
(19) *EP004517094A1*
(11) EP 4 517 094 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
05.03.2025 Bulletin 2025/10

(21) Application number: 23795529.9

(22) Date of filing: 27.04.2023

(51) International Patent Classification (IPC):
F04D 13/06 (2006.01) F04D 29/62 (2006.01)

(52) Cooperative Patent Classification (CPC):
F04D 13/06; F04D 29/62

(86) International application number:
PCT/CN2023/091086

(87) International publication number:
WO 2023/208097 (02.11.2023 Gazette 2023/44)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 29.04.2022 CN 202210472211
29.04.2022 CN 202210472384

(71) Applicant: ZHEJIANG SANHUA AUTOMOTIVE
COMPONENTS CO., LTD.
Hangzhou, Zhejiang 310018 (CN)

(72) Inventors:
• ZHANG, Jun

Hangzhou, Zhejiang 310018 (CN)
• BAO, Junfeng

Hangzhou, Zhejiang 310018 (CN)
• HU, Jundi

Hangzhou, Zhejiang 310018 (CN)
• WANG, Lixin

Hangzhou, Zhejiang 310018 (CN)

(74) Representative: Maikowski & Ninnemann
Patentanwälte Partnerschaft mbB
Postfach 15 09 20
10671 Berlin (DE)

(54) FLUID CONTROL DEVICE AND ELECTRIC PUMP DEVICE

(57) A fluid control device (1) and an electric pump
device. The fluid control device (1) comprises a driving
assembly (100), a pump assembly (20), a limiting as-
sembly (50), and a main housing (40). The driving as-
sembly (100) comprises a stator assembly (130). The
pump assembly (20) comprises a rotor assembly (22), a
positioning shaft (222) and an isolation sleeve (23), at
least part of the rotor assembly (22) and the stator as-
sembly (130) being arranged in a sleeving/sleeved man-
ner, and at least part of the isolation sleeve (23) being
located between the stator assembly (130) and the rotor
assembly (22). The mainhousing (40) has a first chamber
(401), at least part of the pump assembly (20) being
located in the first chamber (401). The positioning shaft
(222) is located in the rotor assembly (22); a first side of
the positioning shaft (222) in the axial direction and the
isolation sleeve (23) are configured to achieve limiting;
the limiting assembly (50) is arranged close to a second
side of the positioning shaft (222) in the axial direction,
and the limiting assembly (50) and the positioning shaft
(222) are configured to achieve limiting; therefore, axial
limiting of the positioning shaft (222) and the rotor as-
sembly (22) is facilitated.
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Description

[0001] The present application claims priorities to the
Chinese Patent Application No. 202210472211.X, titled
"FLUID CONTROL APPARATUS AND ELECTRIC
PUMP DEVICE", filed on April 29, 2022 with the China
National Intellectual Property Administration, and the
Chinese Patent Application No. 202210472384.1, titled
"FLUID CONTROL APPARATUS AND MANUFACTUR-
ING METHOD THEREFOR", filed on April 29, 2022 with
the China National Intellectual Property Administration,
both of which are incorporated herein by reference in their
entireties.

FIELD

[0002] The present application relates to the technical
field of fluid control, and in particular to a fluid control
apparatus and an electric pump device.

BACKGROUND

[0003] A thermal management system generally in-
cludes multiple fluid elements, at least one of which
includes a pump assembly. Therefore, how to better
axially limit the pump assembly is an urgent problem to
be solved.

SUMMARY

[0004] An object of the present application is to provide
a fluid control apparatus and an electric pump device, in
order to facilitate of axially limiting a pump assembly.
[0005] In an aspect, a fluid control apparatus is pro-
vided according to an embodiment of the present appli-
cation. The fluid control apparatus includes an actuation
assembly, at least two fluid subassemblies, a limiting
assembly and a main housing. At least one of the fluid
subassemblies includes a pump assembly, and the ac-
tuation assembly includes a stator assembly. The pump
assembly includes a rotor assembly, a positioning shaft
and an isolation sleeve, where the rotor assembly and the
positioning shaft are limitedly arranged. The rotor assem-
bly includes a magnetic assembly, at least a part of the
magnetic assembly is located within a range of a mag-
netic field of the stator assembly in an operation state. At
least a part of the isolation sleeve is located between the
stator assembly and the rotor assembly. The main hous-
ing is provided with a first chamber, and at least a part of
the pump assembly is located inside the first chamber,
the positioning shaft is located in the rotor assembly,
where a first side of the positioning shaft in an axial
direction and the isolation sleeve are limitedly arranged,
the limiting assembly is arranged close to a second side
of the positioning shaft in the axial direction, and the
limiting assembly and the positioning shaft are limitedly
arranged.
[0006] In another aspect, an electric pump device is

provided according to an embodiment of the present
application. The electric pump device includes a stator
assembly, a pump assembly and a limiting assembly. The
pump assembly includes a rotor assembly, a positioning
shaft and an isolation sleeve, where the rotor assembly
and the positioning shaft are limitedly arranged. The rotor
assembly includes a magnetic assembly, at least a part of
the magnetic assembly is located within a range of a
magnetic field of the stator assembly in an operation
state. At least a part of the isolation sleeve is located
between the stator assembly and the rotor assembly,
the positioning shaft is located in the rotor assembly,
where a first side of the positioning shaft in an axial
direction and the isolation sleeve are limitedly arranged,
the limiting assembly is arranged close to a second side
of the positioning shaft in the axial direction, and the
limiting assembly and the rotor assembly are limitedly
arranged.
[0007] In the fluid control apparatus and the electric
pump device according to the embodiment of the present
application, the fluid control apparatus includes a pump
assembly and a limiting assembly, where a first side of a
positioning shaft of the pump assembly is limitedly con-
nected with an isolation sleeve, and the other side and the
limiting assembly are limitedly arranged, so that the limit-
ing assembly can axially limit the positioning shaft.
Further, the rotor assembly and the positioning shaft
are limitedly arranged, so that the rotor assembly can
be axially limited, and the pump assembly can be better
axially limited by the limiting assembly. In case that the
electric pump device includes the limiting assembly, it is
beneficial to axially limiting the rotor assembly and the
positioning shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a schematic exploded structural view of a
fluid control apparatus according to a first embodi-
ment of the present application;

FIG 2 is a schematic perspective structural view of
the fluid control apparatus shown in FIG. 1;

FIG. 3 is a schematic exploded structural view of an
actuation assembly according to an embodiment of
the present application;

FIG. 4 is a schematic perspective structural view of
the actuation assembly shown in FIG. 3;

FIG. 5 is a schematic sectional structural view of the
actuation assembly shown in FIG. 4;

FIG 6 is a partial schematic sectional structural view
of a combined structure of a first housing and an
actuation component according to an embodiment of
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the present application;

FIG. 7 is a schematic sectional structural view of
another actuation assembly according to the present
application;

FIG. 8 is a schematic sectional structural view of yet
another actuation assembly according to the present
application;

FIG. 9 is a schematic perspective structural view of a
stator assembly shown in FIG. 4;

FIG. 10 is a schematic exploded structural view of a
fluid assembly according to an embodiment of the
present application;

FIG. 11 is a schematic perspective structural view of
the fluid assembly shown in FIG. 10;

FIG. 12 is a schematic sectional structural view of a
first fluid assembly shown in FIG. 11 at one position;

FIG. 13 is a partial schematic sectional structural
view of a fluid assembly according to a second
embodiment of the present application;

FIG. 14 is a schematic perspective structural view of
a main housing according to an embodiment of the
present application;

FIG. 15 is a schematic sectional structural view of the
main housing shown in FIG. 14;

FIG. 16 is a schematic sectional structural view of the
fluid assembly shown in FIG. 13;

FIG. 17 is a partial schematic sectional structural
view of a fluid control apparatus according to a first
embodiment of the present application;

FIG. 18 is an enlarged schematic structural view at
Q1 in FIG. 17;

FIG. 19 is a partial schematic sectional structural
view of a first combined structure of an actuation
assembly and a fluid assembly of the present appli-
cation;

FIG. 20 is a partial enlarged schematic structural
view of the combined structure of the actuation as-
sembly and the fluid assembly shown in FIG. 19;

FIG. 21 is a partial schematic sectional structural
view of a second combined structure of the actuation
assembly and the fluid assembly of the present
application;

FIG. 22 is a partial schematic sectional structural
view of a third combined structure of the actuation
assembly and the fluid assembly of the present
application;

FIG. 23 is a partial schematic sectional structural
view of a fourth combined structure of the actuation
assembly and the fluid assembly of the present
application;

FIG. 24 is a partial schematic sectional structural
view of a fifth combined structure of the actuation
assembly and the fluid assembly of the present
application;

FIG. 25 is a partial schematic sectional structural
view of a sixth combined structure of the actuation
assembly and the fluid assembly of the present
application;

FIG. 26 is a partial schematic sectional structural
view of a seventh combined structure of the actua-
tion assembly and the fluid assembly of the present
application;

FIG. 27 is a schematic exploded structural view of a
fluid control apparatus according to a second embo-
diment of the present application;

FIG. 28 is a schematic perspective structural view of
the fluid control apparatus shown in FIG. 27;

FIG. 29 is a schematic exploded structural view of the
actuation assembly shown in FIG. 27;

FIG. 30 is a schematic perspective structural view of
the actuation assembly shown in FIG. 29;

FIG. 31 is a schematic sectional structural view of an
actuation assembly shown in FIG. 29;

FIG. 32 is a schematic exploded structural view of a
fluid assembly shown in FIG. 27;

FIG. 33 is a schematic perspective structural view of
the fluid assembly shown in FIG. 32;

FIG. 34 is a schematic front structural view of the fluid
control apparatus shown in FIG. 27;

FIG. 35 is a schematic sectional structural view of the
fluid control apparatus shown in FIG. 34 taken along
line A-A;

FIG. 36 is a schematic sectional structural view of the
fluid control apparatus shown in FIG. 34 taken along
line B-B;
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FIG. 37 is a schematic sectional structural view of the
fluid assembly shown in FIG. 33 at one position;

FIG. 38 is a schematic sectional structural view of the
fluid assembly shown in FIG. 33 at another position;

FIG. 39 is a partial schematic structural view of the
fluid control apparatus shown in FIG. 27;

FIG. 40 is a schematic sectional structural view of the
fluid control apparatus shown in FIG. 27 at yet an-
other position;

FIG. 41 is a schematic connection diagram of a first
valve assembly, a first pump assembly and a second
pump assembly shown in FIG. 27 in a first operation
mode;

FIG. 42 is a schematic connection diagram of the first
valve assembly, the first pump assembly and the
second pumpassembly shown in FIG. 27 in a second
operation mode;

FIG. 43 is a schematic connection diagram of the first
valve assembly, the first pump assembly and the
second pump assembly shown in FIG. 27 in a third
operation mode;

FIG. 44 is a schematic connection diagram of the first
valve assembly, the first pump assembly and the
second pump assembly shown in FIG. 27 in a fourth
operation mode; and

FIG. 45 is a schematic flow diagram of a method for
manufacturing a fluid control apparatus according to
an embodiment of the present application.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0009] The features and exemplary embodiments of
various aspects of the present application will be de-
scribed in detail below. In order to make the purpose,
technical solutions and advantages of the present appli-
cation more clear, the present application will be further
described in detail below in conjunction with the accom-
panying drawings and specific embodiments. Moreover,
relational terms such as "first" and "second" etc. are only
used to distinguish one element from another having the
same name and do not necessarily require or imply any
such actual existence of relationship or order between
those elements.
[0010] The fluid control apparatus according to an
embodiment of the present application can be applied
to a thermal management system, for example to a
vehicle thermal management system. A fluid is controlled
by the fluid control apparatus so as to achieve a commu-
nication of the fluid in the thermal management system.
[0011] As shown in FIG. 1 to FIG. 8, a fluid control

apparatus 1 is provided according to an embodiment of
the present application. The fluid control apparatus 1
includes an actuation assembly 100 and a fluid assembly
200, where the actuation assembly 100 is sealedly con-
nected with the fluid assembly 200. In an embodiment,
the actuation assembly 100 may be integrally assembled
with the fluid assembly 200, and a seal is provided
between the actuation assembly 100 and the fluid as-
sembly 200 to achieve a sealed connection there be-
tween.
[0012] The actuation assembly 100 includes at least
two actuation components 13, each of which may include
a stator assembly 130 and a motor 132 or a combination
of the motor 132 and a gear set 133. The fluid assembly
200 includes at least two fluid subassemblies LK, each of
which may include an actuator. The fluid subassembly LK
may include one of a valve assembly 30 and a pump
assembly 20 or a combination thereof. The actuator in the
valve assembly 30 includes a valve core, and the actuator
in the pump assembly 20 includes a rotor assembly.
When power is supplied to the actuation component
13, the actuation component 13 can drive the actuator
in the fluid subassembly LK to act. For example, when
being energized, the stator assembly 130 generates a
magnetic field and the rotor assembly rotates under an
action of the magnetic field, or when the motor 132 is
energized, an output shaft of the motor 132 rotates so as
to drive the valve core in the valve assembly 30 to rotate.
Optionally, the number of the actuation components 13
may be the same with that of the fluid subassemblies LK,
and the actuation components 13 and the fluid subas-
semblies LK may be arranged in a one-to-one correspon-
dence. After being energized, one of the actuation com-
ponents 13 can drive the actuator in a corresponding one
of the fluid subassemblies LK to move, and the fluid may
flow in the fluid control apparatus 1 through the action of
the fluid subassembly LK in the fluid assembly 200. It can
be understood that the number of the actuation compo-
nents 13 may also be different from that of the fluid
subassemblies LK. For example, the number of the ac-
tuation components 13 may be less than the number of
fluid subassemblies LK, so that one actuation component
13 may drive at least two fluid subassemblies LK, for
example, to drive at least two fluid subassemblies LK by a
clutch mechanism. As shown in FIG. 1, in this embodi-
ment, the number of the fluid subassemblies LK is five,
and correspondingly, the number of the actuation com-
ponents 13 is five, where the five actuation components
and the five fluid subassemblies LK are arranged in a
one-to-one correspondence. In other embodiments, the
number of the fluid subassemblies LK and the number of
the actuation components 13 may be set based on re-
quirements of users, which may be two, three, four or six
or more.
[0013] Further, an actuation assembly 100 is further
provided according to an embodiment of the present
application. As shown in FIG. 3 to FIG. 9, the actuation
assembly 100 further includes a first housing 11 and a
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second housing 12. The actuation assembly 100 has a
first accommodating chamber 101, and the first housing
11 and the second housing 12 form at least a part of a wall
portion of the first accommodating chamber 101. In this
embodiment, the second housing 12 includes a top cover
portion, which is arranged to be opposite to a bottom wall
portion 111 along a height direction of the actuation
assembly 100. The first housing 11 and the second
housing 12 are enclosedly fitted to form the first accom-
modating chamber 101, and at least a part of each of the
at least two actuation components 13 is located inside the
first accommodating chamber 101, so that the at least two
actuation components 13 are integrated into one actua-
tion assembly 100. Compared to an arrangement in
which the multiple drive assemblies controlling the fluid
assembly are arranged separately, the arrangement de-
scribed above not only reduces the number of lead wires,
but also reduces the space occupied by the actuation
assembly 100. Optionally, all the actuation components
13 may be limitedly connected with the first housing 11, or
only a part of the actuation components 13 are limitedly
connected with the first housing 11, which is not limited in
the present application.
[0014] As shown in FIG. 3 to FIG. 9, in the actuation
assembly 100, the first housing 11 includes the bottom
wall portion 111, a limiting portion 112 and a circumfer-
ential side wall 113, where the circumferential side wall
113 is connected to the bottom wall portion 111, and the
bottom wall portion 111 is connected to the limiting portion
112. For example, the circumferential side wall 113, the
bottom wall portion 111 and the limiting portion 112 may
be formed into an integral structure by injection molding,
or be fixedly connected by welding, or be limitedly con-
nected by a fastener. At least a part of the limiting portion
112 protrudes from the bottom wall portion 111 along the
height direction of the actuation assembly 100, and a part
of the wall portion of the first accommodating chamber
101 is formed by the bottom wall portion 111 and the
circumferential side wall 113. At least one of the actuation
components 13 include the stator assembly 130, where
the actuation component including the stator assembly
130 is defined as a first actuation component, and at least
a part of the first actuation component is limitedly con-
nected in the limiting portion 112. As shown in FIG. 3 to
FIG. 8, at least a part of the stator assembly 130 included
in the first actuation component is located in the limiting
portion 112, or the first actuation component may further
include a pump housing, and at least a part of the stator
assembly 130 is located inside a chamber of the pump
housing. For example, the stator assembly 130, as an
insert, may be fixedly with the pump housing by injection
molding or assembled inside the chamber of the pump
housing. In this case, the pump housing is or the pump
housing and at least a part of the whole stator assembly
130 are located in the limiting portion 112. Herein, at least
a part of the stator assembly 130 is limitedly connected
with the limiting portion 112, which means that at least a
part of the first actuation component and the limiting

portion 112 are formed into an integral structure by in-
jection molding, so that at least a part of the first actuation
component is located in the limiting portion 112; or the first
actuation component and the first housing 11 are sepa-
rately formed, and the limiting portion 112 has a chamber,
so that at least a part of the first actuation component may
also be located inside the chamber formed by the limiting
portion 112. It can integrate at least two stator assemblies
130 in one actuation assembly 100 by limitedly connect-
ing at least a part of the first actuation component in the
limiting portion 112. Compared to an arrangement in
which multiple actuation components are provided, the
fluid control apparatus according to an embodiment of
the present application can reduce the space occupied
by the actuation assembly 100 and improve the integra-
tion degree of the actuation assembly 100.
[0015] With further reference to FIG. 1 to FIG. 9, in this
embodiment, the number of the actuation components 13
included in the actuation assembly 100 is five, and gaps
are provided among orthographic projections of the five
actuation components 13 along the height direction of the
actuation assembly 100. Three of the five actuation
components 13 each includes the stator assembly
130, and all these three stator assemblies 130 may be
limitedly connected with the corresponding limiting por-
tions 112 and located in the corresponding limiting por-
tions 112, respectively. Alternatively, in some other em-
bodiments, one of the actuation components 13 of the
actuation assembly 100 includes a stator assembly 130,
and the other actuation components may be motors and
the like, thus achieving the integration of the actuation
components 13 in different types.
[0016] In order to limit the stator assembly 130, in some
embodiments, at least a part of the limiting portion 112
extends from the bottom wall portion 111 in a direction
away from the first accommodating chamber 101. In this
case, at least a part of the limiting portion 112 extends
from the bottom wall portion 111 in a direction close to the
fluid subassembly LK, and at least a part of the limiting
portion 112 protrudes from the bottom wall portion 111 in a
direction away from the second housing 12. Optimally,
the stator assembly 130 may be fixed with the limiting
portion 112 by injection molding, where "being fixed by
injection molding" means to be formed into an integral
structure by injection molding. Specifically, the stator
assembly 130 may be used as an insert and fixed with
the first housing 11 by injection molding, so that the stator
assembly 130 and the limiting portion 112 are formed into
the integrated structure by injection molding. In this case,
electric connection wires may be led out from the stator
assembly 130 during injection molding, and the stator
assembly 130 may be electrically connected to a con-
troller through the electric connection wires. Alternatively,
as shown in FIG. 7, the limiting portion 112 includes a
mounting chamber QS, where at least a part of the stator
assembly 130 is located inside the mounting chamber
QS, and the stator assembly 130 may be connected to
the first housing 11 in the position-limiting manner by the
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fastener. With the above arrangement, it facilitates of limit
arranging the stator assembly 130 and the limiting portion
112. When the at least two actuation components 13
each includes the stator assembly 130, all the stator
assemblies 130 and the limiting portion 112 may be
formed into an integral structure by injection molding;
or all the stator assemblies 130 may be assembled inside
the mounting chamber QS formed by the limiting portion
112; or a part of the stator assemblies 130 may be formed
into an integral structure with the limiting portion 112 by
injection molding and another part of the stator assem-
blies 130 and the limiting portion 112 may be formed into
an integral structure with the limiting portion 112 by
injection molding.
[0017] As shown in FIG. 8 and FIG. 9, in order to
implement a function of the actuation assembly, the
actuation assembly according to the embodiments of
the present application further includes a controller 15,
which may be a circuit board, and the actuation compo-
nent including the stator assembly 130 is defined as the
first actuation component. In other embodiments, the first
actuation component further includes a pump housing
135, a transition terminal 134 connected to the pump
housing 135, and a connecting plate 136. The stator
assembly 130 and the first housing 11 are separately
formed, and the stator assembly 130 may be formed into
an integral structure with the pump housing 135 by in-
jection molding, or assembled inside a chamber defined
by the pump housing 135. In this case, both the stator
assembly 130 and the pump housing 135 are assembled
inside the mounting chamber QS formed by the limiting
portion 112. At least a part of the stator assembly 130 and
the connecting plate 136 are located inside the chamber
of the pump housing 135, and the pump housing 135 is
sealedly connected with the first housing 11. For exam-
ple, in FIG. 8, the pump housing 135 may be sealedly
connected with the first housing 11 by a sealing ring; or
the pump housing 135 and the limiting portion 112 of the
first housing 11 are formed into an integral structure by
injection molding. The stator assembly 130 includes a
coil winding 1303, which is electrically connected to a pin
in the transition terminal 134 through a conductive mem-
ber in the connecting plate 136. Part of the transition
terminal 134 passes through the bottom wall portion 111
and is located inside the first accommodating chamber
101, and the transition terminal 134 is electrically con-
nected to the controller 15. It should be noted that the
actuation component herein includes the stator assem-
bly 130 or the motor 132, and the actuation component
may further include a lead wire structure or a terminal
structure, by which the controller 15 can be electrically
connected to the stator assembly 130 or to the motor 132.
[0018] In order to achieve the electrical connection
between the stator assembly 130 and the controller 15,
a metal conductive structure may be provided in the first
housing 11, and the metal conductive structure may be
formed into an integral structure with the first housing 11
by injection molding, so that the metal conductive struc-

ture is embedded in the first housing 11. An insulation
displacement connectors (IDC) may be used in an output
terminal 1304 of the stator assembly 130, and thus the
output terminal 1304 of the stator assembly 130 may be
electrically connected to the controller 15.
[0019] In this embodiment, the actuation assembly 100
according to the embodiment of the present application
includes three stator assemblies 130. Correspondingly,
the stator assembly 130 includes an insulation frame
1301, a stator core 1302 and a coil winding 1303. A part
of the stator core 1302 is embedded in the insulation
frame 1301, and the coil winding 1303 is wound around
the insulating frame 1301. When being energized, the
coil winding 1303 may generate a magnetic field. The
rotor assembly 22 in the pump assembly 20 can be
located within the range of the magnetic field of the
corresponding stator assembly 130, so that the stator
assembly 130 can drive the rotor assembly 22 to rotate.
With the above arrangement, the stator assembly 130
may be integrated into the actuation assembly 100.
[0020] In some embodiments, as shown in FIG. 24, the
fluid control apparatus may further include an isolation
sleeve 23, a part of which is located on an inner circum-
ferential side of the stator assembly 130. Optionally, the
isolation sleeve 23 and the first housing11 may be formed
into an integral structure by injection molding. For exam-
ple, the isolation sleeve 23 and the limiting portion 112
may be formed into an integral structure by injection
molding. In this case, the stator assembly 130 and the
limiting portion 112 may be formed into an integral struc-
ture by injection molding; or the stator assembly 130 may
be located inside the mountingchamber QS of the limiting
portion 112. Optionally, as shown in FIG. 19 to FIG. 24,
the isolation sleeve 23 and the stator assembly 130 are
formed into an integral structure by injection molding, or
at least a part of the stator assembly 130 is located inside
the chamber formed by the isolation sleeve 23, and the
isolation sleeve 23 and the stator assembly 130, as an
integral structure, are separately arranged from the first
housing 11 and are sealedly connected to the first hous-
ing 11. A sealing ring is provided between the integral
structure formed by the isolation sleeve 23 and the stator
assembly 130 and the first housing 11, and a sealing
arrangement between the integral structure and the first
housing 11 is achieved by clamping the sealing ring. With
the above arrangement, the limit arrangement and a
sealed connection between the first housings 11 and
the isolation sleeve 23 can be achieved.
[0021] In an embodiment, when the stator assembly
130 and the limiting portion 112 are formed into an
integral structure by injection molding, the isolation
sleeve 23 may be formed into an integral structure with
the first housing 11 by injection molding, or the isolation
sleeve 23 and the first housing 11 may be separately
arranged and sealedly connected. When the stator as-
sembly 130 is assembled inside the mounting chamber
QS of the limiting portion 112, the isolation sleeve 23 and
the first housing 11 may be formed into an integral struc-
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ture by injection molding; or the isolation sleeve 23 and
the first housing 11 are separately arranged and sealedly
connected with each other; or the isolation sleeve 23 and
the stator assembly 130 are formed into an integral
structure by injection molding, and the isolation sleeve
23 and the stator assembly 130, as an integral structure,
are separately arranged from the first housing 11 and are
sealedly connected to the first housing 11. In case that the
number of the stator assemblies 130 is at least two, the
ways of limit connection between different stator assem-
blies 130 and the first housing 11 may be the same or
different. The connection ways between the isolation
sleeves 23 corresponding to different stator assemblies
130 and the first housing 11 may also be the same or
different..
[0022] With regard to the fluid assembly 200, reference
is further made to FIG. 10 to FIG. 15. In some embodi-
ments, the fluid assembly 200 further includes a main
housing 40 with chambers, and at least a part of the fluid
subassembly LK is located inside a corresponding one of
the chambers. For example, the fluid subassembly LK
includes at least two pump assemblies 20, and the pump
assemblies 20 each includes the rotor assembly 22,
where a part of the rotor assembly 22 may be sleeved
with the corresponding stator assembly 130, so that the
stator assembly 130, when being energized, may drive
the rotor assembly 22 to rotate. The stator assembly 130
and the rotor assembly 22 may also be of a disk-shaped
structure. One of the pump assemblies is defined as a
first pump assembly 20a, and the other of the pump
assemblies is defined as a second pump assembly
20b. The first pump assembly 20a includes a first rotor
assembly 22a, and the second pump assembly 20b
includes a second rotor assembly 22b. The first rotor
assembly 22a may be located within the range of the
magnetic field of the first stator assembly 130a, and the
second rotor assembly 22b may be located within the
range of the magnetic field of the second stator assembly
130b. In an embodiment, the number of the pump as-
semblies may be set based on the requirements of the
users, for example, it may be two, three, four or more. In
this embodiment, the three fluid subassemblies LK in-
clude the pump assemblies 20, which are the first pump
assembly 20a, the second pump assembly 20b and the
third pump assembly 20c respectively, and gaps are
provided among the three pump assemblies. With the
above arrangement, the integration of the at least two
pump assemblies 20 can be achieved and the pipeline
connection between the pump assemblies 20 can be
reduced.
[0023] Alternatively, in order to implement multiple op-
eration modes of the fluid control apparatus, in some
embodiments, at least one of the fluid subassemblies LK
includes a pump assembly 20, and at least one of the fluid
subassemblies LK includes a valve assembly 30, which
includes a valve core 31 and a valve core shaft 32. The
valve core 31 and the valve core shaft 32 may be formed
into an integral structure by injection molding, or be

connected by interference fit or connection keys. The
valve core 31 is transmission connected with the output
shaft of the motor 132 through the valve core shaft 32,
and the valve core 31 can rotate and translate under the
action of the motor 132. In this embodiment, the valve
core 31 may be driven to rotate, thus implementing multi-
ple operation modes of the fluid control apparatus 1.
Herein, the transmission connected between two com-
ponents means that the driving force can be transmitted
between the two components, and the two components
may be directly or indirectly transmission connected with
each other. Specifically, the valve core shaft 32 of the
valve assembly 30 may be directly transmission con-
nected with the motor 132, or the actuation assembly
100 may further include a gear set 133, and the motor 132
may be transmission connected with the valve core shaft
32 of the valve core 31 through the gear set 133. In an
embodiment, the number of the valve assemblies 30 may
be set based on the requirements of the users. For
example, in FIG. 1, the two fluid subassemblies LK in
this embodiment include the valve assemblies 30, and
correspondingly, the actuation assembly 100 includes
two motors 132, so that the motors 132 may actuate
the corresponding valve assemblies 30 to act.
[0024] Further, as shown in FIG. 3 to FIG. 16, in some
embodiments, the pump assembly 20 includes the rotor
assembly 22, and the isolation sleeve 23 of the fluid
control apparatus is sleeved on an outer circumferential
side of the rotor assembly 22. The stator assembly 130
and the corresponding rotor assembly 22 may be isolated
from each other by arranging the isolation sleeve 23,
which prevents the working fluid from entering a space
where the stator assembly 130 is located.
[0025] In order to achieve a fluid communication inside
the fluid control apparatus 1, in some embodiments, at
least a part of the main housing 40 is located on a side of
the first housing 11 away from the first accommodating
chamber 101, as shown in FIG. 1, and at least a part of the
main housing 40 is located on a side of the first housing
away from the second housing 12. The main housing 40
further includes a connecting pipe 41, which may be
arranged along a circumferential direction of the main
housing 40 or integrated on at least one mounting sur-
face. As shown in FIG. 11 to FIG. 17, in order to achieve
the fluid communication inside the pump assembly 20,
the main housing 40 has a first chamber 401, a first duct
404 and a second duct 405, both of which are in com-
munication with the first chamber 401. At least a part of
the pump assembly 20 is located inside one of the first
chambers 401. The rotor assembly 22 can be rotated to
drive the fluid to flow through the first duct 404 and the
second duct 405. Optionally, the rotor assembly 22 in-
cludes an impeller assembly 221 and a magnetic assem-
bly 223, and the pump assembly 20 further includes a
positioning shaft 222. The impeller assembly 221 is
sleeved on the outer circumferential side of the position-
ing shaft 222, and at least a part of the impeller assembly
221 may be located inside the first chamber 401. At least
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a part of the first duct 404 and the impeller assembly 221
are arranged along the height direction of the pump
assembly 20, and the second duct 405 is located corre-
sponding to the position of the impeller assembly 221.
Optionally, at least a part of the wall portion of the first duct
404 may be arranged coaxially with a rotating axis of the
impeller assembly 221, and a mouth of the second duct
405 is located at a circumferential edge of the impeller
assembly 221, so that the fluid can enter the impeller
assembly 221 through the first duct 404 and the fluid can
be discharged through the second duct 405 under a
centrifugal force of the impeller assembly 221. In this
case, the first duct 404 may be an inlet duct of the pump
assembly 20, and the second duct 405 may be an outlet
duct of the pump assembly 20.
[0026] In case that at least one fluid subassembly LK
further includes the valve assembly 30, the main housing
40 further includes a second chamber 402, which is
spaced apart from the first chamber 401. At least a part
of the pump assembly 20 is sealedly arranged in the first
chamber 401, and at least a part of the valve core 31 is
located inside one second chamber 402. Optionally, a
seal may be provided between at least a part of the pump
assembly 20 and the main housing 40; or a part of the
structure of the pump assembly 20 may be connected to
the main housing 40 by welding to achieve the sealing
arrangement there between. Similarly, a seal may be
provided between the valve core 31 and the main housing
40; or multiple components, which are separately ar-
ranged, of the main housing 40 may be welded to seal-
edly arrange the valve core 31 inside the second cham-
ber 402. With the above arrangement, at least one pump
assembly 20 and at least one valve core 31 may be
integrated in one main housing 40, thus reducing the
space occupied by the fluid assembly 200 and further
reducing the space occupied by the fluid control appa-
ratus 1.
[0027] As shown in FIG. 12 to FIG. 19, in order to
achieve the fluid communication between the pump as-
sembly 20 and the valve assembly 30, in some embodi-
ments, the main housing 40 further has a communication
passage 407 and multiple flow passages 406. The main
housing 40 has a flow passage plate 44 and a chamber
casing 45, which are formed into an integral structure by
injection molding. The first chamber 401, the second
chamber 402 and the flow passage 406 are located in
the chamber casing 45, and the communication passage
407 is located in the flow passage plate 44. At least a part
of the flow passage plate 44 is connected between the
two fluid subassemblies LK, for example, the flow pas-
sage plate 44 may be connected between the pump
assembly 20 and the valve assembly 30, or the flow
passage plate 44 may also be connected between two
valve assemblies 30. In the embodiment of the present
application, the flow passage plate 44 and the chamber
casings 45 are formed into an integral structure, which is
facilitated of reducing the pipeline connection between
the chamber casings 45 and improves the integration

degree of the fluid control apparatus. Further, the multiple
flow passages 406 are distributed on the outer circum-
ferential side of the second chamber 402, and one flow
passages 406 is in communication with one of the first
duct 404 and the second duct 405 through one commu-
nication passage 407. The valve core 30 includes a
communication chamber 31, which can communicate
at least two flow passages 406. Extension directions of
the communication passage 407, the flow passage 406
and the first duct 404 or the second duct 405, which are in
communication with each other, are intersected.
[0028] In some embodiments, with further reference to
FIG. 1 to FIG. 19, the pump assembly 20 includes a first
pump assembly 20a, a second pump assembly 20b and a
third pump assembly 20c. The valve assembly 30 in-
cludes a first valve assembly 30a and a second valve
assembly 30b. The first valve assembly 30a includes a
first valve core 31a and a first seal (not shown), and the
second valve assembly 30b includes a second valve core
31b and a second seal (not shown). The first pump
assembly 20a, the second pump assembly 20b, the third
pump assembly 20c and the second valve assembly 30b
are distributed on the outer circumferential side of the first
valve assembly 30a, and the flow passage406 located on
the outer circumferential side of the first valve assembly
30a is defined as the first flow passage 4061, which is
located on the wall portion of the chamber where the first
valve assembly 30a is located. The number of the first
flow passages 4061 may be at least eight, for example,
eight, and the flow passage located on the outer circum-
ferential side of the second valve assembly 30b is defined
as the second flow passage 4062, which is located on the
wall portion of the chamber where the second valve
assembly 30b is located. The number of the second flow
passages 4062 may be at least three, for example, three.
One of the first flow passages 4061 is in communication
with one of the second flow passages 4062, and the first
valve core 31a includes at least four communication
chambers 311. The communication chambers 311 of
the first valve core 31a may communicate the first flow
passages 4061 in pairs, and the communication cham-
bers of the second valve core 31b may communicate two
or three second flow passages 4062. By rotating the first
valve core 31a, at least one first flow passages 4061 can
be in communication and switched, and by rotating the
second valve core 31b, a communication, a switching
and a flow regulation among the second flow passages
4062 can be achieved.
[0029] Based on this, the communication passage 407
of the main housing 40 may include a first communication
passage 407a, a second communication passage 407b
and a third communication passage 407c. The first cham-
ber 401 includes a first sub-chamber A1, a second sub-
chamber A2 and a third sub-chamber A3, and the second
chamber 402 includes a fourth sub-chamber A4 and a
fifth sub-chamber A5. At least a part of the first pump
assembly 20a is located inside the first sub-chamber A1,
at least a part of the second pump assembly 20b is
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located inside the second sub-chamber A2, and at least a
part of the third pump assembly 20c is located inside the
third sub-chamber A3. At least a part of the first valve
assembly 30a is located inside the fourth sub-chamber
A4, and at least a part of the second valve assembly 30b
is located inside the fifth sub-chamber A5, where the first
sub-chamber A1, the second sub-chamber A2 and the
third sub-chamber A3 are all in communication with the
fourth sub-chamber A4, and the fifth sub-chamber A5 is in
communication with the fourth sub-chamber A4. The first
duct 404 includes a first sub-duct 404a, a second sub-
duct 404b and a third sub-duct 404c, and the second duct
405 includes a fourth sub-duct 405a, a fifth sub-duct 405b
and a sixth sub-duct 405c. Both the first sub-duct 404a
and the fourth sub-duct 405a are in communication the
first sub-chamber A1, both the second sub-duct 404b and
the fifth sub-duct 405b are in communication with the
second sub-chamber A2, and both the third sub-duct
404c and the sixth sub-duct 405c are in communication
with the third sub-chamber A3. The first communication
passage 407a communicates the first sub-chamber A1
with the fourth sub-chamber A4. In particular, the first
communication passage 407a communicates the first
sub-duct 404a with a first flow passage 4061 located
on the outer circumferential side of the first valve core
31a, and the fourth sub-duct 405a is in communication
with the inner chamber of the connecting pipe 41. The
second communication passage 407b communicates
the second sub-chamber A2 and the fourth sub-chamber
A4. In particular, the second communication passage
407b communicates the second sub-duct 404b with an-
other first flow passage 4061 located on the outer cir-
cumferential side of the first valve core 31a, and the fifth
sub-duct 405b is in communication with the inner cham-
ber of the connecting pipe 41. The third communication
passage 407c communicates the third sub-chamber A3
with the fourth sub-chamber A4. In particular, the third
communication passage 407c communicates the sixth
sub-duct 405c with another first flow passage 4061 lo-
cated on the outer circumferential side of the first valve
core 31a, and the third sub-duct 404c is in communication
with the inner chamber of the connecting pipe 41.
[0030] Further, the main housing 40 further includes a
fourth communication passage 407d which communi-
cates the fifth sub-chamber A5 and the fourth sub-cham-
ber A4. The first communication passage 407a, the sec-
ond communication passage 407b, the third communi-
cation passage 407c and the fourth communication pas-
sage 407d are respectively arranged on the outer cir-
cumferential surface of the wall portion of the fourth sub-
chamber A4. As shown in FIG. 15, in some embodiments,
at least a part of the first communication passage 407a, at
least a part of the second communication passage 407b,
at least a part of the third communication passage 407c
and at least a part of the fourth communication passage
407d are arranged at intervals along the circumferential
direction of the wall portion of the fourth sub-chamber A4.
In other embodiments, the communication passages

described above may also be arranged in other forms,
for example, at least a part of the communication pas-
sages are arranged along the height direction of the fluid
control apparatus. With the above arrangement, the
pump assembly 20 and the valve assembly 30 may work
together to achieve multiple operation modes of the fluid
control apparatus. When the fluid control apparatus is
applied to the thermal management system, multiple
operation states of the thermal management system
may be achieved, thus implementing the cooling and
temperature-reducing functions on different heat
sources.
[0031] The fluid control apparatus according to the
embodiment of the present application will be described
below.
[0032] With reference to FIG. 1 to FIG. 26 together, in
some embodiments, at least two of the actuation com-
ponents 13 each includes the stator assembly 130, and at
least two of the fluid subassemblies LK each includes the
pump assembly 20. One of the pump assemblies is
defined as a first pump assembly 20a and the other is
defined as a second pump assembly 20b, and one of the
stator assemblies is defined as a first stator assembly
130a and the other is defined as a second stator assem-
bly 130b. The limiting portion 112 includes a first limiting
portion 112a and a second limiting portion 112b, where at
least a part of the first stator subassembly 130a is limit-
edly connected to the first limiting portion 112a, and at
least a part of the second stator subassembly 130b is
limitedly connected to the second limiting portion 112b.
The first pump assembly 20a includes a first rotor as-
sembly 22a, and the second pump assembly 20b in-
cludes a second rotor assembly 22b. The first rotor
assembly 22a can be located within the range of the
magnetic field of the first stator assembly 130a, and
the second rotor assembly 22b can be located within
the range of the magnetic field of the second stator
assembly 130a. Optionally, a part of the first rotor as-
sembly 22a is located on an inner side of the first stator
assembly 130a, and a part of the second rotor assembly
22b is located on an inner side of the second stator
assembly 130a. With the above arrangement, at least
two of the stator assemblies 130 may be integrated in one
actuation assembly 100, which can improve the integra-
tion degree of the actuation assembly 100 compared to
the arrangement of separately providing two stator as-
semblies 130 in different actuation assemblies.
[0033] As shown in FIG. 1 to FIG. 9, in this embodi-
ment, the three actuation components 13 each includes
the stator assembly 130, which is defined as a first stator
subassembly 130a, a second stator subassembly 130b
and a third stator subassembly 130c, respectively. Cor-
respondingly, the first housing 11 includes a first limiting
portion 112a, a second limiting portion 112b and a third
limiting portion 112c. The number of fluid subassemblies
LK including the pump assemblies 20 may also be two,
three, four or more. In this embodiment, the fluid sub-
assemblies LK include three pump assemblies 20, which

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 517 094 A1 18

are defined as a first pump assembly 20a, a second pump
assembly 20b and a third pump assembly 20c, respec-
tively. A part of the third rotor assembly 22c is located
inside of the third stator assembly 130c, and the third
rotor assembly 22c may be located within the range of the
magnetic field of the third stator assembly 130c. Option-
ally, the first stator subassembly 130a and the first limiting
portion 112a may be formed into an integral structure by
injection molding, the second stator assembly 130b and
the second limiting portion 112b may be formed into an
integral structure may be injection molding, the third
stator assembly 130c and the third limiting portion 112c
may be formed into an integral structure by injection
molding, and the limiting portion 112 and the bottom wall
portion 111 may be formed into an integral structure by
injection molding.
[0034] In some embodiments, at least one of the fluid
subassemblies LK includes a pump assembly 20, and at
least one of the fluid subassemblies LK includes a valve
assembly 30. At least one actuation component 13 in-
cludes a stator assembly 130, and at least one of the rest
actuation components 13 includes a motor 132. The first
housing 11 further includes a mounting portion 114
(shown in FIG. 6), which is arranged at a distance from
the limiting portion 112, and the motor 132 is limitedly
connected to the mounting portion. With the above ar-
rangement, it facilitates of integrating at least one stator
assembly 130 and at least one motor 132 in one actuation
assembly 100. The valve assembly 30 includes a valve
core 31 and a valve core shaft 32. The valve core 31 and
the valve core shaft 32 may be formed into an integral
structure by injection molding, or connected with each
other by interference fit or a connecting key. The valve
core 31 is transmission connected with the output shaft of
the motor 132 through the valve core shaft 32, and can
rotate or translate under the action of the motor 132. In
this embodiment, the valve core 31 can be driven to
rotate, thus implementing multiple operation modes of
the fluid control apparatus 1. Specifically, the valve core
shaft 32 of the valve assembly 30 may be directly trans-
mission connected with the motor 132; or the actuation
assembly 100 may further include a gear set 133, and the
motor 132 may be transmission connected with the valve
core shaft 32 of the valve core 31 through the gear set
133. With the above arrangement, at least one stator
assembly 130 and at least one motor 132 may be inte-
grated in the same actuation assembly 100, which facil-
itates of reducing the space occupied by the actuation
assembly 100. In an embodiment, the number of the
valve assemblies 30 and the number of the motors 132
may be set based on the requirements of users. For
example, in FIG. 1, two of the fluid subassemblies LK
in this embodiment include valve assemblies 30, and
correspondingly, the actuation assembly 100 includes
two motors 132, so that the motors 132 drive the corre-
sponding valve assemblies 30 to act.
[0035] Specifically, with further reference to FIG. 1 to
FIG. 26, the actuation assembly 100 includes five actua-

tion components 13, where three of the actuation com-
ponents 13 each includes the stator assembly 130, which
is defined as a first stator subassembly 130a, a second
stator subassembly 130b and a third stator subassembly
130c, respectively, and the rest two of the actuation
components 13 each includes the transmission assem-
bly consisting of the motor 132 and the gear set 133. One
set of the transmission assemblies includes a first motor
132a and a first gear set 133a, and the other of the
transmission assemblies includes a second motor
132b and a second gear set 133b. Accordingly, the fluid
assembly 200 includes five fluid subassemblies LK,
where three of the fluid subassemblies LK each includes
the pump assembly 20, which is defined as a first pump
assembly 20a, a second pump assembly 20b and a third
pump assembly 20c, respectively, and the rest two of the
fluid subassemblies LK each includes the valve assem-
bly 30, one of which includes a first valve core 31a and the
other of which includes a second valve core 31b. The first
stator subassembly 130a can drive the rotor subassem-
bly in the first pump subassembly 20a to rotate, the
second stator subassembly 130b can drive the rotor
subassembly in the second pump subassembly 20b to
rotate, and the third stator subassembly 130c can drive
the rotor subassembly in the third pump subassembly
20c to rotate. The first transmission subassembly com-
posed of the first motor 132a and the first gear subas-
sembly 133a can drive the first valve core 31a to rotate,
and the second transmission subassembly composed of
the second motor 132b and the second gear subassem-
bly 133b may drive the second valve core 31b to rotate.
Optionally, along the height direction of the fluid control
apparatus 1, the sides of the first pump assembly 20a, the
second pump assembly 20b and the third pump assem-
bly 20c away from the main housing 40 are located at the
same level, that is, the ends of these three pump assem-
blies close to the actuation assembly 100 may be located
at the same level, which facilitates the assembling with
the three stator assemblies in the actuation assembly
100. Optionally, the sides of the three stator assemblies
corresponding to the three pump assemblies away from
the main housing 40 may also be located at the same
level, which facilitates the assembling and electrical con-
nection with the controller, and a part of the valve assem-
bly 30 and a part of the pump assembly 20 are located at
the same level. With the above arrangement, the height
of the fluid control apparatus can be reduced, and the
controllers of both the valve assembly 30 and the pump
assembly 20 can be assembled with the first housing and
can be electrically connected with one single controller.
[0036] The operation modes of the fluid control appa-
ratus shown in FIG. 1 to FIG. 26 will be described below.
Seven first flow passages 4061 are defined as a first sub
flow passage P1, a second sub flow passage P2, a third
sub flow passage P3, a fourth sub flow passage P4, a
sixth sub flow passage P6, a seventh sub flow passage
P7 and an eighth sub flow passage P8. Two second flow
passages 4062 are defined as a fifth sub flow passage P5
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and a ninth sub flow passage P9. The communication
chamber of the first valve core 31a is defined as the first
communication chamber, and the communication cham-
ber of the second valve core 31b is defined is defined as a
second communication chamber. The fluid control appa-
ratus according to the embodiment of the present appli-
cation has at least one of the following operation modes.
[0037] In a first operation mode, the first valve core 31a
rotates to the first position, where the first sub flow
passage P1 is in communication with the second sub
flow passage P2 through one of the first communication
chambers, the third sub flow passage P3 is in commu-
nication with the fourth sub flow passage P4 through
another first communication chamber, the sixth sub flow
passage P6 is in communication with the seventh sub
flow passage P7 through yet another first communication
chamber, and at least one of the fifth sub flow passage P5
and the ninth sub flow passage P9 is in communication
with the eighth sub flow passage P8 through yet another
first communication chamber, the fourth communication
passage 407d and the second communication chamber.
[0038] In a second operation mode, the first valve core
31a rotates to the second position, where the third sub
flow passage P3 is in communication with the second sub
flow passage P2 through one of the first communication
chambers, at least one of the fifth sub flow passage P5
and the ninth sub flow passage P9 is in communication
with the fourth sub flow passage P4 through another first
communication chamber, the fourth communication pas-
sage 407d and the second communication chamber, the
seventh sub flow passage P7 is in communication with
the eighth sub flow passage P8 through yet another first
communication chamber, and the sixth sub flow passage
P6 is in communication with the first sub flow passage P1
through yet another first communication chamber.
[0039] In a third operation mode, the first valve core
31a rotates to the third position, where the first sub flow
passage P1 is in communication with the eighth sub flow
passage P8 through one of the first communication
chambers, the third sub flow passage P3 is in commu-
nication with the fourth sub flow passage P4 through
another first communication chamber, at least one of
the fifth sub flow passage P5 and the ninth sub flow
passage P9 is in communication with the sixth sub flow
passage P6 through yet another first communication
chamber, the fourth communication passage 407d and
the second communication chamber, and the second sub
flow passage P2 is in communication with the seventh
sub flow passage P7 through yet another first commu-
nication chamber.
[0040] In a fourth operation mode, the first valve core
31a rotates to the fourth position, where the first sub flow
passage P1 is in communication with the second sub flow
passage P2 through one of the first communication
chambers, at least one of the fifth sub flow passage P5
and the ninth sub flow passage P9 is in communication
with the fourth sub flow passage P4 through another first
communication chamber, the fourth communication pas-

sage 407d and the second communication chamber, the
sixth sub flow passage P6 is in communication with the
seventh sub flow passage P7 through yet another first
communication chamber, and the third sub flow passage
P3 is in communication with the eighth sub flow passage
P8 through yet another first communication chamber.
[0041] In a fifth operation mode, the first valve core 31a
rotates to the fifth position, where the third sub flow
passage P3 is in communication with the second sub
flow passage P2 through one of the first communication
chambers, the seventh sub flow passage P7 is in com-
munication with the eighth sub flow passage P8 through
another first communication chamber, at least one of the
fifth sub flow passage P5 and the ninth sub flow passage
P9 is in communication with the sixth sub flow passage
P6 through yet another first communication chamber, the
fourth communication passage 407d and the second
communication chamber, and the first sub flow passage
P1 is in communication with the fourth sub flow passage
P4 through yet another first communication chamber.
[0042] In a sixth operation mode, the first valve core
31a rotates to the sixth position, where the first sub flow
passage P1 is in communication with the eighth sub flow
passage P8 through one of the first communication
chambers, the third sub flow passage P3 is in commu-
nication with the fourth sub flow passage P4 through
another first communication chamber, the sixth sub flow
passage P6 is in communication with the seventh sub
flow passage P7 through yet another first communication
chamber, and at least one of the fifth sub flow passage P5
and the ninth sub flow passage P9 is in communication
with the second sub flow passage P2 through yet another
first communication chamber, the fourth communication
passage 407d and the second communication chamber.
[0043] In a seventh operation mode, the first valve core
31a rotates to the seventh position, where the first sub
flow passage P1 is in communication with the second sub
flow passage P2 through one of the first communication
chambers, the seventh sub flow passage P7 is in com-
munication with the eighth sub flow passage P8 through
another first communication chamber, at least one of the
fifth sub flow passage P5 and the ninth sub flow passage
P9 is in communication with the fourth sub flow passage
P4 through yet another first communication chamber, the
fourth communication passage 407d and the second
communication chamber, and the sixth sub flow passage
P6 is in communication with the third sub flow passage P3
through yet another first communication chamber.
[0044] In an eighth operation mode, the first valve core
31a rotates to the eighth position, where the first sub flow
passage P1 is in communication with the eighth sub flow
passage P8 through one of the first communication
chambers, the second sub flow passage P2 is in com-
munication with the third sub flow passage P3 through
another first communication chamber, at least one of the
fifth sub flow passage P5 and the ninth sub flow passage
P9 is in communication with the sixth sub flow passage
P6 through yet another first communication chamber, the
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fourth communication passage 407d and the second
communication chamber, and the fourth sub flow pas-
sage P4 is in communication with the seventh sub flow
passage P7 through yet another first communication
chamber.
[0045] Optionally, the communication modes between
different flow passages or the proportional adjustment
between the passages corresponding to the second
valve core 31b can be achieved by rotating the second
valve core 31b. It can be understood that, in case that the
fluid control apparatus has more flow passages or ports,
the fluid control apparatus may further include three or
more valve cores in order to switch the communication
modes among the multiple flow passages or ports, which
is not limited in the present application.
[0046] Both the first chamber 401 and the second
chamber 402 have openings located on a surface of
the main housing 40. In order to facilitate the assembly
of the pump assembly 20 and the valve assembly 30, a
first mounting port K1 of the first chamber 401 and a
second mounting port K2 of the second chamber 402 are
respectively located on different sides of the main hous-
ing 40. As shown in FIG. 1, the openings of the first
chamber 401 and the second chamber 402 are respec-
tively located on two opposite sides in the height direction
of the main housing 40. In this case, the main housing 40
includes a chamber casing 45 and a bottom cover, which
can be sealedly connected with the chamber casing 45 by
welding and other processes. For example, the bottom
cover includes a first bottom cover 42 and a second
bottom cover 43. Each of the flow passages and the
chambers may be located in the chamber casing 45,
and both the first bottom cover 42 and the second bottom
cover 43 are sealedly connected with the chamber casing
45, for example, by welding, bonding, a sealing ring or the
like.
[0047] In some embodiments, the chamber casing 45
includes a chamber casing side wall and a chamber
casing top wall, a part of which form at least a part of
the wall portion of the first chamber 401. The chamber
casing side wall and the chamber casing top wall are
formed into an integral structure, and the chamber casing
top wall and the first mounting port K1 are located on the
same side of the main housing 40. With the above ar-
rangement, the assembly errors between the valve as-
sembly 30 and the corresponding actuation component
13 can be reduced, and the strength of the chamber
casing 45 can be improved, and the corresponding ac-
tuation components of the valve assembly 30 and the
pump assembly 20 can be located on the same side of the
main housing 40.
[0048] In an embodiment, the main housing 40 in-
cludes a first end portion S1 and a second end portion
S2, which are oppositely arranged in the height direction
of the main housing 40. The first mounting port K1 of the
first chamber 401 is located at the first end portion S1, and
the second mounting port K2 of the second chamber 402
is located at the second end portion S2, and the actuation

assembly 100 is located on a side of the first end portion
S1 away from the second end portion S2. With the above
arrangement, the pump assembly 20 can be assembled
with the main housing 40 on one side of the main housing
40, and the valve assembly 30 may be assembled with
the main housing 40 from the other side, which facilitates
of locating the actuation component for driving the pump
assembly 20 and the actuation component for driving the
valve assembly 30 on the same side so as to achieve the
integration of multiple actuation components. In case that
the number of the valve assemblies 30 is at least two, all
the valve assemblies 30 may be mounted on the same
side of the main housing 40, which facilitated of unifying
the assembly reference, and then all the pump assem-
blies 20 may be mounted on the other side of the main
housing 40, which facilitates of reducing the assembly
errors and better achieving the coaxially between at least
two valve assemblies 30 and the corresponding actua-
tion components 13. It can be understood that the first
mounting port K1 of the first chamber 401 and the second
mounting port K2 of the second chamber 402 may also be
arranged on the same side of the main housing 40, so that
both the pump assembly 20 and the valve assembly 30
are assembled from the same side of the main housing
40, which is not limited in the present application.
[0049] With further reference to FIG. 16 to FIG. 26, in
some embodiments, in case that each pump assembly
20 further includes an isolation sleeve 23 ,which is seal-
edly connected with the first housing 11, for example,
when the isolation sleeve 23 and the first housing 11 are
formed into an integral structure by injection molding or
are separately formed, the isolation sleeve 23 may be
formed into an integral structure with the main housing 40
by injection molding. Alternatively, in case that the isola-
tion sleeve 23 and the first housing 11 are formed into an
integral structure by injection molding or are separately
formed, the isolation sleeve 23 is arranged separately
from the main housing 40, and one side of the isolation
sleeve 23 in a thickness direction is sealedly connected
with the main housing 40 through a sealing ring, which
may be an O-ring or an X-ring. With the above arrange-
ment, a limit and sealed connection between the isolation
sleeve 23 and the main housing 40 can be achieved. In
this case, the stator assembly 130 and the first housing 11
may be formed into an integral structure by injection
molding, or the stator assembly 130 and the first housing
11 may be separately formed and assembled with each
other.
[0050] In an embodiment, in order to achieve the
sealed connection between the isolation sleeve 23 and
the first housing 11 as well as the main housing 40, the
fluid control apparatus 1 may optionally include sealing
rings. In case that the isolation sleeve 23 and the first
housing 11 are separately formed, one of the sealing
rings may be sandwiched between one side of the iso-
lation sleeve 23 in the thickness direction and the first
housing 11. In case that the isolation sleeve 23 and the
main housing 40 are separately arranged, one of the
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sealing rings may be sandwiched between the other side
of the isolation sleeve 23 in the thickness direction and
the main housing 40, so that the sealing performance of
the fluid control apparatus 1 is achieved, which reduces
the leakage of fluid and can reduce or prevent the fluid
from entering the stator assembly, and thus has a pro-
tective effect on the stator assembly.
[0051] With further reference to FIG. 12 and FIG. 26, in
some embodiments, the pump assembly 20 further in-
cludes a pumpcover 24, which is sealedly connected with
the isolation sleeve 23. Specifically, the pump cover 24
may be welded with the isolation sleeve 23, and the rotor
assembly 22 is located in a space formed between the
pump cover 24 and the isolation sleeve 23. The pump
cover 24 has a first port 241 and a second port 242, and
the rotor assembly 22 can drive fluid to flow between the
first port 241 and the second port 242. At least a part of the
pump cover 24 is located inside the first chamber 401,
and the pump cover 24 is sealedly connected with the
main housing 40. The first port 241 is in communication
with the first duct 404, and the second port 242 is in
communication with the second duct 405. In an embodi-
ment, the pump assembly 20 has a pump chamber 201, a
first passage 202 and a second passage 203, and the
pump cover 24 forms at least a part of the wall portion of
the pump chamber 201. The first passage 202 and the
second passage 203 may also be located in the pump
cover 24. The first port 241 is located in the first passage
and the second port 242 is located in the second pas-
sage. At least a part of the first passage 202 is located in
the first duct 404, and at least a part of the second
passage 203 located in the second duct 405.
[0052] In order to achieve the sealed connection be-
tween the pump cover 24 and the main housing 40, in
some embodiments, as shown in FIG. 26, a sealing ring
may be sandwiched between the pump cover 24 and the
main housing 40, or the pump cover 24 and the main
housing 40 may be into an integral structure by injection
molding. Herein, the integral structure formed by two
structural members may be formed by injection molding
or other processes, which is not limited in the present
application.
[0053] With further reference to FIG. 1 to FIG. 8, in
order to control the actuation component 1 in the actua-
tion assembly 100, in some embodiments, the fluid con-
trol apparatus 1 further includes a controller 15 and a
connecting terminal 16. The controller includes multiple
electronic components, which may include resistors, ca-
pacitors, inductors or integrated circuits. The controller
15 is located inside the first accommodating chamber
101. At least a part of the connecting terminal 16 is
located outside the first accommodating chamber 101.
For example, as shown in FIG. 1 to FIG. 5, the connecting
terminal 16 is located on a side of the second housing 12
away from the first accommodating chamber 101, and
the connecting terminal 16 and the second housing 12
are formed integrally by injection molding, where the
connecting terminal 16 is electrically connected with

the controller 15, and at least two actuation components
13 are each electrically connected with the controller 15.
With the above arrangement, at least two actuation
components 13 can be controlled by one controller 15,
which saves space and reduces the cost of the actuation
assembly 100. Moreover, an external electrical equip-
ment can be connected by one connecting terminal 16,
which simplifies the operation of the fluid control appa-
ratus 1. In order to control the multiple actuation compo-
nents by one controller 15, in some embodiments, at least
a part of the first stator subassembly 130a, at least a part
of the second stator subassembly 130a, at least a part of
the third stator subassembly 130c, at least a part of the
first motor 132a and at least a part of the second motor
132b are all located inside the first accommodating
chamber 101, and the first stator subassembly 130a,
the second stator subassembly 130b, the third stator
subassembly 130c, the first motor 132a, and the second
motor 132b are all electrically connected with the con-
troller 15. The connecting terminal 16 may be electrically
connected with an external wiring structure, so that the
controller 15 may control the motor to rotate, thereby
causing the valve core in the valve assembly to rotate.
Further, the controller 15 may also control the on-off of the
power supply of the stator assembly. When the controller
15 controls the stator assembly to be powered on, the
stator assembly generates a magnetic field, so that the
rotor assembly rotates under the action of the magnetic
field, which allows the fluid to flow through the first pas-
sage and the second passage under the centrifugal force
of the impeller assembly, thereby driving the fluid to flow
in the valve assembly, and achieving a fluid direction
change and/or a flow rate regulation of the fluid through
the valve assembly.
[0054] As shown in FIG. 25, the actuation component
including the stator assembly 130 is defined as the first
actuation component, which further includes a pump
housing 135, a transition terminal 134 connected with
the pump housing 135, and a connecting plate 136. The
stator assembly 130 and the first housing 11 are sepa-
rately formed, and at least a part of the stator assembly
130 and the connecting plate are located inside the
chamber of the pumphousing 135, and the pump housing
135 is sealedly connected with the first housing 11. For
example, in FIG. 25, the pump housing 135 may be
sealedly connected with the first housing 11 through a
sealing ring, or the pump housing 135 and the limiting
portion 112 of the first housing 11 may be formed into an
integral structure by injection molding. The stator assem-
bly 130 includes a coil winding 1303, which is electrically
connected with a pin in the transition terminal 134 through
a conductive member in the connecting plate 136. A part
of the transition terminal 134 passes through the bottom
wall portion 111 and is located inside the first accommo-
dating chamber 101, and the transition terminal 134 is
electrically connected with the controller 15. It should be
noted that the actuation component herein includes a
stator assembly 130 or a motor 132, and may further
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include a lead wire structure or a terminal structure by
which the stator assembly 130 or the motor 132 is elec-
trically connected with the controller 15.
[0055] With further reference to FIG. 1 to FIG. 26, in
some embodiments, the fluid control apparatus 1 further
includes a limiting assembly 50, which may be located in
the fluid assembly 200. The pump assembly 20 includes
a rotor assembly 22, a positioning shaft 222 and an
isolation sleeve 23. At least a part of the rotor assembly
22 is sleeved with the stator assembly 130, the isolation
sleeve 23 is sleeved to cover a part of the outer circum-
stantial side of the rotor assembly 22, and at least a part of
the isolation sleeve 23 is located between the stator
assembly 130 and the rotor assembly 22. The positioning
shaft 222 is sleeved on the inner side of the rotor assem-
bly 22, and a first side portion of the positioning shaft 222
in the axial direction is limited to the isolation sleeve 23.
The limiting assembly 50 is arranged close to a second
side portion of the positioning shaft 222 in the axial
direction, and the limiting assembly 50 and the rotor
assembly 22 are limitedly arranged, for example, the
limiting assembly 50 abuts with the rotor assembly 22.
In this embodiment, the axial direction of the positioning
shaft 222 is parallel to or coincident with the height
direction of the fluid control apparatus. With the above
arrangement, both sides of the positioning shaft 222 in
the axial direction can be limited, which reduces an axial
play of the positioning shaft 222 and further reduces an
axial play of the rotor assembly 22 and the noise of the
pump assembly 20.
[0056] In some embodiments, the rotor assembly 22
includes a magnetic assembly 223 and an impeller as-
sembly 221. At least a part of the impeller assembly 221
and the magnetic assembly 223 are arranged along the
axial direction of the rotor assembly 22, and at least a part
of the magnetic assembly 223 is sleeved on an inner
surface side of the stator assembly 130, so that at least a
part of the magnetic assembly 222 can be located within
the range of the magnetic field of the stator assembly 130.
The isolation sleeve 23 includes an end wall portion 231,
a connecting portion 232 and a peripheral wall portion
233, where an extending direction of the end wall portion
231 intersects with the axial direction of the rotor assem-
bly 22, the end wall portion 231 is arranged close to the
first housing 11, the peripheral wall portion 233 protrudes
from the end wall portion 231. At least a part of the
peripheral wall portion 233 is located between the rotor
assembly 22 and the stator assembly 130 in the radial
direction of the rotor assembly 22. In the axial direction of
the rotor assembly 22, at least a part of the connecting
portion 232 protrudes from the end wall portion 231 in the
direction of the rotor assembly 22, one side of the posi-
tioning shaft 222 is limited to the connecting portion 232,
and the magnetic assembly 223 is located between the
connecting portion 232 and the limiting assembly 50.
[0057] As shown in FIG. 26, in some embodiments,
when the pump assembly 20 further includes a pump
cover 24, at least a part of the pump cover 24 is located on

the outer circumferential side of the impeller assembly
221, at least a part of the pump cover 24 is located inside
the first chamber 401, and at least a part of the limiting
assembly 50 is located on the pump cover 24. The limiting
assembly 50 has a groove 521, and an end of the second
side of the positioning shaft 222 is located in the groove
521 and abuts with the bottom wall portion of the groove
521. With the above arrangement, the isolation sleeve 23
matches with the pump cover 24 to achieve an axial limit
of the rotor assembly 22. Optionally the pump cover 24
and the main housing 40 may be formed into an integral
structure by injection molding, or the pump cover 24 and
the main housing 40 may be separately formed and
limitedly connected with each other. In this case, a seal-
ing ring is provided between the pump cover 24 and the
main housing 40 to seal them.
[0058] As shown in FIG. 18 to FIG. 25, when the pump
cover 24 and the main housing 40 are formed into an
integrated structure by injection molding, at least a part of
the impeller assembly 221 is located inside the first
chamber 401. The main housing 40 includes a first duct
404 and a second duct 405 that are in communication
with the first chamber 401. The impeller assembly 221
can be rotated to drive the fluid to flow between the first
duct 404 and the second duct 405. The limiting assembly
50 includes a supporting portion 52 and at least two
connecting ribs 51, where the connecting ribs 51 are
connected with the peripheral wall of the first duct 404,
distributed on the outer circumferential side of the sup-
porting portion 52, and connected with the supporting
portion 52. The groove 521 is located in the supporting
portion 52, and one end of the positioning shaft 222 is
embedded in the groove 521. With the above arrange-
ment, not only the fluid communication in the first duct
404 can be achieved, but also the axial limit of the
positioning shaft 222 can be achieved.
[0059] Alternatively, as shown in FIG. 26, when the
pump cover 24 and the main housing 40 are separately
formed, the pump assembly 20 has a pump chamber 201,
a first passage 202 and a second passage 203. The
pump cover 24 forms at least a part of the wall portion
of the pump chamber 201, where both the first passage
202 and the second passage 203 are in communication
with the pump chamber 201. In case that the limiting
assembly 50 includes the supporting portion 52 and at
least two connecting ribs 51, the connecting ribs 51 are
connected with the peripheral wall of the first passage
202 of the pump cover 24. The connecting ribs 51 are
distributed on the outer circumferential side of the sup-
porting portion 52, and the supporting portion 52 is con-
nected with the connecting rib 51. The groove 521 is
located at the supporting portion 52, and one end of the
positioning shaft 222 is embedded in the groove 521.
[0060] In some embodiments, the rotor assembly 22
further includes a first bearing 251 and a second bearing
252, which are arranged along the axial direction of the
rotor assembly 22. In the axial direction of the rotor
assembly 22, the first bearing 251 is located between
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the connecting portion 232 of the isolation sleeve 23 and
the magnetic assembly 223, and the second bearing 252
is located between the magnetic assembly 223 and the
limiting assembly 50. With the above arrangement, it can
achieve the rotation of the magnetic element 223 and the
rotation of the impeller assembly 221 in the rotor assem-
bly 22.
[0061] As shown in FIG. 26, in some embodiments, the
limiting assembly 50 includes a first gasket 53 and the
pump cover 24, and the first gasket 53 is abutted between
the second bearing 252 and the pump cover 24. Speci-
fically, the pump cover 24 includes a supporting portion
52 and at least two connecting ribs 51, and the first gasket
53 is abutted between the second bearing 252 and the
supporting portion 52. With the above arrangement, the
wear between the pump cover 24 and the second bearing
252 can be reduced. In an embodiment, the positioning
shaft 222 and the isolation sleeve 23 may be formed into
an integral structure by injection molding, and/or the
magnetic assembly 223, the impeller assembly 221,
the first bearing 251 and the second bearing 252 may
be formed into an integral structure by injection molding,
so as to achieve a stable connection among the structural
components and simplify the assembly process of the
fluid control apparatus.
[0062] In other embodiments, as shown in FIG. 22, the
limiting assembly 50 includes a first limiting component
541, a second gasket 542 and a third gasket 543. The first
limiting component 541 is fixedly connected with the
positioning shaft 222, and the second gasket 542 is
abutted between the first bearing 251 and the connecting
portion 232 along the axial direction of the rotor assembly
22. The first limiting component 541 includes a first flange
portion 5411 and a cylindrical portion. In the axial direc-
tion of the first limiting component 541, at least a part of
the orthographic projection of the cylindrical portion 5412
is located within the orthographic projection of the first
flange portion 5411, and the third gasket 543 is limited
between the first flange portion 5411 and the second
bearing 252. With the above arrangement, when the
electric pump device 20 is assembled with the main
housing 40, the impeller assembly 22 of the electric pump
device 20 may be arranged downward (in the up-down
direction in the drawing). In this case, the structures, such
as the impeller assembly 22, are limited by the limiting
assembly 50, which facilitates of assembling the electric
pump device 20 with the main housing 40. In this embo-
diment, the positioning shaft 222 and the isolation sleeve
23 may be formed into an integral structure by injection
molding, and/or the magnetic assembly 223, the impeller
assembly 221, the first bearing 251 and the second
bearing 252 may be formed into an integral structure
by injection molding, thus achieving a stable connection
among the structural components and simplifying the
assembly process of the fluid control apparatus.
[0063] In order to achieve the fixed connection be-
tween the first limiting component 541 and the positioning
shaft 222, in some embodiments, the first limiting com-

ponent 541 has a first threaded portion which is located at
the cylindrical portion 5412, and the positioning shaft 222
has a second threaded portion, and the first threaded
portion is threadedly connected with the second threaded
portion. Alternatively, the first limiting component 541
may be connected with the positioning shaft 222 by
riveting.
[0064] In other embodiments, as shown in FIG. 23, at
least a part of the first bearing 251 is sleeved between the
outer circumferential side of the positioning shaft 222 and
the connecting portion 232 of the isolation sleeve 23, and
the limiting assembly 50 is located between the magnetic
assembly 223 and the impeller assembly 221 along the
axial direction of the rotor assembly 22. The limiting
assembly 50 includes a second limiting component
551 and a fourth gasket 552, where the second limiting
component 551 and the isolation sleeve 23 are limitedly
arranged and sealedly connected . For example, the
second limiting component 551 is welded with the isola-
tion sleeve 23, and the second limiting component 551 is
located on the side of the magnetic assembly 223 away
from the connecting portion 232. The second bearing 252
is sleeved between the outer circumferential side of the
positioning shaft 222 and the second limiting component
551. Along the axial direction of the rotor assembly 22,
the fourth gasket 552 is abutted between the second
bearing 252 and the magnetic assembly 223. Specifi-
cally, the second limiting component 551 includes a
second flange portion 5511 and a second cylindrical
portion 5512. In the axial direction of the second limiting
component 551, at least a part of the orthographic pro-
jection of the second cylindrical portion 5512 is located
within the orthographic projection of the second flange
portion 5511, and the second flange portion 5511 is
sealedly connected with the isolation sleeve 23. During
implementation, in this embodiment, the positioning shaft
222 and the magnetic assembly 223 may be formed into
an integral structure by injection molding, the isolation
sleeve 23 and the first bearing 251 may be formed into an
integral structure by injection molding, and the impeller
assembly 221 is assembled with and connected to the
positioning shaft 222. With the above arrangement, the
axial limiting of the rotor assembly 22 can be achieved.
[0065] Further, as shown in FIG. 27 to FIG. 44, a fluid
control apparatus 1 according to another embodiment of
the present application is provided, which has a similar
structure with the fluid control apparatus shown in FIG. 1
to FIG. 26, where the first housing 11, the stator assembly
130, the rotor assembly 22, the isolation sleeve 23, the
positioning shaft 222 and the main housing 40 are all
arranged in the same or similar manner with those shown
in FIG. 1 to FIG. 26. The difference between the fluid
control apparatuses according to these two embodi-
ments is at least in that: the number of the actuation
components 13 included in the actuation assembly 100
is four, where two of the four actuation components each
includes the stator assembly and the other two of the four
actuation components each includes the motor. The
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number of the fluid subassemblies LK according to the
embodiment of the present application is four, where two
of the four fluid subassemblies LK each includes the
pump assembly 20 and the other two of the four fluid
subassemblies LK each includes the valve assembly 30.
[0066] For the actuation assembly 100, with reference
to FIG. 18 to FIG. 26, FIG. 29 to FIG. 31, and FIG. 34 to
FIG. 36, the actuation assembly 100 further includes a
first housing 11 and a second housing 12. The actuation
assembly 100 has a first accommodating chamber 101,
and the first housing 11 and the second housing 12 form
at least a part of the wall portion of the first accommodat-
ing chamber 101. In this embodiment, the second hous-
ing 12 includes a top cover portion, which is arranged to
be opposite to the bottom wall portion 111 along the
height direction of the actuation assembly 100. The first
housing 11 and the second housing 12 are jointed by
snap-fitting to form a first accommodating chamber 101.
At least two actuation components 13 are each partially
located inside the first accommodating chamber 101, so
that at least two actuation components 13 are integrated
in one actuation assembly 100. Compared to an arrange-
ment in which the multiple drive assemblies are arranged
separately, the arrangement described above can not
only reduce the number of lead wires, but also reduce the
space occupied by the actuation assembly 100. Option-
ally, all the actuation components 13 may be limitedly
connected with the first housing 11, or a part of the
actuation components 13 may be limitedly connected
to the first housing 11, which is not limited in the present
application.
[0067] In the actuation assembly 100, the first housing
11 includes a bottom wall portion 111, a limiting portion
112 and a circumferential side wall 113, where the cir-
cumferential side wall 113 and the bottom wall portion 111
are connected with the limiting portion 112. For example,
the circumferential side wall 113, the bottom wall portion
111 and the limiting portion 112 may be formed into an
integral structure by injection molding, or fixedly con-
nected by welding, or limitedly connected by fasteners
and the like. At least a part of the limiting portion 112
protrudes from the bottom wall portion 111 along the
height direction of the actuation assembly 100, and the
bottom wall portion 111 and the circumferential side wall
113 form part of the wall portion of the first accommodat-
ing chamber 101. At least one actuation component 13
includes a stator assembly 130, and the actuation com-
ponent including the stator assembly 130 is defined as a
first actuation component, and at least a part of the first
actuation component is connected in the limiting portion
112. At least a part of the stator assembly 130 included in
the first actuation component is located in the limiting
portion 112, or the first actuation component may also
include a pump housing, and at least a part of the stator
assembly 130 is located inside the chamber of the pump
housing. For example, the stator assembly 130, as an
insert, may be fixed to the pump housing by injection
molding or assembled into the chamber of the pump

housing. In this case, the pump housing or the pump
housing and at least a part of the whole stator assembly
130 is located in the limiting portion 112. At least two
stator assemblies 130 may be integrated to one actuation
assembly 100 by limitedly connecting at least a part of the
first actuation component in the limiting portion 112.
Compared to an arrangement in which multiple actuation
components are provided, the fluid control apparatus
according to the embodiment of the present application
can reduce the space occupied by the actuation assem-
bly 100 and improve the integration degree of the actua-
tion assembly 100.
[0068] In this embodiment, the number of the actuation
components 13 included in the actuation assembly 100 is
four, and gaps exist between the orthographic projections
of the four actuation components 13 along the height
direction of the actuation assembly 100. Two of the
actuation components13 each includes the stator as-
sembly 130 and may be limitedly connected with and
located in corresponding limiting portions 112. Alterna-
tively, in some other embodiments, one of the actuation
components 13 of the actuation assembly 100 includes a
stator assembly 130, and the other actuation compo-
nents may be motor and the like, thus achieving the
integration of different types of actuation components 13.
[0069] In order to limit the positioning of the stator
assembly 130, in some embodiments, at least a part of
the limiting portion 112 extends from the bottom wall
portion 111 in a direction away from the first accommo-
dating chamber 101. In this case, at least a part of the
limiting portion 112 extends from the bottom wall portion
111 in a direction close to the fluid assembly, and at least a
part of the limiting portion 112 protrudes from the bottom
wall portion 111 in a direction away from the second
housing 12. Optionally, the stator assembly 130 may
be fixedly with the limiting portion 112 by injection mold-
ing, which herein means to be formed into an integrated
structure by injection molding. Specifically, the stator
assembly 130 may be used as an insert and formed into
an integral structure by injection molding, so that the
stator assembly 130 and the limiting portion 112 may
be formed into an integral structure by injection molding.
In this case, electric connection wires may be led out from
the stator assembly 130 during injection molding, and the
stator assembly 130 may be electrically connected to a
controller through the electric connection wires. Alterna-
tively, the limiting portion 112 includes a mounting cham-
ber QS, where at least a part of the stator assembly 130 is
located inside the mounting chamber QS, and the stator
assembly 130 is limitedly connected with the first housing
11 by fasteners and the like. With the above arrangement,
it facilitates of limitedly arranging the stator assembly 130
and the limiting portion 112. When at least two actuation
components 13 each includes the stator assembly 130,
all the stator assemblies 130 and the limiting portion 112
may be formed into an integral structure by injection
molding; or all the stator assemblies 130 may be as-
sembled into the mounting chamber QS formed by the
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limiting portion 112; or a number of the stator assemblies
130 and the limiting portion 112 may be formed into an
integral structure by injection molding, and the rest part of
the stator assemblies 130 and the limiting portion 112
may be formed into an integral structure by injection
molding.
[0070] As shown in FIG. 29, in order to implement the
function of the actuation component, the actuation com-
ponent according to the embodiment of the present ap-
plication further includes a controller 15, which may be a
circuit board. The actuation component including a stator
component 130 is defined as a first actuation component,
which further includes a pump housing 135, a transition
terminal 134 connected to the pump housing 135, and a
connecting plate 136, where the stator component 130 is
separately arranged from the first housing 11. In this
case, the stator assembly 130 is assembled into the
mounting chamber QS formed by the limiting portion
112, at least a part of the stator assembly 130 and the
connecting plate 136 are located inside the chamber of
the pump housing 135, and the pump housing 135 is
sealedly connected with the first housing 11. For exam-
ple, the pump housing 135 may be sealedly connected
with the first housing 11 through a sealing ring; or the
pump housing 135 and the limiting portion 112 of the first
housing 11 are formed into an integral structure by injec-
tion molding. The stator assembly 130 includes a coil
winding 1303, which is electrically connected with a pin in
the transition terminal 134 through a conductive member
in the connecting plate 136. A part of the transition
terminal 134 passes through the bottom wall portion
111 and is located in the first accommodating chamber
101, and the transition terminal 134 is electrically con-
nected with the controller 15. It should be noted that the
actuation component herein includes a stator assembly
130 or a motor 132, and the actuation component may
further include a lead structure or a terminal structure,
which can electrically connect the controller 15 with the
stator assembly 130 or the motor 132.
[0071] In order to achieve an electrical connection
between the stator assembly 130 and the controller 15,
a metal conductive structure may be provided in the first
housing 11, and the metal conductive structure and the
first housing 11 may be formed into an integral structure
by injection molding, so that the metal conductive struc-
ture is pre-embedded in the first housing 11. The output
terminal 1304 of the stator assembly 130 may use in-
sulation displacement connectors (IDC), and in this case,
the output terminal 1304 may be electrically connected
with the controller 15 through IDC pins.
[0072] In some embodiments, as shown in FIG. 36, the
fluid control apparatus may further include an isolation
sleeve 23, a part of which is located on an inner circum-
ferential side of the stator assembly 130. Optionally, the
isolation sleeve 23 and the first housing11 may be formed
into an integral structure by injection molding, and in this
case, the stator assembly 130 and the limiting portion 112
may be formed into an integral structure by injection

molding or the stator assembly 130 may be located inside
the mounting chamber QS of the limiting portion112.
Alternatively, as shown in FIG. 19 to FIG. 24, the isolation
sleeve 23 and the stator assembly 130 may be formed
into an integral structure by injection molding or at least a
part of the stator assembly 130 is located inside the
chamber formed by the isolation sleeve 23. In this case,
the isolation sleeve 23 and the stator assembly 130,
together as a whole, is separately formed from the first
housing 11 and sealedly connected with the first housing
11. A sealing ring is arranged between the integral struc-
ture formed by the isolation sleeve 23 and the stator
assembly 130 and the first housing 11, and thus the
sealing arrangement between the integral structure
and the first housing 11 is achieved by clamping the
sealing ring. With the above arrangement, a limiting
arrangement and a sealing connection between the iso-
lation sleeve 23 and the first housing 11 can be achieved.
[0073] In an embodiment, in case that the stator as-
sembly 130 and the limiting portion 112 are formed into an
integral structure by injection molding, the isolation
sleeve 23 and the first housing 11 may be formed into
an integral structure by injection molding, or the isolation
sleeve 23 may be separately formed from the first hous-
ing 11 and sealedly connected with the first housing 11.
When the stator assembly 130 is assembled into the
mounting chamber QS of the limiting portion 112, the
isolation sleeve 23 and the first housing11 may be formed
into an integral structure by injection molding; or the
isolation sleeve 23 is separately formed from the first
housing 11 and sealedly connected with the first housing
11; or the isolation sleeve 23 and the stator assembly 130
are formed into an integral structure by injection molding,
and the isolation sleeve 23 and the stator assembly 130
together as a whole is separately formed from and seal-
edly connected to the first housing 11. In case that the
number of the stator assemblies 130 is at least two, the
limit connection ways between different stator assem-
blies 130 and the first housing 11 may be the same or
different. The connection ways between the isolation
sleeves 23 corresponding to different stator assemblies
130 and the first housing 11 may also be the same or
different.
[0074] As shown in FIG. 25, the actuation component
including the stator assembly 130 is defined as the first
actuation component, which further includes a pump
housing 135, a transition terminal 134 connected with
the pump housing 135, and a connecting plate 136. The
stator assembly 130 is separately formed from the first
housing 11, and at least a part of the stator assembly 130
and the connecting plate are located inside the chamber
of the pump housing 135. The pump housing 135 is
sealedly connected with the first housing 11. For exam-
ple, as shown in FIG. 13, the pump housing 135 may be
sealedly connected with the first housing 11 through a
sealing ring, or as shown in FIG. 14, the pump housing
135 and the limiting portion 112 of the first housing 11 may
be formed into an integral structure by injection molding.
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The stator assembly 130 includes a coil winding 1303,
which is electrically connected with a pin in a transition
terminal 134 through a conductive member in a connect-
ing plate 136. A part of the transition terminal 134 passes
through the bottom wall portion 111 and is located inside
the first accommodating chamber 101, and the transition
terminal 134 is electrically connected with the controller
15. It should be noted that the actuation component
herein includes a stator assembly 130 or a motor 132,
and may further include a lead wire structure or a terminal
structure by which the stator assembly 130 or the motor
132 is electrically connected with the controller 15.
[0075] For the fluid assembly 200, the fluid assembly
200 includes a main housing 40. The main housing 40
includes chamber casings 45 and a flow passage plate
44, where the flow passage plate 44 may be connected
between the two chamber casings 45. The main housing
40 has a first chamber 401, a second chamber 402, a first
duct 404, a second duct 405, multiple flow passages 406
and a communication passage 407. Both the first duct
404 and the second duct 405 are in communication with
the first chamber 401, at least a part of the pump assem-
bly 20 is located in the first chamber 401, and at least a
part of the valve assembly 30 is located inside the second
chamber 402. The first duct 404 corresponding to the
pump assembly 20 is in communication with one of the
flow passages 406 located on the outer circumferential
side of the valve assembly 30.
[0076] In order for the fluid to flow in the fluid control
apparatus 1, in some embodiments, at least a part of the
main housing 40 is located on a side of the first housing 11
away from the first accommodating chamber 101, as
shown in FIG. 27, and at least a part of the main housing
40 is located on a side of the first housing 11 away from
the second housing 12. The main housing 40 further
includes a connecting pipe 41, which may be arranged
along the circumferential direction of the main housing 40
or integrated on at least one mounting surface.
[0077] In the embodiment of the present application,
the pump assembly 20 includes a rotor assembly 22, and
the isolation sleeve 23 of the fluid control apparatus is
sleeved on the outer peripheral side of the rotor assembly
22. By providing the isolation sleeve 23, the stator as-
sembly 130 and the corresponding rotor assembly 22 can
be isolated from each other to prevent the working fluid
from entering the space where the stator assembly 130 is
located. The rotor assembly 22 includes an impeller
assembly 221 and a magnetic assembly 223, and the
pump assembly 20 further includes a positioning shaft
222. The impeller assembly 221 is sleeved on the outer
peripheral side of the positioning shaft 222, and at least a
part of the impeller assembly 221 may be located inside
the first chamber 401. At least a part of the first duct 404 is
arranged along the height direction of the pump assem-
bly 20, and the second duct 405 is located corresponding
to the position of the impeller assembly 221. Optionally, at
least a part of the wall portion of the first duct 404 may be
arranged coaxially with the rotating axis of the impeller

assembly 221, and an opening of the second duct 405 is
located at an edge of the circumferential direction of the
impeller assembly 221, so that the fluid can enter the
impeller assembly 221 through the first duct 404 and can
be discharged through the second duct 405 under a
centrifugal force of the impeller assembly 221. In this
case, the first duct 404 may be an inlet duct of the pump
assembly 20, and the second duct 405 may be an outlet
duct of the pump assembly 20.
[0078] In some embodiments, the main housing 40 has
a flow passage plate 44 and a chamber casing 45. The
chamber casing 45 and the flow passage plate 44 are
formed into an integral structure by injection molding. The
first chamber 401, the second chamber 402 and the flow
passage 406 are located in the chamber casing 45, and
the communication passage 407 is located in the flow
passage plate 44. At least a part of the flow passage plate
44 is connected between two fluid subassemblies LK. For
example, the flow passage plate 44 may be connected
between the pump assembly 20 and the valve assembly
30; or the flow passage plate 44 may also be connected
between the two valve assemblies 30. In the embodiment
of the present application, the flow passage plate 44 and
the chamber casings 45 are integrally formed, which
reduces the pipeline connection between the chamber
casings 45 and improves the integration degree of the
fluid control apparatus. Further, the multiple flow pas-
sages 406 are distributed on the outer circumferential
side of the second chamber 402, and one of the flow
passages 406 is in communication with one of the first
duct 404 and the second duct 405 through a commu-
nication passage 407. The valve core 30 includes a
communication chamber 311, which can communicate
at least two flow passages 406. An extending direction of
the communication duct 407, an extending direction of
the flow passage 406 and an extending direction of the
first duct 404 and the second duct 405 are intersected
with each other.
[0079] Optionally, the pump assembly 20 may further
include a pump cover 24, which is sealedly connected
with the isolation sleeve 23. Specifically, the pump cover
24 may be welded with the isolation sleeve 23, and the
rotor assembly 22 is located inside a space formed
between the pump cover 24 and the isolation sleeve
23. The pump cover 24 has a first port 241 and a second
port 242, and the rotor assembly 22 can drive the fluid to
flow between the first port 241 and the second port 242. At
least a part of the pump cover 24 is located inside the first
chamber 401, and the pump cover 24 is sealedly con-
nected with the main housing 40. The first port 241 is in
communication with the first duct 404, and the second
port 242 is in communication with the second duct 405. In
an embodiment, the pump assembly 20 has a pump
chamber 201, a first passage 202 and a second passage
203, and the pump cover 24 forms at least a part of the
wall portion of the pump chamber 201. The first passage
202 and the second passage 203 may also be located at
the pump cover 24. The first port 241 is located in the first
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passage and the second port 242 is located in the second
passage, at least a part of the first passage 202 is located
in the first duct 404, and at least a part of the second
passage 203 is located in the second duct 405.
[0080] In order to achieve a sealed connection be-
tween the pump cover 24 and the main housing 40, in
some embodiments, as shown in FIG. 26, a sealing ring
may be sandwiched between the pump cover 24 and the
main housing 40, or the pump cover 24 and the main
housing 40 may be formed into an integral structure by
injection molding. Herein, the integral structure formed by
two structural members may be formed by injection mold-
ing or other processes, which is not limited in this appli-
cation.
[0081] In order to for the fluid to flow in the main housing
40, in some embodiments, the first chamber 401 includes
a first sub-chamber A1 and a second sub-chamber A2,
and the second chamber 402 includes a third sub-cham-
ber A3 and a fourth sub-chamber A4. Two pump assem-
blies are defined as a first pump assembly 20d and a
second pump assembly 20e, and two valve assemblies
are defined as a first valve assembly 30c and a second
valve assembly 30e. At least a part of the first pump
assembly 20d is located inside the first sub-chamber
A1, at least a part of the second pump assembly 20e is
located inside the second sub-chamber A2, at least a part
of the first valve assembly 30c is located inside the third
sub-chamber A3, and at least a part of the second valve
assembly 30d is located inside the fourth sub-chamber
A4, where the first sub-chamber A1 and the second sub-
chamber A2 are both in communication with the third sub-
chamber A3. With the above arrangement, the fluid com-
munication between the two pump assemblies and one of
the valve assemblies in the main housing 40 can be
achieved.
[0082] Both the first chamber 401 and the second
chamber 402 have openings located on a surface of
the main housing 40. In order for the assembly of the
pump assembly 20 and the valve assembly 30, a first
mounting port of the first chamber 401 and a second
mounting port of the second chamber 402 are respec-
tively located on different sides of the main housing 40. As
shown in FIG. 27, the openings of the first chamber 401
and the second chamber 402 are respectively located
two opposite sides in the height direction of the main
housing 40. In this case, the main housing 40 includes a
chamber casing 45 and a bottom cover, which may be
sealedly connected with the chamber casing 45 by weld-
ing or other processes.
[0083] In some embodiments, the chamber casing 45
includes a chamber casing side wall and a chamber
casing top wall. A part of the chamber casing side wall
and the chamber casing top wall form at least a part of the
wall portion of the first chamber 401. The chamber casing
side wall and the chamber casing top wall are in an
integral structure, and the chamber casing top wall and
the first mounting port are located on the same side of the
main housing 40. With the above arrangement, the as-

sembly errors between the valve assembly 30 and the
corresponding actuation component 13 can be reduced,
and the strength of the chamber casing 45 can be im-
proved, and the actuation components corresponding to
the valve shell 30 and the pump assembly 20 can be
located on the same side of the main housing 40.
[0084] In an embodiment, the main housing 40 in-
cludes a first end S1 and a second end S2, which are
arranged opposite with each other along the height direc-
tion of the main housing 40. The first mounting port of the
first chamber 401 is located at the first end S1, and the
second mounting port of the second chamber 402 is
located at the second end S2, and the actuation assem-
bly 100 is located on the side of the first end S1 away from
the second end S2. With the above arrangement, the
pump assembly 20 can be assembled with the main
housing 40 on one side of the main housing 40, and
the valve assembly 30 can be assembled with the main
housing 40 on the other side, which facilitates of arran-
ging the actuation assemblies for actuating the pump
assembly 20 and the actuation components for actuating
the valve assembly 30 on the same side and of the
integration of multiple actuation components. In case
that the number of the valve assemblies 30 is at least
two, all of the valve assemblies 30 may be mounted on
the same side of the main housing 40, which facilitates of
unifying the assembly reference. After that, all of the
pump assemblies 20 may be mounted from the other
side of the main housing 40 to reduce the assembly errors
for better achieving the coaxiality between at least two
valve assemblies 30 and the corresponding actuation
components 13. It can be understood that the first mount-
ing port of the first chamber 401 and the second mounting
port of the second chamber 402 may also be arranged on
the same side of the main housing 40, so that both the
pump assembly 20 and the valve assembly 30 are as-
sembled from the same side of the main housing, which is
not limited in the present application.
[0085] The valve cores in the two valve assemblies 30
provided by the embodiment of the present application
are similar in structure, which include a first valve as-
sembly 30c and a second valve assembly 30d. One of the
two valve cores is defined as a first valve core 31c, and
the other is defined as a second valve core 31d. The
number of flow passages 406 on the outer peripheral side
of the first valve core 31c may be at least five, and the
number of flow passages 406 on the outer peripheral side
of the second valve core 31d may be at least five. Further,
one of the pump assemblies 20 is defined as the first
pump assembly 20d and the other is defined as the
second pump assembly 20e, where a first duct 404d
corresponding to the first pump assembly 20d and a first
duct 404e corresponding to the second pump assembly
20e are all in communication with the third sub-chamber
A3 through the communication passage 407. The flow
passage of the flow passage 406 located on the outer
peripheral side of the first valve core 31c is defined as the
first flow passage 4061, which is located on the side wall
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portion of the third sub-chamber A3. The flow passage
406 located on the outer periphery side of the second
valve core 31d is a second flow passage 4062, which is
located on the side wall portion of the fourth sub-chamber
A4. In this embodiment, the number of the first flow
passage 4061 is five, and the number of the second flow
passage 4062 is five. The number of the first flow pas-
sage 4061 and the second flow passage 4062 may also
be set based on the requirements of users, for example, it
may be three, four, six, seven or more, and the number of
the first flow passage 4061 and the second flow passage
4062 may be the same or different. With the above
arrangement, a pump assembly 20 and a valve assembly
30 can be fitted to achieve fluid control
[0086] In order for the integration of the actuation
components of the respective pump assemblies and of
the respective valve assemblies, in some embodiments,
along the height direction of the fluid control apparatus,
the first pump assembly 20d and the second pump as-
sembly 20e are located at the same level on the side
away from the main housing 40, which facilitates of the
assembly and mounting with their corresponding stator
assemblies, and a part of the valve assembly 30 is
located at the same level as a part of the pump assembly
20, so as to reduce the axial height of the fluid control
apparatus. Specifically, a part of the first valve assembly
30c, apart of the first pump assembly 20d and apart of the
second pump assembly 20e may be located at the same
level .
[0087] Further, in some embodiments, the main hous-
ing 40 further includes a first communication passage
407d and a second communication passage 407e, where
the first communication passage407d communicates the
first sub-chamber A1 and the third sub-chamber A3, and
the second communication passage 407e communi-
cates the second sub-chamber A2 and the third sub-
chamber A3. At least a part of the first communication
passage 407d and at least a part of the second commu-
nication passage 407e are spaced apart along the cir-
cumferential direction of the wall portion of the third sub-
chamber A3.
[0088] As shown in FIG. 36 and FIG. 37, in order to
better achieve the fluid communication between the
pump assembly 20 and the valve assembly 30, the main
housing 40 includes a first duct 404 and a second duct
405. The first duct 404 may be an inlet channel of the
pump assembly 20, and the second duct 405 may be an
outlet channel of the pump assembly 20. In this embodi-
ment, the first duct 404 includes a first sub-duct 404d and
a second sub-duct 404e, and the second duct 405 in-
cludes a third sub-duct 405d and a fourth sub-duct 405e,
where both of the first sub-duct 404d and the third sub-
duct 405d are in communication with the first sub-cham-
ber A1, and both of the second sub-duct 404e and the
fourth sub-duct 405e are communication with the second
sub-chamber A2. The first pump assembly 20d includes
a first impeller assembly 221d, and the second pump
assembly 20e includes a second impeller assembly

221e. At least a part of the wall portion of the first sub-
duct 404d is coaxially arranged with the rotating axis of
the first impeller assembly 221d, and at least a part of the
opening of the third sub-duct 405d is located at a circum-
ferential edge of the first impeller assembly 221d. At least
a part of the wall portion of the second sub-duct 404e is
coaxially arranged with the rotating axis of the second
impeller assembly 221e, and at least a part of the opening
of the fourth sub-duct 405e is located at a circumferential
edge of the second impeller assembly 221e. The first
sub-duct 404d is in communication with the third sub-
chamber A3 through the first communication passage
407d, and the second sub-duct 404e is in communication
with the third sub-chamber A3 through the second com-
munication passage 407e.
[0089] As shown in FIG. 27 to FIG. 44, the first valve
core 31c includes at least three communication cham-
bers, where the communication chambers of the first
valve core 31c can communicate at least two first flow
passages 4061 and isolate at least one first flow passage
4061. The communication chamber of the second valve
core 31d can communicate at least two second flow
passages 4062 and isolate at least one second flow
passage 4062. With the above arrangement, multiple
operation modes of the fluid control apparatus can be
achieved. Herein, the flow passage isolation means that
the flow passage is not in communicating with any other
flow passage after passing through the corresponding
valve core.
[0090] The operation modes of the first valve assembly
30c will be described below. The first flow passages
corresponding to the first valve assembly 30c are defined
as a first sub flow passageP1, a second sub flow passage
P2, a third sub flow passage P3, a fourth sub flow pas-
sage P4 and a fifth sub flow passage P5, respectively.
The second sub flow passage P2 communicates with the
duct corresponding to the first pump assembly 20d, and
the fourth sub flow passage P4 communicates with the
duct corresponding to the second pump assembly 20e.
By adjusting the positions of the multiple first flow pas-
sages on the wall portion of the corresponding third sub-
chamber A3 and adjusting the opening angles among the
three communication chambers of the first valve core
31c, the first valve assembly 30c according to the embo-
diment of the present application has at least one of the
following operation modes.
[0091] In the first operation mode, as shown in FIG. 41,
the first valve core 31c is located at the first position,
where one of the communication chambers of the first
valve core 31c communicates the first sub flow passage
P1 with the fourth sub flow passage P4, another com-
munication chamber communicates the second sub flow
passage P2 with the third sub flow passage P3, and yet
another communication chamber isolates the fifth sub
flow passage P5.
[0092] In the second operation mode, as shown in FIG.
42, the first valve core 31c is located at the second
position, where one of the communication chambers of
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the first valve core 31c communicates the fifth sub flow
passage P5 with the fourth sub flow passage P4, another
communication chamber communicates the second sub
flow passage P2 with the third sub flow passage P3, and
yet another communication chamber isolates the first sub
flow passage P1.
[0093] In the third operation mode, as shown in FIG.
43, the first valve core 31c is located at the third position,
where one of the communication chambers of the first
valve core 31c communicates the third sub flow passage
P3 with the fourth sub flow passage P4, another com-
munication chamber communicates the second sub flow
passage P2 with the first sub flow passage P1, and yet
another communication chamber isolates the fifth sub
flow passage P5.
[0094] In the fourth operation mode, as shown in FIG.
44, the first valve core 31c is located at the fourth position,
where one of the communication chambers of the first
valve core 31c communicates the third sub flow passage
P3 with the fourth sub flow passage P4, another com-
munication chamber communicates the second sub flow
passage P2 with the fifth sub flow passage P5, and yet
another communication chamber isolates the first sub
flow passage P1.
[0095] The corresponding operation modes of the sec-
ond valve assembly 30d for communicating the second
flow passage according to the embodiment of the present
application may be the same with the operation mode of
the first valve assembly 30c, which is not repeated here.
The flow passages corresponding to the two valve as-
semblies may be in communication through an external
pipe, or a flow passage may be provided in the main
housing 40, which is not described in detail in the present
application.
[0096] Further, the actuation assembly 100 of the fluid
control apparatus 1 includes a first housing 11, a first
stator assembly 130d, a second stator assembly 130e, a
first motor 132c and a second motor 132d. The first pump
assembly 20d includes a first rotor assembly 22d, and the
second pump assembly 20e includes a second rotor
assembly 22e. The first rotor assembly 22d may be
located within the range of the magnetic field of the first
stator assembly 130d, and the second rotor assembly
22e may be located within the range of the magnetic field
of the second stator assembly 130e. The first valve core
31c of the first valve assembly 30c is transmission con-
nected with the first motor 132c, and the second valve
core 31d of the second valve assembly 30d is transmis-
sion connected with the second motor 132d. The actua-
tion assembly 100 has a first accommodating chamber
101, and the first housing 11 forms at least a part of the
wall portion of the first accommodating chamber 101. At
least a part of the first stator assembly 130d, at least a part
of the second stator assembly 130e, at least a part of the
first motor 132c and at least a part of the second motor
132d are all located inside the first accommodating
chamber 101.
[0097] Further, the actuation assembly 100 may further

include a controller 15 located inside the first accommo-
dating chamber 101, and the first stator subassembly
130d, the second stator subassembly 130e, the first
motor 132c and the second motor 132d are all electrically
connected with the controller 15. In order to reduce an
area of the controller 15, as shown in FIG. 26, the first
pump assembly 20d, the first valve assembly 30c, the
second pump assembly 20e and the second valve as-
sembly 30d are arranged at intervals along the outer
peripheral direction of the fluid control apparatus. The
actuation assembly 100 further includes a first gear set
133c and a second gear set 133d, where the first motor
132c is transmission connected with the first valve core
31c through the first gear set 133c, and the second motor
132d is transmission connected with the second valve
core 31d through the second gear set 133d. The first
motor 132c and the second motor 132d are arranged in a
first direction X, and the first stator assembly 130d and
the second stator assembly 130e are arranged in a
second direction Y, where the first direction X intersects
with the second direction Y. A part of the first gear set 133c
and a part of the second gear set 133d are located
between the first motor 132c and the second motor
132d, which facilitates of centralizedly arranging the
control parts of the first motor 132c and the second motor
133d. The output terminals of the first stator assembly
130d and the second stator assembly 130e are arranged
close to each other and centrally located in the actuation
assembly 100. In this case, the control part of the pump
assembly 20 and the control part of the valve assembly
30 can be arranged centralizedly so as to reduce the area
of the controller 15.
[0098] Further, as shown in FIG. 36, in some embodi-
ments, the fluid control apparatus 1 further includes a
limiting assembly 50, which may be located in the fluid
assembly 200. The pump assembly 20 includes a rotor
assembly 22, a positioning shaft 222 and an isolation
sleeve 23, where at least a part of the rotor assembly 22 is
sleeved with the stator assembly 130, the isolation sleeve
23 is sleeved outside the part of the outer periphery side
of the rotor assembly 22, and at least a part of the isolation
sleeve 23 is located between the stator assembly 130
and the rotor assembly 22. The positioning shaft 222 is
sleeved on inner side of the rotor assembly 22, and a first
side of the positioning shaft 222 in the axial direction is
limited to the isolation sleeve 23. The limiting assembly
50 is arranged close to a second side of the positioning
shaft 222 in the axial direction, and the limiting assembly
50 and the rotor assembly 22 are limitedly arranged, for
example, the limiting assembly 50 abuts with the rotor
assembly 22. In this embodiment, the axial direction of
the positioning shaft 222 is parallel to or coincides with
the height direction of the fluid control apparatus. With the
above arrangement, both sides of the positioning shaft
222 in the axial direction can be limited, which reduces
the axial play of the positioning shaft 222 and thus re-
duces the axial play of the rotor assembly 22 and reduces
the noise of the pump assembly 20.
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[0099] In some embodiments, the pump assembly 20
further includes a pump cover 24, where at least a part of
the pump cover 24 is located on the outer peripheral side
of the impeller assembly 221, and at least a part of the
pump cover 24 is located inside the first chamber 401. At
least a part of the limiting assembly 50 is located on the
pump cover 24, and the limiting assembly 50 has a
groove 521, and an end of the second side of the posi-
tioning shaft 222 is located in the groove 521 and abuts
WITH the bottom wall portion of the groove 521. With the
above arrangement, the isolation sleeve 23 matches with
the pump cover 24 to achieve an axial limit of the rotor
assembly 22. Optionally, the pump cover 24 and the main
housing 40 may be formed into an integral structure by
injection molding, or the pump cover 24 may be sepa-
rately formed from the main housing 40 and limitedly
connected with the main housing 40. In this case, a
sealing ring is provided between the pump cover 24
and the main housing 40 to seal the pump cover 24
and the main housing 40.
[0100] In some embodiments, the rotor assembly 22
further includes a first bearing 251 and a second bearing
252, which are arranged along the axial direction of the
rotor assembly 22. In the axial direction of the rotor
assembly 22, the first bearing 251 is located between
the connecting portion 232 of the isolation sleeve 23 and
the magnetic assembly 223, and the second bearing 252
is located between the magnetic assembly 223 and the
limiting assembly 50. With the above arrangement, the
rotation of the magnetic element 223 and of the impeller
assembly 221 in the rotor assembly 22 can be achieved.
[0101] As shown in FIG. 26, in some embodiments, the
limiting assembly 50 includes a first gasket 53 and the
pump cover 24, and the first gasket 53 is abutted between
the second bearing 252 and the pump cover 24. Speci-
fically, the pump cover 24 includes a supporting portion
52 and at least two connecting ribs 51, and the first gasket
53 is abutted between the second bearing 252 and the
supporting portion 52. With the above arrangement, the
wear between the pump cover 24 and the second bearing
252 can be reduced. In an embodiment, the positioning
shaft 222 and the isolation sleeve 23 may be formed into
an integral structure by injection molding, and/or the
magnetic assembly 223, the impeller assembly 221,
the first bearing 251 and the second bearing 252 may
be formed into an integral structure by injection molding,
so as to achieve a stable connection among the structural
components and simplify the assembly process of the
fluid control apparatus.
[0102] In other embodiments, as shown in FIG. 22, the
limiting assembly 50 includes a first limiting component
541, a second gasket 542 and a third gasket 543. The first
limiting component 541 is fixedly connected with the
positioning shaft 222, and the second gasket 542 is
abutted between the first bearing 251 and the connecting
portion 232 along the axial direction of the rotor assembly
22. The first limiting component 541 includes a first flange
portion 5411 and a cylindrical portion. In the axial direc-

tion of the first limiting component 541, at least a part of
the orthographic projection of the cylindrical portion 5412
is located within the orthographic projection of the first
flange portion 5411, and the third gasket 543 is limited
between the first flange portion 5411 and the second
bearing 252. With the above arrangement, when the
electric pump device 20 is assembled with the main
housing 40, the impeller assembly 22 of the electric pump
device 20 may be arranged downward (in the up-down
direction in the drawing), and in this case, the structure,
such as the impeller assembly 22 are limited by the
limiting assembly 50, which facilitates the assembly of
the electric pump device 20 with the main housing 40. In
this embodiment, the positioning shaft 222 and the iso-
lation sleeve 23 may be formed into an integral structure
by injection molding, and/or the magnetic assembly 223,
the impeller assembly 221, the first bearing 251 and the
second bearing 252 may be formed into an integral
structure by injection molding, to achieve a stable con-
nection among the structural components and simplify
the assembly process of the fluid control apparatus.
[0103] In order to achieve a stable connection between
the first limiting component 541 and the positioning shaft
222, in some embodiments, the first limiting component
541 has a first threaded portion which is located at the
cylindrical portion 5412, and the positioning shaft 222 has
a second threaded portion, and the first threaded portion
is threadedly connected with the second threaded por-
tion. Alternatively, the first limiting component 541 may be
connected with the positioning shaft 222 by riveting.
[0104] In other embodiments, as shown in FIG.23, at
least a part of the first bearing 251 is sleeved between the
outer peripheral side of the positioning shaft 222 and the
connecting portion 232 of the isolation sleeve 23, and the
limiting assembly 50 is located between the magnetic
assembly 223 and the impeller assembly 221 along the
axial direction of the rotor assembly 22. The limiting
assembly 50 includes a second limiting component
551 and a fourth gasket 552, where the second limiting
component 551 is limitedly and sealedly connected with
the isolation sleeve 23. For example, the second limiting
component 551 is welded to the isolation sleeve 23, and
the second limiting component 551 is located on the side
of the magnetic assembly 223 away from the connecting
portion 232. The second bearing 252 is sleeved between
the outer circumferential side of the positioning shaft 222
and the second limiting component 551. In the axial
direction of the rotor assembly 22, the fourth gasket
552 is abutted between the second bearing 252 and
the magnetic assembly 223. Specifically, the second
limiting component 551 includes a second flange portion
5511 and a second cylindrical portion 5512. In the axial
direction of the second limiting component 551, at least a
part of the orthographic projection of the second cylind-
rical portion 5512 is located within the orthographic pro-
jection of the second flange portion 5511, and the second
flange portion 5511 is sealedly connected with the isola-
tion sleeve 23. During implementation, in this embodi-
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ment, the positioning shaft 222 and the magnetic assem-
bly 223 may be formed into an integral structure by
injection molding, the isolation sleeve 23 and the first
bearing 251 may be formed into an integral structure by
injection molding, and the impeller assembly 221 is as-
sembled with and connected to the positioning shaft 222.
With the above arrangement, the axial limiting of the rotor
assembly 22 can be achieved.
[0105] In summary, the fluid control apparatus 1 ac-
cording to the embodiment of the present application
includes an actuation assembly 100 and at least two fluid
subassemblies LK, where the actuation assembly 100
includes at least two actuation components 13. At least
one actuation component 13 includes a stator assembly
130, and at least a part of the stator assembly 130 is
limitedly connected in the limiting portion 112 of the first
housing 11. At least one fluid subassembly LK includes a
pump assembly 20, and the pump assembly 20 includes
a rotor assembly 22. By arranging the rotor assembly 22
within the range of the magnetic field of the correspond-
ing stator assembly 130, and configuring the actuation
component 13 to drive the corresponding fluid subas-
sembly LK to act, the actuation assembly 100 includes
the actuation component 13 that drives at least two fluid
subassemblies LK to act. Compared to providing a se-
parate driving device for each fluid subassembly LK, the
fluid control apparatus 1 according to the embodiment of
the present application can reduce the space occupied
by the actuation assembly 100. Further, at least two fluid
subassemblies LK may also be integrated to one main
housing 40, thus improving the integration degree of the
fluid control device 1 and reducing the space occupied by
the fluid control apparatus 1. Moreover, by providing the
limiting assembly 50, the positioning shaft 222 can be
axially limited, so that the structure, such as rotor assem-
bly 22 may be better axially limited.
[0106] In another aspect, an electric pump device is
further according to the embodiment of the present ap-
plication, which includes a stator assembly 130, a pump
assembly 20 and a limiting assembly 50. The pump
assembly 20 includes a rotor assembly 22, a positioning
shaft 222, an isolation sleeve 23 and a pump cover 24,
and at least a part of the rotor assembly 22 is sleeved with
the stator assembly 130. Optionally, at least a part of the
rotor assembly 22 is located on an inner side of the stator
assembly 130, and the isolation sleeve 23 is sleeved on a
part of the outer peripheral side of the rotor assembly 22,
and at least a part of the isolation sleeve 23 is located
between the stator assembly 130 and the rotor assembly
22. The positioning shaft 222 is sleeved on the inner side
of the rotor assembly 22, a first side of the positioning
shaft 222 in the axial direction is limited by the isolation
sleeve 23, the limiting assembly 50 is arranged close to a
second side of the positioning shaft 222 in the axial
direction and abuts with the rotor assembly 22. With
the above arrangement, the axial limit of the rotor as-
sembly 22 and the positioning shaft 222 can be achieved.
In the embodiment of the present application, the stator

assembly 130, the pump assembly 20 and the limiting
assembly 50 have the same or similar structures as those
of the stator assembly 130, the pump assembly 20 and
the limiting assembly 50 provided in any embodiment
shown in FIG. 1 to FIG. 27, which will not be described in
detail.
[0107] In some embodiments, the rotor assembly 22
includes a magnetic assembly 223 and an impeller as-
sembly 221. At least a part of the impeller assembly 221
and the magnetic assembly 223 are arranged along the
axial direction of the rotor assembly 22, and at least a part
of the magnetic assembly 223 is sleeved on an inner
surface side of the stator assembly 130. The isolation
sleeve 23 includes an end wall portion 231 and a con-
necting portion 232, and an extending direction of the end
wall portion 231 intersects with an axial direction of the
rotor assembly 22. The rotor assembly 22 includes a first
bearing 251 and a second bearing 252, which are ar-
ranged along the axial direction of the rotor assembly 22.
The first bearing 251 is located between the connecting
portion 232 and the magnetic assembly 223, and the
second bearing 252 is located between the magnetic
assembly 223 and the limiting assembly 50. With the
above arrangement, the rotor assembly 22 can be stably
rotated and can be axially limited.
[0108] As shown in FIG. 22, in some embodiments, the
limiting assembly 50 includes a first limiting component
541, a second gasket 542 and a third gasket 543. The first
limiting component 541 is fixedly connected with the
positioning shaft 222, and the second gasket 542 is
abutted between the first bearing 251 and the connecting
portion 232 along the axial direction of the rotor assembly
22. The first limiting component 541 includes a first flange
portion 5411 and a cylindrical portion 5412. In the axial
direction of the first limiting component 541, at least a part
of the orthographic projection of the cylindrical portion
5412 is located within the orthographic projection of the
first flange portion 5411, and the third gasket 543 is
limited between the first flange portion 5411 and the
second bearing 252.
[0109] Alternatively, as shown in FIG. 23, in some
embodiments, the limiting assembly 50 is located be-
tween the magnetic assembly 223 and the impeller as-
sembly 221. The limiting assembly 50 includes a second
limiting component 551 and a fourth gasket 552. The
second limiting component 551 and the isolation sleeve
23 are limitedly arranged and sealedly connected, and
the second limiting component 551 is located on a side of
the magnetic assembly 223 away from the connecting
portion 232. The second bearing 252 is sleeved between
the outer peripheral side of the positioning shaft 222 and
the second limiting piece 551, and the fourth gasket 552
is abutted between the second bearing 252 and the
magnetic assembly 222 along the axial direction of the
rotor assembly 22.
[0110] In the electric pump device, it may include a
pump housing, which is arranged to cover on the outside
the stator assembly. At least a part of the pump housing is
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located on a side of the stator assembly away from the
rotor assembly. The limiting way of the pump housing and
the stator assembly is similar to that of the first housing 11
and the stator assembly 130 described in any of the
above embodiments, for example, the stator assembly
130 and the pump housing may be formed into an integral
structure by injection molding or the stator assembly 130
may be provided inside the chamber of the pump hous-
ing. In an embodiment, in case that the stator assembly
130 and the pump housing are formed into an integral
structure by injection molding, the isolation sleeve 23 and
the pump housing may be formed into an integral struc-
ture by injection molding or the isolation sleeve 23 may be
separately formed with and sealedly connected to the
pump housing. When the stator assembly 130 is as-
sembled into the mounting chamber QS of the pump
housing, the isolation sleeve 23 and the pump housing
may be formed into an integral structure by injection
molding; or the isolation sleeve 23 is separately formed
with and sealedly connected to the pump housing; or the
isolation sleeve 23 and the stator assembly 130 are
formed into an integral structure by injection molding
and then the isolation sleeve 23 and the stator assembly
130, together as a whole, is separately formed with and
sealedly connected to the pump housing. In case that the
number of the stator assemblies 130 is at least two, the
limit connection ways between different stator assem-
blies 130 may be the same or different, and the connect-
ing ways of the isolation sleeves 23 corresponding to
different stator assemblies 130 with the first housing 11
may be the same or different.
[0111] In yet another aspect, as shown FIG. 1 to FIG.
45, a manufacturing method 1000 for a fluid control
apparatus is further provided according to an embodi-
ment of the present application, which includes:
[0112] Step S110: forming an actuation assembly 100.
[0113] In some embodiments, the step S 110 of forming
the actuation assembly 100 includes: providing a first
housing 11 and at least two actuation components 13,
where the first housing 11 has a first accommodating
chamber 101, and the first housing 11 includes a bottom
wall portion 111 and a limiting portion 112, where the
bottom wall portion 111 forms a part of the wall portion of
the first accommodating chamber 101, and at least a part
of the limiting portion 112 protrudes from the bottom wall
portion 111, and at least one actuation component 13
includes a stator assembly 130; and limitedly connecting
at least a part of the stator assembly 130 to the limiting
portion 112. The limiting portion 112 protrudes from the
bottom wall portion 112 along the height direction of the
actuation assembly 100, and the limiting portion 112 may
extend in a direction away from the first accommodation
chamber 101.
[0114] In some embodiments, limitedly connecting at
least a part of the stator assembly 130 in the limiting
portion 112 includes: use the stator assembly 130 as an
injection molding insert, form at least a part of the stator
assembly 130 and the limiting portion 112 into an integral

structure by injection molding; or the limiting portion 112
includes a mounting chamber QS, and mount at least a
part of the stator assembly 130 inside the mounting
chamber QS and limitedly match at least a part of the
stator assembly 130 with the limiting portion 112 of the
first housing 11. In this case, at least a part of the output
terminal 1304 in the stator assembly 130 is located inside
the first accommodating chamber 101, which facilitates
of the electrical connection of the output terminal 1304
with the controller 15 in the actuation assembly 100 or
with external controller.
[0115] In some other embodiments, the fluid control
apparatus may further include an isolation sleeve 23. In
this case, after the step of limitedly connecting at least a
part of the stator assembly 130 to the limiting portion 112,
the isolation sleeve 23 and the first housing 11 may be
further formed into an integral structure by injection mold-
ing, so that a part of the isolation sleeve 23 is located on
the inner side of the stator assembly 130. In that case, the
isolation sleeve 23 is sealedly connected with the first
housing 11, which facilitates of isolating the stator as-
sembly 130 from the outside and preventing the external
water vapor from affecting the stator assembly 130.
[0116] Step S120, forming at least a part of the fluid
assembly 200.
[0117] In thisembodiment, the step S120 of forming the
fluid assembly 200 includes: provide at least two fluid
subassemblies LK and provide the main housing 40.
[0118] In this embodiment, at least one fluid subas-
sembly LK includes a pump assembly 20. As shown in
FIG. 1 to FIG. 26, the number of fluid subassemblies LK in
this embodiment is five, where three fluid subassemblies
each includes a pump assembly 20 and the other two fluid
subassemblies each includes a valve assembly 30. In
other embodiments, the number of the fluid subassem-
blies LK may be two, and both the fluid subassemblies LK
each may include the pump assembly 20; or one of the
fluid subassemblies LK includes the pump assembly 20
and the other of the fluid subassemblies LK includes the
valve assembly 30. The number of fluid subassemblies
LK may be set based on the requirements of users, and
the number of pump assemblies 20 and valve assemblies
30 included may also be set based on the requirements of
users.
[0119] The main housing 40 has a first chamber 401
that are arranged at intervals, a first duct 404 and a
second duct 405, and both the first duct 404 and the
second duct 405 are in communication with the first
chamber 401. In this case, the step S120 of forming at
least a part of the fluid assembly 200 may further include
assembling the pump assembly 20 with the main housing
40 in such a way that at least a part of the pump assembly
20 is located inside the first chamber 401, so that the rotor
assembly 22 can be rotated to drive the fluid to flow
through the first duct 404 and the second duct 405. With
the above arrangement, the pump assembly 20 can be
arranged inside the first chamber 401.
[0120] In an embodiment, in case that at least two fluid
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subassemblies LK each includes the pump assembly 20,
the multiple pump assemblies 20 may be all assembled
with the main housing to form at least a part of the fluid
assembly 200. Specifically, the pump assembly 20 may
include the isolation sleeve 23 and the rotor assembly 22.
In this case, before the step of assembling the pump
assembly 20 with the main housing 40, a step of forming
the pump assembly 20 may be included. For example,
the rotor assembly 22 may be first sleeved on the inner
side of the isolation sleeve 23 first, so that the isolation
sleeve 23 and the rotor assembly 22 are assembled into
an integral structure to form the pump assembly 20, and
then assemble the whole structure with the main housing
40. In case that the pump assembly 20 further includes
the pump cover 40, the isolation sleeve 23, the rotor
assembly 22 and the pump cover 24 may be assembled
into an integral structure first. The step of assembling the
pump assembly 20 with the main housing 40 may further
include: separately assembling the isolation sleeve 23
and the rotor assembly 22 to the main housing 40, and
then sealedly connecting the isolation sleeve 23 with the
main housing 40. In case that the pump assembly 20
further includes the limiting assembly 50, the limiting
assembly 50 may limitedly match with the positioning
shaft 222 to form an integral structure, and then the
formed integral structure may be assembled with the
main housing 40. In case that the limiting assembly 50
is located at the main housing 40, the pump assembly 20
may be assembled with the main housing 40 to achieve
an axial limit to the structures, such as the positioning
shaft 222 and the rotor assembly 22, which is not limited
in this application.
[0121] In some embodiments, in case that at least one
fluid subassembly LK includes a pump assembly 20, at
least one fluid subassembly LK includes a valve assem-
bly 30, the valve assembly 30 includes a valve core 31
and a valve core shaft 32, at least one actuation compo-
nent 13 includes a motor 132, and the main housing 40
further includes a bottom cover and a chamber casing 45.
In this case, the step S120 of forming at least a part of the
fluid assembly 200 includes following steps:
[0122] Step 1: providing a main housing 40. The main
housing 40 has a first chamber 401, a second chamber
402, a first duct 404, a second duct 405 and multiple flow
passages 406. The first chamber 401 and the second
chamber 402 are spaced apart, and both the first duct 404
and the second duct 405 are in communication with the
first chamber 401.
[0123] Step 2: assembling the pump assembly 20 with
the main housing 40 in such a way that at least a part of
one pump assembly 20 is located inside the first chamber
401, so that the rotation of the rotor assembly 22 can drive
the fluid to circulate in the first duct 404 and the second
duct 405, and then realizing the driving function of the
pump assembly 20 on the fluid.
[0124] Step 3: assembling at least a part of the valve
assembly 30 inside the corresponding chamber of the
main housing 40, that is, assembling at least a part of the

valve assembly 30 inside one second chamber 402 of the
main housing 40, and limitedly connect the valve assem-
bly 30 with the main housing 40, and thus the commu-
nication chamber 31 of the valve core 31 can commu-
nicate at least two flow passages 406. Specifically, the
valve core 31 and the valve core shaft 32 may be as-
sembled inside the second chamber 402, and at least a
part of the valve core shaft 32 passes through the second
chamber 402 and is in transmission connected with the
output shaft of the motor 132. In case that the actuation
assembly 100 further includes a gear set 133, the gear
set 133 is transmission connected to the actuation as-
sembly 100, and at least a part of the valve core shaft 32
passes through the second chamber 402 and is con-
nected to the gear set 133.
[0125] Step 4: sealedly connecting the bottom cover
with the main housing 40.
[0126] For example, the bottom cover and the main
housing may be sealed by welding, so as to achieve the
limit connection between the valve assembly 30 and the
main housing 40. In an embodiment, the valve assembly
30 may include a first valve assembly 30a and a second
valve assembly 30b, and the main housing 40 includes a
chamber casing 45, a first bottom cover 42 and a second
bottom cover 43. For the first bottom cover 42, it can be
understood that the steps 2 and 3 may be implemented
simultaneously; or one of the step 1 and the step 2 may be
implemented first, and then the other is implemented.
[0127] Step S130, sealedly connecting the actuation
assembly 100 and the fluid assembly 200.
[0128] In an embodiment, the actuation assembly 100
may cooperate with the pump assembly 20, so as to, for
example, position at least a part of the rotor assembly 22
of the pump assembly 20 at the inner side of the corre-
sponding stator assembly 130, and to position part of the
isolation sleeve 23 between the stator assembly 130 and
the corresponding rotor assembly 22. The rotor assembly
22 can be located within the range of the magnetic field of
the corresponding stator assembly 130. When the coil
winding in the stator assembly 130 is energized, a mag-
netic field can be generated, and thus the rotor assembly
22 is driven to rotate by the stator assembly 130. In order
to achieve the sealed connection between the actuation
assembly 100 and the fluid assembly 200, a sealing ring
may be arranged between the actuation assembly 100
and the fluid assembly 200, and the actuation assembly
100 and the fluid assembly 200 may be connected by
fasteners, such as screws, and the sealing ring is com-
pressed, so as to achieve the sealed connection between
the actuation assembly 100 and the fluid assembly 200.
[0129] In some embodiments, in case that the fluid
subassembly LK further includes the valve assembly
30 and the main housing 40 further includes multiple flow
passages 406, the first chamber 401 has a first mounting
port K1 and the second chamber 402 has a second
mounting port K2, where the first mounting port K1 is
located on a first side portion of the chamber casing 45
and the second mounting port K2 is located on a second
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side portion of the chamber casing 45, and the first side
portion and the second side portion are located on two
sides of the chamber housing in a height direction of the
chamber casing. The multiple flow passages 406 are
distributed on the outer peripheral side of the second
chamber 402, and the first mounting port K1 of the first
chamber 401 and the second mounting port K2 of the
second chamber 402 are respectively arranged on dif-
ferent surfaces of the main housing 40. For example, as
shown in FIG. 1 to FIG. 25, the first mounting port K1 of
the first chamber 401 and the second mounting port K2 of
the second chamber 402 are respectively arranged at
two opposite sides of the main housing 40 along its own
height direction.
[0130] In this case, the step S120 of forming at least a
part of the fluid assembly 200 includes: assembling the
pump assembly 20 with the main housing 40 from one
side of the main housing 40, and the pump assembly 20
passes through the first mounting port K1so that at least a
part of the pump assembly 20 is located inside the first
chamber 401; assembling at least a part of the valve
assembly 30 inside one second chamber 402 of the main
housing 40 from the other side of the main housing 40,
and thus at least a part of the valve assembly 30 passes
through the second mounting port K2, so that at least a
part of the valve assembly 30 is located inside the second
chamber 402. In an embodiment, in case that the valve
assembly 30 includes a valve core 31 and a valve core
shaft 32, the valve core 31 and the valve core shaft 32
may pass through the second mounting port K2, so that
the valve core 31 is located inside the second chamber
402, and at leasta part of the valve core shaft 32 is located
outside the main housing 40, which achieves a transmis-
sion connection between the transmission assemblies,
such as the valve core shaft 32 and the motor 132. In case
that the number of the pump assemblies 20 is at least two
and the number of the valve assemblies 30 is at least two,
all the pump assemblies 20 may be assembled with the
main housing 40 from one side of the main housing 40
through the first mounting port K1, and all the valve
assemblies 30 may be assembled with the main housing
40 from the other side through the second mounting port
K2. After that, the bottom cover may be sealedly con-
nected to the chamber casing 45 of the main housing 40.
[0131] Alternatively, at least a part of the pump assem-
bly 20 may be assembled inside the first chamber 401 of
the main housing 40, and then the actuation assembly
100 is sealedly connected with the main housing 40 fitted
with the pump assembly 20. In this case, after the actua-
tion assembly 100 is sealedly connected with the fluid
assembly 200, the step S130 may further include: as-
sembling at least a part of the valve assembly 30 inside
the corresponding second chamber 402 of the main
housing 40, and limitedly connecting the valve assembly
30 with the main housing 40. In some embodiments, the
main housing 40 further includes a bottom cover, which
may be sealedly connected with the chamber of the main
housing 40 after at least a part of the valve assembly 30 is

assembled inside the corresponding chamber of the
main housing 40. For example, the bottom cover may
be sealed to the main housing by welding, so as to
achieve the limit connection between the valve assembly
30 and the main housing 40 and seal the second mount-
ing port K2.
[0132] In summary, according to the manufacturing
method for the fluid control apparatus according to the
embodiment of the present application, it facilitates of
integrating at least two actuation components 13 to one
actuation assembly. Compared to providing separate
actuation components for each fluid subassembly LK,
the fluid control apparatus 1 provided by the embodiment
of the application can reduce the occupied space of the
actuation assembly 100 and improve the integration
degree of the actuation assembly 100. Further, at least
two fluid subassemblies LK may also be integrated in one
main housing 40, which improves the integration degree
of the fluid control apparatus 1 and reducing the space
occupied by the fluid control apparatus 1. Moreover, by
providing the limiting assembly 50, the positioning shaft
222 can be axially limited, so that the structures, such as
rotor assembly 22 may be better axially limited. The
structure of the fluid control apparatus manufactured
by the manufacturing method described above is shown
in FIG. 1 to 44, which will not be described again.
[0133] It should be noted that the above embodiments
are only used to illustrate the present application and not
limit the technical solutions described in the present
application, for example, the definition of directions such
as "front", "rear", "left", "right", "upper", "lower". Although
the present application has been described in detail in the
specification with reference to the above embodiments,
those skilled in the art should understand that modifica-
tions, combinations or equivalent replacements can be
made to the present application by those skilled in the art,
and all technical solutions and improvements thereof
without deviating from the spirit and scope of the present
application shall fall within the scope of the claims of the
present application.

Claims

1. A fluid control apparatus, comprising:

an actuation assembly;
at least two fluid subassemblies;
a limiting assembly; and
a main housing, wherein
at least one of the fluid subassemblies com-
prises a pump assembly, the actuation assem-
bly comprises a stator assembly, and the pump
assembly comprises a rotor assembly, a posi-
tioning shaft and an isolation sleeve;
the rotor assembly and the positioning shaft are
limitedly arranged , the rotor assembly com-
prises a magnetic assembly, at least a part of
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the magnetic assembly is located within a range
of a magnetic field of the stator assembly in an
operation state, and at least a part of the isola-
tion sleeve is located between the stator assem-
bly and the rotor assembly, wherein the main
housing is provided with a first chamber, and at
least a part of the pump assembly is located
inside the first chamber; and
the positioning shaft is located in the rotor as-
sembly, a first side of the positioning shaft in an
axial direction and the isolation sleeve are limit-
edly arranged, the limiting assembly is arranged
close to a second side of the positioning shaft in
the axial direction, and the limiting assembly and
the positioning shaft are limitedly arranged.

2. The fluid control apparatus according to claim 1,
wherein the rotor assembly further comprises an
impeller assembly, at least a part of the impeller
assembly and the magnetic assembly are arranged
in the axial direction of the rotor assembly, at least a
part of the magnetic assembly is sleeved on an inner
surface side of the stator assembly, and the isolation
sleeve comprises an end wall portion and a connect-
ing portion, wherein an extending direction of the end
wall portion intersects with an axial direction of the
rotor assembly; and
in the axial direction of the rotor assembly, at least a
part of the connecting portion protrudes from the end
wall portion and a side of the positioning shaft and the
connecting portion are limitedly arranged.

3. The fluid control apparatus according to claim 2,
wherein the pump assembly further comprises a
pump cover, at least a part of the pump cover is
located on an outer peripheral side of the impeller
assembly, at least a part of the pump cover is located
inside the first chamber, at least a part of the limiting
assembly is located at the pump cover;

the limiting assembly has a groove, and an end
portion of a second side of the positioning shaft
is located in the groove and abuts with a bottom
wall of the groove; and
the pump cover is fixed with the main housing by
injection molding, or the pump cover is sepa-
rately formed with and sealedly connected to the
main housing.

4. The fluid control apparatus according to claim 3,
wherein the limiting assembly comprises a connect-
ing rib and a supporting portion, wherein the con-
necting rib is distributed on an outer peripheral side
of the supporting portion, the supporting portion is
connected with the connecting rib, and the groove is
located at the supporting portion; and
the pump cover is fixed with the main housing by
injection molding, at least a part of the impeller

assembly is located inside the first chamber, the
main housing comprises a first duct and a second
duct that are in communication with the first cham-
ber, the connecting rib is connected with a peripheral
wall of the first duct; or the pump cover is separately
formed with the main housing, the pump assembly
has a pump chamber, a first passage and a second
passage, the pump cover forms at least a part of a
wall portion of the pump chamber, and the first pas-
sage and the second passage are located at the
pump cover and are in communication with the pump
chamber.

5. The fluid control apparatus according to claim 3 or 4,
wherein the rotor assembly comprises a first bearing
and a second bearing, and the first bearing and the
second bearing are arranged in the axial direction of
the rotor assembly; and
in the axial direction of the rotor assembly, the first
bearing is located between the connecting portion
and the magnetic assembly, and the second bearing
is located between the magnetic assembly and the
limiting assembly.

6. The fluid control apparatus according to claim 5,
wherein the limiting assembly comprises a first gas-
ket, and the first gasket is abutted between the
second bearing and the pump cover.

7. The fluid control apparatus according to claim 5,
wherein the limiting assembly comprises a first limit-
ing component, a second gasket and a third gasket,
the first limiting component is fixedly connected with
the positioning shaft, and the second gasket is
abutted between the first bearing and the connecting
portion in the axial direction of the rotor assembly;
and
the first limiting component comprises a first flange
portion, and the third gasket is limited between the
first flange portion and the second gasket.

8. The fluid control apparatus according to claim 7,
wherein the first limiting component has a first
threaded portion, the positioning shaft has a second
threaded portion, and the first threaded portion is
threadedly connected with the second threaded por-
tion.

9. The fluid control apparatus according to any one of
claims 6 to 8, wherein the isolation sleeve and the
positioning shaft are fixed by injection molding, and
the magnetic assembly, the impeller assembly, the
first bearing and the second bearing are fixed by
injection molding.

10. The fluid control apparatus according to claim 5,
wherein at least a part of the first bearing is sleeved
between the outer peripheral side of the positioning
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shaft and the connecting portion of the isolation
sleeve, and the limiting assembly is located between
the magnetic assembly and the impeller assembly in
the axial direction of the rotor assembly;

the limiting assembly comprises a second limit-
ing component and a fourth gasket, wherein the
second limiting component and the isolation
sleeve are limitedly arranged and sealedly con-
nected, and the second limiting component is
located on a side of the magnetic assembly
away from the connecting portion; and
the second bearing is sleeved between the outer
peripheral side of the positioning shaft and the
second limiting component, and the fourth gas-
ket is abutted between the second bearing and
the magnetic assembly in the axial direction of
the rotor assembly.

11. The fluid control apparatus according to any one of
claims 1 to 4, wherein the main housing is further
provided with second chambers and a communica-
tion passage, the first chamber and the second
chamber are spaced apart, and the first chamber
and at least one of the second chambers are in
communication through the communication pas-
sage; and
at least one of the at least two the fluid subassem-
blies comprises a valve assembly, the valve assem-
bly comprises a valve core, and at least a part of the
valve core is sealedly located inside the second
chamber.

12. An electric pump device, wherein the electric pump
device comprises a stator assembly, a pump assem-
bly and a limiting assembly, the pump assembly
comprises a rotor assembly, a positioning shaft
and an isolation sleeve, the rotor assembly and
the positioning shaft are limitedly arranged;

the rotor assembly comprises a magnetic as-
sembly, at least a part of the magnetic assembly
is located within a range of a magnetic field of the
stator assembly in an operation state, and at
least a part of the isolation sleeve is located
between the stator assembly and the rotor as-
sembly; and
the positioning shaft is located in the rotor as-
sembly, a first side of the positioning shaft in an
axial direction and the isolation sleeve are limit-
edly arranged, the limiting assembly is arranged
close to a second side of the positioning shaft in
the axial direction, and the limiting assembly and
the rotor assembly are limitedly arranged.

13. The electric pump device according to claim 12,
wherein the rotor assembly further comprises an
impeller assembly, at least a part of the impeller

assembly and the magnetic assembly are arranged
in an axial direction of the rotor assembly, at least a
part of the magnetic assembly is sleeved on an inner
surface side of the stator assembly, and the isolation
sleeve comprises an end wall portion and a connect-
ing portion, wherein an extending direction of the end
wall portion intersects with the axial direction of the
rotor assembly; and
the rotor assembly comprises a first bearing and a
second bearing, which are arranged in the axial
direction of the rotor assembly, the first bearing is
located between the connecting portion and the
magnetic assembly, and the second bearing is lo-
cated between the magnetic assembly and the limit-
ing assembly.

14. The electric pump device according to claim 13,
wherein the limiting assembly comprises a first limit-
ing component, a second gasket and a third gasket,
the first limiting component is fixedly connected with
the positioning shaft, the second gasket is abutted
between the first bearing and the connecting portion
in the axial direction of the rotor assembly; and
the first limiting component comprises a flange por-
tion, and the third gasket is limited between the
flange portion and the second bearing.

15. The electric pump device according to claim 13,
wherein the limiting assembly is located between
the magnetic assembly and the impeller assembly
and comprises a second limiting component and a
fourth gasket;

the second limiting component and the isolation
sleeve are limitedly arranged and sealedly con-
nected, the second limiting component is lo-
cated on a side of the magnetic assembly away
from the connecting portion; and
the second bearing is sleeved between an outer
peripheral side of the positioning shaft and the
second limiting component, and the fourth gas-
ket is abutted between the second bearing and
the magnetic assembly in the axial direction of
the rotor assembly.
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