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A regulator for regulating outlet pressure of a fluid contained in a tank (112) includes first (114) and second (116) pistons. The

first piston (114) is biased in a first direction and is movable against the bias (126) wher
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movable against the bias (136) when exposed to the outlet pressure. The ends of the fi
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pistons are positioned closer together than the first distance to inhibit flow out of the tank (112) when the outlet pressure reaches

a threshold.
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A regulator for regulating outlet pressure of a fluid contained in a tank (112) includes first (114) and second (116) pistons. The first
piston (114) is biased in a first direction and is movable against the bias (126) when exposed to pressure in the tank (112). The second
piston is biased in a second direction away from an end of the first piston (114), and the second piston (116) is movable against the bias
(136) when exposed to the outlet pressure. The ends of the first (114) and second (116) pistons are separated by a first distance to allow
the fluid to flow out of the tank (112), and the ends of the first (114) and second (116) pistons are positioned closer together than the first
distance to inhibit flow out of the tank (112) when the outlet pressure reaches a threshold. |
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PRESSURE REGULATOR

TECHNICAL FIELD

This invention relates to pressure regulators, and more particularly
to a pressure regulator for regulating the outlet pressure of gaseous fuel from a tank

d in an alternatively-fueled motor vehicle.

BACKGROUND ART

Alternatively-fueled motor vehicles, i.e. those which operate solely
or partially on a fuel other than gasoline or diesel fuel, are proliferating. Many such
alternate fuel vehicles use fuel injectors that draw fuel from a tank that stores the

10 alternate fuel in a highly pressurized, normally gaseous state. It is known to use a
pressure regulator to control fuel pressure supplied to the fuel mjectors, wherein the
pressure regulator attempts to maintain a constant outlet pressure as tank pressure
varies and/or as fuel flow rate varies. Existing pressure regulators, however, are
typically disposed remotely from corresponding tanks. Consequently, relatively

15 heavy-duty, thick-walled fuel lines are required between a particular tank and
pressure regulator. Furthermore, existing pressure regulators suffer either in that
there is some rise or drop of outlet pressure (called droop) over the range of tank
pressures and/or the range of flow rates, or in that they have to use multiple stages
of pressure reduction. The latter are relatively complex, costly, and unreliable.

20
DISCLOSURE OF INVENTION

The present invention is a regulator for regulating outlet pressure of

a fluid contained in a tank. The regulator comprises first and second pistons. The

first piston is biased in a first direction and movable against the bias when exposed

25 to pressure in the tank. The second piston is biased in a second direction away from
an end of the first piston and movable against the bias when exposed to the outlet

pressure. The ends of the pistons are separated by a first distance to allow the fluid
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to flow out of the tank, and are positioned closer together than the first distance to

inhibit flow out of the tank when the outlet pressure reaches a threshold.

Accordingly, an object of this invention is to provide a regulator of

the type described above which eliminates the need for high pressure fuel lines.

Another object of this invention is to provide a regulator of the type

described above which provides a relatively constant outlet pressure as the tank

pressure abates.

Another object of this invention is to provide a regulator of the type

described above which accomplishes precision control of the output pressure in a

single stage.

These and other objects, features, and advantages of the present
invention are readily apparent from the following detailed description of the best

mode for carrying out the invention when taken In conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF DRAWINGS

FIGURE 1 is a side cross-sectional view of a pressure regulator

according to the present invention in cooperation with an unpressurized tank;

FIGURE 2 is a side cross-sectional view of the pressure regulator and

a pressurized tank;

FIGURE 3 is a side view of a second embodiment of the pressure

regulator in cooperation with a pressurized tank, with the tank partially broken away

to show the regulator;
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FIGURE 4 is a side cross-sectional view of the pressure regulator of

Figure 3, wherein the pressure regulator includes a seat for controlling flow out of

the tank, the seat being shown in an unseated position;

FIGURE 5 is a side cross-sectional view of the pressure regulator of

Figure 3 with the seat shown in a seated position;

FIGURE 6 is a sectional view of the pressure regulator of Figure 3
taken along line 6-6 of Figure 3, with a portion of the pressure regulator broken

away to show a pressure relief valve assembly;

FIGURE 7 is sectional view of the pressure regulator of Figure 3

taken along line 7-7 of Figure 3 and showing a heating system; and

FIGURE 8 is a side cross-sectional view of a third embodiment of the

pressure regulator.

BEST MODE FOR CARRYING OUT THE INVENTION

With reference to the drawings, the preferred embodiments of the
present invention will be described. Figure 1 shows a pressure regulator 10
according to the present invention for regulating the outlet pressure of a fluid
contained in a tank 12. In a preferred embodiment where the tank 12 1s fitted 1n a
vehicle, the fluid may for example be compressed natural gas, liquified natural gas,
propane, or hydrogen. In other applications, the fluid may be for example carbon
dioxide, oxygen or other commercial gases, or pressurized liquids. The regulator

10 comprises a first or compensation piston 14 and a second or main piston 16.

The compensation piston 14 is situated in a bore 18 m a body or block
20, and includes a head 22 and a distal end 24. A compensation spring 26 disposed
in the bore 18 bears against the underside of the head 22, and normally biases the

compensation piston 14 in a first, axial direction. In the condition shown 1 Figure
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1 where the tank 12 is unpressurized, the compensation spring 26 seats the

compensation piston 14 against an end cap 28 threadingly engaged with the block 20.

The main piston 16 is situated in a bore 30 in the block 20, and
includes a head 32, a distal end 34 and an extension 35. A main spring 36 disposed
in the bore 30 bears against the underside of the head 32, and normally biases the
main piston 16 in a direction away from, and preferably directly opposite from, the
direction in which the compensation piston is biased. In the unpressurized condition
shown in Figure 1, the main spring 36 seats the head 32 of the main piston 16
against an end cap 38 threadingly engaged with the block 20, and aligns outlet ports

39 in the extension 35 in communication with a generally conical medial surface 41,

and then to a single outlet 50.

As shown in Figure 1, the compensation piston 14 and the main piston

16 share a common axis 51. Furthermore, the axis 51 is offset from an axis 51’ of
the block 20.

Figure 2 shows the tank 12 fully pressurized, typically for natural gas
to a pressure in the range of about 3000-3600 pounds per square inch (psi). When
the head 22 of the compensation piston 14 is exposed to pressure in the tank 12
through suitable passages in the regulator 10, the pressure acts on the effective cross-
sectional area of the head 22 to move the compensation piston against the bias of the
compensation spring 26 and compresses the compensation spring. In the preterred
embodiment, the maximum stroke of the compensation piston 14 is in the range of
about 0.055 inch to 0.063 inch, which is insufficient alone to stop the flow of fluid.
This stroke changes dependent on the required output pressure, the fluid being
regulated and the maximum inlet pressure. An axial bore 40 in the compensaiion
piston 14 through which fluid may pass transmits the fluid into a chamber 42 defined
in a tower 44. From the chamber 42, the fluid normally passes through one or more
holes 46 in the main piston rod proximate the distal end 34, and through an axial
bore 48 in the main piston 16 to impinge on an end 49 of the extension 35. This
action contributes a dynamic force tending to add to the opening force developed by

the main spring 36. Additionally, the end 49 diverts the flow of fluid at an angle
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greater than ninety degrees to its former axial flow, and over the conical surface 41.
The flow over the conical surface 41 draws fluid away from the main piston head 32,
thereby lowering the static pressure bearing against the main piston head 32, slightly

diminishing the force tending to close the main piston 16.

These forces are factored in when selecting the springs 26 and 36.
The springs 26 and 36 are preferably ratio- metric (i.e. the spring constants are
proportional), and are chosen so that a constant outlet pressure is attained at the
outlet 50 for normal flow rates and for normal operating tank pressures. In a natural
gas vehicle, the target outlet pressure is normally about 100 psi for tank pressures
of about 125-3600 psi. The outlet pressure, minus the loss created by the tflow over
the conical surface 41, acts on the head 32 of the main piston 16 to move it against
the bias of the main spring 36. If the outlet pressure exceeds the desired value, the
main piston 16 is driven toward the compensation piston 14 such that a thermoplastic
seat 52 disposed in the distal end 34 of the main piston 16 mates with the distal end
24 of the compensation piston 14 to inhibit flow out of the tank. If the outlet
pressure then drops below a threshold, as for example when a fuel injector might
demand more fuel for delivery to an engine, the main piston 16 1s biased away from
the compensation piston 14, the ends of the pistons separate, and the flow of fuel out
of the tank resumes. In the preferred embodiment, the main piston has a stroke in
the range of about 0.005 to 0.01 inch at 3600 psi, and in the range of about 0.02
inch at 500 psi tank pressure.

The pressure regulator 10 thus provides precise control of output
pressure without resorting to the use of multiple stages of pressure reduction.
Because the pressure regulator 10 maintains a constant, relatively low outlet
pressure, heavy-duty high pressure lines are not needed downstream of the outlet 50.

Furthermore, because the pressure regulator 10 i1s mounted to the tank 12, the need
for heavy-duty high pressure lines between the pressure regulator 10 and the tank 12

1S eliminated.

The tower 44 normally mates with a surface 60 in the block 20 under

the force of the main spring 36. An O-ring 62 situated 1n a groove 1n the tower seals

_5-
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the chamber 42. In the event that pressure in the chamber 42 exceeds a
predetermined level, the tower 44 separates from the surface 60 and the excess

pressure blows by the O-ring 62 and vents through a port 64 to the atmosphere.

The pressure regulator 10 can also be combined with other pressurized
functions in a single manifold to reduce the system cost. Examples of this would be
the addition of a high pressure solenoid 70, shown in Figures 1 and 2, to stop the
flow of gas when de-energized. Other examples that may be added to the pressure
regulator 10 in a single manifold either individually, or in any combination, include
a cylinder pressure transducer or indicator, a pressure relief device, a cylinder

temperature sensor, and an in-line filter.

Figures 3 through 7 show a second embodiment 110 of the pressure
regulator that is partially mounted inside a tank 112 having a neck 113. The
regulator 110 comprises similar components as the regulator 10, and functions in a
manner similar to regulator 10 to regulate outlet pressure of a fluid contained in the
tank 112. Similar to the regulator 10, the regulator 110 comprises a first or

compensation piston 114 and a second or main piston 116.

The compensation piston 114 is situated in a bore 118 1n a body or
block 120, and includes a head 122 and a distal end 124. A compensation Spring
126 disposed in the bore 118 bears against the underside of the head 122, and

- -normally biases the compensation piston 114 in a first, axial direction toward an end

cap 127. A seat 128 is movably attached to the distal end 124 of the compensation
piston 114, and the seat 128 is movable between a first or unseated position, shown
in Figure 4, and a second or seated position, shown in Figure 5. The seat 128 has
a plurality of apertures or slots 129 for allowing fluid to flow therethrough when the

seat 128 is in the unseated position. While the seat 128 may comprise any suitable

- material, the seat 128 preferably comprises a relatively hard thermoplastic material

such as Vespel™, which is available from DuPont.

The main piston 116 is situated in bores 130 and 131 in the block 120,
and includes a head 132 and a distal end 134. A main spring 136 disposed 1n the

-6-
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bore 131 bears against the underside of the head 132, and normally biases the main
piston 116 in a direction away from, and preferably directly opposite from, the
direction in which the compensation piston 114 is biased. The main piston 116 may
also be provided with an extension, similar to the extension 35 of the main piston 16,

for directing the flow of fluid in a manner similar to the regulator 10.

When the head 122 of the compensation piston 114 1s exposed to
pressure in the tank 112, the pressure acts on the effective cross-sectional area of the
head 122 to move the compensation piston 114 against the bias of the compensation
spring 126 to thereby engage the seat 128 with the distal end 134 of the main piston
116. The fluid may then pass through an axial bore 138 in the compensation piston
114, and then through the slots 129 in the seat 128 when the seat 128 is in the
unseated position shown in Figure 4. The fluid then passes through one or more
holes 140 in the main piston 116, and through an axial bore 142 in the main piston
116. Next, the fluid is diverted at an angle to its former axial flow through a

passage 144 and out an outlet 146 of the regulator 110.

If the outlet pressure at the outlet 146 of the regulator 110 exceeds a
desired value, the main piston 116 is driven toward the compensation piston 114, in
a manner similar to the regulator 10, such that the main piston 116 moves the seat
128 to the seated position, as shown in Figure 5, to thereby inhibit flow out of the
tank 112. Furthermore, if the outlet pressure then drops below a threshold, the main
piston 116 is biased away from the compensation piston 114, the seat 128 1s biased
to the unseated position shown in Figure 4 by pressure in the tank 112, and the flow
of fluid out of the tank 112 resumes. It should be noted that when tank pressure is
applied to the regulator 110, the seat 128 preferably remains engaged with the distal

end 134 of the main piston 116 at both the seated and unseated positions.

As shown in Figure 5, the regulator 110 further comprises a pressure
adjustment assembly 148 for adjusting the outlet pressure at the outlet 146. The
pressure adjustment assembly 148 includes a tower 150, which 1s threadingly
engaged with the block 120 and defines a chamber 151. The pressure adjustment
assembly 148 further includes an adjustment collar or ring 152 threadingly engaged

7-
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with the tower 150. The adjustment ring 152 may be rotated relative to the tower
150 by using a hook (not shown), or other suitable device, that 1s insertable through
a port (not shown) in the regulator 110, and engageable with one or more notches
153 in the adjustment ring 152. Rotation of the adjustment ring 152 1n a one
direction increases pre-loading on the main spring 134, such that a greater outlet
pressure is required to bias the main piston 116 toward the compensation piston 114
to thereby inhibit flow out of the tank 112. Thus, rotation of the adjustment ring
152 in such a manner increases the outlet pressure at the outlet 146. Similarly,
rotation of the adjustment ring 152 in an opposite direction decreases the outlet

pressure at the outlet 146.

The pressure adjustment assembly 148 further includes an engaging
member such as a steel ball 154 that is slidably disposed in a channel 156 1n the
adjustment ring 152. The ball 154 is engageable with one or more recesses 158 1n
the tower body 150, and the ball 1s biased toward the tower 150 by a spring 160 that
is also disposed in the channel 156. When engaged with one of the recesses 158, the
ball 154 inhibits rotation of the adjustment ring 152 relative to the tower 150,

thereby maintaining the adjustment ring 152 in a desired position.

Figure 6 shows a pressure relief valve assembly 162 for relieving
pressure from the regulator 110. The valve assembly 162 includes a valve body 164
having a channel 166. A cup 167 is slidably disposed in the channel 166, and a
TEFLON™ ball 168 is engaged with the cup 167. The valve assembly 162 further
includes a pressure relief spring 170 disposed 1n the channel 166 and engaged with
the cup 167. The spring 170 biases the cup 167 and the ball 168 away from an end
169 of the channel 166, such that the ball 168 sufficiently blocks a vent passage 172
under normal operating tank pressures. When the pressure in the vent passage 172
exceeds a predetermined level, the pressure forces the ball 168 and cup 167 against
the bias of the spring 170, thereby allowing fluid to flow by the ball 168 and vent
through a port 174 to the atmosphere.

Figure 7 shows a heating arrangement 176 for sufficiently heating the

regulator 110 such that the regulator 110 can function properly when fluid passes
-8-
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through the regulator 110 and out of the outlet 146. For example, the regulator 110
may require heating so as to inhibit formation of hydrate, which is a spongy, ice-like
material formed from entrained water and methane that may be present in the fuel.
The heating arrangement 176 includes an inlet fitting 178 for receiving a heating
fluid, such as vehicle engine coolant, a passageway 180 for routing the heating fluid
through the regulator 110, and an outlet fitting 182. A thermostat 184 1s preferably
mounted proximate the outlet fitting 182, or combined with the outlet fitting 182, for
sensing temperature of the heating fluid. The thermostat 184 allows the heating fluid
to flow through the passage 180 if the temperature of the heating fluid 1s at or below
a predetermined temperature of, for example, approximately 170°F. At
temperatures above 170°F, the thermostat 184 stops the flow of heating fluid so that

the temperature of the regulator 110 will remain at approximately 170°F or below

under normal operating conditions.

As further shown in Figure 7, the regulator 110 includes a thermal
relief assembly 186 for relieving pressure from the regulator 110 1f the temperature
of the regulator 110 exceeds a predetermined level. The thermal relief assembly 186
includes an embedded eutectic 188 that will melt if the temperature of the regulator
110 exceeds the predetermined level, thereby allowing fluid to vent through a port
190 to the atmosphere. The heating arrangement 176 should therefore be properly

calibrated to prevent premature melting of the eutectic 188.

As an alternative to or supplement to the heating arrangement 176,
the temperature of the regulator 110 may be controlled by heat transfer between the
regulator 110 and the tank 112. The tank 112, with its relatively large surface area
and mass compared with the regulator 110, acts as a heat source. If the tank 112 is
positioned beneath a vehicle, the tank 112 may also gain heat from roadways and/or
a vehicle exhaust system. As shown in Figures 4 through 6, a relatively large
portion of the exterior surface of the block 120 is adapted to engage the neck 113 of
the tank 112, such that heat transfer between the regulator 110 and the tank 112 can

- readily occur. Furthermore, the regulator 110 1s preferably configured such that the

area of maximum heat loss, which is the area generally around the chamber 151 (the

pressure reduction point), is positioned roughly in the middle of the neck 113 of the

9.
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tank 112 when the regulator 110 is mounted to the tank 112. With such a
configuration, the heat transfer path between the chamber 151 and the neck 113 1s
minimized. In addition, the block 120 is preferably made of aluminum or other heat

conductive material to maximize heat transfer between the regulator 110 and the tank
112.

Advantageously, heat transfer between the regulator 110 and the tank
112 may be sufficient to control the temperature of the regulator 110 such that flow
of heating fluid through the heating arrangement 176 may be significantly reduced
or eliminated. For example, heat transfer between the tank 112 and the regulator
110 may be sufficient to maintain the temperature of the regulator 110 in the range
of 30 - 50° F, which is sufficient to inhibit hydrate formation. Furthermore, such
a temperature range is also beneficial for the eutectic 188, which may be made of

materials prone to creep at higher temperatures.

Figure 8 shows a third embodiment 210 of the pressure regulator
mounted to a tank 212. The pressure regulator 210 comprises similar components
as the regulator 110, and functions in a manner similar to the regulator 110. The
components of the regulator 210, however, are configured such that the regulator
210 may be disposed entirely outside of the tank 212. As a result, the regulator 210
may be used with tanks having relatively small outlet openings. Similar to the
regulator 110, the regulator 210 can be combined with other pressurized functions
in a single manifold to reduce the system cost. Examples of what may be added to
the regulator 210 in a single manifold either individually, or in any combination,
include a high pressure solenoid, a low pressure solenoid, a fuel pressure transducer
or indicator, a one quarter turn valve (or shut off valve), an in-line filter, and a

refueling receptacle.

It should be understood that while the forms of the invention shown
and described above constitute preferred embodiments of the invention, they are not
intended to illustrate all possible forms thereof. For instance, while the
embodiments shown are adapted to be mounted partially inside a tank or entirely

outside a tank, the regulator can also be mounted mostly or entirely inside a tank,
-10-
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or partially or mostly outside a tank. Furthermore, the regulator may be mounted
downstream of a tank. It should also be understood that the words used are words
of description rather than limitation, and various changes may be made without

departing from the spirit and scope of the invention disclosed.
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WHAT IS CLAIMED IS:

1. A regulator for regulating outlet pressure of a fluid contained
in a tank, comprising:

a body having an axis;

a first piston disposed in the body and having an end, the first piston
being movable in response to pressure in the tank when exposed to the pressure in
the tank; and

a second piston disposed in the body and having an end, the second
piston being movable toward and away from the end of the first piston 1n response
to the outlet pressure;

the ends of the first and second pistons being separated by a first
distance to allow the fluid to flow out of the tank, and the ends of the first and
second pistons being positioned closer together than the first distance to inhibit flow
out of the tank when the outlet pressure reaches a threshold;

wherein the pistons have a common axis that is offset from the axis
of the body.

2. The regulator of claim 1 further comprising a first spring
cooperating with the first piston to bias the first piston in a first direction away from

the end of the second piston.

3. The regulator of claim 2 further comprising a second spring
cooperating with the second piston to bias the second piston in a second direction

away from the end of the first piston.

4. The regulator of claim 3 wherein the first direction 1s axially

opposite from the second direction.

3. The regulator of claim 1 further comprising an adjustment ring
disposed around one piston and rotatable with respect to the body and the one piston,
the adjustment ring cooperating with the one piston so as to adjust the outlet

pressure.
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6. The regulator of claim 5 wherein the adjustment ring is
disposed in the body, and the first piston includes a first bore thorough which the
fluid may pass, and wherein the regulator further includes a tower defining a
chamber into which fluid from the first bore may pass, and an engaging member

movably associated with the adjustment ring and engageable with the tower so as to

AN hh AW N

inhibit rotation of the adjustment ring.

1 7. The regulator of claim 1 wherein the first piston includes a

2 first bore through which the fluid may pass, and the second piston includes a second

3 bore through which the fluid may pass after passing through the first bore.

8. The regulator of claim 7 wherein the second piston further
includes a radially extending passage in fluid communication with the second bore
and configured to divert the fluid at an angle to a direction defined by the
second bore, wherein when the ends of the first and second pistons are separated by

the first distance, the fluid may flow through the second bore and then through the

AN b W N e

radially extending passage.

1 9. The regulator of claim 8 wherein the radially extending

2 passage is configured to divert the fluid at an angle greater than ninety degrees to the

3 direction defined by the second bore.

1 10.  The regulator of claim 7 wherein the second piston further
2 includes an extension configured to be exposed to the fluid passing through the
3 second bore such that the fluid contributes a force tending to separate the ends of the
4 - first and second pistons.

1 11.  The regulator of claim 7 further comprising a tower defining
2 a chamber into which fluid may pass from the first piston.

1 12.  The regulator of claim 11 wherein the tower normally mates
2 with a surface, the tower separating from the surface when the pressure in the

chamber exceeds a predetermined level.
-13-
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13.  The regulator of claim 1 further comprising a tower normally
mating with a surface and defining a chamber into which fluid from the tank may

pass, the tower separating from the surface when the pressure in the chamber

N U A

exceeds a predetermined level.

14.  The regulator of claim 1 wherein the first and second ends

2 engage each other to inhibit flow out of the tank when the outlet pressure reaches the

3 threshold.

| 15.  The regulator of claim 1 further comprising a seat having an
2 opening through which the fluid may pass and being movably associated with one
3 piston such that the seat is axially movable with respect to and along an outer surface
4 of an axially extending portion of the one piston, the seat being movable between an
S unseated position for allowing fluid to flow out of the tank and through the opening
6 when the pistons are separated by the first distance, and a seated position for
7 inhibiting flow out of the tank when the outlet pressure reaches the threshold.

16.  The regulator of claim 1 further comprising a vent passage Into

which fluid from the tank may flow, and a valve assembly including a ball that is

1
2
3 normally biased into the vent passage so as to inhibit flow through the vent passage,
4 the ball being movable against the bias when the pressure in a portion of the vent
S

passage exceeds a predetermined level.
1 17.  The regulator of claim 1 wherein the body is adapted to engage

2 the tank and is made of a heat conductive material to facilitate heat transter between
3 the tank and the regulator.

1 18.  The regulator of claim 1 further comprising a seat attached to
2 one piston and engageable with the other piston.
19. A regulator for regulating outlet pressure of a fluid contained
2 in a tank, comprising:
-14-

CA 02372967 2001-11-02 AMENDED SHEE]



9

O 00 ~1 O L H» W

10
11
12
13
14
15
16
17
18
19
20

N h S~ L DN

CA 02372967 2001-11-02

a first piston having an end and a first bore through which the fluid
may pass, the first piston being movable in response to pressure in the tank when
exposed to the pressure in the tank;

a second piston having an end and a second bore through which the
fluid may pass, the second piston being movable toward and away from the end of
the first piston in response to the outlet pressure; and

a seat engageable with one piston and movably associated with the
other piston such that the seat is axially movable with respect to and along an outer
surface of an axially extending portion of the other piston, the seat having an
opening through which the fluid may flow so that the fluid may pass from the first
bore to the second bore, the seat being movable between an unseated position for
allowing the fluid to flow through the opening and a seated position for inhibiting
flow through the opening;

the ends of the first and second pistons being separated by a first
distance such that the seat is in the unseated position to allow the fluid to flow out
of the tank, and the ends of the first and second pistons being positioned closer
together than the first distance such that the seat is in the seated position to inhibit

flow out of the tank when the outlet pressure reaches a threshold.

20.  The regulator of claim 19 wherein the second piston further
comprises a radially extending passage in fluid communication with the second bore
and configured to divert the fluid at an angle to a direction defined by the second
bore, wherein when the ends of the first and second pistons are separated by the first

distance, the fluid may flow out of the tank, through the bores and then through the

radially extending passage.

21.  The regulator of claim 20 wherein the radially extending
passage is configured to divert the fluid at an angle greater than ninety degrees to the

direction defined by the second bore.

22.  The regulator of claim 19 wherein the second piston further

includes an extension configured to be exposed to the fluid passing through the

-15-
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second bore such that the fluid contributes a force tending to separate the ends of the

first and second pistons.

23.  The regulator of claim 19 further comprising a tower defining

a chamber into which fluid may pass from the first piston.

24.  The regulator of claim 23 wherein the tower normally mates
with a surface, the tower separating from the surface when the pressure 1n the

chamber exceeds a predetermined level.

25.  The regulator of claim 19 further comprising an adjustment
ring disposed around one piston and rotatable with respect to the one piston, the
adjustment ring cooperating with the one piston to adjust the outlet pressure, wherein
rotation of the adjustment ring in one direction increases the outlet pressure, and

rotation of the adjustment ring in an opposite direction decreases the outlet pressure.

26.  The regulator of claim 25 wherein the adjustment ring further
includes a channel, and wherein the regulator further includes a body surrounding
the pistons and the adjustment ring, a tower defining a chamber into which fluid
from the first piston may pass, and an engaging member extending from the channel

and engageable with the tower so as to inhibit rotation of the adjustment ring.

27.  The regulator of claim 19 further comprising a tower normally

et Pt =+ skt e p— i g B A an
a .

695

IPEA/US [t DEC 2000

mating with a surface and defining a chamber into which fluid from the tank may -

pass, the tower separating from the surface when the pressure in the chamber

exceeds a predetermined level.

28.  The regulator of claim 19 further compromising a vent passage
into which fluid from the tank may flow, and a valve assembly including a ball that
is normally biased into the vent passage so as to inhibit flow through the vent
passage, the ball being movable against the bias when the pressure in a portion of

the vent passage exceeds a predetermined level.
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29.  The regulator of claim 19 further comprising a first spring for
biasing the first piston in a first direction away from the end of the second piston,
and a second spring for biasing the second piston in a second direction opposite from

the first direction and away from the end of the first piston.

30. The regulator of claim 19 further comprising a body
surrounding the pistons and having an axis, wherein the pistons have a common axis

that is offset form the axis of the body.

31. A regulator for regulating outlet pressure of natural gas
contained in a tank, comprising:

a body having an axis;

a first piston disposed in the body, the first piston having an end and
a first bore through which the natural gas may pass;

a first spring for biasing the first piston in a first, axial direction, the
piston being movable against the bias when exposed to pressure in the tank;

a second piston disposed in the body, the second piston having an end
and a second bore through which the natural gas may pass; and

a second spring for biasing the second piston in a second direction
opposite from the first direction and away from the end of the first piston, the second
piston being movable against the bias when exposed to the outlet pressure;

the ends of the first and second pistons being separated by a first
distance to allow the natural gas to flow out of the tank, through the first bore and
then through the second bore, and the ends of the first and second pistons being
positioned closer together than the first distance to inhibit flow out of the tank when
the outlet pressure reaches a threshold;

wherein the pistons have a common axis parallel to and offset from

the axis of the body.

32.  The regulator of claim 31 wherein the second piston further
includes a radially extending passage in fluid communication with the second bore
and configured to divert the natural gas at an angle to a direction defined by the

second bore, wherein when the ends of the first and second pistons are separated by

-17-
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the first distance, the natural gas may flow through the second bore and then through

the radially extending passage.

33.  The regulator of claim 32 wherein the radially extending
passage is configured to divert the natural gas at an angle greater than ninety degrees

to the direction defined by the second bore.

34.  The regulator of claim 31 wherein the second piston further
includes an extension configured to be exposed to the natural gas passing through the

second bore such that the natural gas contributes a force tending to separate the ends

of the first and second pistons.

35.  The regulator of claim 31 further comprising a tower disposed
in the body and defining a chamber into which natural gas may pass from the first

piston.

36.  The regulator of claim 35 wherein the tower normally mates
with a surface of the body, the tower separating from the surface when the pressure

in the chamber exceeds a predetermined level.

37.  The regulator of claim 31 further comprising an adjustment
ring disposed around one piston and rotatable with respect to the body and the one
piston, the adjustment ring cooperating with the one piston to adjust the outlet
pressure, wherein rotation of the adjustment ring in one direction ncreases the outlet

pressure, and rotation of the adjustment ring in an opposite direction decreases the

outlet pressure.

38.  The regulator of claim 31 further comprising a tower disposed
in the body and normally mating with a surface of the body, the tower defining a
chamber into which natural gas from the tank may pass, the tower separating from

the surface when the pressure in the chamber exceeds a predetermined level.

18-
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39.  The regulator of claim 31 further comprising a vent passage

into which natural gas from the tank may flow, and a valve assembly including a ball
that is normally biased into the vent passage so as to inhibit flow through the vent

passage, the ball being movable against the bias when the pressure in a portion of

the vent passage exceeds a predetermined level.

40. A regulator for regulating outlet pressure of a fluid contained
in a tank, the regulator comprising:

a body having an outlet;

a first piston disposed in the body and having an end and a first bore
through which the fluid may pass, the first piston being movable in response to
pressure in the tank when exposed to the pressure in the tank; and

a second piston disposed in the body and having an end, a second bore
through which the fluid may pass, and a radially extending passage in fluid
communication with the second bore and the outlet for diverting the fluid at an angle
to a direction defined by the second bore, the second piston being movable toward
and away from the end of the first piston in response to the outlet pressure;

the ends of the first and second pistons being separated by a first
distance to allow the fluid to flow out of the tank, through the bores and then
through the radially extending passage, and the ends of the first and second pistons
being positioned closer together than the first distance to inhibit flow out of the tank

when the outlet pressure reaches a threshold.

41. The regulator of claim 40 wherein the radially extending
passage is configured to divert the fluid at an angle greater than ninety degrees to the

direction defined by the second bore.

_19-
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