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battery industry has seen increased demand for battery managenent

technol ogy, primarily due to the consuners' ever-lncreasing

appetite for the conveni ence of batt cBEDRXGELBABIERYI e equi prent such

as cellul ar phones and Iaptog conput ers. Addltlonally, the battery industry

10 I S seeing an increased enphasis on electric notor-

driven tools and zero_em ssion vehjcles h the prinma ower, source for
hge haere

these new generation VdW§ VeOtigRirRIFIexIQ & E’éc s RENAMETR ¢ o

rapi dly increasin over nnent and consu con rn bou

ang no?/se poI | ut |R%ﬁ culady ﬁg,st%r,aggli}ﬁ%{eg 79 &Q W‘Sﬁ?%‘??’a grﬁiﬁ? Bee 'Eﬁf:%s
is 15 rgy st I tions such as | oad-1evel ling,

ener gency/st ndbﬁAWand power quality systems for sensitive

el ectroni ¢ conmponent SJhﬁn%amtery industry ﬁ?ﬁ%e%ﬁ%%rteagéd ggﬁ}ahaq&%&%{;yden&nd

of battery-powered eq atter I'S un

conpetitive pr es%Hér?asg}e(?n@r{t%\iﬁﬁol%By, pﬁﬁ'{arﬁf"ljhe to the con@%ﬁfe‘r& é\;@tln% nﬁ}

al nost not hi ng, up no space ovi des excel | ent cycle e and

has ideal char QE/a%gé’ﬁlf@f&etHéeéJrWeﬁ%@ éf%tﬁ&?sdeérthpﬁﬁHbie equnpmelﬁ?f s e

an environnent al zard at the end of its |life. The nost popul ar
as cellular phones and laptop computers. Additionally, the battery industry

10 is seeing a movement toward an increased emphasis on electric motor-
driven tools and zero emission vehicles with the primary power source for
these new generation vehicles being batteries. This movement is due to
rapidly increasing government regulations and consumer concerns about air
and noise pollution. Another area which requires high efficiency batteries is

15 energy storage applications such as load-levelling, emergency/standby
power and power quality systems for sensitive electronic components.

As a result of the increasing demand of battery-powered equipment,
the battery industry is under competitive pressure to produce an ideal cell.
A cell that weighs almost not_hing, takes up no space, provides excellent

20 cycle life and has ideal charge/discharge performance and does not itself
produce an environmental hazard at the end of its life. The most popular
technology utilised by the battery industry is the lead-acid battery, which is
being challenged to meet higher energy density, smaller size, better
performance levels, longer cycle life and guaranteed recyclability.

25 Conventional lead-acid batteries suffer from limited capacity

utilisation, low depth of discharge, short cycle life, low energy density,
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deep cycle |l ead-acid batteries woul
charging can be up to 4 hours at best if a proper charge profile is followed.
The cycle life of lead-acid batteries varies greatly depending on the
10 Depth-of-Discharge (DOD)} reached during cycling. For electric vehicle
applications a 90-100% DOD may not be uncommon and at these DOD
levels the cycle life of conventional deep cycle lead-acid batteries would be
approximately 300 cycles. As most controllers function on the total
battery voltage it is not uncommon for individual cells to be discharged
15 below an acceptable limit as the overall battery voltage technique relies on
the assumption that all cells are at the same state-of-charge, which is
usually not the case in practise. Systems can be so far out of balance that
under high loads individual cells can actually reverse and even gas during
the discharge. This may seem extreme, however, when a large battery
20 array is used to provide power at higher voltages cell reversal may occur
without being detected initially.
Conventional NiMH batteries employ advanced processed and high
purity materials. This leads to a very high cost for the battery systems.
Expanded nickel foams with high purity nickel hydroxide compounds and

25 processed metal alloy materials all need a very high degree of quality

control in order to obtain a high performance battery.



approxi mat el y* 300 cycles. As nost controllers function on the total
battery vol t ageyo dps/éssoonot uncommon for individual cells to be gcyawgech

15 bel ow an acceptable limt as the overall battery voltage technique-:
relies on the assunption that all cellzs are at the sane

state-of-charge, which is usually not the case in practise. Systens
can be so far out of bal ance that under high | oads individual cells

can actually reverse and even gas during

he di hi
seem extrene, however, NiMbhhydride batterigs @ar},alsgcsuf}ergfqéigqqgaggbajg%;ﬁ%mae
o e RS, LRSS R P PR 7 o
d d d,and high it teriials. Thi,s | eads t
hi éﬁ?ggﬁ; Ei §|fet: ﬁg fﬁiﬁ?%ipifges}fs?mausep damage garﬁééﬁat%m SRIIE apdCate vt B o
uri i | .
Ir[:nt er iya! s all ngea%we?ﬁgﬁgﬁﬁ%@g“%g gat&gfeg.t@o ﬁ?@?&p@@%ﬁéﬁ\?&dc%ﬁnb%q%%
to obtain a kigh ReLfolMANCRQfdd & ¥nsure proper chaffing?/ 65100

P_CT/ AU99/ _004 1 _ _ 3
Ni MH hydride batteri eSngagx%'af@rséyfhfa% bfetegp.%%ﬁmfas%@gaaawma} B%rs and

and can al so be affecte y tenperature. certaln stens the extraction
of high current cagyveHSRlyIGEEOR the fohf dEN6RDatesdsS REABXEW BBtedridestore

taken not to over charge the batteries. In this respect, advanced battery
energy in the liquid electrolytes which are stored separately to the battery
stack. During operation the electrolytes are re-circulated through the
10 system and energy is transferred to and from the electrolytes. When
charging, electricity is transferred to and stored by the electrolytes, upon
discharge, the electrolyte release the stored energy to the load. Redox flow
batteries typically have a low energy density and incur pumping losses
associated with re-circulating the electrolyte through the system. In certain
15 cases, high self-discharge rates are possible depending on the membranes
or the existence of internal leaks and shunt currents.
SUMMARY OF THE INVENTION
According to one aspect of the invention there is provided a redox
gel battery comprising at least one cell consisting of a positive redox gel
20 electrolyte, a negative redox gel electrolyte, a membrane between the
positive and negative redox gel electrolytes, a positive electrode electrically
connected to the positive redox gel and a negative electrode electrically
connected to the negative redox gel electrolyte.
BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig.1 is a schematic diagram of a single cell redox gel battery

according to one embodiment of the invention,
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10 F RYI THE INVEN
Conventional battery systems employ some form of solid metal
electrodes that involve phase transfer reactions which leads to increased
weight and loss in efficiencies. The redox gel battery of the invention
- employs super concentrated gels, which contain a high concentration of
15 positive and negative reactive ions in the respective gels. All reactive
species or reactants are contained in the gels and no phase transfer
reactions are involved which leads to high efficiencies due to minimal
losses.
An example of a redox gel cell is the Cerium / Chromium battery
20 (typically Cerium Chloride CeCl; and Chromium Chloride CrCl;) with the
typical reactions illustrated by equations 1 and 2 below:
Ce** + e = Ce** E, = 1.44V (1)
et + e = Cr** Eo = - 0.41V (2)
At a charged state the negative and positive gels are composed of
25 Ce** and Cr** respectively. When the battery is discharged the negative
gel electrolyte Cr** is oxidised to Cr®* and the positive gel electrolyte Ce**

is reduced to Ce>*.
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A single cell redox gel battery 10 is shown in Fig 1 and includes an
inert positive electrode 11, an inert negative electrode 12, a positive redox |

10 gel electrolyte 13, a negative redox gel electrolyte 14 and a membrane 15
between the positive and negative redox gel electrolytes 13 and 14. The
electrodes 11 and 12 are preferably non-metallic.

A membrane 15 which has a very low electrical resistance separates
the redox gel electrolytes 13 and 14 with a very low electrical resistance.

15 The redt-ax gel electrolytes 13 and 14 may be made of any metallic ion,
metallic ion combination, inorganic and organic compounds that enable the
gels to be conductive and produce a current when connected to a load at
the characteristic voltage of the cell. The gels may also contain any
additive that may enable their performance to be enhanced.

20 The gel electrolytes may also contain gelling agents such as silica or
any other material which may assist in the formation of a stable gel without
precipitation of the reactive species.

The redox gel battery differs from the redox flow principle in that the
electrolytes do not need to be re-circulated since the electrolytes are super

25 concentrated gels and are contained within the battery as shown for a

single cell in Fig. 1.
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el ectrode 12, a pQsdrifa¥e ofeIX] there is an inert negative electrode 12 and at the outer
face of cell N there is an inert positive electrode 11. )
10 The single cell spiral wound redox gel 30 shown in Fig 3 includes a
cell structure as shown in Fig. 1 and an insulating film 17 which separates

the wound segments of the cell structure.

The redox gel cell can be used with a battery management system as

15 shown in Fig. 4 which contains a module that can be integrated into the
battery pack to minimise the effects of polarisation. The operation of the
redox gel cell is enhanced by the battery management system which limits
polarisation and provides a high level of individual cell control due to the
speed and monitoring of the battery management system.

20 As the gels are superconcentrated, polarisation tends to be higher
when high loads are applied to the battery system. A battery management
system specifically suited to the redox gel battery can alleviate many of the
constraints in the design of the redox get system.

A battery management system specifically designed for the redox gel

25 cell can also perform a number of monitoring functions, such as monitoring
the individual cell voltages and temperatures. It can also monitor the

internal pressure of the sealed battery pack and ascertain the allowable load
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The redox gel cell nmay be constructed as a single cell as shown in

that manages all of the following described functions. In this instance the

microprocessor is 8 bit running at 8MHz, however 4,16, 32 or 64 bit

10 processors can be used. The processor speed could be 4MHz to 166MHz.
Alternatively a Digital Signhal Processing Chip could be used depending on
the individual battery requirements. The microprocessor has EEPROM, ROM
and RAM Memory. Alternatively an ASIC {Application Specific Integrated
Circuit) could be used.

156 The individual cell voltage measurement module 41 utilises a
separate wire connected to the junction of each ceil. This wire is used
solely for the measurement of voltage. The voltage of each cell is
measured with reference to ground for batteries up to 24 Volts. This can
also be accomplished using direct measurement of each cell voltage as the

20 needs and accuracy requirements dictate.

Individual cell voltage measurement conditioning is achieved by
module 42 which includes a circuit in which the cell voltages are divided by
a resistor network and smoothed by a filter capacitor connected across the
ground resistor in the divider. Active filtering using operational amplifiers or

25 other filtering means could be used. The voltages are scaled by the divider
and filter to a voltage suitable for analog to digital conversion. In this case

4 .95 Volts represents the expected maximum voltage of each connection
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N-1, and N. Each cell” 1 to N has a positive redox gel el ectrolyte
13 and a negative redox gel electrolyte 14 separated by a menbr ane
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when hi gh | oads ar plied to the battery system A battery managenent
system specifically suited to the redox gel battery can alleviate many of

t he constrai nt pHdet I8 VIS G0Itple 50Qet ¥ dNe GBbvEY AieAbd can be used by
A battery managenment system specifically designed for the redox gel
transmitting the serial digital data by means of optically coupled serial

10 communications thus isolating the cell voitages. Also applicabfe would be
the use of a Voltage to Frequency Converter connected across each cell to
directly measure the cell voltage and send this information as a frequency
to the microprocessor. These Voltage to Frequency converters can be
galvanically or optically coupled to the microprocessor which measures the

15 frequency and converts this to a voltage.

The current measurement module 43 measures the voltage across a
shunt resistor and scaling this value using a current sense amplifier with
active filtering. An alternative to this would be to use a Hall effect device
to measure the current with the appropriate signal conditioning.

20 Current measurement conditioning is achieved by circuit module 44
in which the voltage measured across the shunt is converted to a 0-5Volt
signal irrespective of the direction of the current which is then fed to an
input of the same 12 bit analog to digital converter used for the
measurement of voltage described above. The conditioning circuitry also

25 provides a digital input to the microprocessor indicating the direction of

current flow. This is achieved via an integrated circuit with minimal externat
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measur enent nodul e 41 utilises a separate W re connected to th
junction of each geld whidh:S Wire is used solely for the measurenent
of voltage. The voltage of each cell is

the temperature value is a voltage output and a low offset voltage
10 operational amplifier is used to scale this value to a 0-5Volt value suitable
for connection to an input of the same analog to digital converter used for
voltage and current measurement.

A Liquid Crystal Display 47 is used to display information such as

capacity remaining, kilometers remaining and any other information.
15 The display driver 48 is driven directly by the microprocessor 40 by
writing the appropriate value 10 a memory location based on a fookup table
‘stored inside the microprocessor 40. Depending on the microprocessor
requirements and LCD complexity a separate integrated circuit driver may
be used. A LED or gas plasma display could also be used. A Liquid Crystal
20 display module may aiso be used.

Audible indicator module 49 includes a piezo electric buzzer which
provides audible signal to the user. This is ideally driven directly from the
microprocessor of with a transistor driver if necessary.

A distance sensor 50 is mounted on the wheel should the battery be

25 used in a moving vehicle. This sensor 50 can take the form of either a

magnetic pickup where the magnet is located on the wheel and a hall effect
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Pressure sensor conditioning module 53 scales the output to

10 0-5Volts via a precision operational amplifier and fed to the analog to digital
converter.

The communications module 54 ensures that all control and

“communications signals from the battery charger are communicated via a
serial bus direct from the microprocessor 40. This serial bus can also
15 access a PC for calibration purposes.

To ensure long battery life all components of the optimiser are
chosen for low current consumption. The microprocessor, analog to digital
converter, and all other circuitry can be placed in a low current
consumption mode by a signal from the microprocessor to the low current

20 mode module 55.

To achieve the required levels of accuracy the analog inputs to the
microprocessor are caﬁbfated by the calibration module 56 and the
calibration factors and offsets are store in EEPROM memory.

The software 57 is preferably polling orientated as well as being

25 interrupt driven for time critical events such as current monitoring for
energy use integration. Preferably, the software can determine if an

individual cell is faulty and notify the battery charger.
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(il monitor, communicate and initiate protective measures

to prevent overvoltage or under voltage, )

10 (iv} sample current at regular time intervals and integrates

current with respect to time to provide ampere hours
used and remaining data, and

{v}  the amperehours used and remaining is corrected

depending on loads during the current cycle.

156 The microprocessor 40 can also drive FETS or IGBT's to control the
current to a motor 58. This can provide a single pulse width modulated
control for a brushed type motor, or a quasi sinusoid control with multiple
outputs for brushless multiple type motors such as reluctance motors or
brushless DC motors.

20 A FET or IGBT switch 59 is used for security and protection of the
battery. FETS with a low on resistance are used.

The switch 59 is controlled by switch control module 60 which is
driven by the microprocessor 40 and the drive of the FETS or IGBT's
utilises a switched power supply to boost the voltage to enable high side

25 driving.

In the resistance control module 61, the microprocessor controls a

FET the function of which is to periodically charge a capacitor to a voltage



conponents. Discrete conponent solutions would al so be cost effective in
this area. WO 99/65100 Tenperature is nmeasured by circuit pFegmiPods
using an integrated circuit tenperature sensor nounted on the ..
circuit board. Any nunber of 5 these camge used and located in
different areas for exanple the battery, I ndi vidual cells or
outside for anbi ent tenperature. Tenper at ure Measur enent
conditioning is achieved by circuit nodul e 46 in which:

the tenperature vabaone the batienyt ajtagsianslidisghargs thisicapacitor intsl thegleattany
operational anplifier is used to scale this value tg a O 5Volt val ue
suitabl e wehilst ahthacsarpa tioe awitchoanother eapacitanvhess ehargs cangheld)
converter used for vol tage and current measurenent. A
Li quid Crystal Di the Wadguriedtysed to display information such as

The-di sp 2y O iver 45 T8 BHIRHEAIAN Boer sagl”p%eﬂ@ iﬁ"tefﬁ{avgﬂfé@éﬂfe: Léquis%%vlas

Stored i nsi 4B 1 E2Q%éé‘i‘cﬁ@p%&ai@ets?Tﬁlﬁﬁ\?ﬁ%&aﬁﬁﬁﬁtﬁ? PR L 8lHpnt 8o
1 G:) . -' . . . .

e used. A LED of i EURRE i ShrBIaRE el AR SR Ble Gl el Ry

20~ display modyl,e, mceﬁﬁ»@éasr H5& Shen scaled to 100% tfwgbi &ﬁ@;@é@%ﬁpgg

nodul e 49 includes a piezo electric buzzer rovi
signal to the usepytglpis is ideally driven directly fromthe
m croprocessor or wth a transistor driver if necessary.

The internal resistance/impedance module 63 calculated the internal

10 resistance and impedance by means of measuring the change in voitage
before and after a step change in current. This can occur both during
charge and discharge. AC current or voltage may be injected into the
battery and the resultant voltage or current is measured to calculate internal
resistance and impedance.

15 The cell balancing module 64 operates so that when one cell is
considered to be self discharged more than others in the group, power is
taken from the entire group, converted to an appropriate voltage using a
switched mode power converter and distributed to the weakest cell thus
balancing the celis.

20 The electrodes employed in the redox gel cells function to allow the
transfer of energy into and out of the gel electrolytes. The electrodes are
inert and can be produced from specially developed non-metallic conducting
materials, which can be formed or moulded to almost any specific shape.

The electrolytes are used to store all energy contained in the Redox-

25 Gel battery. The specific ions contained within the gel are selected based

on application and the energy density and can be either employ single or

multi-electron half-cell reactions. The gel electrolyte can be produced with



A di stance sensor 50 is nmounted on the wheel should the béttery be 25

used in a novivgeyesdieel e. This sensor 50 can take the form of eciA®ReGoart
magneti c pi ckup where the nmagnet is |located on the wheel and a hall effect

WD 99/ 65100 13
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pi ckup device is nounted on a stationary part of the vehicle or an opti cal
sensor. Di stance sensor conditioning is achieved by a
circuit nodul e 5larichwithout an glectrnde imatpixt iptegrated indo thetgehcin eitherozasgtthies
a frequency that is scaled 5 and neasured by the m croprocessor 40

which in turn cormémaey funationpohithe gel to stope the gnemwmasmmhenged

Pressure sensor nodul e_52 includes a pressure transduycer with a

voltage (in the order He oedmm%})ce&&ﬁ@ viegy f%?%@elfﬁetq\@ Wameeﬁ?blllty of the
Pressure sensor ditio rmd le 5 ales the ou 0- 5Vol t
via a precision oQéreA?‘? ﬁﬁ|'ﬂffﬁ@&f3*anﬁam@efﬁ OffRd g,ﬂg%oltyéeﬁﬁbqrgzgnergy

converter. es t

control and ® W“*‘BUH?HH?% 5@% q@ﬁat r §°‘?’r ?’ﬁ@gﬁ!ﬁns : '&?Fa&%%”?gﬁra@d the
This serial bus curtangs a Bl vl 59%! Bbolye. sz it
To ensure long b%%ﬁ&%ésbff is2ell SHRAY Hh Qgttéll}e n@‘equ'ocgéf for the “rental

energy” vehicles, emergency back-up applications and portable power
packs. )

10 The manner of controlling polarisation and hence battery output will
now be further described with reference to Fig. 5.

The control system 100 shown in Fig. 5 is adapted to provide a
predetermined power output from a redox battery system 111 at the
terminals or output means 112 to which a load such as an electrical vehicle

15 is connected. Between the output terminals 112 and the terminals 113 of
the redox gel battery system 111 there is a control means 114 which
senses predetermined operating parameters of the redox gel battery system
111. The control means 114 supplies power from the battery system 111
to the output terminals 112 during a first mode of operation.

20 First capacitor means 115 connected between the battery system
111 and the control means 14 stores a predetermined quantity of power
from the battery system 111 during the first mode of operation of the
control means 114 and supplies its stored power to the battery system 111
in response to a command signal from the control means 114 when the

25 control means is in a second mode of operation.

Second capacitor means 116 which is connected between the

output terminals 112 and the control means 114 stores a predetermmed



chosen for | ow current consunption. The m croprocessor, analog to digital

converter, angydgbdpsspdoner circuitry can be placed in a | ow currg®fauesosr
consunption node by a signal fromthe m croprocessor to the | ow current - 20

node nodul e 55. To achieve theqjequired | evels of accuracy
the anal og inputs to the m croprocessor are calibrated by the

cal i bration nodule 56 and the calibration factors and offsets are
store in EEPROM nenory. The software 57 is preferably

pol i ng ori ent at esmasntref power feimghedmtteryisystemubt 1 avharethe epntrohgeans
critical events such as current nonitoring for . .energy use

i ntegration. Prefttdls in its fsstoradsefcoperatiaatand sunplies itgstored powaidothgual

cell is faulty and notify the battery charger. . WD 99/ 65100
PCT/ AU99/ 00471  output terminals 112 in résponse to a command signal frpm the control

The software may inclu a pol ynom al vol t age rrent. al gorithm,to
prevent the batt dngans gﬁﬂb‘(}&?n&?@&%}t&g %?'g‘béﬁarf@ IR s %‘%Otnél‘f.mﬁiﬁ@f
software is adapted to: - (a) calculate the self discharge
of the batte?y arRPEaWOn- 5 initiate the cell bal ancing

process, C Thddhe Ip%glv %ﬁf%@vﬁlgﬁ{%% i@éé}rpgoz?{?e’%dtvsg'aaag&goll fetivorks

i nformati on

E ioi :03 e\r/ne)git t g\r/’er \C/g agv'g(égﬁt‘f\&n erti’c{f/li)rf’nkgrééeafé’ﬁgés?%j’ ¥Ramhpfe YhEF the polarisation level
in the battery system 111 is too high or that a pre-set time interval has
elapsed since powér was first supplied to the load, it initiates a back charge

10 to the battery system 111. In this discharge cycle, the control means 114
allows the energy stored in the first capacitor network 115 to charge the
battery system 111 and at the same time the second capacitor means 116
supplies uninterrupted power to the output terminals 112. The time
interval for this reverse cycle or discharge cycle is very small and as it is
15 very efficient it can be performed at regular intervals.
The reverse charge has the ability to disrupt and minimise the effects
and associated losses of polarisation within the battery system.
The power control system may also work in conjunction with a
charger to provide optimum perforimance and battery care at all times
20 during its operation. The power control system may be adapted to prevent
an unauthorised type of charger being connected to the battery system
thereby preventing a potential abuse and ensuring that the vehicie owner
does not attempt to charge the battery system with an incorrect charger at
home.
25 The power control. system, the charger and the vehicle may
incorporate individual electronic signatures so that the entire system can be

tracked and monitored with a high degree of accuracy. Each time a battery



10 . (v) sanple current at regular time intervals and int egrates

current With Re§B&gdied © time to provide anmpere hours PCT/AU99/00471
used and renai ni ng éata and (v) the anperehours used and

remai ning is corrected degendi ng on | oads during the
current cycle. 15 The m croprocessor 40 can al so drive FETS or
|GBT's to control the current to a notor 58. This can provide a
single pul se width nodul ated control for a brushed type notor, a
quasi sinusoi d cosystern isiihstalted fritol @ charger unithpuawenbeoniroksysigm Wil t| pI e

type notors such as reluctance notors or brushl ess DC notors
A FET or | GBT swiidentifpitself, ueteoverweé‘e@mwf‘aﬁdwqﬁrM@tmraﬂVQﬁ agpell as fhe

battery. FETS with a | ow on resistance are used. The switch
59 is controll ed Wserswitch control nodule 60 which is driven by the
m croprocessor 40 and the drive of the FETS or JGBT' upi)ises

swi t ched power supply T’é)e 556@3"#45‘5‘ %Vt"&@@'tt’bﬂé‘?léﬁ?@yh|e§ﬁ' of the Bgéery and
driving. nce contr ol t he

M cr opr ocess®dr co‘FfﬁF’Blté‘ed-‘sers ?Orﬁﬁi’f‘a e 30gne; ‘EJ‘?1St jf\agngthe electricity

'Bgr} zagg%g%ghargnd g rggﬁax yll trgrgta} Poratheobat%gry Upon recel}gpo?%%z&%ent either
o S Phet o Yy BrRROE cPedh ShRE PRGN BN En RRMARE drdf RstdiedAtd By

whil st at the sar;éyf" er capaci't ose arge can

I:Iihgp: g;‘g dcg;r ?E; yehicle. SIf the chentT R&s aBLBM o?ftaﬁﬁ‘)e?élﬂnﬂfh ﬂ?é'gﬁtt@?y bﬁywa\/ this

will be :dentn‘ved by the charger.

10 The control system can be adapted to not only identify the energy
level of the battery, but it can also assess the driving range left based on
current energy usage levels. Thus, the vehicle driver will know how many
kilometres can be travelled on the remaining level of energy.

Each charger unit may be linked via a telemetry system to an

15 operation centre which enables constant monitoring of all stations in the
network of charging stations.

The power control system may include the functions and features of
speed control modules which means that the vehicle manager can eliminate
a speed control device frorp the vehicle and simply control the output via

20 the power control system. This reduces vehicle costs, reduces
manufacturer warranty exposure and can provide continuous performance
monitoring via the telemetry communication system.

The power control system may be applied to various battery systems
such as valve-regulated lead acid batteries, nickel metal hydride batteries

25 and redox-gel batteries with each system having its benefits and specific
target applications.

The power control system may also be used to improve the standby



5 capacity remaining. This value is calculated by integrating the-
current over wooggsieo LiMe. Current is sanpled at regul ar int eg¢vghGosiogh
this value is subtracted froman accunmul ator and then scal ed to..
100% to give a capacity renaining ouggut . The

i nternal resistance/inpedance nodule 63 calculated the internal 1 0

resi stance and i npedance by neans of neasuring the change in voltage
before and after a step change in current. This can occur _both during
charge and di schpedermatze of remoteareacpowge systenhdondjlexaling and enaergency
battery and the resultant voltage or current is neasured to calcul ate

i nt er nal bacieupthattasy sygiempecBtationary bsttery systems wred érempte arka ng
nodul e 64 operates so that when one cell is . consi der;% tP R@ sel f
di schar ged nore pawer systams pRdemergepay bagkwi aprlications may bedgtt iully, ¢ he

L R i e
oo, 3, Lt oo o © ERHSIE 1 Wil NS b o
1; ; ﬁmbz p](cagir ﬁla ljyo?éeléiigﬁaﬁ%ﬁﬁﬁ- 'r?@bg%?@c@%eoﬁ%‘hegl!aﬂa;ngn&c st er T a?rs‘, wh ch
el ectrol ytes ar ecéﬁgse%‘q%e%ag 'ofﬂle‘ggﬁ“‘%%@%@oaﬁ?@%%??ﬁ rtnﬁg qge'&‘;t)(?" SE%DJW

Gel battery. Thea@@%%i ddrftrdiftBhy 8K BbRA cf@nttllyl @g&ﬂ?n 38! reglifede! ect ed based

on application and the energy density and can be either enploy single or
mul ti-electron half-cell reactions. The gel electrolyte can be produced
with
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and without an electrode matrix integrated into the—get—+n-either case t-he

primary function of the gel to store the energy renui hanged

The redox gel cell has a very long cycle life due to }{fEeEE _ Hﬂwﬁu t he
gel electrolytes, as in their fundanental formthe el t

ener gy 5 w thpaimghase transfer taking place, the electro yt&s *do not
degrade and the systemas a whole is very cost effective. Wth its

li ghtwei ght and 1. A redobgel hattery comprising atldast enesellronsisting ¢f a
exchange process for the "rental ener.gy" vehicles,  emergenc
back-up appl i cat i RAsitive sedrx gehelectislte. a negative rgég&g_el elsfgtrol e, d mngﬁ%ne
manner of controlf] ol,ar | N t | i

now be further deé%‘p‘?eoég’d{% éiﬁr‘{éggp g%e&]‘f[ Qfe Iel’;eg‘%&ﬁ %lé&t}&l%eé{"'a' bosx:mee
control system 10§echous eldttfitdly bomsectddnoeathet positive retto>agel and a negative
predet erm ned power output froma redox battery system 111 at the
terminals or out peleciedeclectically opnrectgd todhesnpdetive radoX|gal efactralyteeni cl e
15 I s connected. Between the output termnals 1 12 and the termnals 1
13 of the redox gel battery systeml1l 1 1 there is a control neans 1
14 ‘whi ch enses (RHSHef bAttRAF aBBEIdiG B8 cRAMAIRYRERIPEh Regamdoungel
battery system 2 &1;'@? j%f’g"e_rﬁe c%taroﬁ rre%ns 1 14 supplies pow%r from
the battery syst epositite blectrodes arednéftenaruimeiallicesiedtrades. 1 12 during a

first node of operation. 20 First capacitor neans 115 connected
bet ween the battery system . i
3. A redox gel battery according to claim 1 wherein the gel electrolytes

contain reactive metallic ions to store energy.

4, A redox gel battery according to claim 1 wherein the gel electrolytes

contain non-metallic reactive ions to store energy.

5. A redox gel battery according to claim 1 wherein the gel electrolytes

do not involve solid phase transfer reactions/

6. A redox gel battery according to claim 1 wherein the gel electrolytes

involve solid phase transfer reactions.

7. A redox gel battery according to claim 1 and further including

metallic additives which enhance the performance of the gel electrolytes.

8. A redox gel battery according to claim 1 and further including non-

metallic additives which enhance the performance of the gel electrolytes.

9. A redox gel battery wherein the gel electrolytes are formed with an

inert conductive matrix.



111 and the control means 14 stores a predeterm ned quantity of power

fromthe batt ffg€m 111 during the first node of operati opcqfsiiobBodart
control, meansw 9f26gand supplies its stored power to the battery system 1l .1

1 in response to a conmand signal fr the control nmeans 1 14 when
the 25 control neans is in a second node of operation.
Second capacitor neans 116 which is connected between the out put

terminals 1 12 and the control nmeans 1 14 stores a predeterm ned

WD 99/ 65100

PCT/ AU99/ 00471 10. A redox gel battery according to claim 1 wherein thipositive gel
anount of power fromthe battery system 111 when the control peans

114 isin itsI f eletrolyie €oBTPriSiNG athaéfnC%lhaO%f@Hﬂnﬂ@sfqapgvgtseﬁa?srﬂﬂﬂe?l to the
i 112, '
moans 1 14 whon neartyshiiE R ERAnG £ HEERRR; PR s shoor O 5

oper ati on. Thus, the power control system i ncorporates two
capaci tor networks and when the control neans senses, for exanple,
that the pol ari shti onAlredex gel battery accardingota claip &yéharainithe negatius aelgh
or that a pre-set ti i nterval h

t [ d si first
supplied to the ?lSSQIISFVF? .CPmWfsa%%gs*&'fb%ﬁ!kcwéFg a%ﬁ%bgsgﬁ%gﬁ?rsb%}afgr;rs
system1 1 1. 'Re@g,r%e:gmﬁe&@esa@ﬁﬁ & dff#ﬁeﬁpr&arc%ergieeﬁsl 14

al l ows the energy In the T1rst capacitor netwo 1 15 to charge the

12. A redox gel battery according to claim 1 wherein the electrodes are

spiral wound.

13. A redox gel battery wherein the electrodes are compressed plate

electrodes.

14. A redox gel battery in combination with a battery management
system for a battery having at least one cell that has at least a pair of
electrodes and which is susceptible to polarisation, said battery

management system comprising:-

- (i) means for monitoring a predetermined parameter of the or
H“\“‘ m‘“ “l“ “‘\‘ “ ‘“‘ each cell that is indicative of the level of polarisation,
£ ¢ L W 5 7 {ii) means for storing a predetermined amount of the power
being transferred into or out of the battery, and
(il  means for inducing a reverse charge or pulse to the

electrodes so as to reduce the polarisation.

15. A redox gel battery according to claim 14 wherein the predetermined

parameter is the internal resistance of the or each cell.



battery system 111 and at the sane tinme the second capacitor neans 1 16
supplies uni “tﬁrbrddksﬁﬂ power to the output termnals 1 12. The RCTAUIS/00471
interval for this reverse cycle or disc?arge cycle is very small and as it
is 15 very efficient it can be perfo ftd at regul ar intervals.

The reverse charge has the ability to disrupt and minimse the effects
and associ ated | osses of polarisation within the battery system

The power control sysjpem nmay al so work in conjunction with a

charger-to provide o m performance and battery care at all tines 20
during its operation. ower control system nmay be adagpted to prevent
an unaut hori sed type of chaygger being connected to the attery system

t hereby preventing a potenti abuse and ensuring that %X he vehicle owner

does not attenpt to charge the LV _system w rectygchar ger at
hone. 25 The power V\gzgﬁ{ e vehicle
may i ncor porate indivi | gcxt gnjC /Sj rgs)s at the entire
system can be tracked auﬂ.ﬂnnLLQLeu_MLrn;E.nLgn_1egLﬁe~gQ5accuracy.
Each tinme a battery N \Q -

PCT/ AU99/ 00471 \\\\ \\\\ 15

systemis installed into a ¢h fem |l—system w | |
identify itself, the veﬁgpl fromwhich it has been rempved as well as the
user. 2

FIG. { :

SUBSTITUTE SHEET (RULE 26) RO/AU



The charger unit may nonitor the energy |level of the battery and 5 -
credit the usevbggglgyioot hi s val ue, add t e4cost of the exchange, p¢traU99/00471
electricity and a nonthly rent Y4 or the battery. Upon receipt of*

this paynent either by cash or credit card, a new battery is

rel eased and installed into the vehicle. If the client has abused
or tanpered with the battery anyway this wll be identified by the
charger. 10 The control system can be adapted to not only
identify the energy | evel of the battery, but it can al so assess
the driving range |left based on current energy usage |l evels. Thus,
the vehicle driver wll know,how many kil ometres can be travelled
on the remai ning | evel of en€ryy. Each charger unit may be
linked via a telemetry system/to an 15 operation centre which enabl es
constant nonitoring of all sthtions in the net wor k of charging
stations. Th 0) fncl udef$he functions
and features of spef r dut g5 Avx atsst he vehicle
manager can elimnate roq;&ﬁb ehi cl e and

sinply control theAbuput v

vehi cl e costs, reduces
provi de continuous perform
comuni cati on system

Thi s reduces
posure ‘énd can

5 tel t
+he “9%5“ cgptrnﬁégisfgﬁéggyr%e

applied to various battery Zft /dé ﬁﬂ?gjﬂﬁﬂéaed | ead
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The power control system may al so be used to inprove the standby WO

99/ 65100 WO 99/65100 PCT/ p&RRUS b A
16 _ performance of renote area pov@elr4 system load levelling and -:
ener gency back-up battery systens. Stationary battery systens used
in renote area power systens and energency back-up applications may
be left fully charged for extended periods. As cells self-discharge
at different rates the 5 power control system can be programred to scan
t he individual cell conditions periodically and use cell -bal anci ng
techni ques to bal ance the cells internally. Alternatively, the
char gi ng system magy—beyl eft on ;-t-anby L\‘j and ontrolled by the
power controllpsystlem a$ r@qui refl. '\Q
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2. A redox gel battery according to claim1l wherein the negative and

positive el ect e inert non-netallic el ectrodes. 3.

gel battery ac‘gg;;&ls&g(yto claim1l wherei4/4he gel electrolytes PCT@(S%?Q@?:
reactive netallic ions to store energy. 4, A redox gel battery
according to claim1 wherein the gel electrolytes contain non-netallic
reactive ions to store energy. 5. A redox gel battery according to
claiml1 wherein the gel electrolytes do not involve solid phase transfer
reactions. 6. A redox gel battery according to claim1l wherein the
gel electrolytes i nvol ve solid phase transfer reactions. 7. A
redox gel battery according to claiml and further including netallic
addi ti ves whi ch enhance the perfornmance of the gel electrolytes. 8.

A redox gel battery according to claim1 and further including non-

metal lic additives which enhance the performance of the gel electrolytes.
9. A redox gel batterkymherein the gel electrolytes are formed with an
i nert conductive natrié. WD 99/ 65100

PCT/ AU99/ 00471 18
10. A redox gel battery™acgording to claim1l wherein the positive gel

el ectrolyte conprising a hald cell containing a reactive species and a
negative half cell containing“a different reactive species.

112
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<//5 )f//4

13
F i

FIG. 5
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11. A<%edox’gel battery according to claiml wherein the ‘ ;f"i
el ectrolyte comP(Thg a hal woreln Tl B RGSMEZATIONE SPECi CRgss
negative half cell containi ng a diffelent T eactive speci es. .
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(57) Abstract

A redox gel ba!t?ry (10) consists of a positive redox gel electrolyte (13) a negative redox gel electrolyte (14) and a membrane (15)
fherebet}vecn. A positive electrode (11) is electrically connected to the positive redox gel electrolyte (13) and a negative electrode (12)
is electrically connected to the negative redox gel electrolyte (14). The operation of the redox gel battery can be enhanced by a battery
management system which minimises the effects of polarisation.




