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(57) Abstract

Fluid-flow control apparatus and method by which
magnetically-positionable elements (23) within a rigid.
body (9) can be externally manipulated using controlling
source of magnetic flux (39). The relative attractive forces
which bias internal magnetic elements (29, 31) into nor-
mally-closed sealing engagement are substantially altered
by repositioning the magnetic elements in response to the
controlling magnet flux (39). Complete sealing or isola-
tion against back flow through the valve under conditions
of net positive outlet pressure is inhibited by the internal
double-acting sealing elements (23, 24) which respond in
unified manner to the controlling magnetic flux (39).
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FLUID-FLOW ISOLATION AND CONTROL

APPARATUS AND METHOD

Cross-Reference to Related Application

This application is a contimuation-in-part application
of pending application Serial No. 675,825 filed November
28, 1984, entitled FLUID-FLOW CONTROL VALVE AND METHOD,
which is a continuation-in-part application of application
Serial No. 398,845 filed July 16, 1982, and entitled FLOW
LIMIT VALVE.

Background of the Invention

Fluid under pressure is commonly controlled by means
of & valve that includes a valve seat and 2 mating element
that can be controllably positioned relative to the valve
seat. However, the position of the mating element relative
to the valve seat within the valve is typically controlled
from cutside the valve with tge aid of sliding or rotating
seals surrounding some portion of the movable element that
protrudes through the valve. ‘

Valves for controlling toxic fluids gnder pressure
are known to obviate sliding or rorating’'seals by relying
upon magnetic fields externally applied to control the
operation of internal valve parts. Magnetically-actuated
valves of various types are disclosed in the literature
(see, for example, U.S. Patents 3,783,887; &,331,171;
4;382;449; 4;114,852; 1,132,570; 3,877,478 3,774,878;
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3,212,751; 4,506,70L; &4,350,182; 4,349,042; 4,018,419

cited in the aforementioned relzted application).

Summary of the Invention

In accordance with the preferred embodiments ‘of
the present'invention, single-acting and double-acting
valve elements may be magnetically controlled from a
location that is externmal to the valve body to provide
fluid flow control and fluid system isolation without the
potential hazard of sliding or rotating seals between the
fluid system and the environment. The valving apparatus
and method according to the present invention thus permit
convenient control of fluids under pressure simply by
manipulating the strength and orientation of an external
magnetic field applied to internmal magnetically-responsi#é
valve elements. Single-acting valve operation according
to one embodiment of the present invention may serve as a
pressure-enhanced, normally-closed valve that can be
magneticaliy activated to pass,fluid in the downstream
direction from the fluid supply. A double-acting valve
according to another embodiment of the present invention
may serve as a pressure-enhanced isolation valve which
prevents fluid flow in both directions, for example, under
conditions of excess back pressure, until magnetically

activated by an external, controlling magnetic field.
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Description of the Drawings

Figure 1 is a pictorial sectionmal view of a generally
cylindrically-shaped valve according to one embodiment of the
present invention, operating im normally closed cendition;

Figure 2 is a pictorial sectional view of the embodiment
of Figure 1 shown operating in the actuated or open mode to
pass fluid under pressure;

Figure 3 is a pictorial sectional view of another
embodiment of the present invention similar to the embodiment
of Figure 1 whieh provides seals against bidirectional fluid
flow in normally closed operationm;

Figure &4 is a pictorial sectional view of the embodiment
of Flgure 3 shown operating in the actuated or open mode to
paés fluid under pressure; and

Figures 5a and 5b are pictorial sectional views of an
embodiment of the valve of Figure 3 in which the. walls of
the aperture are tapered to establish different limits of
fluid pressure against which the valve may be opened,

Desceription of the Preferred Embodiment

Referring now to Figure 1, there is shown a cross-
sectional view of a generally cylindrical valve in metal
body 9 that includes integral fluid ports 1l and 13. Alter-
natively, the fluid ports 1l and 13 may be welded to body 9
using electron-begm welding techniques, or the like, to
eliminate threads, flanges and other discontinuities and the

agsociated probabilities for leaks. Each of the fluid ports

11 and 13 is coupled to an internal chamnel 15, 17, respectively,




10

15

20

25

WO 87/04745 ' PCT/US87/00214

4

which are coupled to each othex through aperture 19. Fluid
flow through the valve is controlled by the spacing or engage-
ment between the sealing surface 21 surrounding aperture 19
and an elastomeric valve seal 23 that is carried on movable
element 25. The element 25 is generally cylindrical and is
mounted for sliding movement within the fluid channel 15 in
a direction that carries the valve seal 23 into or away from
sealing engagement with the sealing surface 21 of the aperture
19. The element 25 includes a sealed internal, elongated
cylinérical chamber 27 which contains a generally cylindrically-
shaped magnet 29 that is free to slide from one end to the
other within chamber 27.

Another magnet 31 may be encapsulated within the end cap
33 that is disposed in the fluid chamnel 17. The magnet 31 is
positioned near the aperture 19 in close proximity and in attrac-
tion orientation to the magnet 29, The end cap 33 may be sealed
to the lower end of body 9 and an end plate 35 may be sealed to
upper end of body 9 using electron-beam welding techniques, or
the like, to avoid joints that may leak. Thus, the valve body 9
and associated elements 11, 13, 33 and 35 may all be formed of
stainless steel, aluminum, plastic, or other suitable non-magnetic
material that may also be beam welded or otherwise sealed against leaks.

The valve embodiment illustrated in Figure 1 operates
in normally-closed mode dﬁe to the magnetic attraction :
between magnetics 29 and 31 that carries the elaétombrig
seal 23 or element 25 into sealing engagement with the

sealing surface 21 of body 9 that surrounds the aperture 19.
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The seal 23 may be formed as a wafer of perfluoroelastomer

(available commercially as Kalrez, from Du Ponc Co.), or
other suitable chemically inert material, and may be molded
or encapsulated on the end of element 25 by cold-rolling

a flange 37 inwardly upon the wafer 23, as shown. With
fluid applied under pressure to channel 15 via fluid pert
11, the fluid seal formed by and between seal 23 and surface
21 is enhapced by the pressure differential between channels
15 and 17 acting on the cross sectional area of aperture 19,
This pressure-enhanced sealing force and the magnetic-
attractive sealing force must be overcome in order to open
the valve to permit fluid flow therethrough.

Referring now to Figure 2, there is shown the valve
embodiment of Figure 1 operating in the open position under
control of an external magnetic actuator 39. This magnet
39 provides the controlling magnetic flux and is encapsulated
within a manually-depressable push button 41. The push
button 41 ié captivated on the outside of valve body 9 by
the eylindrical guide 43 and is spring-biased 45 to the
distal or inactive position illustrated in Figure 1. Magnet
39 is shown as being generally larger than the magnet 29,
but it should be undezstood that the magnetic flux from
magnet 39 should be sufficient to artract magnet 29 away
from its lower position within chamber 27 in close proximity
to magnet 31 (thus sealing the aperture 19) to its upper
position within chamber 27 in close prokimity to magnet 39.

In this upper position, the element 25 with seal 23 is moved
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upwardly and away from sealing surface 21 to open the
aperture 19 for fluid flow therethrough. Also, with

magnet 29 in this upper position, its attraction to

magnet 31 is substantially reduced so that magnet 39 main-
tains control over valve operation for as long as it is
positioned close to end plate 35, The push button 41

that carries magnet 39 may be 'latched' in this control
position by the inward flange 47 of the guide 43 engaged
with shoulder 49 near the top of the button 41, Of course,
it should be understood that means other than magnet 39

in push button 41 may be used to control the valve. For
example, an electromagnet may be attached to the valve

body in known manner to selectively establish the requisite
attractive magnetic field under electrical control. Similarly,
an air-operated plunger may be attached to the valve body

9 and to the magnet 39 in known manner to selectively position
the magnet 39 close to end plate 35 under pneumatic control.
Thus; fluid flow through this embodiment of the valve of the
present invention is comtrolled externally by magnetically
attracting the relatively-movable sealing elements into
sealing engagement, and by repositioning a movable magnet
carried by a sealing element away from its one position of

sealing engagement (by its closely-spaced attraction to a

biasing magnet) to another position that is closely adjacent

an attractive, controlling magnet and that is substantially
spaced from the biasing magnet.

In certain fluid-flow controlling applications of the
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present invention, it is important to ensure that back

pressure on the outlet side of the valve cannot overcome

the magnetically-enhanced, pressure-enhanced seal and

“force fluid back through the valve., In such applications,

it is advantageous to seal both inlet and outlet sides

of the valve aperture 19 according to another embodiment

of the present invention, as illustrated in Figure 3. In
that figure, the elements which are similar to elements
illustrated in Figure 1 beax the same legends. It should

be noted that, in the illustrated embodiment of Figure 3,

e magnet 32 (for attracting the magnet 29 carried in element
25 into sealing engagement) is itself encapsulated in a
movable sealing element 34 which includes an elastomeric -
seal 24. Thus, with the magnets 29 and 32 disposed in
attractive orientation and carried by their respective
sealing elements 25 and 34, the aperture 19 sealed from
both sides by seal 23 engaging the surrounding upper surface
21 and by seal 24 engaging the surrounding lower surface 22,
These magnetically-enhanced seals are enhanced further by
net fluid pressure in chamnel 15 (which enhances seal 21,
23) or by net fluid pressure in channel 17 (which enhances
seal 22, 24), thereby assuring complete isolation between
the fluid ports and channels that couple to aperture 19.
Another magnet 38 (shown smaller to depict a source of
relatively lower-level magnetic flux) is encapsulated within

the end cap 36 in attractive orientation to magnet 32, and

the end cap 36 is beam welded to body 9, as discussed previously,
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to eliminate joints and the possibilicy of leaks. The
magnet 38 of lower-level flux is thus incapable of
évercoming the attractive sorce between magnets 29 and 32
that bias the seals closed, and the valve operates normally
closed, as described above.

Referring now to Figure &4, there is shovn the valve
embodiment of Figure 3 actuated to open the aperture 19
according to the present invention. Specifically, the
magnet attraction between magnets 29 and 39 (when magnat
39 is repositiomed, upon actuation of button 41, into
close proximity with the end plate 35), repositions the
magnet 29 to the upper position within chamber 27 and carries
element 25 and seal 21 away from engagement with sealing
surface 21. This repositioning of magnet 29 away from
magnet 32 substantially reduces the attractive force there-
between, and magnet 32 is attracted with greater net force
toward magnet 38. Element 34 which carries the magnet 32
and seal 24 is thus slidably repoéitioned away from sealing
engagement between seal 24 and surface 22, and in close
proximity to magnet 38.

The valve continues to operate in the open mode, as
illustrated, under the control of megnetic flux from magnet'
39, Once magnet 39 is repositioned remotely from end plate
35 (or the magnetic flux of an equivalent electromagnet
is decreased), the net attractive force between magnets 29
and 32 is again restored, the magnet 29 is repositioned

within chamber 27 closely adjacent the aperture, and the
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respective elements 25, 34 and seals 23, 24 are repositioned

against both sealing surfaces 21, 22 of aperture 13. The
attractive forece between magnets 38 and 32 is reduced and
is overcome by the attractive force between magnets 29

and 32 to restore the valve to normally-closed operation,
as illustrated in Figure 3. Thus, fluid flow through this
embodiment of the valve of the present invention is further
controlled by repositioning movable, attractive magnets
carried by movable ‘sealing elements disposed on each side
of an aperture away from their respective positioms of
sealing engagement with the aperture, to other positions
of their respective sealing elements away from sealing
engagements with the aperture and closely proximate other
reépective attracting magnets.

It should be noted that the valve of the present
invention assures a margin of safety against opening under
conditions of overpressurization of the fluid supply. The
pressure-enhanced seal against fluid flow, as previously
described, and the limited magnetic force that is available
internally to actuate the elements 25 and 34 establish e
maximum pressure above which the valve cannct be opened. This
is particularly important if the valve is placed in a system
upstream of a glass or quartz vessel (as'is common in semi-
conductor manufacturing systems) which may rupture or be
damaged by excessive fluid pressure. Thus, in contrast to
conventional valves which may be forced open under manual

control, or by sufficient air pressure or electromagnetic
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force applied to the valve, operation of the present valve
in overpressure supply conditions remains immune to
externally-applied forces that might be imprudently applied
to force it open. Pushing down harder upon the button 49
does not apply more force to open the valve than can be

provided by the magnetic attraction of magnets 29 and 39.

- The force available from these magnets can thus only

overcome a certain limited supply of fluid pressure acting
upon the effective area of the aperture. For 2 larger
aperture and the same magnets 29 and 39, only a lower level
of supply pressure can be o;ercome to open the valve,

Referring, therefore, to Figures 5a and 5b, there is shown

- & sectional view of another embodiment of the valve of

Figures 3 and 4 in which the walls of the aperture 19 are
tapered so that the valve-seat surfaces 21 and 22 provide
different areas ovaf which the inlet pressure and outlet
pressure, or .back pressure, operate. In accordance with
this feature of the present invention, the valve may be
designed to open on the inlet side against a relatively
high supply pressure while the outlet side may on}y be

opened against the outlet or back pressure of lower level.

Therefore, the fluid flow isolation and control apparatus

and method according to the present inventiom provides

reliable normally closed operation which can be controlled

externally by magnetic means without need for sliding seals

or bellows between internal fluid chamnels and the environ-

ment. In addition, therintegrity against back flow through
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the valve can be preserved according to the present

invention by providing double-acting sealing elements
on both sides of an aperture under the unified control

of a single source of magnetic flux.
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Claims

What is claimed is:

1. Apparatus for controlling the flow of fluid under
pressure, comprising:

a body having a first fluid channel therein and a
second fluid channel therein and having an aperture
therein between the first and second fluid channels;

an element mounted within the first fluid channel -
for selective movement into and away from engagement with
the aperture for .selectively forming a fluid-tight-seal
therewith, said element including an elongated ch;dber-
therewithin substantially aligned with the direction of
.movement of the element;

a first magnet slidably disposed within said chamber
for movement between a first position adjacent the aperture
and a second position remote from saild aperture;

a second magnet positioned within the second fluid
channel to magnetically urge the first magnet into said.
position and to urge the element into engagement with said
aperture; and

magnet means disposed external to the first.;nd second
f£luid chanmels for selectively magnetically actuating said
first magnet to slide within said chamber to said second

position and urge the element away from engagement with

" sald aperture.
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2. Apparatus as in claim 1l wherein said magnet
means includes a third magnet disposed extermal to said
first and second channels to be positioned selectively

adjacent said element and remotely from said element and

. attractively oriented relative to said first magnet, said

third magnet having magnetic flux strength to attract said
first magnet into said second position and said element
avay from sealing engagement with said aperture when said

third magnet is positioned adjacent said element.

3. Apparatus as in claim 1 wherein:

said second magnet is carried by an auxiliary element
having sealing means thereon and which is disposed withinm
said second fluid channel for selective movement into and
away from sealing engagement with said aperture for
selectively forming a fluid-tight seal therewith, said
second magnet and auxiliary element being resiliently
urged away f{rom sealing engagement with the aperturé, and
said second magnét and said first magnet in said first
pasition having sufficient magnetically attractive force
to retain each of said element and said auxiliary element

in fluid-tight sealing engagement with said aperture.
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4, Apparatus as in claim 3 comprising:

a fourth magnet disposed near the second magnet for
magnetiéally urging the second mégnet and the auxiliary |
element carrying the second magnet in a direction away -
from engagement of the auxiliary element with said aperture,
said fourth magnet having sufficient magnetically attractive
forece to urge the auxiliary element and the second magnet
carried thereby away from sealing engagement of the
auxiliary element with the aperture while said first magnet
is in said second position, and insufficient magnetically
attractive force to overcome the attractive force between
the first and second magnets with said first magnet in saild

first position.

S. The method of controlling .fluid flow through
'relatively movable sealing elements between first and
second fluid channels within a rigid bedy, the method
comprising: .

movabiy poéitioning one of the sealing elemencé
relative to another of the sealing elements within the
body for salectively establishing sealing engagement there-
between;

establishing a source of magnetic field selectively
positionable on said one sealing element at locatioms which
are spaced in a direction subscantiaiiy aligned with movement

of the one sealing element;

t
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positioning an auxiliary source of magnetic field

) relative to the sealing elements for interacting with the
- source of magnetic field dispesed in one position proximate
tha auxiliary source to urge the sealing elements into
5 sealing engagement; and
applying a magnetic field with strength and orientation
for positioning the source of magnetic¢ field distally from
said auxiliary source to reduce the interaction therewith
and urge che sealing elements away from sealing engsgement,
10
6. The method according to claim 5 wherein in the
step. of positioning an auxiliary source includes slidably
mounting the auxiliary source with auxiliary sealing meauns
therewith for selective sealiné engagement with the
15 aperture, and includes resilientlv urging the auxiliary
source with auxiliary sealing means away from sealing
engagement; and
the magnetic-attractive force of the source and of the
auxiliary source overcomes the tesilient urging with said
20 source ét,a location proximate the aperture to attract
said gléﬁent and said auxiliary element into respective

seaaling engagements with said aperture.

7. Apparatus as in claim 3 wherein said aperture
25 tapers outwardly toward said-second fluid channel to establish
lenger cross sectional area thereof in the second fluid

channel than in the first £luid channel.
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