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(57) Abstract: An electric charging system for a battery pack of an electric
vehicle, including a charging station electrically coupled to the battery
pack, the charging station transferring charging energy to the battery pack
at a maximum last charge rate in a first operational mode and transferring
charging energy to the battery pack at a slower charge rate in a second op-
erational mode; a data collection system acquiring a set of data indicating a
state of charge (SOC) of the battery pack and one or more desired charge
optimization parameters; and a station control, responsive to the set of data
and to the desired charge optimization parameters, automatically establish-
ing a charging profile for the battery pack to assert a control signal and op-
erate the charging station in the second operational mode whenever the
charging station is able to transfer sufficient energy to the battery pack at
the slower charge rate to meet an SOC target and a charge completion time
target, otherwise asserting the control signal and operate the charging sta-
tion in the first operational mode.
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CHARGE RATE OPTIMEZATION

RACKGROUND QOF T}

CINVENTHON

a‘_{}m}z; The pr

. but notexclustvely, 1 implementation of o oharge rate af less than & maxinmm fast rate

{1y o charge vale optiidzation, and morg

spovi]

based upon user reguiraments for optimization of seeendary considerations of economy, battery Bife,
of the Hke when primary constderations of SOL and charge coanpletion tive farge i are aot

adversely tmpacted by a stower chargs rate

angd subiletiey v order Yo niayimize sonstines gompe

BES

prrformance, and availsbility, For user sonvenionee, fas

implemented for personal and public ¢ stations.”

e quickly

restoge aouser’s avcess o thelr eleciric vehivle, This enhanced chorging speed comes b a potentiad

sostof dogending battery tfe

B

~

frf-’

BO03]  Foy many olectrie vehicle (BV) users, recharging thelr BV av quickiy as poasible &

Py

constdered very impontant, and these users sedect the fastest tharging option whensver possible even
when @ slower charging option tay be more eeonomical, more niut anghfor better for the battery
pack. What is needed 15 & syston snd method providing tast charge optimization based upon user

teesd.

BRIEF SUMMARY OF THE

INVE

NTION

(0BT Diisclosed by 2 system and ethod providing fast charge optinnzation based wpon
wser need Momally oo sutorsationtly determmined ov inferred sotnad nser veod 1 osed to opiim
charging vate when the asar doss pot otherwise weguare the full chargivg rate over the entive charging

=] \,

period {the vaagimum fast charge s abways available)

(GRS The following semumary of the invention 3 presvided o faciiitate ap snderstanding

v

pf some of echnical reatures related to fast charge optinuzation, and 1 pot mtended 1o bas tull

deseript

wof the present inveution. A foll spprecistion of the various aspects of the brvention gan

b gatned by taking the entire specification, olaims, drawings, and absiract as a whole, The prasers

&

fnvention s applicab “eharging seenanios oy addition pubdic chavging of slecinie,
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6] Anclectic charging systemn for an endrgy storige systom wwludes achwrging

( >~
station olectricnily coupled (o the cocrgy storage systony, the charging station trasherying Charging
erergy b the cnergy sIOrage system at @ maxinane fst charges e (o g Hrst opomational mode and

transtess g chur §:’§i‘\~* CIWTEY o the ahe WEY Wiy Aage '\S\if‘*ﬂ st slower obarge vt e second

,b:.

operatisnal mede, the modes responsive to g controd sigual; g date eollection systan seguiting a s

of data adicating a state of chargs 18000 of the oiergy stovage system and ono or more desied

charge optimization parametsrs; atd & stagon ootrol, responmsive to the set ot data and 1o the desired

charge opthnization pasmeters, sutomatically satablishing @ chasging profile for the svergy stovags

R

sysfem foassart thee covitrol Rigy

E

wiand operate the charging staon i the second operational mods

wheneves the charging statiow is able o transtor sefficient engrgy 0 the anorgy storage sysiem st the

stower charge rateto mest an SUXC st and g charge completion i targey, othurwize assdrting

1)

the contrel signal and operate the charging operational mod

C’

3

71 A computes-implemersed charging method for an eiergy storgge system inchiding

¢ dala o answer i optinization query desigoed 1o establish an SOC trget and o charge
covaplation Dme tavged for the enevgy storage system, & primary consideration for chargiog the

energy stovage systeng ncluding sasistaction of the SO targer wid the chaves crmnplenion saggety by

=

letormdmog using a wivroprocsssor systont sehether g satisfaction of the primary consideration

P

requires 3w fast chargs rate from & chargiag statiop coupded o the energy slorags systenn

(23

charging the snergy slorags system ot the maxumam fast charge rate when s‘s:fquife:;'i o attempt o

satisty the primary vomsuderation: otherwiss ) charging the energy storage systam at 3 secoudary

churge rate slovwsy than the fast chargs rate to satisfy the privery consideration when satisfying the

primary constderation doss not regudre the maximam fast charge rate, the secondary charge rate

FOSPORSIVE o ong of vare secondary consideratings inchuding one oy e of an improved

{w

-»C

seonomical charging eyole and an improve

tay b

tipne for the anergy sorags Systonm,

(B8] Other featores, depefits, and advantages of the present invention will be apperent

wpon A review of the present disclosars iz‘zﬁ;tf{'uqi.iz’ig the specification, drawings, and clatros,

REIEF DESCRIPTION OF THE DRAWINGS

¥
i
\

~

i which like refetrnice vurmerals refer o identioal oy

[BO0%]  The accompanying figuy

functionaliy-shndar elements theovghout the separate views and which are incerporated inand form

L258
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wopart of the speetfication, further Hustrate the present ivention and, together with the detaisd

description of the mvention, serve 1o oxplain the principles of the pe HIVOREION,

B8] FIG 1 sHostrates sn onhareed charging station having wsee-need optindzation

fentres: and

{011} FIG 2 Rhatrates o fhrwchmt Tor an snbanced charging procsss.

PHETAILED DESCRIPTION OFTHE INY]

B Embodivoonts of the prosent invention provide 8 systen and nethod providing fast

chargs optimization based npon vber need, The following desoviption s presented 1o snable ove of

osctinary skl in the an to reske and wse the fnvention and s provided 1 the contexdt of a patent

application and U8 requiremanis,

BRI Various modificsntions o the prefomed embodinent and the generie prineiples and

fostures deser i peadily appsoent to those skilled in the sy Thus, the prosem

rrvErniion s noy intended 1o be mited o the emhodirnent shown but is 19 be aecorded the widest

seope eovsiatent with the prnciples and featwres desertbed hereiy

BRI FIGL T ledtrates an cnhsinead charging systern 100 inchuding aw optinsized fast

v

charging station 103 having wserneed optimizstion features, Fost oharging statton WS suppties
eloctrics] enargy for rechurzing onetgy SOrage systons (8.8 gh-perfornance battery packs used in

slectrio velncles, phug-in hybrids aelectiio-gasoline vehicles, sembstatio ol woodile electtioal g,

ared the ke This electrical energy s converted and appropriately processed for destred eleoivical

chargetensiios from an energyipover souwrge 1 eag, slocineal goid, network AL Hie power,

battery source, or the Hket that sets a mavimuom chavgs wate for charging sttion HS, The present

<
kY

fyventis by applicable w any charging station 103, whether it tses 8 constant powss, constant

cuvvent, constant voeliage, algorithmic chargng curve, or other charging protile providing arange of

-

charge sates and respeotive of the nature of poser sowee THL

dy b used for nuany diffe

N

N
35

5] As noted above, charging station 103 ant systems and

foring amowus of charging energy, whathey ks o deved 1 lovel 2, or fevel 3 charger, ov

other configuration not pressutly implamenited, and the present mvention miay be adapted

approprigialy. To stmphity the discusston aod o aid in understanding aspects of the nvention, o

1Y)
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1y includes o Tovel 3 fast charger using

£

sepmatiy s descrihad inowhich charging station |

grid energy for powsy souree 1180 @ chargs an olectrio vebivle 115,

BB16]  Enhunved charging systony 100 inchades @ station contral 128 which oversees the

charging ansd implements appropriste optinusation profiles bused upon setual needs of user 1L &

coTRrnuniTations netw

d 130 is shown intoreonnecting selected oo «mp«%agcni\ of enhanced chargin

o

temy 10, Cormmmsuudaiions sehwark 5 rnodes.,

> iniplemated dn g oaode, g wined

<

 a combination of wired and wireless modes, There may be pmitiple different implementations of
wived and wiveless fechuologies all entployed by enbanced charging system 100, sowe of whichare

furthar oxplained below, Notall dspects of endanced ohy

sen VOO will inchude the sarae

P

1g SyE

components o provide the same nterconnections, Taformation and dats fows betseeen the

fnserconnected selected componenda I§ appropriate to the degres aud nature of HHid sptingaations

desired and froplesnanisd.

[O017T] Enh

)

anved charging sysben P00 sdditiomally inctudes s user interfiee 135 and 2

generde Tunction referved 1o herein as vehicle exhancement 140 User interfaee 135 may be any

appropriate patoutpul systern suabling aser 120 o sither directly enter charge optinuzation daty, 5

rofile, or other explict of 1nfored dats oy which an optitaized charging profile for

¢ 130 may be selected or constracted, User erfacs 133 way be integrged fnto andior distntbuted

et one of toore of the other componants of eabane nole entancenent

3

140 oludes Toatures and sysios that may be ased in the bollding and bhuplensntation of a desived

sptipization profile,

RIS Poroxampies Tor some et chemibstiies uaed i the energy stovage syston of certain

X

i
h

Farmanes olectrie veli

w5 TS trequent and extended vses of fast charging way adve

el cheniisiries

frapact aselul Hfetime perfivroance of the eoergy storage systenn For some of these

and charging implamentations, sovue vebicle sobanesmment (&g svrviromentad control of & system
or componenty of electeie veldede TS will help cower some of the adverse offects of fast chavging
O sueh syvivonmental control is 1o ensure Sud the cnergy storags sysiam s Qb an optinaan
temperature before initiation of the pptimized charging profile beiny dmplernonted. Tosueh cases
viehicle enbancement 10 incdodes o tomperature control (iypieally fowarmery for the battery pack

¥

evy of wlectrio vehicle 113 Ober impleimentations way

serving as the propalsion spergy stovage sy

smploy allernative ov additional velucls subancement systonns approprimse Ty those spplications and
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BN Snaton contral 125 colleots available data frovw componedts of enhanosd Charging

sy 160 1o establish an optinised charging profils that tram

P P

pe chaeging vuergyfpower from

charging station 103 o slectrie vehicle 113, This optintized chivging profile may be dynamic or

ST

statie and ¥ oay be exphbioitly set by user 120 {eogs, using waer torlaee 133} ov inferved from other
avatlable data, For the profermsd implomentation, the optinuzed chwvging profile primanily svsures
that gser P20 meets ther needs for wse of slectiie vehicle 115, Secondacily other considerations may

he optimized ag long gs these primary veeds ave satistied,

3 S 2 o

0261 The primary cousideration 15 set by statton conrod 125 dedermining whes user

fectrio vebiele 113 o be weatiable and what Is the range vequireriont for elocine vehigle 118

whert nser 120 axpets & wse eleotric vehicle 1S, These are many differsut ways station control 123

may estabdish or infer answers (o thest guestions, the avswers being used to build the charge

cptimization profile.

BRZET Typieally, the snswedr o the opiimization guestion 1o user 120 of "when do you

peed 1 and bow far doovou need to go? 1 s nesded o soon as possible and nesd toogo as faras

posatbie.” This may be expressed 1o soch geoeral tevmys o 1 sxplicnt state of charge (SO0} teoms

such as S oiles range i Goe howr from nowe, In these ases, eharging stauon 103 provides

70

maxima available fast charge rate o weet the privoary soad of aser 120, However fn other cases,
the answer to the optinization guestion 18 sorsething else wnd i these stances enhanced charging
syatem 100 offers wpany advantages without interfesing with salisfaction of primary consderstions in

the typical case.

)

22T 1o some cases, wser 120 may not be sware or cognzant that tess than g maximmam

fast charge will satisty thelr corvent opthwization question. The oser wmay know that they pesd to be

&

in Ciey X three hours from nov, but not reslize that the secessane RO for that range could be
achigved with sonething other than & mayimam fast charge. For situations whet o “medim charge
e seenario produces & valid charging profile that woeers the user’s primary needs, subimeed

charging system, HE R then alde o dmpleroent the chavgiong profile optindeed to nclede secondary

considerations. These sscondary constderations may be esiahlished bewser 120, set by an

serator of charging station 103, v some combination, Some representative se
considervations inciude ¢ battery Hife conservarion mods, an scopomical maode, g charger gusue satos

{zg.whethey sthey costomers are wiiting to use the charger), 3 chargey states, or other roodes

5

N
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Erabling station goneo! 123 to factoy 0 secondary cotsiderations provides nphions that would net

otherwise be avatlable,

R3] Enhunwed charging systony 100 18 mow intelligont and uses avatlable resources

&

foore optimatly, Forexample, when uter 120 rogquests {oxplicitly or iroplicudy) 80% SO0 pwo s

froos the niistionofchar

g, station contrad 123 determines, for this particular charging wse, @y

optimal combination of velucly endinwenent (o, pro-hoating of the battery pack) and Tower ohs

munimizes grey sisk of possible battery life

"4.

rateto et the user privoary need, This oliminstes

degradation due 1o s charging oyele, Alemat e the seeondary consideration Is a mors

soonotnival mode, station control LIS cuuld opt-out of using coergy for battery pack pre-hesting.

2 o

{O024]  In some sopnarios, i posaible that user |

& coukd be charged based upim sone

pered priving stracture Ty vse OF lugh-perforoueice chary s foe based upon cha

tpeasared by rotlesiminats oy KWh minute or the like), For seracios where peer 126 does

not regadre the highest-priced charging roe, sunoraatic use of o lower prived, shvwer chargs s

advaniages nsey 120, particudardy for an econornical mode secondary corsideration. huplementationg

of the present wmyventon may be adgpiad for different seis of secondary considerationy

. the better enhanced charging

A

JB0R38Y  The move data thay 18 gvatlable to station conred 12

systamt 10 is able o dofing and inplement sy appropriate optinmization charging profide, Prefecably

station controt 12 o aceonnt how mouch cliarge energy v cusrently stored in clectric vebicle

=

115 and understande other charg

1 parsraelers of enhanced charging system W0 o e able to

astinate chargse tmes and expected SOC levels accwstely 1o order o meet the privoary needs of uaer

R

- frannon-ee il s ORSOFR, 1-8 sebricde e "fﬁ“f‘li“(}{ 5¥ STREER, - OF

120, Thiy dats may be made avalls

the Hke,

BU36]  Swationcontrel 125¢

sonnyamcations netwaork P} 80 acosss

SO

weor interfage 135, Station contral 123 way, bsorue fraplevbentations, not oudy obiain xey charging

pasargeters {o.g. current SO} frorn electde vehicle TS| but say scosss on-board or cloud-based

eloctronie ey plonning/oavigaiion systevos o avtomatically belp establish muwwers to the

o
< &

ppivization guestion (.8, ho fur sway Bsthe nest stop e aser 120 and 1w thereea schedoled time

o ¥ ~

for deparbrefapcrealy. Stabron control 125 bas access o the available dats o forvoudate voany

different guesuonsfresponses that exphicitly detioe, or allow inteliigent yuference of, woptimized

e that me

ts denived privoary and selecied secondary considerations.

~

&
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BT The optinveesd charging profile voay e stane, dynaroie, or sovve covabingdion, &

static profile s one that is sot at the witiation of the charging ovale, Iwill stop when completad, or it

< &

gy b irzim‘rzgptﬁ.'.i,. such as o ernnnate charging early oo redefine the charging profile. Enhanced

\\\

charging syatem H)Y enables dyname charging profiles o beoosed as weadl, For example, aser 120

plag

Ny

may coromanicate with stafion contel {3

seriodically osing communications network 130 {o.g

sy

e 120 may employ & porfable elochromie devios (e.g., stmariphone o the e operating asofbvirs

process that conpmneaies wivelesaly seith station contvod 125 andfor slectrie velpode VI8 Ohanges

o the optimization question (e.8., Junel ix rvnming Jovgsr than anticipated and more tme i availables

for charging oy satination i changed so lessrangs is required ) result 1 automatio sdjustroonts

to the optimization profile when copmmanostad fo station conteal 135, sech as by ontering updated

data froen this portabide electronie device carried by user 120

{BBIR]  In some cases chirgiog station 103 may be able w provide vaciagble rate charging o
nadtiple electrio vehicles at the same e Ubarging statiow 10D would be able to dynamically
aliocate diffevent chargiug vates o different electiic vehicles baved upon ap sggregation of priovity

s

and optimization guestions of several ysers al ope Hme. lo some cases charging station 103 would

not be able fo provide all users with foll fastchavging at the same time and enbhaneed charging
syatemt HHD evordd dynaenically appostion charging encegy transfor sates sovong the soveral edegtrie

vedicley

[GG2%] Eohonced charging system 100 offers additioual opstions 1o the osers of the sevexdl

X

slectrio vehicles and o the ownerfoperator of charging station 108 A simple priority system would

Bave o st electrie veliiols {velucle A) moviving at eharging station 103 fingt recelve prioglly over a

second electiic vehicle {vebicle B seviving Iater. However baged upon optinzation qusstions, it
sy be that veboele B has pesd of a foll fasd charge and vehicle & could veea medium charge and
still ot destred SORT and depavture targets for both wers, Euhaveod charging systom 8 vable o

reaflorate resowrees of chaveing sigtion 103 towest both yser needs.

{B0306]  There we ptheroptions axy well In the case thatall needs of g

ﬂﬂ

1 concurssnt gsers of

charging station 15 cannot be met, station contred 123 may tssue off

tnefine higher

prrority users requesting chavges fo their traved plang (e, deday deparhry by some predetermined

v i eovchange Yor appropriate coppensation, Swtion coprol 125 15 able 1o nteliigemdy make

Lo el

ot as it understands all Gavent charging expectations and seheduded charge completion times. Foy

&

e

RN J?g Sy WSOY

disdeanst on hor charging costs I she agrees to delay her departuve
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15 minutes 1 actorpinodate wxer B's need for a makivaon fast charge. Whes sgread o, the usets are
potified of the now charging schedulos, with ol users satistied of the cutvome. In somw
buplomentalions, concurrent users of charging station 103 may participate in g resttime auction for
charging rate In cases whers derpand excesds capacity. This enhanced charging systewn 100 voay

sstablish a dynamue price for difforont dors of charging speed 1o sceommodate users withwg

feeds,

R 1o some cases, 3 may mset overall eptimivation goals for chavging station 18w
consider thar a power antval may slresdy bave the bagery pack ot or peiy 8n opfilon Snporsturs

for charging. Glving this usey charging priovity roay hedp rocet other hoplomested secondary

onsidorntions of eubanced Charging systene 100, This miay be sdvantageons as an oarher user's
regpuitement for a precheating phase is not affected by delaving nittanon of chwrging sad thay will

~

copsurne the saons amoant of susegy for wanning aod charging fvaspoctive of swhather chavging is

performed Yaew” as opposed o huer” As long as the aser’s primary needs are otherwise meg,

changing chavging order or prigvity does not adversely impset the eavbiermaer. buthis scenario the
overall energy used iy toss when considening snergy cousampiion of both dvivers than would be the

case of charging performed based strletly on aevival oeder

OG33T PG 2 illestrptos & Boschart for an enhanced charging proosss 200, such as may be

unplamented by enbanced charging systern 100 shows in FEG. 1. Process 200 inclodey stepa 205

235 abd beghy atstop 205 to collsct data wramuywer some version of the optimization quastion fo the
wer “When de vou nesd your elecirie vebicke by be ready and how far do you need o go Process
200 veceves data fromn the slectric vehicle andfor the user to explicitly auswer this guestidn, oF miay
inter the answey from otber avaiiable daty, and sets dus 3¢ the privaary consideranon, Based npon the

3 31

collected data, provess 200 next ar step 2HI extabdishes oy suswear to o first guestion of whethera

R

maximpndfast chargs i requived o best mvet the privaary consideration, Wheo the answer to tha
questivny is CYEST proceas 200 branches o step 215 1o ingtiate the required fast chargs. When the
ansywer {0 the gquistion of step 2H i "NO™ then provese 200 branches to step 23040 budld an
optintization prodile that weludes voe ot more sscondary considerations. These seuopdary
considerations may include o seononvival” mode or 2 Yhest battery Bie” mode, a combination of

these modes gr some mode altogether different. The mode may be set oy influenced by the aserar

pwneroperator of the ohiarging station, Alter the optimnization profile v badt ot step 224, provess 206

advances & step 223 o inttate chorging using the optinmzation profile which s Blely o be, ta not

neecssaridy, differont from the waxiniurn fast charge of step 215
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BB33T Adtor bostosiep 1S snd step 225, provess 200 pukes a second 18t b step 2300

determine whether there have beon sy changes that could sffect the cluuging rate ourrently boing

applied (Lo, o chauge to the privaary ov secondary considerations gsed by progess 2001 These

chuanges way be eyplicit changes o may be impliclt I other factors affecting enhanced oharging
systomt 100 Explictt changes oclude ap oxpross change o departurs droe or destination that s

o

comntnicaied fo ststion pontrol 1280 boplicit changss include secondary Betoss that implicaie

changes to the deparire ftme or destination, affegr

u

harge rate, andfor aftect velunle enhangensnt,

Por example, before charging by sctually Inittased using an existing optinuzaiion profile, lemperatose

data curvently Indicites that there are uow benefi o pro-beating the eoergy slovage systen whan
these had boen no previows advantage fo pro-heatng dosing & previous st fo.g., the energy storags

syatem has coolady, When there arg no changes at Mep 230, process 200 yaplementy step 235 and

conhiinues charging as detenrined by step 218 orsteyp - Provess 200 continues 1o loop Froan st

L35 v the test at step 230 while charglng i case ymportio changes gre made oy detectad.

JOR34T  When the test @ step 230 Dndiontes that there are chaigse that could affect the
answar 10 the ophimization question, process 200 reluras to step 205 1o collect new data as necessary

e appropriate. Process 200 contivees watd chargiog s tferminated,

[GH33]  The systern and methods above has been desoribed 1o geveral torms as an add w
wnderstanding detads of preferred embodiments of the present fvention, In the deseription hery,
sammeroaes apecific detadly are provided, such as examples of components auddoy methods, o provids
a thovough understanding of sanbodiments of the preseat tyvention. i antivipated that many
snplepentations of the present ypvenuon inclode fast lovel 3 chargers for electrie vehicles, sach as
tncorporated o public charging stations. The present nvention may be tmplamented in othey
congeats anwell, One of the many adeantages of the disclosed Implamentations of the presag
tpventisn i that the user s oot alwgvs taaked with understanding the many mancsy and wost ausrent
subtistiss In puplementing effvctive charging profiles tomest secondary considerations. &s noted,

there are nuaniors o hulding and implamennng v offective chargihg prodife to optimadly enbancing

SIS

battery ik for sny particelar sueegy storaps system, By g the systemns aud methods disclosed

hevedn, the nser does not need o leam and understand these evolving suances. The eser gy be goal

focused, avad the systens and methods may optinally trglemsant the charging profileds) that bey

poss

meet those goals, As the nuancgyevolve, the \wsfi‘}’i&id nrethods are sastiy upgraded to implement

the appropriste requirsmenty, isery, O oF more

iy
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pernponents of the vy

o and method are impleoentad DGRE MHIMIPIOLeER0N xeculing

‘

msirgctons avcosaed from mentory, these matructions available i sofbere or firmsaus,

BI36]  Sonse features and bovetits of the prowent invention ave realized i soch modes and

L every vase, One skilled in the wdovant st will secognize, howsver, thiat an

-

are not s‘f::qufs
embediment of the invention can be practiced withoat one or mowe of the specific detadls, or waith

other apparius, sysionms, assembhisy, methods, components, yaatetads, parts, andfor the ke In other

fastances, well-known stractures, mateviads, arop

aiions are not specifically shown ordesor

detail to avond ohscuring aspects of swbodiments of the present invention.

HBR3TT  Reforence throughout this specification o "one ombodineat™, “an smbodiment”, or
“dspeetfic emboditnent’” means that g pasioular featue, structure, or characterivtie desonibad w
portmcton with the embddiment Iy fncladed 0 at lonst one enthadireent of the preserd fnvention and
pob pecessarily i all erobodivaents, Thus, respective appearancss of the phrases “in one
srabodiment”™, s s emboditment”, or Tin g specific sobodiment” In vadions places throughout this
speciflicoaton sre not necessarily referring 10 the smme embodinent, Purthermars, the particular
featores, striictares, o chameterishies of any speeilic embodiment of the present invention may be
combined i any soltable e with one or piove other ernbadiments, I8 s beanderstond that
other vanatons and wodifications of the enibodiments of the presemt invention described and
Hhastrated borein sre possible 1 Rght of the teachings berein sud are o be considered as pantof the

spiit and svope of the present Invention.

TOR3R]  Towl] also be appreciated that one or more of the alements deplotedan the

1

drawingsTigures can also be raplementad it & roore ssparated or integrated mannsr, or oven

removed o rendered as inoperable v centain cases, as s wsefud v aceordancs wath g partiondar

applicatio

0038 Addivonally, any stgnsl srrows in the drawvings/Figures should be considerad only
as exeniplary, and not limiting, snless otherwse specifically noted, Furthernwive, the ere "o ay

used heren 1 generaily totended 1o mwan Yandior™ unless otherwise gdicated, Cowtanations of

covponents or steps will also be considered as being noted, whers evminology s foreseen @

A

separate o vombing iy weloarn.

B0 As used in the deseription hersin and throughout the claims that follow, 87, ",

and “the” includes phuval references anldess the context cleady dictates otherwise Alse, asused i the

i

0
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cription hesgin and throughout the claims that follow, the meaning of "In” includey "in™ and “on”

uitioss the context clearly dictates othorwise.

BT The foregoing deseription of ilnstrated ambodinents of the present mvention,

inchuding what Is descorbed 1o the Abstracy, 1 not intended 1o be exhanstive or to Tiadt the iovention

Kiid
C’_’f‘

te the precise forms disclosed herein, While specific embodiments of, aud examples 1

“

wvention sre described herein for ilastiathve purposes ondy, vartows squivalent modifications an
possibie within the spivtt and seops of the preseat tpvention, ax those skilled in the relevant art will
recognize and appreciate. As indicated, these modifications ey be mwade 1 the present pvention in
Hight of the foregoing dexeription of Ulhusirated enbodiments of the present invention and ave to be

wchuded whikin the spiell and scope of the present vesdion,

2] Thus, while the present toventon has beon dusoribed herin with reference 1o
partceular cmbodivnents thereot, a latitude of modification, varions changes and substifutions are
tended i the foregoing disclosures, and 3 will be apprecisted that I somwe stanees some fostares
of embodiments of the invention will be emploved withont s corresponding use of other featares

without k‘i’{?'ﬂ‘lif‘ 2 Trown the SO & id b2 3?“1‘ of the irverntion as set foeth, Therstors o FRILY

roodificauons may be wade o adapt a particular sifuation or matecial to the essential scope and spish

# 1
poos
e
=
sl
P.AJ
5
1
4
P
piad
pas
-
=

of the prese 1 1 intended that the invenion ot be Hmated to the partioslay svos ssed in

[

following cliimy suddor 1o the partieclar embodiment disclosed as the best mede contemplated for
carrving oat this vwention, bt that the nvention will joctude any and all embodivoents and
squivalonts falling within the scope of the appended cladms. Thus the scope of the fpvention s o be

deternyned solely by the sppended clabns,

i
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o

CLAIMS

Whatis claimed a3 new and desired to be profected by Lelters Patent of the

Arelectnie charging system fov an soergy stovage systens, comprising

acharging station elevtricslly coupled fo the energy stos

&

IS SYAla, 8 saigd char “iii&f station

transte vt the ensrgy storage system at o iy fast chavgs rate

in & frst opesational mode and transforving charging energy (o the shergy storage system

aba slovwsr churgs rate e seeovd operational mode, sard modey rasprasive o g contrel

adata collection yystonn auquising a st of datt indivating a state of charge (SO} ot the

one or more destred L‘:ha'rgié

SEOTQ S\k

arating said

tonal mode whonever sald charging slation is able

charging statiow in saad second operat

peg

10 fransie vy (o the onergy storage sysdent at said stowsr oby

¢ o chavge target, said fest vharging profile ax

fivst operstional neads whenever sabd chavging station is

tag s

Odidw&{"i‘lb\x\)iis'i wad

anable 1o transtr sufficient encrgy 10 the onergy storsge systom at satd slower chivge
rate b et said charge targe
ern of olaint U whersin the energy stivage systent provides

and whereln soud charg

rcompletion e tasget,

LT

The elee vystem of claim §owherein & plorality of difBrent 'chﬁ';gmw profides

aeeach ¢ said charge tepst duning a ol

statisnt contid selects g prrtioniar mne charging prafy

profifes based upon ag optimdzation goal

beg

The electic charging systom of eladm 3 wherens said aptinsaasion goalinchades g cost

&

minimization option thal minmizes o cost foy wansferming energy o meet said chavgy
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3. The electric charging systentof clidre & turther comprising 2 vebivle enhancament

syatem that improves @ charging-relned parameter of the engrgy stora

e

impleraentad, satd vebicle enhanooment syster meompatible with providing a dealved

SOU level for the energy stovage sy a shonest perod,

wherein said stairon contrel tnhihity an actuation of said vehicle enbancomey system

said first operational wmode and eviabdes sard setdaion of sand vebicle enhancemient

systern in said second operational mads.

J;

fr. The elecinie charging system of olabmy

G

whersin said vehicle enhancomest ystem

fnchudes  heater, said chargingrelated puraweter inclodes hattery e, and suid

actiation procheats the eoergy storage sysiens 108 desived tomperature beloe inliation

~

of energy insder at said slower charge rate.

o~

The elecivic charging systgmn of olabm © wherein said vehicle enhancoment vystent is

disabled when sald cost opiinmization option 18 adtive,

The eleciric charging system of olaim 3 whersm said optimization goal minimizes 8

R

battery Hife degradation reaponsive o ransforsing onergy 1o mees said charge wrgst
- L ey . N Tt

&

during sad charging sesston,

L. The electric charging systent of eludn Uwheretit said fivst charging pesdile wncludes
wwitching bepwaen said first operational mode and said secumd operational mode

csive o sard ser of data,

)
o,
Doy

e

i

vy of claim werein said SERHon sonde (\E RSP raive 10 said

ppecs

bes

so b said ohe ot and gatablishes g sovond chavging

p

profife sfter an imitiation of energy wansfer 1o the enog

TOTRES SVHIENT TOARGINIVE

al

St

said fivst charging profile wheremn suid stapon confrol dynandeally aliors srergy transfer

o implomes said second charging profile to meet said change 1o said chwpe argen

{1, The electrio oharging systeny of olaten | fecthey comprising # conunugeations natwark
comrnunicating & plurality of datg of the energy storage systern and sabd charglag station

T

to saidlsiation ofaneol,

=

P

2. The electrie chavging svstem of olaim 1 whersin said conmnuniontions netwark inchudes

Foh wived and s

W

eloas comunenivatias paths,

il
23
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£33, The eleotric charging systentof ol 11 further compriaing @ user uerfage
conuaunicated 0 suid station control uatng said conwmnvcations notwork, said user

interfuce socepting user duta explicudy Wentifvivg chavge targat,

D P

P
o
o

The elecivio charging systero of elabm 12 funther coroprising o wwr interface

3.

o, said nser

communioated to said station contral nsing said communivations network
imerface sccepting ey data fromy which ssd station conirol avtomatically establishes

sid *LH“‘\ Eii.’gi“.'f..

e

The electric charging systemn of clabmy 1 wherein the snergy storage system wchudes a
hattery pack providing propulsion energy 10 an electric vebivle and wherstns said elegtric

&

vehicle provides data froty which saild station control autonmstically astablishies satd

s,

The oleciric charging svstem of clainy | futher covprising s velicls enduneement

syvern it improves & charging-related paoumeter of the energy stvage e when

D)

inplonmented, said vehicle cnhuncement systent inbompatible with providing s Jesived
SO fevel for the energy storsgs systom in a shottest pariad,

W

yeherein said station control infibis s actuation of seid vehicle subancement sy

said fivst operationa] mods and enabies said actuation of said yvehiche enhuneement

systom i said socondt operstional mode.

o]

The electrie charging systent of el 17 whereln suxd vehicle snboncement system

-
7

ing-relod parameter wncludes batiery iife, and said

mcludes g heotes

e fnitiation

actuation pro-hests the ensrgy

pel

tRge systemn 1w desited fernperatute by

of energy transfer at swid slower charge rate,

o
s
i

The electrie charging systeneof clivre Uy furthar compr

&5

ing & vehivle enbancsment

system that impeoves & charging-relited pavameter of the onergy SIorage systore whon

implomented, said vabicle enbancoment systom meompaiible with providing & desired
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2t

Cxwniont it a shovtest poriad,

sehierein said stationscontre! nkibity an setuation of saxd vehicle snhancement sy

said Pvst opoarationad mode and enables sald actuation of said vehicle enhancemat

system 1o said secomnd operational mode.

The eleetrie charging & 19 wherein said velicle srhancement system

vurter inchudes battery Gfe, and sald

'f

ineludes g heater, said charging-rels

actuation pro-heats the energy storage syatern to sdesired eperature before initiation

pasa

v transfer of said slovse charge rate

Qe

¥

The electrie charging system of el 1 where suid opg of miore chargs eplintdzation

paramoters nchude s O raore steohda ¥y oons ideratio O3E, saigd one o mors \\‘\H‘(ii\}i‘\

considenidns wluding optimized econontca] charging of e ontrgy stovage syster

20 where said one or piwe charge optimization

pararacios inniude ong or more secondary considerations, said one or mowe sevondary

considonsions invluding optimized econvntieal chargmg of fhe onergy storage system

and eptingzed batery Tife Tor the svergy storsge systen,

&

- A
L

The electric charging systery of elatn 12 twlading 3 portable electronic dovies

Lasid portabiv elegtronic device i

supperting operation of a chatge conted! pro o

wireless Communication with said station soutrel to diveatly or wndleetly set ov slter one

of mioe of sabd charge target.

The eleotric changing system of elaim 22 including 3 portsble eleetronie deviee

supporting operation of @ charge control process, said portable clectronit devics in

wirslessoommunication with said stanion contrel o directly or indizeetly set or alter one

oy more of sakd charge twgst

The electrie oharging sydeny of el 1 whoreoln the energy storage systam fneludes g
battery pack providing propulision coprgy By an electvio volicle and wheredn said elecuin
vehicle provides dara fron which said statiog codtrol natrsaatioally sstablishes suid

et and whe said slsotric vehicle tnoludesy o npvigation system wcluding &

charge a
N

id ngvigation systom comnnHontod o

ravel diner ary,

et of dats
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-y =5

LT

wel¥

said station contral using said commrdoations network and wherein said Stanon control

1§ reaponsive 0 said future ravel inerwy W avtomatically establish said charge target.

e of claim 34 wherern said electrio vehucle fncludes & navigation

g woset of data dentifying o fture wavel iinerary, said pavigantion systern

commanieated ¢

7o

s sadad etation controd peing sud comraunivations network anst whereln

satd stations contred 15 rosponsies 1o said future tavel ifnerary wrmtomatically earablish

safd chargs

& E.Eii.’g{“.'f..

A computer-implomented oh 1, the methiosd

> mrethod for an energy stoms

comprising:

ay collocting data 10 answer an optindsation guery designed o eetablish an SOC target

aicarstion H

abd @ charge cornpleiion targst for the encrgy storage sysion, a pritaay

charging the snergy storage s wchuding satisfacton of said SOC target and said

aharge complotion twgets

by determning using @ mieroprocessor system whother s satisfiction of said prismary

copsideraiion reouires g navamum fast charge rate from a charging station vonpled fo the

&N

SIIETEY iii{ﬁ‘ii;\}\@ L RN

of charging the spergy storvage syster ab sakd makimum fast charge vate when reguired to
caaid privvary consideration; stherwise

s e energy storags syslom &t e secondary charge rate stower than said fas

chavge vate o satisty sald pmmarye consideration when sali ard primany

consideration does pot reguite saad maxioan: fust charge satg, sald secondany charge rate
reSpOuAive 1 one or mwre secovdary considerations tuckading one ovmore of an
anproved sconomieal charging ovele and an unproved iiferime Tor the energy stovage

systan

The charging method of cluitn 27 wherein said data collecting step includes:

al) accessing acurent SO frovn the cusrgy storage systeny ad

#2) acosssing a current charging avatiabiiity status of the chavging siation

. The chaveing muethod of claim 28 wherety said date colleeting step further tncledey o

o mare.of

adyacosssing waer dats associated wadh wip plamingfoasig
dy conmnunicated by the user Hrovy g poniableoelectionic

18

e

SR
RN R

sing user datg @
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|

devies that divectly e inadirecthy iraplicates suid SOC twgetvand

A% accossing user data tasly communicated by the user from a portable electronic

devics that divectly o indivectdy aphicates said charge completion target,

The chargrag mothod of claim 27 funher coroprisangs

) monitoring penodically sald collected diuta for an indication of a change to said
primary eonsideration, and

&) repeating ap-op whepever spid indication vould resudt in said changs 1o sadd primary

consideration,

The charging method of cladra 3 further comprising
by roomitoring periodically said collevted dats for an ndication of a change 0 sad

secondary cousidetation, and

%

i} repeating ak-g) whenevsr said ndicaton could result nsad change to suid secondary

consideranion,

sk
4
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