STATE OF CHARGE | NDI CATOR AND METHODS RELATED THERETO
TECHNI CAL FI ELD Enbodi nents of the present invention
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hy gy @e@nid weight is low compared to the overall weight of the system. The error in
weight-based fuel gauging increases dramatically as the amount of fuel 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 operation is highly correlated with environmental temperature.
Therefore, any pressure-based measurement of a hydride system is a better indicator

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

remains in the enclosure.
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FIG. 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.

20 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.

25 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.

30 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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illustration, specific enbodiments in which the
i nvention may be practiced. These enbodi nents, which

are al so referred toppgngl pDasESEXRTRHR]S, " are
descri bed in enough detail to enable those skilled in

the art ThofoppaingidetileddescriptéantingpdesTplgrences to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
20  way of illustration, specific embodiments in which the invention may be practiced.
These embodiments, which are also referred to herein as “examples,” are described
in enough detail to enable those skilled in the art to practice the invention. The
embodiments may be combined, other embodiments may be utilized, or structural,
and logical changes may be made without departing from the scope of the present
25  invention. The following detailed description is, therefore, not to be taken in a
limiting sense, and the scope of the present invention is defined by the appended
claims and their equivalents.
In this document, the terms “a” or “an” are used to include one or more than
one and the term “or” is used to refer to a nonexclusive “or” unless otherwise
30 indicated. In addition, it is to be understood that the phraseology or terminology
employed herein, and not otherwise defined, is for the purpose of description only
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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 example 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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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 to 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
each 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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of a solid conmponent may be in response to a change in
strain state of a solid conponent, for exanple. As
used herein, "change" or "changing" refers to becom ng
di fferent or undergoing alteration or transformation.
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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.

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,
respectively. When bound with hydrogen, these compounds form metal hydride
complexes, such as MgH,, Mg:NiH,, 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.

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

6



As used herein, "displaying" refers to a visual
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"fluid" refers to a quefi ed g qui d, guid
unEErovak s apeorbRd of @ 85%’?@' Wpstangs. Aydingen H’apﬂ“?ﬁé‘?’ﬁ%‘fe dpom

CEthéﬁv %até}%pkﬁ&lew&r}kx Eieu'"[(ﬂe ﬁ&%%&ﬂﬂ?}; ﬁabéﬂnd physically or

es 0 i ds |nc e hydroge nol
etﬂamouﬂWf@nnxmnWQld but ane, borohydrlde conpounds,

oo ELHL TRt e SR PS50 26! LM 08
20 matoRERiad or findtloHalR if@Yratdey. KOV 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, fastens
or holds back, either physically or chemically. A fluid 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.



to absorbing materials, for exanple. As used herein,
"occl udi ng/ desorbing material" refers to a nateri al
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substance and further capable of allow ng the
substance to be renoved. The occl udi ng/ desor bi ng
material may retain the substance chemcally or
physically, such as by chenisorption or physisorption
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particles, for exanpl e. The hydrogen may be bound

phsubistentially uiforrn baimean o comeonenia sl a¢ aitachgd grsugl pRVAY as
"c ' r
o FLSIPGr OEERAR: bRy ESb s FUSHL b, Rt

10 f | fiilet nmybamnfmhbl&momed osurodter enclodurewall,Her ¢xamiptk, irswhich

ph S|callyforce i nsi.de the enc ur for ex .
ok St AR LRSI T T ko TR A
t WRK&itd WL component s are in such position as to pass

a fluid in one or nore directions between them for
ex anpl eAs @red hereimppeter anslosereWadl” riefyrs do heawtermost|lapeg within a

enﬁ AU réc'lfh%p?e?\?reassé/% lee%% ?}Arfal@pﬂw mecﬁffhg& ipé ﬁllquf%m the

storage nateria egrat e
15 a ﬂhndledclemé OShy Qutersnclosas walinfuy mmdeanmleldlevmdm of thasdne
not be physically touchi ng for exanple). As used
he?fef?‘ﬁe““gr'@ﬁtéﬁ%lﬁ nghe Putreanslopye frallanaygnelp Hd? B HOEhfTHgnetal.
thay Ripgs, fastens or holds back, either physically

or chemcally. A fluid may be phyS| cally rel eased _
As used herein, “structural filler” 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, acrogels, 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 to

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
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froman enclosure, for exanple. A fluid may be

chemcally or physically released froma fluid storage
woradoeniabs, for exanpl e. As used herein, "flexi bP@r/CAriod002350

encl osure™ or "flexible portion of a fluid enclosure”

may refer to a fluid enclosure including a structural

filler and an outer enclosure wall, conformbly

coupled to the structural filler. Exanples of such a

fluid enclosure are .
peTRTRTET S aoraneas Y Lnget 1 Ametisgs BRPy pa g osfprmtion
23jn 12008, foQs R ¢l ih $6MPSHNE 1 0(BmhNEiRhpOdiatcasiohy 102, 106 and 110
reference hereinin jts entirety. As used herein,

" clortholeraghAinensiops @fd104r bQSe'c}ﬂé 1618 Tgsppativaly: whesbearaedarith &

su f
S RSAOL) L U SIS 1DOTRRIRIE 0, St
5 b| asudludmgaalnsorm@ pdawbmg esdmp)th adtuid,ench ashydtagact Uhal
filler e conf or.nab coupl ed to.,an quter
Lt IR TeS i SR it o p b lglosure, for

enGlafp, erneddihertsieRi o4l 1|O‘.8 afd 1 pi‘bﬁ%%/] ealp Yo dHol el p0% @rdat¥e than
structural filler and takes its shape. used herein,

" o@m@nsnemsclloas Ui6eandgl| 103 for exastpde. tﬂquhéngmnépmtonﬁ Apabe’
W Fel%rrs] b ast éo@vu ?%as%?#?e%sés%t[hli e\t ?fh Igen?tl 06 eﬁiet ShFPC of the

part i al usion o romt

10 en@dnq&menzt mélShE apbitraty @ peikasticr zmdvmlylof imyinensiong@ay be altered
multjple.layers _of the same or differing materials.
Th@‘kﬂ@@@”@ o5 eEaMRFT may incl ude a pol ymer or a

netal , I(/I%y % BargbIndicuests AL 8L Diilizedltb HspdiidBto a deformation
flller refers to a material with a sufficient tensile

t @@@gtphn@ﬁ 109t Ashaige indicatarmagraraipripe @bguid er elidahatmayd
19§c%rv€7‘1’th eefgrnp tl%ﬁs 'Arélthré%gtlml&{? % Mkﬁjlde gs&l%%!‘tr (%%nges an

ers ura l ers ma

15 ITEblﬁHvlaBle (propphgat itds diggladedean db@ermﬂﬂd: pmpémdmag barcolor, for
storage mat eri al s, clathrates, nan? st ructured carg ﬁ
f ogfPleaeh SRsBSINdicagr may e a gpqeharugl indiqgjar gy gontact with the

9r @MHdnent 1261 FoY@)Ea%jpl@ af RSy e%cﬁéé@&erﬁ@'@e%nd directly to the
nano-ceram cs, boron nltrlde nanot ubes, borohydri'de

podﬂfenmatlpa,l Jugltipsuwitlo pimeichrnigy | Hektage.j calinditsetly byrtsispendingrig an

t hg %ronic SIgnal orxc%gpéeeih electrical properties of the component 100 based on

20  the deformation, for example. A charge indicator may include an optical
interference pattern, 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 to
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



As used herein, "fluid storage material" refers to a

material that may be in physical or chem cal contact
wowaok/0zr2f1 ui d, usually for the purpose of assiBCT/08200M@02350

storage of the fluid. Hydrogen may be chem cally bound

with a netal alloy to provide a netal hydride, an

exanple of a fluid storage material. Referring to FIG

1, a perspective view of a conponent 100 and its

di mensi ons associ ated w efor tion js shomm,
BTG % 5o DolPB GHBBRI S AT A AN legigr iy sducer.

al £.87 bk IScltaBRRh BRoRPERcht P00 andialiiRhE®d Pdie of thafde®f the
1, for exanple, a conponent 100 may change di mensions

108yid zogostmelasia funeigon ddhe daferaratign peHisicomporsmt 1¢l foriggmple.

angH eé%nso%ic'e?e% é‘] S'[Ygll éau gvaé,qﬁe[(} b%t]a%regﬁlq R%ﬂé)tf Ian @ler:llr(yri téarrcsuﬁ&r

ar g conponen
5fi 1Fhft deFornmioh acilyialkg, beomﬂiltutéldngdlreabys by kﬁsp@)dl@wahdnlmgmcal

etc.. wth a fluid, such as The onent 100
malFSEBRE Fidhe compdner @Poﬁuabég/ b & PaecgriabTs o g, for
engl.asy e, for exanple. The dinensions 104, 108 and
112 may be up to about 10% greater than di mensions
102 106hegvanpbnent 106 magx e mqth@ﬂhldngaecomposne hydrogen

et ags SRR T sl oty et SIS e 4 el

10 cofipen&aith afBictalec @rpddstic &ittycedrcopipbsitetyideogam dtoﬂzrgy noferialss
di mensions nmay be altered with a deformati f or

ex8alathraies. Nﬁwt&“%‘éf‘éj @rborayL aFrAET b aEYHES: M 9a8b%lummas
g\tg apiffadiab@ERON. hitrAoARhIRL R Qtardls SOITAMANL nahOibes

ge In |cator may conprise a liquid or solid that
yordh)gkmldapwdmnmlladluiefcontammgcumtermlsahamgbmams teerevf, for

or Sysetgs B8 Pronpacr D A AT S P DR 8 Bp r ¢ gt

15 Mayorbien Sﬂzl,l Aiiid eholbsieXavipd@mphy. charge i ndi cator may be a
mechani cal indicator in contact with the conponent,

100, f oRelgstigpe £1G-ha sehrarage viewarlcalldd errlgsureepbiring a fluid
d' 5tEI%g£: M’la{e?la ﬂg)l 19% r{Tg doﬂﬂn Yo e%?hb%mn?s %ﬁb@@n@l@gure

rect y res ponding to an electronic
SI @(ﬂﬂaﬂnapenod:dﬂ;arﬁkyd storagé meterialc dlhe pluaheotgemaefialhay comprise a

ComBEnSTL 90, FSTod SRyLbg 05 CLIBLLaL 1. SHFTRL -

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 strain 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 example.
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interference pattern, such that a visual pattern may

be created or altered based on the deformation.
wex@spres2 of optical interference patterns mayPCTICAH2/002350

faceted patterns, grids, pixels, one or nore visible

wor ds, or conbinations thereof. The charge indicator

may i nclude an array of conductors on the surface of

t he conponent and in contact with one or nore fixed

brushes exanpl e. a ti.on alters th

i mone: g s@ra@sm%%ﬁ@imaygﬁéap@ PSP EASoptidpp fyid: for

t Oeiahﬁ)ldqum‘p@ﬁor@ﬁoshé Hﬁh@genc's%ﬂrﬁ@'}hﬁt}irlél@ 12@Rd 2064 ma¥ BE capable of

exanple. In sonme enbodi nents, the conmponent 100 may

no@CCI!}eﬂlﬂg aidsiceorbiog Aydrogen, foresampler Jae iy max bt a oisud aqueﬂed

n for h 0
R R R R e SR

5 syst em ISefedﬁmg&) REId. 3eh schemhatis yistvarfia fludd mﬂrrsun&xmﬂndlog a

| ocation where the information.my be co nlcate

2 Teeansa SRR b SRS PSREHTE fopio gnéiy. A

tr aRssiuReon MC%§G @ﬂui%ls?cﬁﬁg{e%étgrlél nams Aup&haniBBXraRQiucer

in contact wth the conponent 100 and indicate the

st 36 seth ashanegbaroéal dinkage] mpybe incdostegt witlythedluidisieraige material

%369?)(?@%%}:180 ?rﬁtcalll ransc{ucér%6 %Qag%%qg n(gnt%cqgvlthft% ﬂ&’é%ﬂﬂ' gjre 202
10 antheh@htarsesled aper@nsI4C fir exélfh]]ﬁe dﬁfhﬂﬁ&ﬂ&t@ntlﬁqmﬁﬂ%m@eﬂso

noni t or ed |nd|rectly by ondi n o the ctrical
" o8 BeSHifEe BroopHEl Wi o g Asd i Sprage Materia

C h%ﬂ@eféﬁ%{s' RRlE ch&VeSh WmerdsRins 8BAMPhEMeHARIEIAFRSNRBL 306
100 may includé a nmetal hydride, a conposite hydr ogen

st wpalgeherrmhengeaiosmon a0%raxa mnetutm@rtb@ﬂefomloo @ﬁﬁ@ﬁbm storage
cl structu such al
or AR R PP udt SRR ) IyBbe g JEEleor
15 Magiekscedrde u@écﬁtbh:bﬁlhﬁﬁllcafb&ﬁ&l-lﬁibl‘rﬂﬁtdﬂﬁ@d nConitbong §yQaNS for
aerogels, zeolites, silicas, alum nas, graphite,
actiled carbons, mcro-ceram cs, hano-ceram Cs,

bor on nREf@hﬁ% t& ﬁ@téygﬁg%s Q:Wi/? bﬁéq)’df% oW an electronic device

pal | adi um cont ai ni rials or c nblnatlons
t hmdeeoﬂuldfemlomamﬂ i8 shae accrmqliog monmhmymmllugerti@n of
osure or f.l exi on_of

; : %}X%,Q(éﬁ)é\; | %’&’}CS%B? SRy éggwdeaaﬂmd enclosure /&91 and cavity Foe

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 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
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Referring to FIG 2, a schematic view of a fluid
encl osure containing a fluid storage material 200 is

W@ basn7728zcor di ng to sonme enbodi ments. A fl ui dPCT/CA2007/002350
encl osure 202 may enclose fluid storage material. The
fluid storage material nmay conprise a conposite
hydr ogen storage material 212, netal hydride powder
210 and a corrposite hydr ogen storage mat eri al 206 in
contact with g. Bf char nql clattora1208 mesofthe uid
st €SB CHEP gminﬁlé’i“cc 4 AV aﬂ%es BECLNEY PALEIEE ' B
beedcbsa@Nforekapleh transducer connector |eads 216, for
exanpl e, The | eads 216 nmay be in cont act with t

fluid ehed qs@meendzwort%awnbea? e Al PEM S EAce gf
exan fe. el‘j&t’{h'ef"éﬂ 'fgs%tf/(:ﬁ)éf%é ﬁhlc%FsuO%%aWo&h Qi Rﬁm closed

posi ti on I'n con act wth the fluid encl osure 20
5 t h&llsibmal ansp;mgy mamhlah@re& abdstomien tltahexrtaoﬁmsdls@al‘gﬁdlf @gﬂeutﬂ a

r al 212 an net a . the
ot DA% ylneraad R uE bl EmBR O F Ly uia
MM RLRAEDr b PErtRAS &e diBlosure aiXp @Fhdce cblvddeghe
storage materials 206 in contact with a state of

c hdefgendtioni leaesmPo8 def orms, correl at i ng to the state
of chargﬁ &Jﬂl@l J)f%glzc o%%&%@@&%ﬁi rge : ng'l!d%nélbfﬁres stem,

fluid encliosure e state I cat or
10 mayuches fuehoed tysem, fawsimpls. dhe Bxidenslosmet eystenamay include a

resi stance or fiber strain for exanpl e. The

{1 HETETSr 458 cheit aPar P BB B R A GaBp e Exarples of
0CElMenMId RSO RIS a1tk fhoné, Qhite BXSPHING; P AL aptop comButer
conposi te hydrogen storage material 212 and 206

cagabwtéer@mqswy udirm goheicaeydgrbilipiR)ah parserss gudip oF Video player,
ex T, i d
° BPGRTIE LA TR 05 B0 1

15 hyeleagei, tofy OA faxlarepIsgsterrefagrindludy dt deakil d@e o8 moae components a
schemat.i ¢ view of a fluid enclosure includin

meEissh edicater BirOnREeY It Ong KRBT OMPeRIIH AR o OrgBgrE fuel

enBadiinBsHist withfont bEm8RCI fABUE R poAEntIBYd @REJAR@ caof, ot d
storage material 302. A nechanical transducer 306,

suerempde.a nechani cal | i nkage may be in contact with
e R R TS P o v
20 enghdosiiig eﬂ@ﬁs&&fn@ﬂ@hg&n%%r@dm&pﬂﬁdm 20@ik4howmraccording to
exgonr;[l)é eemboAdlr];lenl"éls dAIpr(llrt%tn/O?léllrt) lf:leegtr(Pncl)czr (tjev%c(%:440r2mrr¥ayaslu§round a fluid
enclosure 404 and a cavity 406 enclosing the fluid enclosure 404. A cover 702 may
contact the cavity 406 and the fluid enclosure 404. The cover 702 may have an
observation window 704 disposed within in order to visually observe changes in the
25  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
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be positioned in contact with the fluid enclosure 202.
As the fluid storage material 302 deforns, it may

web@nge7251 s di nensi ons 304. The mechani cal tr areTaaz107/002350
306 woul d then change position 308 as a function of
the deformation of the fluid storage material 302. The
positi on change 308 may then be an indication of the
state of charge or be used to conmunicate that

informatjion _to a nmonitoring, syst for exanpl e,

Ref&p 85 ﬁ{f ¢ §uid|saclogure é&é@ﬂg B&%W@B} A %P%émeﬁyﬁ‘ash
of mafks et eRld, tickadipi ce and a fluid enclosure 400 is
shown, according to some enbodi nents. A portion of an

el ect r oReferrogvd &G 4022 pehgmatie viewrad agtatd ofi dharga dndieatgreystem
404.and a cayit nel Qs ' I
ok R giin i3y ERRGE5 801 ol LB OIE (1o

conta

5 f | ethbodamentoSTREstd04f atigead fadariger it eadbsund 1G04trhe€y be indicated
portion of an el ectronic_dev
e

' 02. he fl ui ,
nBY thsepeclaisd sulrefcharge 95@8*&%&?&@@2 %@%&dﬁ%@%ﬂﬂﬁd with a

I eSRPRANERabR §od&h AP B QM ma§ PAR (RDubY a EEHRANH MB6 Wefore or
t he change 1 n distance 410 between the fluid encl osure

404fteadnta¢tngahe fluig idlegoutlenr008x ahywbstantiply tshsamge/luid or fluid

I ndi cat or 408 indicate an enpty state of ar :

5090 8¢ s el s PR sidheBe R e HaRofnfarf et bfier nuid
10 Aseddi@ufel 1009 e Geasilizal A4 itdhiaitige sf theXRNSHWASrge Bf the larger

response to a deformation, the distance 410 between

t hBuidienglgsusn dPQds pvitBoutaubaipgscearpictymanerehy change. The

char ge jog) B8 diddlyf BF € pifokldr uShah Safof

char ge %gg}r%gtstgghcgaﬁ ?ﬁ%&ff G.g G%I%%I'rﬁe ?F%II d en(l:lfﬁogurtél °

40dhangeyinthieatbt €MIObs ehoswn, accpating wrsomk etrtbediimenisd A charge

encl.osure may be xi bl e, such that the defornmatign

GBS Fop aeonass | (AR oRB A daeIrB S o i pbeHiree ora
15 di FRASIMTANIERNINERE bEUispRIADED4I MigIBGHI MERIncRIdEREKettBs the

of the fluid enclosure, for exanple. The charge .

i neispasoro adgitausply. suches i EaD sgresp fat@f@mﬁe- desppending

fo | I f ¢h e i.nei: r

) R Bp Sl e AL BT he R TRL AR AR e

nasigiidl aor eXangple. €l ast omer that expands on di scharge of

a flui dTheaAbstract 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.
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fluid drawn into an increasing volune or a |l ever based
i ndicator. The fluid encl osure 404 or a portion of the
wep@BOsFE my change col or due to the defor neRCDOA2(00002350
exanpl e. The portion of electronic device 402 may be
part of a fluid enclosure system such as fuel cel
system for exanple. The fluid encl osure system may
i nclude a volune | ess than about 1000 cubic
centineters, for exanple. es of electronic
devi ces include a ceIIuIarE¥#¥§%§ satellite phone,
PDA, | aptop conputer, conputer accessory, ultra nobile
conguter,,display, personal audi o or video player,
nmetheldp caensdde, tel evision, transmitter, receiver
l'ighting device, flashlight or electronic toy. A fue
cell systemmay include at |east one or nore o
cohponehtigrgaindhatogéridatgimaiaingrthé magsoritadbtd ppnidingdwitina
or re conponent.s, and one or nore fuel cells in
CJN$§8?d9W¥ CORRIYPE pre of the components and charge
i ndi cator, fgehRxainBiceor Mef REFondgtotnddfbratidn ofa solid
perspective view of a portiaon of an electronic device
ankPmponeiiie c@iddt vdthradyicheeniingtyvidiha SHKlesng 988 wi ndow
700 is shown,, a6¢ e%eﬂgm%goéfg@umﬂgﬂ@%a%so (1A cbh@ihed
of an el ectronic device 2 may surround a fluid
eneltina iceflWi®4ndoaira cavity 406 enclosing the fluid
encl osure 404. A cover 702 nmay contact the cavity 406
and the fluid enclosure 404. The cover 702 may have an

obger vatcQihame Mt QA c i POGREte M enlirdhrhdht) t€t@perdtare changes
vi sual | y observe changes in the dinmensions of the

f | niradusadéss thapabaw 4, 1% aeer iggetsymighedhe mag af tBiE saiingy
di@ﬁﬁgqﬁaﬁ%gzgaéﬂﬁgn the cavity 406 and fluid

encl osure or ‘'exanpl e. The observati on wi ndow 704
may be an observati on wi ndow 804 at an angl e about 90

degrees_or an qQbservation w ndow 902. at an angle |ess
Chan abBUcHte QDL <P leRABIaT etz Ty Ty Fafees
I egRB8&lde &k Ynan abbutta®, eReEh \etetRminy thel MassX3 3 1ui® cotltai Bl
angl e I ess than about 90 degrees (about 50 degrees

wowithintkee Bnderdapire) , then the di nensi on change of

4. The charge indicator 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 charge indicator of claim 1, wherein the deformation comprises a

change in physical dimensions of the solid component.

6. The charge indicator of claim 1, wherein the deformation comprises about a

1% deformation.

7. The charge indicator of claim 1, wherein the deformation comprises about a
1% to about a 3% deformation.
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the fluid encl osure 404 may be nore observable or

anplified. The di nensi onchange of the fluid enclosure
walebsoeReshe vi sual ly noted using col or stri pespChiaaino’/002350

marks or grids, for exanple. Referring to FIG 10, a

schematic view of a state of charge indicator system

utilizing nore than one fluid enclosure 1000 i s shown,

according to some enbodi nents. The state of charge of

a larger fluid enclosure 1004 may be indicated by the

correlated state of charge of a smaller fluid

engl osufiR A9 iRBGRFIoRERMN WM Wheréin Chadcdérnialidh eahprises bbdut a

exanple. Fluid may pass through a connection 1006

beFoteatmut af Q%erdefomadt i ng the fluid inlet/outlet

1008. If substantially the sane fluid or fluid storage

material is utilized in each enclosure, the state of

charge’chmm@esnﬁhhﬁmfﬁMUhd ehatioshe Buid 002prisey atges, a

utilize Ad-ndi catj.on t he. state of charge of

t Hives %F ¢ ﬂP OéﬁEWB@Uwémfbﬁﬁpfmnthout it being

separately monitored. Referring to FIG 11, a block

fl ow di agram of a method of using state of charge

i ndl. catBre cha@e mds,casmmlalraécwhwnﬁghtt Buid spprises a gas.

enbodi nents. A charge indicator may respond 1102 to a

deformation of a conponent. A state of charge or a

mapis  of THel dhiaigge ilicatdrant claém di spéraiyebl 1did4omprisglhagtiogen.

may i nclude converting the response to a digital

di spl ay, such as on an LCD screen, for exanple.

RegpONdiGn 1R 2 d1BYor JTEaHA S, Q/h@f@inélﬁé 8id@ofPbh&ht comprises a

displacing a liquid or resisting an electrical signal,

f ofluid smngge enatdFie inewtachiwith ihs fhridenciesdret o conply with

37 CF.R 1.72(b) to allow the reader to quickly

ascertain the nature and gist of the technica

di s3] OSTHeRharblendMaséricdClairh 92 swhditihtsedingd ih fhet féd storage

understanding that it will not be used.to |ntergvﬁé.8r

| i mpieriglptreduspelessrtharsahoniy L ‘Grermopd ‘gteéf“h‘ﬁ“ﬁ_ﬂlnm §!

I Sc kAl %Hﬁt}}e]ﬂm&m[&e i ndi cator for determning

t he mass o l'urd contained within a fluid
enclosure, conpri si ng:

14.  The charge indicator 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 charge indicator of claim 12, wherein the fluid storage material is

capable of occluding and desorbing hydrogen.

16. The charge indicator of claim 1, wherein the solid component comprises a

composite hydrogen storage material.

17.  The charge indicator of claim 1, wherein the solid component comprises a

metal hydride.
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a charge indicator that responds to a deformation of a
solid conponent in contact with a fluid contained with
w@2doBaTdsencl osure; wherein the deformati on i SPEI/CA2007/002350

function of the mass of fluid contained within the
fluid enclosure. 2. The charge indicator of claiml,
wherei n environnental tenperature changes introduce
| ess than about a 1% error in determ ning the nass of

g ecﬁ{%ffgér%?g}d\{\é oro 8faprr? :]_fl V\%rg’mgh ﬁéog?]i\lél{)lﬁlgoﬁemg prises a
hufixeirt ¥f @BRNEREide rpbwe&lm& alcempoditediydaigonttomgd Yagriabr
in determning the mass of fluid contained within the
fluid enclosure. 4. The charge indicator of claiml,
whey ei th%rEIﬁhlr '}ﬂﬁ&ﬁ(ﬁ'lof Qﬁh@@&ﬁér@m@ﬁ@sﬁﬁlu%@ ?Bl%h@@&nprises
i nt'roduce § an about a 1% error erm ni ng
t higpeABs ABL, AJBJiABscBOCangiaddhydiiddsion combmﬁmmsdhereof
encl osure. 5. The charge indicator of claim1, wherein
the deformati on conprises a change in physi cal
di FensipHesch@fge imtBeasst df dlagR TPRREtin. th@solﬂihemphmfrg eomprises
i ndi cat or of cI aiml, whereipn the defor

e E?r@%es

cobp¥is-Jedi, apdlmNe. whereia\dmrakersdp a mixturg,
i ndicator of claim1, wherein the deformation
conpri ses about a 1%to about a 3% defornmation. 8. The
ch:a]r ge Thedihagk dndickoraifalaim 1, whtreinghnisalidecodwbogntaenpiises

OSSP b L S TG e

C OfIR6dnS SfiicPo-8@8mics, dahBuehin@d, 8RR nigridd beibey; palladium-
conbi nation thereof. 10. The char ge indicator of claim

1, contesniag matml@hfqr@i)l@b@é%‘rslﬂ%f‘é%o a gas. 11. The charge

[ nd| cator of claim1, wherein the fluid conprises

hydr ogen. 12. The charge i ndicator of claim1l1, wherein
t he2.sol Tl dhargeamdadioradaim desharein the solid component comprises a

fluid enclosure.

23.  The charge indicator of claim 1, wherein the solid component comprises a

flexible fluid enclosure.

24. The charge indicator of claim 23, wherein the charge indicator comprises a

color change in the flexible fluid enclosure.

25. The charge indicator of claim 1, wherein the solid component comprises a

portion of a flexible fluid enclosure.

26. The charge indicator of claim 1, wherein the charge indicator comprises a

mechanical transducer.

27.  The charge indicator of claim 1, wherein the charge indicator comprises
open cell foam.
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fluid storage material in contact with the fluid
encl osure. 13. The charge indicator of claim12,
wob@seinssettling in the fluid storage materi aPCT/CA2007/002350
i ntroduces | ess than about a 1% error in determning
the mass of fluid contained within the fluid
encl osure. 14. The charge indicator of claim12,
wherein aging of the fluid storage material introduces
| ess than about a 1% error in determning the mass of
fluid contained wwthin the fluid enclosure. 15. The
chayr ge THeehsat adidtorof alaim 12vhatbignied dhatgeénditatorccomprises a
storage material is capable of occluding and desorbing
hyltidgen. 16. The charge indicator of claim1, wherein
the solid conponent conprises a conposite hydrogen
storage material. 17. The charge indicator of claim1,
WX ei 1T Helbarge iridicacomf olagmt , winarpinitisechaggermedigdtor comprises a
hydri de,.18. The charge indicator of claim1l, wherein
tHS“%&VPﬁ“%bnponent conprises a mixture of meta
hydri de powder and a conposite hydrogen storage
material. 19. The charge indicator of claiml1, wherein

t H®. sol The changp drkeatorobalgim d eghargipdherprargeppdicgioprompaises a
BriBRAAha Y 1 EF S drGRITRLRBE  Oftpdnbfr eof - 20, The
charge 1 ndicator o clal m , erein the solid
conmponent conprises LaN , FeTi, or MMi5, wherein Mn
refers to m xtyre of. | anthanj des., 21. The charge

i ndi- cat'gie cgpr gl 1%@’01‘“\%&?25“@%@% Wigdey ﬁsp%ﬁgﬂ‘% a9
COfFdeSRglcdd HeRbAERont SI | 1 cas, al um nas, zeolites,
graphite, activated carbons, nano-structured carbons,
m cro-ceram cs, nano-ceram cs, boron nitride

n t ubgs, Il adi . A j I le
Cortpi nat T sHEte RSl S ohBh oY Gino By aan gpete less
cl @hmmtout whedeirse idpie ®ahé chng@mpanent conprises a fluid
encl osure. 23. The charge indicator of claima1,
wherein the solid conponent conprises a

33.  The charge indicator of claim 30, wherein the window is at about a 90

degree angle to the flexible fluid enclosure.

34.  The charge indicator of claim 30, wherein the window is at an angle of about

50 degrees to about 90 degrees to the component.

35.  The charge indicator of claim 22, further comprising a second fluid
enclosure.
36. The charge indicator of claim 35, 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.

37.  The charge indicator of claim 36, wherein the charge indicator associated
with the first fluid enclosure maintains a charge balance with the second fluid
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flexible fluid enclosure. 24. The charge indicator of

claim 23, wherein the charge indicator conprises a
w@oiosn7rbange in the flexible fluid encl osure. PRBCATI02/002350

charge indicator of claim1, wherein the solid

conmponent conprises a portion of a flexible fluid

encl osure. 26. The charge indicator of claiml1,

wherei n the charge indicator conprises a nechanica

transducer. 27, The char i ndi,cator of.,claiml, .

wiBr Bevey e Bitbirgermh putior R el afudhdhtye s no

f aaminBed. The charge indicator of claim1, wherein the

charge indicator conprises a fluid. 29. The charge

i ndicator of claim1, wherein the charge indicator

COMPri S{3 %at{%g\ﬁ%ricalt&%lf‘am rl'wﬁgeingltfkeclﬁ Ni9&cADdi e REs a

of claln1f, erein the charge I ndicator conprises a

vigedhagicalingiomot o vi ew t he deformati on of a component.

3 1. The charge indicator of claim30, wherein the

wi ndow i s at about a 90 degree angle to the conponent.

3239 Therhah@e indichi G elai 58 Gliddréth 3@ m¥dhasiehnndibgor

wi ndow i s at ‘an angle |ess than about a 90 degree

angingrises ¢ mechaoigpldinkage. 33. The charge indicator of

claim 30, wherein the windowis at about a 90 degree

angle to the flexible fluid enclosure. 34. The charge

i 4. catife ohbirge liddient@®f clairerl ewhertinehavhadgvindisatat coarprises a

angl e of about 50 degrees to agout.go %egrees to the

copdiin changss amepservRbF BEPPEHY MOSR BiSPI8FedcT ai m 22,

further conprising a second fluid enclosure. 36. The

charge indicator of claim35, wherein the second fluid
entl. os UFle charge indicator of claim 1, wherein the charge indicator comprises a

liquid.

42. The charge indicator of claim 1, wherein the charge indicator comprises an

optical interference pattern.

43.  The charge indicator of claim 42, wherein the optical interference pattern

comprises a grid.

44.  The charge indicator of claim 42, wherein the optical interference pattern

comprises a faceted pattern.

45.  The charge indicator of claim 42, wherein the optical interference pattern

comprises pixels.

46. The charge indicator of claim 42, wherein the optical interference pattern

provides one or more visible words upon straining of the component.
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contacts a fluid and wherein the fluid conprises
substantially the sane fluid as in contact with the

wo poos7R25ui d encl osure. 37. The charge i ndi cat BCT/0A2007/002350
cl ai m 36, wherein the charge indicator associated with
the first fluid enclosure maintains a charge bal ance
with the second fluidenclosure, such that the charge
correlates and the second fluid enclosure is not

noni tored. 38. . The ch e indj catar .a

WA ef Feisbirgi e AGF Bt br e resDares RSN G somgrses o

I neins@lcer . 39. The charge indicator of claim 38,

wherei n the mechani cal indicator conprises a

nechanical Iinkage 40. The charge indicator of claim
wher.gj C ]
ciifhges TS U AT S LR I Rl FARL AR AR ool

Chﬂa@e viarighle adsitorof claim 1, vvher ein the charge

i ndi cator conprises a liquid. 42. The charge indicator

of claim1l, wherein the charge indicator conprises an

opfg. calTHenh&lol GdRAESR oPBlaln®ll Nwhéddin tHdhakdtan@BatbNdinGalsey a

of claim42, mhereln the optical interference pattern

cofpmi swge.a grid. 44. The charge indicator of claim

42, wherein the optical interference pattern conprises

a faceted pattern. 45. The charge indicator of claim

4250. wheTiRichargh éndigitdrodk lain il ewhereianioechasgetiadinatcomprprsesan

pi xel s. 46. The charge indicator of claim42, wherein

t XS Nel8l i nterference pattern provi des one or nore

vi si bl e words upon straining of the conponent.47. The

charge indicator of claim1, wherein the charge

i ni:lll catre ob@ugpnnthmor@fﬂaanédwh@ﬁm tgchatgedndingipyeomprises a

cattort Hl%haem 1, wherein the charge indicator
co PRYGSIEN saUs

52.  The charge indicator of claim 1, wherein the charge indicator comprises a

resistance strain gauge.

53.  The charge indicator 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.

54. A fuel cell system comprising:

a fluid enclosure;

one or more solid components, in contact with 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 enclosure;



charge-variable resistor. 49. The charge indicator of

claim1l, wherein the charge indicator conprises a
wa@ewaior2gauge. 50. The charge indicator of cl aPer/€A2007/002350

wherein the charge indicator conprises an

extensoneter. 51. The charge indicator of claim1,

wherein the charge indicator conprises a fiber optic

strain gauge. 52. The charge indicator of clain11

e e BT RS BT ISe

Whe6RioM tHel381i§ B SihehR G EaidhcIoATd bhd Rerdih th Hﬁymﬁtlon is a
conductors on the surface of the conponent and in

cdnncion ofithetmasaef o fluidmostajried avdthiyy e Hayd enslosurg; f yel

cell systemconprising: a fluid enclosure; one or nore
solid conponents, in contact with the fluid encl osure;

a sshar glmeiftmdicelatsmem bficlsianigethewirt the ahe bemste sohé cghponents
t he one or re iﬁé 9 q onents and fluid encl osure;
arfie o1Kaipgd Wﬁ@éth $1AERYPYTC i n contact with at | east

one of the one or nore the solid conponents, charge

i ndi cator and fluid encl osure; wherein the char )

1 cat o rdspbmtin o elaidet b et Ge BrBOE: upigels g in

i d compenent, O
BTGPt b BTGl E3 G S0 MR
C Odhale edtlcabrt dad luichénctdsuied encl osure. 55. The fuel
cell system of claimb54, wherein the one or nore solid

conmponents are contained within the fluid encl osure.

5657 Th eﬂfe%ﬁ%l ERk %/stén){ St 8AnPE4, GliRtdm Bl onWBEmBHSOli @oﬂﬁ&aems
or nore fue el1s are in fluidic communication wt

atakmnsta@nmp@ﬁemhéﬂeﬂeﬂ@mgﬂﬁm@ﬂsbI|d component s,

58. The fuel cell system of claim 54, wherein the one or more solid components

comprise a metal hydride.

59.  The fuel cell system of claim 54, wherein the one or more solid components
comprise a mixture of metal hydride powder and a composite hydrogen storage

material.

60.  The fuel cell system of claim 54, wherein the one or more solid components

comprise type AB, AB,, A2B, ABs, BCC metal hydrides or combinations thereof.

61. The fuel cell system of claim 54, wherein the one or more solid components

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

62.  The fuel cell system of claim 54, 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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charge indicator and fluid enclosure. 57. The fue
cell systemof claimb54, wherein the one or nore solid
W@0UpOTRAL S conpri se a conposite hydrogen st orBGBECA2007/002350
material. 58. The fuel cell system of claim54,
wherein the one or nore solid conponents conprise a
nmetal hydride. 59. The fuel cell system of claim 54,
wherein the one or nore solid conmponents conprise a
m xture of netal hydride powder and a conposite
hydrogen storage material. 60. The fuel cell system of
cl@i M Sthe fUd1REREVNNES Qfie B, wiereth o fiutll @olpasenngrises a
conprise type AB, AB2, A2B, AB5, BCC netal hydrides or
coiithaflpigreaciopse.eof . 61. The fuel cell system of
clai m 54, wherein the one or nore solid conponents
conprise LaNi 5, FeTi, or MM 5 wherein Mnrefers to a
m 64t ur eTheffudlanl hyssmnd efclaif234, Whercirudk floel ¢nchypsteemmpfises a
cl Ln1§i wher elﬁ EF one or nore solid conponents
dﬂﬁ?? OraY iR adle¥bleqiorti®as al umi nas, zeol i tes,
graphite, activated carbons, nanostructured carbons,

m cr o-ceram CS, nano-cer amni CS, boron nitride
nafot ubds, fuglakll ahtamp ErimadH wigrarmens araneye of the charge

f of claim
5¢g9ﬁ%8fgupﬁ?“mﬁ?%%fgggﬁg%gﬁﬁpg%hgﬁgg%gggéé&¥}eX|bIe
fluid enclosure. 64. The fuel cell systenlof cl ai m 54,

wherein the fluid enclosur

et osubhe firlenll avSeR Ll Hpi S‘bmqwngﬁﬁn gt e coppprises o

SY&HIGRY Phor! S'%iltemltéﬁ})hoﬁw eDAI, [hpﬁUf]bQoﬁfpufHD r@niphitet B eS8y, @ra
i ndi cator and fu s are further coupled to an

eI reebntmmuebevd@éay, @rsonaheuch@en videq plagyyshedisd deiFai m
wher ej t [ Lul
oI s fer s FEk G sRE BYEE RATRAL SRedbofiE oty o

accessory, ultra nDblle comput er, dlsplay, persona
audi o or video player, nedi Vi Si on,

devi.c
t r@hsmni thedpel Cteléélé?t% pf clpimy Zf ‘ﬂljred%me?@,é ?rlcg‘?HTe syHEmor
el (?(%}frf%@é £v818¥e of less than about 1000 cubic centimeters.

68. 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 deformation is a function of the mass of a fluid contained

within the fluid enclosure.

69. The method of claim 68, further comprising after responding, displaying a

mass of fluid in contact with a fluid enclosure.
70. The method of claim 68, wherein responding comprises displacing a solid.
71.  The method of claim 68, wherein responding comprises displacing a liquid.
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67. The fuel cell system of claim54, wherein the

fluid enclosure system conprises a volune of |ess than
wW@bwen728D0 cubic centineters. 68. A nethod foPCT/CA2007/002350

determining the nass of fluid contained within a fluid

encl osure, the nmethod conprising: responding to a

deformation of a solid conponent; wherein the

deformation is a function of the mass of a fluid

contained wthin the fluid enclosure. 69. The. hod

of "%l ai eéﬁ?th?‘{ﬁft g@o FEQThpO ?T%PO‘PB%S&SH%?F%% 4

di §RlFH Bign@. mass of fluid in contact with a fluid

encl osure.” 70. The net hod of claim 68, wherein

respondi ng conprises displacing a solid. 71. The

nmet hod of claim 68, wherein responding conprises

di splacing a liquid.72. The nethod of claim 68,

wher ei n respondi ng conprises resisting an electrica

si gnal .
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