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(57) Abrégée/Abstract:
The valve has a fluid passage which avoids the need for drilling a hole In the primary piston. A primary piston assembly has a
movable seat having a circumferential surface matching the valve body chamber to restrict fluid and produce a pressure difference
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(57) Abrege(suite)/Abstract(continued):

to Induce the valve to open when the solenoid Is energized initially. A channel hole in a flange of the sleeve assembly supplies gas
Into the chambers of the back side of the primary piston assembly. The diameter of the channel hole Is not critical; as long as the
size of the hole I1s smaller than that of the bleed hole, it can maintain pressure difference between the front side and back side of
primary piston during valve opening operation. Since the pilot piston and the primary piston assembly operate independently, the
travel stroke of the primary piston assembly Is unconstrained by the input electrical power.
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ABSTRACT

The valva has a fluld passage which avolds thé neead for drilling a hole in the primary piston, A
primary plston assembly has a movable seal having a clircumferential surface matching the valve
body chamber to restrict fluld and produce a pressure difference to Induce the valve to open
when the solenold Is energlzed Initlally, A channel hole In a flange of the sleeve assembly
supplies gas into the chambers of the back side of the primary piston assembly. The diameter of
the channel hole Is not critical; as long as the slze of the hole Is smaller than that of the bleed
hola, It can maintain pressure difference hetween the front side and back side of primary plston

. during valve opening operation. Since the pllot piston and the primary plston assembly operate
independently, the travel stroke of the primary piston assembly Is unconstrained by the input

electrical power,
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Solenoid isolation valve

DESCRIPTION

FIELD OF THE INVENTION
[Para 1] The primary application field of the invention relates to fuel systems for
compressed natural gas (CNG) vehicles or the like. It may be use for other applications, such

as high pressure gas filling station.

BACKGROUND OF THE INVENTION

[Para 2] When compressed natural gas or compressed hydrogen gas is stored in
cylinders at pressure as high as 6,000 psig, an electrical solenoid is used to control fuel
flow to quickly start and stop the fueling process. There exist some problems in the current
electrically operated pilot-type, “instant-on” solenoid valves, especially during the opening
and closing stage of the valve. In the prior arts US patent #5,762,087 and #6,540,204, a
ring segregates the primary piston to form a front side and a back side, where the front side
is in the direction of the outlet. When the solenoid is energized, a pressure difference is
created between the front side and the back side and it overcomes the biasing elements to
open the solenoid valve. During the opening process, a small ratio of the amount of gas of
inlet to outlet of the back side of the primary piston is desired, because it helps to open the
valve. However, in this case, such ratio is rather critical and it can not be easily determined.
During the valve close procedure, as the pilot piston is trying to adjust itself to a seal
position, the amount of gas leaking from the back side of the primary piston to the outlet of
the valve may be higher than that of supplying from the front side. Hence, the pressure

won't be able to build up in the back side. Under this circumstance, because the spring
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force can not overcome the pressure difference between the back side and the front side of
the primary piston, the valve might not close eventually.

. [Para 3] In this invention, two matching surfaces between the primary piston assembly
and valve body chamber is designed in such a way that the gas flow is restrained from the
front side to back side of the primary pistpn assembly to create a pressure difference when
the solenoid energizes, so that the valve open instantly. A channel hole is introduced to
maintain the pressure difference between the front side and the back side of the primary
piston assembly while when the valve opens. Unlike the prior arts, during the closing
process and when the pilot piston adjusts itself to a seal position, the amount of gas
entering the back side of the primary piston assembly is faster than the amount of gas
leaking and that since a certain pressure difference is maintained, the valve can be closed
quickly. In either case, the ratio of the amount of gas is not critical.

[Para 4] Another feature disclosed in the present invention is that an axial center
column mounting in the housing of the valve provides a bleed hole seat and an axial
passage being in communication fluid with the outlet chamber. The magnetic field
generated by the permissible electrical power of the solenoid will determine the maximum
travel stroke of the pilot piston. In this invention, since the pilot piston does not sit on the
primary piston assembly, the stroke of the primary piston is not limited under such

permissible condition.

SUMMARY OF THE INVENTION

[Para 5] Accordingly, it is an object of the present invention to provide a solenoid
isolation valve of the above mentioned general type which avoids the disadvantages of the

prior art.

[Para 6] It is also an object of the present invention to provide a solenoid isolation valve

that will virtually open instantaneously, by introducing two special matching and contacting
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surfaces on the movable seal piston and the primary piston chamber to restrain gas flow

communicating with gas inlet when the pilot piston starts to open.

[Para 7] It is also an object of the present invention to avoid the difficulty in determining
the ratio of gas flow in and out of the chambers proximate the pilot piston for opening and
closing the valve.

[Para 8] It is also an object of the present invention to provide a solenoid isolation valve
in which the stroke of primary piston is not Iimitéd by the stroke of the pilot piston, by
introducing an axial center columh mounted in the housing of the valve.

[Para 9] In keeping with these objects and with others which will become apparent
hereinafter, one feature of present invention resides, briefly stated in a solenoid isolation
valve which has a housing defining a primary piston chamber and an outlet chamber. Both
chambers are in gas communication with a primary channel. Both chambers also are in gas
communication with a gas inlet and a gas outlet respectively. An axial center column is in
the primary piston chamber to provide the bleed seal seat, the axial passage, the vent holes,
and the slide able support of both the seal piston and the primary piston. A tubular sleeve
assembly with a magnetic closure at one end and connects to the hollow cylindrical flange
provides the room for the slide of the pilot piston, the seal piston and the primary piston.
The primary piston is received in the seal piston, and both move axially in the empty space
of the flange. A special outer surface is designed at the open side of the seal piston being in
perfect contact with the inner surface of the housing, to restrain the gas flow from the inlet
{0 create a pressure difference between the front side and the of the back side of the
primary piston. The valve opens instantly.

[Para 10] When the gas fills into the empty valve, the seal piston moves up slightly to
allow gas flow into the chambers of valve, providing an equalization of pressures in
chambers and sealing the valve and spring force resumes the seal piston to a closed

position. When the solenoid is energized, pilot piston is moved to open the bleed orifice.
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The seal piston restrains the gas flow to decrease the gas pressure in the chambers, so that
an instant opening of the valve to a wide-open position is ensured. While the valve is

. opened, the bleed orifice drains gas faster than in-flow in via the channel hole provided in
the flange, to maintain the same pressure difference, sd that the valve stays open. When
the solenoid is de-energized, as the pilot piston adjusts itself to close the bleed orifice,
there will be enough supply of gas via the channel hole to build up the gas pressure to close_
the valve.

[Para 11]  The novel features which are considered as characteristics for the present
invention are set forth in particular in the appended claims. The invention itself, however,
both as to its construction and its method of operation, together with additional objects and
" advantages thereof, will be best understood from the following description of specific

embodiments when read in connection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

(Para 12]  Fig. 1 is a cross-sectional view of a solenoid isolation valve of configuration 1

at closed state.

[Para 13]  Fig. 2 is a cross-sectional view of a solenoid isolation valve of configuration 1

at opened state.

[Para 14] Fig. 3 is a cross-sectional view of a solenoid isolation valve of configuration 2

at closed state.

DESCRIPTION OF PREFEERED EMBODIMENT
[Para 15]  Attention is first directed to figure 1, which shows a solenoid isolation valve in
section view. In housing 1, it provides the primary piston chamber 2 and the outlet chamber

3; both chambers are in gas communication with each other through the primary channel 4.
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The primary piston chamber 2 connects to the gas inlet 9. The outlet chamber 3 connects
the gas outlet 10.

. [Para 16] A non-magnetic tubular sleeve 5 with a magnetic closure 6 at one end connects
to a magnetic hollow cylindrical flange 7. An electrical coil 8 around the tubular sleeve 5 for
generating the magnetic field.

[Para 17]  An axial center column 11 with a circular disk 12 at one end, and a bleed hole
seat 13 at another end. There are vent holes 14 through the circular disk 12, paraliel to the
axis of the axial center column 11. The axial center column 11 mounts into the primary
channel 4 with external threads on the circular disk 12. The column portion of the axial
center column 11 sits in the primary piston chamber 2. Then, the primary piston chamber 2
IS In gas communication with the outlet chamber 3 through the vent holes 14 of the circular
disk 12.

[Para 18] A pilot piston 15 is received and axially movable within the tubular sleeve 5.
The pilot piston 15 has a sufficiently loose fit within the tubular sleeve 5, to allow gas from
one end of the pilot piston 15 to reach the other end. The pilot piston 15 is comprised of a
magnetic pilot piston body 29 and a pilot seal 30 mounted at the end of piston body 29 to
achieve a gas—tight seal against the bleed hole seat 13. The pilot seal 30 is made of soft
rubber. A compression spring 16 urges the pilot piston 15 away from the magnetic closure
6 against the bleed hole seat 13 of the axial center column 11 towards the pilot piston
closed position. An axial passage 17 within the axial center column 11 connects to a bleed
orifice 18, close to the bleed hole seat 13. The axial passage 17 communicates remote from
chambers proximate the pilot piston 15 with the outlet chamber 3.

[Para 19] A bowl-like seal piston 19 has a front side and a back side. The seal piston 19
Is open at the front side, and a primary piston 20 is received within the seal piston 19. Both
the primary piston 20 and the seal piston 19 are axially movable within the hollow

cylindrical flange 7, and also slide able along the axial center column 11. Since the bowl-
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like seal piston 19 is made of soft plastic, having a close fit within the hollow cylindrical
flange 7, it restrains the passage of gas axially between the seal piston 19 and the hollow
cylindrical flange 7, when the seal piston 19 moves axially within the flange 7. A conical
compression spring 28 urges the bowl-like seal piston 19 and the primary piston 20
towards the closed position.

[Para 20] A primary seal seat 21 and a primary orifice 31 locate at the boundary between
the primary piston chamber 2 and the primary channel 4. A curved spring washer 22 locates
in a chamber between the bowl-like seal piston 19 and the primary piston 20, urging the
primary piston 20 towards the closed position. The primary piston 20 is comprised of the
primary piston body 32 and a primary seal 33 mounted at the end of the front side of the
primary piston 20. The primary seal 33 is made of plastic. The primary piston 20 operates
an opened and a closed position within the bowl-like seal piston 19. The primary piston 20
has a front side and a back side. The back side is near the chamber between the seal piston
19 and the primary piston 20. When the primary piston 20 is at the closed position, it stops
gas flow from the primary piston chamber 2 to the vent holes 14 of the circular disk 12
through the primary orifice 31. The seal piston 19 and the primary piston 20 are collectively
Known as primary piston assembly.

[Para 21] A bowl channel hole 23 is at the bottom side of the bowl-like seal piston 19,
communicating the gas between the empty space of the hollow cylindrical flange 7 and the
chamber in between the seal piston 19 and the primary piston 20. A primary peripheral seal
24 locates between the primary piston 20 and the axial center column 11, acting to restrain
the passage of gas axially between the primary piston 20 and the axial center column 11.
The primary peripheral seal 24 is achieved by an o-ring element located in a circumferential
recess in an inner cylindrical portion of the primary piston body 32. The secondary
peripheral seal 25 locates between the primary piston 20 and the bowl-like seal piston 19,

acting to restrain the passage of gas axially between the seal piston 19 and the primary
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piston 20. The secondary peripheral seal 25 is achieved by an o-ring element located in a
circumferential recess in an outer cylindrical portion of the primary piston body 32.

[Para 22] A channel hole 26, located in thé cylindrical portion of the hollow cylindrical
flange 7, perpendicular to the central axis of the flange 7. It communicates gas into the
empty space of the flange 7. The outer surface 27 of the bowl-like seal piston 19, located
at the front end, and the inner surface of the primary piston chamber 2 are in perfect
contact with each other 56 that initially the gap between two surfaces restrains gas from the
gas inlet 9 to the primary piston chamber 2 when the electrical coil 8 is not activated.

[Para 23] Referring to the figure 1, initially, the inlet gas pressurizes the valve. The
pressured gas pushes up the bowl-like seal piston 19 to fill all empty chambers in the valve.
The gas pressure in the valve is then in equilibrium. The two compression springs 16, 28
and the spring washer 22 push the pilot piston 15, the seal piston 19 and the primary
piston 20 toward the closed position.

[Para 24] Referring to the figure 2, when the electrical coil 8 generates a magnetic field,
the pilot piston 15 moves towards the closure. The gas reserved in the chambers of the
valve is released to the outlet chamber 3 via the axial passage 17 and vent holes 14 of the
axial center column 11, and the gas in the chambers of the valve drains instantly. It reduces
the pressure in the chambers, the pressure difference overcomes the spring forces exerted
by items 28 and 22, then, both the seal piston 19 and the primary piston 20 open to allow
the gas inlet 9 communicate directly with outlet chamber 3. Since the size of the channel
hole 26 is smaller than that of the bleed orifice 18, the gas pressure is not able to build up
~in the chambers in valve during the valve open operation because the amount of gas exiting
the chambers is more than entering. The valve keeps open.

[Para 25] When the magnetic field ceases, the compression spring 16 pushes the pilot
piston 15 to the sealed position. During the sealing procedure, the gas via the channel hole

26 and can supply enough gas to build up the gas pressure in the chambers near the pilot
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piston 15. The pilot piston 15 adjusts itself to seal the 'bleed orifice 18 completely. The gas
pressure builds up and is in equilibrium in the chambers of the valve. All compression
springs 16, 23 and spring washer 22 push the primary piston 20 towards the closed
position.

[Para 26]  Attention is also directed to figure 3, which shows another kind of
configuration of a solenoid isolation valve in section view. In this configuration, the seal
piston 19 is a hollow cylinder, and a primary piston 20 is received in the seal piston. The
compression springs 22 pushes the seal piston 19 and the compression 22 pushes the
primary piston 20 towards the closed position respectively. The method of operation
procedure is similar to the above-mentioned for figure 1 and 2.

[Para 27] It will be understood that each of the elements described above, or two or more
together, may also find a useful application in the other types of constructions differing
from the types described above.

[Para 28]  While the invention has been illustrated and described as embodied in solenoid
isolation valve, it is not intended to be limited to the detaijl shown, since various
modifications and structural changes may be made without departing in any way from the

operating principle of the present invention.
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What is claimed is:

[Claim 1] A solenoid isolation valve assembly for controlling the flow of gas from a
source of gas to a demand comprising: (a) a housing extending along a central axais,
defining a primary piston chamber and an outlet chamber; the primary piston chamber
being in gas communication with the outlet chamber through a primary channel; (b) a
tubular sleeve assembly being comprised of a non-ferromagnetic tubular sleeve, having at
one end a ferromagnetic closure preventing the escape of gas; at the other end, said non-
ferromagnetic tubular sleeve connecting a hollow cylindrical ferromagnetic flange with
external threads mounting into said primary piston chamber: an electrical coil around the
tubular sleeve assembly for generating a magnetic field: a solenoid being comprised of the
tubular sleeve assembly and the electrical coil; (c) the primary piston chamber defining a
gas inlet extending perpendicular to the central axis for directing gas into the housing:; said
outlet chamber defining a gas outlet to the demand; (d) an axial center column with a
Circular disk at one end; a bleed hole seat being defined by the axial center column at the
other end; the circular disk defining vent holes parallel to the axis of the axial center
column; the axial center column mounting into said primary channel with external threads
on tHe circular disk; the axis of the axial center column being parallel to the axis of said
housing; one end of the axial center column with the bleed hole seat sitting in said primary
piston chamber; the primary piston chamber being in gas communication with the outlet
chamber through the vent holes of the circular disk; (e) a pilot piston received and axially
movable within said non-ferromagnetic tubular sleeve for movement towards and away
from the ferromégnetic closure; the pilot piston having a sufficiently loose fit within the
tubular sleeve to allow gas from one end of the pilot piston to reach the other end thereof; a
pilot biasing element urging the pilot piston away from said ferromagnetic closure against

the bleed hole seat of the axial center column towards a closed position; (f) said axial center

7 AMENDED SHEET



CA 02619394 2008-02-13

L7704 2008/00//05
21 JUNE 20w 21- 6-07

column defining an axial passage coaxially; the axial passage including a bleed orifice
proximate to the bleed hole seat, the axial passage communicating gas remote from
chambers near the pilot piston with said outlet chamber; (g) a primary piston assembly
being comprised of a seal piston and a primary piston: the primary piston being received
within the seal piston; both the seal piston and the primary piston axially movable within
the hollow cylindrical ferromagnetic ﬂange,‘and slideable along said axial center column;
the seal piston made of a material selected from the class of materials known as soft
piastic; the seal piston having a close fit within the hollow cylindrical ferromagnetic flange
to sufficiently restrain the passage of gas axially between the seal piston and the hollow
cylindrical ferromagnetic flange; primary biasing elements urging the primary piston
assembly towards the closed position; (h) the primary piston chamber defining a primary
seal seat and a primary orifice located at the boundary of the primary piston chamber and
the primary channel; the primary piston operating an opened and a closed position within
the seal piston; the primary piston assembly having a front side and a back side; the back
side of the primary piston assembly facing in the direction of an empty space of a hollow
cylindrical flange; the primary piston assembly stopping gas flow from the primary piston
chamber to the vent holes of the circular disk through the primary orifice when the primary
piston assembly is at the closed position; (i) a primary peripheral seal between the primary
piston and the axial center column, acting to restrain the passage of gas axially between the
primary piston and the axial center column; (j) a secondary peripheral seal between the seal
piston and the primary piston, acting to restrain the passage of gas axially between the seal
piston and the primary .piston; (k) the hollow cylindrical ferromagnetic flange defining a
channel hole in the cylindrical portion, perpendicular to the central axis for communicating
gas into the empty space of the hollow cylindrical ferromagnetic flange; (1) one end of said
seal piston proximate the front side of the primary piston assembly having a circumferential

outer surface matching and contacting with an inner surface being defined by the primary
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piston chamber, a pair of matching surfaces, for restraining the source of gas from the gas
inlet to the primary piston chamber when the solenoid isolation valve starts to open.
[Claim 2] The solenoid isolation valve assembly of Claim 1, wherein the axis of
translational displacement defined by the primary piston assembly is parallel to the axis of
translational displacement defined by the pilot piston.

[Claim 3] “ The solenoid isolation valve assembly of Claim 1, wherein: (a) the pilot
piston including a pilot piston body and a pilot seal mounted at one side of the piston body
to achieve a gas-tight seal against said bleed hole seat: (b) the pilot seal made of a material
selected from the class of material known as soft elastomers.

[Claim 4] The solenoid isolation valve assembly of claim 1, wherein: (a) the primary
piston including a primary piston body and a primary seal mounted at the end of the
primary piston body facing in the direction of the primary seal seat; (b) the primary seal
made of a material selected from the class of material known as plastic; (c) said primary
peripheral seal is achieved by an o-ring element located in a circumferential recess in an
Inner cylindrical portion of the primary piston body: (d) said secondary peripheral seal is
achieved by an o-ring element located in a circumferential recess in an outer cylindrical
portion of the primary piston body.

[Claim 5] The solenoid isolation valve assembly of Claim 1, wherein the pilot
biasing element is a compression spring.

[Claim 6] The solenoid isolation valve assembly of Claim 1, wherein the primary
biasing elements are a compression Spring and a spring washer or two compression
springs.

[Claim 7] The solenoid isolation valve assembly of claim 1, wherein the end of the
seal piston having a tapered circumferential outer surface to achieve gas-restraining by

matching the inner surface of the primary piston chamber.
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