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1 STATE- OF- CHARGE | NDI CATOR AND METHOD THEREFOR FOR A
FLOODED CELL BATTERY FI ELD OF | NVENTI ON The present

WO peosis846h0 rel ates to fl ooded cell batteries. PCT/AU2004/001373

particular, the present invention relates to the
determination of the state of charge of a flooded cell
battery. n one form the present invention relates to
the deternination of the statd of charge via specific
gravity of the el ectrolyte within a flooded c

N
bat (RIHTELICHRABGE WBICALPR AND Mk HﬂpandEgﬁﬁgﬁJEQR A

used to neasure the QIGODEY cELL BATHERYad- aci d
ceils. The first techni que neasures the specific

G:EAWPQFWVEHJ@N%HOI yte,. .and the second techni que

- uses FREFHreLESt invBAtiod ARG tb Adoddie cER InattefiBS. NRIfHcular, the
of the, first techni %Jﬁgr@ll es, or} t.gg fact that the
Brssent invegtigyrelates t tegpinglign of the state of chapge of a flooded

g@u I!)atitl ¢ haraefonn, die?ﬁr{éﬁégﬁdvem ﬁen@réhftbghealatéghﬁhaﬁon of the
asl| C a asur, 0 e oncentr 1on O u ri .
Sl 6F carod o apPOie SraVtsof 1R Slertpble vithi  fiogded ceif baitery
BACKIBROWND ARTd cell battery during charging is 2Pb '
SO + QO . PhO + Pb. 2H, SO equat i and dyrin

o s onibete ar¢ Bvman fshniaued aised o bpdisurd dhe Materofcharge of
le2yi-duidiatcelts) ( Thearficst( R)chhiagtiec shendures ther ispgcific gravity of the

S e e GRS FRIB A Be S5r A oy e o

‘speci The myethoidtof the fisstitechnique talles omtheplactttiab the Specific gravity

GEBIE Lfeckbalo B4 sncHR Y56 BT PR S e flaropy, The specii
aryitgls pasieally 2 mepsyrecofithe cpnesntration obsulphwic apigt b overall
i Wessﬁ%ﬁggﬁf%bi%ﬁi'ééégﬁﬁé@on (4G Spfiing i

t he vapour presghPSQ4 +@6r —abeyBbOra Bber2iHe$Qt e equation (1),

fRIPANARG HthdriiRgGoncent rati on of the acid, and hence
the specCific gravity of  the electrolyte. Thus the

e
vapour pr essur eF&02hBb et ldS et e meiReBOsy 2H2Q) at i gauation (2)
hun dgfMatién $Py afdy2)iRdiESRANAE darifF eRdfgh® thé RBncentration of the

gEIIIaD}'ISI’Qlé-aCid increases, and during discharging it decreases. The specific
gravity of a battery cell in operation, for example in a marine environment, varies
from approximately 1.05 for a fully discharged cell to approximately 1.3 for a fully
charged cell. 4 , ‘

One method used in measuring via the first technique utilises a. vapour
pressuring probe. This refies on the fact that the vapour pressure of water above
the electrolyte depends upon the o’oncéntrati,on of the acld, and hence the

‘specific gravity of the electrolyte. Thus the vapour pressure of the water

determined by a relative humidity sensor may be used as a measure of the state-
of-charge of the cell. One problem identified by the inventors was the time taken
for the sensor to reach steady state measurement equilibrium, which was from 3
to 30 minutes. ] : .
The specific gravity of the sulphuric acid electrolyte ih a flooded lead-acld
cell is has been Identified by the inventors as an important parameter that may be
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charge of the cell. One problemidentified by the
i nventors was the time taken for the sensor to reach

W@ L@amys433 at e neasurenment equilibrium which WeST/AU2094/801373

to 30 mnutes. The specific gravity of the sul phuric

acid electrolyte in a flooded | ead-add cell is has

been identified by the inventgors as an inportant

paraneter that nmay beused to @eternine the state of

c%%{ge for traction appli atlons |nclud|ng submari ne

ksad do determine r e dtelep oF harge fof Hastien caprlicatiges,oincluding

slismarig lcglisor RO y@imaﬁwrp@rmﬁeﬁda&o%éakﬁﬁé ¥etsuse of the highiy

Selbalra Rature s thp El4aU0TG VTP RRb FoEAxAEWR e dinselelectric

Slismaxivsd, ﬂﬁllﬁﬁbbtrcbgrafvh?aia@ b&én 'fRaasuredl Y tfe past manually by
ﬂe{ao{rorret er. An%n u33| on of docunents, devices, acts

dEQMBERefi cation is | ncl uded to
expl aAﬁthi%coﬁaﬁibﬁXfofOﬂttJélh?emiﬂvedé\Mﬁb hc?"cwﬁ Cknﬁmedg% in this
a i on eri

Bpiie 155 15 explal iy ol Onfigringential N should not be
takem,iasd@e aldmlstienrthh‘eamﬁbf thiet matBrléN%m aépaﬁf of the prior art base

re Qn or or at e
§t B8Rl FioR heterati i inagsinfihe Rhfetdntl o Austrifa e elsnpners on
onbefote the pmrity dateof tha msnlemparmritcs%umwheﬁmod for

ed ce

TS SHISAE e bl G BoBAR o oo
wrlm;ea%nagaﬂpelc‘fmwumeoﬁa flacdethcalbeatteryoci ated with °
the pAl Rl o wl the’ H?%ﬁ{\”: ﬁg}k@?\l ?rtssspéviate at least one

i nventi on provi e aspec

 flisadvantage aﬁap@ateqowélﬁ aieuenar@rrt measuri ng an d/ or

sdmuhntvﬁg: mAEENTIGNOr avity of a flooded cell
batteré% npri sing nmeasuring humdity i.n the cell and

conpehR@Rresenthigvaation peyidrssyiigiong aspecteofplarantinn a method of
&hG/oP 'appaFdtub TOP Thé s rlﬁb%d;‘SIS calbﬁlaﬁﬂﬁt §]:§‘e’cﬁﬂ§ BRFity ¥ a flooded
I on, a nethod of and/or ar at us
e%?'?a?t ab rﬁj’mﬂ'és’gge@fa?’?‘é!"@ amcij ol the m&id@@d @snpensating the
h@ab&féﬁhd&ﬁld’@f@rféﬁﬁib&bﬁh‘esensor conpri si ng
|n. accordance, wth a gquadratic equat|

calc ti n
t he gjﬁé 'btr'QW'i'tﬁP'bB?@lﬂe&n 12 @H%’@P" &3ppat of HW&"“O”- a method
oband/os atppagatuhefoﬁ @hwulaaihgqne s‘p%.ﬁbegfgenwd;raeﬂob@ed ce“ battery,

g%ﬁg Irqd sn ﬁﬁgﬂ& tg%ﬂ%ql {:@,ﬁghs&ge ca‘cu?ar{mg, in a%tc\ge anncsepv(\etﬁll-l a quadratlc
equation, the specific gravity based on sensor output, and compensating the
calculation, for temperature, in accordance with a linear relationship between
specific gravity and temperature.

The present invention 'prbvides, in a further aspect of invention, a method
of and/or apparatus for measuring specific gravity of a flooded cell battery having

- electrolyte fluid thereln, comprising a‘ humidity measuring means adapted to

measure humldity in the cell, and logic means adapted to provide compensation
for the measured humldnty based on temperature. .

The present invention provides, in a still further aspect of invenﬁon, a
method of and/or apparatus for determining the specific gravity of a flooded cell
battery, using a humidity sensor, comprising logic means adapted to determine



The present invention provides, in a further aspect of
i nvention, a nethod of and/or apparatus for neasuring

W@ p®siss4a3 gravity of a fl ooded cell battery haRCTigu2004/001373

el ectrolyte fluid therein, conprising a humdity
measuri ng nmeans adapted to neasure humdity in the
cell, and | ogi c neans adapted.to provide conpensation
for the neasured hunmidity basgd on tenperature. The
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eiguadiom rindgfurtier syheidin dhe rleglc:tmeams ds fdapied toetdmpensate the

TR ralBL e dmtilith; Yo REAGGrau oy h Sedeofih duih @ tinear

mlatwﬁbkmr bejwputapa'ciﬁ@grawitsdam tamperhttaeq uadratic
equaty pafich ﬁ\%ﬁ{tﬂlﬁ %rﬁb%n%%dn%gbfé {Bewgfer' \?apour, but not to

adapt e ecl f1-c gravi
Hdkélﬁwﬂnawfons pooeus pnwwuometmybmﬂ?)mﬁhce with a

a
tempor s Brebert iU RORRISE BIVRRSE Vet bR Aot in qombination,

@ 80%\% eell bpdery and,an matasuw as ulaclogaumeremc h as
par ous &b HrsbodhidiR! 9?5@1? it Q?n%vﬁf %5 %Esgggecp il Pé%ard to vapour

I nvention al so provid anot her _aspect

RESRBUReARd IemBeratésd ol wthembeqﬁm%osaﬂmﬁg ety is assessed
@kh dega:-u Qs Q&nbéféiuf’e afid ‘Pélﬁtnﬁﬁ‘h@rﬁid’[?ntln st @Rblrdr embodiment, the

R EREN = e o et T

autsstantizily istdistloged ﬂete:ntermerature and relative

S:Jg'i“ g}“Yer Q%qutcglrﬁ &%nﬁgnb()d ‘##P?%?é;? J,l,éhngpemf cation |

and/at defised it the rap@eadbdtcﬂmm:salfdrynn@g adpart| ofsthe desoribtion of the
gvgﬁt‘i fispects and preferred aspects are di.sclosed in

The 7 speci fication and/or defined in the appended

cl ai nlg, eseanvendhe pegsentfinventiod esomeptabmut ods tthe inventors have

HRNERS LR SR o Hfioretn TR bbVHH, bBOHP By pna sensor

- output.aend 2 elinaaro relatipnship viedwesp espefdific gravity yarahidemperature.

cifirc gravit atur ernor e, Uusi

Kuich a@ampattheéuw@sppermgcwmymtbe measurement of
ﬁc Evﬁﬁt bul k 1'iquid, enhances the |ifespan and

t

accur acy e -measurenent of the specific gravi t?/
The present invention has been found to result in a number of advantages,

such as the continuous and non manual determination of the specific gravity of
sulphuric acid in a flooded cell without the use of fiuid pumps or other equipment
with moving parts.

Further scope of applicability of the present invention will become
apparen@ from the detailed_ description given hereinafter. However, it should be
understood that the detailed descriptidn and specific examples, while indicating
preferred embodiments of the invention, are given by way of lllustration only,
gince various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailed
description.

@@?&?ﬂ&&t B&ihg éqﬂeﬁb}éﬂ?%lcheﬂsg%lq‘ﬁoé&’h&mwgn(o w%ter vapour,
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The present Invention has been found to result in a

nunber of advantages, such as the continuous and non
woresabs4aet er m nati on of the specific gravity BET/AU2004/001373

sul phuric acid in a flooded cell w thout the use of

fluid punps or other equipnent with noving parts.

Further scope of applicability of the present

invention will become apparent fromthe detail ed

R OBSHIP ISR RE T FRANINGEE T ot on' and speci 11 c
exaniuether wistlosiirali objéctsy pdedriagesi anthoaspests sofofthe present

Areatbft iy Bo. Reflaf ubBRrettod B, Fioee e Th 48, fllovant art by
reference dnd ﬂ;risc:wo_wirlg Imesamptr?ur oh pmielrrdolecgmb%drpﬁntemaken in

SRITRRSE, b iE A B Bila drafas SRy REE vep by way of

it stration wndy, anldj tbus are ot &nﬁ%@&ofahe peegasd investtionhand in which:

g [(elsﬁﬂéf'"rgﬁptl ue r e%evd%l{' S %%/Jor S encetoﬁ gdﬁpé& uPafe present .

iﬂvﬁ:ﬂti@magddescrr ption of preferred enbodi nents taken n

conj 0 .
o VenLFFi g0 '%#QHEPE%?%%%H r;&w@e ‘3&;5%}?53 yFé ﬂ/%ﬁlperature
andﬁqr@proutnsrt t he present |nvent| on, and in which: ‘
EEﬂAiLeEﬂPééﬁﬁiﬁﬂW a sensor in accordance vvrth one

aspect o resent. invention, and Fig

i1l uﬁq*‘d'iee@“ﬁo\’%‘l“smso\?sthﬁ rP"‘Bt@fm@e‘i?’@Bééﬁ ﬁﬂ%Plgie&l/'PtFJQ“"e 1.
LETPAIG B OSCH WonPERALRS SERGHETUGRS vih on
%%%PEH‘%D Rf%egﬁﬂiév&“ﬁ%ﬂﬂﬁhf q g@ﬂf%&)@r{ épqu_g a\,\ﬂt-,ugrher of various
cdiggends, GRNsendor Bnpley dacemerdially avanstiachumidityhsensor 2
@ﬁ%ﬂ@%&%ﬁg@%ﬁ%&&ﬁé@%%gﬂe@ (r)rru&_rlrb Mains derived
egaiated 'paWey smp@ly 3bl Thewsndot 2 s ancapaditive typee thtbgrated circuit

Rl PRV 8RR Rlo 808 il 613 361RSCR) snefion sHT7s

whcbraisn incoepdrrmm artenmeaatenb sensing eldmaareto3.h dihedusey of a battery
A5 A i @ SRABHE dltB iadbiod Mad i gupoly o he
‘snsoerthessensy ladecatedavitiun aeglgss or polyvinyichloride (PVC) tube 4 of
. approximate Iength 150 mm by 15 mm inside diameter, and in the lower end 5 of'
the tube there is provided a membrane € which is relatively permeable to water
vapour, but not to buik liquid, such as a PTFE membrane, of diameter 156 mm ar.\d,'
thickness 20 pm. The menibrane 6 is preferably reinforced on the inside with a-
polypropylene or PTFE mesh (not shown) to provide mechanical strength and is-
attached to the tube end 5 with a silicone rubber sealant or a PVC compressive

. cap. ' A
In essence, the sensor 2 measures -the humidity above the electrolyte
which depended upon the state of charge of the flooded cell. This Is because
water is produced during the diséharge and consumed during the recharge of the
cell. During discharge, the water content of tﬁe electrolyte rises and causes a
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supply g was found to substantially elimnate
el ectrical noise in the supply to the sensor. The

W@ enws088433 | ocated within a glass or pol yvi nyl chtDAD2I®4/001373
(PVC) tube 4 of approximate |ength 150 rnmby 15 mm
inside dianmeter, and in the lower end 5 of the tube
there is provided a nenbrane 6 which is relatively
permeabl e to water vapour, bu® not to bulk Iiquid,
such as a PTFE nenbrane, of dianmeter 15 mm and .

earespeadingligcraaseTictheeptfage wiaterprapour,.diog .yhuraidityor Geaversely,
B ﬁdﬁﬂdh@éb&@e (ﬁe QIrergCﬁgié’ Béf’r@&k&‘ss chs. d.not ‘

shown provi nical stren and is a tached
t o th mﬁﬂst@dhg spegcificagravity «f the rmethes@asamr RYCalube 4 is

hum dﬂ?’gﬁﬁﬁ&%&& i tﬁé%‘?‘é&%ﬂf&h@ n%eﬁh?rﬁéudgr HEGHUL &8 tﬁs‘lels required

above the electr te whi ch depended upon t
ist thet the RhEEg@esmbrene s be tlwaurfaw.@f the kﬁé@%i[@ﬁe In an

ARrRAtiVeSaAgBIAEAt, BYe hitinbrRfe® ﬁﬁ&?&gﬁnﬁi& &Rf‘ﬁ'l&@éhsor located

during the recharge of .the cell ring discharg t he
Fraver o avdaee &F thadiqyid Rrevidpd & waeegr aﬁadwalmgh substantla"y

ébﬁbﬂidé%s mﬁwieng rmoriEas & lémblbﬁeéur flﬁcﬁlé’\@gﬁtﬁodiﬁwrshown, the
apove

sel
DPEIEITLR 1 8lcHi MR cusheal i s Dy e cieg Shemipr § of the tube,
ambatllowstthe sz to gheadury thé ﬁl.hﬁld 1 Ot Hd¥eaRoabse®found to

G5 B S 35 i LGBl s covse
byesiRg lair bm:fﬂllssaused ﬁ)f@ll&ﬁbh betielslbotestytaf - t he

Tenbrafnesd dboRl. Hhe HAG eAdn TR MAERTGMY sl ehprberseand the

- gdnsos (& fsabeusdd fméhe ilowed cpambedéd Iheampar cramdbeit 7 houses a
{ | e a I )
RGBSR, | Bhd Y HELNARS Tl 3468 4 Humiay ana
mmt%t@a\@'somumdp@sﬂ\e mlgmprmzesemeﬁ thalerive the specific
%ra ke 'I{Héb‘?n W?\’ SRbr GhhM bgP%SH{ag B& Pinimized to
mdity een oun u .

to excl
mReiuee éln% arwemrm @néews%neezl uihthegeapensehrate of ths humidity sensor.

ef f ecﬁrsteﬁﬁ’n@% Bhesond | 'irﬂ&nﬁbﬁ t'%@n@ér 35&%5 gfres%nt invention was

itatio the electrolyte not ed abov
#egﬁegt i P@cﬁpmfemthnsnm%gmmsem@réha rapge Jeprsot-1904e 1.300

BedII6RApbratiRe P18 29h@m’023%n5 465@ W&%roﬁe?éaﬁ& gfavity of as a
ouses m Cr opr Qcess s reqU|re erat ure :
EJ@ °§ cﬁw al, ?’@Hﬁtﬁ'ﬁﬁ%@faﬁﬁﬁe ghawn ﬁ'@ figwrg 2. Thisis

hauélﬁﬁrdprééérﬂédﬁ(ﬁsﬁlﬁ ed ab@ Sl@irh¥RsidhA s&ﬂ%@éfdlét

9" 2 sonfib s fopte S oPAcasheet GEyBatan A B2 Heen found
#hat there(s tehquadiafio relatioasielp Wetivben lspatific igrasign ant. sensor output
at each temperature tested, and a linear reiationshlp between specrf‘c gravity and
temperature for constant pressure.

At atemperature of 20°C and specific gravity of 1.2, the slope of the line is
approximately 5 mV per 0.001 units of specific gravity, which means that changes
of 0.001 units of specific gravity can be monitored if the output is fed into a 12-bit
ADC (Analogue to Digital Converter). This is because a 12-bit ADC has been
found to have a resolution of approximately 1 mV. In operation, the specific
gravity of a submarine cell, for example, covers the approximate range from
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In testing the present invention, the sensor 1 of the
present invention was tested in electrolytes with

W@ p@si08§483 graviti es over the range from 1. 100 POI/AU30D®001373

and tenperatures of 10, 20, 30.2 and 40 C. Plots of
specific gravity of as a function of sensor output at
different tenperatures are shown in Figure 2. This is
actual l'y represented/ displ ay®d as a 3-di nensional

surface plot Essentially, in accordance with one
hdgecto 01.30Av drt.i 041801 turtitss dfcepedificurgravipnt anderse i changes of

{aﬁ{dtél "eha inoﬂ\%h%tBtAOSf lgﬁ?e%ﬁcﬂé Heg%?éﬂ til“h%”ﬂ considered

sensor ut at eac ure teste and a

a@eoatat@fom pmtwgbapglmpmt@ agubmaripeged. t enper at ur e
for cgns r 0
AR SeAPlrical ;‘l%ﬁ#{foislzwlﬁt I'h% PEBA 8&\?5!8%@5 1% aﬁo%% aspect - of

specific g avi t sl ope

inpeninn. ARdexpressas msmgwlty $ iofteapwfma@our pressure P (i (

.%&WrbﬁtcquoﬂE HR@BSm @étuw yof 0.001 units of

speci f graw y. can be rmnlt |f the output is fed
i nt o Foriexample Apith the, Mosgywell d*lu-gﬂ%humwesqr@o;
This is begalusg+acid Pide BRCCHa® sbggp2 found to haV@qu%tlon (3)
resol uti on of approximately 1 nV. n operation,
spem‘f’h%"egr_aw ty of a submarine cell, for exanpl e,
coversot:hpwgproxi nmate range fronb 1. 120 to 1.300, Le.

180, uni ecific gravity, and so changes of
appro‘f‘{sll {§?§ ‘tpig%i n the state of charge can be
rreasuEEdﬂ!FBme"s, consi dered adequate for the

pract al atlontoasubrmnne cell. An
enpi r % 2?&?%&{1' orf has been devel oped i n anot her

aspec€4m‘-ﬁ4ﬁﬁba10 n, and expresses the specific

gr avi r essure P (in sensor

out pu $I¥|£C?357% %Ugéﬁ%gﬁ lmeEft in C. For exanple,

wi th the Honeyvigld COIHE BT HOCRIMF B4.H2 sensor S = Clquation (4)
CL.T+ C.P + C3.T2 + CAP2 equation (3) where CO=

1.183, C1 C = 1.926x1( 1, -2.505x1 , and ¢4 =

- 6. 43imx thep case of the Sensiron SHT75 humidity - sensor which has basic

outputs of temperature' in degrees centigrade (°C) and relative humidity (% RH) in
a digital form and which may be readily interfaced to a microprocessor such as a
PIC 16F8786, it has been found that the Invention when tested in electrolytes over
the specific gravity range of 1.07 to 1 230 and at temperatures of 10, 20, 30, 40
and 50 °C, that an empirical relat:onshlp whlch involves cubic terms of both

" temperature and relative humidity was developed and is given by :-

8G =C5 + C6.RH + C7.T + C8 RH2 + CO T2 + C10 RH® + C11.T®>  equation (5)
where ‘
S C5=1.2722

-C6 = 4.8507 x 10°

C7=5.6716x 10*

C8 =-8.4910 x 108

C9 =-2.6833 x 10°

C10 = 1.3363 x 107
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. cubic terns o

Since C3 0, equation ( ) sinplifies to S - CO +Cl +
C2.P + C4.P2 equation (4) n the case of the Sensiron

wWGR0383d3831i di ty sensor which has basic out put SPGf/AU2004/001373

tenperature in degrees centigrade ( C and rel ative
humdity (% RH) in a digital formand which may be
readily interfaced to a m croprocessor such as a PIC
16F876, K has been found that %t he Invention when
tested | electrol s over the specific gravity range
of 1.9%1 S%Xar%ﬁat tenperatures of 10, 20, 30, 40

and 5&n5ihbh%‘s?§& Sﬂm\fén‘ﬁﬁh &&E%In@gsﬁv md“ﬂré dtnl}‘nglaxﬁ:ﬁs is the

o well agitation, gn,tge @rgy)éfra? L%g sagg)rr:v?lggtlm%smm slectrolyte of
Qec'ﬁic’f&@%tﬁﬂzjdo,@n@_ e enBbBs Jbu@f)ut-waﬁﬂi&‘ﬁtb% Wwith and without
V\Ihere 1.2722 C6 = 4.8507 x 10 C7 = 6716 10"* C8
clegiralyten agHatiqr using génagen @t@ptﬁ$n§ln93@y0xtbﬂ lewer end of the
ébr%@ﬂs Th&0 nﬁroﬁ%ﬁt few WehRed pr&xu‘nﬁW‘@d@” nﬂﬁ'ﬁﬁﬁ’@éﬂ eafhd caused

l% tg @ﬁ Inventors is the effect of cel
SHpiGanbromeTet W dhe sHcirplites o A Fiankgat Aerga) I fhe sensors
sltpot wak)dtepied; kA héfcd Y mbitatioh08id A Gifidie 186 rp%%rﬁ.ance of
tglut@ut was nonitored with and without electrolyte

25Pbn usi ng nitrogen bubbles rising onto the | ower

end oAndther s8pect of Tiventibh! d@srminka8Vby\iite pPEsent BRbAIdYs is the

G R I SR THorRthsin T SR Ve RIS di Bpanging the

lmmcmdvdq:tbm’eﬂwesbnmoﬁnttemeelbbﬁolyw gﬁ%beﬁf'digi-aow 1.300. A
I Ot e

S el EoRIRATORG 8 0P WS boproRRIR 167G G00 mm ana

dinmeder temmi Tie lowel end ofthe sensor wde iniersddi35 ead 385 mm

il o 3R BY AR ERBLBHS id ERING 3R goflol Hfpiorea. The

Frangsr invaspibonk BEOomat was fiopnd tn heve tarbinsignificant effect on the

Gdtaednh BRiHR depidghh 400 mm and

Is

A prototype specific gravity sensor has been developed and its design has

been shown to be robust to acid attack by, the electrolyte of a flooded cell. It has

" been tested over the spéciﬁc'gravity range of 1.120 to 1.300, and temperature
~ from 10 to 40°C, and demonstrated to be accurate within 2%. No significant
effect was observed for cell agitation, or immersion depth on the sensor's output..

While this invention has been described in connection with specific

~.embodiments thereof, it will be undersicod that it is capable of further

'modification(s). This application is intended to cover any variations uses or
adaptations 'of the invention following . in general, the principles of the invention
and including such departures from the present discldsure as come within known

. or customary practice within the art to which the lnventlon pertams and as may be
" applied to the essential features hereinbefore set forth.

As the present invention may be embodied in several forms without -

departing from the spirit of the essential characteristics of the invantion, it should
be understood that the above described embodiments are not to limit the present



10

15

di aneter mm The | ower end of the sensor was i mersed

35 and 385 nmm bel ow the surface of the electrol yte,
w@easonksa3dut put of the sensor nonitored. The cPeErgB2(0m001373

depth of 350 mm was found to have an insignificant

effect on the operation of the sensor. A prototype

specific gravity sensor has been devel oped and its

desi gn has been shown to be r&bust to acid attack by

the electrol te of a flooded cell. t has been t est ed

igyen 'qmélfiﬁfécpﬁ%wgpawwf pchnbut sather should,be egnstrugsy broadly

witiiRethet sfift Ahd@¥cod etdf’ ﬂ48 ifvoritith aemﬂﬁéd M a5k peﬁded claims.
n|f| cant effect was observed

ccurate thin 2%:
?woa%modvf igns @nd %qU'Y‘#ﬁBF 3TRIBSTIS ¥ infrndeghipope dncluded

Withinthe éﬂﬂt'amd é‘cbobel FABlihGhtidsame 8ppstefeer d:.iBFPﬁ’s NTherefore, the
corlar&ectl eC| LI c enbodi nents ther eof, wi |

e bpundearatood tasber iul,xqtf?éwe ‘of the many ways in

' Wﬁléhfthéqirirﬁfﬁlés oﬂh§ pﬁﬁ@rﬁ Gafdritian| :ﬁa* 'btbﬁﬁ‘lﬁﬁﬂbé&t HPVIRE following
e inventio

q ﬁnvarlatlonﬁ K %3 %¥$tlon
FBIMBWMEPIHPYEARRCHON (FRUSFS Riep] @nﬂ?dtﬁ’e ‘F‘?K‘f’énﬁfrﬂﬁlures as
pertoriing Ulendefineh futetiont HA@sndtr oAyt Sttudiires Gd”dulvalents. but also

hin k
SRR B e Tl ArTh” Mol S AL G AR S8y not be
stayctal apqlivalentsoint tiemteasaal i ethplbgatairgdindvidati siredow ¢o secure

died in
S80a0A s, Gl WHERE 2 BN PR s RT BElsRCe B socure
weedam ipartsdogether,dn itse ieayviroiment of fastarting wooien grets, é nail and
' Wﬁﬁﬁé&@%lﬁh%trﬁ&&r gbove described enbodi nents are
not

resentl nventi on unl ess ot herw se
S peC| @@npnwoqrapmmng "swhah disied lodhistapectiicalion il taken to specify

e g Sbeld AR Rl 8o b ot does

ﬁ&'%ﬁ“@aﬂ’féﬁ?f‘% P{aﬁg@ﬁem@ OfieeOr MPEhaker featyees, Integers steps,
bdtﬁbéﬁ@ﬁis‘@r??«bﬁbé thersgtierit and scope of the invention
and appended clains. Therefore, the specific
embodi ments are to be understood to be illustrative of
the many ways in which the principles of the present

i nvention may be practiced. n the follow ng cl ains,
means- pl us-function clauses are intended to cover
structures as perform ng the defined function and not
only structural equival ents, but al so equival ent
structures. For exanple, although a nail and a screw
may not be structural equivalents in that a nai
enpl oys a cylindrical surface to secure wooden parts
t oget her, whereas a screw enploys a helical surface to
secure
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wooden parts together, in the environnent of fastening
wooden parts, a nail and a screw are equival ent

W@ R00808848Es. " Conpri ses/ conprising” when used PCT/AUS004/001373

specification is taken to specify the presence of
stated features, integers, steps or conponents but
does not preclude the presence or addition of one or
nor e ot her features integers® steps, conponents or
%éé%%gathereof 'Q THE_CLAI M5 DEFI NI NG THE | NVENTI ON
48 DVENING THRINNENUPNARRASTPLSAWS:| ¢
gravity of a flooded cell battery having electrolyte
fluid therein, conprising the steps of: measuring

huni ditpethed BE na%aqurlnanipq,ca’wperelatv. ¢fga tfinodpd eall battery having
QBB!rQI'yEé’ﬂux@rmB@’ﬂP%ﬂ‘iﬁﬁsh the AepBbiod of cal cul ating

the specif %rawt of a flooded cell battery, using
a hun'i"@iaﬁy'”@% patidity indhaselh@Nt onpri si ng t he steps of:

cal cUgrnpBasatiny thetnesanee hihiiditpfotsampatdiGresquat i on,
the specific gravity based on sensor output, and

conpensating the cal culation, for tenperature, in

accor Aanemhod éfrbeﬂcdlamgather érbeiiiﬂ@gﬁdwp dh &l fiRiedSeetichdtiety, using
avity and te era ure. hod as.clained in
il Sl matorsanridd i SeRA Rl |y appl | ed

in acesledrting, wi hbcdrben@é g4thi & quadratic @§4atidn, the $pedific gravity :

C3, T2 + C4P2 egl‘;atl on (3) where CO= 1.183, Cl1 = 1.
RatRe o seosar dc3 = Z2.505x1 and C4 = - 6. 434x1
4. A mmbedsmg:trm caiculaiiorr.lfai' tenZpevature| in adverdarideodith a linear

| : @%WBE@AW §g¥'k@i§§i&@&g%3‘?e\gug? | gﬂe( 4) |

15

- 20

25

30 .

3. A method as claimed in claim 2, wherein the method is substantially
applied in accordance with the algorithm: |

S=C0+ C1.T+C2.P+C3.T2+ C4P? equation (3)

where '

CO = 1.183,

C1 = 1.659x107,

C2 = 1.926x107,

C3 =-2.505x10% , and

C4 = -6.434x102

4. - A method as claimed in claim 2, wherein the method is substantiélly .
applied in accordance with the algorithm:i . |
' S = C0 +C1.T + C2.P + C4.P? - equation {4)
where '
C0=1.183,

C1 = 1.659x107%,
C2 = 1.926x107, and
" C4 =-6.434x102
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20

where CO= 1.183, C2 = 1. 926x1 and C4 = -6.434x1 210
5. A nethod as clained in claim?2, wherein the nethod

WO go0sobsasant i al |y applied in accordance w th tPEI/AU2004/001373

algorithm SG=C CG6.RH + C/T + b RH2 + CT2 + C RH3
C 3 equation (5 where C5 = 1.2722 C6 - 4.8507 x 10*

C7 = 5.6716 x 10 C8 = - 8.4910 x 6 C9 - 2.6833 5 C10
= 1.3363 x 10 C = 4.0548 10 7 @ Appar atus adapted to

asucre specific gravity of . a ded ceII battery
oo oA B % e, B PRI cRn WISERp, TS Aehed B substantially
applledi ihyactopdaridengitieRNGig oMb ed to measure hum dity

%&m&i’sﬁ?#éoﬁ%?« kR é@ﬁ%&@%ﬁﬁ%ﬂﬁﬁgéﬁ% B equation (5)

tenpewhtrg e. 7. Appar atus adapted to determnine the

speplf:b 2&? ty of a flooded cell battery, using a
hum dMty” conprising: |logic neans adapted to

detercerteaem?speo'?fi c gravity based on sensor out put,

in ac %r dﬁgﬁég’f ag ,a quadratic equation, and further

wher e nmeans i s adapted to conpensate the

speci £B& gga010yx dgfer mi nation, for tenperature, in
accordance with a: | inear rel ati onshi p between specific

gr avi €9 =und-G88@ped@ture. 8. Apparatus as claimed n

cl ai nbQoQ 1 53888l §hn the specific gravity is
deternmined I n accordance with equation 3, 4, or 5

subst @il i=10p48x #0Ecl osed

6. Apparatus adapted to measure specrf c gravnty of a flooded cell battery
having electrolyte fluid therein, comprising:
a humidity measuring means adapted to measure humidity in thé cell, and
logic means adapted fo provide compensation for the measured humldtty
based on temperature ‘

7. Apparatus. adapted to determine the specific gravity of a flooded cell
battery, using a humidity sensor, obmpriéing: - , - |
logic means adapted to determine the specific gravity based on sensor
output, in accordance with a quadratic equation, and further wherein the logic '
means is adapted to compensate the -specific grévity determination, for

- temperature, in accordance with a linear relationship between speclﬂc gravnty and

25

30

temperature

. 8. Apparatus as claimed In claim 6 or 7, wherein the specific gravity is

determined in accordance with equation 3, 4, or 5 substantially as disclosed
herein. J



herein. 11 9. Apparatus adapted to determ ne the
specific gravity of a flooded cell battery, using a

Wheovsdss4y3 sensor, said apparatus including: prRCEABRI04/001373

10

15

20

25

30

nmeans adapt ed to operate in accordance with a

predeterm ned instruction set, said appar at us, n

conjunction with said I nstructl on set, being adapt ed

to performthe rrethod as clai fdd in any one of claims
as ¢l aimed in

8 5} nBppatius sdet A SaBhnkit 41 impeciit, ik @ a flooded ool

Raﬂwabémtgtwhmicﬁiy smsanrsaed)appmtug mchdidg liquid. 11.
n apparatus_ as cl a rein
onor BisesSr Bikshs HsESed, i Goetelh Uh priaantd wiirapredotermined

i3truotiorogbi, nati on, a fl ooded cell battery and the
apparatuys_as ¢ dln n of, .claing. 6 t 13. A

cono nath apargtl. IF fenliniiin 31 S99 oliniRion t8) et adapted o
perfamn tiee method aseldimed4n aAym&thrwlmm wsb.cl ai red |
claim12 or 13, wherein the flooded cell battery is

fl ooded cell battery used in a submarine. 15. A
d0npuberappargtusnag claimed in aoylﬁhmgf clain® 7plot &/ whswelrl the sensor

BB e ARd R RaE o R R AR AT B AL 1

for cal cul ating the speC|f|c gravity of a flooded cell

I??t A\ a;%él@tdé s 434 ﬁww fP\C?%ﬁ'Qnﬂ) SWARLEHR 1I‘7(§"nqemgr%qe is porous‘

O ut er 'gr am pro UCt In I ng] conputer rea

twﬂmme wegedBipE)er usabl e medium for operating

: sal d systemin accordance with any one of clains 1 to

%2 In oombinatlon a flooded cell battery and the apparatus as claimed in any

. one of claims 6 to 11.

13. A combination as claimed in claim 12, adapted for use in a marine
environment.

14; A combination as claimed in claim 12 or 13, wherein the ﬂooded cell

" battery is flooded cell battery used in a submarine.

15. A computer program produét including:
a computer usable medium having computer readable program code and
computer readable system code embodied on sald medium for calculating the .

- specific gravity of a flooded cell battery, within a data processing system; said

computer program product including:
computer readable code within Sald computer usable medlum for
operating said system in accordance with any one of claims 1 to &.



