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VALVE
TECHNICAL FIELD

[0001] The present invention relates generally to a valve, and more particularly a flexible

valve that includes slits which can be opened.

BACKGROUND OF THE INVENTION
AND
TECHNICAL PROBLEMS POSED BY THE PRIOR ART

[0002] One type of valve is a flexible, resilient, self-closing, slit-type valve that can be
mounted at an opening or port of a package or container of a fluent substance, or alternatively
mounted within a conduit for a fluent substance. Such valves typically have a single slit or have
multiple slits which define a normally closed orifice in an initially closed configuration or
condition. The orifice opens to permit flow therethrough in response to either a sufficient
pressure differential acting across opposite sides of the valve, or in response to mechanical
engagement by a sufficiently rigid article such as a probe, cannula, conduit, or feed/drain tool
inserted through the valve. Such valves that open in response to a pressure differential are
typically designed so that they automatically close to seal or shut off flow therethrough in
response to a sufficient reduction of the pressure differential acting across the valve. Similarly,
mechanically engageable valves are typically designed so that they automatically close to seal or

shut off flow therethrough upon removal of the engaging article.

[0003] A conventional valve 20 is shown in FIGS. 1-6, for use in a container of a fluent
substance (not illustrated). The valve 20 is flexible, resilient, pressure-openable, self-closing, and
of the slit-type. Forms of such a type of valve 20 are disclosed in the U.S. Patent Nos. 5,839,614
and 8,678,249.

[0004] The conventional valve 20 is suitable for use with fluent substances, such as
liquids and gases, including, inter alia, beverages, lotions, and creams. The conventional valve

20 is preferably molded as a unitary structure (i.¢., one-piece structure) from a single substance

Date Regue/Date Received 2023-06-27
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ar material which is flexible, pliable, somewhat elastic, and resilient. This can inclade
elastomers, such as a synthetic, thermosetiing polymer, including siticone rubber, such as the
silicone rubber sold by Dow Coming Corporation in the United States of America under the
trade designation D.C.99-595 and RRL-9395-40. Another suitable silicone rubber material is

sold in the United States of America under the designation Wacker 3003-40 by Wacker Silicone

Company.
{00065} The conventions! valve 20 hasan initially “closed”, unactuated, substantially

unsiressed, rest condition or position, and can be foreed to an “open™ position ot condition {not
Hlusiratedy when g sufficienily high pressure differential acts across the valve 20, or when the

valve 20 is engaged by a probe or other sufficiently rigid article;

{806} With veferance to FIG. §, the conventiopal valve 20 has a first side surface 22 and
a second side sarface 24, In one known application, the fiest side surface 22 faces an interior of a
fluent substance container and the second stde surface 24 faces an exterior, ambient

gnvirohment.

j00071 The convenfional valve 20 has a peripheral gttachment poriion or mouwiting flange
26. The peripberal portion 26 is for being mounted or attached 1o a container of a fluent
stbstance. Typically, this may be achieved through a refention structare or ring {not iHusirsted)
that can mate with a feature on the container {not illustrated) on which the valve 20 may be
instalied.

jo00R] Still referring to FIG. $, exiending laterally inwardly from the peripheral
attachment portion 26 is & generally ansular, termediate portionor sleeve 2R that conneots the
peripheral attachment portion 26 to a head portion 30, The head portion 30 is flexible and
resilient. As'can beseen in FIG. 3, the head portion 30 has a generally circular configuration in
plan view, The fperiphr:fraij attachment portion 26, intermediate portion 28 and head portion 30
are uriented ina generally circular configuration and concentric relationship about a central axis
31 {FIGS. 4and 5). A fuent substance can be dispensed (1.2, discharged) through the
conventional valve 20 in g discharge flow direction generally along the axis 31 when the valve
20-opens. A probe can alse be used fo engage and open the valve 20 (not illustrated in FIGS. 1-

6).

b
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[0009] With reference now to FIG. 3, the head portion 30 has a normally closed orifice
defined by a pair of intersecting, major slits 32 radiating laterally or radially from the center of
the head portion 30. The head portion 30 further has a plurality of minor slits 36 branching from
the radially outward ends of each one of the major slits 32. Each of the major slits 32 and the
minor slits 36 extend transversely, fully through the thickness of the head portion 30 from the

first side surface 22 to the second side surface 24.

[0010] The major slits 32 define four, generally pentagonal-shaped, equally sized
openable portions or major petals in the valve head portion 30. The minor slits 36 define four,
generally triangular-shaped, equally sized openable portions or minor petals in the head portion
30. Each major petal has a plurality of transverse faces defined by the major slits 32, and two of
such transverse faces are visible in FIGS. 5 and 6. As can he seen in FIGS. 1-6, each such
transverse face seals against a confronting transverse face of an adjacent major petal when the

conventional valve 20 is closed.

[0011] Likewise, each minor petal has a pair of diverging transverse faces defined by the
minor slits 36, and each transverse face seals against a confronting transverse face of an adjacent
minor petal when the conventional valve 20 is closed. Forms of such types of slits and petals are
disclosed in the U.S. Patent No. 8,628,056.

[0012] The conventional valve 20 illustrated in FIGS. 1-6 can be opened in a number of
ways. For example, a probe (such as the probe 102 illustrated in FIGS. 14 and 15 for a different
valve), cannula, feed/drain tool, or other rigid article can be pushed against cither side of the
head portion 30 and through the head portion 30 so that the openable portions deflect to
accommodate penetration by the probe. The conventional valve 20 can alternatively open when
it is subjected to a sufficient pressure differential (e.g., a higher pressure on the first side 22 of

the head portion 30 than on the second side 24 of the head portion 30, or vice versa).

[0013] The inventors of the present invention have discovered that, at least in some
applications, a conventional valve (such as the valve 20 illustrated in FIGS. 1-6) may
prematurely open and/or a fluent substance may undesirably leak through the valve after the

mitially closed valve is installed on a container or other type of fluent substance-containing
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system. Various flucnt substances or products {(inchuding oils, lotions, creams, gels, liquids, food
iteins, pharmaceuticals, granules, powders, gte.ymay be packaged in a rigid, flexible, of
coltapsible container or contained within a system.  Premature, inadvertent, or unplanned ingress
oregress ofa fluent substance through the valve may resulf in contamination of 4 product on ong
side of the valve or may resuli in premature or unwanted loss or release of the product from the
systen Such istances of ingress or egress may ocour during shipping, bandling, sterilization, ot
simaga, of a coptainer on 'which the valve is instalied (especially if, for example, the container is
subjected to impact, heating (such as during pasteurization), or other pressure increasing or

decreasing conditions on one side of the valve).

jo014} The inventors of the present invention have determined that for at least some
applications in which some types of fluent substances are contained within a package or
container, it may be desirable to provide animproved valve that can ¢liminate, or al least reduce
or minimize, the above-deseribed, undesirable; premature valve opening events andfor ingress or

egress leakage events.

[O0ES] The inventors of the present invention have considered that preventing leakage
through, or promature opening of, a slit valve may be effocted with @ valve having an initially
closed slit that is fully or partiatly sealed or coated on af Teast one side of the valve so as to leave
a frangible coating that must be broken to initially open the valve, While such 8 coated valve
can work well for its intended purpoges in some applications, the inventors of the present
wvention have discovered that such a coated valve may not be desizable i some othér
applications for reasons relating 1o cost, manufacturing complexity or difficulty, operation, et
The inventors of the present invention have discovered that for at least some applications, it
wanld be desirable if at least somie portion of a valve can be provided with an improved structare
that can i:niﬁa}l}f seal, maintain, or constrain the valve operable portions in a closed position or
condition antil the structare is raptored daring an initial opening process of the improved valve,
{6016} The inventors of the present invention have further determined that forat least
some applications in which an article such as a probe, cannula, conduit or feed/drain tool is

inserted through a valve, it may bedesirable to provide a valve fhaving both (1) improved sealing
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propertics deseribed above, and (2) a minimally increased opening force necessary to initially

apen the valve, when compared to the opening force of a conventional or prior ant valve,

pary The inventars of the present invention have also deferningd that # would be
desirable to provide, at least for one or more types of applications, an improved valve that can be
configared for use with a fMusnt substance container 80 as 10 have one or mote of the following
advantages: (1) case of manufacture and/or assembly, (2) relatively low cost of manufactare
andfor assembly, (3) reduced unit-to-unit variability of the required initial valve opening forcs
exerted by ap engaging article or pressure differential, and {(4) accommodation of the
manafacture »{éfﬂwvaiw bw means of Lf’ﬁclcm high-quality, large-volume technigues with a
reduced prodact reject rate to produce valves with consistent operating characteristies.

{0818} The mventors of the present invention have discovered how to provide such a
valve that includes novel, advantageous features not heretofore taught or contemplated by the
prior art, and which can accommedate designs baving one or more of the above-discussed

benefits or foatures.

BRIEF SUMMARY OF THE INVENTION

10019} The inventors of the present invention have discovered how to provide an
improved valve for permitting selective communication through the valve (‘Qﬁ‘mﬁ one side 1o the
other) to accomumodate flow of « fluent substance thersthrongh,  The valve may be assembled
with, or provided within, & package or container of & flnent substance, or a fluid handling system
{suchas a fluent substance dispensing system), that bas an opening between the exterior and
interior of the container or system at which the valve can be installed. The valve may also be
used within a fluent substance container or system that utilizes a probe, cannula, conduit {e.z.,

feed/drain tool), of other engaging article that is mechanically inserted through the valve,

{80201 According to one aspect of the nvention, the valve incluodes & material that
defines a first side surface and & second side surface, which between theny define a thickness of
the material.  The matenal includes at feast two self-sealing slis that each extend through the
thickness of the material from the first side surface to the second side surface. The matenial

further mcludes at least one frangible portion extending laterally between the at least twe siis for

5
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at feast part of the thickness of the material. The material includes confronting, openable
portions along the at least two shits 1o define a normally closed orifice to mininze.
communication through the valve. The openable portions are initially constrained by the at least:
one frangible portion from moving away from cach other into an open condition for establishing

communication through the valve,

{0021} According to-one aspect of the invention, the material is s composition of a single

substance defining a unitary layer of substance.

{00221 According o ahother aspect of the invention, the material is defined by two or

more layers of different substances.

j0D231 According to another aspect of the invention, the material defines a flexible, head
portion through which'the at least two shits exiend between the first and second side surfaces of
the material. The material further defines an annular, peripheral attachment portien spaced
laterally from the head portion,  The material further defines 8 flexible, annulay, intermediate

portion extending generally laterally from the head portion to the peripheral attachment portion.
{6824} In one form of the invention, the head portion has @ minimum head thickness ina
central region thereof, and (he at least one frangible porfion defines a frangible portion thickness.
The minimun head thickness of the head portion is at least four times greater than the frangible
poriion thickness.

[pO2s] According to another form of the invention, the at least one frangible portion
defines a frangible portion thickness that is substantially equal to @ minimum head thickness of
thehead poriion in a central region thereol the head portion.

j0826] According to another aspect of the invention, the head portion is substantially
thicker than the intermiediate poriion.

{00274 According to another aspect of the invention, the first side surface of the head

portion is substantially convex and the second side surface of the head portion is substantially

songave.
j0U28] According to another aspect of the invention, the at least one frangible portion

defines-a frangible portion thickness that is less than about 0.5 millimeter.

6
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[6029] In yet another aspect-of the invention, the at least one frangible portion defines a

frangible portion Tength that is between about 0.5 millimeter and 1.0 millineter.

L IRE] According to-another aspect of the invention, the head portion is unitarily molded
to include the at least one frangible portion.

[00314 According to yet another aspect of the invention, the at least two slits and the at
least one frangible portion are defined by at Jeast one cut in the material,

{6032} in another form-of the present invention, the first side surface is substantially

convex and the at least one frangible portion extends laterally along the first side surface.

0033} According 1o another form of the invention, the material of the valve is silicone.
{0344 In still-another form of the invention, the valve is combined with an engaging

article.. Movement of the article relative to the valve matenal, while the article 1s in ¢ogagament
with the material, breaks the at least one frangible portion to merge the at least two self-sealing
slits, permitting the openable portions to move away from sach other into the open configuration.
{6035] In snother form of the invention, ooe of the at Ipast two self~scaling shits s a
central slit, and the other of the at least two self-sealing siits s a radially extending major slit that

is separated from the central slit by the at least one frangible portion.

j0036} According to yet another aspect of the invention, the major stit defines a radially

outward end from which a pair of intersecting minor stits extends laterally ourwardly.

{9371 In sl another aspect of the invention, each one of the minor sHits defines a
laterally ovtward end that terminates ata frangible outerregion. The head portion has &
minimum head thickness in a central region thereof, The frangible outer repion defines a
frangible region thickness; and the minbmum head thickoess §s at least fouyr times greater than the
frangible region thickness,

{0038} In another aspect of the invention, each one of the minor slits defines a minor slit
length, and further defines a laterally outward end that terminates at a frangible outer region.
The frangible outer region defines & frangible length, and the frangible length is at least twice as

long as the miner shit length.

~3
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[0039] In yet another aspect of the invention, the first side surface is substantially

convex, and each frangible outer region extends along the first side surface.

[0040] In another form of the invention, the closed orifice of the confronting, openable
portions is configured to remain substantially closed when the first side surface and the second

side surface are subjected to a pressure differential below about 15,000 Pascal.

[0041] In one form of the invention, the at least one frangible portion is configured to
break when one of the first side surface and the second side surface is subjected to a force of less

than about 70 Newtons.

[0042] According to one aspect of the invention, the valve includes a material that
defines a first side surface and a second side surface, which between them define a thickness of
the material. The material includes an annular, peripheral attachment portion and a flexible,
annular, intermediate portion extending laterally from the peripheral attachment portion. The
material further includes a flexible, head portion extending generally laterally from the flexible,

annular, intermediate portion.

[0043] The head portion includes a pair of self-sealing, intersecting central slits that each
extend transversely through the head portion. The head portion further includes four radially
extending major slits that extend transversely through the head portion. Each one of the major

slits is separated from one of the pair of self-sealing central slits by a frangible portion.

[0044] The head portion includes a pair of intersecting minor slits, each one of which (i)
extends transversely through the head portion, and (ii) extends laterally outwardly from one of
the major slits. Each one of the minor slits terminates at a frangible outer region having a
reduced thickness.

[0044a] According to an aspect of the invention, there is provided a valve for permitting
selective communication therethrough, said valve comprising: a material having 1. a first side
surface and a second side surface defining between them a thickness of said material; I at least
two self-sealing slits each extending through said thickness of said material from said first side
surface to said second side surface; IIL. at least one frangible portion extending laterally between
said at least two slits for at least part of said thickness of said material; and I'V. confronting,
openable portions along said at least two slits to define a normally closed orifice to minimize

communication through said valve and wherein said openable portions are constrained by said at

8
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least one frangible portion from moving away from each other into an open condition for
establishing communication through said valve; and wherein one of said at least two self-sealing
slits is a central slit and the other of said at least two self-sealing slits is a radially extending

major slit that is separated from said central slit by said at least one frangible portion.

[0044b] According to another aspect of the invention, there is provided a valve for
permitting selective communication therethrough, said valve comprising: a material having a
first side surface and a second side surface defining between them a thickness of said material,
said material defining 1. an annular, peripheral attachment portion; II. a flexible, annular,
mtermediate portion extending laterally from said peripheral attachment portion; and III. a
flexible, head portion extending laterally from said flexible, annular, intermediate portion, said
head portion including a. a pair of self-sealing, intersecting central slits transversely extending
through said head portion, b. four radially extending major slits transversely extending through
said head portion, each one of said major slits separated from one of said pair of sclf-sealing,
intersecting central slits by a frangible portion, and c. a pair of intersecting minor slits each
extending (i) transversely through said head portion, and (ii) laterally outwardly from one of said
major slits, each one of said minor slits terminating at a frangible outer region having a reduced

thickness.

[0045] Numerous other advantages and features of the present invention will become
readily apparent from the following detailed description of the invention and from the

accompanying drawings.

8a

Date Regue/Date Received 2023-06-27



CA 03080048 2020~04-23

WO 2019/083492 PCT/US2017/057790

BRIEF DERCRIPTION OF THE DRAWINGS
H046] In the sccompanying drawings forming part of the specification, i which like
; pagying & g£p P
numerals are employed to designate ke parts throughowt the same,
R FIG. | isan enlarged, isometric view, taken from above, of a conventional, prior
art valve, and FIG. | shows the prior art valve i an unstressed, closed condition;
{0048] FIGL 245 an enlarged, isometric view, taken from below, of the prior ant valve of

FiG. 1;

106049] FIG. 3 is an enlarged, top plan view of the prior art valve of FIG. 1
Ha50] FiG, 435 an enlarged, cress-sectional view of the prior art valve o FIG, 1, taken

along planed-~4 in FI& 3;

0051} FIG. § is an enlarged, cross-sectional view of the prior art valve of FIG. 1, taken
along plane 5-3 m FIG. 3;

{0052} FIG 648 an enlarged, isometric, cross-sectional view of the prior art valve of FIG.
1, taken along plane 5<% in FIG. 3

{60531 FIG. 7 isan enlarged, sometaic view, taken from above, of a first emabodiment of
a valve according to the present invention, and FIG. 7 shows the first embodiment of the valve in
an unstressed, closed condition;

j00541 FIG. 8 isan enlarged, isometric view, taken from below, of the fivst embodiment

of the valve of FIG. 7;

[0055] FIG. 9 s an enlarged, top plan view of the first embodiment of the valve of FIG.
ki
{6036} FIG. 10 is an enlarged, eross-sectional view of the first embodiment of the valve

of FIG. 7, taken along plane 10-10 in FIG. 9;

0057} FIG. 11 is an enlarged, cross-sectional view of the first embodiment of the valve

of FIGE. 7, taken along plane 11-11 10 FIG. 9;

9
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[0058] FIG. 1 LA is a greatly enlarged, fragmentary, cross-sectional view of the portion of

b4

the first embodiment of the valve of FIG. 7, that is enclosed in the circle designated as “FIG.
IA i FIGL 11,

{0059 FIG. 12 is an enlarged, isometric, cross-sectional view of the first embodiment of

the valve of FIG, 7, taken along plane 11-11 in FIG.9;

[oasn] Fits. 13 is an enlarged, eross-sectional view of the first embodiment of the valve

of FIG, 7, taken along plane 13-12 in FIG. 9,

[Bo61] FIG. 13A isa greatly enlarged, fragmentary, cross-sectional view of the portion of

the first embodinient of the valve of FIG, 7, that is enclosed in the circle designated as “FIG.
13A7 in FIGL 13

j0862] FIG. 14 is an‘enlarged, cross-sectional view of the first embodiment of the valve
of FIG. 7, together with a probe, and ¥FIG, 14 shows the valve in the uastressed, closed condition
prior to initial opening of the valve;

[0063] FIG. 15 is anenlarged, cross-sectional view similar to FIG. 14, however FIG. 15
shows the valve inan open condition whercby relative movement between the probe and the
valve has forced the probe through the valve and has cuptured frangible portions of the valve

material;

{0064} FIG. 16 is an enlarged, bottom plan view of a second embodiment of a valve
aceording fo the present invention, and FIG. 16 shows the second embodiment of the valve in the

unstressed, closed condition;

[OO65] FIGU 17 15 an endarged, cross-sectional view of the second emnbodiment of the
valve of FIGL 16, taken along plane 17-17 in FIG. 16;

{0066] FIG. 17A is'a greatly enlarged, fragmentary, cross-sectional view of the portion of
the second embodiment of the valve of FIG, 16 that is enclosed mthe civele designated as “FIG,
17A w FIG 1T

[pO67} FIG. 18 is an enlarged, isometric, cross-sectional view of the second embodinient

of'the valve of FIG. 16, taken along plane 17-17in FIG. 16; and

10
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{0068} FIG. 19 is a greatly enlarged, fragmentary, cross-sectional view of a portion of a

third embodiment of & valve according 1o the present invention,

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0069} While the velve of the present invention is susceptible of embodiment in many
different forms, this speeification and the accompanying drawings disclose only some spegific
forms s examples of the invention. The invention is not intended to be limited {o the
ginbodiments so described, however.
{0076 For case of deseription, 1 valves of this invention are described, with reference
i the drawings, in a generally horizontal ovientation that the valves could have when installed on
a fluent substance container or system for use with a probe, wherein the probe can engage and
contact the valve from below and extend through and above the valve., The terms Yaxial”,
radial”, and “lateral™ are used herein with respecttoran axis 99 (FIGR, 10, 11, 1TA, 17, 8nd
17A}, generally defined by the center of the valve. As employed herein, the phrase “axially
outwardly” refers o the dircction downwardly in the figures, along the axis 99 with respectio
the interior of a container (not illusirated} on which the valve could be installed. The phrase
“axially inwardly” refers to the direction upwardly in the figures, glong the axis 99 with respect
to the interior of a container {(not iflustrated} on which the valve could be installed. As employed
axis 99, The phrase "radially outwardly” refers to a direction normal to, and moving away from,
the axis 99, The phrase “laterally outwardly" refers to a divection away from the axis 99 and also
within o plane that is noomal to the axis 99, It will be understood, however, that this invention
miay be manufactired, stored, transported, used, or sold in oriemtations other than the orientation

showi,

{0071 The valve of this invention is suitable foruse with a variety of conventional or
special fluent substance containers ar systemis (e.g., fluent substance handling or processing
systems, dispensing systems, ete.) having various designs, the details of which, although not
illustrated or desceribed, would be apparent to those having skill in the art and an understanding

of such systems.
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[0072] Figures illustrating one of the inventive valves which could be used in
cooperation with a probe of a fluent substance container (not illustrated) show some
conventional mechanical or structural features of the probe that are known to, and that will be
recognized by, one skilled in the art. The detailed descriptions of such features are not necessary
to an understanding of the invention, and accordingly, are herein presented only to the degree

necessary to facilitate an understanding of the novel aspects of the present invention.

[0073] Figures 7-15 illustrate a first embodiment of a valve 100 according to the present
invention. The valve 100 is used for selectively permitting communication through the valve 100
from one side of the valve to the other side (e.g., into or out of a fluent substance container or
handling or dispensing system, conduit, or package), and the valve 100 typically would be in
communication with an interior of such a container or system. The valve 100 is especially
adapted to be installed on a container for a fluent substance dispensing system (not illustrated)
employing a probe 102 (FIGS. 14 and 15) that selectively engages and extends at least partway
through the valve 100 and into such a system via relative movement between the probe 102 and
the valve 100.

[0074] The fluent substance container may be, for example, a flexible bag or a rigid
bottle. The valve 100 could also be installed on a reservoir, a fluent substance processing system,
or a fluent substance dispensing system, which contains a fluent substance at ambient
atmospheric pressure or above ambient atmospheric pressure (including a system in which the
pressure results from the static head of the fluent substance within the system and/or in which the

system generates or otherwise creates a pressurized fluent substance therein).

[0075] The first illustrated embodiment of the valve 100 is flexible, resilient, pressure-
openable, self-closing, and of the slit-type. Forms of generally related kinds of slit-type valves
are disclosed in the U.S. Patent No. 8,678,249 and No. 5,839,614,

[0076] The valve 100 is suitable for use with fluent substances, such as liquids and gases,
including, inter alia, beverages, food products, lotions, and creams. The valve 100 is preferably

molded as a unitary structure (i.e., one-piece structure) from a material which is flexible, pliable,
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clastic, and resilient. This can include elastomers, such as & synthetie, thermosetting polymer,
inchuding silicone rubber, sach as the silicone rubber sold by Dow Coming Corporation in the
United States 1 America under the trade designation D.C99-395 and RBLA9595-40. Another
suitable silicone rubber material is sold in the United States of America under the designation

Wacker 3003-40 by Wacker Silicone Company.

077} The valve 100 could also be molded from other thermosetling matenials or from
other elastomeric materials, or from thermoplastio polymers or thermoplastic elastomers,
inchuding those based upon materials such as thermoplastic propylens, sthylene, urethane, and
styrene, including their halogenated counterparis, For example, a particular non-silicone,
material that may be emploved is ethylene propylene diene monomer rubber {'_f"}_i?{i}ixf;ii“}, such as
sold i the United States of America under the designation Grade 21 118 by Gold Key
Processing; Inc. having an-office at 14910 Madison Road, Middiefield, Ohio 44062, United
States of America. Another non-silicone material that may be employed s nitrile rubber, such as
sold in the United States of America under the destgnation Grade GKO445081-2 by Graphic Arts
Rubber, having an office at 101 Ascot Parkway, Cuyaboga Falls, Ohio 44223, United States of
America. s desirable in many apphications that the matertal be substantially inert soas to

aveid reaction with, andfor adulteration of, the flucnt substance i contact with the valve 100

{0078} While the valve 100 is illustrated as bein ¢ formed from a material@s a single
subistance that defines a vnitary layer of material subsiance, it will be appreciated that for some
applications the valve ml}may be formed Trom & material that is defined by two or more lavers
of different substances. For example, one laver of the valve 100 material may be formed form a
silicone rubber and one or more other layers of the valve 100 material may be formed from

coatings or laminations of one or more different substances,

j0079 The valve 100 has anvinitially “closed”, unactuated, subsiantially unsiressed, rest
position of condition {as best seen in FIGS, 7-14). The valve 100 can be forced to an “open”
position or condition (as shown in FIG. 15) when the valve 100 is engaged by a sufficienthy rigid
article coming into contact with the valve 100 material. Alternatively, the valve 100 can be
forced to an “open” position or condition when a sufficiently high pressuze differential acls

ac

cross the opposite sides of the valve 100
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{6080} With reference to FIGS. 10 and 11, the valve 100 material has a first side surface

114 and & second side surface 116, In ammappjﬁca&mw, the first side surface 114 may face an
interior of a fluent substance container and the second side surface 116 may fhce an exterior,
ambient environment, However, in other applications, the second side surface 116 may face an
inferior of a fluent substance container and the first side surface 114 may face an exterior,
ambient enviromnent. In siill other applications, the valve 100 may be contained wholly withina

conduit or system for processing, dispensing, or handling a fuent substance.

0081} Still referring to FIG, 10, the valve 100 has a peripheral attachment portion or
mounting flange 120, The oeriphersl portion 120.may have any suitsble configurgtion for being
mountest to, attached o, conpected with, or for otherwise accommodating, installation onoring
container or svstem. Typically, this may be achieved through a retention structure or ring (not
Hlustrated) that cap mate with a feature on the container (not iHustrated) in-which the valve 100

may be installed.

(0082} The particular configuration of the peripheral atiachment portion 120 illustrated in
FIG. 10 may be characterized generally as a modified dove-tail configuration when viewed m
vertical eross section through contral axis 99, The periphers! attachment poriion 120 inclodes a
first frustoconical surface 121 and second frustoconical surface 122 for being clamped between
mating features of & container or systemm (not illustrated) for retaining or hiolding the valve 100 in
place. Preforably, the peripheral sttachment portion 120 is somewhat resitiently compressed so
as macm«mmwme the creation of 4 secure, leak-resistant seal when the peripheral attachment

poriion 1284 compressively engaged within the container or system.

{0083} With appropriate modification of the container or system, other shapes could be
used for the peripheral attachment portion 120, Some other shapes of Nange cross sections
which could be employed on the valve 100 are illustrated in the TS, Patent No. 5409,144. In
some applications, it may be desirable to configure the peripheral attachinent portion 120 for

attachment to the container or system by micans of adhesive, heat bonding, or other suifable

SANS.
0084} As shown in FIG. 10, exiending generally radially mwardly toward the central

axis 99, and away from the peripheral aitachment portion 120, is a generally annular,

14
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intermediate portion or sleeve 124 that connects the peripheral attachment portion 120 to a head
portion 125, The head portion 125 is fexible and resilient. ‘When the valve 100 is in the closed
position or condition as shown in FIGS. 7-14, the intermediate portion 124 bas a tubular
configaration 1o focate the head portion 125 so that a part of the head portion 125 projects axially
inwardly {e.g., toward the injerior of the container or system) beyond the peripheral attachment

portion 120

[RO8S] The intermediate portion 124 of the valve 100 15 preferably configured for use i
conjunction with a particular fluent substance supply system ot container, and a specific type of
fluent substance, 50 a5 to achieve the flow ;:haracft‘ﬁriaiicis desired, For mampiﬁtg the viscosity and
density of the fluent substance are factors to be considered. The rigidity and durometer of the
valve material, and size and thickness of portions of both the head portion 125 and the

intermediate portion 124, are additional factors {0 be considered.

[DO86] As can be seen in FIG. 9, the head portion 125 of the valve 100 has a generally
circular configuration in plan view. The peripheral attachment portion 120, the intermoediate
pottion 124, and the head portion 123 are oriented in a generally ciroular configuration and
concentric relationship relative to the central axis 99 (visible in FIG. 10). A fluid substance can
be sdispensed (Le.. discharged) through the valve 100 in a discharge flow direction generally
along the axis 99 when the valve 100 apens, as will be discussed in detail hereinafier. An

oy

prgagement article, such as the probe 102 Hustrated in FIGS, 14 and 15, can glso be nsed o

engage and open the valve 100 and to fagilitate conmunication of a fluid substance throusgh the

valve 100,

{0087 Referring now to FIG, 10, the valve 100 is flexible and changes configuration.
between {11 a closed, rest position or condition (as shown closed in FIGS. 7-14), and {2) an open
position or condition (FIG. 15). The first side sorface 114 of the valve 100 has a generally
convex configuration when the valve 100 is in the closed condition and viewed in FIG, 10 along
a vertical cross sectional plane through axis 99, The first side surface 114 of the head portion
128 has a planar and circular central region 123 (FIGS. 7.and 10} extending laterally outwardly
around the axis 99 when the valve 100 is in the closed condition. In addition, an anonulsr,

Taterally outward region 127 (PGS, 7 and 10} of the head portion 128, on the first side surface

15
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114, lies ona partially spherical locus that also defines a circular are in longitudinal cross scetion

as'viewed along a plane containing the axis 99,

[DOSS] With reference to FIG, 10, the second side surface 116 has a pactially spherical
and concave configuration, when the valve 100 is inthe closed condition and viewed in FIG. 10
along @ vertical cross seetivhal plane containing the axiz 99, The radius of the circular are of the
head portion 125 on the second side surface 116 Is smaller (Iess) than the radius of the circular

dre of the aunular region 127 of the head portion 125 on the first side surface 114,

{0089} When the head portion 123 i viewed in cross section, as Hustrated in F1G. 10,
the head portion 125 is substantially thick‘er than the iﬁté:mmdiam mmis;m 124 of the valve 100,
radially inside portion thersof. This configuration assists in grrw;dmg a desirable opening action

and closing sction of the valve 100

{0096} While the first illastrated embodiment of the valve 100 has g distinct head portion
125, intermediate connecting portion 124, and peripheral attachment portion 120, it will be
understood that in ong broad aspect of the présent invention the valve 100 necd not be limited o
such a stroctare. For example, in one application the valve 100 could be formed from a planar
diaphragim or sheet of materigl that Is clamped or refained within 8 container or system. For
some.applications, the peripheral attachment portion 120, if provided, could be a rigid momber
{e.g., & thermoplastic ring or retainer) attached to the restof the valve 100, Imaddition, the
intermediate connecting portion 124, if provided, could merely be a flexible portion of the valve
30, and may not peoessarily be resilient in some apphications. In yet another application, the

valve 100 could be a duck-bill type valve:

{ﬁﬁ‘} i With reference to FIG. 9, the head portion 125 has a pair self-sealing, intersecting

ral slits 126 that each extend transversely and fully through the head portion 125, The cental
slits 126 radiate generally from the center of the head portion 125, The head portion 125 further
has four radially extending major slits 130 that each extend transversely and fully tirough the bead
poriton 125, Each one of the major shits 130 15 spaced or separated radially from one of the central
slits 126, Fach of the four major stits 130 includes a pair of minor slits 140 that branch laterally

outwardly from the radially outward end or tecrination point of the major slit 130, Bach of the
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minor slits 140 extends fully and transversely through the valve head portion 125. The valve
head portion 125 has a total of eight minor slits 140. The arrangement of the slits 126, 130, 140
within the head portion 125 form a modified snowflake pattern.

[0092] Still referring to FIG. 9, the two central slits 126, four major slits 130, and eight
minor slits 140 define operable flaps, segments, portions or petals in the valve head portion 125
to define a normally closed orifice. Each petal has a plurality of transverse faces defined by the
slits 126, 130, 140, and each transverse face seals against a confronting transverse face of an
adjacent petal when the valve orifice is closed. Variations and forms of such openable portions
are disclosed in U.S. Patent No. 8,628,056.

[0093] As best shown in FIG. 9, the head portion 125 of the valve 100 has four thinned
regions, perforations, connecting webs or frangible portions 150, each one of which extends
between one of the central slits 126 and one of the major slits 130. The openable portions of the
valve 100 may be said to be constrained or inhibited from moving away from each other into an
open condition (for establishing communication through the valve 100) by the frangible portions
150. The term "constrained" as used in respect to the openable portions means that the they are
substantially prevented by the frangible portions 150 from permitting any flow, or at least any
flow greater than a predetermined leakage amount, when the valve 100 is subjected to an
opening force or opening pressure differential that does not exceed a predetermined design
value. The frangible portions 150 may further be said to improve the overall tightness of the

valve 100, compared to a conventional slit-type valve (like the valve 20).

[0094] As will be discussed in greater detail hereinafter, the frangible portions 150 are
designed and arranged to break, rupture, or tear in a manner that connects each one the four
major slits 130 with the nearest central slit 126 to allow the valve orifice openable portions (i.c.,
petals) to move into an open position or condition when the valve 100 is subjected to either of a

predetermined force or pressure.

[0095] With reference now to FIG. 11A, each frangible portion 150 has a length L, in the
radial direction between one of the central slits 126 and one of the major slits 130. The length L1

of each frangible portion 150 is preferably between about 0.5 millimeter and 1.0 millimeter. In
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the first ilustrated embodiment of the valve 100, the length Ly of cach frangible portion 150 is

about 0,76 millineter.

[Doge] Still referring to FIG. 11A, each frangible portion 150 further defines a thickness
Ty, ina direction generally paraliel to the central axis 99, The thickness Tyof cach frangible
portion 150 i less than about 0.5 millimeter, and is preferably Tess tham about 25% of the
minimum thickness Tz of the conter of the valve head 1235, measured generally along the central
axis 99, In'ofe presently preferred application, the thickness Ty of each frangible portion 150 is
about (.33 mitlimeter, which is less than about 209 of the minimum thickoess Ty of the centerof
the valve head 123 along the cendral axis 99,

{0097} With reference now to FIG, 13, each of the minor shts 140 has a Taterally outward
end (the end furthest away from the central axis 99) that terminates at & frangible outer region
160 having a reduced thickness compared to the adjscent dreas of the valve head portion 125,

Exch minor sht 140 has a length Ly that is preferably between about 0.5 millimeter and 1.0

millimeter. I one presently preferred application, the length Ly of cach minor shit 140 18 about
0,76 willhmeter: Bach frangible outer region 160 has a length Ls preferably between abont 0.8
millimeter and 3.0 millimeter. In one presently preferred application, the length La ofeach

frangible outer region 160 is about 2.0 millimeters.

[D098] Referring now to FIG. 13A, esch trangible outer region 160 further defines a
thickness Ta in g direction generally parallel o the central axiz 99, The thickness Trofcach
frangible outer region 160 is preferably less than about 0.5 millimeter and, in one presently
preferred application, the thickness T; of each frangible outer region 160 is about 0.33
nitlimeter. Preferably, the minimuom head thickness Tz of ihe valve head portion 125 is ot least
four times greater than the Trangible region thickness Ta.

0099} I the first illustrated embodiment of the valve 100, the valve 100 is injection
molded, and the slits 126, 130, 140 are subsequently cut or stamped inte the head portion 125 by
suitable special or conventional techniques. The frangible portions 150 and the frangible outer
regions 160 are formed by cuiting only partially inlo the thickness of the valve head portion 125,
Alernatively, the valve 100 can be molded 1o define the slits 126, 130, 140, frangible portions

150, and the frangible cuter regions 160, In the first ilustraied embodiment, both the frangible
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portions 130 and the frangible outer regions 160 extend along the first side surface 114 of the
valve 100, It will be appreciated however, that in other applications the frangible portions 150
and/or the frangible puter regions 160 may be provided on, and extend along, either or both of
the side surfaces 114 and 116, Tn yet otherapplications, the frangible portions 150 and/or the
frangible outer regions 160 may extend between openable portions of the valve 100 in the middle
or interior part of the valve head 125 — at a location or locations that are spaced from both of the

side surfaces [d and 116,

{160} The valve 10D can be opened in.a number of ways. Por example, the probe 102
(FIGS 14 and 1 ‘3} can be pushed geainst «aiﬂzﬁ:r side of the head portion 125 and stizmugh the hwd
portion 125 as the openable portions deflect to accommodaie penetration by the probe 102, The
valve 100 can also be opened when it is subjected to a sufficient pressure differential (Le, a
fower pressurc-on one side 114, 116 of'the head portion 125 than on the other side 114, 116.of

the head portion 1255

0101} The inventors have found that pfrméi(img one or more frangible portions 150,
extending between separated slits in the valve 100, can inprove the transportability and/or
storage characteristics of a container or other system in which the valve 100 is installed. In
particulay, the fmproved valve 100 may eliminate, or at least reduce or mininize, undesirable,
premature valve Dpening events or other ingress or egress ",Z'@&k&igﬁ eventy during transporiation,
storage, hoating, or overspressurization of the fluent substance container or system in which the
valve 100 is installed.

{102 In the frst ilustrated embodiment of the valve 100, the valve 100 is designed o
remain substantially closed when the first side surface 114 and the second side surface 116 are

subjected to a pressure differential below about 15,000 Pascal,

[o1a31 1t may be desivable 1o ;mr;adﬁify the valve 100 to remain closed st even sreater
pressure differentials in some applications, suchas when (1) the valve is instalied in 8 package in.
a different orientation than the one that is illustrated, (i1} the package i which the valve is
instatied is subjected to a longer or a higher lemperatare pasteurization process, or (i) the
package in which the valve is installed is fikely to experiencs greater shocks and impacts during

shipping, etc.
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[0104] In stifl other applications, such as when the probe 102 that is used to initially open

the valve has a limited available deiving force, or when the valve 100 is designed to be opened
by only & small pressure differential {such as may be the case when a package is designed fora
pser with artheitis), ete., it may be desirable © modify the valve 100 so that it opens when

subjected to a significantly lower pressure differential.

{105] The inventors have further found that providing one or more frangible outer
regions 160, extending from the outer ends of the mindr stis 140 in the valve 100, can Rurther
improve the transportability andfor storage characteristics of a container or other system in which
the valve 100 is mnstalled. In particular, thefimpmw:d valve 100 with ﬁ"angibla oyler region
160 may consirain the openable portions of the valve to eliminate, or at least reduce or minimize,
potential undesirable, premature valve opening events or other ingress or egress leakage svents
during transporiation, storage, heating, over~pressirization of the fluent substance container or

systern fnowhich the valve 100 1s installed.

[0106] The inventors have farther found that a valve 100 disclosed herein with frangible
pottions 150 andfor frangible outer regions 160 may be more cheaply or easily mannfactured
when compared (o other types of valves, such as a valve having a coating applied across the shits
on-one or both side surfaces. The inventors have discovered that there may be a significant
advantage i using a vibratory device (2.g., ultrasonic blade or press) 1o out or otherwise form
slits initially extending only partway through portions of the valve materfall 1t is believed that
sucha v‘ihmmzﬁy device may allow the resitient valve material fo rebeund during the cutting
process o more precisely or accurately form a frangible portion 150 andfor frangible outer
region 160 within the desirable ranges described above. Such a techiigue may have the:
ollowing advantages: (1) more sasily providing a valve with an acceptable variability in the
depth of the partial, non-through stits in the valve matedial; and/or (2) providing a valve with a
acceptable mitial force requirement for initially opening the valve to break the remaining uneut
or frangible material of the valve (in some applications it may be desirable for the valve 10010
open at-a refatively low initial foree, while in vet other applications it may be desirable for the

vadve 100 to open al a relatively high intiial foree).
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{0197} With reference to FIGS. 14 and 15, the valve 100 is shown with an associated

hollow probe 102, The valve 100 s shown arranged on one side of the probe 102, wherein the
structures of the fluent substance container that would retain or clamp the peripheral mounting
portion 120 of the valve 100 are not Hustrated. I FIG. 14, the frangible portions 150 and the
frangible outer regions 160 (which are rotated out of the plane of view) are intact, prior to being
ruptured during initial movement of the valve 100 into the open position or condition. The probe.
102 has a distal end 170 for abutiing and contacting the valve 100, and has a proximal end 174
from which the fluent substance can be dispensed out of the container afier the probe 102 is
forced through the valve 100 to comsnunicate with the fluent substance in the container, The
probe 162 s hollow and has an interior surface 178 defining a through passage 1RGO for
accommodating the flow of the Huend substance through the probe 102, The probe 102 has a
port or apertore 182 located near the distal end 170 for directing the fluent substance into the

through passage 180 afler the valve 100 hag been inttially epened.

[0108} Althoogh the frangible portions 150 and the frangible onter regions 160 are.
visible 13 FIGS. 9 and 13, respectively, they are not visible in FIG. 15, which has a different
plane of view, Tt will be understood that the frangible portions 150 and the frangible outer
regions 160 have been ruptured in FIG. 15 upon inttial opening of the valve 10 asnext
discussed. The distal end 170 of the probe 102 initially contacts the second side surface 116 of
the valve 100, The probe 102 is pushed inan axially inward direction against the head portion
125 of the valve 100 such that the head portion 125 distends axially inwardly {which is upwardly
in FIG, 15). Movement of the head portion 125 ruptures the frangible portions 150 at
predetermined forve 10 connect the central shits 126 with the major slits 130/ {not visible in FIG,
15). 1t will be undersiood that the rupturing or tearing of the frangible portions 150 may sot
ocewr perfectly in a radial direction between the radially outer ends of each centeal sht 126 and
the closest major stit 130, and some remnants of the frangible portions 150 may be distributed
evenly or unevenly on one or both transverse faces of the openable portions. The remnants of
the frangible portions 150 might have & jagged, zig-zag appearance as a tear propagates between
the ends of cach central 81t 126 and the closest majorshit 130,

[109] Subsequent to the rupture of the frangible portions 150, the valve bead portion
125 continues to distend axially nwardly such that the openable portions open to create af feast a
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partiaily open orifice. The raptare or tearing of the frangible outer regions 160 {FIG. 13) begins
at the laterally outward ends of each minor slit 140 (FIGS. 12 and 13). However, it will be
understood that the outer regions 160 may be desigoed to tear simultaneously with, before, or
after, the initial movement of the probe 102 through the vilve head portion 125, With both the
frangible portions 150 and the frangible outer regions 160 ruptured, the openable portions of the
valve 100 are free to move farther away froin vach other to permit movement of a full width of

the probe 102 through the fully-open orifiee in the valve 100,

{0110} As shown in FIG. 15, the probe 102 has moved far enough through the open valve
10U such that the port 182 s looated axially inwgrdly of the \ahc: 100, whereby a fluent
substance may travel into the distal end 170 and/or the port 182, down through the passage 180,
and out of the probe proximal end 174 {or, in an aliernate process, a fluent substance may How

into the probe proximal end 174 and out through the probe distal end 170).

UZRRY The inventors have discovered that it may be advantageous to provide a valve 100
with improved sealing properties and baving a foree reguirement, to initially open the valve 100
and rupiure the frangible portions 150 and frangible outer regions 180, that is not significantly
mcreased when compared 0 a conventional valve, such asthe conventional valve 20, For
example, if the hollow probe 102 has a dismeter of about 12,7 millimeters and contacts the
second side 24 af the conventional valve 20, the average opening force might be about 35
Newtons, Thevalve 100, having improved sealing properties, has been found toopen from
contact with the same hollow probe 102 ata forée that is no greater than about 70 Newtons, and

more preferably no greater than about 37 Newtons.

{0112} T will be understood that while FIG. 15 shows the valve 100 opening in response
to thie mechanical force of b appropriatelyssized probe 102, a probe 102 may not be required for
some applications. For example, the valve 100 may be instalied orarranged on the opening of a
fluent substance container, and the head portion 125 may be subjected to-a sulficient pressure
differential 1o rupture the frangible portions 150 andthe frangible outer regions 160 and o open

the valve 100 to permit flow of the fluent substange therethrough,
01134 A second embodiment of a valve 200 according to the present invention is

iltustrated in FIGS. 16-18. The second tlustrated embodiment of the valve 200 can be formed
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from the same material substance, or substances, that are discussed in detail above with respect
to the first illustrated embodiment of the valve 100, As will be diseussed in detail below, the
second iHlustrated embodiment of the valve 200 functions generally in the same manner as the
first illusteated embodiment of the valve 100, in that there are portions of the valve 200 that are
designed to iniiially consirain the opening of valve 100 below a predetermined force or pressure
differcntial acting on or across the valve 200, but which are designed o rupture when the valve

200 is subjected to a predetermined force or pressure differential,

01144 Ascan bessen in FIG, 17, the second illustraied embediment of the valve 200
hits g fisst side surface 214, a second sude surfice 216, and & peripheral attacliment portion 220
for being mounted {o a coptainer or system. A generally annular, intermediate portion 222
extends generally radially inwardly toward a central axis 99 and away from the peripheral
attachment portion 220. The intermediate portion 222 connects the peripheral attachment

portion 220 to a head portion 225,

jo115; With reference to FIG. 16, the head portion 223 has a normally closed orifice
defined by a pair self-sesling, ntersecting central slifs 226 extending fully through the head
portion. The central slits 226 radiate laterally or radially from the center of the head portion 225,
The head portion 228 further has four radially extending major slits 230, cach one of which is
spaced or separated froim one of the central slits 226, The major slits 230 alse extend fully through
the valve head portion 225, Bach of the four major stits 230 has a pair of minor stits 240 branching
laterally outwardly therefrom. Each of the minor slits 240 extends fully through the valve head
portion 2250 The valve head portion 225 has g total of cight minor shits 240, The slits 226, 230,

240 within the valve head portion 225 also form a modified snowflake pattern,

{0116} As best shown iy FIGS. 17 and 17A, the head portion 225 of the valve 100 has 4
frangible portion 230 extending radially between one of the two central slits 226 and the nearest
gne of the four major stits 230, As will be discussed i greater detail hereinafter, the franpible
poriions 250 constrain the valve 200 to minimize or prevent ingress or egress of g floent
substance through the valve 200 below a predetermined force or pressure differential acting on or
across the valve 200, The frangible portions 250 are designed and arranged to break, rupture,

tear in'a manner that connects each of the radially outward ends of the central slits 226 with one-
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of the four major shits 230 w allow the valve 200t move into an open position when the valve

200 is subjected to a predetermined force or pressure,
117} As best shown in FIG. 17A, the frangible portions 250 of the second illustrated

embodiment of the valve 200 differ in the configuration from the frangible portions 150 of the
first ilustrated embodiment of the valve 100, Whareas the frangible portions 1530 of the first
llustrated embodiment of the valve 100 have a significantly reduced thickness when compared
to adjacent partions of the valve head 125, the frangible pottions 230 of the second Hlustrated
embodiment of the valve 200 have a thickness that is substantially the same when compared to

adjacent portions of the valve head 223,

0118} Sl referving 10 FIG, 174, each frangible poriion 250 of the valve 200 defines a
minimum thickness Ts between the first and second sides 214, 216, in a direction generally
paratlel o the central axis 99, The minimum thivkness Taof cach fran gible portion 250 is gbout
equal to the minimun thickness of the valve head portion 225 at the center of the valve head
portion 223, In one presently preferred configuration, the thickness Te of the frangible portion

250 is ghout 17 millimeters.

{0119 Each frangible portion 258 has a length Ly i the radial direction betwesn one of
the two central shits 226 and one of the four mgjor sliis 230, In the second iHlostrated
embodiment of the valve 200, the length Ly of each frangible portion 250 is about 0.76
millimeter, The length Ls of cach frangible portion 250 may be selected depending onthe
application of the valve 200, such as (1) the pressures expected to be experienced by the valve
head portion 225 during shipping, handling, besting, or (11} the sizing and forcing capabilities of

the probe 102,

{0120} {t will be understood that due 1o the increased mintmun thickness Thof sach
frangible portion 250 of the seeond embodiment of the valve 200, when compared to the
thickness Ty of each frangible portion 130 of the first embodiment of the valve 100, the length La
af cach fiangible portion 250 may be reduced significantly (well below (.76 millimeter) in order
to reduce the opening force or pressure differential required o initially open the valve 200, In
some applications, the Jength Ly of cach frangible portion 250 may approach zeto, leaving only a

thin vertical strip of material belween the central slits 226 sad the major slits 230,
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0121} The second iHustrated embodiment of the valve 200 is preferably formed from a

miaterial that Isinjection melded asa unitary layer of material, wherchy the slits 226,230, 240
are subsequently cutor stamped iinto the head portion 225 by suitable special or conventional
techniques. The frangible portions 250 are formed by cutting fully through the thickness of the
valve head porfion 225 to form slits 226 and 230 separated at a specified length La.
Alemnatively, the valve 200 can be molded to define the slits 226, 230, 236, the frangible

poriions 230,

{8122} The inventors have found that providing a valve 200 with the frangible portion
250 exiending between separated slits in the valve 200 may impmve the fransportability andior
storage characteristics of a container or other system in which the valve 200 is installed. In
particular, the improved valve 200 may climinate, or at least reduce or minimize, potential
undesirable, premature valve opening events or other ingress or egress leakage events during
transportation, storage, heating, over-pressurization of the fluent substance container or system in

which the valve 200 is installed.

0123} The inventors have found that providing a valve 200 with a frangible portion 250
having a minimam thickaess Teabout equal to the minimum thickness of the valve head portion
228 may be more easily or cost effectively manufactured than other embodiments of the

inventive valves, such as the first illustrated embodiment of the valve 100 described above.

j01244 In ong broad aspect of the iiyvention, the inventive valves néed only have two slits
of any shape or length, separated by & single frangible portion of any shape, thickness, or length
n order o inftially constrain the valve from opening until subjected to a predetermined prossure
differential or opening-force.

[D128] ity another broad aspect of the invention, the inventive valves oeed only have one
slit of any shape or ir::i"xgﬁta,f which terminates at a single fm:ngibir:xcginn of any shape, thickness,
or length in order to initially constrain the valve from opening until subjected fo a predetermined

pressure differential or opening-force.

{0126} A third embodiment of a valve 300 according o the present tvention is
illustrated iy FIG. 19, As will be discussed in detail below, the third illustrated embodiment of

the valve 300 functions generally in the same manneras the first tHustrated embodiment of the
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valve 100, in that there are portions of the valve 300 that are designed to initially constrain the
apening of valve 300 below a predetermined force or préssure differential acting on or across the
valve 300.

0127} With reference to FIG. 19, unlike the first illustrated embodiment of the valve 100,
which is formed from a material that is single subsiance defining a unitary layer of the substance,
the third llustrated embodiment of the valve 300 is formed from a material 310 that is defined by
multiple layers of different substances—a first layer 320 of & first substance and a second fayer
330 of a second substance. Self-sealing slits 340 extend through both layers 320 and 330 of the

atve 300 to form a normally s;ios,md s:mhm defined by openable portions of the valve along the
slits 340. The opensble portions of the orifice are initially constraiped from opening by one or
more frangible portions 350 fimctioning in the same mamer as the frangible portions 150, 250
discussed above with respect to the fiest and second embodiments of the valve 100 and 200,
respectively, Tt will be appreciated that in some applications more than two layers of differsnt
substances may be used.. The substances that make up the layers 320 and 330 may be the same as
those substances discussed sbove with respect 1o the valve 100, Other suitable substances may be

used depending on the application.

[0128] 1t will be appreciated that while various theories and explanations have been set
forgh hereis with respect to how the component xscmf’;gﬁ&rﬁtiﬂm and arrangements may affect the
operation of the inventive valves, there is no ntention to be bound by such theories and
explanations. Further it is intended that all structures falli ng within the seope of the a;i;}ended
claims are notto be otherwise excluded from the scope of the claims merely becanse the

operation of such valves may not be accounited for by the explanations and theorigs presented

herein.
j0129) Various modifications and alterations o this invention will beeome apparent to-

those skilled in the art without departing from the scope and spirit of this invention. [Hustrative
ambodiments and examples are provided as examples oply and are notintended to it the

seope f}f ﬁ”tf: present mveniion.
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CLAIMS:

1.

A valve for permitting selective communication thercthrough, said valve comprising:

amaterial having

I.  a first side surface and a second side surface defining between them a thickness of

said material;

I.  at least two self-sealing slits each extending through said thickness of said material

from said first side surface to said second side surface;

III. at least one frangible portion extending laterally between said at least two slits for at
least part of said thickness of said material; and

IV. confronting, openable portions along said at least two slits to define a normally closed
orifice to minimize communication through said valve and wherein said openable portions
are constrained by said at least one frangible portion from moving away from each other
into an open condition for establishing communication through said valve; and wherein
one of said at least two self-sealing slits is a central slit and the other of said at least two
self-sealing slits is a radially extending major slit that is separated from said central slit by

said at least one frangible portion.

The valve of claim 1 wherein said material is a composition of a single substance defining

a unitary layer of said substance.

The valve of claim 1 wherein said material is defined by two or more layers of different

substances.

The valve of claim 1 wherein said material defines

I.  aflexible, head portion through which at least two slits extend;

II. an annular, peripheral attachment portion spaced laterally from said head portion; and

II. a flexible, annular, intermediate portion extending laterally from said head portion to

said peripheral attachment portion.
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10.

11.

12.

13.

14.

15.

The valve of claim 4 wherein said head portion has a minimum head thickness (T2) in a
central region thereof, said at least one frangible portion defines a frangible portion
thickness (T1), and said minimum head thickness (T2) is at least four times greater than

said frangible portion thickness (T1).

The valve of claim 4 wherein said at least one frangible portion defines a frangible portion
thickness (T4) that is substantially equal to a minimum head thickness of said head portion

in a central region thereof.

The valve of claim 4 wherein said head portion is substantially thicker than said

mtermediate portion.

The valve of claim 4 wherein a part of said first side surface of said head portion is
substantially convex and a part of said second side surface of said head portion is

substantially concave.

The valve of claim 1 wherein said at least one frangible portion defines a frangible portion

thickness (T1) that is less than about 0.5 millimeter.

The valve of claim 1 wherein said at least one frangible portion defines a frangible portion

length (L1, L4) that is between about 0.5 millimeter and 1.0 millimeter.

The valve of claim 4 wherein said head portion is unitarily molded to include said at least

one frangible portion.

The valve of claim 1 wherein said at least two slits and said at least one frangible portion are

defined by at least one cut in said material.

The valve of claim 1 wherein said first side surface is substantially convex and said at least

one frangible portion extends laterally along said first side surface.
The valve of claim 1 wherein said material is silicone.

The valve of claim 1 together in combination with an engaging article, wherein movement
of said article relative to said material while said article is in engagement with said

material breaks said at least one frangible portion to merge said at least two self-sealing
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16.

17.

18.

19.

20.

21.

22.

slits permitting said openable portions to move away from each other into said open

configuration.

The valve of claim 1 wherein said major slit defines a radially outward end from which a

pair of intersecting minor slits extends laterally outwardly.

The valve of claim 16 wherein each one of said minor slits defines a laterally outward end
that terminates at a frangible outer region, a head portion of said valve has a minimum
head thickness (T2) in a central region thereof, said frangible outer region defines a
frangible region thickness (T3), and said minimum head thickness (T2) is at least four times

greater than said frangible region thickness (T3).

The valve of claim 16 wherein each one of said minor slits defines a minor slit length (L2)
and further defines a laterally outward end that terminates at a frangible outer region, said
frangible outer region defines a frangible length (L3), and said frangible length (L3) is at

least twice as long as said minor slit length (L2).

The valve of claim 18 wherein said first side surface is substantially convex and each said

frangible outer region extends along said first side surface.

The valve of claim 1 wherein said closed orifice of said confronting, openable portions is
configured to remain substantially closed when said first side surface and said second side

surface are subjected to any pressure differential below about 15,000 Pascal.

The valve of claim 1 wherein said at least one frangible portion is configured to break
when one of said first side surface and said second side surface is subjected to a force of

less than about 70 Newtons.
A valve for permitting selective communication therethrough, said valve comprising:

a material having a first side surface and a second side surface defining between them a

thickness of said material, said material defining

I.  an annular, peripheral attachment portion;

II. a flexible, annular, intermediate portion extending laterally from said peripheral

attachment portion; and
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III. a flexible, head portion extending laterally from said flexible, annular, intermediate

portion, said head portion including

a. a pair of self-sealing, intersecting central slits transversely extending through said

head portion,

b. four radially extending major slits transversely extending through said head
portion, each one of said major slits separated from one of said pair of self-

sealing, intersecting central slits by a frangible portion, and

c. a pair of intersecting minor slits each extending (i) transversely through said head
portion, and (ii) laterally outwardly from one of said major slits, each one of said

minor slits terminating at a frangible outer region having a reduced thickness.
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FIG. 2
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