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(54) Title CHARGE RATE OPTIMIZATION

(57) Abstract: An electric charging system for a battery pack of an electric
" - 100 vehicle, includi_ng a gharging stat_ion electr_ically coupled to the battery
ENERGY ,/ pack, the charging station transferring charging energy to the battery pack
SOURCE at a maximum last charge rate in afirst operationa mode and transferring
- charging energy to the battery pack at a slower charge rate in a second op -
l l erational mode; adata 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, automaticaly establish-
ELECTRG || GHARGING |/ 179 ing a charging profile for the battery pack to assert acontrol signal and op-
VEHICLE  Ngmon| STATION
erate the charging station in the second operationa mode whenever the
charging station is able to transfer sufficient energy to the battery pack at
T T 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-
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CHARGE RATE OPTIMIZATION

BACKGROUND OF THE INVENTION

{Of01) The present invention rsistes generally to charge rate optimisation, @i more
specificaly, fut nor exclusively, to impiemesntation of a charge rate at lessthan amaximum fast rate
based upon ussr requiremenit$tor optimization of secondary considerations of economy, battery life,
or the like when primary ‘considerations ‘of SOG and charge «usinpiction time targets are not

adversely -impacted by.a slower ‘charge rate,

B2l Charging high performance battery packs implicate ‘masy imiineed considerations
and subtleties in order to maximize sometimes competing goals of maximum battery pack lifetime,
performance, -and :availability. For user convenience, . fast' chargers have been designed ‘and
implemented for personal ansd public charging stations. These chargers are designed to quickly
reSto® s tser’s -access to-their electric vehicle.. This enhanced charging -speed conies-at a potential

cost of degrading battery life.

{31 For many electric vehicle (EY) users, recharging their EV asquickly as possible is
considered very Important, .and these: users select the fastest charging option whenever possible even
when a slower charging .option ‘may. be .more economical, .more efficient, -and/or better for the battery
pack. What is needed is« system and method providing fast-charge optimization based upon user
need.

BRIEF SUMMARY OF THE INVENTION

{{#804} Disclosed isasystem and method providing fast charge optimization based upon
user need. Manually or automatically determined or iniffeoet actual user need is used to optimize
charging rate when tf: user does-not otherwise .require the fell charging rate over the entire chargisg

period (the nivaxirviem faat charge is always available).

{000%) The following ‘summary of theinvention is provided to facilitate an understanding
of «ome of technical features minted to fast charge optimization., and:isnot intended ‘to be'afult
description -of the present-invention. A full appreciation of the various aspects of theinvention -can
be gained by taking the =niire specification, claims, drawings, and abstract asawhole. The praser

invention s applicable to other charging scenarios in. addition public charging of electric.
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itios] Andélectric charging system for anenergy storage systest includes acharging
statici electrically coupled b the energy storage system, the charging station transferring charging
energy to the energy storage syse i at amaxiusy fast charge rate in afirst operational mode and
transferring charging energy to the energy storage sysisn. at a slower charge rate in a second
operational nyode, the mades responsive to acontrol signal; a data collection system acquiring a set
of data-indicating “a.state ‘of ciiarge (SOC) of the eriergy storage, system and oti-or more desired
charge optimisation parameisesyand a.station control., responsive to the set of data and. to ths: desired
charge optimization parameters, automatically establishing acharging profile for the eunergy storage
system to assert the control signal and operate the charging station in the second operational iiode
whenever the charging station isable to transfer sufficient energy to the energy  storage - sy sters at tire
slower charge rate to ineet an SOC target and acharge completion time target, -otherwise “asserting

the control sigitai-and. operate . the charging . station isx the first operational = mode.

{87 A computer-implemented  charging method for an. energy storage ‘system including
a) collecting data to answer "an optimization query designed to establish an SOC target and a charge
completion iume target for the energy -storage system, -a primary consideration for charging -the
snesgy storage system including satisfaction of the SOC target and the charge completion “target: by
determining -using a microprocessor system whether a satisfaction of the primary -consideration
requires amaximum fast charge rate from a charging station coupled to the energy storage system; <)
charging the energy storage system -at the maximuin fast charge rate-'when required - to -attempt to
satisfy ‘the primary consideration; -otherwise .d) charging the-energy - storage ..system -at-a secondary
charge rate slower than the fast chargs: rate to satisfy the primary consideration when satisfying the
primary consideration does not require the maximum fast charge rate, the secondary charge rate
responsive to on: or mere secondary -considerations including one or yars-of ‘an improved

economical charging ‘cycle and.animproved lifetime -for th& energy storage “system.

{{#3I8] Other features, benefits, -and advantages of the present invention “will be apparent

upon a.review of the present disclosure, including the specification, drawings, and claims,
BRIEF DESCRIPTION OF THE DRAWINGS

[0809] The accompanying figuves, in which like reference nuneriis refer to Identical or

fonctiongjiy-simliar elements thtoughout the separate views and which are incorporated In‘and iorm
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apart of the.specification., further “illustrate the present invention il together with the. detailed

description -of the .invention, = serve toexplain the principles -of the present invention.

{0010] FIG. 1 illustrates ast enhanced charging station having user-need optimization

features, and
[00i1] FIG, 2 illustrates ‘s flowchart for an enhanced charging process.

DETAILED DESCRIPTION OF THE INVENTION

{0012] Embodiments of the present ‘invention provide asystem and method providing ‘fast
charge optimization based ‘upon user need. The following description s presented to enable one of
ordinary skill in the art to make and use the invention and is provided  in the context of a patent

application and its requirements.

(001.3] Various .modifications to the preferred embodiment and the generic principles and
features .described - herein ‘wili ‘be readily apparent -to those skilled in the art.. Thus, the: present
frpveption is not intended to be limited to the embodiment shown but isto be accorded the widest

scope -consistent with .the principles and features described herein.

[00%4] FiG. lillustrates an enhanced charging system 1{}0including an optimized fast
charging “station 105 having user-need aptimizatios features. Fast charging station 1£i5'supplies
electrical energy for recharging energy storage systems (e.g.. high-performance battery packs used in
electric vehicles, plug-in. hybrids electric-gasoline vehicles, semi-static and isiobile electrics]  units,.
and the like), This electrical energy isconverted :and .appropriately -processed for desired electyicai
characteristics from an energy/power source 110 (e.g., eectrica grid, network AC line power,
battery source, or the like) that sets a maximum charge rate for charging station 105. The present
invention is-applicable to any charging -station 105, whether it uses a.constant .power, constant
current, -constant voltage, agorithmic charging curve, or other charghig profile providing arange of

charge rates-ansi irrespective of the nature of power source §iii.

(00.1S5] Asnoted above, charging station .1.05 may be used for many different systems an:i
provide differing amounts - of charging energy, whether itisalevel i,level 2, orlevel 3charger, or
other configuration not presently implemented, and the present” invention .may be adapted

appropriately. To simplify the discussion and to-aid in understanding aspects of the invention, a

1Y)
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scenario ix described hi which eharging station 105 inchisinsalevel 3 fast charger using electrical

grid energy for powsr source 110 iocharge an €lectric vehicle i,

[00i6} Enhanced «iarging system 100 includes a station controi 125 which oversees the
charging -and implements appropriate optimization profiles based upon actua needs of usey 130. A
communications :network .30 is shown interconnecting selected ‘components -of enhanced charging
system 100, ‘Communicati ons network 130 may te implemented -in awired made, a wireless mode,
or acombination - of wired and wireless modes, thee may be multiple different implements ticsis of
wired and wireless technologies -all .employed by enhanced charging :system 100, some of ‘whicly are
further explained below. Not al aspects of enhanced charging system 1810 will include the same
components ot provid: the same interconnections, information and data flows between the
interconnected = selected components is.appropriate ‘to the degree ‘and:nature - ofthe optimizations

desired and implemented.

[0017} Enhanced charging system 10 additionally includdes a user interface J35 and a
generic function .referred to herein -asvehicle enhancement 140. User interface 135 may be any
appropriate input/output system:enabling user 120toeither directly enter charge optimization -data, s
fast charging profile, or other explicitor inferred data from which an optimized charging profile for
user 130 may be selected or constructed, User interface 135 may beintegrated into and/or distributed
over one or more of the other -components of -enhanced charging system 10, Vehicle enhancement
140 includes features and systems that may hs: used in thg building and in:piersentati o of adesired

optinyization profile,

{0818} Enrexample, for some cell chemistries used . in the energy :storage system -of certain
higb-perforrnaoee :electric vehicles 115, frequent -ang extended -uses of fast charging may adversely
impact ‘useful lifetime performance of the energy storage system. For some of these cell chemistries
and charging implementations, :some:vehicle enhancement -(e.g., -environmental ‘control of.a system
or component) of electric vehicle 113 will heily counter some of the adverse effects of fast charging.
Osniesusgh -environmental control isto ensure that the enérgy storage system is'at 'an optimum
temperature Hefbre-initiation -of the optimised charging - profile -being -implemented.  suct cases
vehicle enhancement 140:includes - atemperature control (typically awarmer) :for the battery pack
serving - as thepropulsion -energy ‘storage system of ‘electric-vehicle 115. Other implementations ‘may
employ alternative or additional vehicle enhancement - systems appropriate ‘for those appHcaiio.ns and

design considerations.
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{8l Sation control  12% collects availabls data from components  of enhaniesd charging
system. 100 to establish an optimised charging profile that fransfers charging energy/power  from
charging station 13 t: electric vehicle 115, This optimized charging profile may be dynamic or
sidic arid it may be explicitly set by user 120 (e.g., using user interface - 135} or Inferred from other
available data For the prefernd inpiamentaiion, the optimized charging profile primarily swsuses
that user J20 meets their needs for 1is: of electric vehicle i15. Secondarily other ‘considerations -may

be optimized as long as these primary needs are satisfied,

[0020] The primary consideration isset by staticsn control .1.25 destsrnining when user 120
needs electric vehicle 1 1% to be available and what is the range requirement for electric vehicle j 15
when user 120 expects t: use electric vehicle 11S. Them are masy different ways station control '1.25
may establish or tifer answers to these questions, the answers Being used to build the charge

optimization . profile,

(0021] Typicaly, the answer tothe Optimization question to user .20 of "when do yon
need Hand how far dyou need to go?"Is it isneeded as soon as possible and f need tix:go asfar as
possi ble* This may -t:e expressed _in'such general terms orinexplici t state of charge : (S{IC) terms
sucts as 80:miles rangé in one hour from::how, - In these ‘cases, charging " station. 105 provides
maximum available fast charge rate to meet the primary need of user i:0. However in. other cases,
the ansaverto the optimization question -is something else and .in these instances enhanced charging,
system 1{i0 offers many ‘advantages without interfering with satisfaction - of primary considerations ‘in

the'typical  case,

[0622] in.some cases, user .1.20 ¥y Not be aware or cognizant that less than amaxirnim
fast charge will satisfy their current optimization question. The user may know that they need to be
in City X three hours from now, but not realize that the necessary - SOC for that range could: be
achieved ‘with something other than amaximum fast charge. For situations when a"medium charge
rate” scenario produces avaiid charging profile that meets the user's primary needs, enhanced
charging system, )0 is then able to implement the charging profile optimized to include secondary -
considerations. These .secondary considerations may be established "by-user 120, set by an
owner/operator -of charging station 105, <sr some-combination, Some representati ve-secondary
considerations  include a battery life conservation mode, -an economical ‘mode, a charger queue status

(e.g., whether other customers ‘are waiting te use the charger), acharger status, or other modes.

5
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Enabling statics: control 125 to factor in secondary considerations provides options that would 1ot

othenvb e be available.

{0023] Enhanced siarging system 100 is mors intelligent and.uses available resources
more optimally. - For exaniple. whes user 120 requests (explicitly or implicitly) §3% SOC two hours
ont the initiation .of charging, station control {25 determines, for this particular charging use, a
optiniai combination of vehicle enhancement {e.g., pre-hearing of the battery pack) and lower charge
rate to mieet the user primary “need, Thiz elimninat¥s/mirndmizes any risk of possible battery lifs
degradation due to this charging cycle. Alternatively:, when the secondary consideration -isaiore

economical mode, station control 135 could opt-out of using energy for battery pack pre-heaiing.

[0£324] In some-scenarios, itispossible that user 120 could becharged based upon some
tiered pricing structure for use of high-performance charging (e.g., fee based upon charging
measured iit miies/minuie or kW h/ixinute or the like). For charging scenarios where user 120 does
not require the highest-priced chiarging rate, automatic use of a lower priced, slower charge rate
advantages “User 120, -particularly for .an economical mode secondary consideration. implesientations

of the present invention may be adapted -for different sets of secondary considerations.

[£$325] Thg more data that is available te station control 125, the ‘better -enhanced charging
system i{;0 is-able to define and implement as appropriate optirization charging profile. Preferably
station control 125 takes into account how srwuch charge energy & currently stored in electnc vehicle
+15-and-understands other charging -parameters of enhanced -charging .system 310 te he able to
estimate charge times and.expected S levels accurately in order to meet the primary needs of user
120, This data may be made available from en-vehicle sensors, -on-vehicie ‘management - systems, -or

use like.

{OfE261 Station control 125 collects any available -necessary isr desirable data using
communications network {30 to access charging station 105, electric vehicle . 15, user 120, and/or
user interface 135. Station -control. 125 sway, in-some implementations, ‘not -only obtain key charging
parameters (e.g., current SOC) from electric vehicle {15, but may access on-board or cloud-based
electronic top planning/navigation systems to automatically help establish answers to.the
optimization question (e.g... how far away isthe next stop for user {20 and is .therea scheduled tiine
for departore/arrivail  Station control . . 25-has -access -t the available -data to formulate rnany
different -questions/responses that: explicitly define, -or allow intelligent inference —of, an optimized

charging profile that meets desired primary and selected secondary -considerations.

8
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{271 13 optimized charging profile ‘may be static, dynamic, or six&combination. A
static profile isone that isset at the initiation ~of the charging cycle. it will stop when completed, orit
may be iniersitpted, such-as to terminate charging earls or to redefine the charging profile . Enhanced
charging system. {0 enables dynamic charging profiles to beused as well. For gxamiple, user 120
@iy communicate  with station control 125 periodically w%ing communications  network 130 (e,g.,
user 120 may employ aportable electronic device (e.g., simariphons or the like) operating . asoft¥sam
process that communicates ‘wirelessly with station cesntrst 125 and/or electric vehicle 115). Changes
to ths: opiinizating question (e.g., luncliis.mnning longer thaw anticipated and more time is available
for charging or the destination ischanged so less range is required.) result in automatic adjistments
to the optimization profile when communicated to station control 1.25, such asby entering updated

data from.the portable electronic device carried by user 120,

{8838} In some cases charging station .1.05 may be able to provide variable rate charging to
mzhipie-electric vehicles atthe same time, Charging statiow 105 would ' be aisle to:dynamically
alocate different charging rates to different electric vehicles based ‘upon an aggregation of priority
and optimization -questions of several users-at one time. ki some cases charging station '1.05 would
not be able to pro vide all users with full fast chargig «t the same time and. enhanced charging
system 1{}0 would dyszamically apportion charging energy transfer -rates winsug the severa electric

vehicles.

{293 Enbanced charging system 100 oilers -additionai options to the users of the several
electric -'vehicles and to the owner/operator of charging station 105. A simple ‘priority system would
have a first electric -vehicle (vehicle -A.)-arriving at charging -station 105 first receive priority over a
second electric -vehicle ‘(vehicle #) arriving :later. However based -upon optimization -questions, it
may be that ‘vehicle 8 has need of a full fast charge and vehicle A cotstd ::se.a medium charge and
still meet desired ${¥..and, departure targets for both users. Enhanced charging system {{i0isable to

reallocate resources of charging station: .05 to-meet both -user needs,

{3381 There are other options aswell.. In the case that ali needs of ali concurrent users of
charging : station  {{}5 cannot be met, station control 25 may issue .offers to first-in-time higher
priority ~‘users requesting changes to their ‘travel -plans (e,g., delay ‘departure by some predetermined
time) in exchange for appropriate compensation. Station cosip | 1.25:s abie to istieliigently make
offers asit-understands all current’ charging expectations and scheduled charge completion tiznes. For

example, user A may be offered ‘adiscount ‘onher charging -costs if she agrees to.delay her departure
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% minUes to-accommodate iizer BYs vieed for afin sitnuny fast charge. When agreed to, the usits are
notified of the new charging schedules, with both users satisfied of the outcome. in.saoie
fuplementations, concurrent users of charging station 1045 may participate in area-time auction for
charging rate in cases where dexnignd exceeds ‘capacity. Thus enhanced charging ‘system 10&% ‘may
establish ‘a dynamic price fordiiterent tiers of chabging speed i accommodate users with srgsit

needs,

[063§1 In some cases, it may meet overal opiimrization goalsfor charging .station 185 to
consider that anewer arrival may aready have the battery pack at or near an optimum temperature
for charging. Giving this user charging priority may help meet other implemented secondary
considerations of enhanced charging system 100. This may fee advantageous as an earlier user's
regpairament for apro-heating phase isnot affected by delaying initiation of charging and thus will
consume the same asstount of energy for warming and charging irrespecti ve of whether charging is
performed “now" asopposed to"later/ Aslong asthe user's primary needs are otherwise met.
changing charging order or priority does not adversely impact the earlier "user. in this scenario the
overal energy used isless whest considering . energy consumption of both drivers than would be ths

case of charging performed based strictly on. arri val order.

{{X32] FIG. 2illustrates a flowchart for anenhanced charging process 200, such asmay be
implemented fey.enhanced -charging system. 1.00 shown in FIG, 1, Process 20{} includes steps .205-
235 and begins at step 205 to collect data to answer some version of the optimization gussiien to the
user: "When do you. need your electric vehicle to be .ready and how fiar do you need to g:+* Process
2{i0 receives ‘data from. the electric - vehicle -and/or the user to explicitly answer this question, or may
infer the answer from other available data, and sets this-as the primary consideration. Based upon the
collected data, process 200 next at step 21t} establishes ars answer to afirst question of whether a
maximum/fast -charge isrequired to best nzet the primary consideration. - When the answer to that
question -is** YY" process 20 branches to step 2i5toinitiate the required fast charge. . When tire
answer to the question ‘of step. 2 83 is"WN{¥" then process 200 branches to step 220 .t build.an
optimization profile that includes one or .more secondary considerations. These secondary
considerations ‘may include an “sconomzical™ nrode:or a"best battery " life" sode, a‘combination - of
these modes or somze mode altogether different. The mode may be set or influencesd by the user or
ow ne:foperator of tiie charging station.. After the optiniization profile is built at step 223, process 200
advances to step 2-25 to initiate charging using the optimization profile which islikely to be, but not
necessarily, different from the inaxiniurn fast charge of step 215,

8
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[0033] Ak both step 215 und step 221 process k! makes a secord test at e 230 to
determine whether there have been ary changes .that could affect .the charging -rate currently  being
applied the., achange to the psimary or secondary considerations used by process 200). These
changes may he explicit changes or may heimplicit i n other factors affecting enhanced charging
system 1{30. Explicit changes isciude an express change to departure time or destination ‘that is
communicated to station el 135, implicit changes include secondary ‘ factors that isnplicats
changes to the departure time or destination, affect charge rate, and/or affect vehicle enhancement.
For example, hefore charging isactualy initiated using an existing optimization profile, temperature
data currently ‘indicates; that there-are now benefits to premesting the energy storage system when
there had been no previous advantage to pre-headng during a previous test {e.g., th: energy storage
system has cooled). When there are no-changes at steyr 230, process 200 implements step 235 and
continues charging -as destesiined by step 215 or step 225. Process 200 continues: to loop from step

225 id the test at step 230 while charging in case important changes sz made or detected.

[0034] When thetest @& step 220 indicates that there -ars changes: iirat could affect the
answer to the optimisation question, process 200 returns to step 205 to collect new data as necessary

or appropriate. Process 200 continues untii charging is.terminated,

[(835] The systern and methods above has been described i genera terms as an aid i
understanding details of preferred .embodiments of the present invention. In the description herein,
numerous specific details are provided, such as examples of coniponeuts ‘and/or methods, to provide
athorough understanding “of embodiments of the present invention. It is anticipated that many
implementations ‘of the present Invention “include- fast level. 3 chargers for electric Vehicles, such as
Incorporated into public charging stations. The presstit invention may he implemented in other
contexts aswell. One-of the many advantages of the disclosed implementations of the present
invention isthat the user is not always tasked with understanding the many nuances :and most current
subtleties:in implementing - effective charging profiles to'meet secondary - considerations. = Asnoted,
there are-nuarices -io:building -and. implementing * an effective -charging ‘profile-to optimally enhancing
battery life for any particular energy storage system. By using the systems and methods disclosed
herein, the user does not need to iears: and understand these evolving nuances. The user may be goal
focused, and the systeiis and methods may optimally implement  dye charging protile(s) that' best
meet those goals. As the nuances evolve, the systems and methods are easily -upgraded to implement

the appropriate ‘requirements, . al without ‘detailed . involvement :from the xrsars. One or more

iy
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cinnponents of the system aisd method are implemented sising rmicrispraCeszors executing

instructions accessed from ey, these instructions available its software or fissvwars:.

iB{3¢] Some-features and benefits of th: present invention are realized in such-modes-and
ars not required. in every case.. Oue skilled in the relevant art will_recognize, however, that an
embodiment of the invention -can be practiced . without one or more of .tie specific details, ¢r with
other apparatus, systems, assemblies, methods, components, materials, pasts, and/or the like. in other
instances, well-known structures, materials, or operatioxs are not specificaly shown or described i

detail 'to :avoid obscuring - aspects- of embodiments of the present -invention.

(00371 Reference throughout this specification to “ongembodiment' *, “an embodiment’ ¥ or
“x-specific embodiment” mwarns that a particular feature, structure, or characteristic described in
connection with the embodiment ‘isincluded in at least one embodiment of the present invention and
not necessarily in al eybodimetds. Thus, respective appearances of the phrases "“in ons
srabodiment”™; "in an .embodiment™, or "in a specific embodiment” in various places throughout :bis
specification -ate not necessarily “referring to the same embodiment, Furthermore, the particular
features, structures, or characteristics of any specific enibodiment :of the present -invention may be
combined inany suitable iv:asiner with one or mors: other embodiments. It'is ey be'understood that
other variations ansl modifications of the.embodiments of the present invention described and
illustrated herein are possi ble in light of the teachi ngs herei n. and are .to be considered a: part of the

spirit an:i scope of the present invention.

[8#038} It will also ¥se appreciated thi one or mors of the elements depicted in the
drawings/figures can aso t:e implemented in amore separated or integrated manner, or even
removed or rendered as inoperable in certain cases, asisuseful iz accordance with-a particular

application,

[0039% Additionally, any signal arrows in the drawings/Figures -should be considered only
as exemplary, and not limiting, ‘unless otherwise specificaly noted, Piuithernwire, the ters “o™ as
used herein iz generally intended to mean "and/or" unless otherwise indicated. Combinations of
components or steps will aso be considered as being noted, where terminology isforeseen .a:

rendering ‘the ability to separate or combine is unclear.

[0040] Asused inthe description herein -and throughout the claims that follow, "a", "su".

and "the™ includes plural- references -unless the context ‘clearly dictates othenvise. - Also, as'used in the

10
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description herein and throughout the claims that follow, the meaning of "™ includes *in™ and o™

unless the context clearly dictates -otherwise;

e

ii04X The foregoing description of illustrated embodiments of the present invention.,
including what isdescribed in the Abstract, isnot intended to be exhaustive or to limit the invention
to the precise forms disclosed . herein. While specif ic embodiments of, and examples for, the
invention are described he in for illustrative purposes only, varicus equivalent modifications are
possible within the-spirit- and scope -of the present -invention, -as those skilled inthe relevant -art will
recognize and appreciate. Asindicated, these modifications may beiade to the present invention in
light of the foregoing description of illustrated -embodiments of the present invention and are to be

included within the spirit and scope of the present invention,

{0042} Thus, while the present invention has been described herein with reference to
particular -embodiments - thereof, alatitude of modification, various changes atd sobstiturions:are
intended inthe foregoing disclosures, and it wili be appreciated that in some- instances some features
of embodiments of theinvention will be employed withosi acorresponding use of other features
without departing from the scope and ‘spirit of the invention asset forth. Therefore, many
modifications may re made:to adapt a particular situation or material to the essential ‘scope and spirit
of the present invention. itisintended that theinvention not be limited to the particular terms used in
following claims and/or to the particular embodiment disclosed as the best mods contemplated for
carrying out thisinvention, hut that the-invention wili inciode any and al embodiments ‘and
equivalents felling within the scope of the appended claims. Thus, the scope of the invention istohe

determined solely by the appended claims.

1
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CLAIMS

What is claimed as new and desired to be protected by Letters Patent of the

United States is:

.- An electric charging system b r an energy storage. systesys, comprising;

acharging station electrically coupled toths energy storage system, said charging station
transferring charging energy to ihe esiergy storage system at amaximuy fast charge rate
in afirst operational mode and transferring charging -energy to the energy storage syse m
at-a dower charge rate ina sexistid operational mode, said modes responsive. to a eoniral
signal ;

adata collection system. acqyusisi ng a set of data indicating a state of charge {S{C} of the
energy storage ‘system aid one or more desired charge optimization parameters; and
astation control, respesive to said set of data gnd to said desired charge optimization
parameters, automatically establishing afirst charging po {iia for the energy storage
systevn, with said firg charging profile asserting said control signal and operating said
charging station in said-second operational -mods: whenever said charging station isable
totransfer sufficient energy to the energy storage system at said slower ‘charge rate to
meet acharge target, said first .charging profile asserting said control signal to.operate
said charging-station in:said first-operational : mode ‘whenever sai:i charging station-is
unable to transfer sufficient energy to the energy storage system .at said slower clirge

rate to'meet said charge target.

The electric charging system of claii: | wherein the energy -storage system provides
propudsion energy for-an electric propulsion .motor -of a vehicle and wherein said charge

target includes aparticular chiving range and aparticu tar charge completion time target.

The:electric charging systerw: of-claim | wherein -aplurality of different charging profiles
are each capable of meeting sai¢i charge target during acharging sessi or: wherein said
station control selects a particular ‘one charging profile from said plurality «f charging

profiles based upon an-optimisation -goaf

The electric charging system of claim 3 whee in:said optimization goal includes a cost
minimization option that'minimises acost for transferring energy to meet said-charge

target ‘dur ni said charging session..
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5.

HI,

The electric charging system of claim 4 fut &2y comprising a vehicle enhancement
system that improves aclrargiog-related parameter of the energy storage system when
implemented, said vehicle enhancement- s¥sts incompatible with providing  desired
S0 level for the energy storage system inashortest period,

wherein said station control inhibits .an actuation of said vehicle enhancement system in
said first siperationd mode and enables said acti:ation of said ‘vehicle enhancement

system in said second operatiosid mode.

Ths electric charging system ‘of claim 5 wherein :said vehicle enhancement = system
includes aheater, said eharging-related parameter incindesbattery life, -and said
actuation pr-heats e energy storage system to i -desired temperatnm before initiation

of energy transfer at said slower charge rate.

The €electric charging system.of claim 6 wherein said .vehicle enhancement system is

disabled  when: said cost optimisation option isactive,.

The electric charging system of claim 3 wherein saii optimization goal minimizesa
battery life degradation responsive to transferring energy to meet said charge target

daring said charging session,

The electric charging system of claim 1wherein saist first charging profile Incindes
switching between sai«l first operational mode and said seeond operational modk:

responsive to said set of -data.

The electric charging system of claim i wherel n'said station control, responsive to said
set of data, detects a-change to said charge iarget and establishes a second charging
profile after an initiation of energy iransier to the energy storage system responsive to
said first charging profile wherein said station control dynamically aters energy transfer

to implement said second charging profile to meet said change to said charge tar get.

The electric charging system: of claim 1further comprising a communications network
communicating aplurality of data of theenergy storage system and'.said charging station

to said:station control.

The electric charging system of claim 11 wherein 'said communications . network - includes
both wired and wireless. communications paths.

&
3
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13.

J?,

19.

The electric charging systent of ¢lwiva 11 farther comprising ‘auser inieif age
commuricated to said station control using said communications network, said user

interface accepting wsst data explicitly identifying charge target.

The electric charging system of claim 12 farther .comprising ‘a user .interface
commnnicaed to said station control wsing said cornmonication$ network, said user
Interface accepting nser data from which said station control automatically establishes

said charge target.

. The electric charging systers of claim i1 wherd n the energy storage system includes a

battery pack: providing: propulsion :energy to so eiectoc vehicle:and wherein said electric
vehicle provides data frosy which said station control automatically establishes said

charge ‘target.

1. The electric charging system of clam 4 wherein the energy storage system includes a

battery pack providing propulsion energy te an electric vehicle and wherein said electric
vehicle provides data front -which said station control automatically - establishes said

charge target,

The electric charging system of claim i firther comprising a vehicle enhancement
system that. improves a charging-related parameter of the energy storage system when
Implemented,  said. vehicle enhancement -system incompatible with providing s:desired
SOC level far theenergy storage system in ashortest period,

wherein said station costrol inhibits an actuation of said vehicle enhancement system i
said first operational mode and enables said actuation of said yvehisls enhancement

sydes: in said second operational mode.

. The electric charging system of claim 17 wherein ss:d vehicle enhancement sydem

Includes aheater, saii charging-relstes parameter nciudes battery life, and said
actuation pre-hests the energy storage system to-adesired temperature before initiation

of energy -transfer ‘at said slower charge rate.

The electric charging system of claim i¢: farther comprising ‘a vehicle enhancement
system that iiproves acharging-reiited parameter of the energy storage system when

implemented, ‘said velticle enhancement system incompatible with providing adesired

14
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SOC level for the energy storage sysiawnt in ashortest period,
wherein said station control inhibits an agtaation «f ssid vehicle suhancement system in
said first operational mode and enables said actuation of said vehicle enhancement

system in said second sypsevational mode.

The €electric .charging system of claim 19 wherein 'said vehicle enhancement systeis
includes 3 heater, said charging- related parameter includes battery life, and said
aciuation pre-heatsthe energy storage system to adesired temperature before initiation

of energy transfer at said:slower charge rate.

The electric charging system of claim | where said onsz or more charge optimization
pararacters include one or rnore secondary considerations, said ong or mo-re- secondary
considerations ' including optimised economical charging of the energy storage system

and optimized . battery life for the energy storage -system,

{itedectric charging system of claim 20 where said ong or more charge optimization
parameters .include one or mare secondary -considerations, said one-or more sss:ondary
considerations including optimized economical charging -of the energy  storage sy stem

and optimized battery iifefor the energy storage system,

The electric charging system of claim 12 including a portable €electronic device
supporting operation of a-charge control process, ‘said. portable electronic :device.in
wireless communication with said station control to directly or indirectly -set or ater -one

or more of saisi charge- target

The electric -charging system .of claim 22 including a portable electronic device
supporting -operation -of :a charge control -process, :said portable ‘electronic ‘device-in
wireless -communication with ‘said station control to directly or.indirectly “set or ater one

ormore of said charge target,

The electric charging system: of claim_ {1 wherein the energy storage system includes a
battery pack providing propulsion :energy toan electric yehicle and wherein said electric
vehicle :provides data from which said station control automatically establishes said
charge target, and wherein said electric vehicle includesa navigation system including a

set of data identifying afuture travel itinerary, .said navigation system.communicated to
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26.

28.

29.

said station control using said communications netwoi-k and wherein said station control

is responsive to said future travel itinerary to automatically establish said charge target.

The charging sysizva.of claim .24 wherein said electric vehicle includes a navigation
system including aset of data identifying afuture travel itinerary, said navigation system
communicated to said station.control ‘using said communications ‘network and wherein
said station conrest is responsive to said future travel itinersry to automatically establish

said charge target.

7. A-computer- impienented charging method for an enemy storage ‘system, the:method

.comprising:

%) collecting data to answer a» optimisation query designed to establish an SOC. target
and a charge completion target for the energy storage system, aprimary consideration for
charging the energy storage system including satisfaction of said SOC target and said
charge completion target;

by determining using -amicroprocessor -system whether :a satisfaction of :said primary
consideration requires a maximum -fast charge rate from acharging station coupled to the
energy storage system;

c) charging the energy storage system at said maximum fast charge rate when required .to
attempt to satisfy said primary consideration; otherwise

dj charging the'energy storage system at a secondary charge rats slower than said fast
charge rate to satisfy said primary- consideration - when satisfying said primary
consideration does: not require said ‘maximum fast charge rate, said secondary charge rate
responsive to one:or more secondary considerations including one or mom:of an
improved economical charging cycle and an improved. lifetime for the energy storage

system,

The charging method of claim 27 wherein said data colleetmg step includes:
at) accessing acaient SOC frows the energy storage system; and

a2y acesssing acurrent charging availability “status of the charging station.

The charging method of claim 28 ¥%erein said data collecting step farther includes ons:

or more of:

a3:-accessing user data associated ‘with trip pranning/navigatioiz:

a4 accessing user data wirelessly eoniyuiieated by the user from a portable: electronic
18
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device tiat directly or indirect™ ‘implicates said SOX target: ‘and
A%} accessing user data wireiessty communicated by the user from a portable electronic

device that directly or indirectly implicates said charge completion target.

3}, The charging method of claim 27 further comprising;
fr.monitoring periodically said ¢oliece d datafor anindication of a change to said
primary consideration, -and
g) repeating a)-«} whenever said indicstion conk! Sl in said change 1o said primary

consideration.

w

The charging mthod of claim 3% farther comprising;

h) monitoring periodically said collected data for a: indication of a change to said
secondary consideratic:n, and

i) repeating a)--g) whenever said indication couid result in said change to said secondary

consideraion.
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