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(57) Abstract : Method and device for optimized recharging of an electric
battery. The invention relates to a method of optimized recharging of the
E E electric battery (BAT) of at least one electrical system (V) by an electrical

recharging device (TE), in which the electric battery is recharged (500) du-

ring a charging time period (Tc) belonging to an available recharging time
| 100 period (Td) initiated by the connecting of the recharging system of the elec-
4 tric battery to the electrical recharging device, this charging time period star-
ting at a start of charge instant (ts) determined (400) as a function of a char-
ging curve (TLC) associated with said electrical recharging device, of a char-
| -200 ging limit power level (Pi) and of the level (Eiw) of residual electrical energy
contained in the electric battery upon the connecting of the electric battery
charging system to the electrical recharging device. The invention also relates

300 350 to an optimized recharging device (Tg) implementing such a method, as well
T <T\7!>

DET T

as to an optimized recharging system (Sg) comprising such an optimized re-
1w00STg? 2% RECHRG T, charging device.

+ (57) Abrégé : Procédé et dispositif de recharge optimisée de batterie élec-

trique L'invention concerne un procédé de recharge optimisée de la batterie

00 ¢lectrique (BAT) d'au moins un systéme électrique (V) par un dispositif de

‘@ - recharge électrique (rz), dans lequel la batterie électrique est rechargée (500)
durant une période de
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Déclarations en vertu de la régle 4.17 :

—  relative a la qualité d'inventeur (régle 4.17.iv))

temps de charge (Tc) appartenant a une période de temps de recharge disponible (Td) initiée par le branchement du systéme de re-
charge de la batterie électrique au dispositif de recharge électrique, cette période de temps de charge débutant & un instant de dé-
but de charge (ta) déterminé (400) en fonction d'une courbe de charge (TLC) associée audit dispositif de recharge électrique, d'un
niveau de puissance limite de charge (Pun) et du niveau (Ei,) d'énergie électrique résiduelle contenue dans la batterie électrique
lors du branchement du systéme de charge de la batterie électrique au dispositif de recharge électrique. L'invention concerne éga-
lement un dispositif (Tg) de recharge optimisée mettant en ceuvre un tel procédé, ainsi qu'un systéme de recharge optimisée (Sg)
comprenant un tel dispositit de recharge optimisée.
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Method and device for optimized recharging of an electric battery

Field of the invention

The invention relates to the field of managing the recharging of electric batlteries, particularly

the recharging of glecine balleries of elechic vehicles,

Background Art

Each document. refersnce. patent application or patent cited in ' this {&d 1S sxpressly
incorporated. herein in their entirety by reference, which means that it should bs read and
considered by the reader as part of this text, That the document. reference, patent appiication or
patent cited in this texi is ot repeated in this text is merely for reasons of conciseness.

The following discussion of the background to the invention is intended to facilitate an
understanding of the present invention only. it shiould be appreciated that the discussion is notan
acknowledgement or admigsion that any of the material referred to wag published, known or part
of the common general knowledge of the person skilled in the art in any jurisdiction as at the
priority date of the invention.

There are cutrently many electrical gystems comprising a systern for storng slechical
engrgy, in particular 2 system consisting of one or more electric batterias and their associated
recharging system, which can be conmnected to an slecirical grid for recharging.

These electrival systems include electric vehicles having an slectrical energy storage system
which can be connected 1o power supply terminals by means of a recharging plug. The power
supply ferminais arg sach connecied 1o the electrical grid.

Usually, charging the slectric battery of such electrical systems begins the moment this
batiery is connscted o the electiical grid and ends when this aleciric ballery is disconnecied from
the electrical grid.

in the specific case of electric vehicles, the recharging begins the moment the recharging
plug of the electno vehicle s plugged Nt the power supply terminal and vontinues a8 long as the
glectric vehicle is not unplugged, meaning untl the user of the vehicle wishes to claim his vehicle
or as long as the battery ls niot full

This type of charging Is not optimal, however, bacause the recharging does not consider
constraints related o the grid, o the electric batiery tc be charged, or to the user of the lectrical

system {o be recharged.
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The constrainis of the slectrical grid to which the power supply terminal is Donnected can be
expressed as the load curve of afransformer or of a delivery point, which is riot uniform over time.
For example a transformer s slressed when the load excseds s rated canacity.

The higher the itad on the ransformer, the more the fransformer heats up, which acgelerates
its aging In addition, large fluctuations in the load can result in sudden expansions and
machanical stresses. Ultimately, this transformer can grow louder dus to the widening gaps.

As for the electric battery to be rechargad, it can have widely varying charge levels when it is
plugged into a power suppie terminal. which détlermines the reguired amount of electrical energy
1o be obtained from the power supply terminal, and therefore the charging time reguired to reach a
Tult charge.

Einally. concerning the constraints of the user of the slectric recharging system. the user
connects and disconnecis the systermn at times which vary greatly depending on his scheduie:
Whien: the elactrical system is .an eleclric ¢ar, the driver-of the vehicle parks and reclaims his
vehicle at times that depend on his schedule. which affects the available charging time of the

power supply ferminal.

Summary of the Invention

Embodiments of the present invention seek to overcome the above disadvaentages by
proposing an optimized recharging method which takes into account both the constrainds related io
the electrical grid and those ralated 1o the user of the electrical system 1o be recharged, as well as
constraints related to the eleciyic battery to be recharged, and which better protectis the recharging

devices of the electrical grid, or o provide the user with a useful or commercial choice.

According fo a broad aspect of the present invertion, there is provided a method for the
optimized recharging of the electric battery of at least one slectrical system by an slecirical
recharging device, wherein the electric batlery is recharged during a charging time period that is
within an available charging time period initialed by the connecting of the slecliic battery
recharging svstem to the slectrical racharging device, this charging time period starting at 8 start
of charge instant delermingd as a function of a lvad curve associzted with the electncal rtecharging
device  of a load limit capacity level and of the level of residual electrical energy contained in the
elactric: baltery when the electric battery recharging system s connecied to the electricsl
recharging device.

According to one advantageous embodiment, the determination of the start of charge instant
includes the calculation, for each instant among a plurality of consecutive potential start of charge

instants, of a potential ad parameter that is dependent an the differsnce between the load curve
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ard the load Bmit capacily level, and the selection of the slart of charge inslant corresponding to
the potential start of charge instant associated with the load parameter of maximum value among
all the calculated potential load paramelsrs.

Advaniageousily, the calculation is an Heralive calculation comprising the following steps. for
a potential start of charge instant:

calculsting the potential load parameter associated with the potential instant as 3 function of
the difference between the load curve and the load imit capacity level and comparing the duration
of the time interval between the potential start of charge instant and the end time of the available
charging time period, with the duration of the charging time pericd;

the iterative calculation being carried out for each ipstant among the plurality of consecutive
potential start of charge instants, in chronological order, until the duration of the time inlerval
between this polential start of charge instant and the end time of the available charging time
period is iess than the duration of the charging fime period.

In an advantageous embodiment, the determination of the start of charge instant further
comprises the sampling of the load curve over the avallable charging time period, in order ©
obtain a set of 11 load curve power values respectively associated with n time intervals respectively
starting al n consecutive potential start of charge instants, the lvad parameter associaled with a
potential start of charge instart being equal to the sum of the respective differences, for each time
interval among 2 plurality of consecutive time Intervals starting at the potential start of charge
instart, batween the limit capacity level and the load curve power value assogiated with the time
nterval

Advantageously, the determination in an embodiment further comprises the sampling of a
load limit capacity curve over the available charging time perod in order fo obtain 2 set of n limi
capacity level valuss respectively associaled with the i time intervals respectively beginning at n
consecutive potential start of charge instants, the load parameter associated with a potential stant
of charge instant being squal 1o the sum of the respective differences, for each tinie interval
among a pluralily of consecutive time intervals starting at the potertial start of charge instant,
between the imit cepacity level value and the load curve power valus which sre associated with
tha time interval,

According to one embodiment, the avallable charging time period is determined as 2 function
of the moment when the slectric batiery recharging systeém Is connectad o the electrical
recharging device, and of an indication concerning the charging end time provided by the user of
ihe eleciric system.

According to ancther smbodiment, the duration of the charging tims period is determined as
a function of the level of residual slectrical energy contained in the elsctric battery when the

electric battery recharging systerm is connected to the electrical recharging device,
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Advantageously, in one embodiment, the duration of the charging time period is egual to the
diffsrence between a charging duration comresponding to the time required to charge the electric
battery to a desired level of eleclrical energy, and a partial charging duration corresponding the
time reguired 1o charge the elecric ballery 1o the lavel of residusl electrical snergy In ong
particutar embodiment, the desired level of slectrical energy is the maximum charge leval of the
electric batiery.

In ancther embodiment. the method comprises a prior verification of the available charging
fime pericd a5 a function of the duralion of the charging time period, the determmation of the start
of charge instant for the electric battery only occurring if the duration of the available charging time
period iz greater than the duration of the charging time period.

In one embodiment, the electrio battery belongs o a class of electric batteries with 2 cerfain
level of memory sffect, preferably in particular the class of NiCd or lead-acid batteries.

According 1o ancther broad aspect of the present invention, there s provided & computer
program comprising instructions for implementing the steps of the above method when it is
executed by a processing unit of an eleclrical recharging system. Such 3 program s to be
censidered a product in the context of the protection sought by this patent application.

According fo a further broad aspect of the present invention, there is algo provided an
optimized recharging device for recharging at least one electric vehicle, connected to an elecirical
grid and comprising &l least ane cormection por suilable for connection o the eleciric batlery of

an slectric vehicle, the device being configured to implement the steps of the above msthod

following the connection of the eleclric battery of an electric vehicle to the connection port of the

optimized recharging device.

According te ancther broad aspect of the present invention, there is grovided an optimized
recharging system for recharging a flest composed of gt least one elsctric vehicle, the system
comptising an electnical grid and al least one electrical recharging device as described above,
conngcted to said electrical grid. This system may preferably further comprise a remote computer
system, connected to the electrical recharging device and comprising a processing unit sutable for
carrving out the steps of the abbve method.

Brief Description of the Drawings
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iy order that the invention may be more fully understood and put info practice, preferred
embadiment(s) thereof will now be dascribed with reference (o the accompanying drawings, in
which:

< figure 1 lustrates an embodiment of an optimized system for recharging electric vehicles
according to sn gapectof the present invention:

~ figure 2 ilustrates the steps of an smbodiment of an optimized method for recharging an
electric vehicle according to an aspect of the present invention;

= figure 3 iHlustrates an implementation of a prewverification step of the embodimert of the
aptimized recharging method according to an aspect of the present invention;

- figure 4 iHustrates an implementation of the step of determining the instant of the start of
charge Instant of the embodiment of the method according to an aspect of the present invention
and

- figurs 5 represents a graph illustrating the pasitive effect oblained by using the embodiment

of the optimized recharging method of an aspect of the invention.

Description of Embodiments

The following will fisst refer o figure 1, which dlustrates an ambodiment of an oplimized

system for recharging electric vehicles according to an aspect of the prasent invention,

This optimized recharging system, designated by Sein figure 1, comprises at sast one
electrical recharging device Tg, sultable for connecting to the recharging system for the alectric
batiery BAT of one or more glectrical sysiems Ve in order fo.recharge it

A single electrical recharging devics Te and a single elacirical system Ve are represented in
figure 1, purely for dlustrative purposes, but the optimized recharging system Se can includs any
number of elecirical recharging devices in otder to be able {o recharge any numbsr of slactrical
systems,

This eleclrical recharging device T is liself connecled {o an electrical grid Ewpy whete #
obtains the elacirical snargy reguired for recharging and may consist of a power fransformer, for
the glectric battery BAT of an electiical system in order {0 racharge it using the elscinicity provided
by the glecirical grid Exes.

The electrical system Ve includes one or more electric batteries BAT associated with 2
battery recharging system. This eleclrical system Ve Is used by a user U who connects and
disconnects the recharging system for this electric battery BAT 1o the electrical recharging device

T according to his schadite,
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Purely for iHustrative purposes, figure 1 represents the electrical system Ve as an glectric
vehicle, ag the present invention has particularly advantageous applications for this padicular type
of elactrical system. In this Hllustrative example, the electric vehicle Ve is driven by a user U who
connects ‘and disconnects-the recharging system for the electric battery BAT to the sleclrical
recharging device Te according to his schedule. Such an electric vehicle can be a car, a moped, or
any other system having a battery that can be recharged from the electrical grid.

In the optimization of the eleciric recharging system Ve, different constrainis thus apply o the
optimized recharging system described in figure 1

< the constraints related to the racharging electrical grid, such as the load curve associated
with ihe slectrical recharging device Ty,

« the constraints related o the slectric baltery to beracharged, such as the charge profile of
the slectric baltery BAT, or the slectrical energy still stored in the batfery when the user U plugs
the batlery BAT into the electiical rechargmny device T, and

«the constrainis relaled to the user U himsell particularly his schedule, which affect the
times when he connects and disconnects the electrical system toffrom the electrical recharging
device Tg, and therefore affects the available charging time for the battery BAT.

in the described embodiment of the present invention, the sleclric battery BAT of the
electrical system Ve s recharged during at least one charging time nlerval ATagld) within an
available charging time pericd Td, which is inifiated by connecting the recharging system for this
electric batiery BAT io the electrical recharging device T, which aliows optimizing the recharging
of this baltery based on cariain consiraints related o the user's schadule.

The charging time interval ATug()) Is determined as a function of a load curve TLC
associated with the electrical recharging device Tg, whichi also allows optimizing the charging of
the electric battery BAT based on constraints related (o the slectricatl recharging device Tz, and
therefore to the optimized recharging system Sg.

Such aload curve TLE can be estimated at 2 given moment, Tor example on-the basis of an
expected load varigtion, or updated during charging 50 as {o ensure ongoing load optimization
according to the slate of the eleclrical recharging device T &t thet moment in time. By way of
load curve models caletdated from a recorded history of loads &t the elecirical recharging device
T Updating during charging is pariicularly attractive in cases where a largs number of batteries
are comnected and are recharging at the same time, which can lead to large variations in the load
curve TLG.
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We will now refer to figure 2, which illustrates the steps of an embodiment of an optimized
migthod for recharging the eléctric battery of an slectrical system according to an aspect of the
present invention.

This method concerns the oplimized. recharging of the eslechric baltery of one or mors
electrical systems Ve by an slectrical recharging device Tg, the electrical system Ve comprising an
sleclric battery BAT assoniated with & recharging systern that can be connected 1o this sleclical
recharging device Tg in order to perform this recharging. The optimized recharging of a single
electrical system Vg is described below for ilustrative purposes, but the method can be applied to
the recharging of any number of electrical systems.

This method may first include the determination {step 100} of an available charging time
period Td, performed to take user constraints into account, especially his schedule, which
influences the time available for recharging the sleciric battery BAT.

Thus, the momeni ty when the electric battery BAT recharging system i3 connecied to the
electrical recharging device T allows determining the start of the available charging time period
Td. Inother words, this moment 1 when the sleciric battery is connected begins the available
charging time period Td.

To determing the moment by corresponding to the end of the available charging time periad
Td, it is advantagecus to ask the user 1o indicate the time he plans to disconnect the electrical
system Ve (for example the time he expects te reclaim his eleciric vehicle), for example the time
he anticipates leaving for work i the morning.. The user U can provide an indicalion concaming
this charging end time tp, for example via a dedicated web interface on a smariphone of on the

dashboard of the slecinic vehicle used.

Cnee this avaiighle charging tme penod Td s delermined, the method continues by
daternrining (step 200) iha duration Tiag of the charging to be applisd to the elaciiic battery BAT,
as a function of the residual electrical energy Ex contained in the slectric battery BAT wheri i is
connected o the recharging device Tg.

In particulzr, this charging duration Tige 8 determined to enable recharging the slectric
battery to a desired level of electrical energy E, a predefined value, which typically is the maximum
snerdgy Enesthat can be storad in this electric battery BAT, conssponding to a fully chargsd
battery.

Figure 3 llustrates one embodiment of such a step 200 of determining the duration Tygg of
thecharging time period o be applied to the eleclric patiery.
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Iy this embodiment, & fwst partial charging period Tx s first calculaled (step 210},
cofrespanding 1o the: level of residual elaairical energy B rémaining in the alectric: battery BAT
when i is connected 1o the recharging device Te

In other words, this partial charging period Tx corresponds o the time needed o recharge

the electnc battery BAT from a state where it is empty of energy (a zero state of charge SoC) fo

the level of residugl electrical energy By

in the particular case where the information available at the time of connection cansists of a
state of charge So(p of the battery BAT, this level of residusl electrical energy Ey, is calculated
beforehand using the following souation (1)

{1) b, =k

. gt 00

wherse:

= Bl 18 the usable capacily of this battery BAT, and

- S50Cy is the state of charge of the electnic baltery BAT at the time it is connecied o the
recharging device Te {maaning at tima t dustraled in figure 4.

N

The partigl charging pericd Tx s then determined using the following equation (2)

Q)‘

whers

“npar s the efficiency paramster for the battery BAT, between 0 and 100%;

- nenwrge 16 the efficiency parameter for the charger for this batlery BAT, also between 0 and
100%; and

=PFL{) s the charge profile for the balttery BAT charging from the electrical grid.

A second charging period Teomp, corresponding o the fime reguired fo recharge the electric
battery BAT to a desired level of electrical energy E starting from a state where it is emply of
eneigy {2 zero state of charge 500, is then determined (step 220} based ol the charge profile
PEL{) of the slectric baltery BAT.

This second charging pericd Teomp can be calculated using the following sgusation (3)

Toongs

() E = Nesr N fP‘FL{ tydt
o
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In particular. when the desired level E of elecirical energy corresponds to the maximum
charge level 5. of the electric battery BAT, then this second charging period Tecomp corresponds
{0 @ complete charging perfod, meaning o the time reguired for fully recharging the electric battery
BAT starting from a state whers i [s'emply of ensrgy.

in this parficular case this complete charging period Teomp is obtainsd using the following

equation (4):

Toemp

{4} Emzw. = ?}; By " ?7 chrgs ipF‘{‘ (f}dﬂ

(5

where Eyuy is the maximum charge level of the electnc battery BAT.

The steps of determining 210 the first partial charging period Tx and defermining 220 the
second charging perind Teomp are nat necessarnly performed in the order indicated above. but
may very well be performed in the reverse order, meaning with the determination of the second
charging pericd Teomp preceding the determination of the first partial charging period Tx

Once the durations Tx and Tcomp have been determined, the charging duration Ty
corresponding to the time necessary to charge the sleclric battery BAT from a state where it
contging the residugt sleclirical energy By to g stale where i containg the desired slegtiical energy
E (ypically a fully charged state at lsvel Ened. can then be determined {(step 230) wsing the

following eguation (5):
{5 Tpe = Teomp —Tx

To return to the optimized recharging method shown in figure 2, after having determined the
available charging fime pericd Td and the charging duration Ty {0 be applied to the electric
battery BAT, it is advantageous lo verify that the available charging time petiod Td is sufficient, so
that the optimized rechsrging process is only begun if such s the case. Otherwise, g convantional
recharging process can be applied for the entire duration of the available charging time period Td.

To do this: a comparison (siep 300) is made betwesn the duration of the available chairging
time period Td and the charging duration T, In arder to determine whether there is anough time
o complste a full charge.

 this duration Tigq I8 iess than the duration of the availlable charging time period Td, then it is
advantageously possible fo apply the embodiment of the optimized recharging method aceording
1o the gspect of the present invention
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O the other hand, if this duraion Tigp 15 greater than the available charging time penod Td,
then a full and optimized recharging of the eleclric battery BAT is not possible. In this latter case, a
conventional recharging (step 350) can be performed in which the charge profile PFLE), shortened
by duration Tx, I3 applied during the entire available charging time period Td, meaning where the
charging schedule during this period Td is based on a charging power having a profile

corresponding to (1) = PEL{Tx + 1},

After having determined the available charging time peviod Td and the charging duration
Taon-and possibly having verified that the duration Ty is e85 than or equal o the duration of this
available charging time period Td, & start of charge instant dencted {4 is determined (step 400)
withiny the available charging time period Td, as a funclion of the load curve TLC sssociated with
the elactrical recharging device and of a load limit capacity level denoted Py and advaniageously
fixed for example at 50-60% of the rated load capacity of the slecirical recharging device Te in
order to take into account the constraints of the electrical grid {reflected by this foad curve TLC of

the electrical recharging device Te).

The slectric battery BAT is then recharged (step §00) during a charging time periad T¢,
comtained within the availabie charging time period Td and sterting &t the start of charge instant ts.
and having a duration corresponding 1o the charging duration Tiee. In other wards, the charging
time period Tc can be defined according to the foliowing formula (6.

(©) Te= i_tdg; LT Tmr,»}

Thus the recharging of the slectric baitery BAT occurs while taking info account constraints
of the user (reflectsd by the available charging time periocd Td), of the electrivel grid (reflecied by
the lbad curve TLC of the electrical recharging device Te and the limit capacily value Pw), and of
the electric vehicle (reflectad by the residual electrical enargy By still contained in the electric
battery BAT at the time { is connecied lo the electrical recharging device Te)

Figure 4 lliustrates an implementation of the step 300 of determining the instant of the start
of charge instant Ly acecerding to the desdribed embbdiment of the pregent invention.

i particular, this determination comprises the calculation (step 420, for each instant LK)
{where k is an integer) among a plurslity of consecutive potential start of charge instants
foacl T 1o dpeli) fwhere n IS an integer grester than or egual to 1) included within the available
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charging time period Td, of a potential load parameter Ay dependent on the difference betweean the
load curve TLC and the load limit capacity level Py, Thus, for each potential start of charge instart
thaclk) there is a corresponding polential load parametsr A dependent on the difference betwaen
the toad curve TLE and the load limit capacity leve! P

The start of charge instant . is then sslecied (step 430} as being the potential start of
charge instant associated with the maximum potential load parameter Ayray having the maximum
value among all the calculated potential load parameters Ao Aq As this maximum potential foad
parameter Aurnax 18 associated with the polential start of charge instant of index Kaaw, I other words
with thudkmax, the start of charge instant 1y, I8 therefore determined as being the potential start of
charge instant thge(kemad).

Load parameters Ay are thus first calculated for a pluralily of potential start of charge instants
teactk), before selecting the potential start of charge instant Lukmad COrresponding to the
maximum load parameter among the calculated load parameters Ay

Tooblain these load parameters Ag the calcujation siep 42015 advantagecusly implemanted
as an iterative calculation comprising the following steps, for a k¥ potential start of charge instant
moment tx when the electric battery recharging system is connegied to the electrical recharging
devicae Tg

= caloulgting (step 421) the potential load parameter A associated with the ki potential
instant twelk) as a function of the difference belwsen the load curve TLC and the load fimit
capacity tevel Pim

o ther comparing (step 423) the duration of the time interval [Ludk)its]l between the k"
potential start of charge nstant budk) and the end time 1p of the available charging time perniod Td,
with the duration Taee of the charging time perind To.

These steps are repeated for each instant (k) among the plurality of consecutive potential
start of charge instants, in chronolagical -arder {meaning by incrementing index k. in-the order

Tael 1), 1ac(2). efc ) until the comparison step reveals that the duration of the time interval [toqs{k): o]

is less than the duration T of the charging time periad T

The repstition of steps 421 and 423 is symbolized in figure 4 by an iterative loop (step 425)
that incremants index k. starting from an initial valus of 1.

This aperation is graphically eguivaient to evaluating an area between the limit capacity value
Pun and the load curve TLC of the glectrical recharging device Te within & sliding window of time of
a width corresponding o the charging duration Ties, said window baing siid across the availeble
charging time period Td, starting from the moment ty the slectric baltery BAT s connscted, until

the sliding window reachss the end of the available charging time period Td.
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The moment chosen o begin recharging the electric batiery BAT i3 then the one that
maximizes this aréa as the window of time is slid across the available charging time period Td.
This oplimizes the recharging start time so that the recharging is primariy located at & moment
where the load curve of the electricel recharging device T is minimal. and s sufficiently early Tor
the battery to be recharged to a desired level of energy by the end of the availeble charging period
Td.

in an advantageous embodiment, the determination step 400 comprises, prior o the
calculation step 420, a sampling step 410 which allows esasily manipulating data concerning the
load curve TLC andior the load limit capacity level Py, particularly for working in discrete lime,
swhich is'more easily achieved using compuitenized means.

In particular, the load curve TLC is sampled (step 411) over the svallable charging time

pariod Td in oider w0 oblain & sel [TLCHh«en comprising n load curve power valuss

TLCM,.., TLCH).. TLCn) associated respectively with n time intervals AT(1), . AT, AT
respectively starting at n consecutive polential start of charge INstants el 1),, toeelD) . toge()

within the availlable charging time perind Td.

This sempling is preferably pericdic, the length of the period beaing predetermined -and
correspanding to a duration of a charging time interval AT, a load curve powsr vaiue TLC{) then
being associsted with the time index i denoting the i time interval AT() contained within the
available charging time period Td.

in this case, at the end of this sampling phase, the consscutive ‘time Intervals
AT, AT, ATy respectively starting at n consecutive potential start of charge instants
toack 1o paclih o dpae(ny,  and respectively  sssociated with the losd curve power values
TLCM . TLG). . TLEIR), can also be designated by a succession of ime indexes 1,...1...n
satisfying the relation AT = *AT.

In this case, the K™ load parameter Ay, associated with the k" potential start of charge instant

taclk). i3 equal o the sum of the respective differences, for each time interval AT(H) among a

plurality of conseculive time intervals AT to ATktieg) (where the index ki s an integer
counting the number of consecutive time intarvals after the first interval ATIK)) siarting 2t the
potential start of charge instant La(K), between the limit capacily level Py, and the load curve
power valie TLE() associated with said time inferval AT

In other words, the load parameter &, is obtained gocarding (o the foliowing formula (7):

(7) A= Y P ~TLCH)

I
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This smbodiment perticularly applies 1o cases whers the limil capacity value Py e constant

over the avaiiable charging time period Td.

In another embodiment where the limit capacily value By 15 not constant pver the available
charging time period Td, but is a variable function Pult) over this period Td, represented by a load
fimit capacity curve, then the sampling step 410 advantageously further comprises the sampling
{step 413) of the load limit capacity curve Puy(l) over the available charging time period Td in order
to obtain 2 set of nlimit capacity level values Pl b Panfih o Prl ) respectively associated with
the retime intervals ATOL L AT, AT (n) respectively starting at n consscutive potential start of
charge instants Geol 1) kel el that are within the available charging time period Td,

Thus, in-this embodiment, each polential start of charge nstant ye(i} bas s associated Emit
capacity level value Pin(i) and load curve power value TLC(), in addition to an associaled time
interval AT{) bagirining st that instant.

In this cage, the load parameter Ay associaled with the K potential start of charge instant
tae(K) 15 equal to the sum of the respective differences, for each time interval AT among the
plurality of conzecutive time intervals AT(K) 1o AT{k+ko) beginming at the potentigl siart-of charge
instart teaotk), between the fimit capacity level value P} and the load curve power value TLC)
that are associated with said time interval AT().

in other words, the load parameter Ay is obtained hers using the following formula (8)

(8) Ag= 2 P ()~ TLCH)

%

Figure & is a graph showing the positive sffect oblained when using the describad
embodiment of the cptimized recharging method of the aspect of the invention,

This graph illustrates the load curve TLC for a transformer over the course of an entire day,
as well as the curve representing the change over time of the limit capacity Py, beyond which the
load curve TLO causes harmiul effects.

The time of arrival t, of the User at 8 pm. {i.e. the moment when an eléciric vehicle Ve ig
connecied o the transformer) and the time of depariure ip of the user al aboult 7 am. {ie. the
moment when the electric vehicle Ve I8 disconnected from the supply terminal) are indisated,
defining arn available charging period Td that is squivalentio the interval T lnl

At the bottom of this graph one can see the curve CRM representing the variation over tims

of the charging power applied to the slectric battery BAT.
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It is particdlarly spparent in this curve CRM that the charge applied to the electric batiery
BAT i3 primarily at s maximum at the moments where the load curve TLC 18 at-its minimum or is
at least below the limit capacity level Py Also, charging period Tc is a continuous period located
between 0 and & am., which wouid allow reaching the desied charge Jlevel by the time of
depariure ty anticipated by the user

The resulting load curve, designated by TLCHVE, is lllustrated as well, It is clear from this
resulting load curve that it is mainly the low points in the load curve TLC, located below the limit
capacity level Puw, which are raised by the optimized recharging of the vehicle Ve,

As a result, the increase in the load curve induced by recharging the vehicle Vg is primarily
corfined to the minimal load values in the foad curve TLC, which linits the negalive effects on the

transformer, uniike the case where charging is continuously enabled throughout the periad [ty il

The differert steps of the optimized recharging method described above car be mplemented
by a program suitable for execution by a processing unit of an optimized recharging system, for
example implementad as a computer or a data processar, said program comprising instructions for
controlling the execution of the steps of @ method as mentioned above.

iIn particular, the processing unit in question may be located within the optimized recharging
device Tg or within the electrical system Ve, in order to lecally manage the recharging of the
glectric vehicles,

Or the processing unit in guastion may be located remuotely from the optimized recharging
device Tg, in a remote computer system that is part of the optimized recharging system Sg, in
order to manage the recharging centrally, which is approgrigte for the case of a large fleet. In such
a case, instructions are communicated o the optimized recharging device Te or to the elschrical
system Ve vig various ielecommunication networks in order to manags the oplimized recharging.

As for the program, It can use any programming language, and may be in the form of source
code, cbiect dode, or intermediate code hetween source code and object code, such as in a
pariially compiled form, or in any other desirable form.

The invention also concems a medium readable by a compuler or data processor, and
containing the instructions of g program as mentioned above. This mediurn may be any entity or
device capable of storing the program. For example, the medium may consist of a storsge madium
such as a ROM, for example a CO-ROM or a microslecirenic circuit ROM, or a magnetic recording
medium such as a diskette or hard disk.

O ihe other hand, the miedim may be g transmissible medium such as an electrical, oplical,
or slectromagnetic signal which may be conveyed via slsclrical or optical cable, by adio, or by
ather means, The program according o the invention may in particular be downloaded over a

network such as the Infermet Allematively, the medium may be an nlegrated cireut incorporating
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the program, the cireuit being adapled o execute or fo be wsed in executing the method in
guestion.

The oplimized recharging method of the inention s particulary advantageous for
appiications  nvolving the recharging of electric bafleries  where recharging  with
pauses/interruptions s not recommended, ‘or for cerain baltery technologies having a certain
memory effect for example NiCd batteries or iead-acid batteries.

Of course, the invention is not limited to the smbodiments describad and ilfustrates sbove;
one can conceive of other embodiments and other implementations without departing from the
scope of the nvention

The slectrical system was Hustraled above inthe form of an eleckric vehicle. However,: the
electrical systerm Ve can very well be in the form of any slechrical system having capacities for
storing electrical energy, such as a mobile phone having a rechargeable batlery.

Modifications and variations such as would be apparent {o the skilled addresses are dsemed
1o be withinthe scope of the present invention

Throughout the specification, unless the context reguires otherwise, the word “comprise” or
varigtions such s "comprises” or "comprising”, will be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of any other integer or group of integers.

Furtharmore throughout the specification, uniesg the context requires othenwise, the word
“include” or variations such as “includes” or “including”, will be understood fo imgly the inclusion of

a stated integer or group of integers but not the exclusion of any other integer or group of integers.
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The Claims Defining The Invention Are As Follows

1A method -for the oplimized recharging of an electric battery of at least one slecirical
system by an elechrical recharging device, wherein the elactric battery is recharged during &
charging time period that is within an svailable charging time period initisted by the connecting of
the slectric battery recharging system to the sisctrical recharging device, said charging time period
starting at a start of charge instant determined . as a function of a load curve associated with said
slectrical recharging device, of-g load limit capacily level and of the level of residus! elecirical
energy contained in the electric baftery when the electric battery recharging system is connecied
o the elecirical recharging device:

2. An optimized recharging method according to claim 1, wherein the determination of the
start of charge instant comprises;

calculating, for sach instant among a plurality of consecutive potential start of charge
nstants, e potential load parametsr that s dependent on the difference behween the load curve
and the load limit capacity level, and

sslecting the start of chargs instant corresponding to the potential start of charge instent
associated with the load parameter of maxdimum valie among all the caloulated potential load

parameters,

3. An optimized recharging method according to claim 2. wherein the calculation is an
iterative caloculation comprising the followings steps, for g polentizl start of charge instant

caloudating the potential load parameter associated with said potential instant as a function of
the difference between the load curve and the load limit capacity level, and

comparing the duration of the fime inlerval between said poterdial startof charge instant and
the end tima of the avsilable charging tinve period, with the duration of the ¢harging time period;

the iterative calcuistion being carried out for each instant among the plurality of consecutive
patential start of charge instanis, i chronological order, untit the duration of the time- interval
betwaen zaid ootential start of charge instant and the snd -time-of the available charging time
periodiis less then the duration of the charging time perigd

4. An optimized recharging method asccording to any one of claims 1 fo 3 wherein the
determination of the start of charge instant further Comprises the sampling of the load curve over
the available charging time period, in order to obtain a set of n load curve power valuss
respectively associated with n fime intervals respectively starting at n consecutive polential start of

charge instants;
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the load parameter associated with a potentisl siart of charge instant being equal 1o the sum
of the respective differences, for sach lime interval among @ plurality of consecutive time intervals
starting at the polential siant of charge instant between the limit capsacity level and ths load curve
power value associated with said tims interval.

5. An optimized recharging method according to claim 4, wherein the determination further
comprises the sampling of 2 load limit capacity curve over the available charging time period in
grder o oblain a set of n hmil capacily jevel values respectively associated withy the n time
intervals respectively beginning at n consecutive potential start of charge instants;

the load parameler associated with a potentizl slart of charge instant being sgual to the sum
of the respective differences, for each time interval among a plurality of consecutive time intervals
starting at the potential start of charge instani, betwsen the limit capacity level value and the load

curve power value which are associated with said time interval.

6. An optimized recharging method according 10 any one of claims 1 1o 5, wherein the
available charging ime period 8 determined as a funclion of the moment when the slectrc baltery
recharging system is connected to the electrical recharging device and of an indication conceming
the:charging end time providad by the user of the electric system.

7. An oplimized recharging method according to any one of claims 1 to 8. wherein the
duration of the charging time perind is detarmined as a function of the level of residual elestrical
energy contsined in the sleclric battery when the electric baitery recharging system is conneciad

1o the elestrical recharging device,

8. Anophimized recharging method according toclaim 7, whersin the duration of the charging
time period is equsl to the difference between a charging duration corresponding to the time
required to charge the eleclric batiery to a desired level of elsctrical energy, and a parfial charging
duration correspanding to the time required 1o charge the electric battery to the level of residual

slectrical energy.

G An opumized recharging method according fo clawa 8 wherein the desiad level of
elactrical energy is the maximum charge lave! of the electric baitery.

10, An optimized recharging method according fo any one of claims 110 9, comprising a prior
varification of the available charging time period as g function of the duration of the charging time

period, the determination of the start of charge instant for the electnc hatlery only occurring i the
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duration of the available charging time period 1s greater than the duration of the charging time

period.

11, An optimized recharging method accerding to any one of glaims 110 10, wherein the

electric batlery belongs 1o a class of electiic batteries having a certain level of memory effect

12. A optimized recharging method according to dalm 11, wharein the slaclic batlery

belongs parlicularly 16 the class of NiCd or lead-acid batieries.

13, A computer program comprising instructions for implementing the steps of the method
according to any one of claims 1 to 12 when it is executad by & processing unit of an elecirical
recharging system.

14 An optimized recharging device for recharging at least one slectric vehicle, conneciad 1o
an electrical grid and comprising at least one connection port suitable for connection to an electric
battery of an-eleclric vehicie, the device being configured - to implement-the steps-of the method
according toany one of claims 1 1o 12 following the cannection of the electric hattery of an eleclric

yehicls ta the connection port of the optimized recharging devica,

18, An optimized recharging system for electrically recharging 2 flest composed of at least
ong electric vehicle, the syslem comprising an elecincal grid and atleast one electrical recharging

device according fo claim 14, connected to said electrical grid.

1640 notimized recharging system according 1o olaim 15, further comprising 2 remote computer
system connected to the elsctricsl recharging device and comprising 8 processing unit suitable for

sarrying out the steps of the method aceording to any one of-claims 1 o 12,
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