1 VALVE ASSEMBLY CROSS- REFERENCE TO RELATED
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60/ 481, 495, filed on October 9, 2003, which is
i ncorporated by reference herejn. BACKGROUND OF THE
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achi eve opti num performance, valve shinmng is

r dguein.ed. | nconsi stent openi ng vol tages and control
range are often required (nornmally closed valves), and
a large nunber of orifice sizes are required to cover
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shortcom ngs associated with t rior.art. S RY OF
THE | NVERIPresent dis EEFrTGQFFéeSeW%}g’ ‘gsdﬁ’ééﬂ%“’&f’mf gvaives.

present disclosure, a valve assenbly includes an

orifice menber that defines a first surface. A &I,unger ..

i s novaore and more,Bowocontrel applicrizensnexeprst theacapabilities efeexisting

spring is situated between the orifice nenber and the
solenoid valve designs. These applications often involve pressure conditions that are
not well defined or vary during operation. For example, know solenoid valves may
exhibit excessive internal leak through. To achieve optimum performance, valve
shimming is required. Inconsistent opening voltages and control range are often

required (normally closed valves), and a large number of orifice sizes are required to

cover the product flow range.
The disclosed device addresses shortcomings associated with the prior art.

SUMMARY OF THE INVENTION
In accordance with aspects of the present disclosure, a valve assembly includes
an orifice member that defines a first surface. A plunger is movable relative to the
orifice member, and a guide spring is situated between the orifice member and the
plunger. A portion of the guide spring is attached to a first end of the plunger so that
the guide spring and the orifice define coplanar surfaces that seal against each other to
prevent fluid ﬂo§v between the valve inlet and outlet. A second guide spring, which

also may be a flat spring, is attached to the opposite end of the plunger.



plunger. A portion of the guide spring is attached to

a first end of the plunger so that the guide spring
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Figure Biguee 28 Eopows pectpaal ey Ulstraling Pgriie i valye shown in

a normal ly open valve in accordance with the teachings
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forms, specific enbodi nents thereof have been shown by
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10 Figure 4 is a sectional view taken along line IV-IV in Figure 3.

Figure 5 is a sectional view illustrating portions of a normally open valve in

accordance with the teachings of the present disclosure.

While the invention is susceptible to various modifications and alternative

forms, specific embodiments thereof have been shown by way of example in the

15 drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention,
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gogie&'ﬁc&ﬂﬁh ASwOOPEIRREBe %ﬁr@cﬁﬁé&ttﬁﬂhhech@td%del@ﬁ}ﬂent of any such

ness-rel ated constrai nts which w | vary from one

nt ation to_another
ag‘g eé’ﬂbé’(ﬂhr?% Qymerous gne[\)/lgrln Igtlgrtéoq{ Spe?i?’l V\%ec swkﬂg tmll%)st be made to
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the art having the benefit of this disclosure. Figure
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accordance with certain teachings of the present
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A val ve stem assenbly 114 includes a retaining block

portion 115 that surrounds the plunger 110 and orifice
12, andFigugnbisi asepbpnevigwed @ogians of aivalve 1P sl srgetdapce with certain

teachings of the present disclosure. The exemplary valve 100 illustrated is a normally
closed valve. The valve 100 includes a flow body 102 and a flow control portion 104.
The flow body 102 defines a fluid inlet 106 and a fluid outlet 108. The flow control
portion 104 includes a valve plunger 110 that is movable relative to an orifice member
112. A valve stem assembly 114 includes a retaining block portion 115 that surrounds
the plunger 110 and orifice 112, and magnetic pole piece 116 that is surrounded by a
coil 118 to actuate the valve 100 as desired. The plunger 110 and valve stem 114 are

made of a soft, magnetic material.

Figure 2 illustrates portions of the flow control portion 104 in greater detail.
The valve plunger 110 has a first, or lower, guide spring 130 attached thereto, such
that the guide spring 130 is situated between the plunger 110 and the orifice 112. The

plunger 110, and thus the first guide spring 130, is movable relative to the orifice 112



coil 118 to actuate the valve 100 as desired. The

pl unger 110 and val ve stem 114 are nmade of a soft,
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the flow control portion 104 in greater detail. The
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is situated between the plunger 110 and the orlflce
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112 (as shown in Figures 1 and 2) adjacent the first
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inco ri a3t
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(copl anar), the sealing area of the spring 130 and
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yi el ds several advantages. For exanple, two planar
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and orifice deformation when cycling the valve open and closed. This reduces particle

generation that accompanies metal deformation.

15 In certain embodiments, the first guide spring 130 is attached to the plunger
110 via two small spot welds. To reduce distortion of the lapped spring surface during
welding, two blind flat bottom openings 132 are etched into the spring 130. These
openings 132 are formed when the spring arms are being etched. The depth of the
openings 132 is varied depending on the thickness of the spring 130. This provides a

20 thinner section through which to weld, reducing the power required to perform the

weld and thus, reducing the heat-effected zone around the weld.

A second, or upper, guide spring 140 is attached to the top surface of the

plunger 110. In the illustrated embodiment, a flat spring 140 is welded to the top



In certain enbodi nents, the first guide spring 130 is
attached to the plunger 0 via two small spot welds. To
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t hrough which to weld, reducing the power required to
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zone around the weld. A second, or upper, guide spring
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straté dlrrent a flat spring 140 is
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the top surface of the second spring 140 contacts the
adjnamres thas e ploagerfl 10He spppostediradially] pssventingatadialy mpvement of the
frictionless support nenber. In the normally closed

vapbNRgerNaorvtich 11F1's Bbing pulledidilards thé fole 118 Aridg Operation of the valve
provi des a small downward force to the plunger 110 to
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118 during operation of the valve 100, The net result
i s springosemsiant belicpl campressisinespringtis apeddisvploger of theflak spring 140 to
that translates o into greater consistency in valve
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spring constant helical conpression spring is used in
pl ace of the flat spring 140 to
A nickel sealing washer 144 provides a leak tight seal between the orifice 112
and the flow body 102, as well as functioning to add the force that rigidly holds the
first spring 130 between the orifice 112 and retaining block 115. The advantage of the
nickel seal 144 is that it can deform non-uniformly around its circuamference and thus
accommodate any non-parallelism of the parts. In other embodiments, the sealing
washer 144 is made from materials other than nickel. For example, the washer 144 can
be made from fully annealed stainless steel for certain applications where the process
fluid is not compatible with nickel. A second nickel sealing washer 145 provides a leak
tight seal between the retaining block 115 and flow block 102. This seal 145 prevents
process fluid leakage to the outside environment. This seal 145 can be replaced with a

corrosion resistant elastomeric material for applications involving process fluids that

are not compatible with nickel.



provide a preload force to the plunger 110. A nickel
seal i ng washer 144 provides a |leak tight seal between
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corrosion resistant elastoneric material for

appB0 wathiadower spviog eonsgantr ocess fl ui ds that are not

conpati ble with nickel.6 The second gui de spring 140

has a | ow spring constant that adds a preload force to

t he pl umgepluh@er MMi0dn tieritiusiracdd énhtedihem geshoitlif langth teeause it does
varied to control the airgap between the plunger 110
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130 with a |l ower spring constant.

The internal components of the valve are clamped together when the retaining
block 115 is tightened flush with the body 102. No internal threads are thus required.
Internal threads are difficult to mechanically polish for ultra-clean products. They also

15 can generate particulate, moisture, and hydrocarbon contamination.

Figures 3 and 4 show an alternative configuration for the plunger 110 and

lower guide spring 130. The illustrated assembly uses a molded elastomeric insert 150

that is received in an opening 152 defined by the plunger 110. The insert 150 is held in

the opening 152 as the lower spring 130 is welded to the plunger 110. The excess

20 rubber that extends past the spring 130 is ground flush with the spring 130 to yield the

coplanar surface.



The plunger O in the illustrated enbodi nent is short
in length because it does not penetrate into the valve
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embodiments disclosed above may be altered or modified and all such variations are

considered within the scope and spirit of the invention.



The particul ar enbodi nents di scl osed above are
illustrative only, as the invention nmay be nodified
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benefit of the teachings herein. Jurthernore, no
limitations are intended to the details of

construction or design herein shown, other than as
described in the clainms bel gqaivsi S therefore evident
that the particul ar enbodi nents di scl osed above may be
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c ‘he scope and spirit of the
invention.- 8 - CLAIMS WHAT IS CLAIMED IS; . A valve
assenbly, cqnprising:.,an orifice nmenber defining a
first durf agevaﬁ‘f%segfbﬁ CeBPI®ber having an inl gt and
an outlet; a plunger that | s novable relative tg the .
ori 11 cen e member daiping d Figl et il STiceeEbe DEVIBE AR inlet and
the orifice nenber and the plunger and having a
portion attashetktt o a first end of the plunger, the
first guide spring defining a second surface, the
second aPirigacthatie mogaklerdlaivt e thgarified memerf i r st

surface to prevent fluid fl ow between the inlet and

the outyl s guitle sprify SRhit8 besBRtelorifite Mbmbénahd the)ideand having
the first spring is attached to the first end of the

pl unger by The. vals v L _
2, wherein ?hé&ﬁ{)? S %S(ri i\?lﬁga ggs]; ie%hes&atﬁéj%g%}?yﬁgtﬁé ﬂﬂ]wtaé e spring
defining a second surface, the second surface being sealable against the first

surface to prevent fluid flow between the inlet and the outlet.

2. The valve assembly of claim 1, wherein the first spring is attached to the

first end of the plunger by a spot weld.

3. The valve assembly of claim 2, wherein the first spring defines an opening

therein, wherein the first spring is welded to the plunger opposite the opening.

4. The valve assembly of claim 1, further comprising a second guide spring

attached to a second end of the plunger.

S. The valve assembly of claim 1, further comprising:
a valve body; and

a seal member situated between the orifice and the flow body.



therein, wherein the first spring is welded to the
pl unger opposite the opening. 4. The val ve assenbly of
w@bk@snose3s f urt her conprising a second gui de sprPETIYS2004/033180

attached to a second end of the plunger. 5. The valve

assenbl of claim1, further conpyising: a valve body;
RK0d%al nmenber situated between the orifice and the

fIOM/body.EBRKOSG - 9 - 6. The valve assenbly of claim

5, wherein the seal nmenber conprises a nickel washer.

7. The gval vahasi08tNs¥mBy of tigin3, Iwhekain tHeQealGRuNbel 8ommgrises a nickel

an el astoneric insert received an openi ng defi ned by

the plunger. 8. The valve assenbly of claim1, wherein

theval ve is normal Iy closed. 9. The val ve assenbly of

claim, wherein the valve is normally open. 10. The

val ve assenbly o @UW of msﬁ §! Rurtaf cSEBANAL G efiStomeric insert

sprl ng Corrprl ses a

received an opening defined by the plunger.
5 8. The valve assembly of claim 1, wherein the valve is normally closed.
9. The valve assembly of claim 1, wherein the valve is normally open.

10.  The valve assembly of claim 4, wherein the second guide spring comprises

a flat spring.
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