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(57) ABSTRACT 
A How through pressure regulator apparatus and method for 
directing a How of fuel and reducing valve seat Wear Within a 
fuel system. Present invention includes a loWer housing hav 
ing fuel inlet Where fuel ?oWs through the fuel inlet and 
communicates With a valve assembly and valve biasing mem 
ber. The valve assembly comprises a loWer and upper valve 
member Where the loWer valve element contains a plurality of 
fuel passages. The valve biasing member permits or inhibits 
fuel ?oW through the loWer valve member by opening and 
closing an upper valve member. The valve biasing member 
comprises a ?at disk having at least tWo reticulated concentric 
rings coupled by at least one bridge. The fuel ?oWs past an 
open upper valve member through the plurality of fuel pas 
sages that encircle the loWer valve member to the valve bias 
ing member. The valve biasing member then diffuses the How 
of fuel. A fuel cover directs the How of fuel from the valve 
biasing member to the fuel outlet. 



Patent Application Publication Dec. 17, 2009 Sheet 1 0f 6 US 2009/0308468 A9 



Patent Application Publication Dec. 17, 2009 Sheet 2 0f 6 US 2009/0308468 A9 

0 c o 
:2 g on 

FIG. 3 



Patent Application Publication Dec. 17, 2009 Sheet 3 0f 6 US 2009/0308468 A9 

120 140 130 

FIG. 4 



Patent Application Publication Dec. 17, 2009 Sheet 4 0f 6 US 2009/0308468 A9 

FIG. 5 



Patent Application Publication Dec. 17, 2009 Sheet 5 0f 6 US 2009/0308468 A9 

FIG. 6 

150 



Patent Application Publication Dec. 17, 2009 Sheet 6 0f 6 US 2009/0308468 A9 

.FIG'. 7 
PRESSURE. vs now CHARACTERISTIICS 'ron- PROTOTYPE un(x) ' 

40o ' 4 - ' ' ‘ 

‘PRESSURE (kPa) 
—urr-121 —nrr-12a —MFT-'129 .' 

(0.05s) (0.065) (0.407) 
0 ' 20 40 so ' so 1'00 120_ 

- REGULAR now (kg/hr.) ; ' ' 

FIG. 8 90 

FIG. 9 



US 2009/0308468 A9 

FUEL PRESSURE REGULATOR VALVE ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 10/997,654 (Attorney Docket No. 
2004Pl3 l SOUS), ?led 24 Nov. 2004, the entirety of Which is 
incorporated by reference. This application claims priority to, 
and incorporates by reference herein in its entirety, pending 
US. Provisional Patent Application Ser. No. 60/632,094 
(Attorney Docket No. 2004P20208US), ?led 1 Dec. 2004. 

FIELD OF INVENTION 

[0002] This invention relates to pressure control devices in 
general and more particularly, a pressure control device con 
taining a valve assembly that guides an upper valve member 
and includes a plurality of fuel passages for directing the How 
of fuel used in automotive fuel systems. 

BACKGROUND 

[0003] Most modern automotive fuel systems use fuel 
injectors to deliver fuel to the engine cylinders for combus 
tion. The fuel injectors are mounted on a fuel rail to Which fuel 
is supplied by a pump. The pressure at Which the fuel is 
supplied to the fuel rail must be metered to ensure the proper 
operation of the fuel injector. Metering is carried out using 
pressure regulators Which control the pressure of the fuel in 
the system at all engine r.p.m. levels. 

[0004] Pressure regulators knoWn in the art use a valve 
biasing member biased to a valve seat With a longitudinal ?oW 
passage. At loW fuel pressures, the valve seat is biased to a 
closed position to prevent the How of fuel through the pres 
sure regulator. As fuel pressure builds in the system, the 
pressure against the valve seat overcomes the biasing force of 
the valve biasing member, alloWing fuel to How through the 
valve seat, thereby controlling the fuel pressure in the system. 

[0005] While such pressure regulators have been proven 
satisfactory, they require a substantial number of parts. In an 
ongoing effort to reduce the material and manufacturing costs 
of fuel pressure regulators, there exists a need to develop a 
fuel pressure regulator that is small in siZe With feWer parts. 
There also exits a need to develop a valve assembly that 
prevents Wear of the valve seat due to erratic movement of the 
upper valve member. 

[0006] Thus, it is believed that there is a need to provide a 
pressure regulator to overcome the disadvantages of the 
knoWn pres sure regulator. 

SUMMARY OF INVENTION 

[0007] In accordance With one aspect of this invention, a 
How through pressure regulator comprising: a loWer housing 
having a fuel inlet Wherein a How of fuel through the fuel inlet 
communicates With a valve assembly; the valve assembly 
comprising a loWer valve member Wherein a plurality of fuel 
passages are circumferentially spaced around a top portion of 
the loWer valve member to direct the How of fuel; the valve 
assembly regulating the How of fuel from a fuel inlet through 
the loWer housing to a fuel outlet Wherein an upper valve 
member rests on a valve seat in a closed position to prohibit 
the How of fuel from the fuel inlet to the fuel outlet; a valve 
biasing member for biasing the upper valve member toWard 
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the fuel chamber in opposition to pressure exerted on the 
upper valve member by the fuel in the fuel chamber; and a fuel 
cover for directing the How of fuel from the valve biasing 
member to the fuel outlet. 

[0008] In accordance With another aspect of this invention, 
a valve assembly for a pressure regulator comprising: an 
upper valve member; a loWer valve member housing the 
upper valve member Wherein a plurality of fuel passages are 
disposed around the circumference of the an upper portion of 
the loWer valve member to direct the How of fuel received 
from a fuel inlet; and the upper valve member resting on a 
valve seat in a closed position to prohibit the How of fuel from 
the fuel inlet to a fuel outlet. 

[0009] In accordance With another aspect of this invention, 
a method for regulating fuel in a How through pressure regu 
lator, the method comprising: providing a loWer valve mem 
ber comprising a plurality of fuel passages to direct fuel from 
a fuel inlet to a fuel outlet; communicating the fuel ?oW With 
a valve biasing member after the fuel ?oWs through the loWer 
valve member; and providing an upper valve member to pro 
hibit the fuel How to the fuel outlet. 

[0010] It is therefore an object of the present invention to 
provide improved ?oW characteristics of a fuel pressure regu 
lator free of any additional parts. 

[0011] It is an object of the present invention to improve 
valve seat Wear by guiding the upper valve member as it is 
lifted off the seat. 

[0012] It is also an object of the present invention to reduce 
the materials and manufacturing costs of fuel pressure regu 
lators. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 illustrates a perspective vieW of the valve 
assembly With a plurality of fuel passages in the loWer valve 
member. 

[0014] FIG. 2 shoWs cross section vieW of the valve assem 
bly. 
[0015] FIG. 3 illustrates a cross sectional vieW of a How 
through regulator that includes a valve biasing member. 

[0016] FIG. 4 illustrates is a perspective vieW of the How 
through pres sure regulator that includes a valve biasing mem 
ber. 

[0017] FIG. 5 illustrates a top vieW of the valve biasing 
member. 

[0018] FIG. 6 illustrates a perspective vieW of a fuel cover 
for the How through pressure regulator. 

[0019] FIG. 7 is a graph illustrating the relationship 
betWeen pressure, measured in kilopascals, and How rate, 
measured in kilograms per hour. 

[0020] FIG. 8 illustrates a top vieW of an alternative 3 point 
of contact embodiment of the valve biasing member. 

[0021] FIG. 9 illustrates a top vieW of an alternative spiral 
embodiment of the valve biasing element. 

DETAILED DESCRIPTION 

[0022] FIGS. 1 and 2 illustrate a valve assembly 5 accord 
ing to the present invention comprising a loWer valve member 
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30 and an upper valve member 80. The lower valve member 
30 includes a fuel chamber 40 Which is generally cylindrical 
in shape and contains a plurality of spaced fuel passages 45 
surrounding the top portion of the loWer valve member 30. 
The plurality of fuel passages 45 Will control and direct fuel as 
it passes valve seat 70. By changing the depth, Width and 
angle of a side Wall of the plurality of fuel passages 45, 
pressure may be regulated and con?gured to alloW a constant 
pressure How. Others skilled in the art may be able to change 
the performance of the valve assembly 5 by controlling the 
above mentioned parameters. 

[0023] In the preferred embodiment, the plurality of fuel 
passages 45 are u-shaped, hoWever, others skilled in the art 
may select alternate shapes including oval, rectangular, V, 
round or slot form. It is preferred to have the number of the 
plurality of fuel passages 45 greater than or equal to 6. It is 
also preferred to have the plurality of fuel passages 45 tapered 
top doWn such that the Width on the top is greater than the 
Width on the bottom. 

[0024] LoWer valve member 30 also partially houses the 
upper valve member 80 and guides upper valve member 80 
When being lifted off the valve seat 70 to prevent lateral or 
erratic movement of the upper valve member 80. This Will 
lessen the Wear of valve seat 70. 

[0025] FIGS. 3 and 4 illustrate a valve assembly 5 Working 
in a How through pressure regulator 10. FloW through pres 
sure regulator 10 includes a loWer housing 20 that contains 
the loWer valve member 30. 

[0026] Fuel chamber 40 channels the fuel into the pressure 
regulator 10 from the fuel pump (not shoWn). Fuel Will ?rst 
pass through a fuel ?lter 50 into fuel chamber 40. Fuel ?lter 
50, generally circular in shape, it is disposed around loWer 
portion of loWer valve member 30 and adjacent to an o-ring 
60. O-ring 60 is positioned beloW the loWer housing 20 to seal 
and prevent any fuel leakages into other components in the 
system. O-ring 60 is made of an elastomeric material and is 
generally circular in shape. Others skilled in the art may select 
not to use an o-ring 60. 

[0027] Referring to FIGS. 2 and 5, valve assembly 5 also 
includes a valve seat 70 Which cooperates With upper valve 
member 80 that is movably disposed betWeen a closed and 
open position. In the closed position, the upper valve member 
80 contacts and seals against the seating surface of the valve 
seat 70 and prevents fuel ?oW through the valve seat 70. The 
upper valve member 80 is biased into the closed position by 
valve biasing member 90. Valve biasing member 90 is held in 
place by loWer housing 20 Which crimps over the outer edge 
of valve biasing member 90. Others skilled in the art may 
choose to af?x the valve biasing member 90 to loWer housing 
20 With a Weld or clip. Pressurized fuel ?oWs through and 
accumulates in fuel chamber 40 until the pressurized fuel 
contacts the bottom surface of the upper valve member 80. 
The pressurized fuel Will then push upper valve member 80 
off of valve seat 70 into an open position. The fuel ?oWs 
through the valve seat 70 and then ?oWs out the plurality of 
fuel passages 45 Which control and direct fuel as it exits the 
loWer valve member 30. Once the upper valve member 80 lifts 
off the seat, the loWer valve member 30 guides upper valve 
member 80 preventing lateral and erratic movement of upper 
valve member 80 Which Will Wear valve seat 70. This Will also 
prevent the fuel from hugging the upper valve member 80. In 
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manufacturing the valve seat 70, the sealing surface is coined 
to assure smooth sealing betWeen the upper valve member 80 
and the valve seat 70. 

[0028] Once the pressurized fuel is released, the upper 
valve member 80 is then biased back into the closed position 
by the valve biasing member 90. Valve biasing member 90 
functions to hold the upper valve member 70 of the How 
through pressure regulator 10 in a closed position at a prede 
termined amount of pressure that is related to the pressure 
desired by the How through pressure regulator 10 speci?ca 
tion. 

[0029] In the preferred embodiment, the upper valve mem 
ber 80 is shaped as a sphere and maintains a free ?oating 
design. The upper valve member 80 is not retained by other 
components of the How through pressure regulator 10 and 
therefore does not share a permanent contact With the valve 
biasing member 90. The upper valve member 80 is free to 
move both axially and radially When displaced from the valve 
seat 70. Valve biasing member 90 is positioned on the upper 
surface of the upper valve member 80 to assist With move 
ment of the upper valve member 80 in an axial direction aWay 
from the valve seat 70. When the pressure of the inlet fuel is 
greater than the force exerted by the valve biasing member 90, 
the fuel pushes the upper valve member 80 in an axial upWard 
direction and the upper valve member 80 leaves the valve seat 
70. Fuel ?oWs through the How through pressure regulator 10 
until the pressure of the valve biasing member 90 is strong 
enough to return the upper valve member 80 to the valve seat 
70 thus closing the opening in the valve seat 70. A upper valve 
member 80 suitable but not required is a model used in 
MICRA FTR model sold by Siemens VDO Automotive Cor 
poration. Others skilled in the art may Wish to select different 
shapes for the upper valve member 80 including a truncated 
sphere or cone. Others skilled in the art may also choose to 
Weld the upper valve member 80 to the valve biasing member 

[0030] Referring to FIG. 4, the geometry of the valve bias 
ing member 90 provides the force to close the upper valve 
member 80 and seal the opening of the valve seat 70. Valve 
biasing member 90 also provides the spring rate necessary to 
regulate the fuel pressure in the system. The geometry of 
valve biasing member 90 consists of at least tWo co-axial 
concentric rings 100 and 110 adhered together by at least one 
bridge 120. The preferred shape of the valve biasing member 
is annular, hoWever, others skilled in the art may select other 
shapes including oval. From this geometry, balanced slot 
openings 130 are formed. In the preferred embodiment, the 
balanced slot openings 130 are arc shaped. Others skilled in 
the art may select a balanced slot opening 130 to be shaped as 
a circle, tubular, triangular or angled. Each concentric ring 
110 has a beam length used to calculate the spring rate under 
Hookes laW. The effective beam length is de?ned as the total 
length of the valve biasing member 90. The effect of changing 
the length of the beams, With all other factors remaining 
constant, Will result in changes to performance criteria. At the 
same time, by decreasing the open area of balanced slot 
openings 130 Where the ratio of surface area to open area is 
increased, the ?uid ?oWing though the valve biasing element 
meets more resistance. Therefore, by increasing the effective 
beam length of the valve biasing member 90 and decreasing 
the open area of inner balanced slot opening 130, to a length 
greater than the radius of its largest ring, the spring rate 
decreases making the valve biasing member 90 less stiff. The 
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bridge 120 connects ?rst ring 100 With its adjacent neighbor 
ring 110 in a reticulated network fashion. Bridge 120 
increases the effective length of the beams of valve biasing 
member 90 Which achieves desirable spring rates for the ?oW 
through pressure regulator 10. 

[0031] The valve biasing member 90 applies a balanced 
force to the upper valve member 80 that alloWs the upper 
valve member 80 to lift straight in an upright manner Without 
any bias. The balanced openings 130 serve as a homogenous 
diffuser to direct the ?oW of fuel from the opening of the valve 
seat 70 to various directions. The balanced openings 130 
disperse the fuel ?oW With improved ?oW characteristics and 
less noise. 

[0032] Referring to FIGS. 3 and 5 the center aperture 140 of 
the valve biasing member 90 preferably centers on the loWer 
housing 20 and on the central axis of valve seat 70. In the 
preferred embodiment, the center aperture 140 provides a 
three-point contact With the upper valve member 80. Others 
skilled in the art may contact the valve biasing member 90 
With the upper valve member 80 With less than or more than 
three reference points. This feature centers the upper valve 
member 80 and achieves loW ?oW linearity of the ?oW 
through pressure regulator 10 resulting in regulation at a loW 
?oW at the right pressure. There is no upper valve member to 
valve seat alignment problem With present invention and 
therefore, a ?oating upper valve member 80 design Which 
typically requires an additional part and that is in common in 
other regulator designs is not required. Others skilled in the 
art may alloW the upper valve member 80 to ?oat in a radial 
direction by reducing the diameter of or eliminating entirely 
the center aperture 140 of the valve biasing member 90. 

[0033] Referring to FIGS. 3 and 6, ?oW through pressure 
regulator 10 also includes a fuel cover 150. The fuel cover 150 
is made of a plastic molded material and generally houses the 
?oW through pressure regulator 10. Fuel cover 150 includes 
fuel passageWay 160 for directing and turning the ?oW of fuel 
from the valve biasing member 90 to fuel outlet 170. The fuel 
outlet 170 is generally circular in shape and located on the 
outer edge of cover 150. Fuel cover 150 also includes at least 
one snap mechanism 180 alloWing ease When being a?ixed to 
the ?oW through pressure regulator 10. The snap mechanism 
180 may be directly molded into the fuel cover 150 as an 
integral clip. This eliminates the need for separate clip attach 
ments. In the preferred embodiment, the snap mechanism 180 
is a tab acting as a clip to hold the ?oW through pressure 
regulator 10 in place. One skilled in the art may choose not to 
a?ix fuel cover 150 to the ?oW through pressure regulator 10 
and use ?oW through regulator 10 free of fuel cover 150. Fuel 
cover 150 also acts to keep the valve biasing member 90 
submerged in fuel at all times during fuel ?oW Which 
enhances durability of the valve biasing member 90 as Well as 
dampen any vibrating noise of the valve biasing member 90. 
After exiting valve biasing member 90, the fuel builds in the 
cover chamber 190 above the valve biasing member 90 and 
climbs over internal Wall 200 and then ?oWs to fuel outlet 170. 
By this process, the ?oW of fuel exits in an organiZed ?oW and 
does not discharge in various directions. Similarly, submer 
gence of the valve biasing member 90 in the fuel ensures that 
the fuel is located on both the top portion and the bottom 
portion of the valve biasing member 90. Submergence of the 
valve biasing member 90 in fuel also ensures that the fuel is 
not aerated Which consequently lessens noise in the ?oW 
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through pressure regulator 10. Lastly, the fuel cover 150 
protects the valve biasing member 90 during shipping and 
handling. 
[0034] The graph in FIG. 7 illustrates that as ?oW rate 
increases pressure remains constant in the present invention 
With valve assembly 5. FIG. 7 shoWs pressure measured on 
the y axis in comparison to ?oW rate measured on the x axis 
With their slope being of primary interest. Ideally the slope of 
the line on the graph Would be Zero Where there is a constant 
horiZontal pressure line at every ?oW rate. Practically, as 
shoWn With the graph the pressure versus ?oW characteristics 
do resemble a slope of close to Zero. 

[0035] FIGS. 8 and 9 illustrate alternative embodiments of 
the valve biasing member 90. In these embodiments, all the 
various elements of the ?oW through pres sure regulator 1 0 are 
identical With exception to the valve biasing member 90. In 
FIG. 8, the geometry of valve biasing member 90 is a ?at disk 
including at least a three point of contact aperture 140 With no 
concentric ring geometry. In FIG. 9, the geometry of valve 
biasing member 90 is a ?at disk With a spiral shape having 
center aperture 140. 

[0036] While the present invention has been disclosed With 
reference to certain embodiments, numerous modi?cations, 
alterations, and changes to the described embodiments are 
possible Without departing from the sphere and scope of the 
present invention. Accordingly, it is intended that the present 
invention not be limited to the described embodiments and 
equivalents thereof. 

1. A ?oW through pressure regulator comprising: 

a loWer housing having a fuel inlet Wherein a ?oW of fuel 
through the fuel inlet communicates With a valve assem 
bly; 

the valve assembly comprising a loWer valve member 
Wherein a plurality of fuel passages are circumferen 
tially spaced around a top portion of the loWer valve 
member to direct the ?oW of fuel; 

the valve assembly regulating the ?oW of fuel from a fuel 
inlet through the loWer housing to a fuel outlet Wherein 
an upper valve member rests on a valve seat in a closed 

position to prohibit the ?oW of fuel from the fuel inlet to 
the fuel outlet; 

a valve biasing member for biasing the upper valve mem 
ber toWard the fuel chamber in opposition to pressure 
exerted on the upper valve member by the fuel in the fuel 
chamber; and 

a fuel cover for directing the ?oW of fuel from the valve 
biasing member to the fuel outlet. 

2. The pressure regulator of claim 1, Wherein upper valve 
member displaces axially off the valve seat. 

3. The pressure regular of claim 1, Wherein upper valve 
member is a sphere and a truncated sphere. 

4. The pressure regulator of claim 1, Wherein the upper 
valve member is a free ?oating design. 

5. The pressure regulator of claim 1, Wherein valve seat is 
coined through a manufacturing process for smooth sealing. 

6. The pressure regulator of claim 1, Wherein the valve 
biasing member is a ?at spiral shaped disk having a center 
aperture; a ?at disk having a generally y-shaped center aper 
ture; and a ?at disk comprising at least tWo reticulated con 
centric rings coupled by at least one bridge. 
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7. The valve biasing member of claim 6, wherein the at 
least tWo reticulated concentric rings of different diameter 
coupled by at least one bridge homogeneously diffuses the 
How of fuel into different directions. 

8. The valve biasing member of claim 6, Wherein the bridge 
increases an effective beam length of the valve biasing mem 
ber to a length greater than a radius of a largest reticulated 
concentric ring. 

9. The pressure regulator of claim 1, Wherein the valve 
biasing member is af?xed to the loWer housing by crimp, 
Weld, or clip. 

10. The pressure regulator of claim 1, Wherein the loWer 
valve member houses the upper valve member. 

11. The pressure regulator of claim 1, Wherein the loWer 
valve member guides the upper valve member as the upper 
valve element lifts off the valve seat into an open position. 

12. The loWer valve member of claim 1, Wherein the plu 
rality of fuel passages are shaped in a circle, u, V, rectangle or 
slot form. 

13. The loWer valve member of claim 1, Wherein the plu 
rality of fuel passages equal at least 6 or greater. 

14. The loWer valve element of claim 1, Wherein the plu 
rality of fuel passages taper top doWn. 

15. The pressure regulator of claim 1, Wherein the fuel 
outlet is disposed on the fuel cover. 

16. The fuel cover of claim 15, further comprising an 
integral passageWay directing How of fuel from the valve 
biasing member to the fuel outlet. 

17. The fuel cover of claim 15, further comprising an 
internal Wall. 

18. The fuel cover of claim 15, further comprises at least 
one snap mechanism for af?xation to the How through pres 
sure regulator. 

19. A valve assembly for a pressure regulator comprising: 

an upper valve member; 

a loWer valve member housing the upper valve member 
Wherein a plurality of fuel passages are disposed around 
the circumference of the an upper portion of the loWer 
valve member to direct the How of fuel received from a 
fuel inlet; and 

the upper valve member resting on a valve seat in a closed 
position to prohibit the How of fuel from the fuel inlet to 
a fuel outlet. 

20. The valve assembly of claim 19, Wherein upper valve 
member displaces axially off the valve seat. 

21. The valve assembly of claim 19, Wherein upper valve 
member is a sphere and a truncated sphere. 
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22. The valve assembly of claim 19, Wherein the upper 
valve member is a free ?oating design. 

23. The valve assembly of claim 19, Wherein valve seat is 
coined through a manufacturing process for smooth sealing. 

24. The valve assembly of claim 19, Wherein the loWer 
valve member houses the upper valve member. 

25. The valve assembly of claim 19, Wherein the loWer 
valve member guides the upper valve member as it lifts off the 
valve seat into an open position. 

26. The valve assembly of claim 19, Wherein the plurality 
of fuel passages are shaped in a circle, u, V, rectangle or slot 
form. 

27. The valve assembly of claim 19, Wherein the plurality 
of fuel passages equal 6 or greater. 

28. The valve assembly of claim 19, Wherein the plurality 
of fuel passages taper top doWn. 

29. A method for regulating fuel in a How through pressure 
regulator, the method comprising: 

providing a loWer valve member comprising a plurality of 
fuel passages to direct fuel from a fuel inlet to a fuel 

outlet; 
communicating the fuel ?oW With a valve biasing member 

after the fuel ?oWs through the loWer valve member; and 

providing an upper valve member to prohibit the fuel How 
to the fuel outlet. 

30. The method of claim 29, Wherein the valve biasing 
member comprises at least tWo concentric rings coupled by at 
least one bridge Wherein a plurality of apertures are formed 
that homogeneously diffuse a How of fuel from the valve 
biasing member to the fuel outlet. 

31. The method of claim 29, Wherein the bridge increases 
an effective beam length of the valve biasing member to a 
length greater than a radius of a largest reticulated concentric 
ring. 

32. The method of claim 29, Wherein the valve biasing 
member is submerged in fuel at all times. 

33. The method of claim 29, Wherein the plurality of fuel 
passages equals 6 or greater. 

34. The method of claim 29, Wherein the plurality of fuel 
passages taper top doWn. 

35. The method of claim 29, Wherein the fuel outlet is 
disposed on a fuel cover. 

36. The method of claim 29, Wherein the fuel cover directs 
the fuel ?oW from the valve biasing member to the fuel outlet 
in an organiZed ?oW. 


