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(57) Abrege/Abstract:
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A valve has a bonnet with a bonnet cavity and a first pressure sensing passageway extending between the bonnet outer surface
and the bonnet cavity. A base Is coaxially coupled to the bonnet. A fluid inlet passageway extends between the base outer surface
and the base cavity. A fluid outlet passageway extends between the base outer surface and the base cavity, and a second pressure
sensing passageway extends between the base outer surface and the base cavity. A valve element within the base and bonnet
cavities controls a fluid flow path through the fluid inlet passageway and the fluid outlet passageway. The valve Is suitable for use In
a cascade system includes a manifold having a fluid outlet port to dispense fluid and a fluid valve engaged to the manifold.
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Abstract

A valve has a bonnet with a bonnet cavity and a first pressure sensing passageway extending

between the bonnet outer surface and the bonnet cavity. A base is coaxially coupled to the bonnet. A
fluid inlet passageway extends between the base outer surface and the base cavity. A fluid outlet
passageway extends between the base outer surface and the base cavity, and a second pressure sensing
passageway extends between the base outer surface and the base cavity. A valve element within the base
and bonnet cavities controls a fluid flow path through the fluid inlet passageway and the fluid outlet
passageway. The valve is suitable for use in a cascade system includes a manifold having a fluid outlet

port to dispense fluid and a fluid valve engaged to the manitold.
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APPARATUS AND METHODS TO DISPENSE FLUID FROM A BANK OF
CONTAINERS AND TO REFILL SAME

This application is a divisional of Canadian Patent Application No. 2,646,853
filed February 13, 2007

FIELD OF THE DISCLOSURE
[0001]  The present disclosure relates generally_to. fluid delivery devices and, more |
. particularly, to apparatus .and methods to dispense fluid from a bank of containers and
10 refill same.
BACKGROUND
[0002]  Filling fluid containers such as, for example, containers to store oxygeri; |
" npatural gas, .propane, gérﬁon dioxide, etc. caﬁ be accomplished in severel ways.' dne
known method ﬁyolves storing larpe quantities of a fluid m, for example; a storégf:
tanker and transporting smalier, mobile fluxd céntainers to the stora.ge tanker to fill the
containers. Another known method involves storin g a arge quainﬁty of fluid in a
large mobile st‘orage. tanker (e.g., a storage tanker built on a traﬂ;ar) and driving the
. mobile storage tanker to customer locai.:ions to offer on;site reﬁﬂiﬁg Services.
[0003]  Users that ﬁequently-ﬁll smaller, mobile cogtéiners often store large
quantiﬁ e;<: of fluid lécaﬂy. For example, afirc department may store oxygen wnhm
the ﬁre dep-artnieﬁ; facility.to enable on-site refilling of mobile 6xygen tanks for.
firch ghters. _Similarly, natural gas dealers may store natural gas to refill sméller,
customer fluid containers. ‘A known method for on-site'reﬁlling involw;es,stoﬁng fluid
in a single relatively large fluid storage‘ container and transfen;i'ng fluid from the large -
storapge contame;r to a container to be filled (e.g., a'relatively smaller, mobﬂe .
containerj. However, in some cases, sufficient space méy not be available to

accommodate the relatively large single fluid container that is needed to provide

adequate refilling services..
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{0004] To address space consiraints, a plurality of smaller storage coxitaji?ers may
be used in combination with 2 fluid dispensing cascade system. A casc'ade‘ system. is
typically implemented by connecting or fluidly coupling a plurality of ﬂﬁid storage
| coniainers 1o a regul atorxvia a pluraliﬁf of sequence valves. Such cascade systemis
may be used to rei.ill,‘for .example; relatively small fluid contaix’lers'with fluid from ﬂ;e
storage cc;ntainers. As the I;ressure in one of the storaée containers becomes
.Sl.lfﬁ ciently depleted {e.g., during a refilling operatibn), a sequence valve enables
deli.very' of stored fluid from ar;oﬂler one of the stora ge cont'c;iners having a relatively
| higher ]:irgssure. Known cascade éystemes often iI;irc.xlvc complex implementations
requiﬁng larée amounts ;)f fluid line to fluidly couple seciuenqe valves anld. ot}xer |
components of the cascade system. As a result, assembling and disassembling known ' -
cascade systems for installation and maiptenance purposes is time consuhﬁng and -
‘ expensive, |
SUMMARY

[0005] 'Exaxﬁple méthodé and apparatus disclosed herein may be uged o dispense
flnid from a bank of containers and to refill sarne An example fhud disgensing
S).rstei:") includes a manifold having a flmid outlet port to dispense; fluid and a fluid
valve engaged to the m;?mifold. First and second fluid storage containers are Coupied

to the‘xpanifold. The ﬂu‘id‘valve is configured to control a first flnid flow path

~ between the second fluid storage container and the fluid outlet port.

[0006] In accordance with another example, a ;srajve méy in:cludc a bonnet and a
base coaxialiy ;:oupled to the bonnet. The bonnet may include.a bonnet cavity
defining a bonnet inner surface, a bonnet outer sulrfage, and a first pressure sensing
passageway extending bet}:veen the bonnet outer su_iface and the bonﬁet cavity. The. |

base may include a base outer surface and a-base cavity defining a base inner surface.
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The base may also include a fluid inlet passageway extending between the base outer .
surface and the base cavity, a flnid outlet passagéway extending between ti:e base
outer’surféce and the base c’mi:ity, and a second pressure smsiné passage;way
emen&ing between the base outer su;face and the base cavity. A valve element within
the base and bonn.et c'aviﬁ'es may be provided to contrt;l a fiuid flow path through th:a
fhuid inlef passageway and ﬁe fluid 'ogﬂe.t passagewajz.
’[0007] In accordance with yet another example, a manifold may include ;1 first | '
cavity to 'gecei\{e g. first flwid vé]ve. The manifold may also i.nclude a first fluid inlf.;.t

' port to couple to a first fluid storage con'gainer and a second ﬁuid inlet port to couple
to a second ﬂmd storage: container. In addition, the manifold may include an outlet
port that is configured to dispense fluid received via the first fhnd injet port and the

second fluid inlet port.

[0008j In accordance with yet another example, a dual check valve device:
includes a housing and a first check valve in the ‘hou.sir‘lg'. The dual check valve may -

also include a second check valve located in the housing adjacent the first check valve

and in substantial axial alipnment with the first check valve.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]  FIG.1 depicts a cross-sectional view of an example cascade system that

may be useci to deliver fluid from a bank of fluid containers.

{0010] ~ FIG. 2 depicts f:xam]ﬂe flmd flow paths associated with the example

cascade system of FIG. 1. |

[0011]  FIG. 3 depicts an example.sequence valve that may be used to impleniént

the example systems and methods described herein."

[0012] FIG. 4 depicts another example cascade system that may be used to

dispense fluid from and recharge a bank of fluid storage containers.

3.
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f0013] FIG. 5A depicts a front view, FIG. 5B depicts a top view, and FIG. 5C
depicts an end view of another example cascade system that may be used to diépense
fluid from and recharge a bank of fluid storage containers using 2 manifold-integrated

recharge circuit.

[0014] FIG. 6 is an isometric view of the example manifold and a plurality of -

valves nsed to implement the example cascade system of FIGS. 5A-5C.

[0015]  FIG. 7 is an isometric view of the example manifold used to implement the

example manifold of FIGS. 5A-5C and 6.

[0016]  FIG.8 is an isometric view of the example manifold of FIGS. 5A-5C; 6,

and 7 depicting a plurality of fluid passageways formed therein.

[0017]  FIG. 91is a top view of the example manifold of FIGS. 5A-5C and 6-8

having a phurality of dual check valve cartridges.

- [0018]  FIG. 10A depicts an end view.and FIGS. 10B-10E depict sectional views

of the example manifold of F1GS. 5A-5C and 6-9.

[0019]. - FIG. 11 is a detailed illustration of one of the dual check valve cartridges
of FIGS. 5B, 5C, 6, and 9.

DETAILED DESCRIPTION
{0020 Example apparatus and methods disclosed berein may be used to dispense

Ruid from a bank of fluid containers and to refill the bank of fluid contaigers.
Specifically, a bz;nk of fluid containers may be connected t.o an example cascade
system to dispense fluid from the containers in, for example, filling st.ation
applications. For example, the example cascade al;)paratus or systems descnibed
below may be used to supply breatha'tlzle OXYRER, hjfdro gén, natural gas, carbon |

dioxide, or any other fluid. In an example implementation, to fill a container {e.g., 2

-4
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bottle, a tank, a ﬂﬁi d-depleting container, etc.), the container is ﬂ’uidiy coupled or .
com'lecte(i to an exa:nple.cas;ade system and a re.gu]'ator is tumed on to enable fluid
deliversr from a ﬁ;‘st flwmd storage cpn}ainer (e.g., a fluid storage g:ontainei* hév'mg the
lowest pressure). As thé pressure in the container being filled approaches the p;essu:e
of the first storage container, the example cascade system automatically enables fluid
flow from another storage container (e.g., a next in sequence container) having a

rel aﬁvely higher pressure than the first stbragé cox.}téincr to continue cielivering fluid
t.o the co‘ntaimj:r peiﬁ g hlled after thg pressure in the container being filled exceeds the - |
- pressure in the first slp}:age container. In this inai;ner, the cascdde system
automatically enables (e.g., opens) fluid delivery flow 'patl.as corresponding to
subsequent relatively hi ghef-pregsme storage cbr_xtaii]ers (e.g.,ina s.equ'ential' manper)

to enable a substantially continuous fluid sinply to the container bein g filled. .

[0021]  Unlike known cascade systems imp]ementeq using fel atively large

- amounts of fluid line to couple a piurality of conventional sequenée valves, the
example cascade systeﬁs de;fscribed herein are implemented using manifolds
configured to reéei\{e and fluidly couple seqﬁence .vg]ve.s, thereby subs tanﬁa]ly :

redocing or eliminating the number of fluid lines needed to couple the sequence

valves and other components of the cascade systems. Redﬁcin:; the amount of ﬂuic{
line reduces ass.embly time durmg installation and mainienance'procedu}és: In
addition, reducing the required amoux.lt of fluid line needed reduces the number of
components that can wear, malfunction, or fail, wﬁich reduces the overall .

maintenance time and costs associated with the example cascade systems.

{0022} : An example cascade system manifold described herein includes a plurality
of sequence valve openings (e.g., threaded openings, porfs, recepfacles, etc.), each of

which is configured to receive a sequence valve that 1s, in turn, fluidly coupled to a

-5
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respective fluid storage container. A plurality of fluid flow passageways or paths are

formed in the manifold to couple inlet and outlet ports of the sequence val‘;es to
enablga 0p<z;.ration of the sequ'en;:e valves and to deliver fluid from each storage
container as the sequence valves autoﬁlaﬁcally and sequentially control the flow paths
by disabling (e.g.,‘clo'sing) and enébling (e.p., opening) the flow paths. Unlike ]mo% |
sequence valves having staj;d-alone ‘conl;igmations and requiring fluid lines to couple
to other sequence valves, the exam;:lg: sequence valves described below are
implemented usiqg a cartﬁdge-iike body that plugs into, intprﬁts with, ;}l‘ oﬂler%ﬁsé

operatively engages a sequence valve opening of the manifold.

[0023]  The example cascade systems described below also enable recharging -
(e.g., refilling, replenishing, etc.) the fluid in the bank of storage contain;arg coupled
thereto. To enable épd conirol recharging of storage coniainers coupled io the
exarnple cascade systems described below, a recharge circuit is implemented to -
enable (e.g., dpep) a recharge flow path from a recharge container ér a recharge ﬁuid
supply to each sto;age c;(;ntaiﬁer. In some example implementations, the stoﬁge
containers may be recharged without mterfeﬁng. with or interrupting the fluid delivery
0pemt§on of the seqziencc ya.lvés. In this manner, the example cascade Syﬁm may be

used to deliver fluid from the bank of storage containers while sirnuliénec;usly

recharging the storage containers.

[0024]  To further reduce the amount of fluid line required to implement the

example cascade systems described below, an example manifold may include a check
va;lve opening to directly receive a check valve (i.e., a unidirectional flow valve, i

one-way flow valve, a valve to limit fluid flow to one direction, etc.) without
requiring any intermediate coupling fluid line between the check valve and the

manifold. Unlike known check valves that require a fluid line to couple the check

-G~
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valve to another device (e.g., a sequence valve, a regulator,.etc.), the ‘e'xample check |
valves described below have cartndge-like exteri'c.s:rs or cartrid ge-.-li’ké bodies that plug
into, intecft with, or otherwise op&;:rgtively engage the check vaive 0penings‘of the
example mamfold. A piurality of fluid passageways ére formed in the examﬁ]e
man‘ifol'd to ﬂuid.l'y} coupl_t;: or connect the check valves to other components (e.g., -
* sequence valves and/or other check valves) or portions of the manifold to enable the

fluid dehivery and recharpe oi: erabons.

[0025} An exan;zp]e dua] check valve cariridge described below includes two
cheg:}c valves in a single housing. Each check valve may operate independently.so
that each duval check \;alye cartridge may provide two functions. In.parﬁcular, oﬁc of
the check valves of the example dual check valve ca:-ri:idge may be used to c;able a
fluid recharge flow {0 a storage container \a;hile the éther check '\;alve enables fluid

~ delivery flow from the storage container.

| (0026] Now turning in detail to FIGS. 1 and 2, which illustrate cross-sectional

views of an example cascade system 100 that may be used to deliver fluid (e.g.,

- oxygen, namra;l ‘g‘as,‘ propane, hy.droge'n, .et'c ) fmrﬁ aba:;k of .ﬂuid storage containers
102a-c. The cascade system 100 includes a manifold 104 baving a pl.u;rality.of
seéluence stages 106a, 106b, and 106¢c. Ea-ch of the sequence stages 1064, Ib6b, and
106¢ includes d respective se;quence x{aive 108a, 108b, and 108;: céu;:leé o the

| manifold 104. Each of the sequence valves 108a, 108b, and 108;: i;.; ﬂuidly'coupled to. |
a respective one of the fluid storage containers 102a, 102b, and 102¢. A r.egu]at(;.nr 110
is coupled 19 a manifold outlet port 112. to enable the filling of fluid céntainers (e.g., -
fluid-depleting containers, reﬁﬁéble containers, ‘bo.ttles, pressure vessels, etc,) with the’

fluid provided by the storage containers 102a-c.
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[0 027]. " Each of the storage éogtainers 102a-c is couPIec?a to the mé.;ﬁfola 104 viaa
respécﬁvesone of a plurality of check valves l]ﬂa;; 114b,.axid 114c. The check ;'alyes
1 1'4a-c ‘enablc'ﬂui'd flow 1n only oﬁe direction (e.g., fluid flow toward the manifold
outlet port 112) and, thus, prevent fluid backflow into.th_e storage con_taineré 102a-c ,.
from the manifdlﬁ outlet port 112 or any other source. In the i]igstrated éxample, the

" check valves 1}4&-(: are céupled to the'manifold 104 via respective check '.VBJ‘\".e'ﬂlﬁd
]ineé'l 16a-c. However, in oﬁaer éxami:;le’implémentaﬁ ons {(e.g., the e);ainble éasca'de .
system 500 desc;'ibéd below in cc;nnection with F1GS. SA-sc and §6-9), man.ifjolds' .
(g.g., the mamifold 504 ‘of. FIGS. 5A-5C and 6-9) may be configured .fo receive check
valve cartridges (.e.g.,'the dual check \.:alve cartridges 5.122.1—51 of FIGS. 5B, 5C, 6 ;':m_d
9) directly coupled thereto t;) reduce the amo_uni of required ﬂﬁid liné and to ‘simpliff |

éssembly‘.

[0028]  The example cascade system 100 enables the storagtjz; containers 102a-c to

' provide -suﬁcient pressure to fll céntaine_rs with the ﬂuid stored m "the flind .

c.ontainer.s iOZa-c. Eor'.exmnp]e, to fill a container 118,the sequence valves 108a-c

activate delivery from each of the fluid gﬁﬁtajners 1 02a-c ina sequenn'.al manner to

ensure that the ﬁressure output ﬁom the manifold 104 is sufficiently ]ugh relative to

the pressure in the container. 118 10 enable ﬁlliné of the céntainér 118. Durmg

. operation, after connecting the container 118 to the regujator 110, fluid is'delivered *
| ﬁorﬁ the first storage container 102a throug,ﬁ the first stage check valve 114a to the

manifold outlet port 112 via a first container fluid delivery path 120 (FIG; 2). '

[0029] To detect the amount of pressure in the container 11 g, the container 118 is -
connected 1o or fluidly coupled o a pressure 'sensix;g port 122. The pressure sensing
port 122 is coupled toa pressure éensi‘ng passageway 124 formed in the manifold 104.

The pressure sensing passageway 124 connects to pressure sensing passageways

8.
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126a-c of each sequence valve 108a-c to form a pressure sensing flow path 128 (FIG.
2). The fluid pressure in the container 118 is coupled via the pressure sensing flow
path 128 to enable each of the sequence valves 108a-c to sense the pressure in the

container 118 during the filling process. .

[0030]  'When the pressure .in the container 118 rises to a particular level relative to
the pressure in the first storage container 102a, the first sequence valve 108a
automatically .enables (e.g., opens) a second container fluid aelivew path 130 (FIG.2)
between. the second storage container 102b and the manifold outlet port 112. The
second storage container 102b ther begins dc]iveﬁng fluid to the container 118 via the

second container fluid delivery path 130. In particular, as shown in FIG. 2, the flmd

from the second storage container 102b flows through the second stage check valve
114V, a first stage iﬂet port 132a, the first sequence valve 108a, and out of a first
stage outlet port 134a to the manifold outlet port 112. The first container fluid
delivery flow 'pa.th 120 is substantially disabled (e.g., c‘lo.sed) when the second fluid
delivery flow path 130 is enébled, and the first sequence valve 108a and the first
check flow valve 114a prevent the fluid from th‘e second storage container 102b from

flowing into the first storage container 102a.

[0031] When the pressure in the container 118 increases to a particular level
relative to the pressure in the second storage container 102b, the second sequence.
valve 108b automatically enables a third container fluid delivery path 136 (FI1G. 2)

between the third storage container 102c and the manifold outlet port 112. The thixd

storage container 102¢ then begins delivering fluid via the third container fluid
delivery. path 136. Asshown in FIG. 2, the third container fluid delivery path 136 .
exiends through the third stage check valve 114c, a second stage mlet port 132b, the |

second 56quebce valve 108b, a second stage outlet port 134b, the first stape inlet port

0.
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132a, the first sequence valve 108a, the first stage outlet port 134a, and out to the

manifold outlet port 112.

[0032] In some example implementations, additional storage containers (e.g., a
fourth storage container) (not shown) may be cbnnected to the manifold 104. In this-

" manner, the container 118 can be'ﬁlled with a fluid pressure relatively higher than the

fluid pressure of the third storage:contéiner 102c.

[0033] . When fluid delivery is shut off via the regulator 110 and t.ﬁe container 118
is disconnected from the exarﬁple cascade system 100, the sequence yalves. 108a-c |
- disable the second and third container fluid delivery flow patlis 136 and 130, thereby

enabﬁng the first container fluid delivery flow path 120 for any subsequent container

to be filled that may be connected to the ex ample cascade system 100.

{0034]  Although .the above—describeq process involves sequentially activating
| fluid Qelivery from. three or four storage containers, if the désiréd pressure in the |
container 118 does not exceed a level for which thé first storage container 102a-
cannot continue deﬁveﬁng fluid, then tjle (;ontaine; 118 may be filled without

acijvati'ng fluid delivery paths associaied with ihe second or third sfomge contaiyiers °

102b and 102c.

[d 0351 FiG. 3 depicts an example sec.;'ue.:nce vah;e 300 that may be ﬁsgd, to

. implement the example sequence va]vt;:.'s 108a-c described abov;': in connection with
the example cascade system 100 and example sequence v.;sxlves described below in
cc‘nnectiori with other example cascade systems. The operation of the example

sequence valve 300 is substantially similar or identical t6 the pperations of the

sequence valves 108a-c described abqw}e in connection with FIGS. 1 and 2. In the

illustratéd example, the scquence valve 300 is depicted as being coupled to a first



CA 02809134 2013-03-11

fluid storage container 302a and a second fluid storage container 302b to enable

filling a container 304 with fluid stored in the first and/or second storage containers

302a-b:

[0036) The exampie géqueﬁce vaive 300 includes a base 306 having aba's.e outer -
surface 308 and a base cavity 310 defining a base inner surface 312. To epable fluid

- flow between the second storage pontainer 302b an:;I the contai'ner. 3%)4; the bzisé .306
inclu'de‘s.é valve inlet passageway 314 (e.'g., _ﬂn;, inlet ports 132a-b of FIG. 2) and 2 |
valve outlet passageway 316 ée.g., the stage outlet porté 134a-b of F1G. 2). The ygivé '
inlet passageway 314 extends between the base outer surface 308 and the basc gner
surface 312 and 'p'rovi‘d'es a flow path (e.g., the second ;:ontainer fluid delivery pa.th
130 of F1G. 2) to enable fluid to flow from the second storége ;:ontainer 302b to T.he
base cavity 3 10 The valve ouﬂet passageway 316 extends from the: base cavity 310

to the base outer surface 308 and provides a flow path (e.g., the second container flmd

" delivery path 130) for the fluid from the second container 302b to ﬂow from the base

' cavity 3 10 to the filling container 304.:

| [003'7} To epable the sequence valve 300 to sense afluia. pressure in the container

304, the base 306 includes B filling pressure sensing passageway 318 (e.2-, the

préssure s.ensing passageways 126a-c of FIG. 1) extending between the basé: outer
surface 308 and the base inner surfacg-i’alz. The filling pressnré sensing ﬁaﬁsageway

‘ 318 provides a path (e.g., the pressure sensihg'ﬂow path 128-of FIG. 2) té égaﬁle ﬂmd |

pressure to be coujaled from the container 304 to the base cavity 310.

[0b33] 'I‘h.e“ example sequehce valve 300 also includes a bonnet 320 having a
bonnet outer surface 322 and a bonnet cavi ty. 324 defining a bonnet inner surface 326. |
To enable the example sequence valve 300 ta sense a pressure in the first storage

container 302a, the bonnet 320 mncludes a storage pressure sensing passagewaj 328

-11-
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extending between the bonnet outer and inner surfaces 322 and 326. The storage
pressure sensing passageway 328 enables the example sequence valve 300 to be
conmected to or conpléd to the first storage container 302a and provides a fluid path

 from the first storage container 3022 to a storage pressure chamber 329 of the bonnet

cavity 324,

(0039] ~ The base 306 i; coupled ;to the bonnet 320 :to form a pressure-tight seal and
encapsulate a i}lurality of valve components. Speci;‘ically; t.ﬁe base 306 and the
bonnet 320 encapsﬁlaté a piston 330 that is coﬁ.;)led to a spring retainer 332 and

5k deabl.y and sga]inéfy engaged with the bonm;t céwity 324. The piston 330 has a

~ storage pressure sensing surface 334 and a filling pressure sensing surface 336
opposing the storage pressure sensing surface 334. The pressure in the ﬁ:gt storage
container 302a appiies a force to the storage pres-sm_e sensing surfagé 334 and the

pressure in the container 304 applies a force to the filling pressure sensing surface

336.

[0.040]. To sense the pressure in the container 304, the exa.t:;:ple sequence valve
300 includes a valve stem 338 having a valve stem péssageway 340 forme_d |
therethrough. The fluid pressﬁre in the container 304 is coup}ed into the ﬁlIi:;Jg |
pressure sensing passageway 318, ﬂnough the stem passageway 340, ax?d through
val;re stem side ports 342 to fill a pressure chamber 343 of the bonnet cr;rlvity 324, 'I“he
ﬂiﬁci pressure 1s .a]so coupled through spring retainer side ports 344 tofill a 8pr:;mg
retainer chamber 346 cau'sing the pressure in the contéiner 304 ‘to_apply a force to the
filling pressure sensing surface 336 that .opposes the force (e.g., the pressure of the -
first storage container 302a) applied against the storage pressure sensing surface 334.
The example sequence valve 300 enables (e.g., opens) and disables (c.g., closes)a

flow path (e.g., the sécond container fluid flow path 128.of FIG. 2) from the second

s VA
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storage container 302b to the container 304 based on the difference between the

opposing forces that are applied to the pressure sensing surfaces 334 and 336. o

[0041] To Odisab]e and enable the fluid paﬂlwa); from the second storage container
302b,~the valve steﬁ 338 is prc;vided :with a plug portion 348. ‘The valve stem 338 is -
| shov;fn in a closed position, in which the ;;lug portion 348 is in abutment with orin -’
ern g.agement with a valve seat 350 'creating a seal ﬂ?erebetween to disa't;le or clo:;e the
flmd 'paﬂ;:way from the second storage. container 302b. The valve seét 350 may be |
made of plastic to eﬁsu;; ;1 préssuré-ti ght seal between the \;alve sea?: 350 and the plug
| _portion 348. To enable or open the fluid pathway from the second storage contz;incr
302b, the valve stem 338_ is moved toward the bonnet 320 to an open position in
wb.ich.the plug 348 is disengaged from the valve sea£ 350 to allow fluid to ﬂdw
between the vah{c sea;t 350 and the plug 348. The ﬂt;id then flows through side ports

352 of a valve stem sleeve 354 and toward the valve outlet passageway 316.

[0842] The movement of the valve stem 338 and, thus, the plug 348 1s conirolled
by the piston 330. That is, if the piston'330 moves toward the storage pressure
sensing passageway 328, the valve stem 338 and plug 348 also move toward the .

storage pressure Sensmng pas;sagewéy 328 to an open position to enable the flow path

from the second storage container 302b. If the piston 330 moves away frorr; the
.storage pressure sensing passageway 328, the valve stem 338 also move; :étﬁva)'z from
the storage pressure scnsirig' passageway 328 to a closed position bﬁnging t'h.e p.lug‘
348 into engagement with the valve seat 350 and disabling the flow path from the

second storage container 302b..

[0{_§43] ~ The pis‘t.on 330 moves based on or in respanse to the difference between
the opposing forces on the storage presswre sensing surface 334 and the filling

pressure sensing surface 336. To provide a pressure bias to the piston 330 to cause

-13-
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the pision 330 to move t0 an open posSition when the presswe in the container 304 is
less than the pressure in the first storape containe.r. 302a, the examgle.seq\.xence ‘va'lve
300 1s ﬁrovid ed w-ith a nepgative bias spring 356 captured between the spring retainer
332 and a spring seat 358. If the pressure bias of the épring 356 is 250 pounds per
. square inch (PSIj, the pis£on 330 begins to move to an open valve position (e.g., slide
toward the storage pressﬁe sensing passageway 328) when the cantainer 304 réaches -
a préssure that is 250 psi less than the pressme in the first sto-rage container 302a. In .
other words, when the sum of the pressure provided by ﬂle negative bias sPrﬁI;g 356 - .
B apd the pressure of the container 304 exceeds the pressure of the ﬁrst storage
container 3022, the piéion 330 moves toward the storage éressure sensing passag;e\{vay |
‘328 to an open position t;:) e;xable or open the ﬂérw path bet;ween the second storage
container 302b and the container 304. 'I'bc‘pressnre bias of the sﬁn’ng 356 may-be
selected to be a:;y suitable pressure bias such as, for example, S°0. psi, 100 psi, 250 psi,
- 400 ps, etc. | | |
[0044,]. To facilitate. the engagement of the example sequence valve 300 to a
manifold (e.g., th.e manifold 104 of FIGS; 1 and 2)°. and to si:ﬁplify valve maintéqa.ﬁce
of example casc-ade systems (e.é., the example cascade system 100 o.f FIGS. 1 and 2), |
the base 306 forms a carlridge-like body. The carhidgc-lﬂ(é body of the example
sequence valve 300 can be easily plugped into a manifold without haviné"td

disconnect and/or connect a plurality of fluid lines to the valve passageways (or ports) -

314,316, and 318.

[0045] . To prevent mixing of the fluids flowing through the étorage pressure
sensing passageway 328, the filling pressure sensing passageway 318, and the
sequence valve mlet passageway 3 14; the example sequence valve 300 is providéﬂ

with a plurality of o-rings and static seals. For instance, 1o prevent the fluid flowing

~14-
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through the storage presswre sensing port 328 from leaking into the storage pressure
chamber 329 of the bonnet cavity 324, the piston 330 is prgvide;d with an o-ning 3.6.0.
To prevent flmd from ﬂie seco.nd. storage container 302b from leaking into the bonnet
~cavity 324, the valve stem 338 is prox;ided with an upper o-ring 362, the stem sleeve
354 is provided wﬁh a static seal 364, and the spring seat 358. is provided with a’stat%c
seal 366. To prevent the f]md Howing f;.om the ﬁlling pressure sensing passageway

318 from leaking into other portions of the base cavity 3 10, the valve stem 338 is

provided with a Jower o-ring 368.

[0046) FIG. 4 depictg another example cascade system 400 that may be used to
dispense fluid from and recharge a bank of flnid storage containers 402a-d. The -
example cascade system 400 operates in a substantially similar or identical manner as |
the example cascade system 100 described above in connection WJth FIGS.1and 2 .
and may be implemented using a plurality of éequence valves that are substantially
similar or identical to the example sequence valve 300-of FIG, 3. Howéver, in
addition to delivenng ﬂﬁid from the storage containers 402a-d to a container 404, the
example cascade system 400 also enables recha;ging or refilling the fluid in the
storagé containers 402a-d. The recharging capability substantiaﬁjr reduce.% the need to

disengage or disconnect the storage containers 402a-d from the example cascade
system 400 when the storage containers 402a-d are, for example, depleted and require

replenishing or refilling. Far instance, although the storage containers 402a-d may be
disconnected for mainienance purposes, the containers 402a-d need not be removed
for purposes of mplenishiné their ﬂuifi supply when they are empﬁ. Instead, t:lzp .
storage containers 402a-d may be récharged using fluid delivered from a fluid supply

(not shown) such as, for example, a storage tanker (e.g., a mobile trailer tanker, an

outdoor stationary tanker, etc.), a compressor, etc..

-15-
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[6047) The e}‘campla cascade system 400 includes a fecharge.‘cixc‘uit 406 having 2
recharge ﬁuid Iine 408 th.at 15 communicatively c6up]ed to. each o.f the storage. -
cdntaiﬁers 4023-& via respective racharge check vélveéé] Oa-d. A fluid supply is.
connected to the recharge circuit 406 via a recharge inlet 412, Fhad supplied t(; the : | |
recharge inlet 412 recharges the siorage containers 402a-d in & sequential manner
starting with the container having the lowest pressure. Specifically, the reohafgh flnd
follows a ﬂo;av path connected to .t.he one of the stdrage containers '46.?;a~d having the
least preésme and begins filling that container first. After the pressure of the first . .'

" .. storape container .incre;ases foa prcséure level matchigg that of a stofage cor.ltaiﬁer.

| Iéaving the next lowest pressure, the recharge ﬂ.uid Begins .ﬂ owing 1o both .of the |
storage containers simul{anéqus]);. As the pressure levels- in all af the gtorage
"containers 402a-d equalize, the recharge flnid fills all of the storage coﬁtainefs 402a-d
simultaneously until all of the storage containers 402a-d are filled io a desired lf:ve]

- and/or pressure. Dunng operation, as ﬂ)e. pressure .leve.ls in the. étorage containers
402a-d deélcte at different rates, the recharge check valves 410a-d prevént fluid from

higher-pressure storage containers from flowing into lower-pressure storage

" containers.

[0(.)48] FIG. 5A depicts a front view, FIG. 5B dgpicté a top view; and FIG. 5C
depicts an end view of another examplg cascade system 500 that may be used to

| dis;ﬁense fluid from and recharge a ba;ﬂc of fluid storage containers 502a-d using a’
manifold-integrated recharge circuit. The examplei. cascade system 500 includes a N
manifold 504 \afhigh, as shown .in FIGS. 8, '9, and 10C, has a fluid recharge circuit 505
formed thereip to reduce the amount of fluid line requil.'e'd to implement the recharge .

circuit. The example cascade system 500 operates.in a substantially similar or - -

-]16-
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identical manner as the examplé cascade system 400 described above-in connection
with FIG. ;4.

[0049] To‘receive a plurality of seﬁuence vajv;:s jOGa—c (FIGS. 5A~5C and 6), thf;; ‘
manifold 504 includes a plurality of opénings 508&—0 (i.e., valve cavities) as .s.hown in
- FIGS.7-9. Each of the sequence .\ra]v'és 506a-c 18 substantially similar or identical to

~ the %xample seql.lence valve. 300 of ¥I1G. 3. The seduence valves 50 65;6 have
carhidge;like bodies or housings configured to plug into, mesh wi;;b,' or otherwise |

engage the openings 508a-c.

- {0050} The manifold 504 includes a plurality of check valve openings 510a-d (i.e.,
check valve caﬁ.ti:es) (FIGS. 54, 7-9, and 10C) that receive check valve émﬁidges‘
-512a-d (PIG'S. 5B, 5C, 6 and 9), each of which in'chédes twb check valves. In
particular, as shown in FIG. 9, each of the check valve cartridgc%s 512a-d includes a
respective fluid delivery check valve Sléa-ﬁ and a réspecﬁ\ie recharge check vélve'
516a-d. The fluid delivery check valves 514a-d operate in substantially the same
manner as the check valves }14a-c of FIGS. 1 and 2. The recharge check valves -
516a-d function in substantially the same r.nanner as the rech.arge check valves 410a-d
of ¥FIG. 4 Receiving or mounting the check valve carﬂidges 512a-d di:ectljr in the |
mf‘:mifold 504 reduces significantly the amount of fluid line required to ﬁnpiement the

example cascade system 500. The ch_et}.k valve cartridges 512a-d are described in

greater detail below in connection with FIG. 11.

[00511 - Each of the storage containers 502a-d is coupled to a respectivé storage. |

container inlet/outlet port 520a-d (FIGS. 5C, 7, and 8) formed in the manifold 504.

The storﬁge container inlet/outlet ports 520a-d (i.e., the storage container ports 520a- |
d) function as inlet ports when delvering fluid from the storage containers 502a-d o a

container 518. However, during a recharge process the storage container ports 5204d-d

~17-
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function as outlet ports as descnbed below to deliver recharge fluid to the storage

containers 502a-d.

[0052] To sense the preésurc In the storage containers 502a-c, storage pressure
inlet ports 517a-c (FIGS. 5A-5C and 6) of the sequence valves 506a-c are coupled via
respective fluid lines .S 19a-c (FIGS. SA-5C) £0 respective manifold outlet ports 521a-c
(FIGS. 5A-5C, 6, 7 and 9). Fluid from the storage cox;tainers 502a-c flows into the

manifold 504 via the storage container inlet ports 520z-c and out of the manifold 504

via the manifold outlet ports 521a-c. The fluid then flows through the fluid lines
519a-c and into the storz*fgc pressure inlet ports 517a-c of the sequence vaives 5Q6a-c
to fill'storage pressure sensing chambers (e.g., the storage pressure sensing chamber
329 of FIG. 3) of the sequence valves 506a-c. In this manner, each of the sequence
valves 506a-c can sense the pressure of a respective one of the storage containers

502a-c.

{6053] To deliver fluid from the manifold 504 to the container 518, a fluid
delivery line 522 (FIG. 5A) is coupled to an outlet port 524 (FIGS. 5A, 7, 8, 10A, and
10B) of the manifold 504. As shown in FIGS. 5A, 8, and 10B, an outlet passageway

526 extends between the first valve opening 508a and the outlet port 524. The outlet

passageway 526 enables flow paths (e.g., the container fluid flow paths 120, 130, and

136 of FIG. 2) to deliver fluid from the storage containers 502a-d to the container

518.

[0054} Tc; enable fluid delivery from the first storage contr;iiner 502a, the first
storage container port 520a (FIGS. 5C, 7, and 8) i-s fhuidly coupled to the first dual |
check valve cartridge 5.1 24 as shown in FIG. 8. In this manner, fluid from the frst -
storage container 502a can flow through the ﬁuid delivery che;:k valve 5144, the

outlet passageway 52.6, and the outlet port 524. To enable fluid delivery from the

-18-
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second siorage container 502b the second storage contmner port 520b (FIGS, 5C, YA
and 8) is fluidly coupled 1o the second dual cneck valve cartndge 512b as ‘shown in
FIG. 8. In this me;nner, fluid from t.‘\}e 'se.cond storage container S02b can flow
through the fluad delivery check valve 51 45, a fluid péssageway 528 extending |
between the check valve opening 510b and the first sequence valve opening 508a, the
sequence valve 506a, the passageway 526, and the outlet port 524. In the illustrated
exaﬁ:ple, fhiid from the third. and .fourth s'toragé cc;ntainers 502c-d 'is‘.d'eliv.ered ina
similar n;mmer thro’ugh respective fluid delivery check valves 514c-d, passageways,

- and the sequence valves 506a-c.

[0055] To sense the pressure in the container 518, a filling containef pressure line | |
530 (FIG. 5A) is coupled to afilling pressure inlet port 532 (FIGS. 54, 6-8, 10A, and
10E). Asshownin ﬁGS. 5A, 8§, and 10E, éﬁlling' p@ssure passﬁgeway 334 exte,ﬁds ’
between each of the sequence valve openings 508a-c apd ti:e ﬁllmg .pre.ss'ure mlet port
532 to enable each of the sequence'va]ves 506a-¢ (FIGS. 5SA-5C and 6) to sense the |

pressure in the container 518 (FIG. 5A).

[0056]- To replenish the fluid in the storage containers SOQa-b, a recharge line 536
(FIG. Sﬁ;) is coupled to a recharge inlet port 538 (F1GS. 7-9, 10A, and 10C) of the

ménifold 504. As shown in FIGS. 8, 9, and 10C, a recharge passageway 540 extends

- between each of the check valve openings 51 Oa-d and the rechr#ge inlet ‘pbr.t 338.

| During a recharge process, recharge fluid flows through the rechargc m.let port 538
and through ong of the recharge check valves 51 6a—d (FiG. 9) correspondmg to the '
storage contamer having the lowest pressure. For example, if the ﬁrst storage
container 502a has the lowest éressure and the second storage container 502b has the
second Jowest preésme, ﬂzetrccharge‘ﬂu'id first flows through the first recharge.: check

valve 516a (FJG:. 9) and through the first storage container port 520a (FI1GS. 3C, 7,
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and 8) to fill the first storage container 502a. When the first storage container 502a |
reaches a p.aressure that 1s substantially equal to Lha‘t of the second storage container -
502b, the recharge; fluid flows simultqneousl}; through the first and second recharge
check valves 516a and 516b and the first and second storage container ports 520a and
520b to simultaneously fill the first and second storage containers 502b. The recharge
'proéess conpinueé in  similar fashion to replenish the fluid in all of the storagt; |

containers 502a-d.

[0057] The chec;k vgj\;e ca.rtri'dges 512a-d enable simultaneously. filling of the |
~ container 518 and recharging of the storage containers 502.a-;b; For instance, wl;ile
recharge fluid flows through the first recharge check valve 516a (F1G. 9) to fill tl;e .
- storage contamner 502a, fluid may simultaneounsly flow through the first fiuid delivery

chieck valve 514a to fill the container 518.

[0058]} The manifold 504 is confi guréd ’.to enable fluidly connecting the flnid
delivery line 522 (FIG. 5A), the filling coptainer pressure line 530 (FIG.-5A), and the
recharge line 536 (FIG. 5A) at either end of the manifold 504. For example, in an
alternative exmnéle implementation, the ﬂl;id delivery line 5?;2, the filling container
pressure line 530, and the recharge line 536 may be flmdly coupled io ports 542, 544,

and 546 (FIG. 7), respectively, and the ﬂmd lines 519¢ (FIG. 5B) may be ﬂl;idly
coupled to the manifold outlet port 521d, the fluid line 519b (FIG. 5B) a-;a"y be ﬁuidly.
coupled to the manifold outlet port 521¢, and the fluid line 51%9a (FIG. 5B) frgay be
- fluidly coupled to the manifold outlet port 521b. In this manner, the manifold 564 N
may be used to deliver fluid via the end having the ports 542, 544 and ‘546 (FIG. 7).
In any implement’éﬁon, any ﬁoné not fluidly coupléd to-something (e.g., not flnidly
coupled to fluid lin;:, a valvé, etc.) should be terminated or pluggea to'prevent fluid

from ]éakjng out of the manifold 504 during operation.
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[OD59]) Although not shown, pressure sensor device outlets or openings may also
be formed in the manifold 504 to enable monitoring of the pressure in each of the |
storage containers 502a-d using pauges, analog sensors, and/or digital sensors. The
.pressu.re sensor device outlets may bg confipured to connect to pressure sensor

devices or gauges via fluid lines or to receive directly the pressure sensor devices or

gauges without any intermediate fluid lines.

[6060] FIG. 1l isa detai]ed illustration of an example dual check valve cartridge
600 that may be used to implement the example dual check valve cartridges Siia—d of
~ FIGS. 5B, 5C, 6, and 9. The exampie check valve cartnidge 600 includes a first check
valve 602 and a second check valve 604 that may operate indégpendcntly. For
instance, the first check valve 602 may be used to implement the fluid deliyery check
valves 514a-d of FiG. 2 to enable fluid to flow from th;: stomée conjtainers 502a-d to
the container 518. - The second check valve 664, on the other hand, may be used to
implement the recharge check valves 516a-d of FIG. 9 .and enables rachérge flmd to

flow from the recharge passageway 540 to the storage containers 502a-d during a

recharge process.

10061] In the llustrated exémp]e, the example dual check valve cartridge 600
includes a housing 606 having a first check valve housing portion‘608 that includes
thtf: first check valve 602, a secand check valve housing poﬁion 610 that’i.ncludes the
second check valve 604, and a fastening housing portion 612 having a threaded
surface 614 that enables féstelﬁng of the example duval check valve cartridge 600 to a

cavity or opemng such as, for example, the check valve openings 510a-d of FIGS. 54, -
7, 8, and 10C.

[0062]  The check valves 602 and 604 are an'an ged in an end-to-end configuration

and are in axial al1 gmhcnt with one anc;ﬂlcr along the length of the check valve
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cartridge 600. In particular, the first check valve housing portion 608 includes an
external Ih-readed end portion .616 that threadedly engages an internal threaded.end
portion.(i] 8 of the‘ second check valjue: housing portion 610 to bring the check valves
602 and 604 to substantial axial alignment with one another, The sc;cond check

. vaive housing portion 610 has an external threaded end portion 620 that threadedly .

 engages an internal threaded end portion 622 of the fastening housing portion 612.

[0063] " Althou gh certain apparamé, m‘ethods, and articles ‘af ma:nufacn}re have
been descrit?ed herein, ﬂie 'scobc of coverage of this patent is not limited thereto. 'I“’o |
~ the contrary, this patent covers all apparatﬁs, methods, and articles of manufacture
fairly falling within the scope of the appended claims ejther literally or under the ‘

doctrine of equivalents.
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WE CLAIM:

L. A valve comprising:

a bonnet having a bonnet cavity defining a bonnet inner surface, a bonnet outer surface, and a
first pressure sensing passageway extending between the bonnet outer surface and the bonnet
cavity;

a base coaxially coupled to the bonnet and having a base outer surface, a base cavity defining a
base inner surface, a fluid inlet passageway extending between the base outer surface and the base
cavity, a fluid outlet passageway extending between the base outer surface and the base cavity,
and a second pressure sensing passageway extending between the base outer surface and the base

cavity; and

a valve element within the base and bonnet cavities to control a fluid flow path through the fluid
inlet passageway and the fluid outlet passageway.

2. The valve as defined in claim 1, wherein the valve element controls the fluid flow path based on a
first fluid pressure provided via the first pressure sensing passageway and a second fluid pressure
provided via the second pressure sensing passageway.

3. The valve as defined in claim 1, wherein the valve element i1s a valve stem having a passageway
formed therethrough to enable fluid to flow from the second pressure sensing passageway to the

bonnet cavity.

4. The valve as defined in claim 1, wherein the valve element is a spring having a pressure bias to
generate a first force to oppose a second force generated by a first fluid pressure associated with
the first pressure sensing passageway.

J. The valve as defined in claim 4, further comprising a piston slideably engaged to the bonnet
cavity, wherein the second force acts against a first end surface of the piston, and wherein a

second fluid pressure associated with the second pressure sensing passageway generates a third
force to act against a second end surface of the piston opposing the first end surface.

6. The valve as defined in claim 5, wherein the valve element opens the fluid flow path when the
sum of the first and third forces exceeds the second force.

-3 -
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