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(57) ABSTRACT 

A neWly designed solenoid gas valve Which including a 
solenoid assembly and inlet & outlet ?ttings is installed 
inside a tube. The adoption of in-line inlet and outlet 
con?guration simpli?es the procedures required for connect 
ing the pipes and the gas ?oW is controlled by opening and 
closing the valve in a piping system. The opening and 
closing of the valve is operated by the pressure difference 
With an aid of the magnetic ?eld. A compression spring is 

attached to the support cylindrical body and held against the 
inlet end ?tting While a moving solenoid assembly is located 
inside the support cylindrical body. The moving solenoid 
assembly that consists of a stop, a ?ange, a sleeve and an 
electrical coil, is held by a second compression spring that 
is attached to the inside of the support cylindrical body. A 
small moving magnetic rod, slides inside the sleeve of the 
solenoid assembly. The movement of the small magnetic rod 
is not affected by that of the entire solenoid assembly Which 
Would reduce the stroke (the distance traveled), hence, 
reduce the electric poWer requirement. Acted by a third 
compression spring, the magnetic rod seals the gas outlet 
through the bleed ori?ce on the ?ange of the solenoid 
assembly. Initially, the solenoid assembly closes the outlet 
passage solely by the act of the ?rst compression spring 
since the pressure is in equalization inside the cylindrical 
body. To alloW the gas pass through the valve, an electrical 
coil is energized to create a magnetic ?eld that causes the 
magnetic rod to open the bleed ori?ce, permitting gas 
?oWing and generating pressure difference betWeen the front 
and the back side chambers. These tWo chambers are sepa 
rated by an o-ring on the ?ange of the solenoid assembly. As 
soon as the chamber pressure difference exceeds the spring 
force, the outlet passage opens. When the magnetic ?eld 
ceases, the magnetic rod moves back to seal the ori?ce and 
at the same time, the pressure in the front side chamber 
builds up to reach a pressure equalization, the compression 
spring causes the solenoid assembly to close off the outlet 
passage. 
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FIG. 2 



Patent Application Publication Mar. 2, 2006 Sheet 3 0f 5 US 2006/0043323 A1 

FIG. 3 
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FIG. 4 
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FIG. 5 
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IN-TUBE SOLENOID GAS VALVE 

BACKGROUND OF THE INVENTION 

[0001] The con?guration of piping systems is complex in 
alternative fuel vehicles. The fuel, either natural gas or 
hydrogen, is normally stored in a high pressure tank, con 
trolled by solenoid gas valves When it is in operation. 
Generally, the space in a vehicle is limited; hence a small 
siZe of valves and piping systems is desired. In addition, 
having an in-line inlet and outlet ports Would simplify the 
arrangement of piping systems. 

[0002] Valves are used to control the How rate of the fuel 
under a speci?ed inlet pressure. Because of the inlet pressure 
restrictions and temperature variations, it is dif?cult to 
design an appropriate valve that meets all the requirements 
for the piping systems. Solenoids of a reasonable siZe can 
typically produce a pulling force that is approximately only 
1/100 of the force necessary to unseat a valve that is being 
forced shut by the high-pressure gases. To overcome this, 
most of the gas valves adopt a tWo-stage process in Which a 
small “bleed” ori?ce is ?rst opened, alloWing the high 
pressure gas from the storage tank to How into a doWnstream 
outlet passage Way through the “bleed” ori?ce that leads to 
the engine. As the doWnstream outlet passage Way ?lled With 
gas, the pressure Will increase, subsequently reducing the 
force necessary gradually to unseat the closed valve. Even 
tually, the differential pressure betWeen the upstream and 
doWnstream passage Ways becomes in?nite small to alloW 
the valve to be opened by a relatively Weak pull of the 
solenoid valve, thus resulting in the How of high-pressure 
gas from the storage tank to the vehicle engine. 

[0003] In a typical tWo-stage valve assembly, tWo pistons 
Were required in the operation solenoid assembly, namely 
primary piston and main piston. The primary piston is 
located on top of the main piston. When in operation, the 
primary piston is ?rst opened to alloW gas ?oW through a 
small bleed ori?ce located on the main piston to create a 
pressure difference betWeen the front and back sides of the 
main piston. This difference in pressure causes the valve to 
open to gain full gas ?oW. Since the movement of both 
pistons affects one another, the opening stroke (distance) of 
the primary piston must be equal to or larger than that of the 
main piston to give required operations. Since an electrical 
coil is utiliZed to generate magnetic ?eld to cause the 
primary piston to open, the longer the primary piston has to 
travel, the less magnetic force the piston experiences. This 
becomes problematic if the pressure of the inlet is increased. 
Hence, to increase the magnetic attraction force that the 
primary piston experiences, the magnetic ?eld strength has 
to be increased. To increase the magnetic strength, the 
number of turns of the electrical coil has to be increased if 
the input current stays the same. An increase in number of 
turns in a coil also increases the siZe of the solenoid 
assembly, Which is undesirable. 

[0004] In the current design, described hereafter, the 
equivalent main piston Will move With a solenoid assembly 
While the movement of equivalent small piston does not 
affect the movement of the main piston. It can reasonably 
reduce the siZe of valve and/or increase the gas ?oW rate. 

SUMMARY OF THE INVENTION 

[0005] The neWly designed solenoid valve can be used in 
a high gas How and high pressure application. It is most 
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applicable Where a small-siZed solenoid gas valve With the 
ability to control high gas ?oW rate. 

[0006] It is the object of the present invention to provide 
an in-tube solenoid gas valve of the above mentioned 
general types Which avoid the disadvantages of and improve 
the performance of the prior art. 

[0007] It is also the object of the present invention to 
provide a solenoid gas valve Which has intrinsic ability to 
reduce the opening stroke (distance) of a magnetic rod to 
either alleviate the electrical poWer required or to reduce the 
siZe of the valve. The movement of solenoid assembly is 
caused by the spring force and gas pressure; therefore, the 
opening distance of said solenoid assembly is not limited by 
magnitude of magnetic force generated by electrical poWer 
via electrical coil. So that, the present invention can reason 
ably increase gas ?oW rate. 

[0008] In keeping With these objects and With others 
Which Will became apparent hereinafter, features of present 
invention reside, brie?y stated in a solenoid gas valve Which 
has a valve tube de?ning a gas inlet passage With an inlet 
?tting, a gas outlet passage With a outlet ?tting, and a cavity; 
a support cylindrical body, inserting onto outlet ?tting, held 
by a compression spring against to inlet ?tting. A solenoid 
assembly comprising With ?ange, electrical coil, stop, and 
sleeve, movable axially in the chamber of said support 
cylindrical body, pushed by a compression spring against on 
the seat of said outlet ?tting to close gas ?oW. An o-ring on 
said ?ange of said solenoid assembly segregates the cham 
ber of said support cylindrical body into front side chamber 
and back side chamber. 

[0009] There are tWo gas conduits to the outlet passage. 
The main gas ?oWs through holes on said support cylindrical 
body peripherally, locating at the side of attaching to outlet 
?tting, into the back side chamber in support cylindrical 
body. Another gas conduit, the gas How goes through the 
minuscule hole in said support cylindrical body, then, via the 
eccentric axial small hole in the said stop to the holloW space 
of said solenoid assembly. 

[0010] A magnetic rod, able to slide in said holloW space 
of said solenoid assembly, is pushed by a compression 
spring against on the bleed ori?ce of said ?ange of said 
solenoid assembly to close gas ?oW. A said electrical coil 
means associated With said stop, said sleeve, said ?ange, and 
said support cylindrical body to provide a magnetic ?eld for 
movements of said magnetic rod, so that When said electrical 
coil is de-energiZed, said magnetic cylindrical rod closes 
said bleed ori?ce to seal gas How and causes a pressure 
equaliZation, alloWing said compression spring to push said 
solenoid assembly to close the valve. When said electrical 
coil is energiZed said magnetic rod opens said bleed ori?ce 
to let gas How to said outlet passage and loWers a pressure 
Which causes a pressure difference betWeen front and back 
side of said solenoid assembly, pushing of said main piston 
to open the valve. 

[0011] The lead Wires of said electrical coil extend to the 
external pass-through connector for poWering via the inter 
nal chamber in said support cylindrical body, internal pass 
through plug, inside said cavity of said valve tube. 

[0012] Hence, in the current design, described hereafter, 
the stroke of the movement of magnetic rod is not affected 
by the required stroke of that of the solenoid assembly. The 



US 2006/0043323 A1 

stroke of the magnetic rod is minimized and the stroke of the 
solenoid assembly is maximized to result in a reduction of 
the electrical coil siZe and an increase in maximum ?oW rate 
under the same conditions of the same inlet pressure and the 
same poWer supply. 

[0013] When the solenoid gas valve is designed in accor 
dance With the present invention, it avoids the disadvantages 
of the prior art and provide for the above-speci?ed advan 
tages. 

[0014] The novel features Which are considered as char 
acteristic 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 speci?c 
embodiments When read in connection With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] One embodiment of this invention is illustrated in 
the accompanying draWings, in Which like numerals denote 
like parts throughout the several vieWs, and in Which: 

[0016] FIG. 1 is an axial sectional vieW through a valve 
constructed in accordance With this invention, shoWing the 
valve in a “closed” state; 

[0017] FIG. 2 is a detailed vieW of FIG. 1 through a valve 
constructed in accordance With this invention, shoWing the 
valve in a “closed” state; 

[0018] FIG. 3 is a detailed vieW, similar to that of FIG. 2, 
shoWing the small piston opens the bleed ori?ce With an 
active magnetic ?eld; 

[0019] FIG. 4 is a detailed vieW, similar to that of FIG. 2, 
shoWing the main piston opens the outlet passage With an 
active magnetic ?eld. The valve is in a “fully open” state; 

[0020] FIG. 5 is a detailed vieW, similar to that of FIG. 2, 
shoWing the small piston closes the bleed ori?ce after the 
magnetic ?eld diminishes. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0021] Attention is ?rst directed to FIG. 1 and FIG. 2, 
Which shoWs an in-tube solenoid gas valve in section vieW. 
The valve tube 1 has a holloW hole With internal threads at 
both ends, to accept both inlet ?tting 2 and outlet ?tting 3. 
Both ?ttings have an axial hole 34 With internal threads for 
connecting adaptive ?ttings of piping system. A support 
cylindrical body 4, pushed by a compression spring 5 against 
said outlet ?tting 3, having a chamber 7, provides the space 
for movements of the solenoid assembly 6 Which comprises 
of a holloW sleeve 8, a stop 9, a ?ange 10 and an electrical 
coil 11. 

[0022] A compression spring 12 pushes said solenoid 
assembly 6 to the seal seat 13 of said outlet ?tting 3 at 
“closed” state. Aplastic insert 14 is molded onto said ?ange 
10 to provide seal. A magnetic rod 15 moveable axially in 
the holloW space 16 of said solenoid assembly 6, While a 
compression spring 17 pushes said magnetic rod 15 against 
the small seal seat 18 of said ?ange 10 at “closed” state. A 
rubber insert 19 is molded onto said magnetic rod 15 to 
provide seal. 
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[0023] An internal pass-through plug 20, inserting into the 
support cylindrical body 4, provides the strain relief of lead 
Wires of coil 21 Which extends from said electrical coil 11, 
through said support cylindrical body 4, to the cavity 22 of 
said valve tube 1. Said lead Wires of coil 21 are soldered onto 
the terminals of an external pass-through connector 23 at the 
bottom of the said connector 23 as shoWn in the draWing. 
The said external pass-through connector 23 is placed in said 
inlet ?tting 2 With an o-ring 24 that seals high pressure gas. 
Because of the high pressure in said valve tube 1, a metal 
plug 25 With a center hole is threaded into said inlet ?tting 
2 to hold said external pass-through connector 23. 

[0024] The high pressure gas passes through said inlet 
?tting 2 from upstream piping system to said cavity 22 of 
said valve tube 1. Gas penetrates into the front inside 
chamber 26 of said support cylindrical body 4 through a 
miniscule hole 27 and an o-ring 28 divides said chamber 7 
of said support cylindrical body 4 into tWo chambers, said 
front inside chamber 26 and said back inside chamber 29. 
Gas from said valve tube 1 ?oWs through holes 30 locating 
peripherally into said back inside chamber 29 of said support 
cylindrical body 4. The gas in said front inside chamber 26 
?lls said holloW space 16 of said solenoid assembly 6 
through the eccentric axial small hole 31. 

[0025] At “closed” state, as shoWn in FIG. 2, both said 
magnetic rod 15 and said solenoid assembly 6 are pushed by 
said compression spring 17 and said compression spring 12 
respectively. Since the seal material is molded onto both said 
magnetic rod 15 and said ?ange 10, both the spring force and 
the high pressure gas push the seal against to said small seal 
seat 18 and seal seat 13, therefore blocks the gas to How to 
the outlet passage. 

[0026] Wires from poWer supply 32, through said thread 
metal plug 25, are soldered onto the terminals of said 
external pass-through connector 23 at the outer of said valve 
tube 1, providing the channel for input electrical current to 
said electrical coil 11 Which is incorporated With said 
solenoid assembly 6 to provide a magnetic ?eld for move 
ments of said magnetic rod 15 and said solenoid assembly 6 
of the valve. The appropriate materials should be selected 
for stop 9, sleeve 8, support cylindrical body 4, and ?ange 
10 so that these components form a magnetic loop. At the 
?rst stage of opening, the solenoid is energiZed, as shoWn in 
FIG. 3, said magnetic rod 15 is pulled up by the magnetic 
force to alloW the gas How in said holloW space 16 How 
through bleed ori?ce 33 and axial hole 35 in said ?ange 10. 
Because the diameter of said minuscule hole 27 is smaller 
than that of said bleed ori?ce 33, so that, the amount of gas 
supply into said holloW space 16 is less than that of gas 
released; the pressure difference betWeen the front and back 
side of magnetic rod 15 is equal. The magnetic force created 
by said electrical coil 11 causes said magnetic rod 15 to slide 
and remains in “open state”. 

[0027] Since the diameter of said miniscule hole 27 is 
much smaller than that of said through hole 30 and said 
o-ring 28 segregates said chamber 7 into said front inside 
chamber 26 and said back inside chamber 29, the gas 
pressure in said front chamber 26 is less than that of said 
back inside chamber 29, causes a pressure difference 
betWeen front and back sides of said solenoid assembly 6. 
Said solenoid assembly 6 moves, as shoWn in FIG. 4, 
alloWing ?oW through said outlet ?tting 3. 
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[0028] When said electrical coil 11 is de-energiZed, as 
shown in FIG. 5, said magnetic rod 15 moves against the 
small seal seat 18 pushed by the compression spring 17. 
While high pressure gas enters the holloW space 16 through 
a minuscule hole 27 and a eccentric aXial small hole 31, 
builds up the gas pressure in said holloW space 16 of said 
solenoid assembly 6. The pressure in said holloW space 16 
compresses the rubber insert 19 onto the magnetic rod 15 to 
close the bleed ori?ce 33. 

[0029] The increasing gas pressure in said front inside 
chamber 26 causes pressure equalization, results in said 
compression spring 12 pushes said solenoid assembly 6 
against the seal seat 13. This causes the amount of gas leak 
to the outlet passage to be less than that of ?oWs into the 
chamber 7 of the support cylindrical body 4. Because of the 
difference in projected surface area betWeen front and back 
side of said solenoid assembly 6, the force of the front side 
chamber 26 is larger than that of the back side chamber 29. 
Hence, the plastic insert 14 of said ?ange 10 is compressed 
onto the seal seat 13 to cease the gas ?oW. This is the 
“closed” state, as shoWn in FIG. 1. 

We claim: 
1. An in-tube solenoid gas valve, comprising: 

a valve tube de?ning a gas inlet passage, a gas outlet 
passage and a cavity; an inlet ?tting With an aXial hole 
threading into said inlet passage of said valve tube to 
connect to the in-line tube of piping system; 

an outlet ?tting provides a seal seat and an aXial hole 
threading into said outlet passage of said valve tube to 
connect to the inline tube of piping system; 

a support cylindrical body With a chamber is pushed by a 
compression spring, against said inlet ?tting, inserting 
into said outlet ?tting; 

a solenoid assembly comprising a ?ange, an electrical 
coil, a stop, and a sleeve, able to slide in said chamber 
of said support cylindrical body; 

said solenoid assembly comprising an O-ring located in 
said ?ange for segregating said chamber to a front side 
chamber and a back side chamber; 

said ?ange provides a small seal seat, a bleed ori?ce, and 
an aXial hole; 

a plastic insert With a center hole, is molded onto said 
?ange, to provide seal; 

2. The in-tube solenoid gas valve as de?ned in claim 1; a 
minuscule hole on said support cylindrical body acts a 
restricting gas conduit, limiting the amount of gas of cavity 
?oW into said front side chamber of said support cylindrical 
body; 

3. The in-tube solenoid gas valve as de?ned in claim 1; 
having a gas conduit for passing the gas from said front side 
chamber of said support cylindrical body to a holloW space 
of said solenoid assembly, via an eccentric aXial small hole 
on said stop; 
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4. The in-tube solenoid gas valve as de?ned in claim 1; 
having a gas conduit for passing the gas from said holloW 
space of said solenoid assembly, via said aXial hole of said 
?ange; said minuscule hole having a diameter smaller than 
that of both said eccentric aXial small hole and said bleed 
ori?ce of said ?ange of said solenoid assembly; 

5. An in-tube solenoid gas valve as de?ned in claim 1; 
holes, on said support cylindrical body peripherally, locating 
at the side of inserting into said outlet ?tting, provide gas 
conduits for passing the gas in said cavity ?oW into said back 
side chamber; 

6. An in-tube solenoid gas valve as de?ned in claim 1; said 
solenoid assembly being spring biased by a compression 
spring onto said seal seat of said outlet ?tting, to a closed 
position; 

7. An in-tube solenoid gas valve as de?ned in claim 1; a 
magnetic rod, able to slide inside said sleeve in said holloW 
space of said solenoid assembly, is biased by a compression 
spring and pushed onto said small seal seat of said ?ange to 
a closed position; a rubber insert With an aXial hole, is 
molded onto said magnetic rod, to provide seal; 

8. An in-tube solenoid gas valve as de?ned in claim 1; said 
electrical coil associated With said stop, said sleeve, said 
?ange of said solenoid assembly and said support cylindrical 
body, provides a magnetic ?eld for movements of said 
magnetic rod and said ?ange incorporating Within said 
solenoid assembly, so that When the electrical current in said 
electrical coil is diminished, said magnetic rod closes said 
bleed ori?ce of said ?ange and causes a pressure equaliZa 
tion, alloWing said compression spring to push said solenoid 
assembly to close the valve. When said electrical coil means 
is energiZed, said magnetic rod opens said bleed ori?ce to 
release the gas in said holloW space of said solenoid assem 
bly and loWers the pressure in said front side chamber Which 
causes pushing of said solenoid assembly to open the valve. 

9. An in-tube solenoid gas valve as de?ned in claim 1; 
eXtend lead Wires of said electrical coil pass through the hole 
of an internal pass-through plug Which is inserted into said 
support cylindrical body, to said cavity of said valve tube. 

10. An in-tube solenoid gas valve as de?ned in claim 1; 
said eXtend lead Wires of said electrical coil as de?ned in 
claim 9, is soldered on terminals of an eXternal pass-through 
connector at one end; eXternal Wires Which is from a poWer 
supply, through a threaded metal plug With a center hole, is 
soldered on terminals of said eXternal pass-through connec 
tor at the other end; electrical current pass through said 
external Wires from said poWer supply, said eXternal pass 
through connector, to said lead Wires of said electrical coil, 
to provide a said magnetic ?eld for movements of said 
magnetic rod and said solenoid assembly. 

11. An in-tube solenoid gas valve, de?ned in claim 1; said 
external pass-through connector comprising an o-ring for 
sealing internal pressure gas in said cavity of said valve tube; 
said thread metal plug thread into said inlet ?tting, to hold 
said eXternal pass-through connector in said inlet ?tting. 

* * * * * 


