STATE OF CHARGE INDICATOR AND METHODS RELATED THERETO
TECHNICAL FIELD 5Embodiments of the present invention relate to a
ge indicator. More specifically, embodiments of the invention
@éiﬁ?ggt%%}gs{ate of charge indicator for a fluid enclosure, suchQl WitRg 02350
fuel cell system. BACKGROUND 10When using any consumable power
source, a determination of the amount of operating time left before
refueling is a consistent problem. For metal hydride fuel storage systems,
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store fuels, such as hydrogen, in cogunctlon with fuel cells for
electrochemical generation of powéf ¥&Hidden is absorbed into a metal
alloy, 15creating a hydride of the alloy. Measuring the weight of the
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powder-based hydride systems, some tr?/ to correlate internal pressure to
a stiterdluihargesmisirethod iadechetivsrkeWell as hydrides are
designed to operate at a constant pressure until they are nearly fully
discharged. Also, this constant escégé%gg operation is highly correlated
with environmental temperature. lf %Py pressure-based
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ind GEEAEE gesstrdingi prataanbres s coprrelindingetie déemirinaidonas dben

whethananybydeaoantenaing iRithe ERGIRSHUES: with fuel cells for
electrochemical generation of power. Hydrogen is absorbed into a metal alloy,

15 creating a hydride of the alloy.

Measuring the weight of the fluid stored within metal hydrides is error prone
as the fluid weight is low compared to the overall weight of the system. The error in
weight-based fuel gauging increases dramatically as the amount of fue} in a system
lowers, leading to great uncertainty in a weight-based assessment.

20 In powder-based hydride systems, some try to correlate internal pressure to a
state of charge. This method does not work well as hydrides are designed to operate
at a constant pressure until they are nearly fully discharged. Also, this constant
pressure of aperation is highly correlated with envirenmental temperature.
Therefore, any pressure-based measurement of a hydride system is a betier indicator

25 of the system temperature than i is of the system state of charge. In addition,
conventional hydride sysiems based on powders can pack and therefore induce large
sirains on an enclosure, confounding the determination as to whether any hydrogen

remains in the enclosure.
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associated with a deformation, according to some embodiments.

FIG. 2 illustrates a schematic view of a fluid enclosure containing a fluid
storage material, according to some embodiments.

FIG. 3 illustrates a schematic view of a fluid enclosure including a
mechanical transducer, according to some embodiments.

FIG. 4 illustrates a perspective view of a portion of an electronic device and
a fluid enclosure, according to some embodiments.

F1G. 5 illustrates a schematic view of a fluid enclosure in an empty state of
charge, according to some embodiments.

FIG. 6 illustrates a schematic view of a fluid enclosure in a full state of
charge, according to some embodiments.

FIG. 7 illustrates a perspective view of a portion of an electronic device and
a fluid enclosure including an observation window, according to some
embodiments,

FIG. 8 illustrates a schematic view of a fluid enclosure including an
observation window, according to some embodiments.

FIG. 9 illustrates a schematic view of a fluid enclosure including an
observation window at an angle less than perpendicular, according to some
embodiments.

FIG. 10 illustrates a schematic view of a state of charge indicator system
utilizing more than one fluid enclosure, according to some embodiments.

FIG. 11 illustrates a block flow diagram of a method of using a state of
charge indicator, according to some embodiments.
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a fluid enclosure including an observation window, according to some
embodiments. FIG. 8 illustrates a schematic view of a fluid enclosure
including an observation window, according to some embodiments.

25FIG. 9 illustrates a schematic view of a fluid enclosure including an
observation window at an angle less than perpendicular, according to
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According to the fourth aspect, there is provided a device for fluid
enclosure, the device comprising: a sensing device that responds to a
change in distance relative to a solid component, wherein the solid
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function of at least one dimension of the fluid enclosure. According to
the fifthoadipedt thersistpropiedixfiuisivsystah cdeaneloctionicudvises. the
de\GempHgingina fluickenglosere-andia Sppsing davisathatresRands Qfive to a
soit%h&) e(}}lrg} tle eslte%ln gl‘r;p) S|0n Of a O“q”nccr)‘{n ongg%t%attg%ﬁt rrlsgs s%ora (5]
comp rogen storage material that 18rcontained Within fitid B
ma@HétotE&tés \Rﬁf@?@ﬁ?‘th‘@@é‘hé‘lﬁb’@e%@%‘@t lekstsinrthalghenetolediviatn is a
funthiereldctrbnic devibeiensioetordihgdeitblesixth aspect, there is provided

a mﬁ%atihfﬁg ‘t@;ot'ﬂ'éoﬁlﬁﬂ @Sﬁé@ttetﬁ)ér@ f@fg&r@é@w%ﬁ%%@ﬂgﬁ an electronic
responding. to anfobsery ble of.a fI |d en re; wherein

ro Su
e e B e B P g n
leagtoieg &W%@H%@tﬁa%%&@m%tl&é}?ﬁb%wmrégémg@éﬁﬁg}wﬁ%éwmge
mativat i eontainethadthinbihelfiuith enalosues: DEEAILER RESGRIRTION at least

parttd]§ fQllquéng.deifiled descdption.ingludes references to the

accaqm awings, which form a art of the det description. The
oSl 155 SR G0 Ao EURL SCan A S AR i of
a ﬂm@@ﬁﬁbﬁmy%é%tﬁéﬁcé@ﬁpméé mbd&mém@?wméh@r@faas%unéfemﬁé@smc
whéechateinias estmplesiareduactibedfimenauig b tefaildarenabie: thase solid
con?&ltl:%gt'ﬁé@@oﬂ%méﬁ@%ﬁ?pmﬁé@ﬁ%% smag%%?@m%% D B8hed within
mezﬁlrr%] ‘g , other embodiments may be utilized, or structural, and logical
%Lgy be made without departing from the scope of the present
invention. The following detailed description is, therefore, not to be taken
in a limiting sense, and the scuperpitheprasendivention is defined by

the @9@%98%@@&@{49 BEILS glﬂ%malﬁnlt&des retgrgt'éeg%umsmctﬁ% anying

terms "a" or "an™ are used to include one or more than one and the term

dravyipess 8t (OTBraMY Chdedtitiisdelesr innigs s Ttharieashaicstely yay of
illusteiition sjitdg fis senbndenstoodithatibke phrasectogyomermbinglogsiced. These

emiRiBpiRYEd RBTQINrantk Aot RIRQIMGSEAeHNREd:disfap e RIMERRSE kA in enough
det£P§§Q£’§t99 j%’a's)é and.nchahimitation, Futhermare z%'x'tp‘t*%“‘:a“%“ézmems may
a ents, an atent documents refgrred to |n th ocumen

be 9ﬁ€6¥ﬁ8 af%%&ft@ﬁé#téﬁ%@%@ﬁé.ﬁtmtﬂ&?deﬁﬁr%fycag%éu@ﬁomaﬂhettﬁétgﬁs may
be inedeportiad biyyaferentem ndtheseventbdfiincpnsistentusages bEhwelehowing

detaihb%t deckHpanh adHhers dock RRaRiS.Ren nﬁfarm{atﬁg JULLTRIENGE sdBBe of the
?%e 5i thel co Bg't) eiﬁ refere ce hould ch Icon&derep
pte‘;en ven 10 3/ }apen ed ¢ fn];ns and their %18]
supﬁsemen aryt f ocument; for irreconcilable |nconS|stenC|es
the @@%ﬁ?ﬁtﬁ@%éﬁﬁ@ﬁt%mr@ls&n arE 5 BRI TR RS EGREN one

andrdlatene dstate wedhargegfindicatesroxchntact withua Rsidbénrclosuradidaed. In
addﬁt@t@ Richarg e iRdicRIN MawK ?9%@&9@%@&%%@8 f A PRVPPAERS N, and

mts%hc as aEHneﬁncl% [e orrflt(J)lSeO %? m%tlerla]l The deformation 10may
be'd unc ion f the State flcﬁtarge 6F THPHOT Chdlosure. The deformation

may be a direct result of the mass of fluid contained within the fluid
enclosure and not simply a measure or result of a pressure change,
similar to conventional measurements. Unlike strain measurements on
traditional rigid enclosures, embodiments of the invention relate to
deformations greater than about 1%, greater 15than about 3% or between
about 3% and about 10%, for example. By responding to a deformation,
the state of charge indicator relies on an effect directly related to the state
of charge of the fluid enclosure and fpt on any secondary effects. The
response to a deformation may be substantially independent of secondary
effects, such as environmental temperature, fluid storage material settling,
environmental



20barometric pressure, environmental humidity, aging of fluid storage
material or combinations thereof. Substantially independent may indicate

wonRye- i -determination of the state of charge of less than gt 30e#07350
example. Definitions 25As used herein, "charge indicator" or "state of

charge indicator refers to a device or instrument that senses or converts a
signal relating to the charge of a fluid in a fluid enclosure. Transducers are
an example of a charge indicator. As used herein, "transducer"” refers
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mechanical linkage is an example of a trngdufcreerﬁ %quS used herei
|

|
"in(‘]?é%?ﬁ?{bmd? ”mﬁ?@ﬁgﬂ?&g}%l%%g%oﬁﬁ r Sreioin Ihait chltety, as

ng’or displaying. A charge
indigat@h malyinditatecorsignty the: State of charge of affloidritiosuseses

As 1!51{: \elvg:eg%lesi %bc%%%ﬁt%fnﬁ Qﬁﬂgeedgﬁjx%@t@sg i%?&c%;tgﬁl"i% Q%FQBEQ%’ '&E‘z&'@e

a flyl enclosure. State of charge may refer to an absolute mass of fluid,
Sor to therinew sttt eétanive tboalhbiconsificned cunpkimsatantiad s

enclgsievhsnsaldeneinswaisistulci el sldasiantialyifulbdonexacmplets.
S5As used herein, "respgnding” or "responds” refer _t% acting,in rep!}/ toa
stimulus. RERHUEG hAY EITHETDR AT SHAF S BF el T B
a stimulgusush lasug:déafarsnatiof c ksgased dagreinay detenmine!’ daformation
de(t)?r‘clmlonln% erx?gec;rﬁscit]oasag%ﬁlr&?l ill 9§U§ Spfﬁl%d sto%%é%@&%‘.ngﬁg'Eieformation
exampfe.nﬁ)e{’ermlnlng may Include indicating or an indication 10may be
l0subserbentitocaidetétheination doresahifsdiuvid enaloyused Herdifprmation

"deformation’Jafess famalisrtionah sbarmdhe Hafarmation nashein

any dimension, for example. A solid component, such as a fluid enclosure,
maP UETBRY HRSASHCOTEBIDRA RITIHES FOP eI A F8RAHATEN of a
soligh&ampangnt Makbengiraiedsthansabaut 1261 benvesd alduilds

embodiments of the invention relate to deformations greater than about 1%, greater
15 than about 3% or between about 3% and about 10%, for example. By responding to
a deformation, the state of charge indicator relies on an effect directly related to the
state of charge of the fluid enclosure and not on any secondary effects. The
response 10 a deformation may be substantially independent of secondary effects,
such as environmental temperature, fluid storage material settling, environmental
20 barometric pressure, environmental humidity, aging of fluid storage material or
combinations thereof. Substantially independent may indicate an error in

determination of the state of charge of less than about 1%, for exampie.

Definitions
25 As used herein, “charge indicator” or “state of charge indicator” refers to a
device or instrument that senses or converts a signal relating to the charge of a fluid
in a fluid enclosure. Transducers are an exampile of a charge indicator.
As used herein, “transducer” refers to a device that senses or converts one
form of a signal to another. A mechanical linkage is an example of a transducer.
30 As used herein, “indicating” or “indicate” refers to signifying or displaying.
A charge indicator may indicate or signify the state of charge of a fluid enclosure.
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15and about 3% or between about 3% and about 10%, for example. The
deformation of a solid component may be in response to a change in
woltahastage, of a solid component, for example. As usedshiefeitdoo /062350
“change” or "changing" refers to becoming different or undergoing
alteration or transformation. 20As used herein, "change in strain state"
refers to an altered state caused by an external force. For example, an
altered state may include physical deformation or changes in electrical

resistance A-exermalipieeomayrbe physicak chemitabor@antelegtnddin a

force, for example. A physical force may be a deformatio
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“function” refers to a variable so rglatgd to anggther that for each value
5 assumed by e ttiate [$eanpaRi B SerivirRSE Sor e SURSHNESP BRABR,

defqrmationinayhe-a functionaf thessiateiehobargesokatluicehalosure
such that as 30fluid mass within the enclosure varies, the deformation
varidgus GEBANMIERIWAY™  As used herein, -observable property”

refers to aSqQmpeﬁm—_ﬂﬁa‘ﬂa&nemiab‘fhaf‘damrtm@mg’émﬁe&dt@ﬂSﬁi@Eﬁﬁniﬂga such as
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1 Orefens)td extesriaieft leesAHemiia) A &t S 4 Rd&ponse to the state of

charge of afluick in-cpntagtuith@fluiderelosuiaehaoesampie, Seeondary
effects may include environmental te peratuqe, arqrgetric g)res ure
S04 such as a
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rep{i%?a%‘rr]r;[%tlguno f.?‘i?gﬁ&r@%g%@ﬂem may be greater than about 1%, between about 1%

15 and about 3% or between about 3% and about 10%, for example. The deformation
of a solid component may be in response to a change in strain state of a solid
component, for example.

As used herein, “change” or “changing” refers to becoming different or
undergoing alteration or transformation.

20 As used herein, “change in strain state” refers to an altered state caused by
an external force. For example, an altered state may include physical deformation
or changes in electrical resistance. An external force may be physical, chemical or
an electrical force, for example. A physical force may be a deformation caused by
an increased or decreased mass of fluid in a flexible fluid enclosure, for example.

25 As used herein, “strain state” refers o a state of a material dependent on any
strain exposed to the material,

As used herein, “function” refers to a variable so related to another that for
cach value assumed by one there is a value determined for the other. For example,
deformation may be a function of the state of charge of a fluid enclosure such that as

30 fluid mass within the enclosure varies, the deformation varies in a determinable

way.,
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10For example, displaying may refer to the creation or use of visible
words, indicating lines, patterns, digital numbers, etc. in response to a

Wg%gg%%grge of a fluid enclosure. Displaying may also refgrtaritaros2350
illustration of words, symbols, or numbers on an electronic screen, such

as an |,CD screen, for example. As used herein, "composite hydrogen
storage material" refers to active 15 material particles mixed with a binder,
wherein the binder immobilizes the active material particles sufficient to

mainti’vlin '}%l%gy(?ﬁ%ﬂﬂg,aicf@@t\iﬁﬂwﬂﬁu@ﬁ}m%ﬁsthﬁa@ﬁﬁ)ﬁ&‘ma’f@"iahterial that
particles. Examples of composite hydrogen storage materials are found in
CorfRBRREL D & R APSTcAON S ARG L7376 80! Hed Apri
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entirety. 205 ysed heteln, . metal fdride padides: of metelrdigese
refer to metal or metal aﬁ%y particles that are capable of forming metal
Shydridempshéntbosite e ity hyaibyem oesrodd orstdriretiror frétal
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representative examples of the more general description of metal hydride
oM BTG RIE eI AR 1 B o RS WA
Witladam;:@gm ttﬁeaﬂ“_.compounds_form metal hydride complexes, such as
Mat, MOZNIL FeTite A0f L aMSELR (of exampls: ExpmBles Almetalsn.

used to form metal ?drld clude vanadium, magnesium, lithium,
L0alufinerampiiclisma iaasiiprefetalse lemtHanitladicard irbdemetdtindicating

compoungds.and;solid selions thereal,3RAR useddareinscdluid aefers to
a gas, liquefied gas, liquid, liquid under pressure or nyééane of thﬁﬁabove

in pHIEEICo M HFRAHIBE eSO RN A it STEPHGR OhatEdtar B iptes of
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1 Sbounet¢nahbsoidbing meateritls, Hmdgxavh@‘@g the binder immobilizes the active
material particles sufficient to maintain relative spatial relationships between the
active material particles. Examples of composite hydrogen storage materials are
found in commonly-owned U.S. Patent Application Serial No.11/379,970, filed
April 24, 2006, whose disclosure is incorporated by reference herein in its entirety.

20 As used herein, “metal hydride particles” or “metal hydrides™ refer to metal
or metal alloy particles that are capable of forming metal hydrides when contacted
with hydrogen. Examples of such metal or metal alloys are FeTi, ZrV,, LaNis,
Mg;Ni and V. Such compounds are representative examples of the more general
description of metal hydride compounds: AB, AB,, A:B, ABs and BCC,

25 respectively. When bound with hydrogen, these compounds form metal hydride
complexes, such as MgH,, MgNiH,, FeTiH; and LaNisHg, for example. Examples
of metals used to form metal hydrides include vanadium, magnesium, lithium,
aluminum, calcium, transition metals, lanthanides, and intermetallic compounds and
solid solutions thereof.

30 As used herein, “fluid” refers to a gas, liquefied gas, liquid, liquid under

pressure or any one of the above in physical or chemical contact with a fluid storage
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5As used herein, "occluding/desorbing material” refers to a material
capable of absorbing, adsorbing or retaining a substance and further

w&apahleafallowing the substance to be removed. The POTICAICY /002350
occluding/desorbing material may retain the substance chemically or

physically, such as by chemisorption or physisorption, for example.
Examples of such a material include metal hydrides, composite hydrogen
10storage materials, clathrates, etc. As used herein, "occlude" or
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chemically of electrically 20 touching or functionally &{ ratlng f|UId
R R s

may Rt HeErel R %hiﬁﬂ"ﬁﬁéj?hﬁf& FER Side the
en@mW@efa[e@ﬁaﬁleﬁr SEoritadingthay natudeifuridioconpmuitication. ifer

which tw mor opents are |n uch A %anng l151
on&'6' ?rjg Gi%r?s RGN og %@gﬁ%p@One ' or more fudl cells

10 maym@gﬁa@tarﬂmabﬂ@mgumc such as by fluidic communication. A fluid
storage 23material may-he funetiongliyinirgrated withinm? fisickenglasiime

such as being contained within (and yet, not be phésmally touching, {or

exdmplegbing apd "G@é‘?ﬂfeﬁéﬂﬁ’“ﬁ%‘?@aﬁﬁ&"’?@%‘i’?f tEsiAPRBRge occluded,

Som@@a&ﬁl@at/bmgﬁfﬁgt&w 8 hleadaaskneitiar physidailyyosuch as by

chemically. A fluid m% tPr}]ysflca released from an enclosure, for

exd TR HORL ALY B S EAI or%ﬁysmally released 30from a fluid
15storage matesal, foeiexadnpla” As dsedbirarein, dexiplefluidiendfodare” or

"fexgple, ROIaN Bt & llid SCIABUIG FaNIETer IR A IR REIRSHE d from

inclual Ing a structural filler and an outer enclosure wall, conformably

cousiens mARBasRtitleal flsramekinpies bissm DRURE éﬂmﬁh@%‘y or
foupkimicoammenhagpeed U.S. Patent Application Serial No.

As used herein, “contacting” refers to physically, chemically or elecirically
20 touching or functionally integrating. A fluid may contact an enclosure, in which the
fluid is physically forced inside the enclosure, for example. Contacting may include
fluidic communication in which two or more components are in such position as to
pass a fluid in one or more directions between them, for example. One or more fuel
cells may contact a fluid enclosure, such as by fluidic communication. A fluid storage
25 material may be functionally integrated within a fluid enclosure, such as being
contained within (and yet, not be physically touching, for example).
As used herein, “releasing” refers to freeing from something that binds, fasiens
or holds back, either physically or chemically. A fiuid may be physically released
from an enclosure, for example. A fluid may be chemically or physically released

30 from a fluid storage material, for example.



511/473,591, filed June 23, 2006, whose disclosure is incorporated by
reference herein in its entirety. As used herein, "conformably coupled"
wéelgrededegming a bond that is substantially uniform betwee-dwe2007/062350

components and are attached in such as way as to chemically or
physically bind in a corresponding shape or form. A structural 10filler may
be conformably coupled to an outer enclosure wall, for example, in which
the outer enclosure wall chemically or physically binds to the structural
filler and Pﬁk@@&tﬁ@a&p%%tnAs‘&s&ddgaree‘iﬂr “ﬁmtﬁﬂepmi@su«&éa/\faﬂd refers

to the oute(most Ig er Wﬁhl% UId epn%l %ure %Q}?t 5,10, akleast e,

partiiRP bW e difflision enclosure. The outer

enclosoreavedl] mwyfmmnixﬂsecmmmp@ tayewc@weﬁ%qmﬁxemalﬁ%ﬂﬁ@ch a fluid
maéﬁilﬁﬁyér Ne AR ERGIRsIeRlkmay nellde a palvmeh aeadmetal, for

exam As used herein, structural filler" refers to a material with a
5 suffléf &ht-inshiddatioth ?c?%tﬁ‘%’féﬁ‘?diﬁ?éoﬁﬁ‘férﬁdﬁﬂ@é‘éﬂ% BY seffirpee
eNGOs & WhemRressurized 20with a fluid. Structural fillers may be solid.

Structural fillers may.in¢lud II|c or plas Iattlc S, com os :
hydrogen‘%ﬁé‘?gag‘?‘f‘fﬁeﬁg@ Of:rl%% 8§pngar10 C e Sibon }é%]ss,

aersng»ed&;tmmmes’psmbaisycamm'ma@ngoapm@né©twmgd1@é#b@n@ as way as
miGH gﬁe% EE i}?@%é‘a?@&“ﬁ%n%%r&PeEBUA‘é%E@WQ@%A?P@WQF&Q&;

powder, palla ontainhing materials or combinations thereof, for

wexa”ﬁign@awscwﬁeawérbwum@ﬁd%@mg@ ATAEHAP YalbrOR 6 aHRARe Ry hich

thafnayie o physical eh&hrmical eantactvithas flulide usuallyafaritheand
purpose. of assisting the storage of the fluid. Hydrogen may be chemically

bodRkE Wit i Rietal alloy to provide a metal hydride, an example of a fluid
storage maieral. [3oRefariagteFiGe v perspeactive aiewekalayer within a

component 100 an: s'é%vgf,% NSIo0s,asp0sated withiA e PRt Fom e

shown, accor ing {0°s0
15 fluid enclosure. T he outer enclosure wall may include multiple layers of the same

or differing materials. The outer enclosure wall may include a polymer or a metal,
for example.
As used herein, “structural fifler” refers to a material with a sufficient tensile

strength to withstand the internal pressure of a fluid enclosure, when pressurized

20 with a fluid. Structural fillers may be solid. Structural fillers may include metallic
or plastic lattices, composite hydrogen storage materials, clathrates, nano-structured
carbon foams, aerogels, zeolites, silicas, aluminas, graphite, activated carbons, micro-
ceramics, nano-ceramics, boron nitride nanotubes, borohydride powder, palladium-
containing materials or combinations thereof, for example.

25 As used herein, “fluid storage material” refers to a material that may be in
physical or chemical contact with a fluid, usually for the purpose of assisting the
storage of the fluid. Hydrogen may be chemically bound with a metal alloy 1o

provide a metal hydride, an example of a fluid storage material.

30 Referring to FIG. 1, a perspective view of a component 100 and its
dimensions associated with a deformation is shown, according to some

8



embodiments. A component 100 may alter its dimensions based on a
deformation. In FIG. 1, for example, a component 100 may change

wgigagg)é;%ﬁ 102, 106 and 110 to the larger dimensions of 104 }08,@Rha23s0
112 respectively, when charged with a fluid, such as hydrogen. Charging

a component 100 may include filling, contacting, 5occluding, absorbing,
adsorbing, etc. with a fluid, such as hydrogen. The component 100 may
comprise a fluid storage material or a fluid enclosure, for example. The

dimensians£04,103.8p5k A1 R Mmay ha i i e ahoutcho Yo geatarditanmation.
dimensions 102, 106 and 110, for example. The cgan%e in iérz]eﬂ%'on
(5]

may B reldPSiBa et MIEoRRRSL BoRre SO3T8R BT BRE Tom p"onenatn?dd;0
The,shapegef thachOeamanent fhaydbie arbisary.ehprismaticand aity of

its dimensions may be altered with a deformatign, f: .
L SRR TCERERors Ay b L aan o ol R L Ebactpe
5 cormpbieng, BOSurAmhardyerndicaiorvithy Boifprist & Myaidesrsdid that

may,displace; with, & defopmation. 4 shargendicatormawindude-a sqlid
that changes an 150bservable property as it is displaced. An observable
propérpajiselspariowy Klatifianhl A&rgs bR dR MaPTHRY Hegeater than
rr;]e@mmahmmam@ R CoNasi-withrifie. conepangrt ik 0dnfosiexampleéeThe
charge indicator may,respond directly to the deformation, such it
e b T P NGl A e
10changedneiscaydal propentiespol thwsicondpenentitobnrasiedsona (theltered
deformatinn, fofaxample A gbarge indicator may include an optical

interference pattern, such that a visual pattern may be created or altered
based on M HERITIAGEA 2ERHBIE W&Sﬁdﬁﬂiﬁ%ﬁ%f%%@ﬂdﬁﬁ&ﬁgfmaw
inclyde facaied RAtteNSgrdsd RXeISHON® AHIMRIE1LGIbler wiitith0may
combinations thereof. The charge indi%%(a)lrﬂgnne%x incll.nge an array of,

Y u 1 tChanges an

corTRASFoAHh i tmaRgn, Fieree n ehid 2%

15  observable property as it is displaced. An observable property may be color, for
example. A charge indicator may be a mechanical indicator in contact with the
component 100, for example. The charge indicator may respond directly to the
deformation, such as with a mechanical {inkage, or indirectly by responding 1o an
electronic signal or change in electrical properties of the component 100 based on

20 the deformation, for example. A charge indicator may include an optical
interference patiern, such that a visual pattern may be created or altered based on the
deformation. Examples of optical interference patterns may include faceted
patterns, grids, pixels, one or more visible words, or combinations thereof. The
charge indicator may include an array of conductors on the surface of the

25  component and in contact with one or more fixed brushes, for example. Asa
deformation alters the dimensions of a component, the conductors may respond (o
the number of brushes currently in contact, for example.

In some embodiments, the component 100 may not be visible to a user. The
charge indicator would then communicate information about the state of charge

30  associated with a fluid enclosure from within a system, such as a fuel cell system, to
some exterior location where the information may be communicated to a user or to a

9



25component and in contact with one or more fixed brushes, for example.
As a deformation alters the dimensions of a component, the conductors

winaydaspend to the number of brushes currently in contact,fefexampizaso
In some embodiments, the component 100 may not be visible to a user.

The charge indicator would then communicate information about the state
of charge 30associated with a fluid enclosure from within a system, such
as a fuel cell system, to some exterior location where the information may

be GOMMUNGIRI LG LS8 Ak [\ JMADEQTING SYSteraidaraxamplauder,
transducer, such as an electronic transducer, maggf%}e in cor;lahct Withfme
=) ChIg £

comBbRE 1Oy AU TRPERALY LI h iy & B e i d Su

e enclosire as a
fungtivn.efitherdeferratiom of thededmpanentfiBO¢forperarn pld, fn example.
extensometer or strain gauge ma I electroni
tranisnd%%%??c’%ﬁg 8@?§ﬁr?1na 10 en%“a% %?s%pggérﬁglr%{%rgéd@%ﬁ%%% ?H%})%ducér'

srespondifigrtatine @%@%k@&qwét@m@%ﬁ%%@mmﬁ@?ﬁ’%@, ée@fr?%&'%hh
a chajgs:varaRle Lo o6 EXaMREwith 2 ThE-£OMRBARNENEsIAt may

include a metal hydride, a composite hydrogen storage material or a
mixtA@tifereof The component 100 may include a structural 10filler, such

as metallicirialastsdatiice s sompariterhyairbgéiisteragepmaterialsgen

clathrates, nano-structured carbon foams, aerogel it ilj
hrates, foams, aeroge sllicas,
aluPFRS TBRshiaNET ASHTALS %535? r%:)nqs%,erﬁ?cﬁr] Pgégr"grﬁjigs%% a%(%)-cer%migg,umi

10borbhenittide manctilies: Posohiadtichs. ponweistipaiftidasmscortammeials.
maE‘?éé%!a A ﬁ%pﬁg}m%a thersPf. {0t exannpie  The SOmRanai-EA% may
include a% éxible fluid enclosure or a flexible 15portion of a flujd enclosure,
for eeahigl@ctivated carbons, micro-ceramics, nano-ceramics, boron nifride nanotubes,
borohydride powder, palladium-containing materials or combinations thereof, for
example. The component 100 may include a flexible fluid enclosure or a flexible
15 portion of a fluid enclosure, for example.
Referring 1o FIG. 2, a schematic view of a fluid enclosure containing a fluid
storage material 200 is shown, according to some embodiments. A fluid enclosure
202 may enclose fluid storage material. The fluid storage material may comprise a
composite hydrogen siorage material 212, metal hydride powder 210 and a
20 composite hydrogen storage material 206 in contact with a state of charge indicator
208. The state of charge indicator 208 may be a transducer and be in contact with
transducer connector leads 216, for example. The leads 216 may be in contact with
the fluid enclosure 202 through a sealed aperture 214, for example. A fluid
inlet/outlet port 204 may also be positioned in contact with the fluid enclosure 202.
25  As the sirain state changes within the composite hydrogen storage material 212 and
metal hydride powder 210, the state of charge of the fluid enclosure 202 may be
monitored as the one or more composite hydrogen storage materials 206 in contact
with a state of charge indicator 208 deforms, correlating to the state of charge of all
fluid storage material within the fluid enclosure 202. The state of charge indicator
30 208 may be transducer, such as an extensometer, a resistance or fiber strain gauge,

for exampie.



Referring to FIG. 2, a schematic view of a fluid enclosure containing a fluid
storage material 200 is shown, according to some embodiments. A fluid

wehslasire 202 may enclose fluid storage material. The fluid §{Qra96,47/062350
material may comprise a composite hydrogen storage material 212, metal

hydride powder 210 and a 20composite hydrogen storage material 206 in
contact with a state of charge indicator 208. The state of charge indicator
208 may be a transducer and be in contact with transducer connector

leads 2167farexample. Theleads:216 may ke incomachwiththe fuidia. or
enclosure 202 through a sealed aperture 214, for example. A fluid
inletBHtRSE pdHeR RIAY IS8 HeF P SSIRSREY T BoAtadt it RN GRfapable of
enclosiuien20Rd AbAsHihg istiadacsiate ehanges Withinithe compaskes liquefied
hydrogen. storage material 212 an tal hydride powder 210, the state of
chahGe DR RO SRTELHE T i) B R oo e GO SRS
Scomposite Ryiroge e stirage nriitenidis 206 ol ctntachvlithue stakelofs a

chargerndicaton 208 detarms, sonelating fo thestateabgharge of af,fluid

storage material within the fluid enclosure 202. The state of charge

indiEAEFUI0 368 MRy brdoaah SHiftEPr AR 4R idh ekt JBFABIRICE transducer
resistanee04sHhaE ixait. DAVER  fateXxanmiientact witafluithigtamrge: material
material may be capable of occluding/desorbing a fluid, for.example. Th
Com B L UL LIS/ R A 05 AT 00 oy e DA 0
10occluding anchtdsproing Ridirogerafolexample inftéfitid roay Berspgabpa

liquelise gageilQuid.of @ gambnatian iereabI ha fud may.Re.pyHadam:

for example. 5Referring to FIG. 3, a schematic view of a fluid enclosure
incl¥feisigiarme chanTcd et dues3nnSs ¥hohis, Bedbiting tansdine 306
g(f)nzbv‘@ﬁimeﬁ%iﬁnfél@i%ﬁﬁg@§%g§@&mﬁgm%@}@%%imﬁﬁ%ﬁ@m?&i@f&iége
Am nical transducer uch as a mechapical linkage, may be
i O i G PR 402 T LT DA
15306 may bebinsehtacowithitivat uidieéntliosuiend02 idthireughsassealée
ape&g]%eggﬂ, for example. A fluid inlet/outlet port 204 may also be
positioned in contact with the fluid enclosure 202. As the fluid storage
material I WEREIAS]§ oy PERMSEE ity T ishorioB04 2T Risqrietkanides
trangduceri SR WAHIAMTER hANYeReRIIvNAABRATMRGINN Ofth8rion of

deformation of the fluid storage materigl 302. The pasition change 308
mafftRERE S ATHERATOM B taosnsta brifsaslageeciloenisaaidly 406
20commlmnicatédiiatdriaimatiofDio a menitonigSystaR oy examphezct with

the fluid enclosure 404 and also in contact with the portion of an electronic device
402. As the fluid enclosure 404 deforms, the charge indicator 408 may respond to
the deformation, such as by responding to the change in distance 410 between the
fluid enclosure 404 and the cavity 406, for example. The charge indicator 408 may

25 indicate an empty state of charge 502 of the fluid enclosure 404 (as shown in FIG.
5). As the fluid enclosure 404 changes dimensions in response to a deformation, the
distance 410 between the fluid enclosure 404 and cavity 406 may change. The
charge indicator 408 may then indicate a full state of charge 602 (as shown in FIG.
6}.

30 The fluid enclosure 404 may be flexible or a portion of the fluid enclosure
may be flexible, such that the deformation due to fluid mass within the fluid

11



Referring to FIG. 4, a perspective view of a portion of an electronic device
and a fluid enclosure 400 is shown, according to some embodiments. A
woartignakan electronic device 402 may surround a fluid enB{s8GreMEA62350
and a cavity 406 20 enclosing the fluid enclosure 404. A charge indicator
408 may be in contact with the fluid enclosure 404 and also in contact with
the portion of an electronic device 402. As the fluid enclosure 404
deforms, the charge indicator 408 may respond to the deformation, such
as oy sespondingdothei chamgedndistanes T gaseisrderpaseiaupy the fluid
ﬁ]nag‘li?‘ﬁs‘éé{%ﬁ% g&q‘ggg cavity 406, for example. The charge indicator 408
y 25Indicate an empty state of charge 502 of the fluid enclgsure 4%04
(as showRlindrreze Bz R aderfcloBEr R aEA dEY eihtSHSong'in
responsk lo-a-defarmation. dhedigtanceadto dnstwee hdheefuidieholosieecd

404 and cavity 406 may change. The charge indicator. 4 | :
5 ncHEMSHm A4 GFRFPoE 805 (A SRR T ) SMRS Ho

engigaliewdmay inerfiasiglecduracportioneofivedividiettioded Hihy be
flexble. s ihat e Acformaian dupdaluicmassoihinhaiuid

enéfffs%‘rg gauseiéacfjlmen5|on changes or changes in electrical properties
of tdhéqﬁiqﬂrdiemdhrmw&ﬁ example. The charge indicator 408 may be a
g;]eChar!'Cgﬂéj;%%PJi%Aﬁfg%ﬁ@@éﬂgﬂmvfn@é examplerdarhenanamplgssofe system,
arge indicators may be open cell foam, closed 5¢cell foam
O e oA F Ao AL EAP AN AT oF i e
drayynintaandnareasingpuolibe omsdevesbasestinpicatoramplesidid

enclosure.4(34 or a.pgrt ?on aﬁ%lm%re 9}9@,”55?@(“?eypﬁﬁﬁé]%ﬁ‘?lﬁg@%d@iﬁtﬁn

i
def%lﬁ%écf?d%, %lr“é%(émp &.rhe portion of electronic device 402 may be
partofiaufiuiet enslos e systeNs COOSUEN Alispker dsnseyetamiasy éSEéHw%‘I%Ye"’
The flyid, eRSIASUESYSIRM Man g Ude.A Mo lumeness ibamahoighiod00

cubic centimeters, for example. Example oftglectronic devices includ(g a

E5ce||@jwr9ﬁi@ﬁ@y'.Sétgfﬁ{é:eﬂhgﬁ@m:ﬁw 1&(‘&1 X %AE}U ne Of MOre Compornen

‘ er, computer
accassryndllisamobilecomphiae, displayy persopetaudiod Loty Ee]

medical device: (I6HoD: IBRSIRIET.JRASIVR, labting AsHsedasbion
example.
Referring to FIG. 7, a perspective view of a portion of an electronic device
50 and a fluid enclosure including an observation window 700 is shown, according 10
some embodiments. A portion of an electronic device 402 may surround a fluid
enclosure 404 and a cavity 406 enclosing the fluid enclosure 404. A cover 702 may
contact the cavity 406 and the fiuid enclosure 404. The cover 702 may have an
observation window 704 disposed within in order to visually observe changes in the
75 dimensions of the fluid enclosure 404, such as by observing the changing distance
410 between the cavity 406 and fluid enclosure 404, for example. The observation
window 704 may be an observation window 804 at an angle about 90 degrees or an
observation window 902 at an angle less than about 90 degrees, for example (FIGS.
8 and 9, respectively). If the observation window 902 is at an angle less than about
30 90 degrees (about 50 degrees would be an example), then the dimension change of
the fluid enclosure 404 may be more observable or amplified. The dimension

12
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15 electronic toy. A fuel cell system may include at least one or more
components, a charge indicator in contact with the one or more
wEomRRReRats, and one or more fuel cells in contact with one g a:efdhsso
components and charge indicator, for example. Referring to FIG. 7, a
perspective view of a portion of an electronic device 20and a fluid
enclosure including an observation window 700 is shown, according to
some embodiments. A portion of an electronic device 402 may surround a
fluighgnelosure 404 andbacavity 408LNciasing:thesfidid enclosuigcd0hsi
cover 702 ma ntact the cavity 406 and the fluid enclosure 404. The
CoVRI PRI #H; %’r‘fg{ E4RBBservation window 704 disposed within in order
to visuallyRehsengechahdds indhen2bcdime ndionstobihbdigidiehelgsunsicm
oD A% g%so%{ﬁvm&@&mw Inaclisianes 4LQReRveeRfRe cavity

osure 404, for example. The observation window 704

5 mayrﬁ@@m@ﬁ%mtmwhﬁwge&ad@raﬁrﬂ%%w%%égﬁé&waﬁm

obsgruation,window, Q072 al.30: angladess than akriLR0 Jegreasidol with a
example (FIGS. 8 and 9, respectlvely) If th&%bgs%?rvation wmd ﬁg)% |s at

an ifighs 1BLS AR ASTATEba0 HGPEESPEbBUE B8 dSoRBSE WhIa BEEH® °*

e an
exm@%e&)nthxemghe@d”nménsmmmmangégof thefiuid elgldsurend Gl mhay fhed

morem%tr)rg?rvabl ?Wz%csﬁlgdd&heenc 5%@5{19@ stg@mga%é%?t%wgﬂak ler fluid

end8iie 1Zl?ﬁrmay e wsuaﬁy noted using color stripes,”’hash marks or
10 gricsclorexdPiplmay be uRldfedringninfi@lano bk Hath afiehwan Bl dtager

Of GiAHAs ARy IRM ML 'Eg}%m@at@ afheid enclosure 1000 is

shown, according to some 5embodiments. The state of charge of a large
fluid encldslFEeda FiayBeiitieafiydimae she medpd ey ’trésérfgcﬁébaé%o f

a sppaler Huichanclosuresh0aR, assadiated wiit: arsharge:indicatonfer
example, Fluid m%}/ ﬁ/ rou connec;tlon 1006 bgfo}g\espr aftrer
ou

contaGr RE G TG0 SUb Lt Aats e same T i o
|5storage ofdtedakis Utideddispbacd eHElodtiselaheesrte ioflodarge sftine the

oAl ORD ﬁh%wﬁaéog?cmepgmée&@&amm@ay%n REPSnding
State ? arge O e lar
1102 may include d:spiacmg a solid, displacing a liquid or resisting an electrical

signal, for example.
The Abstract is provided to comply with 37 C.F.R. §1.72(b) to allow the
20  reader to quickly ascertain the nature and gist of the technical disclosure. The
Abstract is submitted with the understanding that it will not be used to interpret or

limit the scope or meaning of the claims.



fluid enclosure 1004, without it being separately monitored. Referring
to FIG. 11, a block flow diagram of a method of using a state of charge
indicator 1100 is shown, according to some embodiments. A charge
indicator may respond 1102 to a deformation of a component. A state of
charge or a 15mass of fluid may thery bgdisplayed 1104. Displaying may
include converting the response to a digital display, such as on an LCD
schdt sansdple. Responding 1102 may include displacing a solid,
displacing a liquid or resisting an electrical signal, for example.

The Abstract is provided to comply with 37 C.F.R. 1.72(b) to allow the

2 eadef&tég?i’d?gﬁ@r i dadlyidesrtiBedchnical
disdlbsueeflfbebsiiacicis:gubmigted with the understanding that it will not
be used to intergr%t or I_inalt tt{:le tcope‘or#‘}eanin #Ff the claims. CLAIMS
What is claimed‘i§" 1% J&ViEEfor deteiih thesrELatsy oA gigeltd
cantamedwithimaidiuid iéneldsidepamptising a fluid encioshargeindicater

th t formation of a.solid . component in contact with a fluid .
c e B S RS b preee g
cohipdsideensidpotrerndtorage material contained within the fluid enclosure
and e erel e detormalan B aHARIe0 NG 0SSR ines
contained within the fluid enclosure. 2. The device of claim 1, wherein
ervitoRHEHtaldsiierattre changes introduce less than about a 1% error

in determining the mass of fluid contained within the fluid enclosure.

2. The device of claim 1, wherein environmental temperature changes
introduce less than about a 1% etror in determining the mass of fluid contained

within the fluid enclosure.

3. The device of claim 1, wherein environmental humidity changes introduce
less than about a 1% error in determining the mass of fluid contained within the

fluid enclosure.

4. The device of claim 1, wherein environmental barometric pressure changes
introduce less than about a 1% error in determining the mass of fluid contained

within the fluid enclosure.

5. The device of claim 1, wherein the deformation comprises a change in

physical dimensions of the solid component.

6. The device of claim 1, wherein the deformation comprises about a 1%
deformation,
7. The device of claim I, wherein the deformation comprises about a 1% to

about a 3% deformation.



3. The device of claim 1, wherein environmental humidity changes
introduce less than about a 1% error in determining the mass of fluid
contained within the fluid enclosure. 4. The device of claim 1, wherein
environmental barometric pressure changes introduce less than about a
1%0 errorip determiningthe, wassiaffvig containadwithindaesuich 3% to
enclosure, 5. The device of claim 1, wherein the deformation comprises a
cRERIGE iH prieieandifiensions of the solid component. 6. The device of
claim 1, wherein the deformation comprises about a 1% deformation. 7.
The devjce af claim 1 Wheigein the d&fo&m tion comprises abﬁUt ?_1(:% fo
aBout a 395 HBRSTRAGEIT '8 MTE Bevicd 8 SRR WAS i tha oo 45
déferimationcoprisesiabet a 3% to about a 10% deformation. 9. The
device of claim 1, wherein the fluid comprises a gas, a liquefied gas, a
liquid or a combination thereof. 10. The device of claim 1, wherein the
fluid corfiprisesiecgdslair . [Thbatewidesdfwihimnipwheapsthe fluid
comprises hydrogen. 12. The device of claim 1. wherein the solid
component comprises a fluid storage material in contact with the fluid
ehtlosurehe 18viThe [ddsiivel of BRI 1 (HHE BB B fluid storage
material introduces less than about a 1% error in determining the mass of
fluid contained within the fluid enclosure. 14. The device of claim 12,
wherein Bsing i Haith dtovAge inHtenalithtrsurse i SOOIk fobtitda
1%oprpemiaideterminingcthadmassiel dlvidieontained within the fluid
enclosure. 15. The device of claim 1, wherein the solid component
comprises a metal hydride.

13.  The device of claim 12, wherein settling in the fluid storage material

introduces less than about a 1% error in determining the mass of fluid contained

within the fluid enclosure.

14.  The device of claim 12, wherein aging of the fluid storage material
introduces less than about a 1% error in determining the mass of fluid contained

within the fluid enclosure.

15.  The device of claim 1, wherein the solid component comprises a metal

hydride.



16. The device of claim 1, wherein the solid component comprises a
mixture of metal hydride powder and a composite hydrogen storage
material. 17. The device of claim 1, wherein the solid component
comprises type AB, AB2, A2B, AB5, BCC metal hydrides or combinations
(hegeor. 1. fbedlayier o dlaim e WRRSI G Rl GRTARRSIL COMRIIReS
LaNi5, FeTi, or MmNi5, wherein Mm refers to a mixture of lanthani
19neHpldRiflsePareainng AFRBNIFH Ry deNErBGTRpRTentiEsMprises
clathrates, silicas, aluminas, zeolites, graphite, activated carbons,
n zo-str tured car%gns micrg-ceramics, nano-ceramics, boron nitride
Totubd eﬁgrféﬁﬁ& RAiMRG TR A CeBTRBiRBLBHERRER P 265.
TheBdevite afclaimd nwhetsinihe selidrepmpongnhsenprises a fluid
enclosure. 21. The device of claim 1, wherein the solid component
comprises a flexible fluid enclosure. 22. The device of claim 21, wherein
thh‘ﬁchar@’hdmididamﬁcxharhpr[semarmldre(ﬁmmg@}iﬂmm@dbiprfbémaNn 5, FeTi,
e I VIC of claim.1, wh olid component
C(r)arglpnses aﬁ%oﬁ%in 0 exﬁ){ie el %‘ﬁ% i%lpetﬁ j 34 he device of claim 1,
wherein the charge mdicator comprises a mechanical transducer. 25 The

deyice of claim L. Whaigln e £hargs,Indigator,&o QONRKP gém%%gscc A
silicas, aluminas, zeolites, graphite, activated carbons, nano-structured carbons,
micro-ceramics, nano-ceramics, boron nitride nanotubes, palladium-containing

materials or combinations thereof,

20.  The device of claim 1, wherein the solid component comprises a fluid
enclosure.
21, The device of claim 1, wherein the solid component comprises a flexible

fluid enclosure.

22, The device of claim 21, wherein the charge indicator comprises a color

change in the flexible fluid enclosure.

23. The device of claim 1, wherein the solid component comprises a portion of a

flexible fluid enclosure,

24. The device of claim 1, wherein the charge indicator comprises a mechanical
transducer.
25. The device of claim 1, wherein the charge indicator comprises open cell

foam.



26. The device of claim 1, wherein the charge indicator comprises a fluid.
27. The device of claim 1, wherein the charge indicator comprises a lever
indicator. 28. The device of claim 1, wherein the charge indicator
comprises a visible window to view the deformation of a component. 29.
The device of claim 28, wherein the window is at about a 90 degree angle
to the component. 30. The device of claim 28, wherein the window is at
arténgleliBedarisn alsdein oovhegiadashisge icetmponarisessuflTide
device of claim 28, wherein the window is at about a 90 degree angle to
th flexibl? flyid.enclosure. 32, The device of claim 28, wherein the
wittdow "5t Eh Gl B adott St HEGRed e 18 dBOIE S0 CRBrEESS b A
cangjpenant. 33. The device of claim 20, further comprising a second fluid
enclosure. 34. The device of claim 33, wherein the second fluid enclosure
contacts a fluid and wherein the fluid comprises substantially the same
fluig as ifleottacewithithe firstiftuidnaheldsure. idbcade-deyigecof claim s34,
w in.the charge indicator associated with the first fluid enclosure
m%?é?é?ﬁsp%vgﬁgrgg ég%%%%]\?v?tﬂ the“Sednd fluid enclosure, such that the
charge correlates and the second fluid enclosure is not monitored. 36.

The devie of.GBGIRIN NS ENAIRIRACAIRR FATRIZSE AN AYLR angle to

¥
indicator. ®
the component.

30.  The device of claim 28, wherein the window is at an angle less than about a

90 degree angle to the component.

31. The device of claim 28, wherein the window is at about a 90 degree angle to

the flexible fluid enclosure.

32. The device of claim 28, wherein the window is at an angle of about 50

degrees to about 90 degrees to the component.

33, The device of claim 20, further comprising a second fluid enclosure.

34, The device of claim 33, wherein the second fluid enclosure contacts a fluid
and wherein the fluid comprises substantially the same fluid as in contact with the

first fluid enclosure.

35, The device of claim 34, wherein the charge indicator associated with the first

fluid enclosure maintains a charge balance with the second fluid



37. The device of claim 36, wherein the mechanical indicator comprises a
mechanical linkage. 38. The device of claim 1, wherein the charge
indicator comprises a solid that changes an observable property when
displaced. 39. The device of claim 1, wherein the charge indicator
CQRRERES, 3tk AL R dEWEE Rl IR L MBI I 8 ISWEE is not
indicator comprises an optical interference pattern. 41. The device of
clAIRP Y vherein the optical interference pattern comprises a grid. 42.
The device of claim 40, wherein the optical interference pattern comprises
a faceted pattern. 43. The device of claim 40, wherein the optical .
inf* rferei;& %&f@ﬂ%ﬁ%ﬁr&é@s&méb@ﬂ?ﬁﬂ%f&’é@ﬁé@ﬁ?ﬂaﬁﬁﬁawﬁ@wf
thavdiptical interference pattern provides one or more visible words upon
straining of the component. 45. The device of claim 1, wherein the
charge indicator comprises a transducer. 46. The device of claim 1,
whérein the dhargeirnticatds.comprisescarchingealdridlbtedesisiprised 4.
The. device, of tﬁl ircn [, wherein the charge indicator comprises a strain
gauge. 4 .Tﬁe evice of claim 1, wherein the charge indicator comprises
an extensometer. 49. The device of claim 1, wherein the charge indicator
comprises aJlber.onig.siaingaugs (pQnlhe deKice .ot Slaimsts WASIE W

the charge indicator comprises a resistance strain gauge.
changes an observable property when displaced.

39.  The device of claim 1, wherein the charge indicator comprises a liquid.

40.  The device of claim 1, wherein the charge indicator comprises an optical

interference pattern.

41.  The device of claim 40, wherein the optical interference pattern comprises a

grid.

42.  The device of claim 40, wherein the optical interference pattern comprises a

faceted pattern.

43.  The device of claim 40, wherein the optical interference patiern comprises

pixels.

44.  The device of claim 40, wherein the optical interference pattern provides one

or more visible words upon straining of the component.
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51. The device of claim 1, wherein the charge indicator comprises an
array of conductors on the surface of the component and in contact with
one or more fixed brushes. 52. A fuel cell system comprising: a fluid
enclosure containing a fluid; one or more solid components, in
captact wikh gae;Huigk spniainechwithinnhenfiuid adosvrenherein thsducer.
solid components comprise a composite hy&rogen storage material that is
contained within the fluid enclosure; a charge indicator, in contact
with. at lepst enecefdhaonel onmese selidreerpanents: ans fluidsenglosure;
and . one or more fuel cells, in contact with at least one of the one
or ATESRESEifd components, charge indicator and fluid enclosure:
wherein the charge indicator responds to a deformation of one or more of
the-solid.gomponents or. fluid enclosure and wherein the deformation is a
oo OF TS e P S e R T Tt B Sar c
Tigeugrel cell system of claim 52, wherein the one or more fuel cells are in
fluidic communication with at least one of the one or more solid
components, charge indicator and fluid enclosure. 54. The fuel cell
system oftelartis2olhdrein tibeomie be nherassolitcebmponetitsssomprise a
mgtalaygidde. 55. The fuel cell system of claim 52, wherein the one or
more solid components comprise a mixture of metal hydride powder and a
composite hydrogen storage material. 56. The fuel cell system of claim
5gwherpip Hoienerelinene SalcFOMPANSRS LARMRISS YREAR B opiic
A2B, AB5, BCC metal hydrides or combinations thereof. 57. The fuel cell
syStdthE3HERim 52, wherein the one or more solid components comprise
LaNi5, FeTi, or MmNi5, wherein Mm refers to a mixture of lanthanides.

58, The fyel cell séyséein. of claim 52, helrein the one or more solid .
cOMiponents GO MpiSE MR YRS e ARSI S L SBEr A Hifsistance
activateghicarbons, nano-structured carbons, micro-ceramics,
nano-ceramics, boron nitride nanotubes, palladium-containing materials or

combinations thereof.
51.  Thedevice of claim 1, wherein the charge indicator comprises an array of

conductors on the surface of the component and in contact with one or more fixed

brushes.

52. A fuel cell system comprising:

a fluid enclosure containing a fluid;

one or more solid components, in contact with the fluid contained
within the fluid enclosure, wherein the solid components comprise a composite
hydrogen storage material that is contained within the fluid enclosure;

a charge indicator, in contact with at least one of the one or more
solid components and fluid enclosure; and

one or more fuel cells, in contact with at least one of the one or more

the solid components, charge indicator and fluid enciosure;
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59. The fuel cell system of claim 52, wherein the fluid enclosure comprises
a flexible fluid enclosure. 60. The fuel cell system of claim 52, wherein the
fluid enclosure comprises a fluid enclosure with a flexible portion. 61. The
fuel cell system of claim 52, wherein one or more of the charge indicator
and fuel cells are further coupled to an electronic device. 62. The fuel cell
system of claim 52, wherein the electronic device comprises a cellular
phone, satellite'BEp8, thDRatgp topietnerpendsinpulefoanesosaryoutra
makile sompsies displaerRersona andiagr videq Rlavsnnmedical device ,

television, transmitter, receiver, lighting device, flashlight or electronic toy.
63UHHIRA BaIMEe A BraamEsed e IR il EeEire system

comprises a volume of less than about 1000 cubic centimeters. 64. A

method for determjning the mass of fluid contained within a fluid )

en%bsurﬁﬁ%%w‘éﬁ’l%&g@é’ﬁ@? fHg:° g Whereidhe i g 8 SiEHB AR e R

a Soliticomponaoi;ivheidinthesaid component eaMPIiSRERGROMRASItE

hycAro en storage mutegal tt?at is contained within the fluid enclosure;
ﬁe?r e 1.(:8 #and?ll i eng

L SLIFe,. . .
R the deformation ia a function of the mass of a fluid contained

within the fluid enclosure. 65. The method of claim 64, further comprising

aftgr respgnging ghsﬂ& ing & mass-of fluid in contact with a flui ”
enclosure. 66. The r _et%og 1L({:Ef clgﬁsr% 62%\?\/%&%%% responding Sé%’r%ﬁ?fgggmms
dispiaiiisg aselid 187idFhe method of claim 64, wherein responding
comprises displacing a liquid. 68. The method of claim 64, wherein

resg)onding comprises resistin? an electrical signal.
55. The fuel cell system of claim 52, wherein the one or more solid components

comprise a mixture of metal hydride powder and a composite hydrogen storage

material.

56. The fuel cell system of claim 52, wherein the one or more solid components

comprise type AB, AB», A;B, ABs, BCC metal hydrides or combinations thereof.

57. The fuel cell system of claim 52, wherein the one or more solid components

comprise LaNis, FeTi, or MmNis, wherein Mm refers to a mixture of lanthanides.

58. The fuel cell system of claim 52, wherein the one or more solid components
comprise clathrates, silicas, aluminas, zeolites, graphite, activated carbons, nano-
structured carbons, micro-ceramics, nano-ceramics, boron nitride nanotubes,

palladium-containing materials or combinations thereof.
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69. A device for fluid enclosure, the device comprising: a sensing
device that responds to a change in distance relative to a solid
component, wherein the solid component comprises a composite
hydrogen storage material that is contained within a fluid enclosure;

wherein the change ipsdistanceim afunglian ofiatieastanedimansipnala
the fluid enclosure. 70. A fluidic system of an electronic device,
cOmBASHEI4 F5ieehtlosure: and a sensing device that responds to a
change in at least one dimension of a solid component that comprises a

composite hydrogen stora aterjal that is contained within the fluid

o tlosurbre T T R b M sl By orses o

eficicised withinutie el@ctibhipdevice. 71. A method for monitoring a state
of a fluid enclosure, comprising: responding to an observable property of a
fluid enclosure; wherein the observable property is a function of

thel mas§ lof fufluidlinystmect MﬂﬁméMng ponentithat Coimprisegea
COmRgsite Ny dePEm SIRLagR MRS IaY i comiAinRdwibin the fluid

enclosure.

62.  The fuel cell system of claim 52, wherein the electronic device comprises a
cellular phone, satellite phone, PDA, laptop computer, computer accessory, ulira
mobile computer, display, personal audio or video player, medical device,

television, transmitter, receiver, lighting device, flashlight or electronic toy.

63, The fuel cell system of claim 52, wherein the fluid enclosure system

comprises a volume of less than about 1000 cubic centimeters.

64. A method for determining the mass of fluid contained within a fluid
enclosure, the method comprising:

responding to a deformation of a solid component, wherein the solid
component comprises a composite hydrogen storage material that is contained
within the fluid enclosure;

wherein the deformation is a function of the mass of a fluid contained

within the fluid enclosure.

65.  The method of claim 64, further comprising after responding, displaying a

mass of fluid in contact with a fluid enclosure.
66.  The method of claim 64, wherein responding comprises displacing a solid,

67.  The method of claim 64, wherein responding comprises displacing a liquid.



68.  The method of claim 64, wherein responding comprises resisting an

electrical signal.

69. A device for fluid enclosure, the device comprising:

a sensing device that responds to a change in distance relative to a
solid component, wherein the solid component comprises a composite hydrogen
storage material that is contained within a fluid enclosure;

wherein the change in distance is a function of at least one dimension

of the fluid enclosure.

70. A fluidic system of an electronic device, comprising:

a fluid enclosure; and

a sensing device that responds to a change in at least one dimension
of a solid component that comprises a composite hydrogen storage material that is
contained within the fluid enclosure;

wherein the sensing device is at least partially enclosed within the

electronic device.

71. A method for monitoring a state of a fluid enclosure, comprising:
responding to an observable property of a fluid enclosure;
wherein the observable property is a function of the mass of a fluid in
contact with a solid component that comprises a composite hydrogen storage

material that is contained within the fluid enclosure.
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