WD 03/ 072389 PCT/ CA03/ 00269 METHODS OF SUPPLYI NG ENERGY TO AN ENERGY BUS
IN A HYBRID ELECTRIC VEH CLE, AND APPARATUSES, MEDI A AND SI GNALS FOR THE
SAVE 5 RwBLB0CBSIHE | NVENTI ON The present invention rel aPe3/tam3vedsdcl es,
and nore particularly to nethods, apparatuses, nedia and signals for
supplying energy to an energy bus in a hybrid electric vehicle. 10
BACKGROUND OF THE | NVENTI ON An el ectric or hybrid electric vehicle
typically enploys electric traction notors connected to drive wheels of
the vehicle. The traction notors typically receive electrical energy from
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power sources to supply energy to the traction notors to drive the

vehicle: an auxiliary power unit or &HEPAMErgy generating device, and an
energy storage system 20 The auxiliary power unit typically converts
anot her formof energy into electrical energy which it supplies to the

ener gy bus, IRELDSOFSIHE INVENTIONRpabl e of drawing el ectrical energy from
t he energy bus and converting it into another formfor storage. For

exanpl e, the_auxili arg power un| t often _includes an internal conbustion
engi ne coupl dde: present inventipp Jelajen &o é’leBPC|95¥1cﬁndZH‘Q58rRPéF'W|ﬁﬂy e ChetArdsy

energy deriv |
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cells for gemgbetichestet eehiclezal ener gy from ot her chem cal WO 03/ 072389

PCT/ CA03/ 00269 -2 processes such as oxidation of hydrogen for exanple,
have been used as auxiliary power units.

10 BACKGROUND OF THE INVENTION

An electric or hybrid electric vehicle typically employs electric traction motors

connected to drive 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 causing 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 generating device, and an energy storage

system.

20 The auxiliary power unit typically 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 energy bus and converting it
into another form for storage. For example, the auxiliary power unit often
includes an internal combustion engine coupled to an electrical generator, for

25 converting mechanical energy derived from the chemical combustion of
gasoline (or other hydrocarbons or other fuels) into electrical energy. More

recently, fuel cells for generating electrical energy from other chemical



The energy storage system (ESS) typically includes a system capable of both
supplying el ectrical power to energy bus when needed, and capable of 5
recei vi ngwouwspbassd el ectrical energy fromthe energy bus amdTataesioeg9such
energy for future use. For exanple, the ESS often includes 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 neet
the current denmands of the vehicle), the, ESS will be called upon to supply
stored 10 electrical energy to the energy bus in order to drive t he

traction notors and other ele trrc vi ces, of the veF Conve sely,
when the conP{RSESSRS SHGHi A% o¥ldabip Hﬁpgﬁarfw Plemeve (i’eSBeP%&Cf

of ten SUpp”ﬁﬁxi[@é{Z’poﬁeﬁﬁﬁlfs' cal energy to the energy bus than is requi red
to operate t raction notors to propel the vehicle and to operate other

el ectrical devices of the 15 vehicle, in which case the ESS may draw a
char gi ng cur Thatenfergyrstarage systemn (BSS) typuzaﬂuenclude%ecmetezrné:a@agtﬂ okbether gy

for future us t t
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motors to propel the vehicle and to operate other electrical devices of the
15 vehicle, in which case the ESS may draw a charging current from the energy

bus in order to store the surplus energy for 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
20 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
25 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

30 typically significantly exceeds the instantaneous electrical energy needs of the



vehi cl e, because the |argest electrical |oads, nanely, the traction notors
t hensel ves, have ceased drawi ng energy and are now supplying significant
anount s ovoeB®T2389 cal energy back to the energy bus. Ther @Cor03/00269
regenerative braking typically produces a significant anount of surplus

el ectrical 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 surplus electrical egergy to charge the energy storage
system the auxiliary power unit, and the traction notors acting as a
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energy in excess _of the current electrical needs of the vehicle), if such
surpl us el ectihUgain @ferigy hybri¢ glestiic vehigleatharam@retyricrlgiva arergsogyces
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auxi liary polhege /e PERKING BYYET: pur poses. One such system i nvol ves
detecting a voltage generated by the regenerative braking system detecting

a volgage geNffélepdiney ﬁligeéﬁhét&fer WRdr8fe 9 s itd safdM re SV Bhtl A8re
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an internal conbustion W0, 03/072389. PCT/ CAO3/ 00269 "
its' temperature, its age, ‘andits previous operating conditions, for example.
Exceeding the charge acceptance limit of the energy storage system may
lead to over-voltage conditions, potentially damaging the energy storage

15 system, and also potentially damaging other electronic components

connected to the energy bus.

Therefore, to the extent that the auxiliary power unit and the regenerative
braking system may produce surplus electrical energy (i.e., energy in excess
of the current electrical needs of the vehicle), if such surplus electrical energy
20 exceeds the amount of energy the energy storage system can safely store,
the energy storage system and other electric and/or electronic components of

the vehicle may be damaged.

A number of systems have been proposed for monitoring and controlling
electrical energy generated by a regenerative braking system and/or an
25 auxiliary power unit, for various purposes. One such system involves
detecting a voltage generated by the regenerative braking system, detecting a
voltage generated by a generator coupled to an internal combustion engine,
and reducing the amount of regenerative braking if the regenerative voltage

exceeds the generator's voltage, in order to protect an internal combustion



-4 engi ne agai nst over-speed operation. It is noted that reducing
regenerative braking output in favor of the generator output o

di sadvantwg®ozi3g r educes vehicle efficiency. Mre signi PCTamoBgo26exi sti ng
systens tend to be reactionary in nature, and often 5 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 unL&_mnII be operating at full power,
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full power, not having had sufficient time to reduce its output. The resulting

surplus electrical energy supplied to the energy bus by the traction motors and

15 the auxiliary power unit typically largely 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

20 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.

25 SUMMARY OF THE INVENTION

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 with a



regenerative braking systemin a hybrid electric vehicle. The nethod

i ncludes controlling power supplied by the energy generating device to the
ener gy buwp o3jome3sesponse to a braking signal indicative ofPCHa3bozEke
actuation. By controlling power supplied by the energy generating device in
response to 5 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-vgltage condition that is in the
process of occurring. Controlling power preferably includes controlling

ower suppli il ar awer . uni A f. the vehicle, . This may
Pncl ude (F:)gnt f%%?féﬁ%tﬂ/ae %@%%ﬂ 'QL?pBY rg%e%fﬁ*ﬁ @H@Paﬁd}e, h%&f’cﬂfﬁfﬁsude
control I ing eostwlfiebonepBupplicd by tife %Hér‘qyc@éﬁerafi dBYRERbhe %ﬂ@Fq;Pblhé,ng
preferably includes commencing the controlling no Tater than a tTnme at

whi ch t he reljeifePanss & BhaRkiRg signal dnieativeres ussibrale actwationes suppl yi ng
energy to the energy bus. 15 Controlling preferably includes reducing the

i SRRA ' LGet bus. If, so,
Phe. mot hod oy Py PR AL sARRa ] LRl (R Rl i o GUER Y onse 10
regengr at i vether bkaking sigranthe pohver waby dee cohBolléte pPOSEtRENDUS, prékiehe an

reduci ng the power supplied by the energy, generating device to the energy
bus. 20 Thus®V&RROR &Pﬁ%ﬁpﬁ%ﬁwurﬂ@geﬁbmﬂﬁr@@ wiRApreyous sygiemss that
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of energy recovered fromthe vehicle's kinetic energy while decreasing
fuel  consuneniallingspewer eprsfergbpovieciudey corntrallieg | poweassupplied by an

regenerative_hr.akin [ qu i by the regenerative braking system
until a desi?%Mdg%\&gﬁgﬁr@emﬁblﬁglﬁﬂaetYﬁ*ﬂé@' i gﬁ&m%w‘u%m rotingsa
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desired braking torque in
- by a fuel cell, for example.
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.

15 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.

20 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.

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



response to the braking signal. The nethod may al so include identifying a
maxi mum avai | abl e regenerative braking torque. In this case, the nethod

pr ef er ablwofoatnt23es i ncl udes identifying a maxi num desir ed PCEgaNIg0EAI ve 5
braking torque, in response to the total desired braking torque and the
maxi mum avai | abl e regenerative braking torque. Identifying the maxi mum
desired regenerative braking torque may include setting the nmaxi mum
desired regenerative braking torque equalgto the lesser of: (a) the total
desired braking torque; (b) the maxi num avail abl e 10 regenerative braking

torque; and rgue egui val.ent ,of. a desired current drain fromthe
energy bus, 'ﬁ’ﬁé ﬂgg\%ragﬁa(,yuﬁ?@ﬁf' qgﬁk’ﬁ Il BQ@%@EQ@?IF% braifiag deredtecttir r ent
for chargi ngreyponsertgythet brakitfy SiHbEMTHeSPethdd nfRMBIEY FRiURdehifi

ener gy bus. C%srg)t rolling may incl ht‘?zl]e_'setti _ngtgdudesi red pmqﬁglﬁﬁﬂlﬁ%t he
energy 15 gBiBHIMgvaishle gegpnerasiypdprabingotarheemabi thisn aissj itleel method

regenerative j rue. ti. desired power, out put may incl ude
setting a degﬁfgﬁbﬂgufyﬁ—@ﬁﬁ G of'@%ht&g‘ﬁgi Fi Q?X'Bﬁ\%rdﬁﬁ'f?é)('ﬁﬁgy EtiVene
vehi cbe, whi brakiry tofque, vide respidrisegtd e OR%AIN BEsifed MBBkinge Ysthuosad the the
| esser of. (a) a present desired current |evel of the APU; and (b) a

desi red cur r BRXIBYE #vailagla ragengetivedirglingerques| udi ng a desired char gi ng
current for charging an energy storage system (ESS) in conmunication with

the energy b i . i Lre
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present desi seiting dgemeaxitiune desiraltiragenemative boikiag tegrrResqiAIME the Addg

system of the,vehicle, jn res on%ept 25 the maxi mum desired regenerative
I
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br aki ng torque_e&ual to the lesser o X nmum desire
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current drai [ t ener bus. .the desired current drain WO_03/ 072389
PUCT/ CAO3/ 00'2 rgf?{ﬁ Q&rrerrllt for cHar‘glng 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
torque. 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 level equal to the lesser of: (a) a present
desired current level of the APU; and (b) a desired current drain from the

20 energy bus including a desired charging current for charging an energy
storage system (ESS) in communication 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 equivalent of:

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



including a desired charging current for charging an energy storage system
(ESS) in comrunication with the energy bus; mnus (ii) an actual current
suppl i ed W9 oBloe3ener gy generating device to the energy bu®CTih@3neshod nmay
further include identifying, as the desired charging current, a 5 maxi num
al l owabl e charging current for charging the ESS. The method may further
include setting a friction braking torque of a friction braking 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 degj raking torque. Thus. friction brakes may be 10 used to
conpl enent 'tE‘Ighfagréiﬁe53§'ﬁ§é.cbg@?%§ug§§{ &h F@?rgg@ﬁpeﬂ?‘?rgﬁ grr@ge gystem
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predi ctable brake feel. Controlling preferably includ controll1ng energy

cont ri but i on8URRlies! kihthe enrroyweperatingodevice tether gyergyesat i ng devi ce and
froma regenerative 15 braking system of the vehicle respectively, to

prevent the i i ; ' .a_desired t.otal, ener
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comuni cation with an energy generating device and with a regenerative
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-8 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 communication with an
energy generating device and with a regenerative braking system in a hybrid

20 electric vehicle. The apparatus includes a processor circuit configured to
control power supplied by the energy generating device to the energy bus, in
response to a braking signal indicative of user brake actuation.

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

25 In accordance with another aspect of the invention, there is provided a system
including an apparatus as described above and further including the energy
generating device, the energy generating device being in communication with
the processor circuit and with the energy bus. |



The energy generating device may include an auxiliary power unit (APU) of
the vehicle. The APU may include a generator, or may include a fuel cell,
for exanwbe3/0T4389 system may further include the energy bu€T/CA0Th&63yst em
may further include the regenerative braking system the regenerative
braki ng system being in communication with the processor circuit and with
the energy bus. The processor circuit nay be configured to increase power
supplied by the regenerative braking systgmto the energy bus, while
reduci ng the power supplied by the energy generating device to the 10

bus. t furth i ncl ud Y. st t ESS
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energy bus in conmmunication with 15 enefrgy generating neans and W th

regenerati veek@@Rleag means in a hybrid electric vehicle. The apparatus
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actuation, a i 0 lied by the energy
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The apparatus may further include neans for perform ng any of the functions
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The system may further include an energy storage 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 communication with

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 controlling 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 supplied 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.



the vehicle. The systemmay further include the regenerative braking nmeans
for regeneratively braking the vehicle, the regenerative braking neans
bei ng i n wb ogomssni cati on with the energy bus. The systempemiCAoa0d0Rr

i ncl ude an energy storage nmeans for storing energy, in comrunication with
t he energy bus. In accordance with another aspect of the invention, there
is provided a conputer readable medi um providing codes for directing a
processor circuit to 10 control power sygpplied by an energy generating
device to an energy bus in communication with the energy generating device

and with a regenerative braking system.i hyhri 9. el I ehimsi in
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of gnal i e caopbe Dy el VahEls e TelepRul EXRARRG Bats HeM RS |
commgi cat i QRwnmBAICAfbAMWIiNth erdggdusi er wave, for exanple. In accordance
w th anot her aspect of the invention, there is provided a nethod of

supplying energy to an energy bus {n a hybrid, electric veghicle. The nethod
i ncl udes conkl®PYStaE E}?é/rfg'{]tﬂ%mti' 8 SRergy SlTegR ”é‘??é}sg&rbﬁi%r"}gr GHPE

ener gy gener-ﬁtgo%gﬁ%gﬁ?n M the YRefgy BaAgNer ative braking system 25
respectivel )) to prevent the contributions from exceeding a desired total

energy contribution. Controlling preferably includes reducing power
suppl i ed by Ihhacesrdngye withearmthen asepect oft et investiengyheres is Wo\Gded 72389

PCT/ CA03/ 00269 -10 M articularly. controllip f NG
r educi ng pov@mgk‘fﬁbfﬁ’%‘iﬁﬁg medium providing 60dés tor i@ cBhG BPrBREYsdr RS
10 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.

In accordance with another aspect of the invention, there is provided a signal
15 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

20 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
25 respectively, to prevent the contributions from exceeding a desired total

energy contribution.

Controlling preferably includes reducing power supplied by the energy

generating device to the energy bus.



the energy generating device to the energy bus, while increasing power
supplied by the regenerative braking systemto the energy bus. |ncreasing
power preWveroab2s8¢ ncl udes i ncreasing a regenerative braki mgTtanguesappl i ed
by 5 the regenerative braking systemuntil a desired regenerative braking
torque is achieved. The nmethod may further i nclude identifying a maxi num
desired regenerative braking torque to be applied by the regenerative
braking system If so, controlling prefgjably includes setting a desired
energy contribution of the 10 energy generating device, in response to the
maxi mum desired regenerative rakin

i ncl ude set tMWg? B icHlaElyy CBBQ’PE‘BG RE %ﬁ'&gﬁgwgg%? t'ﬁédqodlv‘%/{ %&H’o[#“g? Y

regenerativey % rﬁg @é!ﬁér%ﬂh | fevi€SRBNER thetdie busBXimlEitigeasiag power
regenerative braki or que nd an actual ener g@éhﬁ contribution supplied

by the ener g;pp@ea@rbqatmgremnemtmeobtai@@wstgm e @herg¥IbUBngingrRasiNGb| y

i ncludes controllin Lied th

enor gy bus, AANGELRERERBCRIRE M HEREe ghaoe e oRTOIpt I AElIafiny © e
act uagion. 'tﬂg‘?& SM&IRNGE brakiRg 3pstehe Unasdeietired rédendratienbiaking tdrque is s
provi ded an 0 appar at us for supplying energy to an energy bus in a hybrid

el ectric velrdahlieved. The apparatus includes a processor circuit configured to
control energy contributions onto the energy bus froman energy generating

devi ce and fxom i
cont 1 but  ord PO ERRAE TSt InBhas, En{ e LA SSAGR WeSin chPorsrBygar, e
processor C'Hr@kig Bryudetof bet bpplleﬂf byr ﬁmmdgmeraméltgakleg Systpmrfdf rac, he

varl ous net hods descri bed herein. In d th t
aventson " 1awieiing prolerakia laHudepmating e FesredtyonFon Rt of 4 "

energ%pgl:;“%%ﬁg egatﬁ{gfﬁ%{hb& Y}eltHfs 'oﬁse\fptﬂﬁlrﬁgﬁﬁ‘ﬁﬁn Redired08iE8a@lve - 11

The aj . Jes neans r controlling a first energy
contri buti orbraking torque.

The method may further include setting a present desired regenerative
braking torque of the regenerative braking system, in response to the
maximum desired regenerative braking torque and an actual energy

15 contribution supplied by the energy generating device to the energy bus.

Controlling preferably includes controlling power supplied by the energy
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
20 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, to prevent the contributions from

exceeding a desired total energy contribution.

25 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.



onto the energy bus from energy generating neans, and second neans for
controlling a second energy contribution onto the energy bus from
regener atwoaslrake ng neans. The first and second neans foPCTaoBOdA6H Nng 5
cooperate to prevent the contributions fromexceeding a desired total
energy contribution. The apparatus may further include neans for
perform ng the various functions or nmethods described herein. Such neans
may include the aforenmentioned neans orqqmay include additional neans for
perform ng such functions. 10 In accordance with another aspect of the

T NG S . | t | . ct of t

for Cdi rect i Mgenoppaabis bictiosctref Mepnes fon e By et RPIuodHABuaRE o° o

energy bus gy iy térnie?ge)?bﬁﬁtffdrﬁ é’rfé?{;?'g%ne?étﬁ@ AeapReBaY Ysomdaticags deri ce
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and from a regenerat braki ng system respectively, to prevent the
cont ri but i om®ntrotimgexa eseicony aeerglyr expniriaugion 1®t@néh9y eRSrIY i BUg i §8M | n

accordance wi th anather aspect of t i ny. i re d.S.cPFQv) i gnal
i ncl udi ng cd@@e%%@ﬁﬁ‘ﬁte@a% H?%'@_ti %ea?%ﬁo%@(ggsoercto&ﬁr ﬁ"ueh?ﬁst f)oqc%%??%l %nergy
cont rg but i oRgcPRIA3B (RESEMYthBUSOrtAb@idhebirom etceeiding avddsiredeotal ameagy
energy generating device and froma regenerative braking system

respecti vel ycontibwi®npr event the contributi ons from exceeding a desired
total energy contribution. The signal nay be enbodied in a comunications

medi um or a-garrier v : W | AN Rgictisspect
of the inven eoﬂ?p?rﬁ\é&seﬁag f%ﬁé%’?@gg}alae%géﬁr%u r rg?’@gr m%g?rpri SI ng(j_:lcode
means that wienefRsudestridedehergm. pSachsaeans mayirclude the eloremiestioneps of

t he net hods described herein. Siml ?H&é’ i ac&ordance t h tanot her aspect
of the i nvergans of AEYydnFkidgrasiditinng %ﬁgﬁf)@ ONPIRGSUANFHNGINS 1 i o

carrying code that when executed on a processor circuit carry out the

stepsy of t NGMELAMASNde St Datbifier HsPect/Br AREOFREAARCTHEOR Praaled 22

Q her™ aspect's an eatures of the present invention will becone apparent to
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, to prevent the contributions from exceeding a desired total

15 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, to
20 "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
25 processor 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 herein.



those ordinarily skilled in the art upon review of the follow ng
description of specific enbodinents of the invention in conjunction with

t he acconwergiom3so fi gures. 5 BRI EF DESCRI PTI ON OF THE DRAWCNGA0BM0d@Y awi ngs
which illustrate enbodi ments of the invention, Figure 1 is a block diagram
of an apparatus for supplying energy to an energy bus in conmuni cation
with an energy generating device 10 and with a regenerative braking system
in a hybrid electric vehicle, accordingoso a first enmbodi ment of the
invention; Figure 2 is a partial schematic illustration of an apparatus for

supplying ener to an ener bus in co ' I ' e

generati ng dﬁp@ésa%@smﬂ?eﬁfrg e(ﬁet:hgt ‘?R‘?ggﬁﬂiﬁf?hg&gﬁ t@%“?ﬁ‘eagq@é%ﬁ d

el ectric velpede or@h&My Ukikd M e afongore FvigiveN theoffolidweing ideseniptioon of wi t h
sonme conponents and cohnections omtted for ease of illustration; Figure 3
i s a parti alspscifierambediments tof 4he davesTtioaninapeRiLRERN WiH g@pﬁ@%ﬂrﬂ@a”y rgy
to an energryﬁ. bus in communication with an energy 20 generating device and
with a rege BHERS ve br aki ng systemin a hybrid electric vehicle, according
to a third enbodi nent of the invention, with sonme conmponents and
connegptions omtted for ease of illustration; Figure 4 is a block diagram
illustrating communi cati on anong a processor 25 circuit, the energy

generating device, the r raflVv i system and various ot her
conponent s ﬁﬂﬁ%%ﬁ%lﬁ’%&fﬁﬁ“%ﬁm@‘%%m in Figure 2; WD 03/072389
PCT/ CA0O3/ 00269 -13 Figure 5 is a block diagramillustrating the processor
circuit of theyaRRRRNAILS IREPUR dribddifiehts &5 thambention,

Figure 1 is a block diagram of an apparatus for supplying energy to an
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 connections omitted for

ease of illustration;

Figure 3 is a partial schematic illustration of an apparatus for supplying

energy to an energy bus in communication with an energy

20 generating device and with a regenerative braking system in a
hybrid electric vehicle, according to a third embodiment of the

invention, with some components and connections omitted for

ease of illustration;

Figure 4 is a block diagram illustrating communication among a processor
25 circuit, the energy generating device, the regenerative braking
system, and various other components of the hybrid electric

vehicle shown in Figure 2;



Figure 6 is a flowhart of an energy supply routine executed by the
processor circuit shown in Figure 5. 5 DETAILED DESCRI PTI ON Referring to

Fi gure 1,wan3apssr atus according to a first enbodi nent of PCH&CABNEBAL T ON i S
shown general ly at 20. In-this enbodiment, the apparatus is used for
supplying energy to an energy bus 22 in comunication with an energy 10,
generating device 24 and with a regenerative braking system26 in a hybrid
el ectric vehicle (not shown). The appar at4s 20 includes a processor circuit
28, configured to control power supplied by the energy generating device 24

to the energy: 2, i espapse. to a hraki signal 30 indicative of user
brake actuat F@aé In'gt]h%sgg’ﬁgoglqgﬁm Bgﬁga@?%c{?gsc?fogﬁs@& gircsif |°§ the
configured to control @D@é&tuséﬁé\hﬁﬁrbpbupélz; @RHO the energy bus 22 fromthe
energy generating device 24 and fromthe regenerative braking system 26

respectively,_ to prevent the contributions from exceeding a desired total
energy contrFIWeEn. RS & rfloveshes of @i energyn supplye roaline rexiengtetoby thecond

[ [ ' ' I t 38. In thi
enbodi mnent of the 20 o %bpﬁﬂd@sﬁa&%ﬁﬁg@j@fﬁs y a n is

enbodi ment, the system I'nc 40 for supplying energy to
an energy bus 42 in communication with an energy generating device shown
generally at 44 and with a regenerative braking system shown generally at
46, in a hybrid electric vehicle 48. In this enbodi nent, the apparatus 40

includes a p i i 0 configured to control power supplied by
t he energy g@mig%ﬁm@:ﬁgbfo the energy bus 42, in response to a
braki ng signal 52 indicative of user brake actuation. In this enbodi nent,

the processoReterfifgifo Byure ﬁ'é@aﬁﬁé@t@é‘%%@o?d?n%%né rfi\% %‘g%%beéﬁ of the

contributions onto the energy bus 42 fromthe energy cY _
PCT/ CA03/ 0026Wentian igsheiwadengralyat29. 4n-thisdembodinénd, thegapmaratiisvie useaki ng

o om0 o T PEG Yenerly 6 B Bherol b3 i ComMUnication with n endray
10 - generating device 24 and with a regenerative braking system 26 in a hybrid
electric vehicle (not shown). The apparatus 20 includes a processor circuit

28, configured to control power supplied by the energy generating device 24

to the energy bus 22, in response to a braking signal 30 indicative of user

brake actuation.

15 In this embodiment, the processor circuit 28 is configured to control energy
contributions onto the energy bus 22 from the energy generating device 24
and from the regenerative braking system 26 respectively, to prevent the

contributions from exceeding a desired total energy contribution.

Referring to Figure 2, a system according to a second embodiment of the
20 invention is shown generally at 38. In this embodiment, the system 38
includes an apparatus 40 for supplying energy to an energy bus 42 in
communication with an energy generating device shown generally at 44 and
with a regenerative braking system shown generally at 46, in a hybrid electric
vehicle 48. In this embodiment, the apparatus 40 includes a processor circuit
25 50 configured to control power supplied by the energy generating device 44 to
the energy bus 42, in response to a braking signal 52 indicative of user brake
actuation. In this embodiment, the processor circuit 50 is also configured to

control energy contributions onto the energy bus 42 from the energy



energy contribution. In this enbodiment, the hybrid electric vehicle 48
includes a series hybrid 5 electric vehicle. The regenerative braking

syst em 46wWpg3jome3somuni cation with the processor circuit PEG/Gxd/oedee h t he
energy bus 42. Mre particularly, in this enbodinent, the regenerative
braking system 46 includes first and second traction notors 54 and 56,
each in comunication with the energy bus 42. The traction notors 54 and
56 are engageable with respective drive mnfels 10 58 and 60, and serve to
propel or accelerate the vehicle 48 by appl yi ng torque to the drive wheels

58 d 60 in e r|c ner recei ved traction notors
54 ng 56 frcgr’n%t%ﬂém%ﬁ éé\ﬁ}&lﬁ gh g g%‘l}yrm‘ﬂﬁﬁ‘i éﬁj’i‘ﬂﬂg a%yl%@nttt)rdeftflegg
the t t t SRR k0

ef ?ec[ ?\C/e: Sncrgﬁ?/?rt??%g ttoﬁ?rkl nett?‘% gﬁgrrgy‘rgﬁst h% v%ﬁl céf'de/ﬁg n%%w%é el e&?rl cal

ener gy suppl i€8@rgocemabetien.gy bus. In this embodi nent, the traction notors
54 and 56 include traction notors nmanufactured by Uni que Mobility, Inc. of

I r f. t|on m)tor . jray
be. subst i tut o, i, Poofinot 1 K B bHRES 48’ igpludEs Sl chbridie
tractifon not @desctﬁdvahmle 20hé& fegenertve B%ﬂﬁg{}@?étéﬁh 26 ﬁ!ﬂﬂhr&rﬁh‘lﬁh%}léﬁ vﬂfgﬁ‘
shown and de cr| bed only,. in _connection with the drive wheels 58 and

which in thi %R&%Sﬁ@ﬁf"r%'y‘sg Red withy the gRekaysbus 42hé\ﬂ¢f¢marﬂcwﬂdw ini this

! connect | on it . recRENRlve Blicha SL&Eh) B REMGIGR Y oRg, SEihcineel
drive and fotrapag@moia:rs\s@ bnc K56n eaeheingyomnaneNeition2ith rtﬁ@@iér%y\/flﬁ@ g2 0f

th ehi cl e. Iter ativel e such traction notor rovi ded
f ore \e/ach axl| @Wmtgfﬁe 4 épaeée taﬁ%r?ngégeé’é'@hwﬂhé@ﬁpethedﬂmer wbeelavm e

e subst] U?SB%.“}G‘ e DL L B e ERAENRS Ve e AT e ™
embodi nent , tmmeed@vee\/\/m@lses&agq 6foinrrespongetableetrical enprgyyreceivedtsyi 4@l
energy to thﬁakﬁ&’f%&bréméf ho 8623 e Ieanetrg)? Bus 42/ b(ggn\f'ezrsely, during
regenerative braking, the traction motors act as generators driven by the drive
wheels, thereby effectively 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.

In the present embodiment, for ease of illustration, the traction motors 54 and

20 56 of the regenerative braking system 46 are shown and described only in
connection with the drive wheels 58 and 60, which in this embodiment are the
front wheels of the hybrid electric vehicle 48. Alternatively, however, such
traction motors may be provided in connection with all wheels of the vehicle,
thus providing for all wheel drive and for regenerative braking energy recovery

25 from all wheels of the vehicle. Alternatively, a single such’ traction motor may
be provided for each axie of the vehicle rather than for each wheel, if desired.
More generally, other types of propulsion and regenerative braking systems
may be substituted if desired.



nanely, the energy generating device 44 and an energy storage system (ESS)
62. 5 Referring to Figure 2, in this enbodi nent the energy generating

devi ce 44wD3/07238Communi cation with the processor circuit PEO/Grodoedsd h t he
energy bus 42. In the present enbodi nent, the energy generating device 44
includes an auxiliary power unit (APU) 64 of the vehicle. Mre
particularly, in this enbodinment the APU 64 includes a generator 66
coupled to a prinme nover 10 68. The prinp,_ ver 68 supplies mechani cal
energy to the generator 66, which converts such energy into electrical

energy, which if.th |i,es, to the_ener bus 42. Thus, in the present
enbogiyment, ?ﬂeh‘}ﬂ% o"?ﬁ@@fﬁ%ﬂr ?U?fe 54¢ F‘gocﬁﬁéﬁggursé’éfr‘%e@ Opsralle ihesynpher
suppl i ed by tehsctecsr Gy ner tid [ ener, l'ing
power supplied by the (ng% 64 of ﬂ?ﬁﬁerﬁ?t&%e) sﬁgﬁ%S%r\wngﬁgs%@erﬂky, by

control | i ng Aamgly.ectic ANeHIY @eneyating dgwiver ddoandean energy somgey spstemn | n
this enbodi mppgg)ighe prime nover 68 includes an internal combustion
engine. Alte nati)ve[y, t he generator 66 nmay be coupled to other types of
prime nover. For exanple, the generator 66 may be coupled to a turbine. 20

Ref er 5i ng t o Refguing 18, Figltee2nit thiekynbddraeattid éﬁér}gy@ﬂraﬁﬁ? Helite @ is
i nclude other neans .for geperating energy. For exanple, in the alternative

enbodi nent sHbEAMMHTECHAEWRN the,Brogesser aFguibefendurith therenerggdus 42ieln cel |
O£ oIS BRSERY GHrk 3 600 LGB, S AR e

suppl i ed by the "~ energy generating devic
suppl i ed by ebsiliagelpover] uni25AF8JY G4t bé theevglicleus Kidre Rsdretulanyg, hackid 0

communi cat | oRMAAETERE M BELL B8 Mekikesia 9S0SHr P (GPLPIRd B0 ergymetoevar?.
SUpPly el act Frca e O ees s o8 RS LAY oothelBENRAT, 882560
PCT/ CA03/ 00284ich cenerfspisycts wriergy éntgyelectrichk ehewrgyt, iviviciiot thep Sdpsiied 6 t o
accel erate tfe ¥elieliSis 42, Thus, in the present embodiment, the processor circuit 50

is configured to control 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 particularly, by controlling a current supplied by the generator 66 to
the energy bus.

In this embodiment, the prime mover 68 includes an internal combustion
engine. Alternatively, the generator 66 may be coupled to other types of
prime mover. For example, the generator 66 may be coupled to a turbine.

20 Referring to Figure 3, alternatively, the auxiliary power unit 64 may include
other means for generating energy. For example, in the alternative
embodiment shown in Figure 3, the auxiliary power unit includes a fuel cell 69,
and the processor circuit 50 is configured to control the power supplied by the

energy generating device 44 by controlling a current supplied by the fuel cell
25 69 to the energy bus 42.

Referring back to Figure 2, in the present embodiment, the energy storage
system 62 in communication with the processor circuit 50 and with the energy
bus 42. The energy storage system 62 of the presenf embodiment is
operable to supply electrical energy to the energy bus 42, which may then



48. Conversely, when there is a surplus of electrical energy on the energy
bus 42, which may result from excess energy supplied by the auxiliary power
unit 64 awod/oaw7d38dm regenerative braking energy supplied PETIAM®3/00269
regenerative 5 braking system 46, the energy storage system 62 recei ves and
stores such surplus energy for future use. To achieve this, in the present
enbodi nent, the energy storage system 62 includes at |east one battery,
such as that shown at 70 for exanple. The ESS 62 further includes an ESS
controller 72 for nonitoring and regulating the state of charge,

tenperature and other 10 physical ..properti f ;
present enbc?&'ﬂﬁ’b’n?‘fc(?} ﬁ'ée@ﬂgpéﬁeg{%’t'gﬁ rﬁﬂ{ﬂr%ggsaorﬁi ‘é??%%?gélgféﬁgﬁﬁe Veﬂgzl:%]?i cal
bus. More pag i @Hn%lréél;lg,'WhéﬁItﬁe@mogismpm_std;feelea@ibgyehy@w o6 lthdemergy
electrical wres rated Tor high-voltage, high-current applications. For

exanpl e, i rbushd2 preisbrmay nesidi frem: exdesseenargy istaplied P¥dnemUXHaNcREWEY bus

I ncl ude wires . rated for 300 f : i | el N
thi s enbod itk 6% ehElE e Byregene bR aaiRY, My SUBHER bl e radeidalive 1 g
systeqm 46, thakpgesydYernt #6208 SYsrH§Bt6RgeasystempbRIrateivys @ndostbess Bugh

vol tage | oads such "as those shown at_74, for exanple, are electrically
ponlnegt edt |h mtprgiua!ereﬂrgycfot rllduéméﬁgy baacheverthis;Ha @?H@ﬁsﬁﬁhﬁg‘tbpﬁl'rﬁﬁﬂ}g

i nclude o evi ces : ' : Wy | o] r
supply, Sucﬁhgse%ergxm%t&%g{eegy%(tﬁgr\ (Séyzg{nib?nucg{sg‘égl £e%t ﬁ%magﬂ%g ej%q(ﬂ?%rs p@%ﬁ;rrpl e.
In this emboghgwmntt 70H6r exdv@ple. ofile ERS fe2r funiter imcildetean ESS epnttolier 72

transfornmer 76, for providing a | ow voltage power supply 78 for use Db

ot her | ow vdbr ag@nltmmgc@@dofegqi@“ﬂgaﬁh@l%ag%,OfsQr@ﬁgﬁs?%“g?'iag‘t'rieoﬁnarQmeﬁé 25
syst gm 80, ﬁgﬁ{ a speedoneter 84, for exanple. In

t hi s enbodi ﬁ%&ﬂ{s?tﬁﬁg H'%\é:agﬁ%?%%rﬁgms’yst em 80 includes a conventi onal

friction braking systemsuch as a hydraulic disk or drum brake system for
exanmpl e. Al tler tisd ipresent embedimenieshef energyt bus 42 dreloges ya tdifest raufras

substituted. Alternpatively, the frictjon. ' ' i
VO 03/ 072389elpgtrip@hbg$.0$@%g pa |§ulra:'I§,t fnotrr]nsbcra% Io'&ﬁngl){tsﬁw%nénr{e%y%%sq%ﬁﬁgg i
electrical wires rated for high-voltage, 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 loads such as those shown at 74, for example, are electrically

connected in parallel to the energy bus 42.

20 The other loads 74 may include other devices of the vehicle 48 requiring a
high voltage power supply, such as a power steering system and a heating

system, for example. In this embodiment, the other loads 74 further include a

step down transformer 76, for providing a low voltage power supply 78 for use

‘ by other low voltage devices of the vehicle 48, such as a friction braking

25 system 80, a brake pedal sensor 82 and a speedometer 84, for example.

In this embodiment, the friction braking system 80 includes a conventional
friction braking system'such as a hydraulic disk or drum brake system, for
example. Alternatively, other types of friction braking systems may be
substituted.  Alternatively, the friction braking system may be omitted if



desired, however, it is strongly preferable that a friction braking system
be provided for safety reasons. For exanple, there nmay be circunstances in
whi ch. a uwwero3pf23she vehicle 48 wishes or needs to decel er @Ca&/aMoBho29 gr eat er
braki ng torque than the regenerative braking system46 is providing. In 5
addition, as the user-requested braking torque is not the only factor

I nfl uenci ng the manner in which the processor circuit 50 of the present
enbodi ment controls the applied regeneratiyve braking torque, this further
hei ghtens the desirability of a friction braking systemto ensure that the

16 br aki g syerikl el dn il Btfoddbhaleriapleoinat s &idica bregiey sysiemiba n
order to prop'r@i&d@dldoﬂﬁhfétyﬁiréa@oﬁg?rGFdPrééﬁn‘ﬁSI%P'tr?ex@nﬁlla OB  hicBstaicseinf eel -

Al t hough the friction braking system80 is shown in Ffgure I n connection
with a si ngl &higheausesrofi theushicleidf wishesosreseeds te deoeletatakwithy acoreaterent s

f ; i ded | _aof , | f t i.cle 48. 15
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particularly, .in this enbodi nent, the conmunications network 90 1 ncludes a

two wire conifYENEiNgathe, Manney N (s , thenpresesser circaitl 50 ovbthse present
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circuit 30 50. _
preferably provided for all of the wheels of the vehicle 48.

15 Referring to Figure 4, in this embodiment, the processor circuit 50 is in
communication with a communications network 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. Alternatively, however, other types of

communications networks may be substituted.

More particularly, referring to Figures 2 and 4, in this embodiment the
processor circuit 50 is in communication via 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
receiving current detection signals therefrom. More particularly still, the first
current sensor 96 measures an electric current supplied by the auxiliary
power unit 64 to the energy bus 42, and transmits signals representing the

current measurement onto the network 90 for receipt by the processor circuit
30 50.



WD 03/ 072389 PCT/ CA0O3/00269 -18 Simlarly, in the present enbodi nent the
processor circuit 50 is also in comrunication with a voltage sensor 97 for
recei vi ngowoeBnzse9 det ecti on signals therefrom More part PCHIGNBAI269 he
vol t age sensor 97 neasures a voltage on the energy bus 42, and transmts
signals representing the voltage 5 neasurenent onto the network 90 for
recei pt by the processor circuit. In this enbodinent, the processor circuit
50 is in further comunication, via the.getwork 90, with the energy
storage system 62, via a conmunications interface 98 thereof. Simlarly,
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energy bus 42, and which transmts signals representing this drawn current

measur enent n&o thegg]cgtwork 90 for receipt by the processor circuit 50.
20 Sinilarly!n s @mRodimesl thenprocessorpitsitsadis 1 fusther ganmmgnication, via

conmmuni cat i ofheY hatwdiREom A" e §; ugalid f Low yoltage devices
of the vehicle 48. More pgﬁtﬂlﬁgu %ér!vp hstlarna(qemézétéh%ggi %L%\tg C?W@“E]"Eﬁcl@‘?or
circuit 50 itenfaco8timreaf.ion with the friction braking system80 via a
control interface 106 thereof, with the brake pedal sensor 82 via a

conmmuni cati oas i nterface 105 thereof nd wt 25 the speedoneter 84 via a
conmmuni cat i oﬁﬁ’”"eﬁtyer f'ﬂbc@eld%re?ﬁ%tr &ﬂ“bo&ﬁ'eﬁ'}t\’i stn@m%‘a?%%, cireldit ppQ c iss sior
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char gi ng st r éeeySonigliseonynunicatiers intedace HOO therabhr
Also in this embodiment, the processor circuit 50 is in communication via the
network 90 with the other high voltage loads 74 including the transformer 76,
via at least one communications interface 102 thereof. The processor circuit

15 50 is also in communication with a second current sensor 104 which

measures a total electrical current drawn by the other high voltage loads 74
from the energy bus 42, and which transmits signals representing this drawn
current measurement onto the network 90 for receipt by the processor circuit
50.

20 Similarly, in this embodiment, the processor circuit 50 is in communication via
the network 90 with a plurality of low voltage devices of the vehicle 48. More
particularly, in this embodiment, the processor circuit 50 is in communication
with the friction braking system 80 via a control interface 106 thereof, with the
brake pedal sensor 82 via a communications interface 105 thereof, and with

25 the speedometer 84 via a communications interface 108 thereof.

In this embodiment, the processor circuit 50 is in further communication via
the network 90 with a charging strategy selector 110 via a communications

interface 112 thereof. The charging strategy selector 110 selects a particular



WO 03/ 072389 PCT/ CA03/ 00269 -19 strategy or nethod for charging the energy
storage system 62. For exanple, such selectable strategies may include
"fast"' cWwerogiom3so al so referred to as "opportunistic" chacgiaag3/ovaa9whi ch
as nuch current as possible is used to charge the energy storage system
subject only to the maxi mum all owabl e 5 charging current receivable by the
energy storage system Such a strategy serves to minimze auxiliary power
unit transients. Alternatively, a furt he_r19_charg| ng strategy may include
"float" charging, whereby the energy storage system62 is charged at a

! . . o I ed
char gi ng. 1| eversted 8 fRNAQ K7ehebdB oho Sty Stifad Suilem Bahicar graamplee
current | evelsudrtsulsdtabR bitafegf@Paial thchdy "'faslt'e?gg{?irﬁsd;eal‘éeerreg%ri%c?tt? L €

system 62. In this enbodi nent,” the charging strate | ector . ncl udes
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desired. If desired, the processor circuit 50 may be in furt _ _
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combi nati on "fast" charging or of "float" charging, respectively. Alternatively, the selection

15 of charging strategies may be determined automatically if desired.

If desired, the processor circuit 50 may be in further communication with other
additional devices of the vehicle 48, either via the communication network 90
or otherwise.

Referring to Figure 5, the processor circuit is shown generally at 50. In this
20 embodiment, the processor circuit 50 includes a microprocessor 120.
Alternatively, other types of processor circuits may be substituted for the
microprocessor 120. More generally, in this specification, the term "processor
circuit" is intended to broadly encompass any type of circuit, device or
combination of circuits and/or devices capable of performing the functions
25 described herein or equivélent functions, including (without limitation) other
types of microprocessors, microcontroliers, other integrated circuits, other
types of electrical circuits or combinations of'circuits, logic gates or gate
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 from each other, for example. Additional types of processor circuits will be



wi th other such circuits or devices |ocated at the same |ocation or
renotely 30 fromeach other, for exanple. Additional types of processor
circuits winlo/omssi\O 03/ 072389 PCT/ CA03/ 00269 -20 appar entPCraCAIBOSX9
ordinarily skilled in the art upon review of this specification, and
substitution of any such other types of processor circuits is considered
not to depart fromthe scope of the present invention as defined by the
clainms appended hereto. 5 In this enbodiggnt, the mcroprocessor 120 is in
comuni cation with a plurality of nmenory devices, including a non-volatile
124, and a nedia interface 126.
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10 routine 128. Thus, as discussed in greater A el’'ow T n” connect

with the enef§yt@&dppai frathescapsof the presentirvedtioras ddfimetdry: thel claims
menory 122 @ﬁk@n&éd%eﬁﬁgPUter readabl e nedi um provi ding codes for
directing the "processor "¢tircuit 50 to control power supplied by the energy
generating device 44 to the energy bus 42 in response to the braking
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respectively, to preven ons from eding a desired total
energy contribution. In this enbodiment, the non 20 volatile nmenmory 122
cooper at es win fihishempiodinognto dbe stn-tdiatilomeneatyc 22 is sisgaiato 8FeCRfdissi Ng

d t directi fh racessor circyit 50 to performthe
{ 8n§t.sggge gf %*ﬁﬁ*ﬁé@%@%& ?W%m'PFPé’r@%SSOm?& ABelHdiBgyan enekgy stppt her
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thg non-gol atil erié?enory 122 inclcuqees an erasrac!) e, (rae-vvlrl%rﬁ)]eec g@ conput er
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menory (EEPROMK Q8 'é!sfér’i%ldte”rerlrgéa/dbléOrrne%f(u?nnp}lor%viding codes for directing the
processor circuit 50 to control power supplied by the energy generating device
44 to the energy bus 42 in response to the braking signal 52 indicative of user
15 brake actuation, and similarly, acts as a computer readable medium providing
codes for directing the processor circuit to control the energy contributions
onto the energy bus from the energy generating device and from the
regenerative braking system respectively, to prevent the contributions from
exceeding a desired total energy contribution. In this embodiment, the non-
20 volatile memory 122 cooperates with the microprocessor 120 to produce a
signal 123 comprising code segments for directing the processor circuit 50 to
perform the functions of the energy supply routine 128. Alternatively,
however, other ways of generating such signals may be substituted. In this
embodiment, the non-volatile memory 122 includes an erasable, re-writable
25 computer readable medium, such as an electrically erasable programmable
read only memory (EEPROM) or a FLASH memory, for example.
Alternatively, other types of computer readable media may be substituted for
the non-volatile memory 122, such as removable media insertable into the

media interface 126, for example.



Al ternatively, other types of conputer readable nedia nay be substituted
for the non-volatile nmenory 122, such as renovable nedia insertable into
the nediwoiesgace 126, for exanple. WO 03/072389 PCT/ CROZ/(N026@69-21 | n
t he present enbodi ment, the non-volatile nmenory 122 al so stores a
plurality of | ook-up maps for use by the m croprocessor in executing the
energy supply routine 128, including a desired braking torque |ook-up nap
130, a maxi num avail abl e regenerative b[g{jng torque | ook-up map 132, a 5
maxi mum chargi ng current |ook-up map 133, and first and second traction

ffici | ook- 134 d 135. I n.thi nbodi I red
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for state of ch_%ge, t enperature, and maxi mum al | owabl e chargi ng current,
to al | ow fasdesitrshtbrakiogt fasauef cerresnonding tpnvelycleespend can® RraketBeddlr -

I nput ~vari ab " r. t gb(ﬂ%j nt filrst ot t r
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fast identification of the latter in response to t,{%aeiormer t
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traction motor temperature, and maximum available regenerative braking
15 torque, and thus allows for fast output of a maximum available regenerative
braking torque corresponding to traction motor rotational speed and
temperature input variables. Also in this embodiment, the maximum charging
current look-up map 133 includes fields for state of charge, temperature, and
maximum allowable charging current, to allow fast identification of the latter in
20 response to the former input variables. In the present embodiment the first
traction motor efficiency look-up map 134 includes fields for traction motor
torque, traction motor rotational speed, and traction motor efficiency, to allow
fast identification of the latter in response to the former two input variables.
Similarly, the second traction motor efficiency look-up map 135 includes fields
25 for traction 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.

It will be appreciated that the specific contents of the desired braking torque
look-up map 130, the maximum available regenerative braking torque look-up

30 map 132, the maximum charging current look-up map 133 and the efficiency



traction motor efficiency, to allow fast identification of the latter in
response to the fornmer two input variables. It will be appreciated that

t he speciwp®3pmisents of the desired braking torque | ookPap/amap/ods9, the
maxi mum avai | abl e regenerative braking torque |ook-up 30 map 132, the

maxi mum chargi ng current |ook-up map 133 and the efficiency WD 03/ 072389
PCT/ CA03/ 00269 -22 | ook-up maps 134 and 135 are dependent upon the
properties of the particular vehicle to_%%i ch the | ook-up maps relate. In
this enbodi nent, the maxi num avail abl e r'égenerative braking torque | ook-up
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register 136; a brake pedal sensor register 138; a total desire I ng
torque regi st@QldanoColoradactiSh niose gensselly,i e idegitiication b Zhe aspeuific gy

st orage syst ti.es i S A3 a nmaxi num avai l abl e  regenerative
br aki g ¢ or age ey o AT kBl ki SREBFRCRANS gor Prsidir vbile
regi ster 146waand baavelywithiarthg abiitieb @Mopetdrainatily Selled B thbad. 2 Chf’” gl ng
strategy flag register 150; a desired charging current register 152; an

ot her | oads regi.ster, 153; energy bus voltage register 154; a traction’
notor effi cf%ﬁ'@ emdgrﬂﬁpg%%?”ﬁ%i’e {RRIY rewtinech28 gregramseeyi eandigutessthe

I ncl ygi bg! i i Sitr Lye. braking
Lorque 1ol stor TR 00 2P, ke Rl UREShURG HARCREL Jhel iy
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br ai ng ¢ or alaa AEAEREP RS ikBe e Siste 1B o mepior msapediemvegisien on s
are di scussed4pnaficpRi®y sttrhgeé sybteht BRdperties register 143; a maximum available
regenerative braking torque register 144; a maximum allowable charging
15 current register 146; an energy storage system setpoint register 148; a
charging strategy flag register 150; a desired charging current register 152; an
other loads register 153; an energy bus voltage register 154; a traction motor
efficiency register 155; a desired current drain register 156 including a torque
sub-field 157; a maximum desired regenerative braking torque register 158
20 including a current sub-field 159; a desired APU power output register 160; an
actual APU power output register 162; a present desired regenerative braking
torque register 164; and a friction braking torque register 166. These
registers and their respective contents are discussed in greater detail further
below, in the context of the energy supply routine 128.

25 In this embodiment, the media interface 126 includes a laser disk reader,
which employs a laser to read information from a disk 170, which may include
a DVD or a CD formatted disk, for example. Alternatively, or in addition, the
media interface 126 may include a floppy diskette drive for receiving
information from a floppy diskette 172, for example. Alternatively, any other
30 type of computer readable media may be substituted for the disk 170 or the



below, in the context of the energy supply routine 128. 25 In this

enbodi nent, the nedia interface 126 includes a | aser di sk reader, which
enpl oys awbaser23so read information froma di sk 170, whi clrCracaoBedetide a
DVD or a CD formatted di sk, for exanple. Alternatively, or in addition, the
media interface 126 may include a floppy diskette drive for receiving

I nformation froma floppy diskette 172, for exanple. Alternatively, any

ot her 30 type of conputer readable nedia4§§y be substituted for the disk
170 or the WD 03/ 072389 PCT/ CA03/ 00269 3 diskette 172, and appropriate

correspondin 2 d ._sub t' d for the ned I nterface
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vari ods devi skaredfin tihe noshiotdtie n@nonaymizz_or transrri tting control signals to
such devices, respectively. To 10 achieve this, in the present enbodi ment
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shown in Figure 5, for exanple, ternatively, may
i nput / out put 1824 fonrecatvinig semmurication sigsaksniionti vamidus ué\ﬂcwlpﬂthe neRiclece
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64, fromthe second current sensor 104, fromthe sensor
fromthe enePf§ Bormyid egyamumiastionagith ﬂ‘c&m@mwlurnWmauetvmrlbeﬂlehwvrsyst em

46, fromthe r te el ecto 10.
Such si gnal s gfﬁrgtyh%d'”ﬁ 6t grfé(?ﬁlogjﬁgp%% g p.LLgdn{ 206 182 may include
separate interfaces such as those shown in Figure 5, for example, or

alternatively, may include a single input/output ("I/O") interface.

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 auxiliary power unit 64, from the second current sensor
104, from the brake pedal sensor 82, from the energy storage system 62,

20 from the regenerative braking system 46, from the speedometer 84 and from
the charging strategy selector 110. Such signals are relayed to the
microprocessor 120.

In this embodiment, the output interface 182 transmits control signals from the
microprocessor 120 via the communications network 90, to the interfaces 94,

25 100, 106 and 98 of the auxiliary power unit 64, the regenerative braking
system 486, the friction braking system 80 and the energy storage system 62,
respectively. '

Referring to Figure 5, in the present embodiment the microprocessor 120 is in
further communication with an external communications interface 184. The



In this enbodinent, the output interface 182 transmts control signals from
the m croprocessor 120 via the comuni cations network 90, to the

i nt erf acew094/07238 100, 106 and 98 of the auxiliary power POmiCA0849269 he
regenerative braking system 46, the friction braking system 80 and the
energy storage system 62, respectively. Referring to Figure 5 in the
present enbodi ment the m croprocessor 120 is in further comrunication with
an external comunications interface 184,,The WO 03/ 072389 PCT/ CA03/ 00269
-24 external comrunications interface 184 may be used to enable the

m croprocessor, 12Q to communj.cate. w th deyjces outside the hybrid electric
vehicl e 48, %%t&”hagy QOHUPHH'QaQOWr@ L%o ni”&%){ia s UPfit'e ?a@@agl r the _
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the contributions fromexceeding a desired total energy contribution.
Referring to Figures 4, 5 and 6, the energy supply routine is shown generally
at 128 in Figure 6. Generally, the energy supply routine 128 programs or
15 configures the processor circuit 50 to control power supplied by the energy
generating device 44 to the energy bus 42, in response to the braking signal
52 indicative of user brake actuation. The energy supply routine 128 of the
present embodiment also configures the processor circuit 50 to control the
energy contributions onto the energy bus 42 from the energy generating
20 device 44 and from the regenerative braking system 46 respectively, to

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 circuit 50 to receive a
braking signal indicative of user brake actuation. More particularly, block 200
25 directs the processor circuit to monitor the braking signal 52 received from the
brake pedal sensor 82 via the communications network 90, to determine
whether the braking signal is indicative of actuation by a user of a brake pedal
of the vehicle to which the brake pedal sensor 82 is connected. Various ways
of monitoring such signals and determining whether brake actuation has

30 occurred would be readily apparent to those ordinarily skilled in the art upon



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 circuit 50 to
recei ve awols@akigyg signal indicative of user brake actuat iPom/CAIB0E69
particularly, block 200 25 directs the processor circuit to nonitor the
braki ng signal 52 received fromthe brake pedal sensor 82 via the

communi cations network 90, to determ ne whether the braking signal is

i ndi cative of actuation by a user of a brgke pedal of the vehicle to which
t he brake pedal sensor 82 is connected. Various ways of nonitoring such
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128 will have executed at least once with a total desired braking torque of

15 zero, allowing both regenerative and friction braking to reset to zero.
Conversely, if at least one of the present brake pedal position 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 signals received from the

brake pedal sensor 82 by executing the remainder of the energy supply

20 routine 128, and in this regard, the processor circuit is directed to block 210
discussed below. Alternatively, other ways of determining whether a braking

signal has been received may be substituted.

In this embodiment, block 210 directs the processor circuit 50 to identify a
total desired braking torque in response to the braking signal 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 network 90
representing 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 vehicle speed register 136, and the present



20 routine 128, and in this regard, the processor circuit is directed to

bl ock 210 discussed below. Alternatively, other ways of determ ning

whet her awbroaki23g9 si gnal has been received nmay be substi Paramtho3boeed hi s
enbodi nent, bl ock 210 directs the processor circuit 50 to identify a total
desired braking torque in response to the braking signal 52 received from
25 the brake pedal sensor 82. To achieve this, block 210 directs the
processor circuit to receive signals frapgthe speedoneter 84 via the
network 90 representing the current speed of the vehicle, and to store a
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urgent actuation of the brake pedal by the user. Or, as a further example, the

desired braking torque may be calculated from a predefined formula.

Referring to Figures 2, 4, 5 and 6, block 220 then directs the processor circuit
50 to identify the maximum available regenerative braking torque that could
20 presently be provided by 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
remaining engaged with the drive wheels, the forward momentum of the
25 vehicle 48 causes the drive wheels 58 and 60 to continue rotating, thus
forcing the traction motors 54 and 56 to rotate. The traction 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 4pr0cessor circuit 50 to identify the maximum regenerative braking

30 torque that the traction motors 54 and 56 could presently apply to the drive



Referring to Figures 2, 4, 5 and 6, block 220 then directs the processor
circuit 50 to identify the maxi num avail abl e regenerative braking torque
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for charging the energy storage system 62 of the vehicle 48. In the

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
present embodiment, the manner in which the desired charging current is
determined depends upon whether the charging strategy selector 110
indicates a "fast” (or "opportunistic") charging strategy, or whether it indicates
a "float" charging strategy. In this regard, block 230 directs the processor
20 circuit to receive a signal from the charging strategy selector 110 via the
network 90, and to store a corresponding value in the charging strategy flag

register 150, representing either a fast or a float charging strategy.

If the charging strategy flag register 150 contents are set active to indicate
fast charging, block 230 directs the processor circuit to identify, as the desired
25 charging current, a maximum allowable charging current for charging the
energy storage system 62. To achieve this, block 230 directs the processor
circuit 50 to receive signals from the ESS 62 via its interface 98 and the
network 90, indicating a maximum allowable charging current value calculated
by the ESS controller 72, and further directs the processor circuit to store this

30 value in the maximum allowable charging current register 146. In this regard,



present enbodi nent, the manner in which the desired charging current is

det erm ned depends upon whether the charging strategy selector 110

i ndi cat eswa 03pzs8Y (or "opportunistic") charging strategypPCorcAmeedoer it
indicates a "float" charging strategy. In this regard, block 230 directs
the processor 20 circuit to receive a signal fromthe charging strategy

sel ector 110 via the network 90, and to store a corresponding value in the
charging strategy flag register 150, rggesenting either a fast or a float
charging strategy. If the charging strategy flag register 150 contents are
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record to thmaximum allowable charging current reglster 146 and the desired charging
15 current register 152. As a further alternative, if desired, a control loop 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
voltage may be measured by the ESS controller 72 while the maximum
allowable charging current is being applied, and if the battery vo[tage is less
than the known maximum battery voltage, the maximum allowable charging
current may be increased until the battery voltage equals the maximum
25 battery voltage. Irrespective of how the maximum allowable charging current
register 146 contents are obtained, if the charging strategy flag register 150
contents are set active to indicate fast charging, block 230 directs the
processor cwcu:t 50 to copy the contents of the maximum allowable charging

current register 146 to the desired charging current register 152.



maxi mum al | owabl e charging current register 146 and the desired charging 15
current register 152. As a further alternative, if desired, a control |oop
may be iwploawessed to apply a correction to the maxi num &Crasabbeeehar gi ng
current. For exanple, once the maxi mum all owabl e charging current has been
initially determ ned 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 26§ and 270 di scussed bel ow, the
battery voltage may be neasured by the S controller 72 while the maxi num
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enbodi ment, (he.deskniRe 16t bRMricHI Ruftent that is to be drawn from the energy bus
42 while regenerative braking is in progress. Thus, in the present
15 embodiment, the desired current drain includes the desired charging current
for charging the energy storage system 62, stored in the desired charging
current register 152 of the RAM 124. In the present embodiment, the desired
current drain further includes any currents drawn by the other high voltage
loads 74, including the transformer 76. To identify the desired current drain,
20 in the present embodiment, block 240 directs the processor circuit 50 to
receive a signal from the second current sensor 104 via the network 90,
representing the electrical current pres’ently being drawn by the other high
voltage loads 74, as measured by the second current sensor 104. Block 240
directs the processor circuit to store a value representing the measured drawn
25 current in the other loads register 153 of the RAM 124. Block 240 then directs
the processor to add the contents of the desired charging current register 152
and the other loads register 153, and to store the resulting sum in the desired

current drain register 156.

Block 250 then directs the processor circuit 50 to identify a maximum desired

30 regenerative braking torque, in response to the total desired braking torque



represents the total electrical current that is to be drawmm fromthe energy
bus 42 while regenerative braking is in progress. Thus, in the present 15
enbodi merwp oBloe3sesi red current drain includes the desireadCthaogoog9 current
for charging the energy storage system 62, stored in the desired charging
current register 152 of the RAM 124. In the present enbodi nent, the desired
current drain further includes any currents drawn by the other high voltage
| oads 74, including the transformer 76. Jg.identify the desired current
drain, 20 in the present enbodi ment, bl ock 240 directs the processor
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(by increasing the setpoint or present desired regenerative braking torque) to
15 the maximum desired regenerative braking torque while preventing the
contributions of the energy generating device and of the regenerative braking

system from exceeding the total desired energy contribution.

In this embodiment, to identify the maximum desired regenerative braking
torque, block 250 first directs the processor circuit 50 to calculate a torque
20 equivalent of the desired current drain value stored in the desired current
drain register 156. To calculate the torque equivalent, block 250 first directs
the processor circuit to receive signals from the regenerative braking system
46 via the network 90 representing the rotational speed R (in radians pér
second) of the fraction motors 54 and 56, and to store this value in the traction
25 motor properties register 142. Block 250 then directs the processor circuit to
receive signals from the voltage sensor 97 via the network 90 representing a
measurement of the present voltage V on the energy bus 42, and to store a
value representing the present energy bus voltage V in the energy bus
voltage register 154. Block 250 then directs the processor circuit to multiply

30 the voltage value stored in the energy bus voitage register 154 by the current



torque value is identified and a correspondi ng desired output of the energy
generating device is also identified, as discussed in greater detail bel ow.
The act b oBoIss®erati ve braking torque is then increasedPa¥/@Qusoédey as
possible (by increasing the setpoint or present desired regenerative
braking torque) to 15 the maxi num desired regenerative braking torque while
preventing the <contributions of the energy generating device and of the
regenerative braking systemfrom exceedkqg the total desired energy
contribution. In this enbodinment, to identify the maxi num desired
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properties ri@jpwser 142 to | ocate and address a 5 corresponding record in
the second traction notor efficiency |ook-up map 135. Upon | ocating the
correspondi ng record, block 250 directs t processor circuit to copy an

efficiency value E stored in an efficigncy-field (not shown) of the
addressed record in the efficiency | ook-ugEmap, to the tracti on notor

wherein:
7= the torque equivalent of the desired current drain;
15 V= the present DC voltage on the energy bus 42, stored 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 motors, stored in the traction
20 motor properties register 142; and
E = the traction motor efficiency value stored in the traction motor

efficiency register 155.

Block 250 directs the processor circuit to store the calculated torque
25 equivalent in the torque subfield 157 of the desired current drain register 156.

Block 250 then directs the processor circuit 50 to identify the maximum
desired regenerative braking torque, by setting the contents of the maximum
desired regenerative braking torque register 158 equal to the lesser of: the



efficiency register 155 in the RAM 124. Bl ock 250 then directs the
processor 10 circuit to calculate the torque equivalent of the desired
current dwaion/ozs89 follows: VI RE wherein: T = the torqueceqaosaimnt of
the desired current drain; 15 V = the present DC vol tage on the energy bus
42, stored 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, ggtored in the traction 20 notor
properties register 142; and E = the traction notor efficiency value stored

in the t t] ; filciency register 155 B ock 250 directs the
Ippocegso; agi {roc?:%‘i {i@{ngé’dspgql%nq Itu%rqb'él \éfﬁﬁ%tsz%" o'lnth@ 403@ ‘é‘iﬁﬁeﬁgb@i‘fng toraHe
torque subfi eigisté5T40f thehnasipnirh e afubleabereritie rtﬂakiﬁg%rqlfé%lﬁgls&%gﬁo
then directs, the processor circuit 50 to identify the faxi hrum desire

r egener at i velMoigkiNASINYMqiailable eraanenatienbraling targue gegister e andn the
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avai | abl e regeneratjve braking torque value stored In the maxi num
available r REERMPeLIKING tjaue ig et pegnittesr tolemseegite toneue equiyaéent

equi val ent ¢ ' r drain, S d in the to syp-field 5
1%7 of the d(féfsfH;éggg gﬁ??enr rta&%h}’eé]@]sib _e#t égéﬁ‘ﬂ?Hu ,ef(?\%ecir%;ﬁﬁﬁ{l%ﬁe@ﬁ'ed
regener at i vedésired braking prgue or thet mpginmirhtnailaibleasgerstativg braliay Sorque.
equi valent of the desired current drain, nor is it permtted t0o exceed

either the tgta esired braking torque or |, maxi mum avai | abl e
regenerativ el?lgpglaﬁﬁgt%p rcg[peqts lfhe Broces or cnrcu;% ?8 to set a desired power output
10 of the energy generating device 44, in response to the maximum desired
regenerative braking torque identified above at block 250. More 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.

In this regard, in the present embodiment, as noted, it is desirable to prevent
15 the energy contributions of the regenerative braking system 46 and the
energy generating device 44 from exceeding the total desired energy
contribution, which in this embodiment is the contents of the desired current
drain register 156. If this necessitates a reduction in the power supplied by
either the energy generating device 44 or the regenerative braking system 46,
20 then it is preferable to reduce the power supplied by the energy generating
device 44, while permitting the regenerative braking system 46 to provide the
maximum desired regenerative braking current to the energy bus 42,
Conversely, however, if the sum of energy contributions of the energy
generating device and the regenerative braking system would not exceed the
25 total desired energy contribution, it is not necessary to reduce the output of

the energy generating device.

In addition, in the present embodiment, when the energy supply routine 128 is
first executed in response to a new braking signal detected at block 200, it is

desirable to proactively control the energy supplied by the energy generating



Bl ock 260 then directs the processor circuit 50 to set a desired power
output 10 of the energy generating device 44, in response to the maxi mum
desired wegameastive braking torque identified above at PCTa026@69 More
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. |In this regard, in the present

enbodi nent, as noted, it is desirable togaevent 15 the energy
contributions of the regenerative braking system 46 and the energy
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bl ock 260 configures the processor circuit 50 to ' '
braking energy to the energy bus, as the latter does not occur until 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 receive signals from the auxiliary power unit 64 via its communications
interface 94 and the network 90, the signals representing a present desired

20 current level of the auxiliary power unit 64. More particularly, 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 invention). Alternatively, if desired, such signals may
be received from the energy 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.

Blockl 260 then directs the processor circuit 50 to calculate a current

equivalent of the maximum desired regenerative braking torque value stored
in the maximum desired regenerative braking torque register 158.



commence the controlling of the energy supplied by the energy generating
device 44 no later than a tine at which the regenerative braking system 46
of 10 t hewoehiord3ss 48 conmences supplying energy to the en@CECAdS026)br e
particularly, in this enbodi nent the first execution of block 260
configures the processor circuit to conmence controlling such energy
supplied by the energy generating device before comrencenent of the supply
of regenerative braking energy to the Q?g[gy bus, as the latter does not
occur until the first 15 execution of bl'ock 270 (discussed below) in the

nmbodgj [ f th i i hj i t
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recall ed that at bl ock 250 ove, t rocessor cilrcuit irected to
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to receive signals fromthe voltage sensor 9/ vi
processor circuit to use the maximum desired regenerative braking torque

15 value 7 stored in the maximum desired regenerative braking torque register
158, and the traction motor rotational speed R stored in the traction motor
properties register 142, to locate and address a borresponding record in the
first traction motor efficiency look-up map 134. Upon locating the
corresponding record, block 260 directs the processor circuit to copy an

20 efficiency value E stored in an efficiency field (not shown) of the addressed
record in the efficiency look-up map, to the ftraction motor efficiency register
135 in the RAM 124. Block 260 then directs the processor circuit to calculate
the current equivalent of the maximum desired regenerative braking torque,
as follows:

25 7RE

wherein:

/

the current equivalent of the maximum desired regenerative
braking torque;



network 90 representing a neasurenment of the present voltage V on the
energy bus 42, and to store a value representing the present energy bus
vol t age Wonsiissener gy bus vol tage regi ster 154. Due to trha/aeghbixgd bl e
time 10 el apsed between execution of block 250 and bl ock 260, these val ues
Rand V wll 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_gBl ock 260 if desired. Block 260
then directs the processor circuit to use the naxinum desired rfgeneratlve
: : . 2
braki ng torque 15 _valug r stored i,n Rgf nHX|nuH%%$§|red regenerative

braking torque re§istefe TEEIMUAYdefited regenesa Krking tarquenyalug siergdr

stored in the tracti onifMh® maRinRe’ déded ?@éeﬂ&éti\%‘%rakiﬂgl Rﬁﬁé’ r@ggter
address a correspondi nﬁgrecord inthe first“traction notor effrciréncy

| ook-up map 134. Upon M&8ating the corresponding record, blgck 260 directs
the processor cirguit Q.effi.ciency value E stored in an .

ef fi (I? i ency field (‘not gﬁeogﬁ%%{%@t 8e§dﬁrt_§§§@t‘f¥'opé'%tpﬁs’iﬁioﬁ%‘_né*‘ﬁlt@(é'ﬁﬁy

| ook-&p nmap, to the trawtbiopropettis iidtet #4Zy register - 155 in the RAM 124.

Bl ock 260 then directs the processor circuit to calculate the current
equi val ent of theErfaxi Hirastion saotoe afficiency valuer atiored) in dhigursctioasmbtirl ows:

25 zRE V wherein: |/ 3 [ ent of the maxi mum desired
regenerative braking tegﬁﬁ‘ec?’q%\@gg%/%zs%@ PCT/ CAO3/ 00269 -35 r = the
maxi mum desired r¥genettat ipvesdnt aRCngoltayeqve wal @aeﬁg&omé 42 Nsfohgd Mextheum -

desired regenerative braking torque register_ . 158; = the rotational speed
of the traction notor seNSIAYRUS Yoitagedeistei1®%h 5 notor properties register

142; 10

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 level
15 of the auxiliary power unit 64 equal to 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 current drain register
156 minus the current equivalent of the maximum desired regenerative
braking torque stored in the current sub-field 159. Block 260 directs the
20 proceésor 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 setpoint for the auxiliary power unit 64. In this
embodiment, the interface 94 of the auxiliary power unit includes a controller
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 to
execution of block 260, the present desired current level or current setpoint of

30 the APU plus the current equivalent of the maximum desired regenerative



E= the traction notor efficiency value stored in the traction notor
efficiency register 155; and V= the present DC voltage on the energy bus
42, storewoim/oriies energy bus voltage register 154. 10 Bl ech/C86/oahcp ect s
the processor circuit 50 to store the calculated current equivalent | in
the current sub-field 159 of the maxi mum desired regenerative braking
torque register 158. Block 260 then directs the processor circuit 50 to set
the desired current |level 15 of the auxiggiary power unit 64 equal to the

| esser of: the present desired current level of the APU, stored in the
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Block 270 then directs the processor circuit 50 to set a present desired
regenerative braking torque of the regenerative braking system 46 of the

15 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 delay
while the auxiliary power unit output drops from its previous 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 a voltage spike and a current spike 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 desired
level. To prevent such spikes from occurring and potentially damaging the
energy storage system 62 and the other high voitage loads 74, block 270
effectively configures the processor circuit 50 to increase the power supplied
by the regenerative braking system 46 to the energy bus 42, while reducing
30 the power supplied by the energy generating device 44 to the energy bus (the



supplied by the energy generative device to the energy bus by reducing the
5 desired current level of the APU, in order to make roomfor the ful
current wouidsaisent of the naxi mum desired regenerative bPaRiGag3n@sgue on
the energy bus 42, without the total energy exceeding the desired current
drain fromthe energy bus. Conversely, however, if, prior to execution of
bl ock 260, the sum of the present desired current |evel or setpoint of the
APU plus the current 10 equival ent of thg _maxi mum desired regenerative
braki ng torque woul d not exceed the total desired energy contribution,
then the desired cyrrent |evel or GuULT & t setpoin

he.
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bl ock™ 270 etfectively co gures the proCessor circuit 50 to increase the
power suppl i tecthehpakineum elgeited atgemeratiak bnakisg sormmesnd the pewenprepentlis 42,

e g e e SLBE e et BoSRE LIS Mg g 1o
comrenci ng WosRs (RRHRIIAHE SIBEK @70CHiréctEethet PROCRESSEBIrcUIt 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 42.
B'Iock 270 then directs the processor circuit to store a value representing this
actual APU current in the actual APU power output register 162. Block 270
- then directs the processor circuit to set the present desired regenerative
braking torque equal to the lesser of: the maximum desired regenerative
20 braking torque value stored in the maximum desired regenerative braking
torque register 158, and; a torque equivalent of the desired current drain value
stored in the desired current drain register 156 minus the actual current
supplied by the energy generating device to the energy bus stored in the
actual APU power output register 162. This torque equivalent of the
25 difference between the desired current drain and the actual current supplied
by the APU is calculated in @ manner similar to that discussed above in
connection with block 250. In the present embodiment, this calculation of the
present desired regenerative braking torque at block 270 is subjected to the
further constraint that the present desired regenerative braking torque is not

30 permitted to be less than zero (this could occur, for example, in the event that



desired current level of the APU 64 at bl ock 260 above, and conti nuing
through the del ay during which the APU. reduces its output to this new
desired worosem3sd evel ). Mre particularly, in this enbodipegrtAobbesk 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 regenerative braking torque, nanely the maxi num desired
regenerative braking torque, is achievegg To achieve this, in the present
enbodi ment, bl ock 270 directs the processor 10 circuit 50 to set the

present desifed regenerative braki e.inre nse, to t '
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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 configures the processor

20 circuit to increase the regenerative braking torque applied by the regenerative
braking system 46 until a desired regenerative braking torque, namely the
contents of the maximum desired regenerative braking torque register 158 is
achieved, while at the same time the power supplied by the auxiliary power
unit 64 is being reduced to its new output level established at block 260.

25 Block 280 then directs the processor circuit 50 to set a friction braking torque
of the friction braking system 80 of the vehicle 48. More particularly, block
280 directs the processor circuit to set the friction braking torque equal to a
difference between the present desired regenerative braking torque and the
total desired braking torque. To achieve this, block 280 directs the processor

30 circuit to subtract the contents of the present desired regenerative braking



-38 the actual current supplied by the APU to the energy bus al ready
exceeds the desired current drain). Block 270 directs the processor
circuit twoaBorsst he present desired regenerative braki ngCraragaeo2sal ue in
the present desired regenerative braking torque register 164. Bl ock 270
further directs the 5 processor circuit to transmt control signals via the
network 90 to the interface 100 of the regenerative braking system46, to
cause the traction notors 54 and 56 to_agply a regenerative braking torque

to the drive wheels 58 and 60 equal to e torque val ue specified in the
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15 Following execution of block 280, the processor circuit is directed back to

block 200 as discussed above.

It 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 desdribed above
20 provides proactive avoidance of over-voltage conditions on the energy bus
that would otherwise be potentially damaging to the energy storage system
and to other electronic components in communication with the energy bus,
such as the other loads. Thus, the effective service lifetimes of the energy
storage system and of other electronic components of the vehicle are
25 improved.  Auxiliary power unit transients may be further minimized in
situations where an opportunistic or fast charging strategy is selected. By
reducing the output of the auxiliary power unit in order to accommodate a
maximum amount of regenerative braking energy, vehicle efficiency is
increased, with the resuilt that fuel consumption and emissions by the auxiliary

30 power unit are reduced. The use of friction brakes to complement the



30 circuit to subtract the contents of the present desired regenerative
braki ng WD 03/ 072389 PCT/ CA03/ 00269 -39 torque register 164 fromthe

cont ent s wb osloze3sot al desired braking torque register 14@CTa®3N@63t Or €
the resulting difference in the friction braking torque register 166. If
the resulting 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 gfnthe friction braking system 80,
to cause the friction braking system80 to apply a frictional braking

t orque equal ified in the friction braking torque register 166
to the wheel Sreégnéﬁé@befpgﬁlﬁegesyﬁgm PRYST 10 ?@é‘é‘?&?ati#‘i‘ﬁ‘@tﬁ)%@@m tarAdeds ment
the interfaceavi@éblef viltlile trinsgireany ratki y hive! f i CLL rake
controller (not shovvn%gthat 1% rec%?{/esuwegeé%?garﬁgﬁg’ ;é%?nt#ﬁee{dgf%@%s%@r
circuit specitfgkqdeehio teguenasators supplying ithealexpgcotear tntal braking doeyleen

Ll ust o he! HESHANES O] bk B Ealich, nifperfive o0 The Lo, RiPec@ane ook ause
i t to&onformegendrative padifficish besking.eat tid sainRMirRe 2kbWeyert gﬁél&ﬁ%iznig“' he
|

Fol I ow ng execution of Dblock 280, the processor circuit is recte ack to
bl ock 200 as AN dgagneadive krakinp alpe sgpmscior redeidetftiotiora brakebeeanfby

econd embod oaras FRBBERE) bh reGERRRIFENL bt Metiod ulaRewle: ety |

enbodi ment  desdudihgdmainteaadte pcostsdes heoachicle avikb@Wanse afih@Y@i - M age

conditions on the energé\é/bﬁ%m éHat woul d ot herwi se be potential 'y damagi ng
t

to the ener gd¥eliAggs 8 seciheapesifisc embadimeotpeinére snvention
commygi cat i o@edkdited RHRREENvi : ery | oads.. Thus, .the
effective service lifeti mes o ||?t’lzeé 2 ergg';??édsttﬂ?tagges@gtegﬁ?%q{ﬁ]egrs (ﬂfhﬂ'\e

el ectroni c cdmsotientecessarily pratide teese adimtagew.oved. Auxiliary power unit
transients may be further mnimzed in situations where an opportunistic

or fast char gj y .i.s, select.ed. By . reducing, the output of the
auxiliary powedr?gugfg@&ilaﬁgbr%\e £8°4! Eoﬁm%ﬁ’g{r@e%is of the invention have been
described and illustrated, such embodiments should be considered illustrative

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



maxi num anount of regenerative braking energy, vehicle efficiency is
increased, with the result that fuel consunption and em ssions by the
auxi |l i arywB®@3pmser unit are reduced. The use of friction Pcalke®3nme
conpl enent the WD 03/072389 PCT/ CA03/ 00269 -40 regenerative braking system
serves to ensure that adequate braking torque is available, while
transparently providing a predictable, constant and snboth brake feel to
t he operator, supplying the expected tota4-braking torque in response to
brake actuation, irrespective of the precise proportions of 5 regenerative
and frictionwhakid'ehimedtige same tinme, however, naxim zing the anount of
regenerative braking also serves to reduce friction brake wear, by
reduci ng the frequency and required torque of friction braking events,
t hereby reddei ng Ariathes of supplyingsendrgy e ancanergy. busoinesenmuaidationghitts uch
advant ages flow fromthe second.speci.fic enmbgdi nent of the invention 10
descri bed above, &X' WFPYHE"EH frléjlc)g%\f'%%i aﬂﬁé‘t/'ﬂhatfeaﬁmer@ﬁlmﬁarﬂlﬁﬂg $ysien i
i nventi on necessarg lhbRfOXIcegi d t,ﬁggﬁ gener : j
speci fic enbodi ment shx/(_)f thgéimrﬁ/g%tﬁﬁl)% ﬁge egg B%@?Elrg?l@egabl{r%mp&,{]hé\&re%t ed,
such érbodi ments Shpplied ey ctbesiederayd genegatinoatdevice db thee énevgptbos) @nl y
and not as limti invention as cpnstrued in 1 ccordance with the
acconpanyi ng cl ai E@?é‘%%@/%g% S@?P@Ré&cﬁﬁts%@éus% r_aiwgéguq?fgoru ai med is:
1. A nethod of supplying energy to an energy bus in conmunication with an
ener gy gener & i ng Thevinethaehdf eiainh Tawhegsm ebatrbMAg owdrbriyidededrirolithg
hybrid electric vehicle, the method conprising controlling power 5 supplied
by the energy gen®P¥ersyrakgd bY anauxiliane pewgy Upit{APL) of tke yehiste.t o a
braki ng signal indicative of user brake actuation. 2. The nethod of claim!]l
wherein contmgol |i i ; ' .ed
auxiliary po?vér u@te H?%I@fS)OC%? r@?f/vgﬁ?@i?bhfr@lﬂng %%Wr C%Wée% ccmfro?lfhg

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 controlling comprises commencing said
controlling 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 claim 1 wherein controlling comprises reducing said

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

7. The method of claim 6 further 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 to the
energy bus.
8. The method of claim 7 wherein increasing power comprises increasing

a regenerative braking torque applied by the regenerative braking

system until a desired regenerative braking torque is achieved.

25 9. The method of claim 1 further comprising identifying a total desired

braking torque in response to the braking signal.



3. The nmethod of claim2 wherein controlling power conprises controlling
10 a current supplied by a generator. 4. The nethod of claim2 wherein
control | iwg opovass9 conpri ses controlling a current suppli @dThgaoaoéadel cell .
5. The method of claim 1 wherein controlling conprises conmencing said
controlling no later than a tinme at which the regenerative braking 15
system of the vehicle commences supplying energy to the energy bus. 6. The
met hod of claim 1 wherein controlling cogprises reducing said power
supplied by the energy generating device to the energy bus. 7. The nethod

of claim®6 fuyrther conprising i egsi o] pol i : t i
regenerati vej[lé'r akjii-ﬂ% g@é‘?%%‘gf C@ﬁé ge dl}g}eg %‘G(;rhp ﬁglﬂgn!ad:é&y%ﬁ%,gmargnu?o
reduci ng said pomg\r,aim}é%épyﬁ\;&gra&n@'@qunerati ng device to the energy
bus. 8. The nmethod of claim7 wherein increasing power conprises increasing

a regenerative braking torque applied by the regenerative braking .system
until a desi1&d régendesiod ofplaln ntf tfH%H%re CPE*P%LSW% ntTyiEgga m%é'r?r\)g'phod

of claim1 furthe risi t i Br ki qgue
in response to thée%'%a@ir%%éﬁys%%B}W%ggré@]&s%%s /'CA%?/%%@G%ME%ZS}]%. The
met hog of cl ai m 9pfakindetorquemeaindsi said i chaximaiyi myaiabtex regenerative | kibking
regenerative braking torque. 11. The nethod of claim 10 further conprising
i dentifying a maxfafflHe. desired regenerative braking torque, in response to
said total desired 5 braking torque and said maxi num avai l abl e
regenerativeqbrakithg midhdlf digim HE wiirepdideintiefing r8ald masineim desired
identifying said nmaxi num desired regenerative braking torque conprises
setting sai d naxi negerdeative brakiegdorus comphisekisetindosademayimym; degirgs

lesser of: 10 (a) re'zsgaelnderte;lg\t/ef1 L)ra%r?g'; {oercciluele3 re‘ah'aﬁ% th8"184&r of:

10 (a) said total desired braking torque;
(b)  said maximum available regenerative braking torque; and

(c) 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 identifying, as said desired
charging current, a maximum allowable charging current for charging
the ESS.

14. The method of claim 11 wherein controlling comprises setting a desired
20 power output of the energy generating device, in response fo 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 vehicle.



(b) said maxi mum avail abl e regenerati ve braking torque; and (c)- a torque
equi val ent of a desired current drain fromthe energy bus, said desired
current dweio/otsspri sing a desired charging current for earNBgozdn ener gy
storage system (ESS) in 15 comrunication with the energy bus. 13. The

met hod of claim 12 further conprising identifying, as said desired

charging current, a nmaxi num al |l owabl e chargi ng current for charging the
ESS. 14. The method of claim 11 wherein_ggntrolling conprises setting a
desired 20 power output of the energy generating device, in response to

14 whor o n 1| S amenaaeTaant drar R et Raid eardf eERC L of 5

current |evel of B8 Ay 'doﬁﬁfﬁs@@w@éttingiéaid(&&weopfcutﬂ@m Vetélctqual\d the
03/ 072389 PCT/ CA03/ 00269 -43 16. The method of claim 15 wherein setting

sai d desired currlessedi@avel of the APU conprises setting said desired
current |level equal to the l|esser of: (a) a present desired current |evel
of the APU; and 5, (b) a desir r i e rgy bus
conprising a desﬁ ed gpg?sgqr}qgiggﬁ%égﬁﬂgpg{e@'éﬂgﬁt@?%ﬁgh azﬁgr gy storage
system (ESS) in comunication with the energy bus, mnus a current

equi vgl ent of sai gh)maxa nussices iduebnt egrairerfadmv ehebreriergy busrepnaprisiog 1@. The
met hod of claim 16 further conpri si n&r [ depti}1 i nﬂg as said gesi reSS( t
charging current, a neSesHaf adarGWREHFET iG érgf PERENSTEY SHEPEIHG P he

ESS. 18. The method of edai i LondrhiidiBSort Wl ¥ BAeR! bLOImMuUY asUttent
ra (o}

desired regenerative ng torque a regenerative braking system of
the equivalent of said maximum desired regenerative braking
torque.
10 17. The method of claim 16 further comprising identifying, as said desired

charging current, a maximum allowable charging current for charging
the ESS.

18. The method of claim 11 further comprising setting a present desired
regenerative braking torque of a regenerative braking system of the

15 vehicle, in response to the maximum desired regenerative braking
torque and the power supplied by the energy generating device to the

energy bus.

19. The method of claim 18 wherein setting said present desired
regenerative braking torque comprises setting said present desired

20 regenerative braking torque equal to the lesser of:
(@)  said maximum desired regenerative braking torque; and
(b)  atorque equivalent of:

(i) a desired current drain from the energy bus, said desired
current drain cdmprising a desired charging current for
25 charging an energy storage system (ESS) in

communication with the energy bus;



15 vehicle, in response to the maxi num desired regenerative braking torque
and the power supplied by the energy generating device to the energy bus.
19. The rm&Dhoa7389 cl ai m 18 wherein setting said present desTr@®3/00269
regenerative braking torque conprises setting said present desired 20
regenerative braking torque equal to the |lesser of: (a) said maxi num
desired regenerative braking torque; and (b) a torque equivalent of: (i) a
desired current drain fromthe energy busgjq.said desired current drain
conprising a desired charging current for 25 charging an energy storage
system (ESS) in commnjeation with the energy bus; WO 03/072389

PCT/ CA03/ 00269 -44- mnus (ii) an actual current supplied by the energy
generating device to the energy bus. 20. The nmethod of claim 19 further
conpri sing identifying(ips sai diotiesli cedent stppligd NGy ctiier @Rbrgyd JERErAENY

al l owabl e charging current for chargin the ESS. 21. The rre% hod of claim
18 further conprising setti r?%vépeftpitg?iegﬁrw BKSng torque of a friction
braki ng system of the vehicle. 22. The method of claim21 wherein setting

sai d frictio20br akinegmietHdt 6f cllaﬂnermmr%?%oﬁ%ﬂéiry io?éitﬁk/ilfl 1 82 .01y Bégké'd"g

torque equal to a difference between said prese sired regenerative
braki Ry tor que an@hseging custeal, aevaxisuinbralbivadle charging 28rrefhh eometdrgihf

claim1 wherein CRnt F§§ ing conprises controlling energy contributions
onto the energy bus mthe energy generating device 15 and froma
regenerative braking systemof the vehicle respectively, to prevent said

contri buti on21t r offhexnetithd @f aclales HBeflrthel orMbiRiLY setting a friction braking

torque of a friction braking system of the vehicle.

22.  The method of claim 21 wherein setting said friction braking torque
‘10 comprises setting said friction braking torque equal to a difference
between said present desired regenerative braking torque and said

total desired braking torque.

23. .The method of claim 1 wherein 'controlling comprises controlling energy
contributions onto the energy bus from the energy generating device
15 and from a regenerative braking system of the vehicle respectively, to
prevent said contributions from exceeding a desired total energy

contribution.

24.  An apparatus for supplying energy to an energy bus in communication
with an energy generating device and with a regenerative braking
20 system in a hybrid electric vehicle, the apparatus comprising a
processor circuit configured to control power supplied by the energy
generating device to the energy bus, in response to a braking signal
-indicative of user brake actuation.

25.  The apparatus of claim 24 wherein said processor circuit is configured
25 to control said power by controlling power supplied by an auxiliary
power unit (APU) of the vehicle.



contribution. 24. An apparatus for supplying energy to an energy bus in
communi cation wth an energy generating device and with a regenerative
braking WOosyst3em in a hybrid electric vehicle, the appaPamosome?i sing a
processor circuit configured to control power supplied by the energy
generating device to the energy bus, in response to a braking signal

i ndi cative of user brake actuation. 25. The apparatus of claim24 wherein
sai d processor circuit is configured 2540 control said power by
controlling power supplied by an auxiliary power unit (APU) of the

ol D 28 OTHE AT O OF RS wneil baid FoBRRAE At & o6 R4S

wher ei n sai processor circuit I's con control sai

control ling a curteitint®lpaid psvéybycastsling arcurret suppkedibpargenesator. cl ai m
25 wherein said processor circuit is configured to control said power by

controlling a current supplie a_fuel cell. 5 28. The, appar at of claim
54 wher ei n sh-d pFER @RBBRIS DL AT 25 Whers el ProCESORERUL R apifiodTod
controlling no | i i i J system
of the veni'cle conuaniRRSaftpoutE 8) ctitéiing durfGRIIBpRA BF TELAR, 2
apparatus of .claim 24 wherein said processor circuit is configured 10 to
cont r'dl .sai 2foweThédyapparhius 0f ckaiind24 whereisggid ipsacasgor Ieicuibds ggnfigured

generating device to the ener bus., 30. The .apparatus of claim2 erein
sai d processor citPc&anmgn%eorﬁ%u?%m%@ i%r@%e oS ?'gnueppsfe}l &’&‘"_ﬁywﬁe
regenerative br akﬂe@enéyaqh@mb%kiﬁgesys@m ®f Ethie0 VERRIE N®IrldhePESs é{ﬁpdlﬁn%
reduci ng said power supplied by The 15 energy generating device to the

energy bus. 31. Terergypathe eserfy Ui m 30 wherein said processor circuit is
configured to increase a regenerative braking torque applied by the

regener ati veyg br af DG Uk R0 Wditn 24 WHRERCiG FTOESR0h Kichit A boshditeque 1 s

achi eved.
10 to control said power by reducing said power supplied by the energy

generating device to the energy bus.

30. The apparatus of claim 29 wherein said processor circuit is configured
to increase power supplied by a regenerative braking system of 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 30 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.

32. The apparatus of claim 24 wherein said processor circuit is configured
20 to identify a total desired braking torque in response to the braking

signal.

33. The apparatus of claim 32 wherein said processor circuit is configured

to identify a maximum available regenerative braking torque.

34. The apparatus of claim 33 wherein said processor circuit is configured

25 to identify a maximum desired regenerative braking torque, in response



32. The apparatus of claim 24 wherein said processor circuit is configured
20 to identify a total desired braking torque in response to the braking
si gnal . 380 o3lee3sppar at us of claim 32 wherein said proces®er/GAOBOW6Y S
configured to identify a maxi num avail abl e regenerative braking torque.
34. The apparatus of claim 33 wherein said processor circuit is configured
25 to identify a maxi mnum desired regenerative braking torque, in response
WO 03/072389 PCT/ CA03/ 00269 -46 to saidggotal desired braking torque and
sai d maxi mum avail abl e regenerative braking torque. 35. The apparatus of

e red regenr at Fysals ARk oo raneil r ke Rriie At Sl o hm® B, ™

total desired brakgeaetathveusrakingtokfied maxi mum avail abl e regenerative
braki ng torque; and (c) a torque equivalent of a desired current drain from

t he ener s, said desired curre rain cqonprising a,desired chargin
PRI gt /2 By ye ey B S TR Tt ot
with the energy S : ; r i ! i r sor
circuit is confi g‘l&r%%f%ﬁat'%T?%Sn I ygggédgéggﬁ%jgg}/%?ég@ﬁgﬁgﬁ%a%ﬂﬁetiraltctﬁéa

maxi nbim al | owabl elesséraofyi ng current for charging the ESS. 15 37. The
apparatus of claim 34 wherein said processor circuit is configured to

control said power by setti a desired wer out put of the energy
generating devi ce{a)i n ?@968{??293§'59§bf93("?\£%r%% desired regenerative
braking torque. 38. The apparatus of claim 37 wherein said processor
circuit is configwyed sz rhaxiffim a2hibBle sehErBVEbrakifdtorqby; /i ting a

desired current level of an auxiliary power unit (APU of the vehicle.
(¢) 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 storége system (ESS) in

communication with the energy bus.

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

15 37. The apparatus of claim 34 wherein said processor circuit is configured
to control said power by setting a desired power output of the energy
generating device, in response to said maximum desired regenerative

braking torque.

38. The apparatus of claim 37 wherein said processor circuit is configured
20 to set said desired power output by setting a desired 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. equal to the lesser of:

(@) apresent desired current level of the APU; and



39. The apparatus of claim 38 wherein said processor circuit is configured
to set said desired current level of the APU. equal to the |lesser of: (a) a
present oweiosetisurrent | evel of the APU, and WO 03/ 072382CPCH0®MZSY 00269
-47 (b) a desired current drain from.the energy bus conprising a desired
charging current for charging an energy storage system (ESS) in

communi cation with the energy bus, mnus a current equivalent of said

maxi mum desired regenerative braking 5 tgrque. 40. The apparatus of claim
39 wherein said processor circuit is configured to identify, as said

desired charging rent, a.mximum al | owabl e hargi n urrent for

chargi ng the ESS. (@1 %ed%ﬂ)rggr ggﬁgnﬁfdréllnai rr?l"éﬁ\ﬁ/ngﬂ@l’g%’ Sd SRR EY 2

circuit is configured ddibd GRIGAYRIARFRIOMARIGRY SPERBRIALOSOSRD
e to the

torque of a regenerative Dbraking systemof the vehicle, T'n respon
maxi mum desired regendESSE HaRUAisationquith dhel ertesgy dhsr rsiopsla edrrbpt t he

energy generating devigeg: he e A 2. apparatus of claim41l
wherei n said processor ¢ rl\éaﬁtlerﬁt |90§c ggﬁ‘?i@g#@wrﬁﬁ%@g@eﬁ%ﬁi%ﬁ Y sraking
desiréd regenerative brakjueg torque equal to the |esser of: (a) said

maxi mum desi red regenerative braking torque; and (b) a torque equival ent

of: (i) a de iored ur r ent %iraitn from the energy bus, said desired 20
current drai conﬂﬁes?‘?%arﬁ Qi Glatp ?ﬁa‘?’ﬁ?rﬁ@" §g'rdr RiPCepeRr Clequdrigiaagpfigrrasher gy
storage system ( ERS)iqbhtifyC HCAL&: A ; g - M L) an
actual current su?lIidglgnf%’y%{%é‘gngégg&g\gr?é@wﬁ%&@’ éew%ém 0 téﬁgw%h(@ ay

bus. charging current for charging the ESS.

41.  The apparatus of claim 34 wherein said processor circuit is configured

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

regenerative braking torque and the power supplied by the energy

generating device to the energy bus.

42.  The apparatus of claim 41 wherein said processor circuit is configured

15 to set said present desired regenerative braking torque equal to the
lesser of:

(@)  said maximum desired regenerative braking torque; and
(b) atorque équivalent of:

(i) a desired current drain from the energy bus, said desired
20 current drain comprising a desired charging current for
charging an energy storage system (ESS) in

communication with the energy bus;

minus

(ii) an actual current supplied by the energy generating
25 device to the energy bus.



WO 03/ 072389 PCT/ CA03/ 00269 -48 43. The apparatus of claim 42 wherein said
processor circuit is configured to identify, as said desired charging
current, worsan7238m al | owabl e charging current for chargi RETIC3BRSY 44.
The apparatus of claim4l wherein said processor circuit is configured 5
to set a friction braking torque of a friction braking system of the
vehicle. 45. The apparatus of claim 44 wherein said processor circuit is
configured to set said friction braHruLA%Hque equal to a difference
between the present desired regenerative braking torque and the total

desired 10 Ki 4 : rat. i . ej i
processor ci %%I t n?nsé géﬂ?faéﬂ? g(leCI 'o_%%reg%ﬂ:sr?gér 8§A%§%E§E§@f§n§&b@}5g‘i’he
energy bus fromthe iletifyy ageats aleshgd dshdrgidgabdiréhona anagigRme " Afdwdble
braki ng systemof the _vehicle respectively, to prevent said contributions

from exceeding a charaingiquseent ferghasaleadhe &¥Sri bution. 47. A system
conprising the apparatus of claim24 and further conprising the energy

generating dep ce, i r ner i€ i LR G i LON
N Th aai d pr opsason T PPRERRAgY, BANR A WRLR KehP priceat B GP ROt
cl ai m&17 wherei n dai setenefripfiogebmaking norqdievof e fldctioro tpaking ssysteraust lthar y
power unit (APU) of .the vehicle. 49. The system of claim 48 wherein said
APU conprises a gevﬁé\' for. 50. The system of claim48 wherein said APU

conprises a fuel cell. 51. The systemof claim47 further conprising the

energy bus. 95 Thens¥pparanes oﬁbl%!irf’ﬂthléféiﬁ@ai&?l‘ﬂliés%ﬂ@ir&tﬁl?isré‘&rﬁ‘ ré§ive
braking 25 system the regenerative braking systembeing in conmunication
with said procesdorseali saidifrickier biakingttbequenequgl bus. diffier@dc besesen the

PCT/ CA03/ 00269 'Ab?'esent desired regenerative braking torque and the total desired

10 braking torque.

46. The apparatus of claim 24 wherein said processor circuit is configured
to control energy contributions onto the energy bus from the energy
generating device and from a regenerative braking system of the
vehicle respectively, to prevent said contributions from exceeding a

15 desired total energy contribution.

47. A system comprising the apparatus of claim 24 and further comprising
the energy generating device, said energy generating device being in
communication with said processor circuit and with the energy bus.

48. The system of claim 47 wherein said energy generating device

20 comprises an auxiliary power unit (APU) of the vehicle.
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.

52. The system of claim 47 further comprising the regenerative braking
25 system, the regenerative braking system being in communication with

said processor circuit and with the energy bus.



53. The system of claim52 wherein said processor circuit is configured to
i ncrease power supplied by said regenerative braking systemto the energy
bus, whi IworedusBng sai d power supplied by said energy geQgraoBnagedevi ce
to the energy bus. 5 54. The systemof claim52 further conprising an
energy storage system (ESS) in conmunication with the energy bus. 55. An
apparatus for supplying energy to an energy bus in conmunication wth
energy generating neans and with regenet4gd ve braking neans in a hybrid
el ectric vehicl e, t he apparatus conprising: 10 nmeans for receiving a
braking si gngy, i ”PH&%% t8fn 6 c!éﬁﬁrsé)ﬁ/%?em%%ﬁ&?Fdd@%soﬁEﬂmﬂ?%”éoﬁf@'ured to
control Iing power sup e energy generating means to the energy
bus, in response ihcrese ;bmwkn ng;slla;h;h)y sdb. re@beeraq@warbﬂakmgoéysibm o She

wherel n said neans for tgontr paower ri ses1 J

control | ing powertléigh| Pé ”Qnrg 'Wa?%’ pBWé’re BAPR 'GFA%M) SBIC (Feray
vehicle. 57. The ahpg mgﬁeﬂﬁe%ﬂ'lé*bﬁérdy@]se' n said nmeans for controlling
conpri ses neans for co ncing said controlling no later than a tinme at

whi ch the regenerative brakln? means of the vehicle comences 20 supplying
enerdy to tH.enekhfy spsiem B8 claimme52 fpdhnen cempfisioDaammensraih stospge syBieMreans

for controlling rls id power supplied by the
energy generati dhg {rbrgﬁwgaté%rgwé@e[ﬂg n%g@?g'ﬁle apparatus of claim 58
further conprising neans for increasing 25 power supplied by a

regener at i ves8ir akhmappegatas ¢br $upplyingiateegy ¢o aheendfyP Hus 48 Idnmunication
PCT/ CA03/ 00269 -50 energy bus, while said neans for reducing is reducing

the power suppl i%ih BpedieoRMRIRLY] GerrISH NG WitkeragenerativecDrakEIgyeBS in 60.
The apparatus of £}l 2R Ml &iBeS Heahaatud BmpASHEaS! N9 power

10 means for receiving a braking signal indicative of user brake

actuation; and

means for controlling power supplied by the energy generating

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

56. The apparatus of claim 55 wherein said means for controlling power
15 comprises means for controlling power supplied by an auxiliary power
unit (APU) of the vehicle.

57. The apparatus of claim 55 wherein said means for controlling
comprises means for commencing said controlling no later than a time
at which the regenerative braking means of the vehicle commences

20 supplying energy to the energy bus.

58. The apparatus of claim 55 wherein said means for controlling
comprises means for reducing said power supplied by the energy

generating means to the energy bus.

59. The apparatus of claim 58 further comprising means for increasing

25 power supplied by a regenerative braking means of the vehicle to the



conprises neans for increasing a regenerative braking torque applied 5 by
the regenerative braking nmeans until a desired regenerative braking torque
i s achi evww0.03812389The apparatus of claim55 further conpri PCRgAve/as9f or
identifying a total desired braking torque in response to the braking
signal. 62. The apparatus of claim®61 further conprising neans for
identifying a 10 maxi num avail abl e regenerative braking torque. 63. The
apparatus of claim62 further conprising@reans for identifying a maxinmum
desired regenerative braking torque, in response to said total desired

braki ng torque anthergy b xWAHEN sH@ hahhs Fo?%ﬂ%%; Vsereéué{‘i? NBet BHWRE- 15

64. The apparatus of “tclaim 63 wherein sald neans r controlTing corrprl ses
means for settinguppliedibydtie poeegy gengratingimedrs eribegnerggbaesat i ng neans,
in response to the maxi mum desired regenerative braking torque. 65. The

ot put comprieq ThEARPREHTS byt 2830Ge(eR 2 Mk Brdn BRI oafier M ary
power unit (APU) d@j‘m;ﬁr’r@svml@bﬁberor flereddity aPRyenakktivel brakiignobgud Bpplied

conprising nmeans for setting a present desired regenerative braking torque
of a T egenerati védybthekieggneraiiadrakingnaeaash Uptila deaired segerarative brakimgxi num

desired 25 regen Vv torque and the power supplied by the energy
generating devi cgaﬁdet%e%ﬂéé}ﬁ y bus. WO 03/072389 PCT/ CA03/00269 -51 67.

The apparatus of claim66 further ¢onprising neans for setting a friction
braki ng tordfe ofTre bippatates dfradinm§sfaether cbrriphnisingehrieans. fobddenftiiging a
appar atus of cl ai 31?37 V\,her%%sald means for setti n% the friction braking
torque conprises (RiFAssred iRG fRYaLRdN FOSRONSEHORRARIENG §iGde 5 equal to
a difference between said present desired regenerative

62. The apparatus of claim 61 further comprising means for identifying a

10 : maximum available regenerative braking torque.

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

braking torque.

15 64. The apparatus of claim 63 wherein said means for controlling
comprises means for setting a desired power output of the energy
generating means, in response to the maximum desired regenerative
braking torque.

65. The apparatus of claim 64 wherein said means for setting said desired
20 power output comprises means for setting a desired current level of an
auxiliary power unit (APU) of the vehicle.

66. The apparatus of claim 63 further comprising means for setting a
present desired regenerative braking torque of a regenerative braking
means of the vehicle, in response to the maximum desired

25 regenerative braking torque and the power supplied by the energy
generating device to the energy bus.



braki ng torque and said total desired braking torque 69. The apparatus of
claim55 wherein said neans for controlling conprises first nmeans for
control | iwg 0a/0fa38st energy contribution onto the energy Pas/davsmishe
energy generating neans, and further conprising 10 second neans for
controlling a second energy contribution onto the energy bus froma
regenerative braking neans of the vehicle, wherein said first and second
means for controlling cooperate to prevest- said contributions from
exceeding a desired total energy contribution. 70. A system conprising the

appar at us ofgr| ai hé Sflafid bRIaifOBB i cdfipRding RikeGYidieaatiay| 49

nmeans for generating power supplied by said enérgy generating neans
to the energy busfricha brakieg éprqugeh arfrictionybraking mMesins gfitine vehigleni cat i on
with said means for reducing power and with the energy bus. 71. The system

power un ¢ (30 e RS o AR08 SR mecRe FBRRGHT R RS Y
conprising the reagerRigeoryfe Rbalpridbs rmeams fdrosetting ene fddtiorebrakigatdradet he
vehicl e, said regenerative braking means being in communication with the

energy bus. 73. Terualytn am differingembeiveen tsaid pasent sderiregh reaengfative or age
means 25 for stor] J i | 1 energy bus. 74. A
conput er programokérj Rg\gﬁgﬁlgg%ggam%eﬁgéaﬁ%%ég%@?ed on a processor
circuit carry out all the steps of claim1l. WO 03/072389 PCT/ CA03/ 00269
-52 75. A cdduut €Ther appavatus) of adgin 35 cwhesgimgsaidd eneaist fonheaneakingt ed
on a processor circuit carry out all the steps of claim1, i_gnal

. : 1. 76. A si
enbodi ed in at | RATPEIRS Uit Beansfoncenaireling anfirat %‘?ﬁ"’@ﬁ&%"t”@t@arqfﬁgrtgﬁlave
conpri sing code rrgﬁé}? that eéi‘Feﬁ S j ' : out
all the steps of cla ?416%% f?%etﬁerret %ggpegﬁ}% I@%ﬁgg’eﬁﬁ S@qﬁ%grqmgﬁ%%y bus
i n-alhybrid el ectseaond 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 an energy storage means

25 for storing energy, in communication with the energy bus.

74. A computer program comprising code means that when executed on a

processor circuit carry out all the steps of claim 1.



vehicl e, the nmethod conprising controlling energy contributions onto the
energy bus froman energy generating device and froma 10 regenerative

br aki ng swetoanra3especti vely, to prevent said contributi on®CTiCA®sneszeedi ng
a desired total energy contribution. 78. The nethod of claim 77 wherein
controlling conprises reducing power supplied by the energy generating
device to the energy bus. 79. The nmethod of claim 77 wherein controlling
conprises reduci ng power 15 supplied bysphe energy generating device to
the energy bus, while increasing power supplied by the regenerative
braki ng systemto the energy bus. 80. The nethod of claim 79 wherein

i ncreasi ng power conprises increasing a regenerative braking torque
applied by the regenerative 20 braking systemuntil a desired regenerative
braki ng tor gl i sAsohimiiedprogiamTinea getriesdatying eddesrthat wheneexasoibgst 0Bi ng

identifying a maxi num desired regene ve braking.torque to be applied by
the regenerative a BFquaSﬁar g'{,%l{”e?ﬁ'%ggl}{%h en%tPR?s&fS%"Bﬂ;i m 81 wherein

controlling conprises setting a desired 25 energy contribution of the

energy generzg.i NoA Gyl ®mbdtiee P ap fsast @nelsf a BBMIMMILARSY RedigaRIRI at | ve
braki ng torque. WO 03/072389 PCT/ CA03/ 00269 -53 83. The nethod of claim81

further conprisi rRArEet tWaAYe aCYNPESING geder awpansedaalerhery eXncalkechoOn ofque
of the regenerat ';é?’@&%géw&ﬁ%?@n%t'é“ thE &% 8iecléﬁnt1he maxi num desi r ed

regenerative bra orque an actual” énergy contribution supplied by
the energy generating device to 5 the energy bus. 84. The nethod of claim
77 wherei n cohnt r A lmathocbopsupplyintpeheyl tongn eosvely Isupin izetiybnid tékecteoer gy
generating device tq the eneéftg%gbus, i.n response to a braking,signal

i ndi cative of use‘fewlﬁkéh%_é'ﬂ o‘PPWBEi?"nQnC hing geerey ceBINNIPRY AHer gy
to an energy bus thn FRY 1BLL!IRGH 1dh energy generating device and from a

10 regenerative braking system respectively, to prevent said contributions
from exceeding a desired total energy contribution.

78. The method of claim 77 wherein controlling comprises reducing power

supplied by the energy generating device to the energy bus.

79. The method of claim 77 wherein controlling comprises reducing power
15 supplied by the energy generating device to the energy bus, while
increasing power supplied by the regenerative braking system to the

energy bus.

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

81. The method of claim 77 further comprising identifying a maximum
desired regenerative braking torque to be applied by the regenerative

braking system.

82. The method of claim 81 wherein controlling comprises setting a desired
25 energy contribution of the energy generating device, in response to the

maximum desired regenerative braking torque.



10 vehicle, the apparatus conprising a processor circuit configured to
control energy contributions onto the energy bus froman energy generating
devi ce amaOfosom389 r egenerati ve braki ng system respecti velPgT/GA®300269ent
said contributions fromexceeding a desired total energy contribution. 15
86. The apparatus of claim85 wherein said processor circuit is configured
to reduce power supplied by the energy generating device to the energy
bus. 87. The apparatus of claim 85 whereb® said processor circuit is
configured to reduce power supplied by the energy generating device to the

20 energy bugz WhThe mhahbaast élﬁirﬁ%furﬁ#&?%drﬁ?r@ﬁgtéﬁtl gepRIseht \WResirbfaki ng
systemto the energy bus. 88. The apparatus of claim38 V\/nerel n said

processor circui tregenemtiviegbraking ttorquec ofdhe eege@@eatemthralen@rwatw tior que
applied by the r eneratlv br aki n stemuntil si.red, reqgenerative
braking torque i s'%éeﬁp\iﬁl g’%“”%h%ﬁ'ﬁ%%(%%%&%ﬁ@@%? \%ﬁgraé] aQai d
processor circui taétﬁapé’rﬁ*érpglt!cﬁﬂlbdﬂbd a&;ﬁ||'eayo;atrf@émér’gz1g&@rétﬁ@ gediegapat i ve

braki ng torque to be appli he regenerative braking system WO
03/ 072389 PCT/ CAOBECOTEG9Y bus4s 90 The apparatus of claim89 wherein said
processor circuit is configured to set a desired energy contribution of

the ener gy gefer OGRS S bl 27 PARSRI ol IR SIS EBfhroling

regenerative braking tor he apparatus o erelnosay

processor circui tpdnﬁencgmﬁplwbydthé ehergeyenerniting efdvice tl@lena@tyrtwatmve
braki ng torque of the regenerative braking system in response to the
maxi mum desi red r'€§eRBEQLIY adralgnaisiong! infigridyepfdiseh bigle artuatiengy

contribution supplied by the energy generating device to the energy bus.

) tlhﬁoﬁfﬁ’?ﬁ”‘;ﬁiéﬁf FaRs 15, GG ekl B R RIS BUS fi'a nbBapEtaLr e
vehlcle the apparatus comprising a processor circuit configured to
control energy contributions onto the energy bus from an energy
generating device and from a regenerative braking system
respectively, to prevent said contributions from exceeding a desired

total energy contribution.

15 86. The apparatus of claim 85 wherein said processor circuit is configured
to reduce power supplied by the energy generating device to the

energy bus.

87. The apparatus of claim 85 wherein said processor circuit is configured

to reduce power supplied by the energy generating device to the

20 energy bus, while increasing power supplied by the regenerative
braking system to the energy bus.

88. The apparatus of claim 87 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.

25 89. The apparatus of claim 85 wherein said processor circuit is configured
to identify a maximum desired regenerative braking torque to be

applied by the regenerative braking system.



energy bus, in response to a braking signal indicative of user brake
actuation. 93. An apparatus for supplying energy to an energy bus in a
hybri d elwotomiz23svehi cl e, the apparatus conprising: 15 fi PET/M®ane6d or
controlling a first energy contribution onto the energy bus from energy
generati ng neans; and second neans for controlling a second energy _
contribution onto the energy bus fromregenerative braking means, wherein
said first and second neans for controlligg cooperate to 20 prevent said
contri butions fron1exceeding a desired total energy contribution. 94. The

appar at us of ai fd é_}l cQnpri ses
moans for redi:i ng soqEperetsopt iy 89 fhefiaaid BlockBRb! PredilE o tBiired
energy bus. 25 95.toBet axtesiveal errergy cohallmtlaa dﬁhﬁé%h@r@ﬁgdnér%ﬁﬁ?@emn%for
controlling conprises neans for incr eaS| ng power supplied by
regenerative WO 03PBRNSOIOIaE oayE)U0 fesired seg HiarlivRdrakingstarguehe ener gy
bus, and wherein said first neans for controlling-conprises neans for

reduci ng power], SUPAHd §|§‘pé’d§tﬁ§‘8f SIBfh B0 wHERAS 3hldgrd¥ea8s: Lit lth§ s cdiffighted’ !>

while said second means for control ng I's increasing sal uppt i
by thé regenerati @ Seb'al}nfaken‘tgdesﬁ‘edsregéﬁerawe beai{iag quae@‘f tl@é mg&rﬁﬁaﬂ\hﬁr e| n
said neans for in re sin ower, n’grlses ans for in reasi ng

SRS Jn; 3P

regenerative braki ﬁ% NG B(REEE I Bt 1Re SHﬁriQfo}?éa%\ge
until a desired r%@@mﬁgatdrq@e baRKi 41 adi@4IdERel Sgi/ %shtr wen é&’prf%d T)&Bthe

apparatus of claim93 further conprising nean nt| f
desi red regener at ieNergy genergting dgyiset to the emppdy bds by the regenerative
br aki ng nmeans.

92. The apparatus of claim 85 wherein said processor circuit is configured
10 to control power supplied by the energy generating device to the

energy bus, in response to a braking signal indicative of user brake
actuation.

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

15 first means for controlling a first energy contribution onto the

energy bus from energy generating means; and

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
20 prevent said contributions from exceeding a desired total energy
contribution.

94. The apparatus of claim 93 wherein said first means for controlling
comprises means for reducing power supplied by the energy
generating means to the energy bus.

25 95. The apparatus of claim 93 wherein said second means for controlling

comprises means for increasing power supplied by the regenerative



98. The apparatus of claim97 wherein said first neans for controlling
conprises neans for setting a desired energy contribution of the 15 energy
gener at i ryorm@Aamss9 i n response to the maxi num desired reg@nErGBrecdr aki ng
torque. 99. The apparatus of claim 97 wherein said second nmeans for
controlling conprises neans for setting a present desired regenerative
braking torque of the regenerative braking neans, in response to the

maxi mum 20 desired regenerative braking tgf que and an actual energy
contribution supplied by the energy generating neans to the energy bus.

. . ¢l aj ' id fi 1s f troili
conpr 1 ses means. § FYoKGBERGSSWAE 0B biisopnd neRERD 558 dEdensanggPheans
to the energy bus,cdnirdliRfPEdtRgrides Mmebhakbm@dsicBiadbowdbsipilicadlyi the é?fevr\%%ﬁr

brake actuation. 101. A conputer program conprisi ng? code neans t hat
executed on a praaNssaiingimeans tedheyengrgy abus,t whiletsad ssicood aneans. fonD

03/ 072389 PCT/ CAO -56 i A CQF roqr opn . a,carrier carrying
codes that when ei@%@%@g’ gorllss 'Q&%r?a&r@ss%w%(s&ﬂ?ts’?‘@gﬁ% E}jtth& MCYHEre '}é%s_ of
claim&g6. 103. A dirgkinlg medesli ed in at | east one of a communications nedi um
and a carrier wave, conprising code neans that when executed on a 5
' It t all e eps of claim 76.

processor ¢l Igg!! © a pgyatus of c!]gllm % \k)/herein sa% 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.

10 97. The apparatus of claim 93 further comprising -means for identifying a
maximum desired regenerative braking torque to be applied by the

regenerative braking means.

98. The apparatus of claim 97 wherein said first means for controlling
comprises means for setting a desired energy contribution of the
15 energy generating means, in response to the maximum desired

regenerative braking torque.

99. The apparatus of claim 97 wherein said second means for controlling
comprises means for setting a present desired regenerative braking
torque of the regenerative braking means, in response to the maximum

20 desired regenerative braking torque and an actual energy contribution
supplied by the energy generating means to the energy bus.

100. The apparatus of claim 93 wherein said first means for controlling
comprises means for reducing power supplied by the energy
generating means to the energy bus, in response to a braking signal

25 indicative of user brake actuation.

101. A computer program comprising code means that when executed on a

processor circuit carry out all the steps of claim 76.



WO 03/072389 PCT/CA03/00269
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102. A computer program on a carrier carrying codes that when executed on
a processor circuit carry out all the steps of claim 76.

103. A signal embodied in at least one of a communibations medium and a

carrier wave, comprising code means that when executed on a
processor circuit carry out all the steps of claim 76.



