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(57) Abstract: Disclosed is a solenoid valve, the
solenoid valve comprises a valve body assembly
(500), provided with avalve port (504), a mem-
brane assembly (600), a central portion of which
seals the valve port (504), a peripheral portion of
which at least partially covers an annular cham-
ber (508) between the valve port (504) and the
valve body assembly (500), the annular chamber
(508) being communication with an inlet connec-
tion pipe (501) of the solenoid valve, and the
membrane assembly (600) comprising a pilot
valve port member (604), the solenoid valve fur-
ther comprises a movable core assembly (300),
including a movable core (301) and a closing
plug (304) interconnected with each other, the
movable core (301) pushes the closing plug
(304), and the closing plug (304) is moved up
with the upward movement of the movable core
(301), so as to open the through hole (6041), a
upward force of differential pressure will be gen-
erated on the membrane assembly (600), result-
ing in forcing the membrane assembly (600) to
move up, thereby opening the valve port (504).
The valve can reduce power of a coil and in-
crease travel for opening the valve.
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SOLENOID VALVE

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of Chinese Patent Application No.
201110459087.5 filed on December 31,2011 in the State Intellectual Property

Office of China, the disclosure of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a field of valve control switch, more particularly, to

a solenoid valve.

2. Description of the Related Art

In the prior art, an interior armature structure in most solenoid valves typically
employs a conventional directly lifting valve arrangement. Specifically, a fixed core
is fixed on an upper portion of a sleeve, while a movable core reciprocating up and
down is placed on a lower portion of the sleeve. In addition, there is a return spring
between the fixed core and the movable core, so that the movable core will drive a
piston below it to close a valve port and thus keeps a certain gap from the fixed
core. An operational principle of the conventional solenoid valve is as follows:
attracting the movable core to move upwards by a magnetic field force generated
by energizing a coil, and opening the valve port by overcoming a pressure drop
force at the valve port, a force of the return spring and a gravity of the moveable
core itself during the upward movement of the movable core. Therefore, such
arrangement needs a relatively large power of coil, and has a short gap travel,

thereby not facilitating to provide a solenoid valve of a low cost and a small power.

In view of the above, there is indeed a need for a solenoid valve, which can reduce

power of a coil and/or can increase travel for opening the valve.
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SUMMARY OF THE INVENTION

Bearing in mind of the above shortages in prior arts, an object of the present

invention is to alleviate at least one aspect of the above problems and defects.

Accordingly, an object of the present invention is to provide a solenoid valve which

can reduce power of a coil.

In addition, another object of the present invention is to provide a solenoid valve

which can increase travel for opening the valve.

According to one aspect, there is provided a solenoid valve, comprises:

a valve body assembly provided with a valve port;

a membrane assembly, a central portion of which seals the valve port, a peripheral
portion of which at least partially covers an annular chamber between the valve
port and the valve body assembly, the annular chamber being in communication
with an inlet connection pipe of the solenoid valve, and further comprising a pilot
valve port member;

a movable core assembly, including a movable core and a closing plug
interconnected with each other; the movable core pushes the closing plug to seal a
through hole in the pilot valve port member;

wherein, the closing plug is driven by the movable core to move up, so as to open
the through hole; since a flow of fluid flowing from an upper chamber above the
membrane assembly into a body outlet chamber below the membrane assembly
through the through hole via the valve port, is larger than a flow flowing into the
upper chamber from the inlet connection pipe of the solenoid valve, a upward force
of differential pressure will be generated on the membrane assembly, resulting in

forcing the membrane assembly to move up, thereby opening the valve port.

Preferably, the body assembly includes a valve body, a valve cover fixedly

connected to the valve body, the inlet connection pipe and an outlet connection
2
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pipe; wherein the annular valve port is formed by a central step at a central of the
valve body; the valve body outlet chamber is in communication with the outlet
connection pipe, while a chamber formed between the periphery of the valve port

and the valve cover is in communication with the inlet connection pipe.

Preferably, the membrane assembly is disposed on the central step, and covers the

annular chamber formed between the central step below it and the valve body.

Preferably, the membrane assembly comprises an air distribution disc arranged in
the annular chamber; a membrane placed on the air distribution disc; a gasket, a
pilot valve port member, and a tray, wherein an edge of the upper surface of the
membrane is at least partially covered by a lower step of the valve cover, while the

lower surface of the membrane seals the valve port.

Preferably, an upper part of the pilot valve port member is a conical step, while a
lower part thereof is a two-stage cylindrical step; the through hole which is used to
communicate the upper chamber above the membrane assembly and a lower
chamber below the membrane assembly, is disposed within the pilot valve port
member, and a diameter of an upper part of the through hole is less than that of a

lower part thereof.

Preferably, the lower cylindrical step of the pilot valve port member in sequence
passes through a central hole of the tray, a central hole of the membrane and a
central hole of a gasket of a circular metal pressing piece; and they are then fixed
together by outwardly turning over an edge at the lower part of pilot valve port

member.

Preferably, the membrane and the air distribution disc are respectively disposed
with a plurality of via holes at their edges to be communicated with each other, an

outer edge of the tray is curled upwardly, fluid flows into the upper chamber above

3
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the membrane assembly in turn through the via holes and gaps between the edges

of the membrane and the air distribution disc and an inside edge of the valve body.

Preferably, when the valve port is opened, since the upper chamber above the
membrane assembly is in a low pressure and the annular chamber below the
membrane assembly is in a high pressure due to being communicated with the inlet
connection pipe, there is an upward force of differential pressure between the
upper chamber and the annular chamber, so that the pilot valve port member is
moved up, and the membrane and the tray are driven to move up by the gasket
fixed on the pilot valve port member, and then the middle of the membrane is risen
up until it abuts against the lower surface of the valve cover in the body assembly;
and at this time the valve port between the inlet connection pipe and the outlet

connection pipe is completely open.

Preferably, the solenoid valve further comprising

a sleeve assembly fixedly connected to the body assembly;

a movable core assembly disposed in the chamber of the sleeve assembly and

being able to move up and down in the chamber; and

a coil disposed outside of the sleeve assembly, for generating magnetic force to
attract the movable core in the movable core assembly to move up when being

energized.

Preferably, the movable core assembly comprises the movable core, a closing plug,
a guide sleeve, a position-limit pin, and an return spring; wherein the movable core
is in a cylindrical shape, the upper part of which is provided with a conducting hole;
and at least a part of the position-limit pin is placed within the conducting hole, and

can move along the conducting hole of the movable core.

Preferably, the closing plug is a cylinder of polyfluortetraethylene with a protrusion,

and disposed within the guiding sleeve with the protrusion facing a lower side; and

4
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the guiding sleeve with the closing plug is provided in a pilot hole at a lower part of

the movable core.

Preferably, a first step face is disposed at the upper portion of the outer surface of
the guiding sleeve, and a compression spring is disposed between the first step

face and a blocking sheet at the bottom end of the movable core.

Preferably, a second step face is located at a middle of the outer surface of the
guiding sleeve, while the first step face has a larger outer diameter than the second
step face; when the movable core is moved up until the blocking sheet makes a
contact with the second step face, the closing plug is driven and leaves the pilot
valve port member; and then the compression spring can push the closing plug to

move up, so as to further move away from the pilot valve port member.

Preferably, the blocking sheet is an annular metal gasket, and provided at an inner
side of the bottom of the pilot hole of the movable core; the blocking sheet and the
movable core are riveted together by inwardly turning over an edge of the lower
part of the movable core; and the blocking sheet is shaped to have a length so that
when moving up the movable core, the blocking sheet first makes a contact with

the second step face.

Preferably, a bottom step is inwardly protruded and located at the bottom of the
guiding sleeve, such that the bottom step cooperates with the protrusion of the

closing plug so as to support the closing plug.

Preferably, the upper portion of the position-limit pin is a stem portion while the
lower portion thereof is a cylindrical portion; and the position limit pin is provided
with a cylindrical step between the cylindrical portion and the stem portion,

outwardly protruding from the cylindrical portion.
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Preferably, the guiding sleeve further comprises an inner step face on the upper
portion thereof, which is cooperated with the cylindrical step of the position limit pin,
so that with aid of downward movement of the movable core, the position limit pin
and the guiding sleeve together can be pushed to move toward the pilot valve port
member, and then they push the closing plug for moving downwardly to seal the

through hole of the pilot valve port.

Preferably, the cylindrical portion of the position limit pin is clearance-fitted in the
pilot hole and the stem portion of the position limit pin is clearance-fitted in the
guiding sleeve, so that when the movable core is moved upwardly toward the fixed
core, the position limit pin can be driven by the movable core and the guiding
sleeve to move toward the fixed core; and in a case of the movable core being
moved and abutted against the fixed core, when the cylindrical step of the position
limit pin is moved in the pilot hole and abutted against the movable core, the

position limit pin is not any more moved toward the fixed core.

Preferably, when needing to close the valve port, the movable core will push the
position limit pin to move down under the effect of its own gravity and the force
released by the return spring, and then the position limit pin will push the guiding
sleeve and the closing plug to move toward the pilot valve port member, until the
closing plug seals the through hole; meanwhile, fluid in the upper chamber above
the membrane assembly will stop flowing through the through hole toward the
outlet connection pipe of the valve body; the pressure drop between the upper
chamber above the membrane assembly and the annular chamber below the
membrane assembly will gradually reach to a state in which the pressure of the
upper chamber will equal to the pressure of the annular chamber, as the fluid in the
annular chamber all flows through edges and/or via holes of the membrane
assembly into the upper chamber; the risen middle portion of the membrane will be
moved down to seal the valve port when being subjected to the push force of the

movable core via the pilot valve port member and the tray.

6
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Preferably, the sleeve assembly comprises a fixed core, a divided magnetic ring
and a sleeve, the fixed core is provided with an annular groove at the lower part
thereof, the divided magnetic ring is fixed within the annular groove by riveting; the
lower part of the fixed core is inserted into the upper part of the sleeve, and the
upper end face or the inner periphery of the sleeve can be welded to and fixed with

the outer periphery of the lower part of the fixed core.

Preferably, the lower end of the fixed core is disposed with a lug boss, which can be
fitted into a conducting hole at an upper part of the movable core, so that an area
of magnetic flux can be increased when the movable core and the fixed core are
attracted to each other, upon energizing the coil; thereby increasing an attractive

force between the moving and fixed cores.

Preferably, the valve cover is in a rectangular shape, and a middle of the
rectangular cover is provided with an opening into which the lower end of the

sleeve assembly can be inserted, and they are fixed together by welding.

Preferably, the valve body and the valve cover can be fixed by fitting of bolts and
threaded holes; and the valve cover and the sleeve assembly are fixed by a silver

soldering.

Preferably, the solenoid valve further comprising a seal ring, disposed between an
inside step in the upper part of the body and an outside step at the lower part of the

valve cover so as to make a seal therebtween.

BRIEF DESCRIPTION OF THE DRAWINGS

Those and/or other aspect and advantages of the present invention can be
apparent and readily understood from the following description of the preferred

embodiment, in combination with the accompanying drawings, wherein:
7
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Fig.1 schematically shows a sectional view of a solenoid valve in accordance with

an embodiment of the present invention;

Fig.2 is a schematic enlarged view of the part indicated by a circle B as shown in

Fig.1; and

Fig. 3 is a schematic structural view of an air distribution disk as shown in Fig. 2.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The technical solution of the present invention will be further explained in detail, by
the following embodiments, with reference to Figs. 1-3. Throughout the
specification, the same or similar reference numerals will indicate the same or
similar components. The explanation to the implementing of the present invention
with reference to the accompanying drawing is intended to interpret the general

inventive concept of the present invention, instead of limiting the present invention.

A solenoid valve in accordance with the present invention is now explained with

referring to the accompanying drawings.

As shown in Figs. 1 and 2, in one embodiment, there is provided a solenoid valve,

comprising:

a valve body assembly 500 provided with a valve port 504; and a membrane
assembly 600, a central portion of which seals the valve port 504, a peripheral
portion of which at least partially covers an annular chamber 508 disposed between
the valve port 504 and the valve body assembly 500, the annular chamber 508
being communication with an inlet connection pipe 501 of the solenoid valve, and

further comprising a pilot valve port member 604.

Moreover, the solenoid valve further comprises a movable core assembly 300,
which includes a movable core 301 and a closing plug 304 interconnected with
each other. The movable core 301 pushes the closing plug 304 to seal a through

hole 6041 in the pilot valve port member 604; and the closing plug 304 is driven by

8
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the movable core 301, to moved up so as to open the through hole 6041 . Since a
flow of fluid flowing from an upper membrane chamber 507 into a body outlet
chamber 509 below the membrane assembly 600 through the through hole 6041
via the valve port 504, is larger than a flow flowing into the upper membrane
chamber 507 from the inlet connection pipe 501 of the solenoid valve, a upward
force of differential pressure will be generated on the membrane assembly 600.
This upward force will force the membrane assembly 600 to move up, thereby
opening the valve port 504. It should be understood that the annular chamber 508
can be shaped to have a certain inclination angle or curvature at a bottom and/or

two sides thereof.

Please see Fig.2, the main parts of the solenoid valve, for example, a coil 100, a
sleeve assembly 200, a movable core assembly 300, a body assembly 500, a
membrane assembly 600 and a seal ring 700 and so on, will be described in detail
below. The sleeve assembly 200 is fixedly connected to the body assembly 500.
The coil 100 is disposed outside of the sleeve assembly 200. When being
energized, the coil 100 can generate a magnetic force so as to attract the movable
core 301 of the movable core assembly 300 to move up. Typically, the movable
core assembly 300 is disposed within a chamber of the sleeve assembly 200 so
that it can move up and down in the chamber. Specifically, the movable core 301 of
the movable core assembly 300 is moved up and down within the chamber of the

sleeve assembly 200.

The sleeve assembly 200 includes a fixed core 201, a divided magnetic ring 202
and a sleeve 203. The fixed core 201 is provided with an annular groove at the
lower part thereof. The divided magnetic ring 202 is fixed within the annular groove
by riveting. It can be seen from Fig. 1that the annular groove is located at or near
a bottom of the fixed core 201 . Further, an outer periphery of the lower part of the
fixed core 201 is inserted into an inner periphery of the upper part of the sleeve 203
by a certain distance, so that the upper end face or the inner periphery of the

sleeve 203 can be welded to and fixed with the outer periphery of the lower part of

9
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the fixed core 201 .

Preferably, the lower end of the fixed core 201 may be disposed with a lug boss
2011 . The lug boss 2011 can be fitted into a conducting hole 3011 at an upper part
of the movable core 301, so that an area of magnetic flux can be increased when
the movable core 301 and the fixed core 201 are attracted to each other, upon
energizing the coil 100; thereby increasing an attractive force between the moving
and fixed cores 301 and 201 . In other words, when the movable core 301 and the
fixed core 201 are cooperating with each other, the attractive force therebetween
can be increased by means of partial insert fitting. Specifically, as shown in Figs. 1
and 2, when the movable core 301 and the fixed core 201 are not attracted relative
to each other, there is a distance H1 or a gap 204 between them. When the
movable core 301 is completely attracted to the fixed core 201, the distance H1

between them becomes zero or there is no gap 204 between them.

The movable core assembly 300 includes the movable core 301, a position-limit pin
302, a guide sleeve 303, a closing plug 304, a blocking sheet 305, a compression
spring 306 and a return spring 307, which are cooperated with each other. The
movable core 301 is in a cylindrical shape, the upper part of which is provided with
a conducting hole 3011 . At least a part of the position-limit pin 302 (i.e., the upper
portion thereof as shown in Fig.2) is placed within the conducting hole 3011, and
can freely move up and down along the conducting hole 3011 of the movable core
301.That is, in the present embodiment, the upper part of the position-limit pin 302
is fitted into a central chamber of the movable core 301, and the top thereof is

protruded into the conducting hole 3011 from the central chamber.

The closing plug 304 is a cylinder of polyfluortetraethylene with a protrusion 3041 ,
and disposed within the guiding sleeve 303 of the movable core 301 with the
protrusion 3041 facing the lower side. The protrusion 3041 of the closing plug 304
is insert fit or clearance fit with a bottom step 3034 of the guiding sleeve 303.

Specifically, the protrusion 3041 is clasped or hooked by the bottom step 3034 to

10
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support the closing plug 304. The guiding sleeve 303 with the closing plug 304 can

be placed within a pilot hole 3012 at the lower part of the movable core 301 .

As describe above, the bottom step 3034 is preferably inwardly protruded and
located at the bottom of the guiding sleeve 303, such that the bottom step 3034 can
cooperate with the protrusion 3041 of the closing plug so as to support the closing

plug 304.

A first step face 3031 is disposed at the upper portion of the outer surface of the
guiding sleeve 303, and the compression spring 306 is disposed between the first
step face 3031 and the blocking sheet 305 at the bottom end of the movable core
301 . When being subjected to the magnetic force, the movable core 301 can move
toward the fixed core 201 against the gravity thereof, and the spring forces of the
compression spring 306 and the return spring 307. In one embodiment, the
blocking sheet 305 is disposed so that it can inwardly protrude a certain length from
the inner surface of the movable core 301 . Thus, after moving up a distance, the
blocking sheet 305 can first make a contact with a second step face 3032 as

described later.

In particular, the second step face 3032 is located at a middle of the outer surface
of the guiding sleeve 303, while the first step face 3031 has a larger outer diameter
than the second step face 3032. When the movable core 301 is moved up until the
blocking sheet 305 makes a contact with the second step face 3032, the closing
plug 304 will be driven and leave the pilot valve port member 604 (since the closing
plug is hooked by the bottom step 3034 of the guiding sleeve 303); and then the
compression spring 306 can push the closing plug 304 to move up, so as to further
move away from the pilot valve port member 604. The upper portion of the position-
limit pin 302 is a stem portion 3022 while the lower portion thereof is a cylindrical
portion 3023. In addition, the position limit pin 302 is provided with a cylindrical step
3021 between the cylindrical portion 3023 and the stem portion 3022, outwardly

protruding from the cylindrical portion 3023. It can be apparent from Fig. 2 that the

11
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cylindrical step 3021 is protruded from the middle of the position-limit pin 302, or
the outer diameter of the cylindrical step 3021 is larger than those of the upper
portion and the lower portion of the position limit pin 302. In other words, the
cylindrical step 3021 is disposed as the most outward protrusion of the position limit

pin 302.

In the present invention, when the movable core 301 is moving up toward the fixed
core 201, with the aid of driving action of the movable core 301 and the guiding
sleeve 303, the position limit pin 302 can be moved toward the fixed core 201 .
Meanwhile, in a case of the movable core 301 being moved until it is abutted
against the fixed core 201, and the cylindrical step 3021 of the position limit pin 302
being moved in the pilot hole 3012 until it is abutted against the movable core 301
(or the bottom of the pilot hole 3012 in the movable core 301), the position limit pin

302 will not move toward the fixed core 201 any more.

In this embodiment, the pilot hole 3012 is larger than the conducting hole 3011 . The
cylindrical portion 3023 of the position limit pin 302 is clearance-fitted into the pilot
hole 3012 and the stem portion 3022 of the position limit pin 302 is clearance-fitted
into the conducting hole 3011 . Thus, in this case, when the movable core 301 is
moved toward the fixed core 201 , the position limit pin 302 can move toward the
fixed core 201 . Therefore, the person skilled in the art can understand that the
specific form of the position limit pin 302 is not limited to those as described above,
and other forms can be employed as long as having the same function as in the
present invention. In the present embodiment, the upper part of the position limit
pin 302 is a cylindrical stem portion 3023, and of course the shape of the stem
portion can also be a square or rectangular shape. The lower part of the position
limit portion 302 is a cylindrical body portion, and of course the shape thereof can

be a square or rectangular shape.

The guiding sleeve 303 further includes an inner step face 3033 on the upper

portion thereof, which is cooperated with the cylindrical step 3021 of the position

12
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limit pin 302, so that with affect of downward movement of the movable core 301,
the position limit pin 302 and the guiding sleeve 303 together can be pushed to
move toward the pilot valve port member 604, and then they can push the closing

plug 304 for moving downwardly to seal the through hole 6041 .

The return spring 307 is disposed at the upper part of the movable core 301, and in
particular in the conducting hole 3011 of the movable core 301 .As shown in Fig.2,
in one embodiment of the present invention, one end of the return spring 307 is
fixedly connected to the top of the lug boss 2011 of the fixed core 201, while the
other end of the return spring 307 is connected to the bottom of the lower step hole
of the conducting hole 3011 and disposed around the stem portion in the upper part
of the position limit pin 302, so that when energizing the coil 100 and generating
the magnetic force, the lug boss 2011 can be fitted into the upper step hole of the
conducting hole 3011, to compress the return spring 307. As such, when the lug
boss 2011 loses the magnetic force due to de-energizing the coil 100, the return
spring 307 can push the movable core 301 to move down or toward the valve port

504 by the spring force released by it.

The blocking sheet 305 is an annular metal gasket, and provided at an inner side of
the lower part of the pilot hole 3012 of the movable core 301 . The blocking sheet
305 and the movable core 301 can be riveted together by inwardly turning over an
edge of the lower part of the movable core 301 .As previously described, the
blocking sheet 305 can be shaped to have a length so that when moving up the
movable core 301, the blocking sheet 305 will first make a contact with the second

step face 3032.

As described above, when the valve port 504 is opened, since at this time the
upper chamber 507 above the membrane assembly 600 is in a low pressure, while
the annular chamber 508 below the membrane assembly 600 is in a high pressure
due to communication to the inlet connection pipe 501 , there is a force of

differential pressure between the upper chamber 507 and the annular chamber 508,
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which enables the pilot valve port member 604 to move up, and then a membrane
602 and a tray 605 are driven by a gasket 603 to move up together, so that the
middle of the membrane 602 will rise up until it abuts against the lower surface of a
valve cover 505 in the body assembly 500. Meanwhile, the valve port 504 between

the inlet connection pipe 501 and the outlet connection pipe 503 is completely open.

When needing to close the valve port 504, the movable core 302 will push the
position limit pin 302 to move down under the effect of its own gravity and the force
released by the return spring 307, and then the position limit pin 302 will push the
guiding sleeve 303 and the closing plug 304 to move toward the pilot valve port
member 604, until the closing plug 304 seals the through hole 6041 . Meanwhile,
fluid in the upper chamber 507 above the membrane assembly 600 will stop flowing
through the through hole 6041 toward the outlet connection pipe 503 of the valve
body 502. The pressure drop between the upper chamber 507 above the
membrane assembly 600 and the annular chamber 508 below the membrane
assembly 600 will gradually reach to a state in which the pressure of the upper
chamber 507 will equal to the pressure of the annular chamber 508, as the fluid in
the annular chamber 508 all flows through edges and via holes of the membrane
assembly 600 into the upper chamber 507. The risen middle portion of the
membrane 602 will be moved down to seal the valve port 504 when being
subjected to the push force of the movable core 301 via the pilot valve port member

604 and the tray 605.

As shown in Fig. 2, the body assembly 500 includes the inlet connection pipe 501,
the outlet connection pipe 503, the valve body 502 and the valve cover 505. The
valve cover 505 is fixedly connected to the valve body 502. Four threaded holes
(not shown) are disposed within the upper periphery of the valve body 502. The
annular valve port 504 is formed by a central step 506 at the central of the valve
body 502. The outlet chamber 509 of the valve body is in communication with the
outlet connection pipe 503, while a chamber 507 formed between the periphery of

the valve port 504 and the valve cover 505 is in communication with the inlet
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connection pipe 501 .

Specifically, the valve cover 505 is in a rectangular shape, and four corners of the
cover are respectively disposed with a hole. Thus, the valve body 502 and the
valve cover 505 can be fixed by fitting of the four bolts and threaded holes. A
central of the rectangular cover 505 is provided with an opening into which the
lower end of the sleeve assembly 200 can be inserted by a certain length. In one
embodiment, the sleeve assembly 200 can be fixed with the valve cover 505 by

welding, preferably, a silver soldering.

The sealing ring 700 is in a circle shape, and preferably made of a rubber material.
The sealing ring 700 is clamped between an inside step 5021 in the upper part of
the body 502 and an outside step 5051 at the lower part of the valve cover 505, so
as to ensure a sealing property between the valve body 502 and the valve cover

505.

As shown in Fig. 2, the membrane assembly 600 is located on the central step 506
of the valve body assembly 500, so that it completely or partially covers the annular
chamber 508 formed between the central step 506 and the valve body 502. In other
words, the membrane assembly 600 is placed at the central step 506, so that it can
cover the annular chamber 508 formed between the central step 506 below the

membrane assembly and the valve body 502.

The membrane assembly 600 includes an air distribution disc 601, a membrane
602, a gasket 603, a pilot valve port member 604 and a tray 605. The air
distribution disc 601 is arranged in the annular chamber 508 formed between the
central step 506 of the body 502 and the valve body 502. The membrane 602 is
placed on the air distribution disc 601 and an edge of the upper surface of the
membrane 602 is at least partially covered by the lower step 5051 of the valve
cover 505 in the valve body assembly 500, while the lower surface of the
membrane 602 seals the valve port 504. It can be known from the above that the

edge of the upper surface of the membrane 602 is typically covered by the lower
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step 5051 with a gap therebetween, so that the fluid can flow into the upper

chamber 507 above the membrane 602 from the inlet connection pipe 501 .

An upper part of the pilot valve port member 604 is a conical step, while the lower
part thereof is a two-stage cylindrical step. The two-stage cylindrical step includes
an upper cylindrical step 6043 and a lower cylindrical step 6042 being
interconnected with each other. The pilot valve port through hole 6041 which is
used to communicate the upper chamber 507 above the membrane 602 and the
body outlet chamber 509 below the membrane 602, is disposed within the pilot
valve port member 604. Specifically, in one embodiment, the diameter of the upper
part of the through hole 6041 is less than that of the lower part thereof. It should be
understood that disposing the diameter of the upper part of through hole 6041 to be
smaller, and that of the lower part thereof to be larger, and arranging the upper part
of the pilot valve port member 604 to be a conical step, all are used to reduce the
weight of the pilot valve port member 604 as possible as it can, in the case of
ensuring a circulation ability of the through hole 6041 . In addition, the lower part of
the through hole 6041 is arranged to have a large diameter so that the edge of the
bottom thereof can be outwardly turned over to fix the components such as the

gasket 603, the membrane 602 and the tray 605.

When the solenoid valve is in a close state, one end of the through hole 6041 is
sealed by the closing plug 304, and the other end thereof is communicated with the

valve port 504.

The lower cylindrical step 6042 of the pilot valve port member 604 can in sequence
pass through a central hole of the tray 605, a central hole of the membrane 602
and a central hole of the gasket 603. And then, they can be fixed together by
outwardly turning over an edge (not shown) at the lower part of the pilot valve port

member 604.

The membrane 602 and the air distribution disc 601 are respectively disposed with

a plurality of via holes at their edges. In particular, as shown in Fig. 3, the air
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distribution disc 601 has a plurality of via holes 6012 spaced apart and located
along a circumference close to its outer circumference. The membrane 602 has at
least two spaced via holes located along a circumference close to its outer
circumference. Therefore, when the air distribution disc 601 and the membrane 602
are assembled as shown in Fig.2, via holes of the membrane 602 can be aligned
(communicated) with via holes 6012 of the air distribution disk 601 . An outer edge
of the tray 605 is curled upwardly. Fluid can flow into the upper chamber 507 above
the membrane assembly 600 through via holes 6012 and gaps between the edges
of the membrane 602 and the air distribution disc 601 and the inside edge of the

body assembly 500.

Specifically, in one embodiment, the membrane 602 can be a circular plastic plate.
The central of the membrane 602 is arranged with a central hole and the
circumference thereof close to the edge of the membrane 602 can be disposed
with at least one small via hole (not shown). Preferably, the membrane 602 is made
of a polyfluortetraethylene material. Of course, the interior of the membrane 602

can be added with glass fibers so as to enhance its performance.

As shown in Fig. 3, the air distribution disc 601 is a circular pressing piece. The
central of the air distribution disc 601 can be provided with a central hole 6011, and
an edge of an annular surface is uniformly distributed with a plurality of via holes

6012. This air distribution disc 601 is placed below the membrane 602.

It should be noted that there are two chambers below the membrane assembly 600:
the annular chamber 508 near the periphery thereof and the valve body outlet

chamber 509 at the valve port 504.

Structures of the solenoid valve of the present invention are in detail explained
hereinabove. The principle of its operation will be described now, so as to enable
the person skilled in the art to better understand the disclosure of the present

invention.
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Valve Port from Close State to Open State

After the fluid flowing into the valve body 502 from the inlet connection pipe 501,
the fluid pressure of the upper chamber 507 above the membrane 602 will equal to
the fluid pressure of the annular chamber 508 below the membrane 602. Since the
return spring 307 is compressed between the fixed core 201 and the movable core
301, the spring force of the return spring 307 will push the movable core assembly
300 to move down via the guiding sleeve 303 and/or the position limit pin 302 so
that the closing plug 304 will press the pilot valve port member 604, and the
membrane assembly 600 will be pushed downwardly to enable the lower surface of
the membrane 602 to cover the valve port 504. The valve port 504 now is in a close
state. Therefore, it can be apparent that a distance or travel H1 of the upper
surface of the movable core 301 from the lower surface of the fixed core 201 is
larger than a distance H2 of the middle step or second step 3032 of the guiding

sleeve 303 from the upper surface of the blocking sheet 305 (i.e., H1>H2).

When energizing the coil 100, the magnetic force generated by the coil 100 will
attract the movable core 301 to move up against its own gravity and the spring
force of the return spring 307. Since the closing plug 304 is subjected to the
adsorption of the pressure drop at the inlet and outlet, the closing plug 304
temporally presses and covers the pilot valve port member 604. The lower step
3034 of the guiding sleeve 303 cannot be moved up either, due to hooking the
closing plug 304. Therefore, the upward movement of the movable core 301 also
needs to overcome the spring force of the compression spring 306. When the
movable core 301 moves up against its own gravity and two spring forces of the
return spring 307 and the compression spring 306, until the upper surface of the
blocking sheet 305 contacts the second step face 3032 of the guiding sleeve 303
(H2=0), the attracting force of the coil 100 becomes approximately the biggest
value. Meanwhile, the movable core 301 will have acceleration, since it is attracted
to move upwardly. Therefore, thereafter, the blocking sheet 305 will push the

guiding sleeve 303 to move upwardly, and then the guiding sleeve 303 will get a
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pushing force to hook the closing plug 304 and leave the surface in which the pilot
valve port member 604 is located, against the pressure drop at the pilot valve port
member 604. When the upper surface of the movable core 301 reaches to the
lower surface of the fixed core 201 (i.e., H1=0), the closing plug 304 has left away
the pilot valve port member 604 a certain distance (i.e., H1-H2). The fluid in the
upper chamber 507 above the membrane 602 will flow into the valve body outlet
chamber 509 or the outlet connection pipe 503 of the body 502 through the through
hole 6041 of the pilot valve port member 604. Thus, the pressure drop subjected by
the closing plug 304 will be greatly unloaded. Since the closing plug 304 will be
subjected to the force released by the compression spring 306, it will be pushed up
and further move away from the pilot valve port member 604. This results in the
through hole 6041 of the pilot valve port member 604 completely open and
increasing the flow of the fluid in the upper chamber 507 above the membrane 602
into the outlet connection pipe 503. In this case, the pressure of the upper chamber
507 above the membrane 602 will begin to become low. However, because the flow
of the fluid from the annular chamber 508 below the membrane 602 into the upper
chamber 507 via a gap between it and the inside edge of the valve body 502 and
the via holes therein is less than the flow of fluid from the upper chamber 507 into
the body outlet chamber 509 below the membrane assembly 600 through the
through hole 6041 , the annular chamber 508 will have a larger pressure than the
upper chamber 507, thereby a upward force of differential pressure will be
generated on the membrane 602. Under the effect of the upward force of
differential pressure between the annular chamber 508 and the upper chamber 507,
the middle of the membrane 602 will begin to leave away the valve port 504, and
rise up to the lower surface of the valve cover 505 (that is, when the valve port 504
is opened, due to the upward force of differential pressure between the upper
chamber 507 and the annular chamber 508, the pilot valve port member 604 will be
moved up, and then the membrane 602 and the tray 605 will be moved up together
by the driving of the gasket 603 on the pilot valve port member 604. Further, the

middle of the membrane 602 will be risen up until it is abutted against the lower
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surface of the valve cover 505). Immediately, the valve port 504 between the inlet
connection pipe 501 and the outlet connection pipe 503 will be entirely open, while
the coil 100 will be kept on energizing. Therefore, the pilot valve port member 604

and the valve port 504 will always be in an entire open state.

Valve Port from Open State to Close State

After the coil 100 is de-energized, the magnetic force generated by the coil 100 will
disappear or lose, the movable core 301 will push the position limit pin 302 to move
down under the effect of its own gravity and the release force of the return spring
307. In turn, the position limit pin 302 will push the closing plug 304 to move down,
until the lower surface of the closing plug 304 covers the upper surface of the pilot
valve port member 604. At that time, the fluid in the upper chamber 507 above the
membrane 602 will stop from flowing to the outlet connection pipe 503 of the valve
body 502. As all of the fluid in the annular chamber 508 will gradually flow into the
upper chamber 507 via the edge of the membrane 602 and the via holes therein,
the pressure drop between the upper chamber 507 above the membrane 602 and
the annular chamber 508 will be arranged so that the upper chamber 507 and the
annular chamber 508 will have equal pressure. The risen middle portion of the
membrane 602 will be moved down under the effect of the pushing force of the
movable core 301 via the pilot valve port member 604 and the tray 605, so as to
cover the valve port 504. Lastly, the fluid in the valve body 502 will stop from
flowing from the inlet to the outlet. Finally, the solenoid valve will again in a close

State.

Although some embodiments of the general inventive concept are illustrated and
explained, it would be appreciated by those skilled in the art that modifications and
variations may be made in these embodiments without departing from the
principles and spirit of the general inventive concept of the disclosure, the scope of

which is defined in the claims and equivalents thereof.
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What the claims is:

1. A solenoid valve, comprises:

a valve body assembly, provided with a valve port;

a membrane assembly, a central portion of which seals the valve port, a
peripheral portion of which at least partially covers an annular chamber between
the valve port and the valve body assembly, the annular chamber being in
communication with an inlet connection pipe of the solenoid valve, and further
comprising a pilot valve port member;

a movable core assembly, including a movable core and a closing plug
interconnected with each other; the movable core pushes the closing plug to seal a
through hole in the pilot valve port member;

wherein, the closing plug is driven by the movable core to move up, so as
to open the through hole; since a flow of fluid flowing from an upper chamber above
the membrane assembly into a valve body outlet chamber below the membrane
assembly through the through hole via the valve port, is larger than a flow flowing
into the upper chamber from the inlet connection pipe of the solenoid valve, a
upward force of differential pressure will be generated on the membrane assembly,

forcing the membrane assembly to move up, thereby opening the valve port.

2. The solenoid valve of claim 1, characterized in that,

the body assembly includes a valve body, a valve cover fixedly connected
to the valve body, the inlet connection pipe and an outlet connection pipe; wherein
the annular valve port is formed by a central step at a central of the valve body; the
valve body outlet chamber is in communication with the outlet connection pipe,
while a chamber formed between the periphery of the valve port and the valve

cover is in communication with the inlet connection pipe.

3. The solenoid valve of claim 2, characterized in that,
the membrane assembly is disposed on the central step, and covers the

annular chamber formed between the central step below it and the valve body.
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4. The solenoid valve of claim 3, characterized in that,

the membrane assembly comprises an air distribution disc arranged in the
annular chamber; a membrane placed on the air distribution disc; a gasket, a pilot
valve port member, and a tray, wherein an edge of the upper surface of the
membrane is at least partially covered by a lower step of the valve cover, while the

lower surface of the membrane seals the valve port.

5. The solenoid valve of claim 4, characterized in that,

an upper part of the pilot valve port member is a conical step, while a
lower part thereof is a two-stage cylindrical step; the through hole which is used to
communicate the upper chamber above the membrane assembly and a lower
chamber below the membrane assembly, is disposed within the pilot valve port
member, and a diameter of an upper part of the through hole is less than that of a

lower part thereof.

6. The solenoid valve of claim 5, characterized in that,

the lower cylindrical step of the pilot valve port member in sequence
passes through a central hole of the tray, a central hole of the membrane and a
central hole of a gasket of a circular metal pressing piece; and they are then fixed
together by outwardly turning over an edge at the lower part of pilot valve port

member.

7. The solenoid valve of claim 6, characterized in that,

the membrane and the air distribution disc are respectively disposed with
a plurality of via holes at their edges to be communicated with each other, an outer
edge of the tray is curled upwardly, fluid flows into the upper chamber above the
membrane assembly in turn through the via holes and gaps between the edges of

the membrane and the air distribution disc and an inside edge of the valve body .
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8. The solenoid valve of claim 7, characterized in that,

when the valve port is opened, since the upper chamber above the
membrane assembly is in a low pressure and the annular chamber below the
membrane assembly is in a high pressure due to being communicated with the inlet
connection pipe, there is an upward force of differential pressure between the
upper chamber and the annular chamber, so that the pilot valve port member is
moved up, and the membrane and the tray are driven to move up by the gasket
fixed on the pilot valve port member, and then the middle of the membrane is risen
up until it abuts against the lower surface of the valve cover in the body assembly;
and at this time the valve port between the inlet connection pipe and the outlet

connection pipe is completely open.

9. The solenoid valve of any one of claims 1-8, characterized in further
comprising

a sleeve assembly fixedly connected to the body assembly;

a movable core assembly disposed in the chamber of the sleeve
assembly and being able to move up and down in the chamber; and

a coil disposed outside of the sleeve assembly, for generating magnetic
force to attract the movable core in the movable core assembly to move up when

being energized.

10. The solenoid valve of claim 9, characterized in that,

the movable core assembly comprises the movable core, a closing plug, a
guide sleeve, a position-limit pin, and an return spring; wherein the movable core is
in a cylindrical shape, the upper part of which is provided with a conducting hole;
and at least a part of the position-limit pin is placed within the conducting hole, and

can move along the conducting hole of the movable core.

11. The solenoid valve of claim 10, characterized in that,

the closing plug is a cylinder of polyfluortetraethylene with a protrusion,
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and disposed within the guiding sleeve with the protrusion facing a lower side; and
the guiding sleeve with the closing plug is provided in a pilot hole at a lower part of

the movable core.

12. The solenoid valve of claim 11, characterized in that,
a first step face is disposed at the upper portion of the outer surface of the
guiding sleeve, and a compression spring is disposed between the first step face

and a blocking sheet at the bottom end of the movable core.

13. The solenoid valve of claim 12, characterized in that,

a second step face is located at a middle of the outer surface of the
guiding sleeve, while the first step face has a larger outer diameter than the second
step face; when the movable core is moved up until the blocking sheet makes a
contact with the second step face, the closing plug is driven and leaves the pilot
valve port member; and then the compression spring can push the closing plug to

move up, so as to further move away from the pilot valve port member.

14. The solenoid valve of claim 12, characterized in that,

the blocking sheet is an annular metal gasket, and provided at an inner
side of the bottom of the pilot hole of the movable core; the blocking sheet and the
movable core are riveted together by inwardly turning over an edge of the lower
part of the movable core; and the blocking sheet is shaped to have a length so that
when moving up the movable core, the blocking sheet first makes a contact with

the second step face.

15. The solenoid valve of claim 12, characterized in that,
a bottom step is inwardly protruded and located at the bottom of the
guiding sleeve, such that the bottom step cooperates with the protrusion of the

closing plug so as to support the closing plug.
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16. The solenoid valve of claim 10, characterized in that,

the upper portion of the position-limit pin is a stem portion while the lower
portion thereof is a cylindrical portion; and the position limit pin is provided with a
cylindrical step between the cylindrical portion and the stem portion, outwardly

protruding from the cylindrical portion.

17. The solenoid valve of claim 16, characterized in that,

the guiding sleeve further comprises an inner step face on the upper
portion thereof, which is cooperated with the cylindrical step of the position limit pin,
so that with aid of downward movement of the movable core, the position limit pin
and the guiding sleeve together can be pushed to move toward the pilot valve port
member, and then they push the closing plug for moving downwardly to seal the

through hole of the pilot valve port.

18. The solenoid valve of claim 16, characterized in that,

the cylindrical portion of the position limit pin is clearance-fitted in the
guiding sleeve and the stem portion of the position limit pin is clearance-fitted in the
conducting hole, so that when the movable core is moved upwardly toward the
fixed core, the position limit pin can be driven by the movable core and the guiding
sleeve to move toward the fixed core; and in a case of the movable core being
moved and abutted against the fixed core, when the cylindrical step of the position
limit pin is moved in the pilot hole and abutted against the movable core, the

position limit pin is not any more moved toward the fixed core.

19. The solenoid valve of claim 17, characterized in that,

when needing to close the valve port, the movable core will push the
position limit pin to move down under the effect of its own gravity and the force
released by the return spring, and then the position limit pin will push the guiding
sleeve and the closing plug to move toward the pilot valve port member, until the

closing plug seals the through hole; meanwhile, fluid in the upper chamber above
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the membrane assembly will stop flowing through the through hole toward the

outlet connection pipe of the valve body; the pressure drop between the upper
chamber above the membrane assembly and the annular chamber below the

membrane assembly will gradually reach to a state in which the pressure of the
upper chamber will equal to the pressure of the annular chamber, as the fluid in the
annular chamber all flows through edges and/or via holes of the membrane
assembly into the upper chamber; the risen middle portion of the membrane will be
moved down to seal the valve port when being subjected to the push force of the

movable core via the pilot valve port member and the tray.

20. The solenoid valve of claim 9, characterized in that,

the sleeve assembly comprises a fixed core, a divided magnetic ring and
a sleeve, the fixed core is provided with an annular groove at the lower part thereof,
the divided magnetic ring is fixed within the annular groove by riveting; the lower
part of the fixed core is inserted into the upper part of the sleeve, and the upper
end face or the inner periphery of the sleeve can be welded to and fixed with the

outer periphery of the lower part of the fixed core.

21.The solenoid valve of claim 20, characterized in that,

the lower end of the fixed core is disposed with a lug boss, which can be
fitted into a conducting hole at an upper part of the movable core, so that an area
of magnetic flux can be increased when the movable core and the fixed core are
attracted to each other, upon energizing the coil; thereby increasing an attractive

force between the moving and fixed cores.

22. The solenoid valve of claim 2, characterized in that,
the valve cover is in a rectangular shape, and a middle of the rectangular
cover is provided with an opening into which the lower end of the sleeve assembly

can be inserted, and they are fixed together by welding.
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23. The solenoid valve of claim 22, characterized in that,
the valve body and the valve cover can be fixed by fitting of bolts and

threaded holes; and the valve cover and the sleeve assembly are fixed by a silver

soldering.
5
24. The solenoid valve of claim 2, characterized in
further comprising a seal ring, disposed between an inside step in the
upper part of the body and an outside step at the lower part of the valve cover so
as to make a seal therebtween.
10
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