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40  BACKGROUND OF THE INVENTION

| An electric or hybrid electric vehicle t'ypically employs electric traction motors
| connected to drlve wheels of the vehicle. The traction motors typically receive
- . electrical energy from an energy bus of the vehicle, in response to which the
motors apply a-torque to the drive wheels, thereby causmg the vehicle to

15 accelerate.

In a “series” hybrid electric vehicle, there are typically two available power
- sources to supply energy to the traction motors' to drive the vehicle: - an

auxiliary power unit or other energy generatmg device, and an energy storage -

system.

20 The auxthary power unit typrcally converts another form of energy into
‘electrical’ energy which it supplies to the energy bus, but is usually not
'capable of drawing electrical energy from the ene_rgy bus and con_verting rt.
into another form for storage. For example' the auxiliary power unit often
includes an internal combustion engine coupled to an electrical generator,.for

25 ‘convemng mechanical energy derived from the chemical combustlon of

| o gasoline (or other hydrocarbons or other fuels) into electrical energy. More

recentty, fuel ceils for generatlng electncai energy from other chemrcal_




auxiliary power units. The energy storage system (ESS) typre@st3P% ncl udes a
system capabl e of both-  supplying electrical power to the energy bus when
needed, and capable of receiving surplus electrical energy fromthe energy
bus and storing such energy for future use. For exanple, the ESS often

I ncludes a battery or a set of batteries, or a capacitor bank. \Wen the
auxiliary power unit is not operating (or is not supplying sufficient
electrical energy to nmeet the current demands of the vehicle), the ESS
will be Galled upon to supply stored electrical energy to the energy bus
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future use.

In addition to storing such surplus energy from the auxiliary power unit, the
energy storage system may also receive and store surplus electrical energy
produced during regenerative braking of the vehicle. In this regard, the traction
motors may be used as a regenerative braking system for braking the vehicle, by
- discontinuing the supply of electrical power to the traction motors while leaving
the traction motors fully or partially engaged with the drive wheels. During such
regenerative braking, the momentum of the vehicle and resulting forced rotation
of the drive wheels causes a corresponding forced rotation of the electric traction
motors, which act as generators driven by the drive wheels. Effectively, the
electric traction motors serve to decelerate the vehicle by converting its kinetic
energy into electrical energy which is supplied back to the energy bus. During
regenerative braking, the amount of electrical energy supplied to the energy bus
by the regenerative braking system typically significantly exceeds the
instantaneous electrical energy needs of the B | |




* WD 03/072389 -3- vehicle, because the largest electrical 6488120088 nely, the
traction notors thenselves, have ceased draw ng energ{Cahd are now :
SUppé%brbgm%ﬁglificant anounts of electrical energy ba "E"BA?WZ(@nergy bus.
Ther re, regenerative braking typically produces a significant anount of
surplus electrical energy 5 that can be stored by the energy storage
system Thus, in a series hybrid electric vehicle, there are typically two
energy sources capabl e of supplying _s‘#rpl us electrical energy to charge
the energy storage system the auxiliary power unit, and the traction
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" i nvol ves.'§8 ecting a voltage generated by the regenerative braking system
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'i5 ~ system, and also potentially damaging other eiectronic c_ompongnts

connected to the energy bus.

Therefore, fo the extent that the auxiliary power unit.and-‘tlhe regenerative
braking system may pfbduce surplus eiectricalhenergy (i.e., energy. in excess L
of the current electrical needs of the vehicle), if such s_urpius electrical energy -

90 | exceeds the amount of energy the energy storage system can safely store,

the energy storage systém and other electric and/or electronic compo_nenﬁs of

the vehicle may be damaged.

A number of systemé- have been -p_ropqséd for 'monitoring and cqntrolling
electrical energy generated by a regenerative braking system andlor an .

25 auxiliary power unit, for various purpoSes. One such sysftem--lnv_oives
| detecting a voltage generated b_y the regenerative braking system, detectinga .

voltage generated by a generator coupled to an internal combustion engine,

| and reducing the _émount of regenerative brékin_g if the regenerative voltage

exceeds the generator's voltage, in order to protect an ir;ternal _cOmbus‘qon .




14 August 2006 -4 engine agai nst over-speed operation. I'fAMEIShEROd t hat
reduci ng regenerative braking output in favor of the generator out put

di sadvant ageously reduces vehicle efficiency. Mre significantly, existing
systens tend to be reactionary in nature, and often cannot prevent short
but damagi ng vol tage spi kes fromoccurring. For exanple, in a conventional
series hybrid electric vehicle, if a user of the vehicle is accelerating at
full throttle, the auxiliary power unit will be operating at full power
supplying its rmaxi num anount of electric4d energy to the energy bus in
order to power the traction nmotors. If the user then brakes suddenly, the
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t he met hod c
exceeds the charge acceptance of the energy storage system, and the resulting

over-voltage condition on the energy bus not only has a detrimental effect on the
service life of the energy storage system, but is also potentially damaging to other
. electronic and/or electrical devices connected to the energy bus. A conventional
reactionary system may detect and respond to the over-voltage condition, but
typically not until after such potentially damaging voltage spikes have occurred.

Accordingly, there is a need for an improved way of supplying energy in a hybrid
electric vehicle.

SUMMARY OF THE INVENTION

Example embodiments of the present invention addresses the above need by

. providing, in accordance with one aspect of the invention, a method of
supplying energy to an energy bus in communication with an energy
generating device and witha :




control ling power supplied by the energy generating devi déAvgrsi¥i86ener gy
bus, in response to a braking signal indicative of -user brake actuation.
By controlling power supplied by the energy generating device in response
to the braking signal, the power may be controlled proactively, to prevent
an over- voltage condition fromoccurring, in contrast with previous
systens that react to an over-voltage condition that is in the process of
occurring. Controlling power preferably includes controlling power supplied
by an auxiliary power unit (APU) of t# vehicle. This may i ncl ude
controlling a current supplied by a generator, or may include controlling
a current sE9ENEEGve plaking systeradn ja hybhe elscliipvehiclepthermethod Fomrstsificabl v
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t he energy Iﬁdggﬁ&;ﬁﬁpayt?r%ﬁg]galggé%qa&yvpﬁ)ﬁpﬁ%re%ra %38@9%& he power supplied
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further i ncPyigentroling pewersUppbork Py s pnemsy aeperaiingrdayicedp sespanssriaki ng
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enerat.n device ta the ener. bus. Thus. in such. an
enbod ment  WEgRRePatpy dopt Sk de cgfied WY drRys systema BpltFL T ener gy
suppl i ed byan beerevolinge conditiomthatds hethie peocasisaf @ogurringpr ovi ng t he ef fi ci ency
of the vehicle by increasing the anount of energy recovered fromthe
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further incgwgﬁjélggfp#hlf&émﬂg total desired braking torque in response to
SI "The “net hot

t he braki ng gnal . od may al so include identifying a nmaxi num

avai |l abl e regenerative braking torque. In this case, the nmethod
- Controlling preferably includes commencing the controlling no later than a time

at which the regenerative braking system of the vehicle commences supplying
energy to the energy bus.

Controlling preferably includes reducing the power supplied by the energy
generating device to the energy bus. If so, the method may further include
increasing power supplied by the regenerative braking system of the vehicle to
the energy bus, while reducing the power supplied by the energy generating
device to the energy bus.

Thus, in.such an embodiment, regenerative braking energy is effectively

favored over energy supplied by the energy generating device, thereby
improving the efficiency of the vehicle by increasing the amount of energy
recovered from the vehicle's kinetic energy while decreasing fuel consumption.

Increasing power may include increasing a regenerative braking torque applied '
by the regenerative braking system until a desired regenerative braking torque
is achieved.




preferably further includes identifying a maxi mum desir ed4 Aegyeid®Pative 5

br aki ng t‘gé(y#& :IB response to the total desired braking torque and the
maxi num av 618 regenerative braking torque. identifyingPCRECANNDI6AM

desired regenerative braking torque may include setting the maxi num .

desired regenerative braking torque equal to the lesser of. (a) the total

. desired braking torque; (b) the maxi mum avail able 10 regenerative braking
torque; and (c) a torque equivalent of a gesired current drain fromthe

energy bus, the desired current drain including a desired charging current
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chargi ng an ene.rgy st orage system (ESS) 1 n conmmuni cation
bus; - mi nus Y¥AYINGn ALTERT @ir charging an energy storage system (ESS) in

communication with the energy bus,

Controlling may include setting a desired power output of the energy
15 | generating device, in response to the maximum desired regenerative braking
forque. Setting the desired power output may include setting a desired
current level of an auxiliary power unit (APU) of the vehicle, which may
include setting the desired current Jevel equal to the lesser of: (a) a present
desired cuirent level of the APU: and (b) a desu'ed current drain from the

)
1

20. - energy bus mcludlng a desired charging current for charging an energy
storage system (ESS) in communlcatlon with the energy bus, minus a current
equivalent of the maximum desired regenerative braking torque.

The method may further include setting a present desired regenerative

. | braking torque of a regenerative braking system of the vehicle, in response to-
25 - the maximum desired regenerative braking torque and the power supplied by .

the energy generating device to the energy bus. This may include setting the

-”present desired regenerative braking torque equal to the lesser of: (a) the

maximum desired regenerative braking torque; and (b) a torque equwalent of:

(i) a desired current drain from the energy bus the desired current draln




. »supplied by the energy generating device to the energy buU8Augquse248t hod may
furthér*include identifying, as the desired charging current, a 5 maxinum .
al l owabl e charging current for charging the ESS. The netﬂyg%mm&yrther
Jincludav@e¥e12dy a friction braking torque of a friction raki ng system of
" the vehicle. This may include setting the friction braking .torque equal to
a difference between the present desired regenerative braking torque and
the total desired braking torque. Thus, friction brakes may be 10 used to
. conpl enent - the regenerative braking systemif required, in order to
provi de adequate total braking torque to provide a consistent and

predi ct abl gy Rk % UBSlred Cidib! dubert'f8F Bhaklivg iaic ey storige bystemn ener gy
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“contri but i gpplied I&Y:g?fr fEACY Qﬁqﬁf{aéﬂﬁ)gﬁ\é@gé‘gﬂé‘%?%%l& ‘i nvention, there is
provi ded an apparatus for supplying energy to an energy bus in '

communi Catt é‘n\’gtth%ﬂ%ﬁ%ﬁ%inE Re'iabANTYinde Wk GRe Yedirud idhafging TEReNAta Ve

braki ng systemin a el ectric vehicle. The agparat us includes a
pragessor ghkigwtirn allovalgerokdrging coment fir chargingdbeES®d by the ener gy
generating device to the energy bus, in response to a braking signal -

i ndi cati ve_of brake actuation. T gnal
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provide adequate total braking torque to provide a consistent and predictable

brake feel.

Controlling preferably includes controlling energy contributions onto the
energy bus from the energy generating device and from a regenerative
15 braking system of the vehicle respectively, to prevent the contributions from

exceeding a desired total energy contribution.

In accordance with another aspect of the invention, there is provided an

{ apparatus for supplying energy to an energy bus in communica'tion with an
energy generating device and with a regenerative braking system in a hybrid

20 electric vehiéie. The apparatus includes a processor circuit configured io
control :power supplied by the energy generating -device to the energy bus, in

response. to a braking signal indicative of user brake actuation.

The "p_rocessor circuit may be programmed or configured to perform the

various methods described herein.

.25 in accordance with another aspect of the inve_ntion','th__e're is provided a system
including an apparatus as described above and further including the energy
generating davice, the energy generating device being in communication with

the processor circuit and with the energy bus.




exanpl e. ' The system may further include the energy bus. Bfugyse2®Pstem may - -

further 'W}ﬁhﬂﬁiﬁs?ﬂe regenerative braking system the regenerative braking
syst em bel | omuni cation with the processor circuit BEHCA0SNO2He

energy bus. The processor circuit nay be configured to increase power ]
suppli ed by the regenerative braking systemto the energy bus, wile - il
- reduci ng the power supplied by the energy generating device to the 10

energy bus. The system may further includg.an energy storage system (ESS)
in comunication with thée energy bus. In accordance wi th anot her aspect of

eneray bus oy Semr R SRV RIS b P b e (R of

energy bus in communi cation
regener at i véhenghiglg. nbbe ARU mayhinbhide 8lgesier ét@f,vﬁhlhﬁ#l%clﬂﬁ% E?ﬂ%?r‘%ﬁ’ui%

i ncludes neans fqr receiving a braking signal indicative of use a
actuati on, gﬁﬁnnggns for controlling power supplied by the energy
generating neans to the energy bus, in response to the braking signal. 20

‘The appar at TheB)stEH] fuhh drgalg S rform ng any of the functions
or methods described herei ng}s{ﬂ'gﬁl me %se'{‘éjgyfbﬁﬁ'ude the af orenentioned '
means.or may include additional neans for performng such functions. In
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The system may further include an energy slorage system (ESS) in

communication with the energy bus.

In accordance with another aspect of the invention, there is provided an
| apparatus for supplying energy to an energy bus in con!1munication wifh
15 ' energy generating means and with regenerative braking means in a hybrid'
electric vehicle. The apparatus includes means for receiving a braking signal
indicative of user brake actuation, and means for controlliné power supplied -
- by the energy generating means to the energy bus, in response to the braking {
signal, |

20 | The apparatus may further include means for performing any of the functions
or methods described herein. Such means may include the aforementioned
means or may include additional means for performing such functions.

In accordance with another aspect of the invention,' there is provided a system
_ including an apparatus as described above and further including the energy
25 generating means for generating the power suppiied by the energy generating
means to the energy bus, the energy generating means being in
communication with the means for reducing power and with the Energy'bus.r




The system may further include an energy storage neans f &f A43Usv3%88 ener gy,
in communication with the energy bus. |In accordance with another aspect of
the invention, there is provided a conputer readable nedi um providing
codes for directing a processor circuit to control power supplied by an
energy generating device to an energy bus in comunication with the energy
generating device and with a regenerative braking systemin a hybrid
electric vehicle, in response to a brak®ng signal indicative of user brake
actuation. In accordance with another aspect of the invention, there is
provi ded a Fheaatrgyigeokralinggneademag gmiudesarh auxitianygowenging (APL) ©f e

circuit to ggptigol power supplied by an energy generating device to an
energy bus 1 n conmunication wth the energy generating device and with a

regenerative braking systemin a brid electric vehicle, in response to a

br ok g si o1 SYSiEPagY BT sl B ZeaSnerarbiIng TREISIognal g be

enbodi ed i nregeneratively beaking theneshiicle) the regerserathay biakingwagans beingéxanpl e. I n

accordance c‘ﬁrﬁ%uﬁi&%@‘%ﬂtﬁﬁ?@&ﬁe@p btJ%,e_ invention, there is provided a nethod
gy to an energ

of supplyi ng ener bus'in a hybrid electric vehicle. The

met hod includes controlling energy contributions onto the energy bus from
an ener gy gysien{gayBithet inghider ananergy slrage s1eans for siRring esgidye in

respect i vel sommuhigatiomwith thie ohérigpdueonpri ses preventing the contributions
fromexceeding a desired total energy contribution. Controlling preferably

i ncludes r ' . ' 2ner eratl ice to the

| ;ner ;y busqﬂ%?cﬁﬂ’é“ﬁg%@wé@%g@%ﬁ?m Eﬁé'r]l tg_,g'téc'ézjﬁ\gﬁg?(?%\él preferably
i ncl udes r ARG ieadableguedivmepropidingheodasfer dijeciivgdr procagsai@icyiéta o t he
ener gy bus,comlriol BowCEpHb By RPVEHer§y BBhéRHnG MevicB & bR $ABRIPHIYR br aki ng
systemto the ener bust. | nCreasi n pouer [ ef er ab) i ncl’'udes i ncreasing
a regeneratqwr%mﬂp'gaf{%wilamﬁj%n%fgﬁlqega agvgtq‘?&’cfeéﬁléﬁw%?ir@%e“%ﬁﬁﬁ ng system
until a dedirakidgsygleneina hylridoelaklricyehmle ire réspoasiiea dakifigieigmat hod may
further i nghydsivedlsnidet Bidke sumigyum desi red regenerative braking

In accordance with another aspect of the invention, there is provided a signal
including code segments for directing a processor circuit to control power
supplied by an energy generating device to an energy bus in communication
with the energy generating device and with a regenerative braking system in a
hybrid electric vehicle, in response to a braking signal indicative of user brake
actuation. The signal may be embodied in a communications medium or in a
carrier wave, for example.

In accordance with another aspect of the invention, there is provided a method
of supplying energy to an energy bus in a hybrid electric vehicle. The method
includes controlling energy contributions onto the energy bus from an energy
generating device and from a regenerative braking system respectively,
wherein controlling comprises preventing the contributions from exceeding a
desired total energy contribution. '

Controlling preferably includes reducing power supplied by the energy
generating device to the energy bus.




torque to be applied by the regenerative braking system IfAugst268ntrol | i ng
preferably includes setting a desired energy contribution of the energy
generating device, in response to the maxi num desired regenerative braking
torque. The nmethod may further include setting a present desired
regenerative braking torque of the regenerative braking system in
response to the maxi num desired regenerative braking torque and an actual
energy contribution supplied by the enrtHl-gy generating device to the energy
bus. Controlling preferably includes controlling power supplied by the

energy geridorgt particdany, centrolling erefeealdy innlislesi redueing posver tsapplidit bk theg

: Ui ndi : . . o on. _ _ j
2spect of e gendtauhiy Bbrieo 35 EhelR 1R whid iRECiA BpGel shpbiay
energy to dhe EpR8Nathesbraking syptam do dhe enengy %hi)n,qreasmn@owgppaﬁf@taby
i n;:l u?ﬁs a iptlodes fefessing @i ﬁeg@ﬂéfaitigurtﬁrdkmtg_t@mﬂdder 9pptmebgy?6¢agéﬁé@§weons
onto the e r ner, ener ati ng. devi ce .and, from a
regener at i \'})géﬂé%; gg‘rlaﬁ;gn @@é%&%%f; §g g%%‘%ﬁ'f@ﬁ"ﬁ br\?/ﬂlgpg?rrgugdsﬁ ECB’P?S%%ssor circuit

is configured to prevent the contributions fromexceeding a desired total
ener gy contThetmethod.mayfuribieo irehsler identifgingta mayiniien desirée regenegatveneaking

Wt anot hdprauB o bBRAE oy Y LEheRRVEHISAG S5pU 88 ol o PEBRISY 07 ©
‘suppl yi ng dndvdas seftinga dasires epergyiaentribiwipn iofi thel enargy generatiog devita, inugust

2006 The apfmRbUYs theflakimidesirbd FEREHeratie rakkhg %rguBg a first energy
contribution onto the energy bus from energy: genérating neans, and second

T eoend B a0 St RS eRob By
cont rol | i ndorgaemé tize rgeaergiive\beaking Isgsteantim réspohse to fhe)maﬁ'mmﬂﬂdlea'fgeca
desired t ; rq ' T t Sour, . A e neans
for. perf or meuerEREBAYbIERM foRkild BRd an' AuaPEfEy LBnTBlbHsyRflied BE T T

means may SRETQYdRenaRating devicrinthe eagraviiias or may i ncl ude additional means
for perform ng such functions. In accordance w th another aspect of the

i nvention, GdiioftingS pRfEMLIE dn@ludES "BIHRINGE FBARE CsufifiedMbpT tid dregyFodes
for dlrectlnﬂa.ﬂr%cessor ﬁIrCUIt Eo . . . e
_ generating device to the energy bus, in response to a braking signal indicative
of user brake actuation.

In accordance with another aspect of the invention, there is provided an
apparatus for supplying energy to an energy bus in a hybrid electric vehicle. The
apparatus includes a processor circuit configured to control energy contributions
onto the energy bus from an energy generating device and from a regenerative
“braking system respectively, wherein said processor circuit is configured to
prevent the contributions from exceeding a desired total energy contribution.

- The processor circuit may be further programmed or configured to perform the
various methods described-herein. -

In accordance with another aspect of the invention, there is provided an
apparatus for supplying energy to an energy bus in a hybrid electric vehicle.




control energy contributions onto an energy bus in a hybrifdugise?d0fi c
vehicle froman energy generating device and froma regenerative braking
system respectively, wherein said codes direct said processor circuit to
prevent the contributions from exceeding a desired total energy
contribution. In accordance with another aspect of the invention, there is
provided a signal including code segnents for directing a processor
circuit to control energy contributions onto an energy bus in a hybrid

el ectric vehicle froman energy generzilng device and from a regenerative
braking systemrespectively, wherein d code segnents direct said

processor c cwt t ec? ﬁ cont |butio|ns frgm exceedi ng a desired
total energy %@WP?T%E’J? ’Eﬁ\(u €fh *’S&%S oFeprivellipgim fsé(fqefghc‘é'%ﬂsﬂﬁ'ﬂrbat i ons
medi um or aowmtartheesnangy dusffesmesraeryy @enetaungqneanb,rm&i vetdndan@iahe foaspect
of the i nve%ﬁt%:ngté]g%&d‘ldserpé@%'cgﬁf#ibaﬂ&?%ttﬁé eﬂe@fﬁh@ ff&ﬂ?’%géﬁé} i de

means t hat essor clircuit S of the
net hods deskfiakiigdmeansi n Thej fifst andy se¢and alﬁﬂﬂﬁdﬁlﬁc@mﬁoﬂlmgaﬁ@ﬁn%ateagpect of

the inventi prevehithe@ohFibRtiONs flom éxcealiPiglLdesiRidAgtABheryyondibiutieh. carryi ng
code t hat en executed on a processor CIrCUIt carry out the steps of the

G her aspectt AP EET POy ELEN, e pbRIRTISIY rsigecticiliorcn o
t hose or di nefr Mejhosisi qle%abeﬂ hereinar Sueip meanevhawingdiuden thef aloremeniipned

descri pti onm@hns épﬁfé'yflh(‘éluéé’@@&'tlﬁﬁéltrﬁeéﬁs fbl"?el‘f&%ﬁﬂ}; Is@Bh fifhcligRs UNCtion with
t he acconpanying figures. BR EF DESCRI PTI ON OF THE DRAW NGS In dr aw ngs

5
of an appar ik AECTBANGL T MG TR PERP SaHe GHENINDaden R BRI A | on
with an enwgpplgehmwiablagn‘@dmmerowdm@nddw fr chrachg@nanat:esmrbrralntmg system
: Rvgnplyg:ll dectitRf Ienkfgy’ BOMiFibtions26RR Gh Mhetdy Bub'ihSd HBRQUIEERAL vBhidde
from an energy generating device and from a regenerative braking system
respectively, wherein said codes direct said processor circuit to prevent the
contributions from exceeding a desired total energy contribution.

In accordance with another aspect of the invention, there is provided a signal
“including code segments for directing a processor circuit to control energy
-contributions onto an energy bus in a hybrid electric vehicle from an energy
generating device and from a regenerative braking system respectively,
wherein said code segments direct said processor circuit to prevent the
contributions from exceeding a desired total energy contribution. The signal
may be embodied in a communications medium or a carrier wave, for example.

In accordance with another aspect of the invention, there is provided a
computer program comprising code means that when executed on a probessor
circuit carry out the steps of the methods described herein. Similarly, in _
‘accordance with another aspect of the invention, there is provided a computer
program on a carrier carrying code that when executed on a processor circuit
carry out the steps of the methods described hereln




"Figure 2 is a partial schematic illustration of an appar éﬂtﬁ‘é#g‘fst;?wﬁ-ubpl,yi ng -~

ener gy tWO&AK0&I8Pgy bus in communication with an energy g@@ﬁfﬁg}oﬁﬁgdevi ce
and with a regenerative braking systemin a 15 hybrid electric vehicle,
according to a second enbodi rent of the invention, with sonme conponents
and connections omtted for ease of illustration; Figure 3 is a partial
schematic illustration of an apparatus _le_r supplying energy to an energy -
bus in conmunication with an energy 20 ‘generating device and with a

regenerati br aki ng, system.in a brid electric vehjcle, according to a
third enbo n?SB?ngr%“é ?@ﬁﬁ@?ﬁ% Bﬂ?/hﬂ/vpff?ﬁ%r@%%ow@nlﬁeceﬁa apparert fons

omtted f esof il a0, 4. | ) b agr | strating :
cormuni cattSSe sonRarly SR & WA sef Ut rebie? f e JBHoMERIRSRgNERE ce.
the regenespadifice embédinments s tthen ineatiorair eosjusichen vﬁﬁﬁﬂﬁ@%ﬁc&n%fargﬂ% -
hybrid electric vehicle shown in Figure 2; 14 August 2006 O 03/072389
PCT/ CA03/ OB9S- - 13 Figure 5 is a block diagramillustrating the processor
circuit of the apparatus shown in Figure 2; and Figure 6 is a flowhart of
~angenergy supply routine executed by the processor circuit shown in Figure
5. 5 DETAILED DESCRI PTI ON Referring to Figure 1, an apparatus according to
a first enbodinent of the invention is shown generally at 20. In -this
erbodi nentBRIER DEpRERIPTHONOEIHE DRAVINGSYi ng energy to an -energy bus 22
in communi cation with an energy 10 generating device 24 and with a '

regenerative braking system 26 i .hybrid electric vehicle (not shown).
‘The appar # aga“?'@gisﬁgﬁ“ﬁﬁé@%'aﬁﬁ %Eggaﬁ?g‘ﬁtﬁrqmﬁﬁ Inveglio,onf i gured to control
power supplied by the energy generating device 24 o | T
Figure1 s a block diagram of an apparatus for supplying energy to an “J
energy bus in communication with an energy generating device
.10., , and with a regenerative braking system in a hybrid electric vehicle,

according to a first embodiment of the invention;

Figure 2 is a partial schematic illustration of an apparatus for supplying |

| ~ energy to an energy bus in communication with an energy

generating device and with a regenerative braking system in a

15 | hybrid electric vehicle, according to a second embodiment of the
| invention, with some components and cohneetione omitt_ed fer

ease of illustration;

W

- Figure3 _is a partial schematic iustration of an apparatus for suppiying

| | energy to an energy bus in communication with an energy

20 | o generating device and with a regenerative ‘braking system in- a
hybrid electric vehicle, according fo a third embodiment of the

invention, with some components and connections omitied for

ease of illustration; -

Figure4 is a block diagram illustrating communication among a processor
25 - ' 'cireuit, the energy _genefating device, the regenerati\)e braking
| - system, and various other components of the hybrid electric

vehicle shown in Figure 2; e R




to the enekgy bus 22, in response to a braking signal 30 A89E29%Ge of user
- brake actuation. 15 In this enbodinent, the processor circuit 28 is
configured to control energy contributions onto the epergaohues®2 fromthe
ener gWQRMEP#i ng device 24 and fromthe regenerative braking system 26 -
respectively, to prevent the contributions fromexceeding a desired total
“energy contribution. Referring to Figure 2, a systemaccording to a second
enbodi ment of the 20 invention is shown generally at 38. In this
enbodi nent, the system 38 includes aﬁ|3appar atus 40 for supplyi.ng energy to
~an energy bus 42 in- comunication with an energy generating device shown
gener al | yFighired4 and is vat bloakr diggramaiiluseratingikineg psgersser spistit géndhel 1y at
46, in a hybrid electric vehicle é_8. [ a;thi s enbodi nent, the apparatus 40
i ncl udes a pr ocesso@PPRratUs hown BpTIohHe | gt’ﬁngd to control power supplied by
the energy generating device 44 to the energy bus 42, in response to a :
br.aki ng si.gnal ~52 i pdi ' f i ‘ebcubids yntlesli ment
t he proc S@HFE,' 6ci rc['#tétg "‘?’“Z‘agﬁ ggsﬁgnﬁéggfe%yj&%g% ol energy A _
contributions onto phecesser gycuitishowd irfdgutet® energy 14 August k06 W1
003/ 072389 PCT/ CA03/ 00269 -14- generating device 44 and fromthe
regenerative braking system 46 respectively, to prevent the contributions
f.om exceeding a desired total energy contribution. In this. enbodinent,
the hybrid electric vehicle 48 includes a series hybrid 5 electric

vehi cl e. ( ' ing system46 is in comunication with the
| OETAIGED QRICRETRN

processor he energy bus 42. More particularly, in this
. enbodi nent, the regenerative braking system 46 includes first _an? econd
* traction Refepring 3¢ Bigdrsd, amepparatusranserdagitera irshemhodimeny et fie 42

10758 andmeontiam s Su Rgepy U2 AEREEPubobirhtnl W RpRIRyRts Used oY B
recel ved 1y TRV BrEIGF LS chbefo 49‘;%3%???"(?%“%“&?‘3’2%? bus e
Ganver selgenatatingglevice 24 and with a regenerative braking system 26 in a hybiid
| electric vehicle (not shown). The apparatus 20 includes a prc)ce_ssor-c_;ircuit
28, configured ta control power supplied by the energy gerierating device 24 :
to. the energy bus 22, in response to a braking signél 30 indicative of _user'

brake actuation.

157 . tn this embodiment, the processor circuit 28 is cqnﬁgured to controil- energy
contributions onto the energy bus 22 from the energy ‘gener‘_ating device 24
and from the regenerative braking system 26 respectively, to preve_nt the

contributions from exceeding a desired fotal energy contribution.

Referring to Figure 2, a,systefn acé_ord_ing to a second embodiment of the
20 ~ invention is shown ‘genérally -ét 38. In this embodiment, the SySiem_- 38:
B : includes an apparatus 40 for supplying energy to an energy bus 42' in
communicatioﬁ with an energy generating device shown generaliy‘ at 44 and.
: . With a regenerative braking system shown generall'y at 46, in a hybrid electric
véhicle 48. In this embodiment, the apparatus 40 includes a processor circuit

o 25 o .'50 configured to control power supplied by the energy generating device 44to . .
R _the enérgy bus 42, in resbonse' to a braking sigrial 52 indicative of user _brake'
N actuation. In this embodiment, the processor. circuit 50 is also configured to

control energy contributions onto the energy bus 42 from the _ene'_rgy




regenerative braking, the traction notors act as gener at, dtduglist 2096 by ‘the

“drive whapdzor2idereby effectively converting the kineti c of the
vehicle into 15 electrical energy supplied to the energy b%gﬁcgﬁ:’/?‘ﬁ?%

~enbodi ment, the traction nmptors 54 and 56 include tractjon notors .
manuf. actured by Unique Mbility, Inc. of Colden, Colorado, USA :

.~ Alternatively, other types of traction notors may be substituted. In the

" present enbodi nent, for ease of illustrati4en, the traction notors 54 and
20 56 of the regeneratlve braki ng system 46 are shown and described only in

“connect i on \@&Nerakegddevicendt| andsframd G Myerrativd Nbssig ogg SIS
the front ?ggs%&\p‘% herm%brld el ectric vehicle 48. Alterna ?@
however, WY ol yeyeat 8§ erntibutiontedram exceetingoa deslﬂe@lﬂotm
wheel s of tléﬁe @gb@hﬁ‘lbutbhus providing for all wheel drive and for
regenerative br ing energy recovery 25 f romall wheels of the vehicl e

Alternatively, a single sueh traction notor may be provided for each axle

of the vehi bt shisaemhodimantfibe kylmid whegto yehidlesig Holudiar & %Wagsr Alb

oth types, %F“‘Eé 28}.)]' Eeoff and regenerative braking systens
- subs?i t ut ed® R PP 102 K raﬁﬁ@@ram@BS@M%QSQTIM%QM%N\WEh' S

enbodi ment , thieh@iczedk6r ENeUE! I bI e.lo pply . el ectrical

energy to t he Itﬂ;act i on m)t[ogg@ﬁj ﬂt@% gsélﬁe U@’fﬁ&am@iarlﬁamm the
~ energy genediabpdngalitbe negeaadatm bmmy s?s@rﬁ% PAL88% f{rgls%,des%
- Referrl ngm({@tjﬁg 2 Lr*ﬁ rldai enbodi ment the energy generati ?/?Qféj 44

: ‘in co Qio5 of 4 By @@ebs@rcemﬁmmmatlim with vhd lerichgy dngy gy, bus
42 In. thaqhy g@@ﬂ@neﬁg n t e device 44 incl udes n
auxi liary power unit Atlg{#))é '384{30? g%e (%'/geﬁg;égg B%D d%ﬁple@llverdryfe wheeli s’/
enfBdi nent 58n@nchpO, an |S|eC\l'aJtihepmpegehab@él@t'at@fihéQléNI&Q bgaﬁ; ’I{i ?}S"éﬁ{ 10
68.  The prltér?nér? % @ a Bl | eqs) mechani cal energy to t € )
- which. conver @5 iNGOR 2 Fespenge mt@legmcal\lelnelngyt'etbéleéd%ypmel es
10 the entagliobusiofdts BUsnd gk t p odi t he processor
circuit 50 .is conflgured t% contflr:t‘?rr| *ﬁezee&& nb% ed Verrelgn sluging .
gener at i ngr egsfiefative braking, the traction motors act as generators driven by the drive

| wheels thereby effectlvely converting the kinetic energy of the vehicle into

15 . electrical energy supplied to the energy bus. In this embodiment, the traction

motors 54 and 56 include traction motors manufactured by Unique Mobility, -

Inc. of Golden, Colorado, USA. Alternatively, other types of traction motors

may be substituted. L
|

N o ln the present embodlment for ease of illustratlon the traction motors 54 and o)
20 - 56 of the regenerative braking system 46 are’ shown and descnbed only ml |
| connection with the drive wheels 58 and 60, which in this embodiment are the

) front wheels of the hybrid electric veh:cle 48. Alternatively, however, such
traction motors may be provided in connection with all wheels of the vehicle,

| o ' thus providing for all wheel drive and for regenerative brakmg energy recovery
25 from all wheels of the vehicle, Alternatively, a smgle such traction motor may

- be provided for each axle of the vehlcle rather than for each wheel, if desired.

More generally, other types of propu!snon and regeneratlve braking systems
may be substltuted if desrred '




t he energy,bys by controlling power supplied by the APU 64Ag8ust #i6yehicl e
48, 15 or nore particularly, by controlling a current supplied by the
generator 698% the energy bus. In this enbodi nent, THEACHR026Dver 68

i ncl W3 4H{?{8t er nal combusti on engi ne. Alternatlvely, t he generator 66
may be coupled to other types of p rime nover. For exahple, the generator
66 may be coupled to a turbine. 20 Referring to Figure 3, alternatively,

the auxiliary power unit 64 may includ ot her -means for generating energy.
For exanple, in the alternative enbodfidtent shown in Figure 3, the
auxi-liary power uni't includes a fuel cell. 69, and the processor circuit 50
i s confi gy gHist embotinwnt! Heepovare Mcppene[gynysoum‘»ﬁs cnarghlegémesRivg

ner oy buelokmioaaan oy e apior PR S5 o, By Bl BP0 h0°
h ' ' 0
and v t n GA1ESH oS I dehef P enr”ﬁ?f O b nsent

enmbodi men(esSS) 6Rperable to supply electrical energy to the ener gy bus 42,
~which may then 14 Au6ust 2006 WD 03/ 072389 PCTI CA03/ 00269 -16- supply such

ener to_the tract tor 54 and,.56 a 8.
- Ccﬁtvgr/selﬁefamﬁﬂ P e’glér‘? ﬁmg&od&peg gﬁ%ﬁ%@ Q%ﬁ?@ﬁ‘gn h%é g’#e'régy bus
42, whi Cﬁﬂﬁﬁhr‘r@éﬁétﬁr{ﬂﬁh% RSccRa8 Bifcuitiolanerii tﬁélenergy busdg. fower

unit 64 a m regenerat br aki ng eneag supplied t he
r egener atthee phedernikiemgbagistent M@e energyneepsralingr '@s‘i‘edﬂ%‘ﬂd%cépves and -

stores such __sur Ius energ ut \' nt pr esent
- enbodi merauxilianye QH@rrg "Et@r‘%@g st4y§)|tfl tﬁeeifem‘fg? "ud r% ‘e-ljiays"'?aﬂ hg b?ﬁ?ery :
~such as té]ﬂfygdﬁf?@f‘i‘f‘tr%t AP 6arinexaes! £, eﬁbﬂatﬁﬁ%ﬁ%oﬁplétih@rarpr@mdman ESS

controller nonitoring and regul ating the state of char :
tagTper at 1B& dfhe griee moven6d ssuppliepriogehanisal snetdik tpdhe Hep Ofrffﬁ 't he

pr esent ~enbodi nent, the ener bus C r ligctrical
bus. *Nor avpiah Gt §uck et MRoARrkER RioE 2hifCl B Eppes'®
.the energy bus 42. Thus, in the present embodiment, the processor circuit 50 :

_ is configured to controi the power supplied by the energy generating device to
" the energy bus by controlling power supplied by the APU 64 of the vehicle 48
15 or more particutarly, by controlling a current supplied by the \generator 66 to

the energy bus.

~In this embodiment, the prime mover 68 mctucles an mternal combustlon
engine. Alternatrvely, the generator 66 may be coupled to other types of
prime mover. For example, the generator 66 may be coupled to a turbine.

720 o Referrrng to Figure 3, alternatively, the auxtirary power unit 64 may include
other means for generating energy. For example in the aiternatlve
embodrment shown in Frgure 3, the auxr!rary power unit includes a fuel cell 69,
‘and the processor crrcutt 50 is configured to control the power supplied by the
energy generating device 44 by controﬂrng a current supplied by the fuel cell .

25 = 69tothe energy bus 42.

Referring back to Figure 2, in the present embodiment, the energy storage
system 62 in.communication wrth the processor circuit 50 and with the energy
.bus 42. The energy storage system 62 of the. present embodiment is

.'operabte to supply electncal energy to the energy bus 42, whlch may then




“electrical wires rated for high-voltage, high-current appfiedist W6, For -
exanpl e,wg present enbodi nent the electrical wires of the energy bus
include‘vf*%gﬁﬂﬁg rated for 306 anperes of continuous dir 8ST/CARBPORWE " | n. |
this enbodi nent, the energy generating device 44, the regenerative braking .
system 46, the energy storage system 62, and a plurality of other high
‘vol tage | oads such as those shown at 74, for exanple, are electrically
. connected in parallel to the energy bus-142. 20 The other |oads 74 nay

i ncl ude ot her devices of the vehicle 48 requiring a high voltage power

supply, suelipply suclveRergy REtioBacitt AIBtaRISA ARETE Placdlsiatdths Yehf@p! e.
In this enbodinent, the other |oads 74 further include a step down
“t r ansf or ned876Conyersslyy whendthere dsvay summiuge op elestrical griergy oorf the esergpy

0T |0 Y08 K 57 8kt o SUL A i HHRED i SRRt

thi s enmbodyfrre4 ahhmrffrdmtreﬁenéfa@mrmawfgt nerel sidiﬂiéé% gmé: Eirhane!
. friction braking systemsuch as a hydraulic di'Sk or dru rake system for
exdhpl e. Abtakingsystan 46t ther cngrgysstorade sysicon 6@r rekeivgssand sterasagudte

substituted. Alter iyely, the frigtion.braki.ng. systemmy be onitted if
14 August ZHBES ﬁe%?ékb roﬁjﬁ%@ Y% 0@?@@@@ h’!ﬁg’”d%’@l pPEe &KBQ@H'),m¢'?tg is .
- strongly pief ehakhe sthialgeasysibat BRNifvIakdd @t %é&teahé%m%t%rgy istie 'éQrt]h%ngt y

reasons. For exanple, there may be circunstances in a user o
vehicl e 4sshownat 1t farexaenpls. dBe BSS62 nrther ancudes an ESSaontmiterrzgie

uber -  oquddt GHORAGPrd  radIaHSE BiE Selesof Phesdeofemphratuimad el |

maigner i n physidhl iftepenieeasne battefp7d 50 of the present  enbodi ment LA
controls the applied regenerative braking torque, this further heightens
the desirability of a friction braking systemto ensure that the desired

braki ng t-dRgthe ipsesgilagmbadipentdthe @neasay doys rA2adnnigdedre dirdatt cometd
br ?ki ng. ,Syeﬁé&ﬁ'cgf B&FWJ&E&%%&&Q? i ?l%%neerﬁ%tijivrﬁen rtﬁ‘éienrﬁarag;.sr}u%rrfhdé?u&gs E
'  electrical wires rated for high-voltag_e, high-current applications. For. example, |
in the present embodiment the electrical wires of the energy bus include wires"
15  rated for 300 ampéres of continuous direct current. .

In this embodiment, the energy generating device 44, the regenerative
| braking system 46, the energy storage system 62, and a plurality of other high
voltage ioads such as those shown at 74, for examp‘ler, are eleCtrfcally

connected in parallel to the energy bus42. - : B

A20 The other loads 74 may include other'devit:es of the vehicle 48 requiring a _
L high voltage power supply, such as a power steering system and a heating .
system, for example. In 'thisr‘e'mbodimént‘, the other loads 74 further inciude a |
step down transformer 76, for providing a low voltage pc'nwerrsupply 78 for use
' by other low voltage devices of the vehicle 48, such as a friction braking
25 . system80, a brake pedal sensor 82 and a speedometér_ 84, for example.

in this e_mbodiment,, the friction braking System 80 includes a coriv_enti'o'nal
friction braking system such as a hydraulic disk dr_ drum brake systehi_, for
example. Alternatively, other types of friction brakin_g systems may be
| substitute_d. _Alﬁefnatively, thé friction brak_ing system -friay be omitted if |




: : .
order to pyovide and maintain a nore predictabl e and constétest 28Pake feel .
. Although the friction braking system80 is shown in Fidgure 2 in connection
W th a:si ngl e wheel for illustrative purposes, fricti O%Ctﬂ; Iﬁk’)@&ﬁgonponent s
are woaB3araisby provided for all of the wheels of the vehicle 48. 15
Referring to Figure 4, in this enbodinent, the processdr !circuit 50 is in
communi cation with a comuni cations network shown generally at 90. More
particularly, in this enbodi nent, the communications network 90 includes a
two wire controller area network (CAN{7-enploying a CAN protocol, to
.receive :1 communication signals fromand transmt control signals to

various el ees lwedd 'R BrOhAI Glefahble i 'gﬂiﬁ%o‘yﬂﬁgréﬁkihgrmtém%d :

however , ypes of =~ communy cat i ons networ e subsfituted. Mre’
pai ti cul girbyidetief@r safety readoraur For2amiplé, theret ey ketdtiumsianees in
processor circuit 50 is-in ¢ nication via,the net r*gn%g \%Eeé}%?
auxi | i ar ywhigheusehiaf fba,ve\hﬂﬁe Wi %Bﬁ%it‘&é’fa%ﬁ%a b
t hereof . ,The, 25 e ek reuit ig: Al Cég,@{g,lﬁ' i 4@t i0providiiga fi r st
.current §§ﬂ§'8§ ggrrcﬁ%r ﬁ%é@% v'.liéngehgtar%r\%nlzﬁpa gfgect ion si gn!al Ert helir?%f rom. Mbre
" particul ydaditiait,i lds  thee user-séquested ebtal@regp‘st_mrqaﬁ iseamir éke aanly daetor ¢
Fr anon t Snibleneing. eprevaiR iy Wiieh Ber PesesreibitoRD Shape! et lor 90
for receipt, by S bE Gy T ~alds a1 3%%1 6thi&\QupBiep 72389
PCT/ CAOS'/%@‘%%”%}& Béﬁﬁ@g ﬁ{r? t%hgﬁ%gerggéﬁegﬁggdiﬁrrmnt 'f%gag%océssor circuit
150 is al yRightensotaitieshbibility witd fiction t ginge systens 7of @nshex dhai fde vol t age
. detection TSignals therefrom Mre partjcularl t he voltag SIS 97 .
 measur es desired| bakdng Aoiave EndMEYSH Pﬂfﬁd?afaﬂ %F%HSFWPQ“& _gﬁgﬁgs n—
ARP esentRgnbheydahl 4ty AnTBRIEASTRG Afjenrlitva BruRing 80stbat 4edei pt by
dHe proc St CI¥CUI t.  I'n-thi's enbodi nent,” the.processor circuit 50 is in
fuit her  epa@uR padvide,and maittain nemooe lpredictatile lencheowsistasy hrake 4gel- syst em

02 B ARSI, ol ST JELRBIn  FIgFE! Y in chrhBgdh oSont
with a single wheel for illustrative purposes, friction braking components are
| preferably provided for all of the wheels of the vehicle 48.

15  Referring to Figure 4, in this embodiment, the prdcesso’r tcircuit 50 is in
communicaiion with a communications nlé’gwork shown generally-at 90. More
- particularly, in this embodiment, the communications network 90 includes a
two wire controller area network (CAN), employing a CAN protocol; to receive
] " communication signals from and transmit control signals to various devices of
20 . 'the hybrid electric vehicle 48. Alte_matively‘,\ how_ev.er, other types of -

communications networks may be substituted.

| McS_ré particularly, referring {o Figufés 2 and 4, in this embadiment the

| processor circuit 50 is ih_communfcation Qia the network 90 with the auxiliary _

power unit 64, via a control/communications interface 94 thereof. The

25 - processor circuit is also in communication with a first Current sensor 96 for '
feceivi'ng current detection signals therefrom. More particutarly stiﬂ, the first

“current sensor 96 measures an eleCtl_jic: current supplied by the_ auxil_ia§y '

pdwer unit‘64 {o th_e.-energy' bus 42,-and transmits signals representing the

- CUrrent'measurerrient onto the network 90 for re_ceipt by the processor circuit

30 50




10 communication via the network 90 with the regenerativd4breust #H¥6syst em
46, via_a control/conmunications interface 100 thereof Also in this
embodi mef{0 ¢ 3% ocessor circuit 50 is in conmuni cati on VPET/Chas/omed wor Kk
90 with the other high voltage |oads 74 including the transforrner 76, via_.
at | east one communications interface 102 thereof. The processor circuit 15
50 is also in comunication with a second current sensor 104 which

measures a total electrical current dramaby t he ot her high vol tage | oads
74 fromthe energy bus 42, and which transnmits signals representi ng this

drawn curr SURe 90 for receipt by the processor
SHERg P@Qétt%@?efﬁ Pkdhe . Pioeshe cbouit: 501 ieaito 50 | .

CII’CUIt 50. Slmla

i N comuni caot?“(mumicattonhwmmefa/\mdtage !éeﬁébra '?l ﬂfra (%c%e\tvﬂén%{gﬁ/evo'%eatgph@n

devi ces of the r h@cle 48. More particul ar
processor cPIBEY BE6EOTN Marmarticilerly, the h/cﬂthgefseﬁéd:ﬂ@'?bh?éﬁéwe§ tem

80 via a co [ f reof,,. with the brake pedal sensor Vi a
a communi ca??l([)ér%jse |drﬁ ﬁef %g%rg%'ggu% ?tgr EBF tragisenity signalsyr Spriesepingltiveveitaget vi a

‘a_cdimuni camieasarémeat barethkdSeiwink 90 for !‘éallzetu?h@ @%ﬁ%ﬁgt@f %}(Qﬁt processor

circuit 50 is in further communication v a- charging
strat egy s Ie tor i 0,via a_conmmunications interface 112 thereof. The

char gi ng od dittegit. theoprasiessos cicyiti5oi leuhafudhér'%oﬂﬂﬁhn%g%? via

PCT/ CAO03/ oqgg%etwgrg 722389, -1 tra met hod for charging the

energy storage systesnglgz%ﬁﬁ the; gaﬁfﬂye Orggf%tﬁﬁg‘?tf@&%b‘vlé 8t camnpyinications

i ncl ude " f intetfackBfthegeofl so referred to as "opportunistic" charging, in

which as nuch current as possible is used to charge the energy storage -,
t he maxi mum al | owabl e 5 chargi ng current receivabl.e

system subj.ect onl.y t
"by the enegﬂ'{ﬁ@t%rd t&?s@é%e@u(ﬂmeo@mmeghe grOEeSsHi0 It B¢ RUXH! 1 ary
charging strategy . my

poY@r uni tcélﬁ]ﬁﬂﬁ*étﬁg?gl? r\]réﬁ’ ttﬁ%er e\gtﬂﬁ{ ég \gﬁ@ﬂé% hrgégo%?éwespalmg 6gsiem d&r ged

~include "fl oat
at a diffeviem coetrel/cc(mymmodntionsl iPESTAdER100 RRorBBKi MUM

Also in this embodiment, the processor circuit 50 is in commumcatlon wa the
network 90 with the other high voltage loads 74 including the transfotmer 76 '
via at least one communications interface 102 thereof. The processor circuit
15 - 90 is also in communication with a second current sensor 104 which
~Mmeasures a totat electrical current drawn by the other high voltage loads 74
from the energy bus 42, and which transmits signals representing thns drawn
- current measurement onto the network 90 for recelpt by the processor clrcu:t :
50. '

20 | Stmi!arly, in this embodlment the processor circuit 50 is in commumcataon via
the network 90 with a plurality of low voltage devices of the vehicle 48. More A'
_particularty, in this embodiment, the processor cGircuit 50 is in commumcat!on
| with the friction braking system 80 via a control interface 106 thereof, with the
brake pedal sensor 82 via a commumcattons mterface 105 thereof, and Wlth. :
25 | the speedometer 84 viaa commumcat;ons 1nten‘ace 108 thereof

tn this embod:ment the processor circuit 50 is in further commumcatlon wa' o
..the network 90 w:th a charglng strategy selector 110 via a commumcatlons
interface- 112 thereof The chargmg strategy selector 110 selects a partlcutar '




possi bl e pernitted charging level) according to an ener gy4é¢@shg¥6syst em 10
--charge profile current level determined by a separate controller of the
energy . storage system 62. In this enbodi ment, the chapgyidosbsres eqy

sel eWO03497398% | ncl udes a switch that may be act uat ed by a user of the.
vehicle 48, to transmt signals onto the comrunication network 90
representing either a selection of "fast" charging or of "float’ char gi ng,
respectively. Alternatively, the seléection 15 of charging strategies nay
be determined automatically if desired®If desired, the processor circuit
50 may be in further conmmunication with other additional devices of the

vehicl e t@@ Rprmetrivd fof charmgiig itt@eheryynstonend s§stenn 620t Farrevasnple,
Referring to ure 5, the processor circuit is shown general I%ﬁat 50. In-

“this ~2@;uehbseliamalnle sﬂ\@tegteﬁcﬁ@é{omchldec fiest’s ghﬁr@mgm@l@afaﬁ%% Pod®ssor

120. Al t I t tuted
for the t‘%@&'&{dﬁe é r&‘rfg 3{’5/3\’?@%(3%%3@@?@0 uncér{thl S speC| |ca'§égﬁ%tﬁee
term"pr %&%\F/?%rthe%ﬁéﬁgyt Stordgd RYsRALIslislebr 6al 1o tie onaarrimmliogide of

_circuit, € or conbination of circuits and/ or devi ces capabl e of
per f or m ehatdiagf Gueenbrecedmbie byrthecenergyestarage systevhl erHchy arﬁiﬁfﬁax

et ocongpbrac S TubileS SbaBu el whi Rl RARRIERRP g tuther
Circuits EF‘ eg}ﬁg‘%tma&g?%a9fm§|uaéwﬂbat" tiggrging) alvesrebly Bt enemyr swsager
progr ama vices of any sort, either alone or in ﬁ nlnatIOI‘] W th,

ot her susksteim &2 tig Qb}ar@%@lﬂte% differentieval (typicaliiressy fie ;max@geel y 30

'. ..Lre"Tfi‘\ﬁEe%%s%% i Saraing el AR ES & Heags attadd Shdter !
- gpdinari | .?@ P}'@Iﬂe'dﬂjrﬁé?ﬁ I&Fdl deeininedi e tepahate eqnﬁmiferaﬁttheranergvld

substltutlo any such other types of processor ci rc f &Ini 8ered
not to detmagef?r}(ﬁ’ﬁ?ﬂhﬁzsc'@p@"%?"’th@"ﬁleé%eﬁhﬁ Fhgrging §Ffa 36%‘?95’ é/ t he

cl ai ms ende ! fife FFERPABABIFASARD 15 [N
comuni CHH)%% %\ngt%:‘ﬁ{&l ﬁ\aﬁf‘éﬁ‘ él&lc aﬂrrgé‘l)rrt)%gll éTg‘g%{ ((:)Fes i ncluding a non-vol atile-
menory 1§%na4’s bans! die commumcatlon network 90 representing either a selection of y
|  “fast" chargmg or of "float” charging, res_pectavely. Aliernatively, the selection

| 15 . of 'charging strategiés may be determined automatically if desired.

i desnred the processor circuit 50 may be in further communication with other
additional dewces of the vehlcle 48, either via the communication ‘network 90

" or otherwise.

Referring to Figure 5, the processor circuit is shown generally at 50. Inthis
20 " embodiment, the processor circuit 50 includés a microprocessor 120.
| ~ Alternatively, other types of processor circuits may be substituted for the
: micfoprOGessor 120. More géneral!y, in this specification, the term "processor
circuit” is intended to broadly encompass ahy type of circuit, device or
cbmbinétioh of circuits and/or devices capable of performing the functions
25 - - described herein or 'equivélent functions, including (without Iimitation)'other |
'types of microprocessors, mlcrocontrollers other integrated cwcwts other
types of electrical circuits or combinations of cwcuxts logic gates or gate B -
arrays or programmable devices of any sort, either alone or in combination |
 with other such circuits or devices located at the same location or remotely

.30 N ‘fro_m each other, for example._ Additional types of processor circuits will be -




access nenory (RAM 124, and a nedia interface 126. In tHtSugbhdWenent, the- -

non- volngbe oVBpry 122 I's used to store various routines.executable by
the nicroprocéessor 120, including, an energy supply 10 r SGE/GAD3MO%? Thus,
as discussed in greater detail below in connection with the energy supply
routine 128, in this enbodi ment the non-volatile nenory 1122 acts as a
conputer readabl e nedi um providing codes for directing the processor
circuit 50 to control power supplied by £20e energy generating device 44 to
the energy bus 42 in response to the braking signal 52 indicative of user -

15 brake acapparem toathssiortiinafilyy skifsd In 8% art ﬁﬁgjhre%revg%ggﬁ%eeﬂenq? "%Qmergy

prOV|d|ng ges for dlrectlng the processor ci'r

cont ri but i oRRd Sythsditelien ef @nyysuchs othemtyphs eIk sSRNefrébitd & %ﬁéﬁ%r&ﬁ‘d

to prevent

fromthe e Kin respectivelvy,
ﬁ&@@ &%]Bé exrc‘&i g‘&p%é’i ?’5%6”” ?%ﬁfﬁlm\éefél)égyas:def init ity the. cliing hi s

contributi

enbodi nent apﬂmd@héﬁét@ol atl le menory 122 cooperates with the
m-croprocessor 120 to produce a signal 123 conprising code segnents for
directing the roce sor circuit 50 to performthe functions of the energy

suppl y r outfin Rﬂ!fﬁﬁlﬂbtﬁh%hw)romomww 120 higr inVesrn &t Paw' such
signal s nma lmea"ﬁpgﬂﬁ%ﬁbﬁg In this 'éé:nbodl ment, the non-volati m?ry
122 incl udés an’erasa feviges, Uigluding & Hepuialatile snemtory 122]i amandoeh as
an el ectri agbéys arerno me [y (ag20=V2) ry (EEPROM) or a FLASH
menory, for exanple. & e'erzatlveI e,éem ﬂlt ééegﬁggorrputer readabl e nedi a
may be subfr'{ltut ed for the non-volatile nenory 122, such as renovable '

medi a i nse

(o oser ARES SO ARG Reet By ndiconianorey samly '
fesi ?2&"‘5?2’?.‘“2""‘fo"?xf‘e‘”%ﬁ'g?ﬁ‘wssé"% foateh Betai SeIbln ddhetblyutlathe Ve

“braki ng t ST g %50\4@"3;3 j_lgg i thzs embodrment the non-volatile ‘memory 122

~acts as a computer readable medium providing ‘codes for directing the.

processor cxrcurt 50 to control power supplied by the energy generating devuce-'

44 to the energy bus 42 in response to the brakrng srgnal 52 mdlcatwe of user

1.5 brake actuation, and similarly, acts as a computer readable medrum providing

codes for directing the processor circuit to control the energy contrlbutlonsr

\ - -onto the energy bus from the energy generatlng device and from the

) . regenerative braking system’ respectively, to prevent the contributions from
/ | N exceedmg a desired total energy contribution. In this embodiment, the non- - -}
20 volatile memory 122 cooperates with the microprocessor 120 to produce a o
| s:gna# 123 compnsmg code segments for directing the processor circuit 50 to
perform the funct:ons of the energy supply routme 128. Alternatrvely, .'
however, other ways of generatmg such signals may be substltuted In this
embodiment, the non-volatile memory 122 includes an erasable re-writable
25 - computer readable medium, such as an electncal!y erasable programmable
read only memory (EEPROM) or.a FLASH memory, for example
Alternatively, other types of computer readabie media may be substltuted for
the non-volatile memory 122, such as removabie medla msertable into the
media lnterface 126, for example

AF eempadimpat, thednenivelatileamenict, 1221 Qs - st AUAUSE 20&6-
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maxi-mym char gi ng current | ook-up map 133, and first and dééuest 208ct i on

- notor efficiency |ook-up maps 134 and 135. In this enbddi nent, the desired
braki ng torque | ook-up map 130 includes fields for Vehb%&ﬁnﬁﬁ@@ﬂg br ake

= pedalwops#itiBdn, and desired braking torque, and thus allows for fast
output of a desired braking torque corresponding to vehi cl e speed and
brake, pedal 10 position input variables. If desired, further input
variable fields may be provided, such as a brake pedal position rate of
change field, for exanple.- Simlarly21in this enbodi nent the maxi num
avail abl e regenerative braking torque |ook-up map 132 includes fields for

tracti R FoLal SRlodhAERL! he TRALVABLIBDHImbRMIAZ Elsee, stales @axi mum

avai | abl Ve aking 15 torque, and thus allqws for fasﬁ‘t out put
of"a maxj, gm?vegflrgbk@pr agmsefat use bprihki WT@BW%SQBH?WHFQg

. traction not rot ati onal ed te r ] SO in-
“ this emeder@hsupp%f%ﬂermﬁgcﬁ&?‘&ﬂﬂg L@ﬂrgﬁ%@ ilﬁ%’q‘lr?g ib?g?'f(é'lslrrrncafiéudes

fields fq{, SLate i, 4 BfabibSERNBRMIVG bRlkhg m‘uﬁum'-ﬂl@\'mﬂ dB@haa gi ng
,current 8 | {15 ast tron of the lTatter in 20 re stgtothe
rrrer mwaﬁl(ﬂhi i‘ng d;mrremtelquelsremnalen‘iﬁﬁdrﬂféhtf rq.thgndfeercgp M on

tor ef I ciency | ook-up nmap 134 fi | aadiRsd
torque, trmiot e mlﬁ%@bloqkd{%m%?égﬁ'&%d?f%n tracé'ﬁ%na mrmeéf fi Cil ency, to

all fesponisie speedidribe pedal
i npa\tN va f%?%gnPdLLe E)%f( Lﬁ:{‘m%fp L%Géﬂec@g%rﬁé Ilérﬂgcs:{ ?gg@rmt orpe?f fici enC\F/)};ll o\gllz up

“map 135 FBgiuBﬁeSarid @e@&ea%mmg rtameorand)tﬂws @é‘ﬁé‘isaffl{d ash RPUL OL i o

| "ot or ational speed, and tracti tor Y ank0 RSt
" i'denti f i desired bfaklm@ tPEAUe: COTEE lﬂ% ﬁ%L %r% rarera nrtdv\g?%lér?o \Séé

variables. Lt will .b ci. bat mhﬁeﬁnﬁ iff iveriabie dields cn‘lay Hee desi r ed
#Paki ng PBF’G’G’Q : %%k%@%g g\‘ ?}és’ire maxi num a€a| | abl e r ?nerat I ve braking

torque I@ i4ed, saph ka2a hrake padahpositien gaiegot GhABAE el QI EHHBP 3 and
t-he et Slrrirlarly, ln0 t%é ér%%odrméﬁ? the mz?n?é{n%r%:)’g\?arfégé %%@n%%ﬁf% brddng

' -torque Iook—up map 132 mcludes fields for traction motor rotational speed,
- tractron motor temperature and maximum available regenerative braking
15 torque; and thus allows for fast output of a maximum avarlable regenerative
brakrng torque correspondlng to traction motor rotatronal speed and
~ temperature input variables. Also in this embodrment the maximum charging
| ‘current look-up map 133 includes fi elds for state of charge, temperature and

- maximum allowable chargrng current, to allow fast |dent|ﬁcatsdn of the latter in |

| 20 - response to the former input variables. In the present embodiment the first-
traction motor efficiency look-up map 134 inciudes fields for tractton rmotor
- torque, traction motor rotat:onal speed, and traction motor efficiency, to aliow
| fast identification of the latier in response to the former two input variables.

Similarly, the second tractron motor efficiency look-up map 135 includes ﬂeIdS'

25 - for _tractron motor-generated power, traction’ motor rotational speed and

traction motor efficiency, to allow fast identification of the latter in response to

. .  the former two input variables.

1t will be apprecrated that the specific contents of the desrred braklng torque
look—up map 130, the maximum available regeneratlve braking torque look-up

3(j .. map 132, the maximum charglng current Iook— up map 133 and the effi crency




| ook-up maps 134 and 135 are dependent upon the PropertlééA&ﬁus’E?PQG

parti culwo es@mzasbe to which the | ook-up maps relate. In tt}ics“@m% ﬁgent
the maxi mum avail abl e regenerative braking torque | ook-up map and the
efficiency | ook-up maps 134 and 135 are provided by the manufacturer of the, .
5 traction motors 54 and 56, which in this enbodinent is Uni que Mbility,
Inc. of Golden, Colorado, USA. Mre generally, the identification of the
specific contents of the various | ook- U';?Zmaps corresponding to a
particul ar icle would be well within the abilities of one ordi narlly

skilled in 4Pt Maps 134 amdolfiSreare, dependent UpAURRLY pkEREries d28he

programs or Q.m cr rocessor 120 to define various
registers i Rgﬁde%XRFq'f%]?? '%F% %Upfrﬁﬁﬂ’%\ﬁﬂﬁ@i’ la thishembedspenrt] the
regi ster 13Gaximbmakeyziethd régé}%n{/@%@kﬂrﬁ.g ?gg%oé%rmggz %’F{‘b‘i%i‘agg
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brakg ng tor dr?mo%ﬁ-{ &:c}%’ m al | owabl e charging 15 current
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regenerati ve

Unel udi d
torque 1 oot 30 Blwel me|%@ﬁ@ﬁss&%%%méﬁaammeartdes. red APU

torque regis
power output register 160; an actual APU power output register 162; a -

t de thg ait] er 164; and.a frict |
Tson s usrttent g il 01l o o
i di scusSHFOPRORSN 201k defing waribes registan, lnlthetRAqueHcl@&PQ :
cec126 B

the nmedia inter
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i ncl udes aser

f dﬂotﬂ?dbmdbfa t ted di sk, f
roma dis si l{‘iﬁg brRflel lst%rq\@ %ftr%cgl 1] %@%@ﬂ%reﬁegr

exanpl e. Ang natively, in addition, the
i ncl ude a pﬁ:ﬁ/eﬁ?%éﬂ%aaﬁls\)’étqmrpropemaﬂ registenfidgmat hﬁ?{lﬁlﬁ%@aﬁélﬂgpy
of conputer

{eatob & FEdontatuessif, (RIRNE Y it bhadensoamingoos
15 ~ Current register 146; an energy storage system setpoint register 148; a
~ charging strategy flag register 150: a des:red charging current register 152; a
other loads register 153; an energy bus voltage register 154; a tractlon motor
efiiciency register 155; a desired current drain register 156 inchuding a torque
~ sub-field 157; a maximum desired regenerative braking torque register 158
20 - including a current sub-field 159: a desrred APU power output register 160; an - ‘(3
actual APU power output regsster 162 a present desired regenerative brakmg
torque register 164; and a friction braking. torque register 166. These
regrsters and their respect:ve contents are drscussed in greater detail further

| below, in the context of the energy-supply routine 128.

25 . In this embodlment the media lnterface 126 mcludes a Iaser disk reader
' which employs a laser to read mformatlon from a d:sk 170, which may include
aDVD ora CD formatted disk, for example. Alternatlvely, orin addltlon the
media interface 126 may include a floppy diskette drive for recewmg'
_ . information from a floppy diskette 172, for example Alternatively, any other
30 - - type of computer readable media may be substrtuted for the disk 170 or the - |




PCT/-:CA03100269 WD 03/ 072389 -23- diskette 172, and appr SprHeHse2006

- corresponding nedi a readers may be substituted for the nedia interface
126. Such conputer readable nmedia may be enpl oyed insteata0doo269 in

addi tWGr@340623the non-vol atile menory 122, in order to provide or update
the various routines and/ or the | ook- up- maps 5 stored in the non-volatile
menmory 122. Referring to Figures 4 and 5, in this enbodi ment the

m croprocessor 190 is in further communication with an input interface 180
and with an output interface 182, fordeceiving comunication signals from
vari.ous devices of the vehicle 48, and for transmtting control S|gnals to
such devidiggetts eITGt andl pf@)riéieaaﬂmrﬁemonﬂlng inedieh ergaidsse nMahbB & ment

th t d t t t th th
oo bl teithe SUARTARS Tt S8c. Corrpiter, FETaatle Htadimie " 1 h°
the out pttﬁ ' ntpglro&‘@ﬁem%?é%d@?' vale %Qﬁltﬁoﬁeﬂﬁrl%benbﬁlvéfd‘tﬂ’@‘?ﬁeﬁlb 18 tihose

shown in exanpl e, ternatively, maylnclueasmgle

i nput / out by (to\/\b}owaé et apeatelthe varkivs eoditismand/ort e iogkup | MEPst ace
.180 receives, fromthe caonmmunicati ons network 90, -signals fromthe various
deivi ces cdorestiretne noieveledlq BeMai 124 espect i ve i nterfaces), including

- signals fromthe first current sensor 96, fromthe auxiliary power unit

64, frOm%%g@ryﬁ%g%e%n&%nggfmszé%oa.ﬁ@mttﬁ@niae Rppossskal 1281100 82,

f rom‘t he ge system O fromthe regenerative braking system
46, ' f r omiiRes eoATNORICatio withreh hpmnhnteﬁaceﬁeﬁfbamévﬂmrw @g;ptg@m@&a@re 110

Such | | dtoth 0
Ut Eg oa'ltgs&zs,rfgé??{&%é%ég@m%&ﬁﬁeﬁmg @éﬁg{gﬁgé\sg%% F?S‘%e%mgsmm croprocessor :
120 via ;quh%ﬁ(g‘l]rgp't%én%ﬁm\gg%mbk sifhald Got Bch Niesidarcemspdotivelp, 100, 100

~ ~and 98 o lary p uni t he regenerative braking system 46,
e fricticpievy ddsnin mespmeao emmbdnmrértbegppgt and quitpyt inderfages 180

respectivel y, Rel e i 00 L0 LS Svith i cbniiESESs RERASKISS snbliA in

m cr.opro
" Figure 4. The |nput |nterface 180 and the output interface 182 may include

.separate interfaces such as those shown in Figure 5, for example, or

aiternatively, may include a smg!e inputfoutput ("llO") lnterface.

15 " In this embodiment, the - input interface. 180 receives, from the
communications network 90, signals from the various devices connected

thereto (or their respective interfaces), including signals from the first current
sensor 96, from the auxrllary power unit 64, from the second current sensor
104, from the brake pedal sensor 82, from the energy siorage system 62,
20 . - from the regenerative braking system 46, from the speedometer 84 and from
the charging strategy selector 110. Such signals are relayed tor rhe

microprocessor 120.

In this embodiment, the output interface 182 transmits co_ntr’ol signals from the
MiCroprocessor 120 via the communications network 90, to the interfaces 94,
25 4100, 106 and 98 of the auxiliary power unit 64, the regenerative braking
system 46, the fnction braking system 80 and the energy storage system 62

respectively.

' Referrmg to F!gure 5 in the present embodlment the microprocessor 120 isin

further communlcatlon with an externa! commumca’uons lnterface 184 The




further. comunication with an external communications inf/éAPese20084. The 14 -
August 0§ 03/0365§3/ 072389 PCT/ CA03/ 00269 -24- external gonmunications
interface 184 may be used to enable the mcroprocessor 136 AL cat e

Wi th devices outside the hybrid electric vehicle 48, and may include a .-
wi rel ess communi cations interface for comunicating w tlh a network such as
the internet, for exanple. If desired, 5 the external communications
interface 184 may be enpl oyed to enabl e-2a external control device to _
transmt control signals to the microprocessor 120 to cause it to alter or

updat e t he extaermialecoamtuhicakions imtBEFass oMed 'rﬂayhﬁen%edo'tét 'én%bi@”ﬂﬁdé/
122. 'Similarly, the external tomrunications interface 184 nmy be used ta

enabl e an Q%P@Rfé’lceé‘ﬁwf i ép taef»?ﬁre@wateaw§mdevmsmdspia>¢bembnﬂoemm| t a
si.gnal inclu code. se%nents

| h 23, th
For i rect ‘Rl (48, Sand \fndh) ABp”d VlBleds S BBmrEeategs ineraee: 4o
t hose of tBengne@nimatingpPRitly o AEIWGIR AR a@rthé’tlrlﬂ%ﬁ?ét“ﬂﬁ'téﬂaﬁlpléf lﬂﬁééfr&g

Referring to F| res 4, 5 and 6, the energy supply routine

gereral I'y t nah qﬂiﬂyUHBIO@tIO@riétﬁfaOﬁe 18heneydreyersplmied twenable 128
prograns o sso ircu t 0. control power

suppl i ed bé/x e%@a@%%ﬁt&%tﬁgeﬁ %Q} i 'éjs \ﬁoggoﬁﬁlgp@\st tﬁetRQHBWFPE%%e%Pr 120 to
response tgadidie itofchkitegop 'uﬂﬂé{e tive2 rd)tﬁlﬂié‘éj‘&h&%@i %’ %eacfﬁl{ﬂb The
energy supply . routine 128 of the present enbo so configures the

_ processor VQlatig memont. dzaonﬁﬂfﬁllalﬂmdheeaetayyaboummﬂuucahoasqnt@fadme 18der gy
bus 42 fro ratln 20 devj 44 and from the regenerative _
br aki ng S)}?thee égggg%é%%ﬁ? ?“%Pevﬁﬂfd?wee {3 Hansputtiteribe resessor -
exgeedi ng dircifitsar edntrof @Igr%fl'eétﬂih G@NiHd RidnAng23 R Eieighdl tn?%lﬁﬂﬁ’):g’ gg)g% f4 -
0 .

5 and 6, the energg} suppl’y routine 128 begins Wt II‘St
- codes whi diegmenrist foridieeqiingctss proasssouidircall tnocarqcenneﬂmctlbnaksmmas|tgna| ,

i ndicativ l,ock 200 25 directs
the proceddre 8T fie BHBRE A7 sh e YBboel Alfesipdions, ¥uBsreda rrom t e
brake pedal sensor 82 via the comrunications network 90, to determ ne o
whet her t IReforrirlg by Figgeald,i%ahd @, dRki sifergl supptpid@ihedys @hlalwwgé’sﬁer%uE?r ake

- pedal at 128 in Figure 6. Generally, the energy supply routine 128 programs or
15 - configures the proc:essor circuit 50 fo control power supplied by the energy
* generating device 44 to the energ'y bus 42, in response to the braking signal

52 indicative of user brake actuation. The energy supply routine 128 of the

present embodlment also conﬁgures the processor circuit 50 to contro! the

“energy contributions onto the energy bus 42 from the elnergy generating

- 20 device 44 and from the regenerative brakmg system 46 respectively, to -

N

prevent the contributions from exceeding a desired total energy contribution.

Referring to Figures 2, 4, 5 and 6, the energy supply routine 128 begins with a -
'_ﬁrst block 200 of Codes which directs the processor cirCUii 50 to re'ce:ive a
7 braking signal indicative of user brake actuation. More particularly, block 200 |
25 -directs the processor cifcuit to monitor the braking signal 52 received from the- B
brake pedal sensor 82 via the comm.unicatio-ns' network 90, tc; determine
whether the braking Stgna! is indicative of actuation by a user of a brake pedal
'_ of the vehicle fo which the brake pedal sensor 82 is connected. Various ways |
E ~of monitoring such signals and determining whether brake actuation has

30 occurred would be re,adily apparent to those ordinarily skilled in the art upon




. GXECUtI n

of the. vehicle to which the brake pedal sensor 812 is coldfAée8¥t290¢ar i ous
ways of nonitoring such signals and determ nini ng whet her brake actuation
has 30 occurred woul d be readily apparent to those ordipgarddegioeispel | ed in
the aVO GFstH® §4 August 2006 - WD 03/ 072389 PCTI CA03/ 00269 -25 review of
this specification. For exanple, in the present enbodi nent, the brake
pedal sensor 82 generates signals indicative of a position of the brake p
edal of the vehicle 48, and bl ock 200 directs the processor circuit to
periodically receive such signal s fr o®dt he brake pedal sensor 82, and to 5 N
mai ntain, in the brake pedal sensor register 138, a present brake edal

0si ti on valus, RIS &pecMicEBERONEEr baatpte, shgthe prema@ﬁeembw $860 from

the brake pedaI sensor 82 via the network 90 ang @gﬁghgﬂsmg tﬂ%ﬁ cpedal
posi tion brakerepqﬂ&icﬁﬁf@@fraﬂ gengratpsesiopaleiRdicpva o & BERUVE P IS m the br ake
os: t1 on Padslaat ahsi JEbEl e e B 2 e B bk 1

position Pel I e present and Brevr ous br ake pedal

posi ti onery @idthaliys reéside | sud sigraik drgre dab brakeopedabisenser B28 ane tBqual to
zero, re

_ is N0 need to execute the re |nd r of
rgiti ne Irp@intais, tinethe dirake pedn! $RRSOENFEYS m%‘E\"ep B 7 réfe?’ﬁgglﬁffgge ée(%al , and

the energy s routine %ﬁeﬁg tl V@acﬁaom'mb a
t ot al deercr%%gfgVéHW@HF&Hi@?%?&?&HG ow E’geﬁ?t h reglener ativ and
-~ fricti ;)nb Egl ggdgpsbﬂggﬁ 820 vielthe netGaomeBGebnd af peavipesdirakeep alt he
presen ra

dal t | dt b | t
value is |tmfrqgal?u€t @?;‘Iéwéﬁ%ntmvg‘?ﬁun%rla?gkng% S'@PF‘&C?‘E&E'W& ﬁff’ci@e‘ggor'%g}%'r chO'?
- K0 | itioR2 b

0 to .re?@ﬂaj Lo tF%ﬁ@@% @Heecﬁech)éerﬁogtr @Ebhhere\hbegeraadaiedsepss ioB2 by

€ energy supply :'20 routine 128, and in this
ard, thcRARRADAOT FWJHUhe present and epnewuousrbrake palal pasition ¥aluss| ow,

pAC o i g peda s R SR cAL B LRI s Do
pr ocessor cr(i %greg % Ll '%%'rﬁér 8f tﬁé)bﬁé;gﬁfﬁ?]ﬁ;ﬂﬁ rbuﬁnélm tasrmeeuser :

response % ng si gna 2 receive om 25 the brakeyped sensor
.82..To aqguwepréeeaﬂymm@semg ttier etk pérdalpapdetiivopnergy supply routine

128 will have executed at least once with a total desired braking torque of

45 . zero, allowing both regeneratrve and frrctron braking to -reset to zero.
| Conversely, if at ieast one of the present brake pedal posntion value and the
previous brake pedal position value is not equal to zero, then block 200
directs the processor circuit 50 to respond to the srgnals recelved from the
brake pedal sensor 82 -by executing the remainder of the energy supply
‘?:'-‘.’12-0 ~ routine 128, and in this regard the processor cxrcurt is drrected to block 210
. discussed below. Alternatively, other ways of determ:nmg whether a braking

srgnal has been received may be substituted.

In-this embodiment, block 210 directs the processor circuit 50 to rdentrfy a
total desired braking torque in response to the braking elgnal 52 received from
25  the brake pedal sensor 82. To achieve this, block 210 directs the processor
* circuit to receive signals from the speedometer 84 via the nefwork 90
represent:ng the. current speed of the vehicle, and to store a value
representing this current vehicle speed in the vehicle speed register 136 of.
‘the RAM 124. Block 210 then directs the processor circuit to use the present |
- 30 . vehicle: speed value stored in the vehtcle speed register 136, and the present‘ '




circuit to receive signals fromthe speedoneter 84 via tH&AHSSIEAR 90 .

r epr esepii current’ speed of the vehicle, and to sLore a val ue
repres_% ioglg7%3ﬁlss current vehicle speed in the vehicle sg&décAB§02%er 136

of. the RAM 124. Bl ock 210 then directs the processor ﬁircuit to use the
- present 30 vehicle speed value stored in the vehicle speed register 136,
and the present 14 August 2006 WO 03/072389 PCT/ CA03/00269 -26 brake
~, pedal position value stored in the bra¥® pedal sensor register 138, to
| ocat e and address a corresponding record in the desired braking torque

1 ook- up rupke3oedalopesition vahe: stwreddhahi! srake i hng the
correspondi n rec&g&d n the desired braki ngat o%%éll OOS_OEB’@Q{IBSEQ'CS%%,C% 210°
directs tHECHPRE ress 8 worrespobding relvord imthendesiosd brakih@tordesiloer-
braking t thgpf' def-PQ4 sh f the record i the total desired
_braki ng torque rgg?s?&ej?@qua gﬁnh@-ﬁg&ﬂﬁlfzmerﬂp%ﬁ i VEPPN Weaknarthe: her
- ways of detrespbniding tréeordoinatheddekied HpaRikGD q‘yﬁ( ﬁgﬁp P
_ brgki ng si &nal may be substituted. For exagpnfﬂ)eré,“g?f eg&re., ’ﬁﬂéaﬁ?g@gnt_
and previ GUECHY Hk@ Procpesa cifsd ta eapy dheesontenisedf antdthk desinée® HraRig
~sensor reg r Yy U to calculate a rate of.change of thé brake
‘pedal posﬁrﬁgﬁ,ﬁ%@gﬁé@eﬁ?ﬁ@ gfﬁlée srﬁ‘é‘é'&PWtPht gl E‘ﬁé‘rﬁgebfaﬂm trguessed
 the brakerquister, 140 ofr e RAM cl2foe M HET ISed- a itignal-
- variable to address the desired braking T‘g?gﬁ’g Pg%ﬁéﬁ%'nggﬁ#Bwsn rder
to ef f ect IGEMINRG ihgetoabdesieechbeaiing iterquenin iresportse i @ bekinng SRl
ster, or - urgent actuation of the

br aki [ f
or ake pedify iy PRRSTRARE® Eor bx@mplE, fidrsiredl g scsecand aseviedsmakeng -
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-4, 5 and 6, pblock 220 then directs the -processor circ
t he maxi rﬁﬁﬁdatpapﬁg’b!'%ter%gé?ﬁeﬂé?haageerkthagﬂ)ltaheqpedalhpa:bsitiOnj fepréfeRfiggent |y
be’ provi : i ] ' raki system 46 of the .vehicle 48 "In -
this r eggﬁg,éarée}éd;r%ﬂhﬁg B"SalcI @%_X"%EPdlﬁseggPr %S‘%xﬂfre braks nedalathis rataofi f t he
- change value may be used as an additional variable to address the desired '

braking torque look-up map 130, in order to effectively provide a brake assist
15 function, to provide greater braking torque in response to a faster or more
urgent actuation of the brake pedal by the user. Or, as a further example, the

desired braking torque may be célculated from a predefined formula.

Referring to Figures 2, 4, 5 and 6, block 220 then directs the-proceséor 'cifcdit-
‘ 50 to identify the maximum available regenerative braking”tlnrque that coufd
20 presently be provided b'y the regenerative braking system 46 of the vehicle
48. In this regard, referring back to Figure 2 it will be appreciated that if the .
vehicle 48 is in motion and the traction motors 54 and 56 cease to draw
energy from the energy bus 42 to rotate the drive wheels 58 and 60 while
_ _ _remai_ning engaged with the drive wheels, the forward ,rﬁomentum of th_e-.
25 : ._‘vehicle'48 causes the drive wheels 58 and 60 to continue rétating, thus.
forcing the tra'cﬁ_on motors 54 and 56 to rotate. The traction motors thus acf |
~ as generators driven by the drive wheels, supplying energy o the en'e'r_gy_bus
42, by converting the vehicle’s kinetic energy into electricity.‘ Block . 220
R . directs the précessor circuit 50 to identify the maximum regenerative braking
30 - torque th_at the traction motors '_l54 and 56 could presentiy appfy to the drive

-




vehicle 48 i.s in notion and the traction notors 54 and 564AHeSE2008 dr aw
energy fromthe energy bus 42 to rotate the drive wheels 58 and 60 while
remai ni ng engaged with the drive wheels, the forward TRUdmRp the 25
vehi wioeo3@288uses the drive wheels 58 and 60 to continue rotating, thus
forcing the traction notors 54 and 56 - to rotate. The thaction motors thus
act as generators driven by the drive wheels, supplying energy to the
energy bus 42, by converting the vehicle!'s kinetic energy into : :
electricity. Block 220 "directs the @fecessor circuit 50 to identify the
maxi mum regenerative braking 30 torque that the traction notor 33|5,4kand 56
coul-d present | apnlag ﬁgﬂ(ﬂéd&erﬁeM@ﬁicm Tomahtaethes dloc _
Pi CT/ CAO%?%%?G% gaa%\/\%@erpg 8 and 60 in order to_.decelerate r;t r}gti\\/ghi cle
48." To a%éy eredidithe promeksor2zBcuit ecreseiMee s Joip 5 [RASY 8 Rceive
signals fromthe regeneratjive via its .C.atd nHhe'faaGerk @@, and t he
7 network l;ﬁekingasﬁﬁﬁﬁ”g@y‘é@éfﬁWWHF@?@E‘?W&P‘;&'&% 1p®;§ent rotati ofg% speeds
and the tenperat of . fonaP NspfBdder ain@4 tendefitheratuges oOistloee t hese
. val ues &Pt r{%wﬁﬁﬁgnbrr%?gtr .&Eﬁpr operties register, 1&}% g_f t he R$%4 124, = -
?C’Ck 23 dtiemn nibhtors t5d tihe 56, cares dostorg) thaset valgesd theetachilf IPhal speed
and tenperature val ues to | oca agdo O BRSO Rk ésord in the
 maxi numpropefties Eeg*éf&éﬂé?é?tfitk}%Wgﬂ%%gg%rﬁqsz}eﬂr%@k@ﬁ%&mpﬂ 32uei n é he
~ non-volatile memry - rodfsh defC ahd nenfperhture natoes to Jocele 200 directs
- the proc@r%r&{iuﬁgu¥r€e%§orocopy at'@ contents of a rraxlng@ avai | ablie .
- regener ajjyes8r akicoerespomndiag f rexodd (imotthe sMEXHNUIGY avRilableq redetef AN or g of

", the.look-up map 132 into the nmaxipgum .availa il PSEYR0R 1122, briong tor que
T egi st erbrakingoftoraue 1oME-4p4Mag) éégu%ﬁﬁ{edﬂ@?g%& thei’yiorocesso!9 circuit

50 toidentify a gesi haLek R0 direets thenprocessonharingiuigior BEP¥Begy
'Blorage Q%tﬂﬁlsgfﬂo% '{eﬁgr(?/’ehi cle 48. In the  present enbodi nﬁ%] , ﬁ% manner
i n" whi chydfigntie ofr ad mehamgim availablentregeneigiiver FH'%%’EQ dORYR s éorg Whet her -
the Charsgt;or{r?n)stoir’ %ﬁg %d?’gslsseec Perco% OOf the look-up map 132 into the maximum

| évéilable régen'erative braking torque register 144 of the RAM 124.

: Block 230 then directs the processor circuit 50 to identify a desired charging
15 :  current for charging the energy storage system 62 of the vehicle 48.. in the
| | présent embodiment, the manner in which the desired pharging current is
determined depends upon whether the charging strategy selector 110
indicates a "fast" (dr "opportunistic”) charging strategy, or whether it incjicates

. | ‘a "float" charging strategy. In this regard, block 230 directs the‘proc_:essor )
. _20‘ ~ circuit to receive a signal from the chargin'g strategy seflrec‘to_r 110 via the
. J -network 90, and to store a corresponding value in the charging strgtegy flag

E re‘gistef 450, representing either a fast or a. float charging strategy.

lf -the charging stfategy flag register 150 contents are set activg to indicate
fast cha.rgihg, block 230 directs the processor circulit tp identify, as the desired
25 : .charging current', a maximum'allowablle chalfging qunent for charging thg
| energy storage system 62. To achieve this, block 230 directs the processor
circuit 50 1o rece'iv'e' signais from the ESS 62 via its interface 938 andr the

| ﬁetwork 90, indicating a méximu_rh allowable ‘_cha'rging current value calculated
- by the ESS controller 72, and further directs the processor circuit to store this

30. - valueinthe maximum allowable charging curr_ent-_register 146. In_ thi.s;rega.rd,




indicates a "fast' (or "opportunistic") charging strategy4Asgusi#8s her it
Indicates a "float' charging strategy. In this regard, block 230 directs
the pro¥™38HO723%P circuit to receive a signal fromthe chapgrmaoeshizsdegy

sel ector 110 via the network 90, and to store a corresponding value in the, -

charging strategy flag register 150, representing either a fast -or a fl oat
charging strategy. If the charging strategy flag register 150 contents are
set active to indicate fast charging, _4d ock 230 directs the processor
circuit to identify, as the desired 25 charging current, a maxi mum

al I owabl e .charging current,. for, ch L.ng the eqper t orage syst 62. -To‘
achi eve t HdheiEReibantadmet e Schrialer P2 MbeteR 4% sats obehome |
signal s f 1o e teRiptaire 2ol the anleis] ¥ 8§ttérpd76,hﬁz r é<t&3vhi%h it
i ndi cating a maxi nrum al | owabl e charging current val ue calculate y-the
ESS cont r aldieulaitss trenchakimtinealloWalsie tchardiagmurced that cam dé appliedtottee thi s

30 value in the maxi alJ owapl e, chargi.ng current register ,146. In this
oS Lk ask Soe Rt 78 WibaatSFeeiing 5 BsiUeTIiBed, faxBuR balsry
enpodi nen E ' ' . '
CeRper at urSafe AndPael: Sintfs RtelBhfng Wie Shakith Aidie ditolc?
cal cul at esurtesit mextornutheal Haiwalit €98 hforgiregeiptir benthd hatooczsobecingyit i 80, t o -

- the at |east one battery 70 w thout exceedi n&a predet er mi ned maxi num
battery 5AlGRalielyaifqdesisednine mayaum aligyaleneharging eurrend may be
al | owabl e LAg by C QP Lik&si , receint.. by .t
processor C%!@é%!eta Eg H{erAlﬁF%cf nat ?VQF@{IP?P%E i'?’gad-!-| B {eheﬁ)ﬁat‘%%%xgl 99\?\35 e
charging eemiesehtingthoestatabtohaigedahy tempepatiee st dhecat Riast drls baktery

~exanpl e, by receiving signals representing the state of charge and,
 tHhper at o7l and stering uchovalygs 'Bamee%%sl@?

the ESS PLABRIVEIRS 1 BlE ankd 3ddhd 2 UdPdendittitly YBLORY if Ine HhaKn G
address a correspondi ng record Irn the nmaXi mdm <charging currént 10
133, and clangimy cuvent dovleapsmah t33mpandwoopyiald tvalcbaterisr gi agnaxinmemt .

field (not, shown) of the addressed record to the xi mum al | owabl e .
char gi ng EUFPW%% Flagroing cuirept digld (Rt akeyvps of therafergsesdceiacosditoribgi st er

152 As an{diihlRT afblEBbRALhNRing fouffett reBistdr 99B14RY theCBesF¥d harging
15 current register 152, As a further alternative, if desired, a control ‘Iobp may be
implemented to apply a correction to the maximum allowable charging
current. For example, once the maximum allowable charging current has
been initially determined by either the. processor circuit 50 or _the ESS
controller 72 at block 230, and has been actually applied to the ESS 62 as a

20 result of the execution of blocks 260 and 270 discussed below, the battery i)

- voltage méy be meastired by the ESS controller 72 while the maximum
~ allowable charging current is being apprlied, and if _thé battery voltage is less
than the known maximum battery voltage, the-maxirri,um allOwal:‘_)le charging
~current may be increased until ,th_é ‘battery voltage equals the maximum
25~ battery voltage. Irrespectivé of how the maximum aliowable charging current
register 146 contents are obtained, if the charging strategy flag register 150
__',contents are set _active' to indicate fast,Chargirig, block 230 directs the
~ processor _cirduit 50 to copy' the contents of the m.axim'um. allowabie'charg.ing

.current register 146 to the desired charging current register 152.

GieerdRy reaiteRgl4dichepaseg in -

ok-up map




i npt emented to apply a correction to the maxi mum al | owabl'&ABEY40P% g
_current. For exanple, once the maxi mum al | owabl e charging current has been
initj i} ﬂ%derm ned by either the processor circuit FRETFABRRESS
cont er at bl ock 230, and has been actually applied to the ESS 62 as
~a 20 result of the execution of blocks 260 and 276 di scussed bel ow, the
~battery voltage may be neasured by the ESS controller 72 while the maxi num

al l owabl e charging current is being agpl ied, and if the battery voltage is
l'ess than the known maxi mum battery“Vol tage, the maxi mum al | owabl e

charging -current may be increased until _ the b tte u t he
maxi mumferhativelyy it the agetents radsthec Enrging SH ﬁgﬂa% YL M a??o@l\/aef)l e

strar Ieggnggtgry[@et%gwépal > %a% ﬁﬁf @%ﬂ%ﬁe BN 23@Qﬁheots tiehprotieasai ng

S arée-'Set active to indicate fast
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trve indicate a float char |ng
~strat egﬁeﬂgbg.gkbééﬂ GtbRfired Bﬁ theOEsSsomntrcdlafcIﬂt Borespangerio Y

desired i'ng current for charging the naI S
fr gmt L he_;@?tﬂé@%pg%smﬂm WSE%&@@TSW ﬁeﬁp@t@;ﬁ%@b %i'ir%#iﬁ%}:m BIbP Ecﬁ 98
an e networ resen cthFhDRe gk has
been detaoMtieSBYE HePT m@X%u%%_}géfﬁ Loh e

n response to such nal s

‘represe GeSRir RiYcOlt fo bbpycmezeontﬁrﬁe@n‘ ihe E@Sp?’%iee or
circuit ’2%{‘@} to—rglrgé?gﬁgggondl ng val ue i Ei E§§ set poi nt register 148.
@) ock  %2Qistbenddito the desined ghatdag GHTEN '2?19’? ef gopy the contents of the

SS set poi nt 10'regiSter 148 to the desired charging current register 152.

Bl ock Mt hen ct S I 510 16 Gdenkéfpt 4 fdesiwededtirrest curr ent
“drain fr%ﬁ’PF %?@ﬁ%%ésoi@é%ﬁ@ﬁ. g cgr%lblgdl ment ?ﬁg ple‘i i red ghrr ent drain

repr esenél%ll{ Rent Qﬁ@'enfehrgﬁhuscﬂ dmrtmleretmbwmﬁrg tl‘@ gESHE TR #He ener gy -
e represents the total electrical current that is to be drawn from the energy bus .
- 42 while regenerahve braking is in progress. - Thus, in the present
15 o embodiment, the desired current drain includes the desired. charging current
| ' for charglng the energy. storage system 62, stored in the desired charging
current reglster 152 of the RAM 124 In the present embodlment the deswed
current draln further includes any currents drawn by the other high voltage
loads 74 mcludlng the transformer 76. To identify the deswed current drain,

: 20 in the p resent embodlment block 240 directs the processor circuit 50 to

recelve a signal from the second current sensor 104 via the network 90,
'representmg the electrlcal current presently being drawn by the other h:gh
voltage loads 74, as measured by the second current sensor 104. Block 240
- directs the processor c:rcunt to store a value representlng the measured drawn
25 current in the other loads reglster 153 of the RAM 124. Block 240 then directs |

the processor to add the contents of the desired charging ourrent register 152
and the other loads reglster 153 and to store the resulting sum in the desired

'current drain regrster 156.

- ‘Block 250 then directs the processor circuit 50 to identify 2 maximum desired

.30 | regeneratrve braklng torque in response to the total desured brakmg torque




42 while regenerative braking is in progress. Thus, in Hﬁéﬁpggﬁéﬂﬁ 15 -
enbodi n¥¥@ P3/e1288sdesi red current drain includes the desir | current .
for .charging the energy storage system 62, stored in thgeﬂggggggM%ﬁ%rging
current register 152 of the RAM 124. In the present enbqdi nent, the desired, .
current drain further in¢ludes any currents drawn by theé other high voltage
| oads 74, including the transforner 76. i dentify the desired current
drain, 20 in the present .enbodi ment, blotK 240 directs the processor -

circuit 56 recejve a sigpal fromthe second current sensor 104 via the
net wor k 90,4”91351&%@%%6*( bl ergeneralive braking teresennl thidrigaid P by
the other hirgSentvehimiim easured by the second current sensor
104.. Bl ockm£40 n%im . ;(é ;m;lbﬂgqér%@ggggrﬁ%%?ELi"P"@%eﬁ'\ﬁ'r€Uﬁ'eﬂb|39d<€18epnettmti ng
the measur EFCHTARYS ictewbuldpoteatiay BamRpdthd §% L fihe J3AM . .
124. Bl OCkoE ?l tg&eﬁ‘q?_i rﬁ)??ts the?proces)zor tﬁ%‘g?ﬁ%@&gﬁPgﬁ%gﬁtemggA
desired cha é fig”'c e i e gihardigh yoltage doade 74; ités desidbler teobaiitRst tha3,

' ' 156

and5t o st ofgspdetiveeshbrgh TS raihtion desired ,.current drain register
Bl ock 250 ttb]hen di rect s’byg pr oé@goéﬂ?'?rrﬁﬂepew'%éﬁm By gtem ddxand of
desired 3Uter egegigyatganeratimki dgvicer @d4e, td Npf, nge.to the total desired
~ braking torc],'L{e 14 Aug’ ust ~006 WD 03/ 0723831:%@%?(:&‘8%;05%@&'3’%0 e he
- maxi mum aveIEBHEORS JE9Br sxesading ok totalt desived évergi sofigbatien, i Nnt iss .

resent erdifigbamnént | fRe0 r revent voltage and current spikes on the
gnergy bu;m?lgb\/t\h@}rc?\t’v\t%t?r %q%of’%%f‘%)%lqrﬁﬁrﬂ)ﬂn‘&‘ﬂgﬂgiﬂlﬁo%dérwu&h to dbe dgsitedn 62
~or one or awsieRi giratrhealoe séoreli ighhs S i rabl e t

~ e oknes R i BojdBe LR St g

cq trol the g Sé)ect i ve energy contributions =Fat
sygt em 46 “8R Oyfh ShENEFBY g9nt§féﬁaaas,i agndzimum ddsiréd régENaRtive NSiakin
respectiv r ~CRNHG | | fromexceeding a total *desired ener -
conltori but ;&gﬁp@l %Yl?ﬁl% M%mgﬁ %@?t‘]; Q%@Wﬁ"@é@sﬁed eulpgofcdbet enbrgy on i s
equal to pREeHiRy device is niutidengliad vad a%cagteﬁa% oo d{af ﬁ?@%gﬁaﬁ? et
: i'ofys, a

drain regj §tueje 156. In order to 10 'control ese“energ

mexi mum dBSHPb ECYRRIRLVE braking tamng istibequincredse s qURRYy b Sbs¥iBlR
cor r esponghyiceRsding $he $elitinlhy b%%e%?%re@(red regenerative braking torque) to
15 - - the maximum desired regenerative braking. torque while preventiﬁg the"'

- contributions of the energy'generating device and of the regénerative braking
‘'system from exceeding the total desired energy contribution.

In this ‘embodiment, io identify the m‘aximu'm desired regenerétive braking
torque, bi'oqk 250 first directs the processor ci”rcuit 50 o ca;lculate a torque
20 _ equivalent of the desired current drain value stored in thé desired current . ./

dra_ip register 1567 To caiculate the torune'eq'u'ivalent, block 250 first directs

. the processor circuit to _recei\(e signals from the regeherative braking syétém ,

46 via th_e network 90 representing the rotational speed R '(in, rédians pe'r, -'

second) of the traction motors 54 and 56, and o store this value in the traction
25  motor properties register 142. Block 250 then directs the proceséor circuit to
receive'_signals from the voltage sensor 97 via the network 90‘represe‘nting a
m_easurement of the present voltage V on the energy bus 42, and to store a
value representing the present energy bus vo_lfag_e V in fhe énefgy,bus
| : voltage register 154. Block 250 then directs t_he processor ci_rcﬁit to multipty

- 30 _thg_voltage value stored in the energy bus voltage register 154 by the current. .




.generating-device is also i-dentified, as discussed in gré@afegustie08i | bel ow.
The actual regenerative braking torque is then increasked as quickly as
possi RlasidRYse NCreasi ng the setpoint or present desirdCHeyBH8?@ti ve
braking torque) to 15 the nmaxinum desired regenerative braking torque while
preventing the contributions of the energy generating Hevi ce and of the
regenerative braking systemfrom exceeding the total desired energy
contribution. In this enbodinent, to igdentify the maxi num desired
‘regenerative braking torque, block 2 first directs the processor circuit

- 50 to calculate a torqu 20, . equi val ent ,of the.desi urrent drain val ue
stored i valtR SPfed cﬁ’?er é%is"ﬂaaicH”reQ&i drain ’i%s.cleﬁ'o'iggl EtBI gf%élﬁ‘f’e Qorque
equi val eng I : e | FeCHSin ioCi ' recgia e .

ci'gnal s RPHFPREEIES BOWArlalde 22 The bitfeBSor BRANL IS ekt Urebied R ay

r épr esentthiggpdlwer valid Poard tsp dradtiéh (ator adiationabepeed seiredR storedhdn

traction notors 54 and 56, and. .to store thj v@)l ule in the tragti Qn 25 notor

propert i éker &RCCR Metor Mreptieso refisteryi Mkt 'tﬁga{gﬁr ot sBPAESScHt to |

.receive gj {4 H;eagg(f' S md i sgABGsSent i ng

' a?’ masu%gﬁ%%bggﬁmééggg@nt VO %ﬁfadg;gg& lﬁnﬁt\g ééﬂgglfﬁ?ygﬁésmgg%aﬁd to store

a val ue Umpt 4seating ghtheopespornting mecgyd, bolock o2$@ gairacts nthehpragessgy bus

- voltage register 154. Block 250 then directs the .proces ifcuit to _

. mul ti pl y cireuit e copyiam eifiiancy valus Ecstore Hba@ﬁgfﬁgn%ﬁe@’gﬁnpiaéoweépit er 154
by the ¢ e - ' Ot 2 _TQ,,%QS ! i stored -

. in the dzlié r%adj r%é?ég%;é% F(gﬁgqp%\é\?fgte %{n@&%@ﬂtu pr oduf:cgqgég-tg%?%sp?ntgfng

. power vak#fighcyl hegipteciidsiartheiRANM 124s Bloein 280rtbendtiracss thapradessopower '

value P and the-traction_ notor. rotational, s d yal.ue, R stored i.n _the
~ 1Pact | oncﬁﬁ'ﬂ'brtoptc@m%tieeg‘.er é%ﬁqé‘ﬁefeqpi"@ie'?toof)ggﬁt éesa;ﬁ%d it sgra""% as
correspo%iq&gs.record in the second traction notor efficiency |ook-up map
135. Upon 1 ocating the corresponding record, block 250 directs the
processor circuit to copy an efficiency value E stored in an efficiency
field (not- shown) of the addressed red@rd in the efficiency |ook-up map, .
to the traction motor efficiency r&gigger 155 in the RAM 124. Bl ock 250

then directs the processor

S wherein:
r=  the torque equivalent of the desired current drain; _
15 V= the present DC voliage on the energy bus 42, stored in the
' energy bus voliage register 154; ' ] '
i=  the desired current drain, stored.in the desired current drain

register 156; |
, R= the rotational épeecl of the traction motors, stored in the traction’
20 | motor properties register 142; and '
| . E = “the traction motor efﬁciéncy value stored in the traction motcr

- efficiency register 155.

Block 250 directs the processor circuit to Store the calculated tdrque
© 25 ! equivalent in the torque subfield 157 of'_the desired current drain register 156.

Block 250' then dirécts the prcice_ssor circuit 50 to identify the maximum

) desired regenerative braking torque, by setting the content_s'of the maximum
desired regenerative braking torque register 158 equal to the lesser of: the




10 circuit to calculate the torque equivalent of the desilfédduti?do8nt drain

as fol hwwsinXbge RE wherein: T the torque equival ent of desi red _
current drain; 15V the present DC voltage on the energy %éf@%ﬂ%mgt‘%red in

the energy bus voltage register 154; the desired.current drain, stored in,
the desired current drain register 156; R = the rotational speed of the -
traction notors,. stored in the traction 20 notor propertles register 142;
and E = the traction notor efficiency v@ue stored in the traction notor

efficiency register 155. Block 250 directs the processor circuit to store

the cal cul &tal desirgdebraking taruel waltie istoreleint Pledit@als
i e eBI ock 135%)' the?ll ?:Ilté%'g% g”%ﬁégqf%@é sor -

desired cu i ster 156,
FeiSten 4. b Fiinii ﬁﬁ(ﬁf'alaiesrpeeeene@geMa!ang\zerdmekame siorae. by

circuirt 50

setting thin ttenhentiiuah /88 enerative braking torque .
regi ster 158 equal to the Iaelgjg)eﬂr 0 #ﬁ% &%ﬂ g)§%66§9' 6#0?298919

PCT/ CA03/ Otyrgue BCB-HValentabfdlee;ldeedeUr@lﬂ | 1He ot al
- “J%&rﬁ‘ntﬁtn"%’va. I8 e A B O

%Ikr o ot gﬁ \;Q%u‘gg@ﬁ# é’glr nsg}}g dfl'golmﬁtﬁﬂ 58y ailhus) the egammm i d@gg"kg@kl ng .

ing -torqu
current

| f d d
tor que regegbRerdif/e bladk‘?hq% ug z$ l@#ﬁ)er& %c?tcg%txp%@dctggi tpgc;lrée@quémtem!r ain

drain, stored in the tor

regi ster I!ifGtheTH@&redrmmm)tldwmdﬁ@rrg is not
; S0t peRaRRS % SEA N o e

permtted g %ﬁteeg e tor quehgeqw val ent
nor is it dt& IR (T E6NEdOEe e the misximumeavaitable retEsicrative basting térefuay e or
t he maxi mum avail abl e regenerative braking torque. Block 260 then directs

‘the procestsuk 260 aHbh RS 1R brébdlenh LRTLPLNL Q4P &'Yesired power output /-
10 of the energy generatmg devrce 44, in response to the maximum desired
regenerative braking torque identified above at block 250. Moare particularly, -
| block 260 configures the processor circuit to set the desired power output by.
setting a desired current level of the auxiliary power unit 64 of the vehicle 48.

o In this regard, in the present embodiment, as noted, it is desirable to prevent‘ |
15 | the energy contributions of the regenerat:ve braking system 46 and the
energy generating device 44 from exceeding the total desired energy
contribution, which in this embodlment is the contents of the desired current
drain register 156. If this necessitates a reduction in the power supphed by ‘
| | either the energy generating device 44 or the regeneratlve braklng system 46,
20 . thenitis preferabie to reduce the power supphed by the energy generating.
device 44, while permitting the regenerative braklng system 46 to provide the
| maximum desired regenerative braking current to the energy bus 42,
Conversely, however it the sum of energy contnbutlons of the energy.'
. ‘generating device and the regeneratlve braking system would not exceed the'
25 total desired energy contribution, it is not necessary to reduce the output of

| the energy generatlng devrce

| In addition, in the present embodiment; when the energy supply routme 128 is
- first executed in response to a new braking srgnal detected at biock 200, it is
' desurable to proact:vely control the energy supphed by the energy generatmg




10 of the energy generating device 44, in response to thd4musishZi¥desired
- regenerative braking torque identified above at block 250. Mre
- particularly, block 260 configures the processor circgiiyds@saelset he
. desi re@ 038788 out put by setting a desired current level of the auxiliary
. power unit 64 of the vehicle 48. In this regard, in the present
enbodi nent, as noted, it is desirable to prevent 15 the energy ‘
contributions of the regenerative braking. system 46 and the energy -
generating device 44 from exceedi ng t-B8-total desired energy contribution,
“which in this enbodinent is the contents of the desired current drain '

regi ster qhiyfoe MY tdiise RReAPS bUOUDS buforoting regerienative bpaking systerhi 48 by
ei ther the energy generating device 44 or the regenerati ve','b{aki ng system
46, 20 t fiest haging supplving snerayotorthg rRIEran &Up oRePrdsh bp Preactlyeit RevEmdr gy

generat i deyice 44, ile LfLi t [ ' RLaalki ng tem 46
To o ovi e (B! oo Qe RrBE bt Rl PhgeBREL Fid P dBered Bheldy 0 00
bus 42, ARSI, Yin dupiRsewithi doriveationan ebctive systenas whidhutyipicediyodo t he
.energy generati ngl devi ce and the regenerati.ve braking system woul d.. not

~en ati-v g
‘efceed t ettiBgt unkl aftesi aredvarsolgge oprndition ignaiready dnnihe REREESSaO) t o

reduce the output of the er et at | devic : ddi -0, the -
present EfEHGIF ntfh'd\fre{[]u‘ Fﬁ eéﬁ%?‘gﬁ@ﬁrp%b;@‘ ¥ oﬁ{é‘ltn%elcl?@oﬁsgf Mér)gnég cut ed
lnr eSpQBﬁ@prO rauligy A28k placki @68l cdafigutesd the Iprocdss2iOcircnit | 50 desirabl e
to proactively control t—he_energl%/ suppl i ed by the energy generating 14
August 2eesmece dhe 7eagmilingcad Ine crevgy -spplied Ry the qriergy gengsaiigbus 42,

._ ‘before the reg rati i : ' | A8 S, j ergy to.
“the ener 9‘"6’33‘,?‘{'?'Ha%géc/fgtpgb?(%&%a%ﬁlb/@ﬁ;}ﬂgrrgé%ﬁ%aﬁt%ﬁgirtg@t 1 en%’lrng‘gs ﬁ the -
gher gy bife fuepiiciexdeedongnémeed cupblyitesieretggnt diie enelgyl tusi onViore o
contrast with conventional reactive systens whic tgl?:?%?’l I%_gdo 5 nﬁt hi ng
unti| af particaaré(dr -t Q@BEC’W{Himﬁcﬂﬁg‘i %X%qq“@&dgf?'ﬂ rgriguees dhe |
occurring, Th ' ' [ Lrent fi b 90 tRE drla@gener gy
suppl v ¢ BiRGESOL slrBut b BppaGted Exturolila SIEN iy SUBRIG B i crlseagner ov
comrencegéhgratmgt rdevicen bafbrd l‘;&)rmmﬂnganmni)pbf dbiebpupply eferegergaativat i ng.
. _'bréking energy to the energy bus, as the latter does not occur untif the first

'15 " execution of block 270 (discussed below) in the present embodiment.

| In view of the foregoing, in this embodiment, to set the desired power output
of the energy generating device 44, block 260 first directs the processor circuit
- 50 to recéive signals from the auxiliary power unit 64 via its q'ommunications -
g . interface 94 and the network 90, the signals representing a present desired
éO | current leve! of the auxifiary power unit 64. . More particulaﬂy, in this
) . embodiment, the present desired current level includes an APU setpoint that
has been established by a separate energy management controller (not
" shown, not part of this in\}ention). Alternatively, if desired, such signals may
_ 'lbe received from the énergy management controller via the network 90.
25 " Block 260 directs the processor circuit to store a value corresponding to the

received signals in the desired APU power output register 160.

Biobk‘ 260 then directs the processor circuit 50 to calculate a current
équival_ent of the ‘maximum desiréd.regenera‘tive braking torque value stored
" in the maximum desired regenerative braking torque register 158. |




device 44 no later than a tinme at which the regenerative 1BAugishdP0§yst em 46 - -

of 10 e 48 commences supplying energy to the ener bus. ' More
parti ch’Pérxr‘ %3%% this enmbodi ment the first execution of tﬂ‘fi@é‘*ﬁ’%?ﬁ i gures

the processor.circuit to commence controlling such energy supplied by the

energy generating device before connencenent of the supply of regenerative
braki ng energy to the energy bus, as the latter. does not occur until the
first 15 execution of block 270 (di scu34ed below) in the present '

embodi nent. in view of the foregoing, in this enbodinent, to set t he -
desired pdlecatpulate theofurrdist SHEY l 0 fli rSt
directs the processor circuit 50%%?2@2%%%%%2 ﬂ;]S ;égnql%'gﬁggﬁ

power  uni {the 4prpGesses %‘@Hﬁmﬂeaill‘amsd tonieeeivec sighdlsafrdrh hihien iy éfaﬁ@e the

I 20 t | | of th I
Pover uni Ereno oy A8nlaBI R G rfins egﬁ "SpiesRBleg fh fotatienshspesat hqé.i i1 ed
current | eafansnpérdecorsd) éﬁHeSteé Rrdinhdia! 54 B8 S5 SoARbi B

: Sﬁgarate ‘ener gy nanagenent contro

ent i onin thmtfuaﬁﬁpnv@pwr pfommrhes emg:sten mm, gs:mi szkéausebqhéeﬁmc\ég,goi rom
260

Irects

h | ] 25.Bl ock
the or oo SEirdt 395 Mtedtl otadtive Sundls SForb oo HoRADE SSeTROr BZodiytis

‘signals lneivhﬁ-kdeal f@ﬂe@é’hﬂ ‘@%@é@l%fn 15&?5( }ggen 'v%z%g%\?g( tgﬁte{hﬁ the.---

directs the processor ci rc 50 to ca ELFTEm
maxi num de’engyd busgéRenndi twestmraka ngahu@rrepaesm:ltmg #eoppeseh ehl ggﬁ%.lémm
200

~desired r v brakl tor e register 158. 14 August :
03/ 072389 &Wg‘/ ggerayshusy ﬁageu qister; Hed.c By te egligibls, tiime wi |

- b recal |slgpsdatbetivebh e cafifn ot bRy 256 'éﬁdﬁleﬁl?igﬁ rth‘i%%%eagjq\%ﬁ R qrﬁiﬁct ed-

to 'receive signals fromthe regenerative ng-s

net wor k 99l gpReedlyt cagtinue toobatsuffielentipescturals thatr pelABESARRG SARRRT) Of
thetrac\) store this val ue5|nt%tract|on

4 d 56,
not or pr oﬁ@l’%ﬁé 0\5i@‘?%‘?sg‘%%42;\"8m?t"ﬁ%keb\P%’@"e'ﬁ hiheseovalyes meyr bei te-was -
 direct ed heasureel undsétonal wt!siaek 2 PHL8REd S BRRY %o"'ﬁ@eﬁ UirediS'hg k 90

representing a measurement of the present vo tag ont
processor circuit to use the maximum desired regeneratlve brakmg torque
15 value 1 stored in the maximum desired regenerative brak:ng torque reglster-
158, and the traction motor rotational speed R stored in the traction -motor
- properties register 142, to iocate and address a oorrespondmg record in the
first traction motor efficiency look-up map 134. Upon locating the
| | correspondlng record, block 260 directs the processor circuit - to copy an
20 . efficiency value £ stored in an efficiency field (not shown) of the addressed -
record in the efficiency look-up map, to the traction motor efﬁcieocy register |
- 155 in the RAM 124. Block 260 then directs the processor circuit to calculate

the current equrvaient of the maxnmum desired regeneratlve brakmg torque,

. as follows
o5 E _ S I:TRE.
| Ty
wherein:
/; the current equ:valent of the maximum deswed regeneratlve

brakmg torque




energy. bus. 42, and to store a value representing the predédtguhdidfy bus
voltage Vin the energy bus voltage register 154. 'Due to the negligible

i nea,;@-og)oﬁgggrd between execution of block 250 and bl oRKT/€883/082htse val ues |
R an w -

_ . generally continue to be sufficiently accurate that
re-measuring these values is unnecessary. Alternatively, however, these
val ues may be re- neasured and stored at block 260 if desired. Block 260
then directs the processor circuit tﬁ use the maxi num desired regenerative
braking torque 15 value r stored in f %’ maxi num desi red regenerative

~ braking torque register 158, and the traction tor rotatignal ,speed R

stored in thertF actthenmasinym desiies: fegenerallyiesbraking torqug valie storgdy |
—dd . . P ) : f |
ke up map 194, Uit Eob RG] MesltEd, {odeRraval b Ming oy FpbBIENCY, (o

the  processor circujgg:to copy an 20 efficiency value E stored in an .
efficiency field (not shown) of the addressed record in t Qﬁ efficiency.
| ook-up map, FO=t héheratational speed obthe petieny Mmaelgiss sierediipghpdragionran 124.

: Elqock 260 then di rﬁﬁaﬁ"ﬁéﬂﬁ?%&“ E?%ﬁ&ferclidzc“i‘t to calculate the current
XI ésire

ui val ent of -‘the. regenéfative braking torque, as follows:
25 V  wher ei ng £he tayrirfitioneaivioabiitiernly Vvdlaenstwiediin didsitrandionemeber at i ve
braki ng torque; 14 August 2006 WD 03/0723 . 89 PCT/ CA03/00269 -35 T the
-maxi num desi red r egdiaengy KraiseadPAy A6k que val ue stored in the maxi mum

desi red regencrati yeo hrakinopONEAEeEh ShE ond %l blEs! 48, s@rad iiAndle SPeed

‘of the tractidn notors, ored i raction not or properties register

..‘_142;' E= the tracti emen®i bus eblthge exgiyterdibde stored in the traction notor

40 .

Block 260 directs the processor circuit 50 to store the calculated current
equivalent / in the current sub-field 159 of the maximum desired regenerative

' braking torque register 158.

‘Block 260 then directs the processor circuit 50 to set the desired current ievel
15 . of the auxiliary power unit 64. eﬁual fo the lesser of: the present desired
_ current level of the APU, stored in the desired APU power output register 160,
and; the desired current drain value stored in the desired curreﬁt drain r_egiste'r
156 minuér the current equivaleni of the maximum desired regenerative
braking torque stored in the current sub-field 159. Block 260 directs the

20 . processor circuit to-store this new desired current level in the desired APU

power output register 160, and to transmit control signals via the network 90
_to the interface 94 of the auxiliary power unit 64, to specify the new. desired,

current level or current Setpoiht for the auxiliary power unit 64. In this -
~embodiment, the ‘intérface 94 of the auxiliary power unit includes a.controlier |

- 25 - (not shown) that receives these signals from the processor circuit Specifying_

the current setpoint,. monitors the actual current output of the auxiliary power
unit, and adjusts the actual current output-of the APU to cause it to conform :to
the specified current setpoint. Thus, it will be appreciated that if, prior fo
execution of block 260, the present desired current level or currént‘_éetpoint of .

30 - . the APU plus the current _équivalent of the maximum desired regenerative




efficiency register 155 and V= the present DC voltage orf4tieust?®bgy bHus

42, stored in the' energy bus voltage register 154. 10 Bl ock 260 directs
the pro®¥38¥97288% cuit 50 to store the, calcul ated current PCeqaosbmot in
the current sub-field 159 of the naxi mum desired regenerative braking :
torque register 158. Block 260 then directs the processor circuit 50 to set
the desired current level 15 of the auxiliary power unit 64 equal to the

| esser of: the present desired current _dgevel of the APU, stored in the

desi red APU power output-register 160, and; the desired current drain

| u t ki ' t,, drai | ' th u t
bqu va ent ay el Morcles Wt SRR, el R, 689650 ingtovgoeminipuion (o s n
the ci tenshudid imenty thd sentdsit ' ai . i it to

e curren niepito ok t%@egiré@%hﬁ'e'hf'%rﬂﬂ%sg,%%gé?,gg Jfllshf#lle_ o

store this level in the desire

w, desj red current
regi ster 1@5‘5%?%5 H?_Cﬂréﬁgdﬁtwcﬁﬂw%ltheimnaé&sari eir¢iie toetemide e dowdihe

I nterface L1 ower. unjt .64, to specify the new desired.
current Ie\%g? P l;ﬁ)?atzbt?r ?Jregr(ltg hé@%gg'ﬁ?ra%? ayicein e snerars byiredweing Ithet hi s
- enbidi ment desined i curesritaleeeP 6f 1A apX bl r it.incluydes a

- controller 25 .fnot shown§3 1 hg;'e recei %g}dt etéeﬁ%:‘%n'gﬁ ffP5ﬂﬁ?#Hﬁ;ﬁ”5’E§’é§sor
circuit spedpivglen) ofithe raaximume desirpdiregenerative drakinfeorglieah tﬁérerr%}gg '

f . i ' d,.adj h | pu
of The a5 42, Wt B WS epbfit £xEHGiRG bik cReiradcsiment diim brpmithe.
Thus, it vendrghdmnpCenivatsy t b, ifPHA t cutd pn of Qck 260, the
~ present d?ﬂsjitg}ggegéjsr e{gﬁn(% l'ea\é: W%\:lfi’r g’ﬁ?h@gf) p%i(enc'?ﬁ@ 08@1?3 %@ﬂlﬁ?t‘?’é‘"ﬂ he .
current edtilps gRredagument ysl oedetpriah ef ahé VAPU phidoi WO~
03(072389 éﬁ?‘ﬁ{)ﬁéﬂgloqqa? ‘%(E'n br aki n t'orgulggv\pul d exceed theﬂﬁfgﬁgﬁgsi et
‘energy conttibution (11 L1 u'@hﬁ@ﬁﬁ"%@d’?? peEatvenPefifiBgotorgue weuldr adt

e M S
devi ce t o CHRENEREINANLRIhBAPYds effegtivety unchanged. -
| Block 270 then directs the processor circuit 50 to set a present desired
regenerative braking torque of the regenerative braking Systém 46 of the‘
.1.5 vehicle 48, in response to the maximum desired regenerative braking torque
 and the power supplied by the energy generating device 44 to the energy bus
42. In this regard, it will be appreciated that if the desired current level of the
auxiliary power unit 64 was reduced at block 260, there may .be a slight,délay'
- while the auxiliary power unit'output drops from its préviouss.| level to its new -
20 desired current level as established by the processor circuit at block 260;
During this delay time, it is desirable not to set the present - desired
regenerative braking torque. equal to the maximum desired regenerative
braking torque, as this may result in é‘\_/oltage spike and a current 'sp:ike on the |
| energy bus 42 -exceeding the desired current drain, during the delay time in
25 - which the auxiliary power unit has not yet dropped its output to'the 'desiréd
level. To prevent such spikes from occurring and r'potentially darﬁaging the |
~energy storage system 62 and the other high voltage loads 74, block 270
| effectively configures the processor circuit 50 to increase the power supplied
| ) by the regenerative _brakin’g system 46 to the énergy bus 42, whiiel reducing
- 30 L -the powez_r supplied by the energy generating device 44 to the energy bué (the“




5 desired:.current |evel of the APU, in order to make roorffygust BO6s | |
current equival ent of the nmaxi mum desired regenerative braking torque on

‘the ener ﬁ? 'E?us 42, without the total energy exceedi nge¢ireAaosm®ize®d current
- drai W@P@ B¥e energy bus. Conversely, however, if, prior to execution of
bl ock .260, the sum of the present desired current | evél or set point of the
APU plus the current 10 equival ent of the maxinmum desired regenerative
braki ng torque woul d not - exceed the_total desired energy contribution,
then the desired current level or cafrent set poi nt of the APU is
~effectively unchanged. Block 270 then directs the.pr_ocess%{ circuitf 50 to
set a Piagsntodagiicedomimentingatiren e kprogesenig GCHE $ele e ITEr ve o
-braki ng”system 46 of the 15 vehi 48, i o] o] Ecotftifiuign desire
~ regener aiesired bk lﬁ‘eﬁlqgfet%d{% ﬁegﬁo%tb@%{pgl%lﬂeaﬁﬁg/é’t ﬁg@enefrj giy @ggner ating
device 44 to the ener.ay. . irSdniesas output io Ithis mevadeseed at ed
~ that 1t tapuotcle B5EYHrRYwRIEE e B PreddceRs our i

the auxiliary p upit, 6 s _

- reduced 4t Bk qelreA6OMdrbepartionlaly, in dhisgmbedirgent éﬁcﬁﬁ%ﬁm ﬁ'i’%?y power
- unit cout’put drops fromits previous level .to i i rent :
' gevel apressssn ahat wn@mssr%@gse%weksﬂ%‘?r?aéf‘gbn‘?e }éécia&éggﬁvé %ﬁ'ﬁﬁg this

elay tine, it is.desi e 98t pidkindregstan diésiurdll ar dgesiredat i ve
br aki ng t@%@@fﬁ%e%%qﬁher%q%ﬁ%egfﬁ regenerative braking torque,
‘as this. g@&n%;"a’il‘uet ﬁrgkgagvmrgagg rnkly dnel maximpehtdesyiekle Fe9CRHEVEner gy -
bus 42 &X¢ee ing the desired current drain, during the delay time in 25
- which t hgakingi torque, in@sbievedi t has not yet dropped its output to the
desired level. To prevent such spikes fromoccurring and potentially

b oek 2k Berie T B e e e urt 50, { ot et hce  he
A kR Ry AU AL b
to .the emethgygan%nwmr@ﬁ'%dﬂﬁgﬁgﬁp%&gr%%g%gg%{'%t@e 60&8% T,
latter neducing, SATURRGRADLYAE ddaliaryqseseunti6st the eneraie bgr2ent

- More particularly, block 270 directs the processor circuit to receive signals
| from the first current sensor 96 via the network 90, representing the actual
15 | current presently supplied by the auxiliary power unit 64 to the energy bus 4?.
¥ : Bi ock 270 then directs the processor circuit o store a value represeqting this

"~ actual APAU curent in the actual APU power output register 162. B'_°°’f 270
) | - rthén -directs the 'processor. circuit to set the present desirﬁad regenerative
 braking torque équai fo the lesser of: the maximum desired regenerative

| -20.' ] praking torque value stored in the maximum desired regenerative '.brakir‘ng_-
R o "'_torque register 158, and; a torque equivalent of the desired current dfaln valle
: stOréd in the desired culrrent drain. register 156 minus the actual cur;ent

‘ subplied by thé energy generating device to the energy bqs_-stored in the

actual APU power output register 162. This torque equivalent of the

25 | difference betweén the desired current drain and the actua! current sup_phe.d
o by the APU is calculated in a rmanne'r. similar to that discussed .abpye in

| cdnnectibn with block 250. In the present embodiment, this calculation of the
_bresent desired rege'nerative braking 'torque at.block 270 is subjected t.o, the
further'constraint that the..p'resent desired regenerati_\_fe braking torque is not

30 | ‘permitted to be less than zero (this could occur, for example, in the evgnt that -




desired current |evel of the APU 64 at bl ock 260 above, dAdVesHE(%Hui ng

t hroughwdesgebsy during which the APU. reduces its out put (Ehl S new
desired current level). Mre particularly, in this enbodlpr?grﬁ AlF04268 270
directs - the 5 processor circuit to increase such power by increasing a
regenerative braking torque applied by the regenerative braking system 46
until a desired regenreative braking torque, nanely the maxi num desired
regenetive To achieve this, in the pred€nt enbodinent, block 270 directs
the processor 10 circuit 50 to set the present desi red regenerative.

braki ng t atheuactinal mﬂmhsappfieﬂ b ¢hamrlnigtitteshéergy U@éﬂ@a@?'éﬁ@:e@ﬂé‘%h@g .
t or que and the ower : (g(gl n8 actually supplied- b he auxiliary
‘power uni t9 Ct%efgnfzﬁﬂgi} élo 70\drectp dheiracessyr, cn'puﬂktozstorehthect s

t he proce r S current .sens 96
vi a Ito he’ nZtﬁg ﬁ't &é%ltee& ?g iaﬁgethlgé@ﬁ tgrf(f n}fHﬂ%ﬂF‘ t?‘@sa{?ﬁ?ﬁ}sgﬁﬁwad by

the auxi | ireggnpoative Lbnaklr@4tmmu’ehee?ﬁ?"r?gg?gze%l?ek %Gﬁfﬂ;’urﬂﬁ}t HgléBtAsg'ﬂiéCt S

processor circujt }A ?tore a va
cubrent 1 PrORESSE GEPUIA FBOREH Coltil ignaly vEchesAwonk RN o s interdace
d ts t t =d t
oot NP 868 SRbeRor A bk Syt 48 30 el FhsiBRCRA 4.
braki ng t @nqus6 teahpmly st regrmharativerbrarng mlﬂe@ theddri @@%ﬁéé!%‘&@ahﬂaé‘ﬁ ng

torque regi ster 17358 and; a torque equival ent of the desired current drain
value st 6Abal fonthelorgesivelue specifiad inihe prescaydesised oG emenative braking ual

o the aNHHEE' R 183, 3RS eHBESLRC hoMisiFed fobug ﬁteqtﬁ%biﬁtvs%? r ?ﬂe
280 di ffer bralén@@ym inblidéed tredtior et di!frﬂ#dﬂeﬁmott Q@o ﬁét %&; ives :

" supplled by the APU is calculated in a manner simlar to
above in theEsEn&IENBs ok ¥heoproosssor gireuis ppeciving etlhlﬁ)ctmmant désired

550" s s silerhife PRERG by AR B RARRIA i oR K bR dheleethy "

- regener at iheetrbcabnnmot@sqmdl adjusts IRe NsraRind estqhe aBphiedsby A8 wasdH Lhi s

- coul d occur 0{ exangl.{e in the event that 14 Augus 2000 03/ 072389
PCT/ CAO3/ mehYE to3§ause it to conform to the specified present desired regenerative

15 braking torque.

It will be appreciated that blocks 260 and 270 effectively direct the processor

 circuit 50 to reduce power supplied by the energy generating device 44 to the
energy bus 42, while increasing power supplied by the regenerative' braking

. ~system 46 to the energy bus. Block 270 effectively confi gures the processor
20 circuit to increase the regenerat:ve brakmg torque applied by the regeneratlve *’

_'braklng system 46 until a clesnred regenerat:ve braking torque namely the |
contents of the maximum desired regenerative braklng torque register 158 is
achleved while at the same time the power supplied by the auxmary power

' unlt 64 is belng reduced to its new output level established at block 260,

25 Block 280 then directs the processor circuit 50 to set a frlctlon braklng torque
.of the friction brak:ng system 80 of the vehlcle 48 More part:cularly, block
280 directs the processor circuit to set the friction braking torque equai fo a
difference between the present desired regenerative braking torque and the
total desired brakihg—- torque. To achieve this, block 280 directs the processor

- | 30 circuit to: subtract the contents of the present desired regenerattve,-brak_in_g




t he. agtual, current supplied by the APU to the energy bus 14AlhraatiPiexceeds

the desired current drain). Block 270 directs the processor circuit to
stor%%t?ﬁngﬁgesent desired regenerative braking torquel’%?ﬁ%”qoﬁ“’t he present
desire regenerative braking torque register 164. Block 270 further - ' _
~directs the 5 processor circuit to transnmt control signals via the network
90 to the interface 100 of the regenerative braking system 46, to cause
the traction notors 54 and 56 to ap_%lgy a regenerative braking torque to
~the drive wheels 58 and 60 equal toThe torque value specified in the

_present desired regenerative brakin t oy que .regdi i Jadu
gnbodi maBtque Megishgreﬂﬁ&cﬁom@%fcqﬂg"tﬁe {aﬂé‘? z}?%e él%lrebdrlg)ﬁ? Eggs?g?gem
includes a tractjon t ( r.ak (ned \id thé frigtionelrakingstorguese
signal s rﬁ@_tﬁ’ﬁ‘?ftﬁ%bp?'agg%%g?rggﬂrggglg%ﬁégeci fr?iﬁgg t he present, desired .
- regener G}I{a@éﬁ?pﬁ 81 NBtHOreButtingPictionbsaking torque vajue d% rieAlsH ﬁ?éh??@ﬁ appl i ed
IF

by .the. ion notors, and adjusts the byakj | ] BKet he
tracti orploglt2ss directadbe PrOCEsSRoSIEH, o{r?ﬂ%&gpé‘g'ﬁﬁggg@g?eése-nt d(easi red

. regenerative . 15 braking. ' ' ' fffiorc bedking ssatend |8k Ke 260 and
570 ef f R twpEK 3?%5?9 Zt&? c?’ﬁ'@&%%‘ggé%rmdcﬁgﬁ t 50 to 'r[gud%c?%%omeé lrS@ppl i ed
DY Lhe OB gRenRBh ekt B0 1 shpl @ fkatey bREIIRS G FHCreasing
Bl ock 279 tebf ﬁpeﬁiﬁeﬂjnélmffﬁi@iﬂ%@aiﬂw ﬁﬁﬁ%§@¥%8mcﬁﬁ_r z&urﬁbégz &r.:;frg};ie thia
regenerative br ng .t or ) et thad interfabe. tem :
. ountil a M?@éﬁrb@&ﬂ%f%@#@é%ﬁa ﬁﬁ%égthétregﬁ%d namel y -t hz@dpot%enﬁ of the
. maxi mum ﬁjﬁﬁéﬁqﬂ-alkﬁ@egﬁt@m \lﬁclbde:klm@'i¢tmrqbwk€egpﬂtf@"?‘i_ i gnowp ||8%ted o
whi | e at sane tlne thev\{)ower SUFFIPH ed b¥'. %{]ﬁ: W@iﬁ%ymgoy@%uirémlt 64 -
i bei ngraceilesethese isignalswrem Hie PregersYs PUBHY stred ™ dt b OIGé(d éZwoﬂ_@ZS Bl ock
. 280 then directs the proce o+ CL oL s 8 phedantht applied ¥ t or que
- of the ffrqcepmrabqu?a“%@?@rﬁ@% tgg ﬁ'ﬁg&\'/_ehfcgﬁpﬁ. '\fberéfppﬁﬁ“[@%ﬂ‘gly’
21;]8;:( t gégtigg{ﬁ?g?g;%twﬁa?ﬁswtrtwsbrr?f@ @? r;ggea%%gawnggrm itng'rque |
 torque apcikifesystennio gause EGOE’PQE‘?%?Q ﬁ}eqﬁgg ﬁio agﬁl eve 't hi s, -bl.ock 280
‘directs the processor 30 circuit to subtract the contents of the present
“desired W@%&er ative braking 14 August 2006 S '

15 Following execution of block 280, the processor circuit is. directed back. to

block 200 as discussed above.

1t will be appreciated that a number of advantages may flow from specific

embodiments of the invention such as the second embodiment described

above. For example, the second specific embodiment described above

provides proactive avoidance of over-voltage conditions on the energy bqs

= that would otherwise be potentially damaging to the energy storage system
and fo other e!ectronic components in qommqnication with the' energy bus,_
such as the 6ih_er loads, Thus, the effective service Iifetimes of the. energy
stbrage system and of other_ electronic components _Of .the \-f_e-hlc-:ie ate
25 improved. .Aulxiliary p’owef unit transients may be further minimized in

situations where an opportunistic or fast charging strategy is selected. By
reducin'g the 6utput of the auxiliary power unit in _prde;- to acc'omm-qdéte .a‘
maximum amount of regenerative braking energy, vehicle _efﬁc:ency. is
th the result that fuel consumption and emissions by the auxiliary

- increased, Wi
| 'The use .of friction brakes 1o complemant the

.\30‘ power unit are reduced.




PCT/ CA03/ 00269 WD 03/ 072389 -39- t'orque register 164 fr;dmﬁmi@fa‘@ﬁtents of

the tot g0 eoeines braking torque he friction braking torq,i-ﬁ i ster 140,
.and to store the resulting difference int register 166.1 I {(?‘fgo%@é@lti ng

- friction braking torque value is greater than zero, block 280 directs the .

processor circuit to transmt . control signals via the 5 network 90 to the
control interface 106 of the friction braking system 80, to cause the
friction braking system 80 to apply a fr#étional braking torque equal to-
that specified in the friction braking torque register 166 to the wheels of
the vehi c|@m_enaﬂvemrgkmgwstbmisem@stcpeﬂgar@tthaﬂbaé'gnsgg b{(ép&nc%ﬂé rjace.
106 of the a‘%{.iﬁllfor‘]'\dﬁ@alfi ng s%%ilem includes a friction brake , B
(net shown)“that 10 el"FOSPRISESY RiGYiENG & peedictableyr corstant atid eHidoth
speci fyi ng Brager esell fehefdhsth Rg. t.orque. nonitors the friction. .
torque presently apgl i gqubyﬁ%lﬁgj}’ g@?% tﬁ?a%ﬁ?d{{g?/sff’%fﬁ beaking dpuane inhe
br aki ng t ofg8ROBERI il@d & rasthation, | frespicite NG Styiat c it to o
conBo_rmto %Bg %p%ﬁ}fl eg required frict iﬁg} br aki ng ?g%%fég ?’E@?‘E]&Pf‘ﬁwoﬁg
exedution SFIBIBRISEN tffr’n‘étﬂm r Atithe samd tme hewieadrbamiimindbigsk
200 as di sgussatt sbam Leb i, | ilated that a punber of advantages
may flow from speci f'i%enégﬁg%%ibh%lﬁﬁgaag% ‘t:’%év q%&e'ﬁﬁcﬁ{ﬁ? Eighipnarakpewear, doyl

enbodi nent redisdngube frequarey s reqdrad Brolid ®fs IRAN dinent
descri bed agb \‘:Enm r.ok/i des proactive avoriqda_%gg 0 0’3'2“}?‘?@%@&’ Bgérgﬁﬁfﬁrg?}f ons
on the ene'raegfﬁ" i ERtenmIRed costrer of dhebepisient i Howeveanagitougho dtg,
ener gy st osggntayeke o] liectroni ¢ conpgnents in conmuni cation.
“with the energy g&s, %gﬁgﬁ)rgstﬁﬁctoﬁgr-%i%gﬁg eﬁ'ﬂ{@mﬁ% ef fthet inventiervi ce.

| it i mes dasarthecbrabaye, itwilape appiamieadyft pbP | € i c_copppnents’
- of the vehj . 25 i nproved. AuxFI iary power uni%tm %@ﬁégﬁélﬁsnﬁﬁg o
hy h )
~further minfm ?ﬁ?%?l’ﬁzﬂ@ﬂﬁ?Wﬁﬁﬁ?é‘daﬁn&gﬁmtum stic or fast charging -
strategy is selected. By reducing the output of the auxiliary power unit
in order m'@c@m@mﬁﬁ vthile specific embodiments of the invention have been
described and illustrated, such embodiments should be considered illusirative B

of the invention only and not as limiting the invention as construed in
" 15 - accordance with the accompanying claims. |




maxi mum anount  of regenerative braking energy, vehicle eftfifedeshadpsi s
increased, with the result that fuel consunption and enissions by the
auxiliary n 30 power unit are reduced. The use of friggtd s to
conpea@aP7HR% 14 August 2000 WO 03/ 072389 PCT/ CA03/ O%éiggﬂf'%%@k@
regenerative braking system serves to ensure that adequate braking torque
Is available, while transparently providing a predictable, constant and
smooth brake feel to the operator, supplying the expected total braking
torque in  response to brake'actuatioﬁﬂ'irrespective of the precise
Proportions of 5 regenerative and friction braking. At the sane tine,
however, what i8 claigmédhiss: anount of regenerative braking also serves to
reduce friction brake wear, by reducing the frequency and required torque

of. friction braking events,  thereb educin i nt.enance cost.s_of..t he

Sehi el o Thowavametio i Ryipaliing erelmsid S coara g P g senimubRRe Nkt o
enbodi nent of - ' ' : ri ; ' ' hated t hat
not "al | 'errbodiénﬁgﬁpg%fg%ﬁﬂl%%uﬁﬁggﬁﬁ%o%&ﬁg’é@?;g%?dfr%%%/ibaéew? gggﬁgg?/gnt ages.
~More general | yq Iwiiride edguetric f vehigleh die neetisod fcarherising enontellingvpoween

~described-and illystrated, such enbodi nents ,should considered . '
i Bl ustrative SSPPigd EHV&H? i IETBNI Qe'éﬁ’fggﬂgt dguice; Eﬂﬁ?‘ﬁg QrE9Y n@éﬁt i®n as -

construed in . 15 a1 SRPHYd Brake g uatigh, August . 2006 -
VIO 03/ 072389 SeSpEiEIEBBEAHS Slbrigl IACAREENA broke diuatih, A suppl yi ng
energy to an energy bus in comunication with an energy_generating device
—-and with2a r e§éreemsthod ob chairywheseiancantroliinchpowed cenyrisasccodrplting, t he

Jevice to & e Panthrapmplisd byeh RediencRore EaRY) g RO Cat  ve o

- user brake actuation.

A 3. The method of claim 2 wherein controlling power comprises controliing
10 . - a current supplied by a generator.
4, The method of claim 2 wherein controlling power comprises controlling

a current supplied by a fuel cell..

," 5. - The method of claim 1 wherein control'ling comprises commencing said
_ controfling no later than a time at which the regenerative braking
15 - .. _system of the vehicle commences supplying energy to the energy bus.
6 - The method of cléim 1 wherein controlling co'mprise_s reducing said |

- power supplied by the energy generating device to the energy bus.

7. The method of claim 6 ijrthér comprising increasing power supplied by

_ _ 'the regenerative braking system of the vehicle to the energy bus, while

20 . | reducing said power supplied by the energy generating'deviCe o the
energy bus.

8.  The method of claim 7 wherein inéreasing power comprises increasing

 a regenerative braking torque applied .by"'th'e régenerative braking

‘system until a desired regenerative braking torqué is achieved.

25 9. The method of claim 1 fu'rther- comprising 'identi_fyin_g_a total desired

. braking torque in response to the braking signal.




* -

2. The method of claim| wherein controlling power compri'ddsaisb?i0pol |ing

power  siwold3gcdz23zy an auxiliary power unit (APU) of the \ﬁem(ﬁ"/ﬁmffoozag]e
met hod of claim 2 wherein controlling power conprises controlling “I0 a
current supplied by a generator. 4. The nethod of claim2 wherein .
control ling power conprises controlling a current suppllied by a fuel cell.

5. The nmethod of claim! wherein controlling conpri ses conmencing said
controlling no later than a tinme at whi Cf“the regenerative braking 15

system of the vehicle comences ,supgl ing energy to the energy bus. 6. The
met hod of c1&i m h@herethadcehtalaim i giyuéfb@prficﬁ@@ﬂiﬁl@ulﬂefglfﬂagda peimum

supplied by the atjng device to the energy bus. 7_ The method )
of .claim®6 furt h%?ﬁ%ﬁ%&?@?‘ﬁ%@%@éﬁg?‘ﬁ O%Wer supplied by the ‘
regenerative braking systemof the vehicle to the energy bus, while 20 -
reduci ng sajd pomee siathod est Blaimhq0engiiiy ASMPFSigN LSRG BOntd@nuRier 9y
_ bus. 8. The nethod of claim7 wherein increasing power conprises increasing
“a regenerative Hexred regergrativghirakingoiprque inckpspensei toesaidalatalgdesired em
until a desiredy erati-ve braking torgue is_achieved. 25 9. The nethod -
of Ltf'-l aimi1.furt rpggﬂﬁgqmtgh'f%gﬂﬁ'@eﬁ?'ﬁf i m o‘gt“‘afl"g@i%i fegenerative aﬁ?@que |
in response to ttbﬁ}lﬁé.aki ng signal. -- - --- --------- 14 -August 2006-WO .
.- 03/ 072389 PCT/ CA03/ 00269 -42- 10. The nethod of claim9 further. . '

~conprising identifying a maxi mum avail abl e regenerative braking tor que. 11.
The nethod18f clTdiemmethog: ohalaigo itk ivdhergin idantifyingngaid meectivawm desiieded

o ti br aki ' i t id.total . ired 5 brakj
Loraue and sai d SRR Kl LGRRECRENLRREE Sl Rpid exim el
method of cl ai mrdgendreitvbrbraRipg!tofolie'8qaal 18 tRB1esasr sfesi red | t

10 | (&)  said total desired braking torgue;
(b)  said maximum available regenerative braking torque; and

- (¢} a torque equivalent of a desired current drain from the energy
bus, said desired current drain comprising 'a,. desired charging
current for charging an energy storage system (ESS) in

15 . communication with the energy bus.
13.  The method of claim 12 further comprising identifyiné, as said désired
‘charging current, a maximum allowable charging current for charging ;.-
‘the ESS. / - | |

[

o 14.’ The method of claim 11 wherein controlling com_pﬁses’ setting a desired

20 power]oi;tput of the energy generating device, in’ response to said
‘maximum desired regenerative braking torque.

15. The method of claim 14 wherein setting said desired power. output

- comprises. setting a desired current' level of an auxiliary power unit
(APU) of the ,yehicle. ' ‘ :




regenerative,braking to-rque conprises setting said naxi mithAdeust 20§
regenerative braking torque equal to the | esser of, 10 ‘?(;i) sai dG{))ot al
desi rg@ &okdspg torque; (b) said maxi num avail abl e regg AN aki ng

. torque; and (c). a torque equivalent of a desired current drain fromthe

energy. bus, said desired current drain conprising a; desi red char gi ng
current for charging an energy storage system (ESS) in 15 communi cation
with the energy bus. 13- The nethod gfg.claim 12 further conprising
identifying, as said desired charging current, a maxinum al |l owabl e

charging current for chargin he, E P =+ asH efirrehlevel fwherein -
control | 16g cdiner ﬂ%@BOGéift‘i"‘ﬁ@‘ éltsd‘é@ﬂ'%i'a S%{S‘%%ﬁ}é’?%ﬂt put of the epergy

generating deyice,pin I e i4dd desiietudest rlevelr eguak fatine
br aki ng tor qué?e 1@‘?@?98%&%%&%?”@%@% 14 wherein setting said desired
power out put k%égmrdf_s_es setting a desired current level of an auxiliary
power unit (APU) of the .vehicle. 14 August 2006 WD 03/0723 89

gCT/ CA03/ 00269 -43 16. The nethod o

7 i j 0k APeY ey setting said desjred
.current |evel (& - sﬁptﬁﬁﬁg‘idfeéﬁe@w?@m I%Ik-lgivgqtﬁgqual “to the the APU _
conprises setting. lesser of: sent desired current |evel of the APU, ‘and
~ (a) apre b (% a d$saé§p§gcl¢ruh@m Sz Mrdmothe henargyr BYsbGRMPIRNG & ng a
- dbsired chargi b cufren or charging. an ener.‘% st or _éx‘s&g?wgyétgﬁﬁ) in
com_‘runi_cati_on wth déﬁrm_elnaggingjsl_,lrrﬁm g5 chagg| mené@?i a t of said
| maxt wm'd§§| red rr eg(eEnSeSr.)a }nl AL TN N WithOitR energy bus, minus a curr(.ant
| equivalent of said maximum desired regenerative braking

torque.

1'10' _ -'17. The method of claim 16 further comprising identifyi_ng, as said desired _
B 7 | Charging current, a maximum allowable charging currerjt for charging.

 the ESS.

18 rThe method of claim 11 further comprising setting a present desired
regéneréﬁve braking torque of a regenerative .br‘akin'g system of the
vehib!e in -respbnse to the maximum desired regenerative braking

tofque and the power supplied by the energy generating device ,"co the
_ l, |

15
energy bus. |

19.. The method of claim 18 wherein sétting said present desired
regenerative braking. forque comprisles_‘ setting 'said preserjt desired

- 20 - . regenerative braking torque equal to the lesser of:

(a)ﬁl said maximum desired regenerative braking tlorque;‘ and

(b)  atorque equivalent of:

()  adesired current drain from the energy bus, sg_id desired |
: | “current ‘dfain cdmprising a desired charging current for
-25' .' .. ~ charging an energy storagle'; .system. -(ESS) in

communication with the energy bus;




- ~the 15 vehicle,

17. The method of claim 16 further conprising identifyind4Aaguss108 ‘desired -

10 char ¢ sgent, a maxim . um al |l owabl e charging curr for charging

t he ESSw(ﬁl]g:.”m#tg met hod of claim 11 further conprising seFEJIr’r?gwg/"%ﬂgsent
desired regenerative braking torque of a regenerative braking system of .

I n response to the maxi num desired regenerative braking
torque and the power supplied by the energy generating device to the

energy bus. 19. The nmethod of claim18 ein setting said present desired
regenerative braking torque conprises setting said present desired 20
regenerative braki ng f@Pg8e equal to the lesser of: (a) said maxi num
desired regenerative braking torque; and (b) a torque equivalent of. (i) a

desired current drain hrom he ﬁ{hafjrg%; bu$ said desired - current drain.
conprising a desired ar gi'Ng A eHtTeBE suppliedi hy the cenergy geoessting
cystem (E59) In 25 comuntedids B0 Y ot suppl § oq. by the w0,

03/ 072389 PCUCA03/ 00269 -44- mnus an ac
20. The nethod of claim 19

ener gy geneyat dev ce to the energy bus.
f urt her 'co%[ﬂ‘ Pﬁ’@e Pfijfl gheim 49 fusiher desiprising Edem?'qggngscs}g,ﬁ Eﬁ]
argin t he met hod of

| 1 owabl f
maxsmum al | owabl g, Q@P%ﬁﬂﬁ%’%ﬁ & ﬁ%{wnﬁh %Pewable Bharging curcandfor m‘havgmg

-

“claim 18 further coO
friction braki nghefE8®m of the vehicle.

_21.. The method of claim 18 further comprising settlng a fnctlon brakmg
torque of a friction brak:ng system of the veh:cle - ' ) '

| 22. The method of claim 21 wherein sefting said friction braking torque

1Q N - comprises setting said friction braking torque equal to a dlfference
between said present des:red regenerative brakmg torque and sald'_
total desured braking torque |

~ 23. The method of claim 1 wherem controlhng comprises controlling energy
“contributions onto' the - energy bus from the energy generating device

15. _ | and from a regenerative braking system of the vehicle respectlve!y, to
prevent said contnbutlons from exceeding a deswed total energy'

contribution, , : o -

24. | An apparatus for supplymg energy to an energy bus in communlcatlon
| _ wnth an energy generating device and with a regenerattve braking
20 | system in. a hybnd electnc vehicle, the ‘apparatus compnstng a
‘processor circuit confi igured .to control power supplied by the energy
~ generating device to the energy bus, in response to a braking signal

-indicative of user brake actuation.

_ B 25. _The apparatus of claim 24 wherein said processor circuit is confi gured
2 | to control said power by controllmg power supplled by an. auxullary .
*_power unit (APU) of the vehicle. ' ' '




-

.the vehicle. gt?ceﬁ%pgaiaqufermémm@amenwwi bgadfu
“apparatus of cC

22. .The nethod of claim 21 wherein setting said frictioniBAdgshg%orque 10 -
- conprises setting said-friction braking torque equal to a difference

bet ween sai d present desired regenerative braking torgperaidssassl total
desi rwo @3/03%38Ag t orque. 23. The nethod of claim| wherein controlling
conprises controlling energy contributions onto the energy bus fromthe
energy generating device 15 and from a regenerative braking systemof the
vehicle respectively, to prevent said contributions fromexceeding a

desired total energy contribution. 2% An apparatus for supplying energy

to an energy bus in conmmunication wth an energy generatin 9&5'\” ce and
with a'rggenefrﬁtei YBparatls BBclalfl 26/ whereinrsaid pyanesgoe cEeyl I CORIGWEE t he
apparatuS conprising a processor circuit confi Eur@ﬁ.t ﬁ%{ﬁé{@ral%?v‘er '
suppl i ed by t ke cenbobgaidgmvesray epteriling @ quFenhaY berc89 "1h response to
a braking signal indicative of user brake actuation. 25. The,apprgjat us of
cl.aim24 wherein said pr . 48 [ Hdkdini said pRédedsbe dircal is configenedl sai d
power byZZont ﬁﬂq ?Rearﬁgl\’éﬁfeé%g‘%llfsew;élgns%g?r(lﬁiary ower_ upi t(APU) of
Bﬂseﬂ-_za. The
aim 25 wherein said processor circuit is configured to

control said power by controlling, a, current,su ' 4 : 27:
The appapal s Toe apRaEOLAEIE 7 ShEB B BIBRsEr R IQRRRIR % o

control said power control | | S CUT eNhics UPRI ed tibye aaff wehickethe 6 28.
‘The appar at usP mﬁ%/efﬂ d Gghtralirid, i

~‘conmence sai dréggﬁé;@ki{/énramg atystemhafi thet ivebicla GHNEIENCRE SHRRWIG at i ve.
" braking system

f O

4 Sfherdin said processor circuit is configured to

f the vehicle commences supplying energy to the energy

Bus. 29. The eppsgatuthecneoXibHs24 wherein said processor circuit is |

25 -

- configured

29. The ,apparétus 6)‘ ciaim. 24 wﬁerein said procéssor circuit'is conﬁgured |
10 - . to control said power by redu_c_ing said power suppliedrby‘ the enelrgy |
' generating device to the energy bug.

- 30. The apparatus of claim 29 wherein said processor circuit is conﬁgure;i
to increase power supplied by a regene_rative braking”_system _of the
vehicle to the energy bué, while reducing said power supplied by the

15  energy generating device to the energy bus.

| 31 The apparatus of claim 30 wherein said processor Cirquit is configured
to increase a'regéneljative braking torque applied by the regenerative
braking system until a desired regenerative braking _torqu‘e is achieved;

32. - The apparatus of claim 24wheil'eih said processor circuit is com‘igured
20 . | - to identify a total desired braking torque in response to the braking
B signal.
33. The apparatus of claim 32 wherein said processor circuit is configured

- to identify a maximum available régener_ative braking torque.

34, The apparatué of claim 33 wherein said processor ci_fcuit is configured

to identify a maximum desired regenerative braking _tor_que,' in response




10 to control said power by reducing said power supplied Byugyse208ber gy -
generating device to the energy bus. 30. The apparatus. ;of -clai m29 wherein
sai d pro¥EsBa723% cuit is configured to increase power [Slmjtm,d@yﬁga
regenerative braking systemof the vehicle to the energy bus, while: .
reducing said power supplied by the 15 energy generating device to the
energy bus. 31. The apparatus of claim 3.0 wherein said processor circuit

is configured to increase a regenerati \_/‘@G_braki ng torque applied by the

regenerative braking systemuntil a desited regenerative braking torque is
4 wherein said processor circuit is

achieved. 32. Th ratus of. claim.?2 s g
configured 20 tgo ?ﬂﬁt thﬁlsé’%FEf’al 85'8@'?9 g BIs Tl A giEXimuRre shisilebla o

t he braking ,Si.gf@gen&ﬁtivgbﬁa@ﬁ??élﬁhg-s of claim 32 wherein said processor
circuit is configured to identTfy a maxi mum avail abl e regenerative braking
torque. 34. The._apparatus of claim 33 wherei-n said processor circuit is -
conf i gured 325 t bhe @ERRaratusoieiainmid whsisire daitcgresadi circhit # copfigaret e,

in response 14 At%gg t'a%a% WD 03/ 072389 PCT/ CA03/ 00269 -46- to said total
desired braking to %u% G2gImYN feginedniesereraiecoraking fere equal takihey
torgue. 35. The jagpav @t us of claim 34 wherein said processor circuit is
configured to set said maxi num desired regenerative braking torque equal-
tothe 5 lesser of: (a) said total desired braking torque; (b) said

maxi mum avai | abl(@) r ecistid telal desipechbraldgng torque; - and (c) a- torque equi val ent
of a desired current -drain fromthe energy bus, said desired current drain

~-conprising a desgiyed charging 10 current for charging an energy_ storage
syst em (ESS) i n?bLonﬁ%ﬁb%’?%H"@\FYﬂ#qm% r%ﬁﬁﬁﬁ%g algpg teraueigsiat at us of .
claim 35 wherein said processor circuit is configured : )
(c)  a torque equivalent of a desired current drain from the energy

| ' bus, said. desired current drain comprising a desired charging
10 current for charging an energy siorage system (ESS) in
‘communication with the energy bus. | |

36. The apparafus of claim 35 wherein said processor circuit is configured
to identify, as said desired chérging current, a maximum allowable
charging current for charging the ESS.

15 : 37. The "a'pparatus of claim 34 wherein said processdr circuit is conﬁgUred
~ to control said power by setting a desired powér o’tit!put of the energy
generating device, in reSponse to said maximum desired regenerative "
braking torque. '

~ 38.  The apparatus of claim 37 wherein said processor cichit is bcriﬁguréd 5
20 . to set said desired power-output by setting a"d'e_sired‘ current level of an
- auxiliary power unit (APU) of the vehicle.

39. The apparatus of claim 38 wherein said processor circuit is configured |
to set said desired current level of the APU equial to the lesser of:

- (a)  apresent desired current level of the APU; and




" to irdentify,.as said desired charging current, a maxi numl4AreHsaEI08
charging current for charging the ESS. 15 37. The appafatus of claim 34
vvherf;*4 0§Biézq8§)rocessor circuit is configured to contﬁﬁT/(@aﬁlﬂUZQ-‘bV\er by
setti_-g a desired power output of the energy generating device, in
response to said maxi num desired regenerative braking ltor que.. 38. The
apparatus of claim 37 wherein said processor circuit is configured 20 to
set said desired power output by-sett_i4 a desired current |evel of. an
auxiliary power unit (APU) of the vehi'¢cle. 39. The apparatus of claim 38
wherein said processor circuit is configured to set said desired current

| evel of the ABRY. e@gualesiredt eiarents sEainofront A1€; €PPEe MUSIEIMABINAIrT ent
level of the APU, o po-ooo 14 ) %§§§e~9§@ﬁ93/00269
2\7/e (‘g) a Sesi'reda@%ﬂrgﬂtmafgﬂ% c#ﬁgﬁyméhéﬁg&gw%\%gﬁﬁ%n S ng a desired

. charging current fo{EsBangiddnminkatcg Wit thaghesyy bas, niiBES)a icurrent

comruni cation with the éenergy bus, mnus a (_:urr_ené) equi val ent of said o
maxi num desi red r eg&quivalente obr 8&idngnaxmui g Gesirgd. 1 %{aﬁ‘é‘? aB[fg("&g claim
-39 wherein said pr Ofegﬁgr; circuit is configured to identify, as said
désired charging cu FEHE- "~ a nmaxi num al I'owabl e charging current for _
charging the ESS. 41. The apparatus of claim 34 wherein said processor
circuit igg, confhigepparatle diaisint 38 wherensaidegiocessoregendt ist¢ordigoredi ng
‘torque of a regenerative braking systemof the vehicle. inr onse to the
maxi-num desi r d@ idesiinepatsaid drsiiecn gharsing CUFRNL I@e"}ﬁ‘ﬂ@l“"&?ﬁ%ﬁf by the -

“energy . generating. i t S. 42. The apparatus of claim4l :
wherein said Mgﬁ%’[u@%tgﬁf{:ﬁiﬁgﬁﬁﬁﬁ%y%g?’ed 15 to set said present '
desired regenerative braking torque equal to the . o '
41. The apparatus of claim 34 wherein said processor circuit is configured

10 to set a present desired reg'enerative brakihg torque of a regenerative
.‘ braking system of the vehicle, in response to the'rmaximum desired
regenerative braking torcjue and the power supplied by the energy

| generating device to the energy bus. -

42. The apparatus of claim 41 wheréin said processor circuit is configured
15 ‘ to set said present desired regenerative braking torque equal to the

lesser of:
(a) said maximum desired regenerative braking torque;_ and
(b) atorque équivalent of:

_ (i) a desired 6urre_nt_ drain from the energy bus, said desired
20 - o o current drain comprising a desired charging current fqr
| _chérging an energy storage system (ESS) in_

communication with the energy bus;
minus

(ii) an actual current supplied by the- e_hergy generating

.25 o ~ device to the energy bus.




" lesser of. (a) said maxi num desired regenerative braki ng #éuguse2008nd (b) a”
torque wqusmaisat of: (i) a desired current drain fromthgegRral, g,¥50£95, sai d
desired 20 current drain conprising a desired charging current for

charging an energy storage system (ESS) in comunication with the energy  _
bus; mnus (ii) an actual current suppl led by the energy generating 25
-devi ce to the energy bus. 14 Aubust'2006,, WO 03/ 072389 PCTI CA03/ 00269 - 48-

43. The apparat us of claim42 wherein sa4i86 processor circuit is configured
“to identif¥} ﬁld desi red charging current, a maxi mum al | owabl e S
charging c |3rent

B PPRtR ty5 f dlalET d2vharein SRl piesessousitduitkatonfiglred
wh ' d d t t
L T e e e

a frigtion braking
torque of a fricti

cl ai m 44 wher ei cheagithgpnorat Sor clear gm%the gsgonfigured to set said frictian
braki ng torque equal to a dlfferenc etween the present desired -
the total desired 10 braking torque. 46.

regenerat | 3 bralli_tqatorr g%
The appar a us of PRy W Faim ‘%’hl\“d"ﬁtfﬁtbb%%léq}mcwsmr[ E:mcsutasmfon@gue@u to
e energy

cogrol energy e9nddtl BUki-RDA 8@9@}%@{ nerog?/%lauﬁg&i%;@ﬁmgf sysiem hthe e

generating device and froma r
respectively, tuebment said contributions fromexceeding a. 15 desired

total energy contributi.on. 47. A system conprising the apparatus of claim

24 and fu npr|3|n ene generating device, said energy
‘generating é&evr l?é?%a 0’2‘3 ﬁ%ﬁfﬁiﬂ\ﬁ&lm psetassprociresibis configiitecand

Wi th the-energyoP¥st said friction braking torque equal to a difference. between the .-
o present desired regenerative braking tOFQUe and the. total desrred o
10 o braklng torque |

46.  The apparatus of claim 24 wherein said processor circuit is oonﬁgured, |
to control energy contrrbutrons onto the energy bus from the energy
generating device and from a regenerative brakmg system of the
vehrcle respectively, to prevent said contributions from: exceedmg a.

15 .l - desrred total energy contribution.

47. A system compnsmg the apparatus of claim 24 and further compnsmg
| the energy generating device, said energy generatlng devrce belng in
communrcatlon with sard processor circuit and with the energy bus.

v
Lo
%, s

| 48. The system of clarm 47 whereln said energy generatlng. devrce
20 _ comprrses an auxrhary power unit (APU) of the vehicle. '

N 49. , The system of claim 48 wherein said APU comprises a generator.
50. The system of claim 48 wherein said APU comprises a fuel cell.
51. © The system of claim 47 further comprising the energy bus.

o 52.  The system of claim 47 further comprising the regenerative rbrekrrig‘
- 25 | o system the regeneratrve braking system being in communication wrth B

said processor circuit and with the energy bus '




o

48. *The system of claim47 wherein said energy generati nd4ﬁé@13b@0620

conprises an auxiliary power unit (APU) of the vehicle.}49.1 The system of
claim 48 wherein said APU conprises a generator. 50. FhgSxsh@pof claim
48 wWwodBH72387d APU conprises a fuel cell. 51. The system of claim47

further conprising the energy bus. 52. The system of cl@aim47 further

conprising the regenerative braking 25 system
system being in cornnunication wth
ener gy bus.

i ncr eas
bus, whi

i

storage syste

h d Sen
appar at us for® n@?ﬁ:éaﬁi@ﬁgl @nggwcﬁlﬁgmgeﬂghsgf%ﬂgﬂm}%ﬁﬁat | oneng\?m th

ener gy genera@éﬂaram ngevicesl totehemerggiiersat i ve braking neans in
_.electri.c vehile, the apparatus conprising:.. 10 neans for rece| ving a

e e k y
raking signal in |cat:$/€g%£§9§%é] r ake é‘@%ﬁat%é’%ge?@gans g ty%g Ener gy

gont f ol 184g pbhersYSRIP

bus,

“in resp
e ,wherel n said

dhe appar at us of claimb55

O@%E&%ﬁ(@ﬁ&t%\ﬁggg@éﬁpé@S ‘conpri ses rreans for

controlllng power supplied by an auxiliary power unit, of the
ot

~ vehicle.s7. Ahepmrpatst fos supplyig enefgmceaslan%‘ay@%&r@ |
© gonprises neans for conmencin sal d co [ at .
“which the reg@ﬁ'@rﬂiﬁrﬂiﬁw é Olb @%ng?ed\%t)%%&ﬁ@m 5‘5 Fgiﬁppl y| ng

energy to:the ﬂ%hg%i@&ﬁc vehidle, the apparatus compnsmg

10’_._

15

20

25

56.

57.

. 58,

59,

means for recewtng a brakmg sn;;nal mdicatwe of user brake

“actuation; and

means for controllingr power supplied by the ehergy generating

means to the energy bus, in response to the braking signal.

The apparatus of claim 55 wherein said means for controlilng power

_compnses means for conirolling power supphed by an aux1llary power

unit (APU) of the vehicle. - o | 1

The apparatus of claim 55 wherein said means for controlling

comprises means for commencing said controiling no later than a time

- at which the regeneratwe braking means of the vehlcle commences

supplying energy to the energy bus.

The apparatus ef claim 55 wherein said means for controlling

compnses means for- reducmg said power supplied. by the energy"

generatmg means to the energy bus.

" The apparatus of claim 58 further compnsmg means for increasing |

power supphed by a regeneratzve braking means of the vehlcle to the

the regenerative braking
‘said.processor circuit and with the
14 August 2006 WO 03/ 07#89 P | CT/ CA03/00269 -49 53. The

- system of claim52 wherein said processor Ci rcuit is. configured to

POVEThE mtem@hﬂamﬁd whg@melsatd procesanr picWl i spnt
_ e reduci ng said power, plie sai devi ce
to the ener gylnbt%aS$POWﬁfeSl§§Rlle€ Y)fsaééj dﬁé‘? UF?W@W%%%%‘W e

I'Si Nng an ener gy.

ARHBIEHdo ener gy

a hybrld

MG o! | i ng




58. The apparatus of claim55 wherein said neans for contl#élgishgp06conpri ses”
means fWo pEessNg said power supplied by the energy gengedicadslodgans to
the energy bus. 59. The apparatus of claim58 further conprising nmeans for

i ncreasing 25 power supplied by a regenerative braking nmeans of-the L
vehicle to the 14 August 2006 WD 03/072389 PCT/ CA03/ 00269 -50- energy bus,

whil e said nmeans for reducing is 'reducgmg the power supplied by the
energy generating neans to the energy bus, 60, The apparatus of claim 59

wherein said ne (s | [ power onprjses neans, for increasing a

regener at | vejbrgﬁlér_ tboqsgﬁ&ﬁi‘%pﬁga‘%\é%”ﬁyﬁ% Jhds dedueing: e pweens -

until a desiredsappiiedbathy enbrkieerasting tHEans$ tPER @MQ@P/ lfh% The -appar at us
identifying a “total

of claim55 further conprising neans for desired

braking to que'JFH response to the braking signal. 62. The apparatus of -
claim61l Rt he @cﬁfﬁfﬁ@mﬁgoﬁﬁéﬂi@ b8rwherein iseyd means for incxeasing poaieabl e

regenerative. brgki r 3.. The apparatus of.claim. 62 further - -
conprisi ng means ?ggs%%en&%?q%ﬁﬁgmgre S Wﬁ}gﬁﬁﬁﬁt@& p'@?\é’?ﬁéﬁqﬁpﬁeﬁﬂﬂlﬁd ng |
tobque, in respmnte rege:ra;rdti\p@beékin@lﬁ%ér%duﬁﬁl%kgagiré@&egsnéﬂaﬁvg"Hrgr | mum:
avai | abl e regenerative braking torque. 15 64. The apparatus.of.” C 63 :

wherei n sai d mi@fauq ifragféevedl | ing conprises means for. setting a desired
power output of the energy generating nmeans, in response to the maxi mum -
desired rggene ' [ 5. The apparatus of c¢laim 64 wherein
sai d ne_angqforq?{e%%ﬁﬁapégglgﬁ ﬁéﬁgfﬁg%ompeﬁﬁgdpe@&ﬁp rddeniifyings af or
 setting a desi tetel desirebralig toRfuedn redpdndd &5 eP9King Sidnal APY) of the

vehicle. 66. The apparatus ofgcl'g m 63 ?E?t her conpri é?#:gi@ggins for .settéi“*np

a pr esen& desirked r'egener ative braking torque of a regenerative braking-- -
: 2. € apparatus of claim 61 further comprising means for identifying a

10 S maximum available regenerative braking torque.

- 63.  The apparatus of claim 62 further comprising means for”_'identifying'a '
maximum desired regenerative braking torque, in response fo said total
 desired braking torque and said maximum available regenerative

- braking torque.

15 ' 64. The apparatus of claim 63 wherein said means for controling
comprises means for setting a desired power output of the energy -

generating means, in response to the maximum desired regenerative

a

braking torque. |

| 65. -The apparatus of claim 64 wherein said means for setting said desired
20 ~ power-output comprises means for setti_ng a'desi‘red current level of an -
auxiliary power unit (APU) of the vehicle. e . |

66 The apparatus of claim 63 further c_omp'ri-singl means for setting a
present desired regenerative braking torque_ of a regenerative braking

o means of the vehicle, in response to the maximum desired
o5 o ‘regenerative braking torque and the power supplied .'by the e_ne;gy,

- _generating device to the energy bus. -




means of the vehicle, in response to the maxi mum desired 128UgiyiiEr ati ve
braki ng torque and the power -supplied by the energy. generating device to
the energy bus. 14 August 2006 -51 67. The apparatus of claim®66 further
conprising nmeans for setting a friction braking torque of a friction
braki ng neans of the vehicle. 68. The apparatus of claim67 wherein said
nmeans for setting the friction braking torque conprises neans for setting
the friction braking torque equal to a difference between said present
desired regenerative braking torque and said total desired braking torque.
69. The apparatus of claim55 wherein said neans for controlling conprises
first means for controlling a first energy contribution onto the energy

bus fromthe energy generating neans, andq,{urther conprising 10 second
means for controlling a second energy coniribution onto the energy bus

froma regenerati ve_praking means aof the vehicle, wherein said first and
second neans f%:’ co-ﬁ-{%‘? cﬁgﬁaﬁﬂu%@gﬂ?'@t @Et B’r@feé\F@H‘P”%ﬁQ dneadh(en settingrd from

exceedi ng a desi r edricBémbraRM@raue i brfiidtn Hkind theafls DY heSBHFAEPT i sing the
apparatus of claimb55 and further conprising 15 said energy generating

fo the eneray Bhs. 2o APGHBRG,S GRRCEAO IS REHHbMSENn don Fo B IeHRT on
Wi th said means forbrakindUeiqde dBYRised MReaMs! Br E@lﬂn@gﬂi BtioH Brakig tolfge Syst em

of claim 70 wherein said ener%y generati ng neans 0 conprises an auxiliary
pover umt (APU) ofqY# eRi differenes betyeeny saidnpessent derved rgenerstive

compri sing the T egenakRbiieub bAlEM o8BS HrakiRgRAGIAL I vel y braking the

vehicle, said regeneratrve braking neans being i nmruni cati on with the
energy bus. 73, The_system of claim 72 further conprising an ener gP_/ st or age
in

means 25 for 8%ori HRF ARPAERIUS | of clbmubiSc atheseinupail meanentargyonielingr4. A
conputer readabl e ngghaHBeR iRt ntHang EPASRroliNg LhrsESIerGPcihtRbRfRSSHHS the

energy bus from the energy generating means, and further comprising
10 second means for controlling a second energy contribution onto the
energy bus from a regenerative braking means of the vehicle, wherein
said first and second means for controlling cooperate to prevent said
contributions from exceeding a desired total energy contribution.

70. A system comprising the apparatus of claim 55 and further comprising
15 said energy generating means for generating said power supplied by
said energy generating means to the energy bus, said energy
generating means being in communication with said means for
reducing power and with the energy bus.

71. The system of claim 70 wherein said energy generating means
20 comprises an auxiliary power unit (APU) of the vehicle.

72. The system of claim 70 further comprising the regenerative braking
means for regeneratively braking the vehicle, said regenerative braking
means being in communication with the energy bus.

| 73.  The system of claim 72 further comprising a_n_'energy storage means
.25 for storing energy, in communication with the energy bus.

74. - A computer readable medium providing codes for directing a processor
'ciijcuit to control power supplied by an energy generating device to an




circuit to control power supplied by an energy generatind4dwdist®%o an 14
August 2006 -52 energy bus in comrunication with the energy generating
device and wth a regenerative braking systemin a hybrid electric
vehicle, -in response to a braking signal indicative of user brake
actuation. 75. A signal conprising code segnents for directing a processor
circuit to 5 control power supplied by an energy generating device to an
energy bus in comrunication with the energy generating device and with a
regenerative braking systemin a hybrid electric vehicle, in response to a
braki ng signal indicative of user brake actuation. 76. A method of
supplying energy to an energy bus in a hybrid electric 10 vehicle, the
met hod conprising controlling energy cont |but|ons onto the energy bus
froman energy generating device and fror regenerative braking system

respectively, wherein controllin ris. s reventing said contributions
from exceedi ng a de%rfqr%%{"%t'%lcorr&wﬁ}'@%{?o‘ﬁ fr%u?“%'ﬂy gfge':f‘%ngf%é{ rﬁgd of
claim 76 wherein copith @ rédemerstiver b@amgreﬁtmng AONId SMBRic eshily, the
energy generating device to t he ener bus. . 78. The method of claim 76

wher ei n control | i ngCERMR5Ei e @LrakRg 8| "ﬁglﬁéwe of usgr brale ggtuaienener gy
generating device to the energy bus, while increasing power supplied by

the regenerativs brakigngl compesing eoa@eegraenterf@:rmednnga p9cesdor ciretihed of
a regener ative

claim78 wherein i ncrgaﬁ \g#)ower cg}r{})rl ses increasin

br aki ng™ or que appl$98Y° SURRYEH dYath $Berdy  GaneRR]ingydavisa Ithan engrd¥esi r ed
regenerative braki rtmstmréumuﬁucaﬁdh wnﬁclthe%r FGerBratiRs! debice | sMdwifid of ur t her
conprising identifying a maxi mum 25 desired re enerative braking torque to

be applied by the riegeifsativg Rrakingrsyrienyinsg bylrid eledrinyghiste, flomspongsato
a braking signal indicative of user brake actuation.

76. A method of supplying energy to an energy bus in a hybrid electric
10 vehicle, the method comprising controlling energy contributions onto
the energy bus from an energy generating device and from a
regenerative braking system respectively, wherein controlling
comprises preventing said contributions from exceeding a desired total
~ energy contribution.

15 77.  The method of claim 76 wherein controlling comprises reducing power
supplied by the energy generating device to the energy bus.

78.  The method of claim 76 wherein controlling comprises reducing power
supplied by the energy generating device to the energy bus, while
increasing power supplied by the regenerative braking system to the

20 energy bus.

79. The method of claim 78 wherein increasing power comprises
increasing a regenerative braking torque applied by the regenerative
braking system until a desired regenerative braking torque is achieved.

80. The method of claim 76 further comprising identifying a maximum
‘25 ~ desired regenerative braking torque to be applied by the regenerative
braking system. '




81. The method of claim80 wherein controlling conprises 14&Ugyshef08 desired
energy contribution of the energy generating device, in response to the
maxi num desi red regenerative braking torque. 82. The nethod of claim 80
further conprising setting a present desired 5 regenerative braking torque
of the regenerative braking system in response to the maxi num desired
.regenerative braking torque and an actual energy contribution supplied by
the energy generating device to the energy bus. 83. The nethod of claim76
wherein controlling conprises controlling 10 power supplied by the energy
generating device to the energy bus, in response to a braking signal

i ndi cative of user brake actuation. 84. An apparatus for supplying energy
to an energy bus in a hybrid electric vehjcle, the apparatus conprising a
processor circuit configured to control €nergy contributions onto the

energy bus frogyan r&d |l evi and frama regenerative

br aki ng systemgh'resﬁtggc;%% y?&?é@r@Wﬁgrgﬁ]dc%&g’wﬁg§8Wpﬁ'??§:ﬁ?tﬁﬁq@dgﬁ'Fﬁ gur ed
to prevent said coenergpeontabstid ofithexneeyigepemtitg tievied, habsporeaas the
contribution. 85. The apparat.us, of cl ajm 84 .Wh?r el n said processor circuit
is configured to r@gd %Gﬁﬂ'?edsrﬁﬁﬁ’l‘?rﬁh"wa{"ﬂ@ QRHPgy generating device to
the 20 energy bus. 86. The apparatus of claim 84 wherein said processor
circuit is conBRgurthk mathod dficlinp@fefurtheppbmpdsihy sthingen erasengdasirat i ng

device to th gy _bus. while i lied by the
regener i1 ve br aki THCSyelmbrefin, dotae of, et eGenerals srplind psiemug of

clai m 86 wherein saigdpiseCoIhe mBlirham desired G@g’éde@aﬂv@%rakiﬂ%it&ﬁﬁé%‘ﬁﬁ an

regenerative braking torque applied by the regenerative raki ng system
s

until a desired re QY pranbulign sypelies histhgcanessegenerating denee 006
-54 88. The appar atiig epbrdy/tism 84 wherein said processor circuit is
configured to identify a maxinum desired regenerative braking torque to be

83. The method of claim 76 wherein controlling comprises controlling
10 power supplied by the energy generating device to the energy bus, in
response to a braking signal indicative of user brake actuation.

84.  An apparatus for supplying energy fo an energy bus in a hybrid electric
vehicle, the apparatus comprising a processor circuit configured fo
control energy contributions onto the energy' bus from an energy

15 . generating device and from a regenerative braking system
respectively, wherein said processor circuit is configured to prevent
said contributions from exceeding a desired total energy contribution.

85. The apparatus of claim 84 wherein said processor circuit is configured
to reduce power supplied by the energy generating device to the
20 energy bus. - '

86.  The apparatus of claim 84 wherein said processor circuit is configured
to reduce power supplied by the energy generating device to the
energy - bus, while increasing power supplied by the regénerative
braking system to the energy bus.

25 87.  The apparatus of claim 86 wherein said processor circuit is configured
' to increase a regenerative braking torque applied by the regenerative
braking system until a desired regenerative braking torque is achieved. |




applied by the regenerative braking system 89. The apparl4susbf00€| ai m 88
wherein said processor circuit is configured 5 to set a desired energy
contribution of the energy generating device, in response to the maxi mum
desired regenerative braking torque. 90. The apparatus of claim 88 wherein
said processor circuit is configured to set a present desired regenerative
braki ng torque of the regenerative braking system in response to the
maxi mum desi red regenerative 10 braking torque and an actual energy
contribution supplied by the energy generating device to the energy bus.
91. The apparatus of claim84 wherein said processor circuit is configured
to control power supplied by the energy generating device to the energy
bus, in response to a braking signal indigative of user brake 15
actuation. 92. An apparatus for supplyinéfenergy to an energy bus in a

hybrid el ectri ve p S, Ccor . first ans
controlling a ?Isl’st? gﬁej?[aﬁ{z}‘nc?fq? a%w“s 55[" g‘@?ﬁ g;rqyﬂespp fﬂué‘?ﬂergy
generating means; armd ndw.t@e@omhxn‘maﬁwégrredc%yeh@}dtwag)rakmgcmee@@rw
contribution onto nerative braki ng neans, wherein

ﬁa rg%/ bus fromr
said first and seco%P' &y dhe groepgrtive pra %yéﬁ%'ér ate to prevent sai d

contributions fromexceeding a desired total energy contribution. ---

-------- - 1489uguthe apfratSof cRiim S wheRIPSAY pFoceksel @it 92 cafRiufddy sai d
first ns for cantrolli 5 ngr ses peans for reduci ng power supplied by
the eneryy gener at it ﬁéﬁ;%ge §engy @nggyomagfheﬂerwr@wg\gaaqysceom clai m

92 wher ei n sai d seceegongRANtHS FiaxAlth dBLd VbgeRor@IIDBIaRRY BRABS 1 OF

i ncreasi ng power supplied by the regeneratlve braki ng ans to the energy

bus, and wherebg sa_l_d first ne fo
he apparatus o clalm 88 wherein said processor circuit is configured

to set a present desired regenerative braking torque of the regenerative
braking system, in response to the maximum desired regenerative

10 braking torque and an actual energy contribution supplied by the
energy generating device to the energy bus.

91.  The apparatus of claim 84 wherein said processor circuit is configured
| to control power supplied by the energy generating device to the
energy bus, in response to a braking signal indicative of user brake
15 actuation.

92.  An apparatus for supplying energy to an energy bus in a hybrid electric
vehicle, the apparatus comprising:

first means for controlling a first energy contribution onto the |
energy bus from energy generating means; and .

20 ~ second means for controlling a second energy contribution onto
the energy bus from regenerative braking means,

wherein said first and Second means for controlling cooperate to
prevent said contrlbutlons from exceedlng a desired total energy
contrlbutlon




controlling conprises means for reducing power supplied B Augst26er gy
generating neans to the energy bus, while said second neans for
controlling is increasing said power supplied by the 10 regenerative
braki ng neans. 95. The apparatus of claim94 wherein said neans for

i ncreasi ng power conprises nmeans for increasing a regenerative braking
torque applied by the regenerative braking neans until a desired
regenerative braking torque is achieved. 15 96. The apparatus of claim 92
further conprising neans for identifying a maxi numdesired regenerative
braking torque to be applied by the regenerative braking neans. 97. The
apparatus of claim96 wherein said first neans for controlling conprises
means for setting a desired energy contrifution of the 20 energy
generating nmeans, in response to the maxitium desired regenerative braking

torque. 98. Thgi,appa u erein said_second ans for
controlling g%‘bl’l sﬁgr@f%éa"r‘%rc’fgﬁ"im %“ﬁ’%‘?'@f@r‘fﬁf@z@?% FOREPHRG ve
braking torque of tbempegsnanedrsy dobrralidity NBEWS suPplicds RN IKe t ndrf 25
maxi mum desired regener at ,ve brakin tor e and an actual énergy

contri bution suppli e&e'l?ﬁfa iREMeARs 915 l?Lﬁg neans to the energy bus. 14
August 2006 -56 99. The apparatus of claim92 wherein said first neans for

controlling cO4prisEke lapamttfsoasf ol#ioh82 WheRM\Sid SEERd ﬁl@aﬁyfdr%n%lﬁr@y
onse to a braking s al

generatié;g means to the enerlﬁé ?P in resg

i ndi cative of user bFURBISES; WEEABHIPr iBCreARN ROWSFrﬁH@lﬂkedr%Hﬁbﬂeéeh@ét"(ﬁn
provi ding codes for Biak@gtinBEndto Mé)éﬁé%?rbuﬁ' éﬁdﬂmﬁhefréin%%ﬂ{]f'%'t c%r

contributions onto an energy bus .in el ectric ve om an

energy generating de%QHElRgdCoOPBHsES me@génf@r dedyeing rpowengsuppliedrby the
respectively, wherei gn&gy hdeifhgdhedht to the energy bus, while said second

means for controlling is increasing said power supplied by the
10 regenerative braking means.

95. The apparatus of claim 94 wherein said means for increasing power
comprises means for increasing a regenerative braking torque
applied by the regenerative braking means until a desired
regenerative braking torque is achieved. |

15 96. The apparatus of claim 92 further comprising means for identifying a
maximum desired regenerative braking torque to be applied by the
regenerative braking means.

97. The apparatus of claim 96 wherein said first means for controlling
comprises means for setting a desired energy contribution of the
20 _ energy generating means, in response to the maximum desired
| ~ regenerative braking torque.

98. The apparatus of claim 96 wherein said second means for controlling -
- comprises means for setting a present desired regenerative braking
torque of the regenerative braking means, in response to thé
. 25 maximum desired regenerative braking torque and an actual energy
contribution supplied by the energy generating means to ‘the energy
bus. ' ' S ‘




said processor circuit to prevent said contributions fronifé% e g a 10
desired total energy contribution. 101. A signal conprising code segnents
for directing a processor circuit to control energy contributions onto an
energy bus in a hybrid electric vehicle froman energy generating device
and froma regenerative braking systemrespectively, wherein said code
segnents direct said 15 processor circuit to prevent said contributions
fromexceeding a desired total energy contribution.

-56-

99. The apparatus of claim 92 wherein said first means for controlling
comprises means for reducing power supplied by the energy
generating means fo the energy bus, in response to a braking signal
indicative of user brake actuation,

5 100. A computer readable medium providing codes for directing a
processor circuit to control energy contributions onto an energy bus in
a hybrid electric vehicle from an energy generating device and from a
regenerative braking system respectively, wherein said codes direct
said processor circuit to prevent said contributions from exceeding a

10 desired total energy contribution,

101. A signal comprising code segments for directing a processor circuit to

control energy contributions onto an energy bus in a hybrid electric

- vehicle from an energy generating device and from a regenerative

braking system respectively, wherein said code segments direct said

15 processor circuit to prevent said contributions from exceeding a
desired total energy contribution.




