention provides a mo-
tor pump having a compact structure.

Solution to Problem

[0006] In an embodiment, there is provided a motor
pump, comprising: a rotor; a stator arranged radially out-
side of the rotor; a rotor holder holding the rotor; and an
impeller which is a press-molded product, and the rotor
holder being fixed to the impeller.

[0007] In an embodiment, the rotor holder comprises:
a press-molded annular accommodating portion accom-
modating the rotor; and an annular closing plate closing
the accommodating portion.

[0008] In an embodiment, the rotor holder comprises
a sealing member arranged between the accommodat-
ing portion and the closing plate.

[0009] In an embodiment, the rotor holder comprises
a filler filled in the accommodating portion.

[0010] In an embodiment, the rotor holder comprises
a spacer arranged between the accommodating portion
and the rotor.

[0011] In an embodiment, the accommodating portion
comprises: anouter annular portion; and an inner annular
portion arranged radially inward of the outer annular por-
tion, the inner annular portion has a plurality of protru-
sions formed at a contact portion with the rotor.

[0012] In an embodiment, an inner surface of the rotor
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in contact with the inner annular portion has a polygonal
shape.

[0013] In an embodiment, the motor pump comprises
a bearing supporting the impeller and arranged outside
of a flow path of the impeller, and the bearing comprises:
a rotary side bearing body attached to the rotor holder;
and a stationary side bearing body arranged on a suction
side of the rotary side bearing body.

[0014] In an embodiment, the motor pump comprises
a stator casing accommodating the stator and being in-
tegrally resin molded with the stator.

[0015] In an embodiment, the motor pump comprises
a motor frame covering an outer circumferential surface
of the stator casing and being in contact with the stator.
[0016] Inanembodiment, the rotor and the bearing are
arranged in a suction side region of the impeller.

[0017] In an embodiment, a motor pump, comprising:
a rotor; a stator arranged radially outside of the rotor; a
rotor holder holding the rotor; and an impeller which is a
resin-molded product, and the rotor holder being inte-
grally molded to the impeller.

[0018] In an embodiment, the rotor holder comprises:
a resin-molded annular accommodating portion accom-
modating the rotor; and a ring holder closing the accom-
modating portion.

[0019] Inanembodiment, the ring holder has arotation
prevention structure formed at a connection portion with
the accommodating portion.

[0020] In an embodiment, the rotation prevention
structure is an embedded hole in which a portion of the
accommodating portion is embedded.

[0021] In an embodiment, the rotation prevention
structure is a bent portion bent in a U-shape.

[0022] In an embodiment, the rotor holder comprises
a spacer arranged between the ring holder and the rotor.
[0023] Inanembodiment, the ring holder has a plurality
of protrusions formed at a contact portion with the rotor.
[0024] Inan embodiment, an inner surface of the rotor
in contact with the ring holder has a polygonal shape.
[0025] In an embodiment, the motor pump comprises
a bearing supporting the impeller and arranged outside
of a flow path of the impeller, and the bearing comprises:
a rotary side bearing body attached to the rotor holder;
and a stationary side bearing body arranged on a suction
side of the rotary side bearing body.

[0026] In an embodiment, the motor pump comprises
a stator casing accommodating the stator and being in-
tegrally resin molded with the stator.

[0027] In an embodiment, the motor pump comprises
a motor frame covering an outer circumferential surface
of the stator casing and in contact with the stator.
[0028] Inanembodiment, the rotor and the bearing are
arranged in a suction side region of the impeller.

Advantageous Effects of Invention

[0029] The motor pump includes an impeller connect-
ed to a rotor holder that holds a rotor. Therefore, there
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is no need to arrange the pump and the motor side by
side, and as a result the motor pump can have a compact

of the method of balancing;
[FIG.17] FIG. 17 is a view showing one embodiment

structure. of the method of balancing;

[FIG. 18] FIG. 18 is a view showing one embodiment
Brief Description of Drawings 5 of the method of balancing;

[FIG. 19] FIG. 19 is a view showing another embod-
[0030] iment of the balancing jig;

[FIG. 1] FIG. 1 is a view showing one embodiment

[FIG. 20] FIG. 20 is a view showing another embod-
iment of the method of balancing;

of a motor pump; 10 [FIG. 21A] FIG. 21A is a perspective view of another
[FIG. 2] FIG. 2 is a view showing a flow of a liquid to embodiment of the pump unit;

be handled passing through a gap between a rotary [FIG. 21B] FIG. 21B is a plan view of the pump unit
side bearing body and a stationary side bearing shown in FIG. 21A;

body; [FIG. 22] FIG. 22 is a view showing a control flow of
[FIG. 3] FIG. 3 is a view showing an embodiment of 75 the motor pump by a control device;

a plurality of grooves formed in a flange portion of [FIG. 23] FIG. 23 is a view showing another embod-
the stationary side bearing; iment of the impeller;

[FIG. 4A] FIG. 4A is a view showing an embodiment [FIG. 24] FIG. 24 is a view showing another embod-
of a plurality of grooves formed in a cylindrical portion iment of the impeller;

of the stationary side bearing body; 20 [FIG.25]FIG. 25is a view showing a sealing member
[FIG. 4B] FIG. 4B is a view showing another embod- arranged between a cover and a side plate;

iment of grooves formed in the cylindrical portion of [FIG. 26] FIG. 26 is a view showing another embod-
the stationary side bearing body; iment of the impeller;

[FIG. 4C] FIG. 4C is a view showing another embod- [FIG. 27] FIG. 27 is a view showing another embod-
iment of grooves formed in the cylindrical portion of 25 iment of the motor pump;

the stationary side bearing body; [FIG. 28] FIG. 28 is a view showing another embod-
[FIG. 5A] FIG. 5A is a view showing an embodiment iment of the motor pump;

of a thrust load reduction structure provided on a [FIG. 29] FIG. 29 is a view showing another embod-
back surface of an impeller; iment of the motor pump;

[FIG. 5B] FIG. 5B is a view of FIG. 5A viewed from 30 [FIG. 30] FIG. 30 is a view showing a motor pump in
an arrow A; which various components can be selected depend-
[FIG. 6] FIG. 6 is a view showing another embodi- ing on operating conditions;

ment of the thrust load reduction structure; [FIG. 31A] FIG. 31A is a sectional view of a motor
[FIG. 7A] FIG. 7Ais a view showing a rotor arranged pump according to another embodiment;

offset with respect to a stator; 35 [FIG. 31B] FIG. 31B is a view of the motor pump
[FIG. 7B] FIG. 7B is a view showing the rotor ar- shown in FIG. 31A viewed from an axial direction;
ranged offset with respect to the stator; [FIG. 32A] FIG. 32A is a cross sectional view of a
[FIG. 8] FIG. 8 is a view showing an embodiment of motor pump according to another embodiment;

a bearing having a tapered structure; [FIG. 32B]FIG. 32B is a front view of a suction casing
[FIG. 9] FIG. 9 is a view showing another embodi- 40 of the motor pump shown in FIG. 32A;

ment of a bearing having a tapered structure; [FIG. 33] FIG. 33 is a view showing a pump unit in-
[FIG. 10] FIG. 10 is a view showing a pump unit in- cluding motor pumps connected in series;

cluding a plurality of motor pumps; [FIG. 34] FIG. 34 is a view showing another embod-
[FIG. 11]1 FIG.11 is a view showing another embod- iment of the impeller;

iment of the pump unit; 45 [FIG. 35] FIG. 35 is a view showing another embod-
[FIG. 12] FIG. 12 is a view showing another embod- iment of the motor pump;

iment of the pump unit; [FIG.36]FIG. 36 is an enlarged view of a rotor holder;
[FIG. 13A] FIG. 13Ais a view showing a motor pump [FIG. 37] FIG. 37 is a view showing another embod-
as a comparative example; iment of the spacer;

[FIG. 13B] FIG. 13B is a view showing another em- 50 [FIG. 38] FIG. 38 is a view showing the rotor inserted
bodiment of the motor pump; into the rotor holder;

[FIG. 13C] FIG. 13C is a view showing another em- [FIG. 39] FIG. 39 is a view showing the rotor inserted
bodiment of the motor pump; into the rotor holder;

[FIG. 14] FIG. 14 is a view showing one embodiment [FIG. 40] FIG. 40 is a view showing another embod-
of a method of balancing; 55 iment of the impeller;

[FIG. 15] FIG. 15 is a view showing one embodiment
of the method of balancing;
[FIG. 16] FIG. 16 is a view showing one embodiment

[FIG. 41] FIG. 41 is an enlarged view of the rotor
holder;
[FIG. 42] FIG. 42 is a view showing another embod-



5 EP 4 397 864 A1 6

iment of the rotation prevention structure;

[FIG. 43] FIG. 43 is a view showing another embod-
iment of the motor pump;

[FIG. 44] FIG. 44 is a view showing another embod-
iment of the motor pump;

[FIG. 45] FIG. 45 is an enlarged view of the first im-
peller and the second impeller;

[FIG. 46] FIG. 46 is a view showing another embod-
iment of a connection structure of the first impeller
and the second impeller and the communication
shaft;

[FIG. 47]FIG. 47 is a view showing another embod-
iment of the fastener;

[FIG. 48] FIG. 48 is a view showing another embod-
iment of the second bearing;

[FIG. 49] FIG. 49 is a view showing another embod-
iment of the second bearing;

[FIG. 50] FIG. 50 is a view showing the side plate
provided in the motor pump according to the embod-
iment described above;

[FIG. 51] FIG. 51 is a view showing another embod-
iment of the side plate; and

[FIG. 52] FIG. 52 is a view showing another embod-
iment of the motor pump.

Description of Embodiments

[0031] The following is an embodiment of a motor
pump, which will be described with reference to the draw-
ings. In the following embodiments, identical or equiva-
lent components will be marked with the same symbol
and redundant explanations will be omitted.

[0032] FIG. 1 is a view showing one embodiment of a
motor pump. As shown in FIG. 1, a motor pump MP in-
cludes an impeller 1, an annular rotor 2 fixed to the im-
peller 1, a stator 3 arranged radially outward of the rotor
2, and a bearing 5 that supports the impeller 1. The im-
peller 1 has a flow path formed inside it, and the bearing
5 is arranged outside the flow path (e.g., an inlet flow
path) of the impeller 1.

[0033] In the embodiment shown in FIG. 1, the motor
pump MP is a rotating machine including a permanent
magnet type motor, but the type of the motor pump MP
is not limited to this embodiment. In one embodiment,
the motor pump MP may include an induction type motor
orareluctance type motor. If the motor pump MP includes
the permanent magnet type motor, the rotor 2 is a per-
manent magnet. If the motor pump MP includes the in-
duction motor, the rotor 2 is a squirrel cage rotor.
[0034] Inthe embodimentshowninFIG. 1, theimpeller
1 is a centrifugal impeller. More specifically, the impeller
1 includes a disc-shaped main plate 10, a side plate 11
arranged opposite to the main plate 10, and a plurality
of vanes 12 arranged between the main plate 10 and the
side plates 11. The motor pump MP including the impeller
1 as acentrifugal impeller has excellent lift characteristics
and can generate high pressure compared to a pump
such as an axial flow pump and a mixed flow pump. Fur-
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thermore, the motor pump MP in this embodiment can
contribute to a rotational stability of the impeller 1 by uti-
lizing the pressure difference generated inside the motor
pump MP.

[0035] The side plate 11 includes a suction portion 15
formed in its central portion, and a body portion 16 con-
nected to the suction portion 15. The suction portion 15
extends in a direction of a center line CL of the motor
pump MP, and the body portion 16 extends in a direction
inclined (more specifically, perpendicular) to the center
line CL. The center line CL is parallel to a flow direction
of the liquid (liquid to be handled) caused by an operation
of the motor pump MP.

[0036] As shownin FIG. 1, the side plate 11 includes
an annular protrusion 17 extending from an outer edge
portion 11a of the side plate 11 (more specifically, an end
portion of the body portion 16) toward the suction portion
15. In the embodiment shown in FIG. 1, the body portion
16 and the protrusion 17 are integrally formed, but the
protrusion 17 may be a separate member from the body
portion 16.

[0037] The rotor 2 has an inner diameter larger than
an outer diameter of the protrusion 17, and is fixed to an
outer circumferential surface 17a of the protrusion 17.
The stator 3 is arranged to surround the rotor 2, and is
accommodated in a stator casing 20. The stator casing
20 is arranged radially outward of the impeller 1.

[0038] The motor pump MP includes a suction casing
21 and a discharge casing 22 arranged on both sides of
the stator casing 20. The suction casing 21 is arranged
on a suction side of the impeller 1, and the discharge
casing 22 is arranged on a discharge side of the impeller
1. The impeller 1, the rotor 2, and the bearing 5 are ar-
ranged radially inward of the stator casing 20 and be-
tween the suction casing 21 and the discharge casing 22.
[0039] The suction casing 21 has an inlet 21a at its
central portion. The discharge casing 22 has an outlet
22ainits central portion. The inlet 21a and the outlet 22a
are arranged in a straight line along the center line CL.
Therefore, the liquid to be handled sucked from the inlet
21a and discharged from the outlet 22a flows in the
straight line.

[0040] As shown in FIG. 1, an operator inserts a
through bolt 25 into the suction casing 21 and the dis-
charge casing 22 with the stator casing 20 sandwiched
between the suction casing 21 and the discharge casing
22, and tightens the through bolt 25. Thus, the motor
pump MP is assembled.

[0041] When the motor pump MP is operated, the liquid
to be handled is sucked through the inlet 21a of the suc-
tion casing 21 (see a black line arrow in FIG. 1). The
impeller 1 pressurizes the liquid to be handled by its ro-
tation, and the liquid to be handled flows inside the im-
peller 1 in a direction perpendicular (i.e., in a centrifugal
direction) to the center line CL. The liquid to be handled
discharged to the outside of the impeller 1 collides with
an inner circumferential surface 20a of the stator casing
20, and a direction of the liquid to be handled is changed.
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Thereafter, the liquid to be handled passes through a gap
between a back surface of the impeller 1 (more specifi-
cally, the main plate 10) and the discharge casing 22,
and is discharged from the outlet 22a.

[0042] As shown in FIG. 1, the motor pump MP in-
cludes a return vane 30 arranged on a back side of the
impeller 1. In the embodiment shown in FIG. 1, a plurality
of return vanes 30 extending spirally are provided. These
return vanes 30 are fixed to the discharge casing 22, and
face the main plate 10 of the impeller 1. By providing the
return vanes 30, the liquid to be handled discharged from
the impeller 1 is smoothly guided to the outlet 22a. The
return vanes 30 contribute to the conversion of the liquid
to be handled discharged from the impeller 1 from velocity
energy to pressure energy.

[0043] In the embodiment shown in FIG. 1, the motor
pump MP is divided into a suction side region Ra, a dis-
charge side region Rb, and an intermediate region Rc
between the suction side region Ra and the discharge
side region Rb. The suction side region Ra is a region
between the suction casing 21 (more specifically, the inlet
21a of the suction casing 21) and the impeller 1 (more
specifically, the side plate 11 of the impeller 1). The dis-
charge side region Rb is a region between the discharge
casing 22 (more specifically, the outlet 22a of the dis-
charge casing 22) and the impeller 1 (more specifically,
the main plate 10 of the impeller 1). A plurality of vanes
12 are arranged in the intermediate region Rc.

[0044] The rotor 2 and the bearing 5 are arranged in
the suction side region Ra of the impeller 1. In this em-
bodiment, the impeller 1 includes the side plate 11 having
atapered shape that widens from the suction side region
Ra toward the discharge side region Rb. Therefore, a
space (dead space) is formed in the suction side region
Ra of the impeller 1. According to this embodiment, by
arranging the rotor 2 and the bearing 5 in the suction side
region Ra, the motor pump MP can have a structure that
effectively utilizes the dead space, and as a result, has
a compact structure.

[0045] The bearing 5 includes a rotary side bearing
body 6 attached to the protrusion 17 of the side plate 11
and a stationary side bearing body 7 attached to the suc-
tion casing 21. The stationary side bearing body 7 is ar-
ranged on the suction side of the rotary side bearing body
6. The rotary side bearing body 6 is a rotating member
that rotates with the rotation of the impeller 1, and the
stationary side bearing body 7 is a stationary member
that does not rotate even when the impeller 1 rotates.
[0046] The rotary side bearing body 6 has a cylindrical
portion 6a having an outer diameter smaller than aninner
diameter of the protrusion 17, and a flange portion 6b
projecting outward from the cylindrical portion 6a. There-
fore, a cross section of the rotary side bearing body 6
has an L shape. A sealing member (e.g., an O ring) 31
is arranged between an inner circumferential surface 17b
of the protrusion 17 and the cylindrical portion 6a.
[0047] The rotary side bearing body 6 is attached to
the protrusion 17 of the impeller 1 with the sealing mem-

10

15

20

25

30

35

40

45

50

55

ber 31 attached to the cylindrical portion 6a. By mounting
the rotary side bearing body 6, the rotor 2 is arranged
adjacentto the flange portion 6b of the rotary side bearing
body 6.

[0048] The stationary side bearing body 7 includes a
cylindrical portion 7a arranged opposite to the cylindrical
portion 6a of the rotary side bearing body 6, and a flange
portion 7b arranged opposite to the flange portion 6b of
the rotary side bearing body 6. A cross section of the
stationary side bearing body 7 has an L-shape like the
cross section of the rotary side bearing body 6. Seal
members 32 and 33 are arranged between the cylindrical
portion 7a of the stationary side bearing body 7 and the
suction casing 21. Inthis embodiment, two seal members
32 and 33 are arranged, but the number of seal members
is not limited to this embodiment.

[0049] FIG. 2 is a view showing a flow of the liquid to
be handled passing through a gap between the rotary
side bearing body and the stationary side bearing body.
Since a pressure of the liquid to be handled is increased
by the rotation of the impeller 1, the pressure of the liquid
to be handled in the discharge side region Rb is higher
than the pressure of the liquid to be handled in the suction
side region Ra. Therefore, a part of the liquid to be han-
dled discharged from the impeller 1 flows back into the
suction side region Ra (see the black line arrow in FIG. 2).
[0050] More specifically, a part of the liquid to be han-
dled passes through the gap between the stationary cas-
ing 20 and the rotor 2, and flows into through the flange
portion 6b of the rotary side bearing body 6 and the flange
portion 7b of the stationary side bearing body 7.

[0051] FIG. 3 is a view showing an embodiment of a
plurality of grooves formed in the flange portion of the
stationary side bearing. As showninFIG. 3, the stationary
side bearing body 7 has a plurality of grooves 40 formed
in the flange portion 7b. These grooves 40 are formed
on a surface of the flange portion 7b facing the flange
portion 6b of the rotary side bearing body 6. The grooves
40 are formed to generate dynamic pressure of the liquid
to be handled in the gap between the flange portion 7b
and the flange portion 6b. In this embodiment, the
grooves 40 are spiral grooves extending spirally. In one
embodiment, the grooves 40 may be radial grooves ex-
tending radially. By forming the grooves 40, the bearing
5 can support a thrust load of the impeller 1 without con-
tact.

[0052] Inthe embodimentshowninFIG. 3,the grooves
40 are formed in the flange portion 7b, but in one em-
bodiment, the grooves 40 may be formed in the flange
portion 6b of the rotary side bearing body 6. With such a
configuration, the bearing 5 can also support the thrust
load of the impeller 1 without contact.

[0053] FIG. 4Ais a view showing an embodiment of a
plurality of grooves formed in the cylindrical portion of
the stationary side bearing body. FIG. 4A shows a plu-
rality of grooves 41 when viewed from the direction of
the center line CL. The stationary side bearing body 7
may have the grooves 41 formed in the cylindrical portion
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7a along the circumferential direction of the cylindrical
portion 7a. In the embodiment shown in FIG. 4A, the
grooves 41 are arranged at equal intervals, but they may
be arranged at uneven intervals.

[0054] The grooves 41 are formed on a surface of the
cylindrical portion 7a facing the cylindrical portion 6a of
the rotary side bearing body 6, and extend parallel to the
cylindrical portion 7a (i.e., in the direction of the center
line CL). In the embodiment shown in FIG. 4A, each of
the grooves 41 has an arcuate concave shape when
viewed from the direction of the center line CL. The
shapes of the grooves 41 are not limited to this embod-
iment. In one embodiment, each of the grooves 41 may
have a concave shape when viewed from the direction
of the center line CL.

[0055] FIGS. 4B and 4C are views showing another
embodiment of grooves formed in the cylindrical portion
of the stationary side bearing body. As shown in FIGS.
4B and 4C, the stationary side bearing body 7 has an
annular groove 42 formed in the cylindrical portion 7a
along a circumferential direction of the cylindrical portion
7a. The groove 42 is formed in a portion of the cylindrical
portion 7a, and has a concave shape when viewed from
a direction perpendicular to the direction of the center
line CL (see FIGS. 4B and 4C). The cylindrical portions
7a are present at both ends 42a, 42a of the groove 42 in
the direction of the center line CL. With such a structure,
even if a radial load acts on the impeller 1, the stationary
side bearing body 7 (more specifically, the cylindrical por-
tion 7a) can reliably support the impeller 1 via the rotary
side bearing body 6. A length of the groove 42 in the
direction of the center line CL is not particularly limited.
In the embodiment shown in FIGS. 4B and 4C, the sta-
tionary side bearing body 7 has a single groove 42, but
in one embodiment the stationary side bearing body 7
may have the grooves 42 arranged along the direction
of the center line CL.

[0056] The liquid to be handled that has passed
through the gap between the flange portion 6b and the
flange portion 7b flows into the gap between the cylindri-
cal portion 6a and the cylindrical portion 7a. When the
rotary side bearing body 6 rotates together with the im-
peller 1, viscous resistance is generated in the liquid to
be handled flowing through this gap. This viscous resist-
ance may have an adverse effect on an operating effi-
ciency of the motor pump MP.

[0057] As shown in the embodiment described above,
by forming the grooves 41 (or grooves 42), a size of the
narrow region formed in the gap between the cylindrical
portion 6a and the cylindrical portion 7a is reduced.
Therefore, viscous resistance generated in the liquid to
be handled can be reduced. Furthermore, by forming the
grooves 41 (or grooves 42), dynamic pressure of the lig-
uid to be handled is generated, and the bearing 5 can
support a radial load of the impeller 1 without contact.
The effect of reducing the viscous resistance by reducing
the size of the narrow region formed between the flange
portions 6b and 7b can also be achieved by providing
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the grooves 40 (see FIG. 3).

[0058] In the embodiment shown in FIGS. 4A to 4C,
the grooves 41 and 42 are formed in the cylindrical portion
7a, but in one embodiment, the grooves 41 and 42 may
be formed in the cylindrical portion 6a of the rotary side
bearing body 6. With such a configuration as well, the
bearing 5 can support the radial load of the impeller 1
without contact.

[0059] AsshowninFIG. 2, theliquid to be handled that
has passed through the gap between the cylindrical por-
tion 6a of the rotary side bearing body 6 and the cylindrical
portion 7a of the stationary side bearing body 7 passes
through the gap between the side plate 11 of the impeller
1 and the suction casing 21, and returns to the suction
side of the motor pump MP. In this embodiment, the bear-
ing 5 is arranged on a path of a leakage flow of the liquid
to be handled. With such a configuration, a part of the
liquid to be handled flows into the minute gap between
the rotary side bearing body 6 and the stationary side
bearing body 7, and as a result, the motor pump MP can
suppress leakage of the liquid to be handled.

[0060] As described above, the pressure of the liquid
to be handled in the discharge side region Rb is higher
than the pressure of the liquid to be handled in the suction
side region Ra. Therefore, a thrust load acts on the im-
peller 1 from the outlet 22a of the discharge casing 22
toward the inlet 21a of the suction casing 21 (see a white
arrow in FIG. 1). The motor pump MP according to this
embodiment has a structure that reduces the thrust load.
[0061] FIG. 5Ais a view showing an embodiment of a
thrust load reduction structure provided on the back sur-
face of the impeller. FIG. 5B is a view of FIG. 5A viewed
from an arrow A. As shown in FIGS. 5A and 5B, the motor
pump MP includes a thrust load reduction structure 45
provided on the back surface of the impeller 1 (more spe-
cifically, on the main plate 10). In the embodiment shown
in FIGS. 5A and 5B, the thrust load reducing structure
45 is a plurality of back vanes 46 extending spirally at-
tached to the main plate 10. The back vanes 46 can gen-
erate a load in the direction opposite to the thrust load
as the impeller 1 rotates. As a result, the thrust load re-
duction structure 45 can reduce the thrust load generated
in the motor pump MP.

[0062] FIG. 6 is a view showing another embodiment
of the thrust load reduction structure. As shown in FIG.
6, the thrustload reduction structure 45 may be a plurality
of notch structures formed along the circumferential di-
rection of the impeller 1 (more specifically, the main plate
10) and extending toward a center side of the impeller 1.
In the embodiment shown in FIG. 6, a plurality of notches
47 are formed in the main plate 10 of the impeller 1. By
forming the notches 47, a contact area of the liquid to be
handled with the main plate 10 is reduced. As a result,
the thrust load reduction structure 45 can reduce the
thrust load generated in the motor pump MP. Although
not shown, the embodiment shown in FIG. 5 and the em-
bodiment shown in FIG. 6 may be combined.

[0063] In this embodiment, the impeller 1 always re-
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ceives the thrust load from the discharge side toward the
suction side. Furthermore, the bearing 5 supports the
impeller 1 that generates a rotational force. Therefore, a
parallelism of the impeller 1 itself is maintained, and wob-
bling of the impeller 1 can be suppressed. As a result,
the motor pump MP can continue its operation stably with
a structure in which only a single bearing 5 is arranged
in the suction side region Ra (i.e., a single bearing struc-
ture).

[0064] In one embodiment, at least one of the impeller
1andthe bearing 5 may be constructed from a lightweight
material. An example of the lightweight material includes
aresin or a metal with low specific gravity (e.g., aluminum
alloys, magnesium alloys, titanium alloys, etc.). With
such a structure, a weight of the motor pump MP itself
can be reduced, and further, the bearing 5 (and the im-
peller 1) can be made more compact. The material of the
member that come into contact with the liquid (i.e., mem-
ber in contact with the liquid), such as the impeller 1 and
the bearing 5, are not particularly limited, and can be
changed to any material as appropriate depending on
the quality of the liquid.

[0065] Furthermore, in this embodiment, the return
vanes 30 (see FIG. 1) can reduce the radial load gener-
ated on the impeller 1. The return vanes 30 are arranged
at equal intervals along the circumferential direction of
the outlet 22a. With such an arrangement, the radial load
is evenly distributed, and as a result the radial load gen-
erated on the impeller 1 is reduced.

[0066] In this embodiment, the motor pump MP in-
cludes a permanent magnet type motor. Therefore, when
the motor pump MP is started, a constant load acts on
the bearing 5 for converting a repulsive force caused by
the magnetic force into a rotational force. This load is a
force generated on the rotor 2, and the bearing 5 supports
this load.

[0067] FIGS. 7A and 7B are views showing a rotor ar-
ranged offset with respect to a stator. As shown in FIG.
7A, when the rotor 2 is shifted toward the discharge side
with respect to the stator 3, the impeller 1 is subjected to
a force acting in the direction in which the rotary side
bearing body 6 approaches the stationary side bearing
body 7 due to the magnetic force generated between the
rotor 2 and the stator 3 (see arrow in FIG.7A). With this
arrangement, it is possible to adjust (increase) the thrust
load of the rotary side bearing body 6 acting on the sta-
tionary side bearing body 7.

[0068] Asshownin FIG. 7B, when the rotor 2 is shifted
toward the suction side with respect to the stator 3, the
impeller 1 is subjected to a force acting in the direction
in which the rotary side bearing body 6 is separated from
the stationary side bearing body 7 due to the magnetic
force generated between the rotor 2 and the stator 3 (see
FIG. 7B). With this arrangement, it is possible to adjust
(decrease) the thrust load of the rotary side bearing body
6 acting on the stationary side bearing body 7.

[0069] FIG. 8 is a view showing an embodiment of a
bearing having a tapered structure. In the embodiment
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shown in FIG. 8, the bearing 5 has a tapered structure
in which the gap between the rotary side bearing body 6
and the stationary side bearing body 7 extends from the
suction side to the discharge side in the direction closer
to the center line CL (i.e., the central portion of the im-
peller 1). As shownin FIG. 8, the rotary side bearing body
6 and the stationary side bearing body 7 respectively
have inclined surfaces 50 and 51 facing each other. With
such a configuration, the bearing 5 can concentrate the
radial load and thrust load acting on the rotary side bear-
ing body 6 and the stationary side bearing body 7 on the
inclined surfaces 50 and 51, and the bearing 5 has a
simple structure.

[0070] FIG. 9 is a view showing another embodiment
of a bearing having a tapered structure. In the embodi-
ment shown in FIG. 9, the bearing 5 has a tapered struc-
ture in which the gap between the rotary side bearing
body 6 and the stationary side bearing body 7 extends
from the suction side to the discharge side in the direction
away from the center line CL (i.e., the central portion of
theimpeller 1). As shown in FIG. 9, therotary side bearing
body 6 and the stationary side bearing body 7 have in-
clined surfaces 53 and 54, respectively, facing each oth-
er.

[0071] FIG. 10is aview showing a pump unitincluding
aplurality of motor pumps. As shownin FIG. 10, the pump
unit PU may include a plurality of motor pumps MP ar-
ranged in series, and an inverter 60 that controls the op-
eration of each of the motor pumps MP. In the embodi-
ment shown in FIG. 10, each of the motor pumps MP has
the same structure as that shown in the above described
embodiment(s). Therefore, a detailed explanation of the
motor pump MP will be omitted.

[0072] Inthe embodiment shown in FIG. 10, the pump
unit PU includes three motor pumps MP, but the number
of motor pumps MP is not limited to this embodiment. As
described above, the inlet 21a and the outlet 22a of the
pump unit PU are arranged in a straight line along the
center line CL. Therefore, the motor pumps MP can be
continuously arranged in a straight line, and the pump
unit PU can easily have a multistage motor pump struc-
ture.

[0073] As shown in FIG. 10, two intermediate casings
61 are arranged between the suction casing 21, arranged
adjacent to the first-stage impeller 1A, and the discharge
casing 22 arranged adjacent to the third-stage impeller
1C. The second-stage impeller 1B is arranged between
these intermediate casings 61, 61. Each of the interme-
diate casings 61,61 hasa common (i.e., similar) structure
to the suction casing 21. An operator can assemble the
pump unit by inserting and tightening the through bolt 25
into the suction casing 21, the intermediate casings 61,
61, and the discharge casing 22 with the intermediate
casings 61, 61 sandwiched between the suction casing
21 and discharge casing 22.

[0074] AsshowninFIG. 10, one inverter 60 is connect-
ed to the stators 3 of the motor pumps MP. The inverter
60 can independently control each of the motor pumps
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MP. Therefore, the operator can operate at least one
motor pump MP at any timing depending on the operating
conditions of the pump unit.

[0075] FIGS.11and 12 are views showing another em-
bodiment of the pump unit. In the embodiment shown in
FIGS. 11 and 12, the pump unit PU includes a plurality
of motor pumps MP arranged in parallel. In FIG. 11, al-
though it is simply drawn, each of the motor pumps MP
is installed inside a pipe 65. Although four motor pumps
MP are provided in FIG. 11, the number of motor pumps
MP is not limited to this embodiment. As shown in FIG.
12, three motor pumps MP may be provided.

[0076] FIG. 13Ais a view showing a motor pump as a
comparative example. FIGS. 13B and 13C are views
showing another embodiment of the motor pump. As
shown in FIG. 13A, the motor pump as a comparative
example includes a rotary shaft RS, but the motor pump
MP according to the embodiment does not have the ro-
tary shaft RS. Instead, the impeller 1 includes a rounded
convex portion 70 arranged at its central portion.
[0077] In the embodiment shown in FIG. 13B, the im-
peller 1 has a convex portion 70A having a first radius of
curvature, and in the embodiment shown in FIG. 13C,
the impeller 1 has a convex portion 70B having a second
radius of curvature. Hereinafter, the convex portions 70A
and 70B may be simply referred to as the convex portion
70 without distinguishing between them.

[0078] The convex portion 70 is arranged at the center
of the main plate 10, and is integrally formed with the
main plate 10. In one embodiment, the convex portion
70 may be a different member from the main plate 10. In
this case, the convex portions 70 having different radius
of curvature may be replaced depending on the operating
conditions of the motor pump.

[0079] A tip potion 71 of the convex portion 70 has a
smooth convex shape, and the liquid to be handled flow-
ing into the impeller 1 comes into contact with the tip
portion 71 of the convex portion 70. By providing the con-
vex portion 70, the liquid to be handled is smoothly and
efficiently guided to the vane 12 without its flow being
obstructed. On the other hand, in the motor pump as a
comparative example, the rotary shaft RS is fixed to an
impeller by a nut Nt. Therefore, the flow of the liquid to
be handled may be obstructed by the nut Nt (and the
rotary shaft RS).

[0080] The convex portion 70A shownin FIG. 13B has
aradius of curvature larger than that of the convex portion
70B shown in FIG. 13C. By increasing the radius of cur-
vature of the convex portion 70, a distance between the
convex portion 70 and the side plate 11 becomes smaller.
Conversely, by decreasing the radius of curvature of the
convex portion 70, the distance between the convex por-
tion 70 and the side plate 11 increases. In this manner,
by changing the radius of curvature of the convex portion
70, a size of the flow path of the impeller 1 for liquid to
be handled can be adjusted. The flow path of the impeller
1 shown in FIG. 13C is larger than the flow path of the
impeller 1 shown in FIG. 13B.
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[0081] According to this embodiment, since the motor
pump MP does not have a rotary shaft, the number of
parts can be reduced and the size of the flow path can
be adjusted. Furthermore, since there is no need to pro-
vide a rotary shaft, the impeller 1 can have a compact
size. As a result, an entire motor pump MP can have a
compact size.

[0082] The motor pump rotates the impeller 1 at high
speed by its operation. If a center of gravity of the impeller
1 is shifted, the impeller 1 rotates at high speed in an
eccentric state. As a result, noise may be generated, and
in the worst case, the motor pump may break down.
[0083] Therefore, the operator performs a method of
balancing (dynamic balance) to determine the center of
gravity of the impeller 1 to a desire position. As shown in
FIG. 13A, when the rotary shaft RS is attached to the
impeller, it is necessary to attach the rotary shaft RS to
a test machine and rotate the impeller together with the
rotary shaft RS. In this embodiment, since the rotary shaft
RS is not attached to the impeller 1, the operator can
perform the method of balancing (i.e., balance adjust-
ment method) described below.

[0084] FIGS. 14 to 18 are views showing one embod-
iment of the method of balancing. As shown in FIG. 14,
the operator first performs a process of forming a through
hole 10a in the center of the impeller 1 (more specifically,
in the main plate 10). After that, as shown in FIG. 15, the
operator inserts a shaft body 76 of a balancing jig 75 into
the through hole 10a. The shaft body 76 of the balancing
jig 75 corresponds to a rotary shaft.

[0085] After that, as shown in FIG. 16 , the operator
places a fixed body 77 on the back side of the impeller
1, and fastens the shaft body 76 to the fixed body 77. In
this state, the operator rotates the impeller 1 together
with the balancing jig 75, determines the center of gravity
of the impeller 1, and performs a process of adjusting the
center of gravity. In this manner, the balancing jig 75 has
a structure that supports the center of the impeller 1.
Therefore, the balancing jig 75 may be referred to as a
center support adjustment jig.

[0086] After determining the center of gravity of the im-
peller 1 at the desired position, the operator pulls out the
shaft body 76 of the balancing jig 75, and then inserts a
center cap 80 into the through hole 10a to close the
through hole 10a. (See FIGS. 17 and 18). The center cap
80 has a rounded shape similar to the convex portion 70
according to the embodiment shown in FIGS. 13B and
13C. Therefore, the liquid to be handled is smoothly and
efficiently guided to the vane 12 without its flow being
obstructed.

[0087] FIG. 19is a view showing another embodiment
of the balancing jig. In the embodiment shown in FIG.
18, the balancing jig 75 has a structure that supports the
center ofthe impeller 1. Inthe embodiment shown in FIG.
19, the balancing jig 85 includes a supporter 86 that sup-
ports the rotary side bearing body 6 of the bearing 5, and
ashaftportion 87 fixed to the supporter 86. In this manner,
the balancing jig 85 has a structure for supporting an end
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portion of the impeller 1. Therefore, the balancing jig 85
may be referred to as an edge support adjustment jig.
[0088] The supporter 86 has an annular shape having
an outer diameter smaller than the inner diameter of the
rotary side bearing body 6, and by inserting the supporter
86 into the rotary side bearing body 6, the balancing jig
85 supports to the impeller 1 via the rotary side bearing
body 6. In this state, the operator performs a process of
rotating the impeller 1 together with the balancing jig 85.
Thereafter, the operator determines the center of gravity
of the impeller 1 while rotating the impeller 1, and per-
forms a process of adjusting the center of gravity.
[0089] Accordingtothe embodimentshownin FIG. 19,
the operator does not need to form the through hole 10a.
Also in the embodiment shown in FIG. 19, the impeller 1
may have the convex portion 70 formed at its center po-
sition (see FIGS. 13A and 13B).

[0090] FIG. 20 is a view showing another embodiment
of the method of balancing. As shown in FIG. 20, the
rotor 2 includes an annular iron core 2a, and a plurality
of magnets 2b embedded in the iron core 2a. The mag-
nets 2b are arranged at equal intervals along a circum-
ferential direction of the rotor 2 (more specifically, the
iron core 2a). The operator performs a process of forming
a plurality of weight insertion holes 90 along the circum-
ferential direction of the rotor 2. The process of forming
the weight insertion hole 90 is performed when manu-
facturing of the iron core 2a.

[0091] The weightinsertion hole 90 is formed between
the magnets 2b adjacent to each other. The operator
performs the process of determining the center of gravity
of the impeller 1 to determine the current center of gravity
of the impeller 1. If the center of gravity of the impeller 1
is shifted, the operator inserts a weight 91 into at least
one of the weight insertion holes 90 to adjust the center
of gravity.

[0092] In one embodiment, when the center of gravity
of the impeller 1 is shifted, instead of inserting the weight
91 into the weight insertion hole 90, the operator may
remove any excess weight that may cause a shift in the
center of gravity of the impeller 1.

[0093] FIG. 21A is a perspective view of another em-
bodiment of the pump unit. FIG. 21B is a plan view of the
pump unit shown in FIG. 21A. As shown in FIGS. 21A
and 21B, the pump unit PU includes a plurality of (in this
embodiment, three) motor pumps MP, a control device
100 that operates the motor pumps MP at variable
speeds, and a current sensor 101 that is electrically con-
nected to the control device and detects the current sup-
plied to the motor pumps MP.

[0094] Inthe embodiment,two currentsensors 101 are
arranged, but at least one current sensor 101 may be
arranged. Examples of the current sensor 101 include a
hall element and a CT (current converter).

[0095] The pump unit PU includes a power line 105
and a signal line 106 extending from the motor pumps
MP, and a protective cover 107 that protects the current
sensor 101, the power line 105, and the signal line 106.
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The power line 105 and the signalline 106 are electrically
connected to the inverter 60.

[0096] Copper bars (in other words, current plate, cop-
per plate) 108 having a U-phase, a V-phase, and a W-
phase are stretched between the motor pumps MP, and
the current sensor 101 is connected to one of copper
bars 108. Each of the motor pumps MP includes a ter-
minal block 102, and the copper bar 108 is connected to
the terminal block 102.

[0097] The control device 100 is electrically connected
to the inverter 60, and configured to control the operation
of motor pump MP via the inverter 60. The control device
100 may be arranged outside the inverter 60 or inside
the inverter 60.

[0098] The control device 100 includes a signal receiv-
er 100a that receives a signal from the current sensor
101 through the signal line 106, a memory 100b that
stores information regarding the operation of the motor
pump MP and an operation program, and a controller
100c controls the operation of the motor pump MP based
on data received at the signal receiver and data stored
in the memory.

[0099] In this embodiment, the pump unit PU includes
one inverter 60 for the motor pumps MP. The pump unit
PU may include a number of inverters 60 corresponding
to the number of motor pumps MP. When the motor
pumps MP are arranged, each of the inverters 60 controls
the operation of each of the motor pumps MP by the
control device 100.

[0100] As described above, the motor pump MP has a
compact structure that makes effective use of dead
space. Therefore, by connecting these motor pumps MP
in series, the pump unit PU can be operated at a pump
head without increasing its installation area.

[0101] Themotorpump MP s the rotating machine with
the permanent magnet type motor. Such motor rotates
uncontrolled by forcibly applying a voltage at start up.
The control of the rotational speed of the motor pump
MP by the inverter 60 is started immediately, and then a
steady operation of motor pump MP is started.

[0102] In this embodiment, the pump unit PU includes
the motor pumps MP. Therefore, there is no problem if
adifference in rotational speed between the motor pumps
MP is eliminated before starting control of the rotational
speed of the motor pump MP. However, if the difference
in rotational speed is not resolved, there may be a startup
failure of the motor pump MP.

[0103] Generally, when the number of magnetic poles
of the rotor 2 increases, the motor pump MP rotates
smoothly, and the difference in rotational speed between
the motor pumps MP tends to be eliminated. The motor
pump MP in the embodiment has a structure in which a
flow path is formed inside the rotor 2, and the outer di-
ameter of the rotor 2 is designed to be large.

[0104] When the outer diameter of the rotor 2 is large,
a size of the rotor 2 in an outer peripheral direction be-
comes large, so that a plurality of magnets can be easily
arranged and the number of magnetic poles can be in-
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creased. With such a configuration, the pump unit PU
can eliminate the difference in rotational speed among
the motor pumps MP. Furthermore, in this embodiment,
by using inexpensive planar magnets, the cost of the rotor
2 can be reduced compared to a general motor using
curved magnets.

[0105] Furthermore, in this embodiment, the motor
pump MP has a canned motor structure in which the sta-
tor 3 is accommodated in the stator casing 20, and the
distance between the rotor 2 and the stator 3 is generally
larger than that of the motor. Therefore, the motor pump
MP can reduce torque ripple, which means a range of
torque fluctuations, and as a result, the pump unit PU
can eliminate the difference in rotational speed among
the motor pumps MP.

[0106] In this manner, the pump unit PU can eliminate
the difference in rotational speed, but it is desirable to
operate the motor pump MP more stably during the star-
tup and/or the steady operation of the motor pump MP.
[0107] Therefore, a method of controlling the motor
pump MP will be described below. In the embodiment,
the motor pumps MP are connected in series. In this case,
if the liquid to be handled contains foreign matter, the
foreign matter may become entangled with the motor
pump MP (especially the first motor pump MP), and as
a result, the operation of the pump unit PU may be hin-
dered by the foreign matter. Furthermore, for some rea-
son, there is a possibility that the difference in rotational
speed between the motor pumps MP will notbe resolved.
[0108] FIG. 22 is a view showing a control flow of the
motor pump by the control device. As shown in step S101
in FIG. 22, the control device 100 electrically connected
to the inverter 60 determines the current values of the
motor pumps MP during the current operation of the mo-
tor pumps MP based on the output current of the inverter
60 (more specifically, a total current value of each of mo-
tor pumps MP).

[0109] The control device 100 then calculates a lower
current limit value based on an assumed current value
during a normal operation of the motor pump MP (more
specifically, during the startup and the steady operation),
and compares a total measured current value (measured
current value Amax) with a predetermined lower current
limitvalue (see step S102). Inone embodiment, the mem-
ory 100b of the control device 100 stores the assumed
current values for each motor pump MP and the assumed
current values for the motor pumps MP. The memory
100b may calculate the assumed current values of each
motor pump MP from the assumed current values of each
motor pump MP.

[0110] The control device 100 may determine "the as-
sumed current value expected during normal operation”
based on at least one of a rated current value and an
allowable current value of each motor pump MP, or de-
termine "the assumed current value expected during nor-
mal operation" based on the current value when operat-
ing the motor pump MP.

[0111] In one embodiment, the control device 100 de-
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termines the lower limit current value based on the
number of motor pumps MP. For example, the lower limit
current value is determined by the following formula.

The lower limit current value = the assumed current value
of the motor pumps MP x (1-1/the number of motor pumps
n)

[0112] In this embodiment, since three motor pumps
MP are arranged, the lower limit current value is 2/3 of
the assumed current value.

[0113] After step S102, the control device 100 com-
pares the calculated lower limit current value and the
measured current value (see step S103). More specifi-
cally, the control device 100 determines whether or not
the measured current value is lower than the lower limit
currentvalue (measured currentvalue Amax > lower limit
current value).

[0114] If the measured current value is lower than the
lower limit current value (see "YES" in step S103), in this
embodiment, in a case in which the measured current
value is less than 2/3 of the assumed current value (i.e.,
the lower limit current value), the control device 100 de-
termines that at least one of the motor pumps MP is ab-
normal (see step S104). If the measured current value
has not decreased below the lower limit current value
(see "NO" in step S103), the control device 100 repeats
steps S102 and S103.

[0115] When the control device 100 determines the ab-
normal occurrence, the control device 100 may issue an
alarm while continuing to operate the motor pump MP,
or may stop the operation of the motor pump MP and
issue the alarm.

[0116] Such a control flow may be performed at the
time of starting the motor pump MP, or may be performed
during the steady operation of the motor pump MP. When
performing the control flow at the time of starting the mo-
tor pump MP, the measured current value corresponds
to a starting current value at the time of starting the motor
pumps MP, and the assumed current value is a current
value expected during normal startup of the motor pumps
MP.

[0117] When performing the control flow during the
steady operation of the motor pump MP, the measured
current value corresponds to an operating current value
during the steady operation of the motor pumps MP, and
the assumed current value is the current value expected
during the normal steady operation of the motor pumps
MP.

[0118] The starting currentvalue and the operating cur-
rent value may be the same or different. Similarly, the
assumed current value assumed during normal start up
and the assumed current value assumed during the nor-
mal steady operation may be the same or different.
[0119] Inone embodiment, the control device 100 may
determine the assumed current value based on the flow
rates on the discharge sides of the motor pumps MP. In
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this case, the pump unit PU includes a flow rate sensor
(not shown) that detects the flow rate of the liquid to be
handled, and the flow rate sensor is electrically connect-
ed to the control device 100.

[0120] The memory 100b of the control device 100
stores data indicating a correlation between the flow rate
of the liquid to be handled during normal operation and
the current supplied to the motor pumps MP during nor-
mal operation. The control device 100 determines the
assumed currentvalue based on this data, and calculates
the lower limit current value based on the determined
assumed current value. The above formula can be used
as an example of the calculation formula for the lower
limit current value.

[0121] The controldevice 100 compares the measured
current value during the steady operation of the motor
pumps MP with the lower limit current value, and when
the measured current value is lower than the lower limit
current value, it is determined that at least one of the
motor pump MP has an abnormality.

[0122] Inone embodiment, the control device 100 may
determine the assumed current value based on the pres-
sure on the discharge side of the motor pumps MP. In
this case, the pump unit PU includes a pressure sensor
(not shown) that detects the pressure of the liquid to be
handled, and the pressure sensor is electrically connect-
ed to the control device 100.

[0123] The memory 100b of the control device 100
stores data indicating the correlation between the pres-
sure of the liquid to be handled and the current supplied
to the motor pumps MP during normal operation. The
control device 100 determines the assumed current value
based on this data, and calculates the lower limit current
value based on the determined assumed current value.
The above formula can be used as an example of the
calculation formula for the lower limit current value.
[0124] Thecontrol device 100 compares the measured
current value during the steady operation of the motor
pumps MP with the lower limit current value, and when
the measured current value is lower than the lower limit
current value, it is determined that at least one of the
motor pumps MP has an abnormality.

[0125] In the embodiment shown in FIGS. 21A and
21B, the pump unit PU includes the current sensor 101
(first current sensor 101) arranged between the first mo-
tor pump MP and the second motor pump MP, and the
currentsensor 101 (second currentsensor 101) arranged
between the second motor pump MP and the third motor
pump MP.

[0126] Therefore, the control device 100 measures the
current value (i.e., the measured current value Aa1) of
the first motor pump MP based on the signal sent from
the first current sensor 101, and measures a sum (i.e.,
the measured current value Ab (= Aa1 + Aa2)) of the
measured current value Aa1 of the first motor pump MP
and the measured current value Aa2 of the second motor
pump MP based on the signal sent from the second cur-
rent sensor 101.
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[0127] The control device 100 compares the measured
current value Aa1 with the assumed current value as-
sumed during normal operation (during the startup and
the steady operation) of each motor pump MP, and if the
measured current value Aa1 is lower than the assumed
current value (Aa1 < assumed current value), the control
device 100 determines that an error has occurred in the
first motor pump MP.

[0128] The control device 100 compares the measured
current value Aa1 with the assumed current value as-
sumed during normal operation of each motor pump MP
(during the startup and the steady operation), if the meas-
ured currentvalue Aa1is larger than the assumed current
value (Aa1 > assumed current value), and a value (i.e.,
Ab - Aa1) obtained by subtracting the measured current
value Aa1 from the measured current value Ab is smaller
than the assumed current value ((Ab - Aa1) < assumed
current value), the control device 100 determines that an
abnormality has occurred in the second motor pump MP.
The value obtained by subtracting the measured current
value Aa1 from the measured current value Ab corre-
sponds to the measured current value Aa2.

[0129] When the control device 100 determines that
the measured current value Amax is lower than the lower
limit current value, and determines that there is no ab-
normality in the first motor pump MP and the second mo-
tor pump MP, the control device 100 determines that the
third motor pump MP has an abnormality.

[0130] When the pump unit PU includes four motor
pumps MP connected in series, the pump unit PU in-
cludes the current sensor 101 (third current sensor 101)
arranged between the third motor pump MP and the
fourth motor pump MP.

[0131] The control device 100 determines a sum (i.e.,
the measured current value Ac) of the measured current
value Aa1 of the first motor pump MP, the measured cur-
rent value Aa2 of the second motor pump MP, and the
measured current value Aa3 of the third motor pump MP
based on the signal sent from the third current sensor
101.

[0132] Ifthe measured currentvalue Aa1 is larger than
the assumed current value (Aa1 > assumed current val-
ue), the value obtained by subtracting the measured cur-
rent value Aa1 from the measured current value Ab (i.e.,
Ab - Aa1) is larger than the assumed current value ((Ab
- Aa1) > assumed current value), and the value obtained
by subtracting the measured current value Ab from the
measured current value Ac (i.e., Ac - Ab, where Ab = Aa1
+ Aa2)is lower than the assumed current value, the con-
trol device 100 determines that an abnormality has oc-
curred in the third motor pump MP. The value obtained
by subtracting the measured current value Ab from the
measured current value Ac corresponds to the assumed
current value Aa3.

[0133] When the control device 100 determines that
the measured current value Amax is lower than the lower
limit current value, and determines that no abnormality
has occurred in the first motor pump MP, the second
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motor pump MP, and the third motor pump MP, the con-
trol device 100 determines that an abnormality has oc-
curred in the fourth motor pump MP. When the pump unit
PU includes five or more motor pumps MP connected in
series, the control device 100 can determine the abnor-
mality of each motor pump MP using the same method
as described above.

[0134] In the above described embodiment, a method
of controlling the motor pumps MP connected in series
has been described, but the pump unit PU may control
the motor pumps MP connected in parallel. When con-
trolling the motor pumps MP (see FIGS. 11 and 12) con-
nected in parallel, the control device 100 may be config-
ured to shift a startup timing of each of the motor pumps
MP.

[0135] By shifting the startup timing, the pump unit PU
can form a swirling flow in the pipe 65. By forming the
swirling flow, foreign matter and air adhering to the pipe
65 can be removed, and furthermore, the liquid to be
handled can be prevented from stagnation.

[0136] In order to form the swirling flow, the control
device 100 starts one (the first motor pump MP) of the
motor pumps MP, and then may start the motor pump
MP (the second motor pump MP) adjacent to the started
motor pump MP (i.e., the first motor pump MP). In this
manner, by sequentially starting the adjacent motor
pumps MP, the pump unit PU can form the swirling flow
that swirls in an order in which the motor pumps MP are
started.

[0137] For example, when three motor pumps MP are
arranged, the control device 100 may start the first motor
pump MP, then start the second motor pump MP, or after
starting the third motor pump MP, the control device 100
may start the first motor pump MP adjacent to the third
motor pump MP.

[0138] FIG. 23 is a view showing another embodiment
of the impeller. In this embodiment, illustration of the
bearing 5is omitted. In the embodiment described above,
the impeller 1 includes the annular protrusion 17 extend-
ing from the outer edge portion 11a of the side plate 11
toward the suction portion 15 (see FIG. 1). In the embod-
iment shown in FIG. 23, the side plate 11 of the impeller
1 has an annular protrusion 117 arranged radially inward
of the outer edge portion 11a of the side plate 11.
[0139] The rotor 2 is arranged on an annular step
formed between the outer edge portion 11a of the side
plate 11 and the protrusion 117, and an exposed portion
of the rotor 2 is covered with a cover 110. The cover 110
is one of the components of the motor pump MP. Exam-
ples of the cover 110 include a corrosion-resistant can,
aresin coat, or a Ni plating coat.

[0140] Inone embodiment, the iron core 2a of the rotor
2 is joined to the protrusion 117 by adhesive, press fit,
shrink fit, welding, or the like. Similarly, the cover 110 is
joined to the impeller 1 by adhesive, press fitting, shrink
fitting, welding, or the like.

[0141] FIG. 24 is a view showing another embodiment
of the impeller. In this embodiment, illustration of the
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bearing 5 is omitted. As shown in FIG. 24, the impeller 1
may include an annular mounting portion 118 arranged
radially outward from the protrusion 117. By inserting the
rotor 2 into an annular space between the mounting por-
tion 118 and the protrusion 117, the rotor 2 can be fixed
to the side plate 11 more reliably. Also in this embodi-
ment, the exposed portion of the rotor 2 is covered with
the cover 110.

[0142] FIG. 25 is a view showing a sealing member
arranged between the cover and the side plate. In this
embodiment, illustration of the bearing 5 is omitted. As
shown in FIG. 25, by arranging seal members (e.g., O
rings) 120, 121 between the cover 110 and the side plate
11 (more specifically, the outer edge portion 11a and the
protrusion 117 of the side plate 11), the liquid can be
reliably prevented from coming into contact with the rotor
2.

[0143] The impeller 1 according to the embodiment
shown in FIGS. 1 to 25 is manufactured by, for example,
casting, stainless steel press molding, resin molding, or
the like. The impeller 1 according to the embodiment
shown in FIGS. 26 to 34 described below may also be
manufactured by casting, stainless steel press molding,
resin molding, or the like.

[0144] FIG. 26 is a view showing another embodiment
of the impeller. In this embodiment, illustration of the
bearing 5 is omitted. As shown in FIG. 26, the rotor 2 is
fixed to the outer edge portion 11a of the side plate 11
so as to block the flow path (i.e., an outlet flow path) of
the impeller 1 formed between the main plate 10 and the
side plate 11. Also in this embodiment, the rotor 2 is ar-
ranged in the suction side region Ra.

[0145] In the embodiment shown in FIG. 26, the rotor
2 is not covered with the cover 110, and the rotor 2 is
made of a corrosion-resistant material. Also in the em-
bodiment described above, the rotor 2 does not neces-
sarily need to be covered with the cover 110, and may
be made of a corrosion-resistant material. In one embod-
iment, the rotor 2 may be covered with the cover 110.
[0146] With this configuration, the liquid to be handled
passing through the outlet flow path collides with an inner
circumferential surface of the rotor 2, and a direction of
the liquid to be handled is changed. Thereafter, the liquid
to be handled passes through a gap between the main
plate 10 and the discharge casing 22, and is discharged
from the outlet 22a.

[0147] Also in the embodiment shown in FIGS. 23 to
26, the rotor 2 and the bearing 5 are arranged in the
suction side region Ra of the impeller 1, so the motor
pump MP has a compact structure.

[0148] FIG. 27 is a view showing another embodiment
of the motor pump. As shown in FIG. 27, the motor pump
MP includes a firstimpeller 1A arranged on the inlet 21a
side, a second impeller 1B arranged on the outlet 22a
side, and a communication shaft 126 connected to the
firstimpeller 1A and the second impeller 1B. The rotor 2
is fixed to the firstimpeller 1A, and the stator 3 is arranged
radially outward the rotor 2. The bearing 5 supports the
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firstimpeller 1A, and the second impeller 1B is supported
by the bearing 5 via the communication shaft 126.
[0149] Inthe embodiment shown in FIG. 27, the motor
pump MP includes an intermediate casing 125 arranged
between the firstimpeller 1A and the second impeller 1B.
The intermediate casing 125 is an annular partition wall
that separates the discharge side of the first impeller 1A
from the suction side of the second impeller 1B. In this
embodiment, the intermediate casing 125 is fixed to the
stator casing 20.

[0150] Inthe embodiment shown in FIG. 27, the motor
pump MP includes two impellers 1, but the number of
impellers 1 is not limited to this embodiment. The motor
pump MP may include a plurality of intermediate casings
125 depending on the number of impellers 1. In other
words, the motor pump MP may include a plurality of
impellers 1 including at least the first impeller 1A and the
second impeller 1B.

[0151] FIG. 28 is a view showing another embodiment
of the motor pump. As shown in FIG. 28, the motor pump
MP further includes a discharge side bearing 128 that
rotatably supports the communication shaft 126. The dis-
charge side bearing 128 is arranged on the discharge
side of the second impeller 1B. The discharge side bear-
ing 128 is attached to the discharge casing 22, and seal
members (e.g., O rings) 127A, 127B are arranged in the
gap between the discharge side bearing 128 and the dis-
charge casing 22. Although the motor pump MP includes
two impellers 1 also in the embodiment shown in FIG.
28, the number of impellers 1 is not limited to this em-
bodiment. The motor pump MP may include a plurality
of impellers 1 including at least the first impeller 1A and
the second impeller 1B.

[0152] As shown in FIG. 28, the discharge casing 22
has a flow path 129 communicating with the outlet 22a.
The flow path 129 is arranged radially outward of the
communication shaft 126. The liquid to be handled dis-
charged from the second impeller 1B is discharged to
the outside through the flow path 129 and the outlet 22a.
[0153] In the embodiment shown in FIG. 28, the first
impeller 1A and the second impeller 1B are supported
not only by the bearing 5 but also by the discharge side
bearing 128. The discharge side bearing 128 is a radial
bearing. With such a structure, the motor pump MP can
suppress displacement of the first impeller 1A and the
second impeller 1B in the radial direction.

[0154] FIG. 29 is a view showing another embodiment
of the motor pump. As shown in FIG. 29, the motor pump
MP may include a communication shaft 126 to which one
impeller 1 is fixed, and the discharge side bearing 128
that rotatably supports the communication shaft 126.
[0155] FIG. 30isaview showingamotorpumpin which
various components can be selected depending on op-
erating conditions. In FIG. 30, a horizontal axis shows a
flow rate, and a vertical axis shows a pump head. As
shown in FIG. 30, the motor pump MP is configured to
be able to select optimal components according to vari-
ous operating conditions (i.e., a magnitude of the flow
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rate and a magnitude of the pump head).

[0156] Inthe embodiment shown in FIG. 30, the motor
pump MP can be selected from a plurality (four in this
embodiment) of different components (i.e., configura-
tions) depending on the magnitude of the pump head and
the magnitude of the flow rate (see MPA to MPA in FIG.
30). In this embodiment, the motor pump MP includes a
plurality of impellers 1 having different sizes, a plurality
of rotors 2 fixed to the impellers 1 and having different
lengths, a plurality of stator 3 having a length correspond-
ing to the length of the rotors 2, and a plurality of stator
casings 20 that accommodate the stators 3 and have a
length corresponding to the length of the stators 3.
[0157] A size of a motor capacity of the motor pump
MP depends on a length of a length Lg of the stator 3.
The size of the pump head of the motor pump MP de-
pends on a size of a diameter D1 of the impeller 1. The
magnitude ofthe flow rate of the motor pump MP depends
on the size of an outlet flow path B2 of the impeller 1.
[0158] The impellers 1 include the main plates 10 hav-
ing different diameters from the side plates 11 having the
same diameter. In this specification, the diameter D1 of
the impeller 1 corresponds to a diameter of the main plate
10.

[0159] A relationship between a motor pump MPA and
a motor pump MPB will be described. As shown in FIG.
30, the motor pump MPA and the motor pump MPB have
the same motor capacity (i.e., LgA = LgB). The motor
pump MPA has a higher pump head capacity than that
of the motor pump MPB (i.e., D1A > D1B). The motor
pump MPB has a higher flow rate capacity than that of
the motor pump MPA (i.e., B2B > B2A).

[0160] A relationship between the motor pump MPA
and the motor pump MPC will be described. The motor
pump MPC has a larger motor capacity than that of the
motor pump MPA (i.e., LgC > LgA). The motor pump
MPC has the same pump head capacity as that of the
motor pump MPA (i.e., D1A = D1C). The motor pump
MPC has a higher flow rate capacity than that of the motor
pump MPA (i.e., B2C > B2A).

[0161] A relationship between the motor pump MPB
and the motor pump MPC will be described. The motor
pump MPC has a larger motor capacity than that of the
motor pump MPB (i.e., LgC > LgB). The motor pump
MPC has a higher pump head capacity than that of the
motor pump MPB (i.e., D1C > D1B). An outlet flow path
B2B of the impeller 1 of the motor pump MPB has the
same size as that of an outlet flow path B2C ofthe impeller
1 of the motor pump MPC, or has a larger size than that
of the outlet flow path B2C (i.e., B2B > B2C).

[0162] A relationship between the motor pump MPC
and the motor pump MPD will be described. The motor
pump MPC has the same motor capacity as that of the
motor pump MPD (i.e., LgC = LgD). The motor pump
MPC has a higher pump head capacity than that of the
motor pump MPD (i.e., D1C > D1D). The motor pump
MPD has a higher flow rate capacity than that of the motor
pump MPC (i.e., B2D > B2C).
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[0163] A relationship between the motor pump MPB
and the motor pump MPD will be described. The motor
pump MPD has a larger motor capacity than that of the
motor pump MPB (i.e., LgD > LgB). The motor pump
MPD has a higher flow rate capacity than that of the motor
pump MPB (i.e., B2D > B2B). The motor pump MPB has
the same pump head capacity as that of the motor pump
MPD (i.e., D1B = D1D).

[0164] AsshowninFIG. 30, an inner diameter D2 and
an outer diameter D3 of the stator casing 20 are the same
in all motor pumps MP. Therefore, the operator may pre-
pare components having different sizes depending on
the pump head capacity and the flow rate capacity, and
select the optimal component from the components
based on the operating conditions of the motor pump MP.
[0165] By making the inner diameter D2 and the outer
diameter D3 of the stator casing 20 the same, the pump
unit PU can easily change its performance without chang-
ing the size of the components (e.g., the bearing 5, the
suction casing 21, and the discharge casing 22) that are
not dependent on the pump head or the flow rate capac-
ity.

[0166] FIG. 31A is a sectional view of a motor pump
according to another embodiment, and FIG. 31B is a view
of the motor pump shown in FIG. 31A viewed from an
axialdirection. As shownin FIGS. 31Aand 31B, the motor
pump MP may include a swiveling stopper (in other
words, whirl stopper) 130 arranged on the back side of
the impeller 1.

[0167] In the embodiment shown in FIG. 31B, one
swiveling stopper 130 is arranged, but at least one
swiveling stopper 130 may be arranged. The swiveling
stopper 130 is fixed to the discharge casing 22, and faces
the main plate 10 of the impeller 1. The swiveling stopper
130 can prevent the liquid to be handled discharged from
the impeller 1 from swiveling between the impeller 1 and
the discharge casing 22.

[0168] FIG. 32A is a cross sectional view of a motor
pump according to another embodiment, and FIG. 32B
is a front view of a suction casing of the motor pump
shown in FIG. 32A. As shown in FIGS. 32A and 32B, the
motor pump MP includes a suction casing 141 and a
discharge casing 142 having a flat flange shape.

[0169] In the embodiment described above, the inlet
21a of the suction casing 21 protrudes from the outer
surface of the suction casing 21, and similarly, the outlet
22a of the discharge casing 22 protrudes from the outer
surface of the discharge casing 22. In this embodiment,
since the suction casing 141 has the flat flange shape,
an inlet 141a is formed on the same plane as the outer
surface of the suction casing 141. Similarly, since the
discharge casing 142 has a flat flange shape, an outlet
142a is formed on the same plane as the outer surface
of the discharge casing 142.

[0170] With such a structure, a connection pipe 140
connected to the motor pump MP can be directly con-
nected to the suction casing 141. Although not shown,
the connection pipe 140 may be directly connected to
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the discharge casing 142 having a flat flange shape.
[0171] With such a configuration, there is no need to
arrange a member (connection member) that connects
the connection pipe 140 and the suction casing 141, and
the number of parts for connecting a pipe (not shown) to
the motor pump MP can be reduced.

[0172] Since the connection member is a member that
is expected to leak liquid, by eliminating the connection
member, it is possible to reliably prevent liquid leakage.
In this embodiment, although not shown, a sealing mem-
ber (e.g., an Oring or a gasket) is arranged between the
connection pipe 140 and the suction casing 141.
[0173] Aninsertionhole 141binto which afastener 150
for fastening the connection pipe 140 and the suction
casing 141 is inserted is formed radially outward from
the inlet 141a of the suction casing 141. The connection
pipe 140 has a through hole 140a that communicates
with the insertion hole 141b. The operator can fasten the
connection pipe 140 and the suction casing 141 to each
other by inserting the fastener 150 into the through hole
140a and the insertion hole 141b.

[0174] A bolt accommodating portion 142b for accom-
modating a head portion 25a of the through bolt 25 is
formed radially outward from the outlet 142a of the dis-
charge casing 142. By accommodating the head portion
25a of the through bolt 25 in the bolt accommodating
portion 142b, it is possible to prevent the head portion
25a from protruding from the discharge casing 22.
[0175] Inone embodiment, the suction casing 141 may
have a bolt accommodating portion corresponding to the
bolt accommodating portion 142b. That is, at least one
of the suction casing 141 and the discharge casing 142
has a bolt accommodating portion that accommodates
the head portion 25a of the through bolt 25.

[0176] FIG. 33 is a view showing a pump unitincluding
motor pumps connected in series. As shown in FIG. 33,
the motor pump MP shown in FIGS. 32A and 32B in-
cludes the suction casing 141 and the discharge casing
142 having a flat flange shape. The suction casing 141
and the discharge casing 142 arranged adjacent to each
other can be in surface contact with each other. The suc-
tion casing 141 and the discharge casing 142 in surface
contact with each other correspond to intermediate cas-
ings.

[0177] Although not shown, a sealing member (e.g.,
an O ring or a gasket) is arranged between the suction
casing 141 and the discharge casing 142 that are in sur-
face contact with each other.

[0178] According to this embodiment, there is no need
to arrange the intermediate casing 61 (see FIG. 10), and
by simple operating of directly connecting the motor
pumps MP having the same structure in series, the pump
unit PU including the motor pumps MP can be configured.
[0179] The motor pump MP according to the embodi-
mentincludes simple main components (i.e., the impeller
1, the rotor 2 and the stator 3, and the bearing 5), and is
made smaller and lighter. Therefore, by using the through
bolt 25, the motor pumps MP arranged in series can be
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easily fastened together.

[0180] Furthermore, by bringing the suction casing 141
and the discharge casing 142 into surface contact with
each other, a thermal conductivity of the pump unit PU
can be improved, and a temperature balance can be
achieved between the motor pumps MP. As a result, the
pump unit PU can be stably operated.

[0181] FIG. 34 is a view showing another embodiment
of the impeller. In the embodiment described above, the
impeller 1 is a centrifugal impeller. More specifically, the
impeller 1 includes the main plate 10 extending perpen-
dicularly to the direction of the center line CL, and the
liquid pressurized by the impeller 1 is discharged per-
pendicularly to the center line CL. In the embodiment
shown in FIG. 34, the impeller 1 is a mixed flow impeller.
More specifically, the impeller 1 includes a main plate
160 that is inclined at a predetermined angle with respect
to the direction of the center line CL. The main plate 160
is inclined from the suction side to the discharge side,
and the liquid pressurized by the impeller 1 is discharged
diagonally outward with respect to the center line CL.
[0182] FIG. 35is a view showing another embodiment
of the motor pump. As shown in FIG. 35, the motor pump
MP includes a rotor holder 200 that holds the rotor 2, and
the impeller 1 which is a press-molded product. The rotor
holder 200 is fixed to the impeller 1. Also in this embod-
iment, the rotor 2 and the bearing 5 are arranged in the
suction side region of the impeller 1 (see FIG. 1).
[0183] The impeller 1 includes the main plate 10, the
side plate 11, and the vanes 12. Each of the main plate
10, the side plate 11, and the vane 12 is a press-molded
product composed of a metal material with excellent duc-
tility. An example of such a metal material is stainless
steel. In one embodiment, the main plate 10, the side
plate 11, and the vane 12 are separately press-molded,
and then joined together after being formed.

[0184] By composing the impeller 1 from the press-
molded product, an overall weight of the impeller 1 can
be reduced. This weight reduction of the impeller 1 con-
tributes to a reduction (or elimination) of the balancing
(dynamic balancing) that determines the center of gravity
of the impeller 1 as desired position. Furthermore, this
configuration allows the distance between the main plate
10 and the side plate 11 to be reduced, resulting in further
compacting of the motor pump MP.

[0185] Therotorholder200 prevents a corrosion of the
rotor 2 due to contact of the rotor 2 with the liquid to be
handled. The rotor holder 200 includes a press-molded
annular accommodating portion 201 that accommodates
the rotor 2 and an annular closing plate 202 that closes
the accommodating portion 201. The accommodating
portion 201 has an annular concave shape, and is ar-
ranged concentrically with the impeller 1 about the center
line CL. For example, the accommodating portion 201
may be manufactured by deep drawing.

[0186] The accommodating portion 201 is fixed
(joined) to the side plate 11 of the impeller 1. In one em-
bodiment, the accommodating portion 201 is welded to
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the side plate 11. In order to easily fix the accommodating
portion 201 to the impeller 1, it is preferable that the im-
peller 1 and the accommodating portion 201 are made
of the same material.

[0187] FIG. 36 is an enlarged view of the rotor holder.
As shown in FIG. 36, in order to prevent the liquid to be
handled from entering through the gap between the ac-
commodating portion 201 and the closing plate 202, the
rotor holder 200 includes a sealing member (e.g., an O
ring) 205 arranged between the accommodating portion
201 and the closing plate 202. The sealing member 205
fixes the closing plate 202 to the accommodating portion
201 by an elastic force of the sealing member 205.
[0188] In one embodiment, the closing plate 202 may
be inserted into the rotor holder 200 by a mechanical
insertion method. An example of the mechanicalinsertion
method is press-fitting the closing plate 202 into the rotor
holder 200. As another example of the mechanical inser-
tion method, the closing plate 202 may be inserted into
the thermally expanded rotor holder 200 after heating the
rotor holder 200 (shrink fitting). In this case, in order to
reduce a thermal effect (i.e., thermal demagnetization)
on a magnetic force of the rotor 2, it is desirable to mag-
netize the rotor 2 after inserting the closing plate 202 into
the rotor holder 200. As another example of the mechan-
ical insertion method, the closing plate 202 may be in-
serted into the rotor holder 200 by a cold fitting. As an-
other example of the mechanical insertion method, the
closing plate 202 may be inserted into the rotor holder
200 by using adhesive.

[0189] The accommodating portion 201 of the rotor
holder 200 includes an outer annular portion 231, an
inner annular portion 232 arranged radially inward of the
outer annular portion 231, and an annular back surface
portion 233 connecting the outer annular portion 231 and
the inner annular portion 232.

[0190] The rotary side bearing body 6 is attached to
the rotor holder 200, and the stationary side bearing body
7 isarranged on the suction side of the rotary side bearing
body 6 (see FIG. 35). Seal members 31A and 31B are
arranged between the inner annular portion 232 and the
cylindrical portion 6a of the rotary side bearing body 6.
In this embodiment, two seal members are arranged, but
the number of seal members is not limited to this embod-
iment.

[0191] In order to bring the seal members 31A, 31B
into close contact with the inner annular portion 232, the
inner annular portion 232 is processed smoothly during
the press molding process of the rotor holder 200. In this
manner, by performing the press molding process, a new
additional process for bringing the seal members 31A
and 31B into close contact with the inner annular portion
232 can be omitted.

[0192] The accommodating portion 201 (more specif-
ically, the outer annular portion 231 and the inner annular
portion 232) extends parallel to the cylindrical portion 6a
of the rotary side bearing body 6, and the cylindrical por-
tion 6a is arranged radially inside the inner annular por-
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tion 232 of the rotor holder 200. The flange portion 6b of
the rotary side bearing body 6 extends parallel to the
closing plate 202, and is arranged adjacent to the closing
plate 202.

[0193] When air exists inside the accommodating por-
tion 201, there is a possibility that the closing plate 202
moves in a direction away from the accommodating por-
tion 201 due to expansion of the air inside the accommo-
dating portion 201. In this embodiment, the flange portion
6b ofthe rotary side bearing body 6 adjacent to the closing
plate 202 can restrict a movement of the closing plate
202.

[0194] In one embodiment, in order to reduce the
amount of air expansion in the accommodating portion
201, the rotor holder 200 may have a filler (e.g., grease,
potting material, adhesive, etc.) filled into the accommo-
dating portion 201.

[0195] The accommodating portion 201 has an outer
surface 201a that contacts the rotary side bearing body
6, an inner surface 201b that contacts the rotor 2, and a
corner surface 201c formed at a corner of the inner sur-
face 201b. As described above, since the rotor holder
200 is a press-molded product, the corner surface 201¢c
is a smooth curved surface. On the other hand, since the
rotor 2 is manufactured by stacking laminated cores that
are stamped iron plates, the rotor 2 has a sharp corner.
[0196] Therefore, even if the rotor 2 is inserted into the
accommodating portion 201, the sharp corner of the rotor
2 comes into contact with the smooth corner surface
201c, and an entire rotor 2 cannot come into close contact
with the back surface portion 233. As a result, the oper-
ator may not be able to reliably position the rotor 2 with
respect to the rotor holder 200, and may not be able to
stably accommodate the rotor 2 in the rotor holder 200.
[0197] Therefore, the rotor holder 200 includes a spac-
er 203 arranged between the accommodating portion
201 and the rotor 2. In the embodiment shown in FIG.
36, the spacer 203 is a shim arranged between the back
surface portion 233 and the rotor 2. By arranging the
spacer 203, it is possible to prevent the rotor 2 from com-
ing into contact with the corner surface 201c. As aresult,
the rotor 2 is accommodated in the rotor holder 200 in
close contact with the spacer 203. Therefore, the oper-
ator can securely position the rotor 2 with respect to the
rotor holder 200. This configuration allows the operator
to stably accommodate the rotor 2 in the rotor holder 200.
[0198] FIG. 37 is a view showing another embodiment
of the spacer. As shown in FIG. 37, the rotor holder 200
may include a spacer 210 arranged between the accom-
modating portion 201 and the rotor 2. In the embodiment
shown in FIG. 37, the spacer 210 is a protrusion protrud-
ing from the back surface portion 233 of the rotor holder
200.

[0199] An example of a fastening method of the rotor
2 to the rotor holder 200 includes a fastening method
using an adhesive, a fastening method using shrink fit-
ting, or afastening method using cold fitting. When adopt-
ing a fastening method (e.g., shrink fitting, cold fitting,
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etc.) that involves a temperature change of the rotor 2
and/or the rotor holder 200, it is necessary to appropri-
ately determine dimensions of the rotor 2 and the rotor
holder 200. Therefore, it is preferable to adopt a fastening
method at room temperature as a simple fastening meth-
od.

[0200] FIG. 38 is aview showing the rotor inserted into
the rotor holder. As shown in FIG. 38, an inner surface
230 of the rotor 2 that contacts the inner annular portion
232 has a polygonal shape (octagonal in this embodi-
ment). The inner surface 230 of the rotor 2 has a polyg-
onal shape. Therefore, when the rotor 2 is inserted into
the rotor holder 200 at room temperature, the inner an-
nular portion 232 of the rotor holder 200 can make linear
contact with the inner surface 230 of the rotor 2.

[0201] This contact prevents the entire rotor 2 from
contacting the inner annular portion 232 of the rotor hold-
er 200. Therefore, even when the rotor 2 is press-fitted
into the rotor holder 200, the contact area of the rotor 2
with the rotor holder 200 can be reduced, resulting in the
prevention of a deformation of the rotor holder 200.
[0202] FIG. 39is aview showing the rotor inserted into
the rotor holder. As shown in FIG. 39, the inner annular
portion 232 may have a plurality of protrusions 235
formed at a contact portion with the rotor 2. The protrusion
235 of the inner annular portion 232 faces the inner sur-
face 230 of the rotor 2, and the rotor 2 is in contact with
the protrusion 235. Also with such a configuration, the
contact area of the rotor 2 with the rotor holder 200 can
be reduced, and as a result, the deformation of the rotor
holder 200 can be prevented.

[0203] Returning to FIG. 35, the motor pump MP in-
cludes a stator casing 20 that accommodates the stator
3 and is integrally resin molded with the stator 3. As
shown in FIG. 35, the stator 3 includes a stator core 3a
and a coil 3b wound around the stator core 3a via an
insulating member 220. An example of the insulating
member 220 includes insulating paper, resin, or the like.
The resin constituting the stator casing 20 is made of a
material (similar to a potting material) that is insulating
and has excellent thermal conductivity.

[0204] The motor pump MP includes a motor frame
221 that covers an outer circumferential surface of the
stator casing 20 and contacts the stator 3. The motor
frame 221 has a passage hole 242 through which the
power line 105 and the signal line 106 extending from
the coil 3b pass. The motor frame 221 is made of a ma-
terial with excellent thermal conductivity (e.g., a metal
material). In this manner, the stator 3 is covered with the
stator casing 20 with excellent thermal conductivity, and
is in contact with the motor frame 221 with excellent ther-
mal conductivity. Therefore, the heat generated from the
coil 3b of the stator 3 is released to the outside through
the stator casing 20 and the motor frame 221.

[0205] A seal member(e.g.,an Oring) 241 for prevent-
ing the liquid to be handled from leaking to the outside
is arranged between the suction casing 21 and the dis-
charge casing 22 and the stator casing 20. The stator
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casing 20 has a seal groove 229 into which the seal mem-
ber 241 is attached.

[0206] The stator casing 20 is molded by pouring a
resin into a mold. By forming the protrusion correspond-
ing to the seal groove 229 on the mold in advance, a step
of newly forming the seal groove 229 after manufacturing
the stator casing 20 can be omitted. In one embodiment,
a seal groove (not shown) in which the seal member 241
is mounted may be formed in the suction casing 21 and
the discharge casing 22.

[0207] In this embodiment, the stator casing 20, the
return vane 30, and a partition plate 240 fixed to the return
vane 30 are integrally molded members manufactured
by resin molding. The return vane 30 may have a unique
non-linear shape as a flow path. According to this em-
bodiment, by employing resin molding in which resin is
poured into a mold, the stator casing 20, the return vane
30, and the partition plate 240 can be easily manufac-
tured in large quantities integrally.

[0208] In one embodiment, in order to improve heat
dissipation from the coil 3b, the stator casing 20 may
cover the stator core 3a and the coil 3b covered with
potting material. In this manner, by covering the coil 3b
with the potting material, the potting material gets into
between the wires forming the coil 3b, so that the heat
dissipation of the coil 3b can be improved. In this state,
by further covering the stator core 3a and the coil 3b with
the resin that constitutes the stator casing 20, the heat
dissipation performance of the stator 3 can be further
improved.

[0209] An example of the resin constituting the stator
casing 20 includes two-component mixture curing resins
(e.g., dicyclopentadiene resin) or heat-curing resins
(e.g., epoxy resins) that have excellent fluidity at room
temperature. In one embodiment, a strength of the stator
casing 20 can be improved by incorporating fibers as
additives into the resin. In one embodiment, an improve-
ment in the thermal conductivity of the stator casing 20
can be achieved by incorporating a highly thermally con-
ductive material as an additive. Both of these fibers and
a highly thermally conductive material may be mixed into
the resin constituting the stator casing 20 as additives.
[0210] FIG. 40 is a view showing another embodiment
of the impeller. As shown in FIG. 40, the motor pump MP
includes the impeller 1 which is a resin-molded product
in which the rotor holder 200 is integrally molded. The
impeller 1 is made of resin, and has the main plate 10,
the side plate 11, and the vane 12 integrally molded. In
one embodiment, a strength of the impeller 1 can be im-
proved by mixing fibers as additives into the resin.
[0211] The rotor holder 200 includes a resin-molded
annular accommodating portion 251 that accommodates
the rotor 2 and a ring holder 252 that closes the accom-
modating portion 251. The impeller 1 and the accommo-
dating portion 251 of the rotor holder 200 are integrally
molded and made of resin.

[0212] The ring holder 252 is made of a press-molded
corrosion-resistant material (e.g., stainless steel). The

10

15

20

25

30

35

40

45

50

55

17

ring holder 252 and the rotor 2 are fastened together by
a mechanical method such as shrink fitting, cold fitting,
or press fitting. In one embodiment, the ring holder 252
and the rotor 2 may be fastened together using an ad-
hesive.

[0213] When the rotor 2 is fastened to the ring holder
252, in order to reduce the press-fitting load of the rotor
2, the inner surface 230 of the rotor 2 that contacts the
ring holder 252 may have a polygonal shape (FIG. 38),
and the ring holder 252 may have the protrusions 235
formed at the contact portion with the rotor 2 (see FIG.
39).

[0214] FIG. 41 is an enlarged view of the rotor holder.
As shown in FIG. 41, the ring holder 252 includes a ring
portion 253 having an L-shaped cross section and a bent
portion 254 bent from the ring portion 253. The ring por-
tion 253 of the ring holder 252, which is a press-molded
product, has a smooth corner surface 257 formed at a
bent portion thereof.

[0215] Also in this embodiment, the rotor 2 and the
bearing 5 are arranged in the suction side region (see
FIG. 1) of the impeller 1. The rotary side bearing body 6
is attached to the ring holder 252, and the stationary side
bearing body 7 is arranged on the suction side of the
rotary side bearing body 6. The seal members 31A and
31B are arranged between the ring portion 253 of the
ring holder 252 and the cylindrical portion 6a of the rotary
side bearing body 6. Also in this embodiment, since the
ring portion 253 is press-molded, a new additional step
for bringing the seal members 31A and 31B into close
contact with the ring portion 253 can be omitted.

[0216] As described above, the rotor 2 has the sharp
corner. Therefore, when the rotor 2 is mounted on the
ring holder 252, the sharp corner of the rotor 2 may con-
tact the smooth corner surface 257, and as a result, the
operator may not be able to stably accommodate the
rotor 2 in the rotor holder 200.

[0217] Therefore, the rotor holder 200 has a spacer
260 arranged between the ring holder 252 and the rotor
2. In the embodiment shown in FIG. 41, the spacer 260
is a shim arranged between the ring holder 252 and the
rotor 2. In one embodiment, the spacer 260 may be a
protrusion (not shown) protruding from the ring holder
252 (see FIG. 37).

[0218] When manufacturing the rotor holder 200, ares-
in is poured into the mold with the ring holder 252 and
the rotor 2 attached to the ring holder 252 set in the mold.
With such a manufacturing method, the resin forming the
accommodating portion 251 of the rotor holder 200 wraps
around the rotor 2, and as a result, the accommodating
portion 251 seals the rotor 2.

[0219] Theresinpouredintothe moldis hot. Therefore,
if high temperature resin is brought into contact with the
rotor 2 mounted on the ring holder 252, the rotor 2 may
be thermally demagnetized. Therefore, after manufac-
turing the rotor holder 200, it is necessary to magnetize
the rotor 2.

[0220] Inthis embodiment, the accommodating portion
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251 of the rotor holder 200 and the impeller 1 are inte-
grally molded members manufactured by resin molding.
The impeller 1, as well as the return vane 30, may have
a unique nonlinear shape as a flow path. According to
the embodiment, by employing the resin molding in which
the resin is poured into the mold, the accommodating
portion 251 of the rotor holder 200 and the impeller 1 can
be easily manufactured in large quantities integrally.
[0221] The ring holder 252 has a rotation prevention
structure formed at a connection portion with the accom-
modating portion 251. A rotational torque of the rotor 2
is transmitted to the impeller 1 by operating the motor
pump MP. Since the ring holder 252 has the rotation pre-
vention structure, the ring holder 252 does not rotate rel-
ative to the accommodating portion 251 even if the im-
peller 1 rotates. Hereinafter, specific configurations of
the rotation prevention structure will be described.
[0222] As shown in FIG. 41, the accommodating por-
tion 251 includes a main body portion 255 that surrounds
most of the rotor 2, and a bent portion 256 that is bent
from the main body portion 255. The ring portion 253 of
the ring holder 252 has an embedded hole 253a into
which a portion of the accommodating portion 251 (more
specifically, the bent portion 256) is embedded. The em-
bedded holes 253a are formed along a circumferential
direction of the ring holder 252.

[0223] By embedding a portion of the bent portion 256
into the embedded hole 253a, the ring holder 252 and
the accommodating portion 251 are firmly fastened to
each other. This embedding is performed by pouring the
resin into the mold when manufacturing the rotor holder
200.

[0224] Similarly, the bent portion 254 of the ring holder
252 has an embedded hole 254a into which a portion of
the main body portion 255 of the accommodating portion
251is embedded. The embedded holes 254a are formed
along the circumferential direction of the ring holder 252.
By embedding a portion of the main body portion 255
into the embedded hole 254a, the ring holder 252 and
the accommodating portion 251 are firmly fastened to
each other. This embedding is performed by pouring the
resin into the mold when manufacturing the rotor holder
200. According to this embodiment, separation of the ro-
tor holder 200 from the rotor 2 due to a difference in linear
expansion between the rotor 2 and the rotor holder 200
due to temperature changes can be mechanically sup-
pressed.

[0225] FIG. 42 is a view showing another embodiment
of the rotation prevention structure. As shown in FIG. 42,
the rotation prevention structure may be bent portions
253b and 254b bent in a U-shape. More specifically, the
ring portion 253 of the ring holder 252 has a bent portion
253b bent in a U-shape, and similarly, the bent portion
254 has a bent portion 254b bentin a U-shape. With this
structure as well, the ring holder 252 and the accommo-
dating portion 251 are firmly fastened to each other. The
embodiment shown in FIG. 41 and the embodiment
shown in FIG. 42 may be combined.
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[0226] In one embodiment, the rotation prevention
structure may be a gear-shaped notch (not shown)
formed in each of the ring portion 253 and the bent portion
254. The notches are formed along the circumferential
direction of the ring holder 252.

[0227] In one embodiment, in order to improve the ad-
hesion of the accommodating portion 251 and the ring
holder 252, a primer may be applied to a surface of the
ring holder 252 in advance to remove oxides on the sur-
face of the ring holder 252.

[0228] Also in the embodiment shown in FIGS. 40 to
42, the stator casing 20 has the same structure as the
stator casing 20 according to the embodiment shown in
FIGS. 35 to 39. More specifically, the motor pump MP
includes the stator casing 20 that accommodates the sta-
tor 3 and is resin molded integrally with the stator 3, and
the motor frame 221 that covers the outer circumferential
surface of the stator casing 20 and in contact with the
stator 3.

[0229] FIG. 43 is a view showing another embodiment
of the motor pump. In this embodiment, the same refer-
ence numerals are given to the same or corresponding
components as in the above-described embodiment, and
redundant explanation will be omitted.

[0230] As shown in FIG. 43, the motor pump MP in-
cludes a plurality of impellers 1, including at least a first
impeller 1A arranged on the inlet 21a side and a second
impeller 1B arranged on the outlet 22a side. In one em-
bodiment, at least one impeller 1 may be arranged be-
tween the first impeller 1A and the second impeller 1B.
The rotor holder 200 holding the rotor 2 is fixed to the
first impeller 1A, and the stator 3 accommodated in the
resin stator casing 20 is arranged radially outside of the
rotor 2.

[0231] AsshowninFIG. 43, the rotor 2 accommodated
in the rotor holder 200 is fixed to the first impeller 1A.
Therefore, the rotational force of the rotor 2 acts on the
first impeller 1A. The rotational force acting on the first
impeller 1A is transmitted to the second impeller 1B
through a communication shaft 270. In this manner, since
the firstimpeller 1A receives all the rotational force of the
rotor 2, the load acting on the first impeller 1A increases,
and there is a risk that the first impeller 1A may be dam-
aged.

[0232] Therefore, it is desirable that the first impeller
1A has higher strength than the other impellers 1 (in this
embodiment, the second impeller 1B). Furthermore, in
order to realize a high head of the motor pump MP ac-
cording to this embodiment, it is desirable that the first
impeller 1A has high strength. In this manner, it is desir-
able that the motor pump MP including the impellers 1
not only have a compact structure but also a structure
that has high strength. This structure allows the motor
pump MP to operate stably.

[0233] Therefore, the motor pump MP according to the
embodiment not only has a compact structure but also
has a structure that allows stable operation. Hereinafter,
structures of motor pump MP will be explained with ref-
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erence to the drawings.

[0234] Thefirstimpeller 1A is supported by a first bear-
ing 5, and the communication shaft 270 is connected to
the firstimpeller 1A. The second impeller 1B is connected
to the communication shaft 270. The motor pump MP
includes an intermediate casing 275 arranged between
the first impeller 1A and the second impeller 1B, and a
liner ring 276 is connected to the intermediate casing
275. The linerring 276 is a ring member that suppresses
a backflow of the liquid to be handled sucked into the
second impeller 1B.

[0235] In the embodiment shown in FIG. 43, the inter-
mediate casing 275 is constructed from a different ma-
terial than the stator casing 20, but the intermediate cas-
ing 275 and the stator casing 20 may be constructed from
the same material. In this embodiment, the return vane
30 fixed to the intermediate casing 275 also serves as a
guide vane that guides the liquid to be handled dis-
charged from the first impeller 1A to the second impeller
1B. The return vane (and guide vane) 30 can efficiently
convert a velocity of the liquid to be handled generated
by a centrifugal force of the impeller 1A of the firstimpeller
1A into the pressure, and guide it to a liquid inlet of the
first impeller 1B.

[0236] The discharge casing 22 integrally comprises
the return vane 30 and a partition plate 245 fixed to the
return vane 30. In other words, the discharge casing 22,
the return vane 30, and the partition plate 245 are inte-
grally molded members. The discharge casing 22, the
return vane 30, and the partition plate 245, which are
integrally composed, may be integrally formed by resin
molding. In one embodiment, the discharge casing 22,
the return vane 30, and the partition plate 245 may be a
different material. The return vane 30 fixed to the dis-
charge casing 22 also serves the same purpose as the
return vane 30 fixed to the intermediate casing 275.
[0237] FIG. 44 is a view showing another embodiment
of the motor pump. In the embodiment shown in FIG. 43,
the rotor holder 200 has the same structure similar to the
rotor holder 200 according to the embodiment shown in
FIG. 35. As shown in FIG. 44, the rotor holder 200 may
have the structure similar to the rotor holder 200 accord-
ing to the embodiment shown in FIG. 40.

[0238] FIG. 45 is an enlarged view of the first impeller
and the second impeller. As shown in FIG. 45, a boss
portion 281 of the first impeller 1A has a larger size than
a boss portion 282 of the second impeller 1B. The boss
portion 281 is a connection portion with the communica-
tion shaft 270 of the firstimpeller 1A, and the boss portion
282 is a connection portion with the communication shaft
270 of the second impeller 1B.

[0239] In the embodiment shown in FIG. 45, a length
L1 of the boss portion 281 in the direction of the center
line CL is longer than the length L2 of the boss portion
282 in the direction of the center line CL. As described
above, the load acting on the firstimpeller 1A as the rotor
2 rotates is larger than the load acting on the second
impeller 1B. According to this embodiment, since the
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boss portion 281 of the first impeller 1A has a larger size
than the boss portion 282 of the second impeller 1B, the
first impeller 1A can fully receive the rotational force of
the rotor 2. As a result, the motor pump MP can prevent
the damage to the first impeller 1A.

[0240] As shown in FIG. 45, the motor pump MP in-
cludes a sleeve 280 that forms a predetermined distance
between the firstimpeller 1A and the second impeller 1B.
The sleeve 280 is arranged between the firstimpeller 1A
and the second impeller 1B. By arranging the sleeve 280,
the operator can easily manage the distance between
the first impeller 1A and the second impeller 1B.

[0241] Eachofthefirstimpeller 1Aandsecondimpeller
1B has a power transmission structure (e.g., key struc-
ture, two-chamfer structure, spline structure, etc.) and is
connected to the communication shaft 270 by the struc-
ture.

[0242] Inthis embodiment, each of the firstimpeller 1A
and the second impeller 1B is fixed to the communication
shaft 270 by a fastener (e.g., a nut) 273 fastened to the
communication shaft 270. The sleeve 280 is arranged
between the firstimpeller 1A and the second impeller 1B,
and a rotary side bearing body 272 (described below) is
arranged between the fastener 273 and the second im-
peller 1B.

[0243] Therefore, by tightening the fastener 273, the
sleeve 280 is pressed against the first impeller 1A, and
the rotary side bearing body 272 is pressed against the
second impeller 1B. As a result, the first impeller 1A is
sandwiched between a tip portion 270a of the communi-
cation shaft 270 and the sleeve 280, and the second im-
peller 1B is sandwiched between the sleeve 280 and the
rotary side bearing body 272. In this manner, the first
impeller 1A and the second impeller 1B are firmly fixed
to the communication shaft 270.

[0244] In this embodiment, the tip portion 270a of the
communication shaft 270 is arranged on the suction side,
and the fastener 273 is arranged on the discharge side.
In one embodiment, the tip portion 270a of the commu-
nication shaft 270 may have a hexagonal head or hex-
agonal hole. This structure allows the operator to firmly
tighten the fastener 273 to the communication shaft 270
while fixing the tip portion 270a.

[0245] FIG. 46 is a view showing another embodiment
of a connection structure of the firstimpeller and the sec-
ond impeller and the communication shaft. As shown in
FIG. 46, the motor pump MP includes collets 285 and
286 that fasten each of the first impeller 1A and the sec-
ond impeller 1B to the communication shaft 270. Since
the collets 285 and 286 have the same structure, a struc-
ture of the collet 285 will be described below.

[0246] The collet 285 is a cylindrical member having a
tapered shape, and has a notch (not shown) extending
in the direction of the centerline CL. By inserting the collet
285 into the first impeller 1A from the back surface side
of the first impeller 1A, the collet 285 bites into the first
impeller 1A, and the first impeller 1A is fastened to the
communication shaft270. Similarly, by inserting the collet
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286 into the second impeller 1B, the collet 286 bites into
the second impeller 1B, and the second impeller 1B is
fastened to the communication shaft 270. With this struc-
ture, each of the firstimpeller 1A and the second impeller
1B is more firmly fastened to the communication shaft
270.

[0247] When the first impeller 1A is fastened to the
communication shaft 270, a gap is formed between a tip
portion of the collet 285 and the tip portion 270a of the
communication shaft 270. When the second impeller 1B
is fastened to the communication shaft 270, a gap is
formed between the tip portion of the collet 286 and the
sleeve 280.

[0248] Returning to FIG. 43 (and FIG. 44), the motor
pump MP includes a second bearing (sliding bearing)
277, which is arranged at a rear of the second impeller
1B and freely supports the communication shaft 270. The
second bearing 277 includes the rotary side bearing body
272 arranged on the communication shaft 270 side and
a stationary side bearing body 271 arranged on the dis-
charge casing 22 side.

[0249] Therotary side bearing body 272 is arotary side
cylindrical body attached to the communication shaft 270,
and the stationary side bearing body 271 is a stationary
side cylindrical body attached to the discharge casing 22
and surrounding the rotary side bearing body 272 as the
rotary side cylindrical body. The partition plate 245 of the
discharge casing 22 has a bearing supporter 246 that
supports the stationary side bearing body 271. The sta-
tionary side bearing body 271 is fixed to the bearing sup-
porter 246. A small gap is formed between the stationary
side bearing body 271 and the rotary side bearing body
272.

[0250] An example of a material of the second bearing
277 is ceramic or resin. When the communication shaft
270 rotates with the rotation of the first impeller 1A, the
liquid enters between the stationary side bearing body
271 and the rotary side bearing body 272, and the sta-
tionary side bearing body 271 supports the rotary side
bearing body 272 due to the dynamic pressure of the
liquid.

[0251] By arranging the second bearing 277, the com-
munication shaft 270 is supported not only by the first
bearing 5 fixed to the impeller 1A, but also by the second
bearing 277. The communication shaft 270 to which the
impellers 1 connected has a longer length in the direction
of the center line CL. The motor pump MP including the
first bearing 5 and the second bearing 277 can suppress
an axial vibration of the communication shaft 270 due to
the increase in the length of the communication shaft
270, and as a result can operate stably.

[0252] A assembly procedure of the motor pump MP
is described below. First, the first impeller 1A and the
communication shaft 270 are fastened (process 1). Then,
the intermediate casing 275 (see FIGS. 43 and 44) is
inserted into the communication shaft 270 (process 2),
and the sleeve 280 is inserted into the communication
shaft 270 (process 3). Next, the second impeller 1B is
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inserted into the communication shaft 270, and the sec-
ond impeller 1B and the communication shaft 270 are
fastened (process 4). The rotary side bearing body 272
is then inserted into the communication shaft 270 (proc-
ess 5), and the discharge casing 22 is fastened to the
stator casing 20 (process 6). The fastener 273 is then
fastened to the communication shaft 270 (process 7).
[0253] In one embodiment, the operator may perform
the process 5, then the process 7, and then process 6.
However, as the number of impellers 1 fixed to the com-
munication shaft 270 increases, the communication shaft
270 may tilt, resulting in a position of the communication
shaft 270 shifting from the direction of the center line CL.
[0254] Therefore, it is preferable that the operator at-
taches the discharge casing 22 and fastens the fastener
273 to the communication shaft 270 while checking a
positional relationship between the rotary side bearing
body 272 and the stationary side bearing body 271. Ac-
cording to the embodiment, since the motor pump MP is
a straight type motor pump in which the inlet 21a and the
outlet 22a are aligned in a straight line, the communica-
tion shaft 270 is supported by the second bearing 277,
and the fastener 273 can be fastened to shaft 270.
[0255] FIG. 47 is a view showing another embodiment
of the fastener. As shown in FIG. 47, the fastener 290
has a smaller diameter than the rotary side bearing body
272. In one embodiment, the fastener 290 may have a
same diameter as the rotary side bearing body 272. A
spacer 291 is arranged between the fastener 290 and
the communication shaft 270. By inserting the fastener
290 into a threaded hole 270b formed in an end portion
of the communication shaft 270, the spacer 291 presses
the rotary side bearing body 272 against the second im-
peller 1B. According to this embodiment, a contact of the
fastener 290 with the stationary side bearing body 271
is securely prevented even when the stationary side
bearing body 271 is inserted.

[0256] In this embodiment, the first impeller 1A and
second impeller 1B are sufficiently fastened to the com-
munication shaft 270 by inserting each of the collets 285
and 286 into each of the firstimpeller 1A and the second
impeller 1B. Therefore, the fastener 290 only needs to
have enough a fastening force to limita movement of the
rotary side bearing body 272 in the direction of the center
line CL.

[0257] FIG. 48 is a view showing another embodiment
of the second bearing. As shown in FIG. 48, the rotary
side bearing body 272 may be integrally formed with the
communication shaft 270. In this case, the communica-
tion shaft 270 is made of a same bearing material (e.g.,
ceramic or steel) as the rotary side bearing body 272. In
the embodiment shown in FIG. 48, the stationary side
bearing body 271 is arranged around the communication
shaft 270, which is integrally formed with the rotary side
bearing body 272.

[0258] FIG. 49 is a view showing another embodiment
of the second bearing. In the embodiment shown in FIG.
49, the stationary side bearing body 271 is integrally
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formed with the bearing supporter 246 of the discharge
casing 22. In this embodiment, the bearing supporter 246
is made of a same bearing material (e.g., ceramic, steel
or resin) as the stationary side bearing body 271.
[0259] In this manner, the motor pump MP may include
the first impeller 1A having the same structure as the
impeller 1 according to the embodiments shown in FIGS.
35 to 39 or the first impeller 1A according to the embod-
iments shown in FIGS. 40 to 42. In one embodiment, the
motor pump MP may include the first impeller 1A having
the same structure as the impeller 1 according to the
embodiments shown in FIGS. 1 to 34. In other words,
the embodiments shown in FIGS. 1 to 49 may be com-
bined whenever possible.

[0260] FIG. 50 is a view showing a side plate provided
in the motor pump according to the embodiment de-
scribed above. As shown in FIG. 50, the motor pump MP
may further include a side plate 300 that restricts an out-
flow of the liquid (liquid to be handled) pressurized by the
impeller 1 to the discharge port 322. In the embodiment
shown in FIG. 50, the side plate 300 has a disc shape
and is fixed to the return vane 30.

[0261] The side plate 300 is arranged between the
main plate 10 of the impeller 1 and the return vane 30.
A part of the liquid pressurized by the impeller 1 flows
through the gap between the side plate 300 and the dis-
charge casing 22 via the return vane 30, and is dis-
charged from the outlet 322a. The other part of the liquid
pressurized by the impeller 1 flows into the gap between
the side plate 300 and the main plate 10 of the impeller 1.
[0262] When the impeller 1 rotates, a force of the liquid
(i.e., force of fluid) that pushes the impeller 1 toward the
discharge casing 22 acts on the impeller 1. Since a flow
of the liquid that has flowed into the gap between the side
plate 300 and the main plate 10 is restricted by the side
plate 300, the pressurized liquid remains in the gap be-
tween the side plate 300 and the main plate 10. Since
the liquid remaining in the gap between the side plate
300 and the main plate 10 receives the force of the fluid
acting on the impeller 1, a movement of the impeller 1
toward the discharge casing 22 is restricted.

[0263] When the motor pump MP is operated steadily,
a thrust force acts on the impeller 1 from the discharge
casing 22 side to the suction casing 21 side. Therefore,
even if the force of the fluid acts on the impeller 1, the
impeller 1 is stably held by the bearing 5. In the embod-
iment shownin FIG. 50, an embodiment in which the side
plate 300 is applied to the motor pump MP according to
the embodiment shown in FIG. 1 has been described.
The side plate 300 is also applicable to the motor pump
MP according to the embodiments shown in FIGS. 2 to
49.

[0264] FIG. 51 is a view showing another embodiment
of the side plate. As shown in FIG. 51, the side plate 300
may have an opening 300a formed in the center thereof.
As described above, the liquid that has flowed into the
gap between the side plate 300 and the main plate 10
may remain in the gap between the side plate 300 and
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the main plate 10.

[0265] In this case, by rotating the impeller 1, the re-
maining liquid may swirl and eventually generate heat.
By forming the opening 300a in the side plate 300, a
circulating flow of the liquid is formed between the gap
between the side plate 300 and the discharge casing 22
and the gap between the side plate 300 and the impeller
1. Therefore, the liquid existing between the side plate
300 and the impeller 1 flows into the discharge casing
22 side, and a heat generation in the liquid is prevented
and the temperature of the liquid is maintained at a con-
stant level. Furthermore, the opening 300a can serve to
discharge air contained in the remaining liquid to the dis-
charge casing 22 side.

[0266] Inthe embodiment shown in FIG. 51, the open-
ing 300a of the side plate 300 is a single opening formed
on the center line CL, but the number of openings 300a
is not limited to this embodiment. The side plate 300 may
have a plurality of openings 300a to an extent that the
movement of the impeller 1 toward the discharge casing
22 is restricted.

[0267] Furthermore, the opening 300a does not nec-
essarily need to be formed on the center line CL as long
as it can form the circulating flow of the liquid. For exam-
ple, the side plate 300 may have at least one opening
300a arranged concentrically around the center line CL.
[0268] The shape of the opening 300a is also not par-
ticularly limited, and may have a circular shape or a po-
lygonal shape (e.g., a triangular shape or a quadrangular
shape). Similarly, a size (i.e., area) of the opening 300a
is not particularly limited as long as the movement of the
side plate 300 toward the discharge casing 22 is restrict-
ed.

[0269] FIG. 52 is a view showing another embodiment
of the motor pump. In the embodiment shown in FIG. 52,
the motor pump MP includes the discharge casing 22
having a discharge port 322 extending in a vertical direc-
tion perpendicular to the direction of the centerline CL of
the motor pump MP. The discharge port 322 has an up-
wardly opening outlet 322a, and the inlet 21a and the
outlet 322a are orthogonal to each other.

[0270] Inthe embodiment shown in FIG. 52, the motor
pump MP is a so-called end-top motor pump, in which
the inlet 21a and the outlet 322a are orthogonal. The
motor pump MP has a compact structure. For example,
depending on an installation environment of the motor
pump MP, it may notbe possible to install the motor pump
MP with a structure in which the inlet 21a and the outlet
22a are arranged in a straight line. Even in such cases,
the end-top type motor pump MP can be installed. Thus,
the motor pump MP can be installed in any installation
environment.

[0271] As shown in FIG. 52, the motor pump MP may
further include the side plate 300 that restricts the outflow
of the liquid (liquid to be handled) pressurized by the im-
peller 1 to the discharge port 322. Thus, the side plate
300 can be applied to the end-top type motor pump MP.
In the embodiment shown in FIG. 52, the side plate 300
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may also have the opening 300a (see FIG. 51).

[0272] The above embodiments are described for the
purpose of practicing the present invention by a person
with ordinary skillin the artto which the invention pertains.
Although preferred embodiments have been described
in detail above, it should be understood that the present
invention is not limited to the illustrated embodiments,
but many changes and modifications can be made there-
in without departing from the appended claims.

Industrial Applicability

[0273] The invention is applicable to a motor pump.
Reference Signs List

[0274]

1, 1A, 1B, 1C  impeller

2 rotor

2a iron core

2b magnet

3 stator

3a stator core

3b coil

5 bearing

6 rotary side bearing body

6a cylindrical portion

6b flange portion

7 stationary side bearing body
7a cylindrical portion

7b flange portion

10 main plate

10a through hole

11 side plate

11a outer edge portion

12 vane

15 suction portion

16 body portion

17 protrusion

17a outer circumferential surface
17b inner circumferential surface
20 stator casing

20a inner circumferential surface
21 suction casing

21a inlet

22 discharge casing

22a outlet

25 through bolt

25a head portion

30 return vane

31 seal member

32,33 seal member

40, 41, 42 groove

41a both ends

45 thrust load reduction structure
46 back vane

47 notch
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50, 51

53, 54

60

61

65

70, 70A, 70B
71

75

76
77
80
85

86
87
90
91
100
100a
100b
100c
101
102
105
106
107
108
110
117
118
120
121
125
126
127A
127B
128
129
130
140
141
141a
141b
142
142a
142b
150
160
200
201
201a
201b
201c
202
203
205
220

42

inclined surface
inclined surface
inverter
intermediate casing
pipe

convex portion

tip potion

balancing jig (center support adjust-
ment jig)

shaft body

fixed body

center cap

balancing jig (edge support adjustment
jig)

supporter

shaft portion

weight insertion hole
weight

control device

signal receiver
memory

controller

current sensor
terminal block
power line

signal line

protective cover
copper bar

cover

protrusion

mounting portion
seal member

seal member
intermediate casing
communication shaft
seal member

seal member
discharge side bearing
flow path

swiveling stopper
connection pipe
suction casing

inlet

insertion hole
discharge casing
outlet

bolt accommodating portion
fastener

main plate

rotor holder
accommodating portion
outer surface

inner surface

corner surface
closing plate

spacer

sealing member
insulating member
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221 motor frame

229 seal groove

230 inner surface

231 outer annular portion
232 inner annular portion
233 back surface portion
235 protrusion

240 partition plate

241 seal member

242 passage hole

245 partition plate

251 accommodating portion
252 ring holder

253 ring portion

253a embedded hole
253b bent portion

254 bent portion

254a embedded hole
254b bent portion

255 main body portion
256 bent portion

260 spacer

270 communication shaft
270a tip portion

270b threaded hole

271 stationary side bearing body
272 rotary side bearing body
273 fastener

275 intermediate casing
276 liner ring

277 second bearing

280 sleeve

281 boss portion

282 boss portion
285,286 collet

290 fastener

291 spacer

300 side plate

300a opening

322 discharge port

322a outlet

MP motor pump

PU pump unit

CL center line

Ra suction side region
Rb discharge side region
Rc intermediate region
RS rotary shaft

Nt nut

Claims

1. A motor pump, comprising:

a rotor;
a stator arranged radially outside of the rotor;
a rotor holder holding the rotor; and
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10.

an impeller which is a press-molded product,
and the rotor holder being fixed to the impeller.

The motor pump according to claim 1, wherein the
rotor holder comprises:

apress-molded annular accommodating portion
accommodating the rotor; and

an annular closing plate closing the accommo-
dating portion.

The motor pump according to claim 2, wherein the
rotor holder comprises a sealing member arranged
between the accommodating portion and the closing
plate.

The motor pump according to claim 2 or 3, wherein
the rotor holder comprises a filler filled in the accom-
modating portion.

The motor pump according to any one of claims 2 to
4, wherein the rotor holder comprises a spacer ar-
ranged between the accommodating portion and the
rotor.

The motor pump according to any one of claims 2 to
5, wherein the accommodating portion comprises:

an outer annular portion; and
an inner annular portion arranged radially in-
ward of the outer annular portion,

wherein the inner annular portion has a plurality of
protrusions formed at a contact portion with the rotor.

The motor pump according to claim 6, wherein an
inner surface of the rotor in contact with the inner
annular portion has a polygonal shape.

The motor pump according to any one of claims 1 to
7, wherein the motor pump comprises a bearing sup-
porting the impeller and arranged outside of a flow
path of the impeller, and

wherein the bearing comprises:

a rotary side bearing body attached to the rotor
holder; and

a stationary side bearing body arranged on a
suction side of the rotary side bearing body.

The motor pump according to any one of claims 1 to
8, wherein the motor pump comprises a stator casing
accommodating the stator and being integrally resin
molded with the stator.

The motor pump according to claim 9, wherein the
motor pump comprises a motor frame covering an
outer circumferential surface of the stator casing and
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15.

16.

17.

18.

19.

20.

45
being in contact with the stator.

The motor pump according to any one of claims 1 to
10, wherein the rotor and the bearing are arranged
in a suction side region of the impeller.

A motor pump, comprising:

a rotor;

a stator arranged radially outside of the rotor;
a rotor holder holding the rotor; and
animpeller which is a resin-molded product, and
the rotor holder being integrally molded to the
impeller.

The motor pump according to claim 12, wherein the
rotor holder comprises:

aresin-molded annular accommodating portion
accommodating the rotor; and

a ring holder closing the accommodating por-
tion.

The motor pump according to claim 13, wherein the
ring holder has a rotation prevention structure
formed at a connection portion with the accommo-
dating portion.

The motor pump according to claim 14, wherein the
rotation prevention structure is an embedded hole in
which a portion of the accommodating portion is em-
bedded.

The motor pump according to claim 14 or 15, wherein
the rotation prevention structure is a bent portion
bent in a U-shape.

The motor pump according to any one of claims 13
to 16, wherein the rotor holder comprises a spacer
arranged between the ring holder and the rotor.

The motor pump according to any one of claims 13
to 17, wherein the ring holder has a plurality of pro-
trusions formed at a contact portion with the rotor.

The motor pump according to any one of claims 13
to 17, wherein an inner surface of the rotorin contact
with the ring holder has a polygonal shape.

The motor pump according to any one of claims 12
to 19, wherein the motor pump comprises a bearing
supporting the impeller and arranged outside of a
flow path of the impeller, and

wherein the bearing comprises:

a rotary side bearing body attached to the rotor
holder; and
a stationary side bearing body arranged on a
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21.

22.

23.

46
suction side of the rotary side bearing body.

The motor pump according to any one of claims 12
to 20, wherein the motor pump comprises a stator
casing accommodating the stator and being integral-
ly resin molded with the stator.

The motor pump according to claim 21, wherein the
motor pump comprises a motor frame covering an
outer circumferential surface of the stator casing and
in contact with the stator.

The motor pump according to any one of claims 12
to 22, wherein the rotor and the bearing are arranged
in a suction side region of the impeller.
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FIG. 4A
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